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AbstrAct

Heparin, one of the world’s oldest anticoagulation medications, accelerates the rate of 
inhibition of previously activated clotting factors. It is most often used in the prophylaxis and 
treatment of thromboembolic disorders and complications associated with atrial fibrillation. 
The two most common ways to monitor plasma heparin levels and anticoagulation therapy 
are the activated partial thromboplastin time (aPTT) and anti-factor Xa assay (anti-Xa). This 
article assesses the performance of aPTT and anti-Xa monitoring protocols and analyzes the 
discordance between aPTT and anti-Xa levels and its clinical implications in patients receiving 
intravenous heparin therapy. 
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bAckground 

Heparin, discovered in 1916 and first approved 
by the FDA in 1939, is one of the oldest anticoagu-
lant medications still in use today. Twenty years later 
(1959), the FDA approved Warfarin. These two medi-
cations were the mainstays of anticoagulation therapy 
until the 1980s when low-molecular weight heparin 
(LMWH) was developed. Direct oral anticoagulants, 
dabigatran (Pradaxa) and rivaroxaban (Xeralto), were 
approved in 2010 followed by apixaban (Eliquis) in 
2012 and edoxaban (Savaysa) in 2015.1

Heparin does not act directly on coagulation fac-
tors. Rather, it acts indirectly by binding to antithrombin 
III which induces a conformational change, making the 
active site of antithrombin more accessible to thrombin 
(factor II) and factor Xa. Antithrombin then acts as a 

suicide inhibitor of activated clotting factors. The con-
formational change causes increased rates of factor 
Xa inhibition but does not affect the rate of thrombin 
inhibition. However, the heparin molecule itself acts as 
a catalyst for the binding of antithrombin to thrombin 
with its ability to bind to both molecules simultaneously. 
Thus, heparin inhibits factors Xa and IIa in a 1:1 ratio.2,3

Beyond its use in prophylaxis and treatment of 
thromboembolic disorders and complications associ-
ated with atrial fibrillation, heparin is indicated for the 
prevention of clotting in cardiac surgery and as an anti-
coagulant for dialysis procedures and extracorporeal 
circulation.4 Heparin possesses several off-label uses, 
including an alternative to other anticoagulants to pre-
vent the formation of thrombus during percutaneous 
coronary intervention, treatment of patients with acute 
coronary syndrome undergoing invasive or ischemia-
guided strategy, and an adjunctive option to fibrinolytic 
therapy in patients presenting with ST-elevation myo-
cardial infarction. Heparin can also be used off-label in 
superficial vein thrombosis, cardioversion of patients 
with atrial fibrillation, non-bacterial thrombotic endo-
carditis, cerebral venous sinus thrombosis, and acute 
arterial emboli.5
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HemostAsis – tHe body’s tug of wAr

The human body maintains a dynamic balance 
between thrombogenic and fibrinolytic systems to pre-
vent both thrombosis and hemorrhage. Hemostasis 
takes place when pro-thrombotic components of the 
body overcome the body’s natural anti-thrombogenic 
components, either as result of increased throm-
bogenic activity or decreased anti-thrombogenic 
activity.6

Hemostasis begins with the formation of a hemo-
static plug (Figure 1) that occurs in a series of steps: 
platelet adhesion, platelet activation, and platelet aggre-
gation. The endothelial cells lining blood vessels pos-
sess anti-thrombotic properties. However, vascular injury 
can expose the subendothelial layer which is highly 
thrombogenic and contains materials, such as collagen 
and von Willebrand factor (VWF), that increase platelet 
adhesion.6,7 After vascular injury, VWF binds to glyco-
protein Ib in the platelet membrane, thus allowing plate-
lets to adhere to the subendothelial layer. Adherence of 
platelets activates them, causing them to secrete the 
contents of their alpha and dense granules. Release of 
calcium attracts various coagulation factors; adenosine 

diphosphate (ADP) and thromboxane A2 (TxA2) recruit 
more platelets and further activate those platelets, lead-
ing to the formation of the primary platelet plug (Figure 1).  
Once the plug has bridged the gap caused by the vascu-
lar injury, adjacent endothelial cells release prostacyclin 
to prevent further expansion of the plug. A chain of reac-
tions, termed the coagulation cascade, then ensues to 
stabilize the platelet plug and form a fibrin clot (Figure 2).

