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Heparin Actions

Heparin Monitoring

Variation in patient response noted with every 
assay of heparin activity.

Monitoring is necessary.  Want fast, accurate, 
cost effective assays.

No test measures all of heparin’s activities.

Lee-White WBCT  

1913 

2-3 times normal appeared 
“therapeutic”.

Newer tests correlated  
moderately well with WBCT.

“Therapeutic” with these 
tests was linked to 2-3 times 
prolonged WBCT.
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WBCT Monitoring

Time consuming, inconvenient, and unreliable 
in routine hands.  

Plasma aPTT became the most commonly 
used monitoring test.

aPTT factors

The test measures 
so many different 
factors that an 
increase or 
decrease in one or 
more factors can 
negate the effect of 
a change in 
another, including 
heparin activity.

aPTT reproducibility: troublesome

85 second reading 
might actually be a 
77 or a 94.

60 minute delay in 
performing  an 
aPTT causes an 
important 
shortening.
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Different lots of the same 
reagent respond differently .

Heparin Monitoring

Early investigators found that 1.5-2.5 times 
prolonged aPTT (in their lab) correlated in 
vitro with 2-3 times prolonged WBCT.

Hirsh J, O’Sullivan EF, Gallus AS et al.  The activated partial thromboplastin 
time in the control of heparin treatment.  Austalas Ann Med 1970;4:334-337

Rabbit Jugular Vein Thrombosis Model

anti-IIa (thrombin) 
activity

0.2 0.448 90

Chiu HM, Hirsh J, Yung WL, Regoeczi E, Gent M  Relationship 
between the anticoagulant effects of heparin in experimental 
venous thrombosis.  Blood 1977;49:171-184  

aPTT
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Cryoprecipitate pre-treated Rabbits

anti-IIa (thrombin) 
activity

0.2 0.430 53

1.5
1.4

Ratio computed using each 
rabbit’s own baseline aPTT

Baseline Cryoprecipitate 

aPTT ratio

The difference between an aPTT ratio 
calculated using a patient’s own baseline 
aPTT and the lab normal control is 
important.

This was ignored by many.

A patient’s baseline aPTT can’t really be 
known after the first day of therapy anyway.
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aPTT Monitoring

Many assumed that aPTT 
1.5-2.5 times laboratory 
control would be 
therapeutic in their labs.

Unfortunately, aPTT varies 
greatly between laboratories 
depending on equipment 
and reagents.

Coagulometer Reagent
aPTT Range 
for 1.5-2.5

anti-Xa 
level range

STA-Compact Actin 43 - 72 0.2 - 0.5

IL test 49 - 82 0.2 - 0.5

Thrombosil I 43 - 72 0.1 - 0.6

Actin FSL 49 - 62 0.0 - 0.3

Actin FS 47 - 78 0.0 - 0.2

Pathrombin SL 47 - 79 0.0 - 0.2

Therapeutic = 0.3 - 0.7 U/mL

Bates SM, Weitz JI, Johnston M, Hirsh J, Ginsberg JS.  Use of a fixed activated 
partial thromboplastin time ratio to establish a therapeutic range for 
unfractionated heparin.  Arch Intern Med 2001;161:385-391.

Coagulometer Reagent
aPTT Range 
for 1.5-2.5

anti-Xa 
level range

STA-Compact Actin FS 47 - 78 0.0 - 0.2

MLA-700 Actin FS 42 - 70 0.0 - 0.4

MDA-180 Actin FS 44 - 73 0.2 - 0.4

ACL-3000 Actin FS 40 - 67 0.0 - 0.1

Therapeutic = 0.3 - 0.7 U/mL
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anti-Xa

In none of 24 instrument/reagent combinations was 
1.5 - 2.5 times control “therapeutic”.

60 - 85 seconds or 1.5 - 2.5 X control 
will be therapeutic in few labs.Bates et al.  Arch Intern Med 

2001;161:385-391.

aPTT standardization

“Therapeutic” aPTT  = 
0.2-0.4 units/mL of UFH 
anti-IIa activity 

0.2-0.4 units/mL of anti-IIa 
activity = original “gold 
standard” therapeutic 
heparin activity.

Subsequently found 
equivalent to 0.3 - 0.7 
units/mL of anti-Xa activity.

aPTT standardization

The aPTT is a surrogate 
marker for the “gold 
standard” test!

We would always have 
preferred to use the gold 
standard enzymatic 
activity, but it would not 
be widely available for 
many years. 

19

20

21



aPTT versus anti-Xa/IIa: clinical

At least 5 studies have looked at clinical 
thrombosis or bleeding rates in relation to 
anti-Xa/IIa vs aPTT levels.