coAgulAtion cAscAde – two HigHwAys 
leAding to tHe sAme destinAtion

The coagulation cascade involves two pathways 
that merge at a common point to form a stable fibrin 
clot. The intrinsic pathway includes factors XII, XI, 
IX, and VIII. The extrinsic pathway includes factors 
III (tissue factor) and VII. The intrinsic and extrinsic 
pathway merge at the activation factor X and form the 
common pathway, which includes factors X, V, II (pro-
thrombin). If the coagulation cascade is disrupted, 
particularly in the common pathway, fibrin formation 
is affected, which impedes clot formation.2

Virchow’s triad, postulated by Rudolph Virchow 
in 1856, consists of three factors that promote the 

Figure 1. Steps of primary hemostasis: platelet adhesion, activation, and aggregation. 

(Image from Takeda, T., Morita, H., Saito, H., Matsumoto, K., & Matsuda, A. Recent advances 
in understanding the roles of blood platelets in the pathogenesis of allergic inflammation and 
bronchial asthma. Allergology International 2018;67(3):326–333.)8
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formation of thrombosis: blood flow stasis, hyperco-
agulability, and endothelial injury.10 Blood flow stasis 
occurs in the context of congestive heart failure and 
lengthy periods of immobilization in prolonged bed 
rest and long-distance travel. A hypercoagulable state 
can result from protein C or S deficiencies, factor V 
Leiden mutation, antiphospholipid syndrome, heparin- 
induced thrombocytopenia, obesity, smoking, or oral 
contraceptive use.11 Endothelial injury exposes the 
sub-endothelial layer to the contents of the blood-
stream, which leads to the formation of a hemostatic 
plug.10

tHerApeutic monitoring

Activated partial thromboplastin time (aPTT) is 
a test that characterizes the coagulation of blood. It 
is most commonly used to monitor the therapeutic 

effects of heparin. In 1972, aPTT monitoring was 
tested by Basu et al in a prospective clinical trial that 
involved 234 patients being treated with continuous 
IV heparin. The objective was to investigate the rela-
tionship between aPTT and recurrent venous throm-
boembolism (VTE) or bleeding. Heparin dosing was 
maintained between 0.5-2.5 times the control level 
of normal plasma, which was 39-41 seconds for 
that laboratory. The aPTT was measured at least 
once daily, and episodes of bleeding or recurrent 
venous thromboembolism (VTE) were recorded. 
The five patients who suffered recurrent VTE had 
lower aPTT (49 sec) than patients who did not have 
recurrent VTE (66 sec). This difference in aPTT was 
statistically significant. Patients who had aPTT < 50 
seconds for two consecutive days had a 7% risk of 
VTE recurrence with risk increasing to 21% at three 
consecutive days. The investigators concluded that 

Figure 2. Coagulation cascade showing Intrinsic, Extrinsic, and Common Pathways.

(Image from Wikimedia Commons contributors. File: Coagulation full.svg. Wikimedia Commons, 
the free media repository 2017; Mar 4.)9
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the risk of recurrent VTE can be reduced by main-
taining aPTT at 1.5–2.5 times the control level at all 
times.12 