Correlation with clinical outcome was better 
with anti-IIa/anti-Xa than with the aPTT. 

What is a lab trying to use 
aPTT supposed to do?

40-60 samples from 
heparinized patients are 
simultaneously measured 
for aPTT and anti-Xa.

Regression analysis is used 
to find aPTT cutoff 
corresponding to 0.3 and 
0.7 U/mL.

Calibrating aPTT to anti-Xa levels

Notice the variability!

1996 ANW study: 694 patients

Ideal-weight based protocol

Assigned to anti-Xa or aPTT monitoring by SS#

60-95 sec. = therapeutic aPTT (carefully 
calibrated using not 40 but 382 patient 
samples)

0.3-0.7 U/ml = therapeutic anti-Xa

aPTT and HA on all samples

Only assigned test result reported to nurse

22

23

24



aPTT versus anti-Xa levels

Rosborough TK.  Comparison of 
anti-factor Xa heparin  activity and 
activated partial thromboplastin  
time in 2773 plasma samples from 
unfractionated heparin-treated 
patients.  American Journal of 
Clinical Pathology 1997;108:662-8.

ANW UFH Study

260 pts treated for longer than 24 hours and 
radomized to monitoring with aPTT or anti-Xa.

Trial was not designed to look at thrombosis or 
bleeding outcomes.

anti-Xa group had:

fewer monitoring tests per hour

fewer dose changes per hour
Rosborough TK.  Monitoring unfractionated heparin therapy with antifactor Xa activity results in 
fewer monitoring tests and dosage changes than monitoring with the activated partial 
thromboplastin time.  Pharmacotherapy 1999;19:760-6.

ANW Study

Cost implications: nursing and lab time plus 
reagents.

Applying data to a 96 hr treatment:

$1.09 (4%) per day more for anti-Xa 
monitoring
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Anti-Xa monitoring is more accurate and 
precise than aPTT monitoring and is a 
“gold standard”.

Anti-Xa costs little extra and technology is 
becoming widely available.

aPTT monitoring based on 1.5 - 2.5 X 
control or a fixed second range (60 - 85) 
taken from the literature will be 
suboptimal.

Heparin monitoring conclusions

1998

anti-Xa monitoring of UFH became the 
standard in our nursing-run UFH protocol.

In a recent year, our hospital performed 
approximately 22,000 anti-factor Xa 
monitoring assays because we monitor 
both therapeutic IV heparin as well as 
prophylactic SC heparin therapy.

After becoming convinced that anti-Xa 
activity is better than the aPTT for 
monitoring and will not cause an important 
increase in costs, the next question is:

Do you have a heparin protocol that uses 
the anti-Xa that we could use?

Using anti-Xa monitoring
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ANW Study

92 patients 

Ideal-weight based initial UFH dosing (load 
plus infusion).

Initial 6 hr anti-factor Xa obtained

Rosborough TK.  Unfractionated heparin dosing: the 
combination of patient age and estimated plasma volume 
better predicts initial anti-factor Xa activity than patient 
weight alone.  Pharmacotherapy  1998;18:1217-1223.

First anti-Xa level in 92 patients

0.7

0.3

Supratherapeutic 
= 55%

Subtherapeutic 
= 8%

Rosborough TK.  Unfractionated heparin 
dosing: the combination of patient age 
and estimated plasma volume better 
predicts initial anti-factor Xa activity 
than patient weight alone.  
Pharmacotherapy  1998;18:1217-1223.

37%

Dosage data in 92 patients

2 factors independently predicted initial anti-
Xa level:

amount of UFH given per estimated blood 
volume (requires gender, height, and 
weight).

age

Weight alone was not as accurate as a model 
using gender, height, age, and weight.
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ANW UFH Protocol Development

Pharmacokinetic data was used to 
generate a first UFH initiation dosage 
based on gender, height, weight, and 
age.

Protocol was on paper and required 
intersection of cells on grids. This was 
prone to errors but it was still the paper 
world.

Target anti-Xa = 0.5 U/mL

ANW UFH dosage study 

372 patients (182 men, 190 women) followed 
prospectively during protocol treatment.

Monitored by anti-factor Xa; minimum 2 
levels and 17 hrs of therapy.

The data confirmed the original smaller 
analysis: gender, height, weight, and age were 
better than weight alone to predict the correct 
initial dosage.

Heparin Dosage Study

Weight 0.65

Weight + Age 0.70

Weight + Age + Height 0.81

Weight + Age + Height + Gender 0.83

R2

Explains 83% 
of dosage 
variability.

28% relative improvement over weight alone.

Pharmacokinetic data used to modify 
the initial infusion calculation.

34

35

36



Heparin Dosage Study

Pharmacokinetic data were used to modify 
the paper protocol.

Validation was then performed on 95 
consecutive patients. 

Only included if protocol was used 
accurately.

First anti-Xa level comparisons
Weight-based protocol BV/age protocol

55%

37%

8%

18%

13%

69%

UFH protocol improvement

Additional patient series were followed 
from 2000 - 2003.

Sequential changes were made to how we 
adjusted dose based on HA but we did not 
change the initial dosage calculation.

Protocol was computerized in 2002. Focus 
was on error reduction.   
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UFH protocol improvement

Nurses/pharmacists now copy a report 
from the electronic medical record that 
contains all of the patient data necessary 
for the protocol.

This eliminates manual entry of things, 
speeding up the process and reducing 
errors.

Protocol generates a summary page for 
print or copy/paste into the record.

Automatic data paste

Allina UFH on-line protocol

40

41

42



Allina UFH on-line protocol

Validation series: 2003

Consecutive patients 
over 13 weeks

7-9 
hours

16-24 
hours

24-36 
hours

N = 197 140 101

Median (U/mL) 0.61 0.52 0.46

> 0.8 16% 5% 5%

0.71-0.8 10% 2% 0%

0.3-0.7 62% 87% 86%

0.2-0.29 7% 4% 7%

<0.2 6% 1% 2%
Rosborough TK, Shepherd MF.  Achieving target antifactor Xa activity with a heparin 
protocol based on sex, age, height, and weight.  Pharmacotherapy 2004;24:713-19.   

aPTT category
6 

hours
12 

hours
24 

hours
48 

hours

Supratherapeutic 27% 27% 10% 9%

Therapeutic 35% 38% 52% 52%

Subtherapeutic 27% 31% 37% 31%

Anand SS, Yusuf S, Pogue J, Ginsberg JS, Hirsh J.  Relationship of 
activated partial thromboplastin time to coronary events and bleeding in 
patients with acute coronary syndromes who receive heparin.  
Circulation 2003;107:2884-2888.

Weight-based, aPTT protocols

Has all the problems of 
the aPTT.
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Pocket PC VB UFH protocols

Pocket PC VB UFH protocols

60 year old 
womanArtificial mitral valve

Severe abdominal pain

Ischemic bowel was 
found; INR was 
subtherapeutic; clot on 
mitral valve and clot in 
SMA

IV UFH up to 2200 U/
hr = anti-Xa of 0.2 U/
mL.
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Heparin Resistance

Artifactual 

Inappropriately low aPTT, but not anti-Xa; 
this is common.

Caused by increased VIII:c (disease and 
pregnancy)

One of many reasons why aPTT makes 
errors in heparin monitoring.

Heparin Resistance

Real 

anti-Xa inappropriately low for dosage

Increased binding proteins (platelet factor 4, 
vitronectin, histidine-rich glycoprotein)

Decreased antithrombin (III) activity 
(detected only with anti-Xa assays that do 
not add extra antithrombin)

Platelet PF4 release

Does release of PF4 during specimen 
preparation cause reduced anti-Xa levels?

Two specimen techniques that might 
increase PF 4 release were studied: 

pneumatic tube delivery 

rapid, high speed centrifugation.
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Platelet PF4 release

No bias toward reduced anti-Xa with pneumatic 
tube delivery or rapid, high speed centrifugation.

Rosborough TK, Wolfson PA.  Study of two techniques for heparin therapy monitoring 
with an amidolytic anti-factor Xa assay.  Laboratory Medicine 2002;33: 789-90.  

60 year old 
woman Antithrombin (III) activity 

was 50%.

Could infuse antithrombin 
concentrates (very 
expensive).

Easier to use a direct 
thrombin inhibitor that 
does not require 
antithrombin for action.

Heparin anti-Xa QC

Rotachrom Heparin Assay (Stago) - no 
added antithrombin.
Hepanorm calibrators (Stago)
Heparin controls (Stago levels 0.2 and 0.5) 
are run every 8 hours, after calibration, and 
whenever a new bottle of reagent is 
loaded. Any trends result in new 
calibration.
CAP surveys X3/year. Stago Peer 
Proficiency X2/year.
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What do we share?

We share all of our protocols, but these are 
all Excel computerized - nothing is on 
paper. 

We have these available upon request from 
a download website.

www.abbottnorthwestern.com/
medicationprotocols

All published papers are also cited.

Conclusions

anti-Xa (or anti-IIa) assays have always 
been the gold standard.

The testing is cost effective.

Computerized protocols are available to 
use the assay.

Most people hate change!

terry.rosborough@allina.com

55

56

57