Unlike unfractionated heparin, which exerts its 
effects on both factor II and factor Xa, low-molecular 
weight heparin (LMWH) predominantly acts on fac-
tor Xa. As such, LMWH activity is monitored using 
serum anti-factor Xa (anti-Xa) levels instead of aPTT. 
The target anti-Xa ranges for therapeutic doses of 
LMWHs has been well established by many studies. 
For example, peak anti-Xa levels of 1.0-2.0 and 0.6-
1.0 IU/mL have been identified as therapeutic for daily 
and bi-daily administration of subcutaneous enoxa-
parin, respectively.13 In contrast, a target range for 
prophylactic doses of LMWH is not well established 
due to lack of supporting evidence. A review article 
of published studies by Wei et al concluded that a 
reasonable anti-Xa range for VTE prophylaxis with 
LMWH might be 0.2-0.5 IU/mL.13 

lAborAtory meAsurements of Aptt And 
Anti-fActor XA levels

Activated partial thromboplastin time (aPTT) 
is an “in vitro” coagulation test commonly used to 
assess the intrinsic and common pathways of the 
coagulation cascade. Whole blood, when added to 
a glass tube, begins to clot because the glass acti-
vates factor XII which initiates the intrinsic pathway. 
To prevent blood from clotting in the tube, a calcium 
chelating agent such as citrate is first placed into the 
tube before the addition of blood. Platelet substitutes 
such as silica and factor XII activators, which are 
negatively charged phospholipids, are then added to 
the blood, and the sample is incubated. The sample 
is then recalcified. The time it takes for the blood 
to form a stable clot is measured in seconds and 
termed the aPTT. A whole blood sample in a glass 
tube typically takes between 4 to 8 minutes to clot. 
Recalcified plasma typically clots in 2 to 4 minutes. 
However, recalcified plasma with phospholipids 
and platelet substitutes clots in approximately 26 to 
33 seconds.13,14,15

Variables that affect the measurement of aPTT 
include the type of reagent used, length of incubation, 

and method of measuring the clot formation.14,15 
Patient disease states (liver disease, factor VIII, IX, 
and XII deficiencies, lupus anticoagulant syndrome, 
antiphospholipid syndromes) also affect aPTT levels. 
Therefore, aPTT levels from different laboratories 
cannot be compared directly. Variations can even 
exist within the same laboratory using the same rea-
gent. This accounts for the highly variable aPTT nom-
ograms that exist in different institutions. However, for 
heparin monitoring, it is recommended that each lab-
oratory establish aPTT and anti-Xa ranges that cor-
respond to 0.2 to 0.4 unit/mL by protamine titration.16

Anti-Xa level is becoming the gold standard for 
monitoring therapeutic levels for patient receiving 
intravenous unfractionated heparin. Anti-Xa level is 
determined by a chromogenic assay performed by 
spectrophotometry. A patient’s plasma is added to a 
reagent factor Xa, and the activity of factor Xa is meas-
ured using an artificial factor Xa substrate that releases 
a colored compound when cleaved. The presence of 
heparin in a patient’s blood sample inhibits some of 
the reagent factor Xa. The uninhibited or residual fac-
tor Xa reacts with the chromogenic substrate, which 
is quantified by spectrophotometry absorbance. The 
residual factor Xa activity is inversely proportional to 
the concentration of heparin in the blood sample. This 
test is more expensive than the cost of measuring an 
aPTT level.17,18

Dosing nomograms are used by many hospitals to 
adjust heparin dosages and shorten delays in achieving 
and maintaining therapeutic aPTT or anti-Xa levels.19,20 
There are numerous nomograms currently in use with 
variations in administration instructions regarding hep-
arin bolus and rate changes. These variations may be 
due to the multiple variables that affect aPTT that were 
previously mentioned. While these nomograms may 
be generalizable, a standardized dosing nomogram 
protocol is needed. 

A randomized controlled trial by Raschke et al 
showed that a weight-based heparin nomogram 
is safer and more effective than one based on 
standard practice. The study included 150 patients 
requiring IV heparin for treatment of venous or 
arterial thromboembolism and for unstable angina. 
Patients were randomly assigned to a weight-based 



The Southwest Respiratory and Critical Care Chronicles 2019;7(30):12–1816

Opoku et al. Discordance between aPTT and Anti-Factor Xa Levels and Implications in Patients Receiving Intravenous

nomogram (80 units/kg bolus plus 8 units/kg/hr infu-
sion) or standard care nomogram (5000-unit bolus 
plus 1000 units/hr infusion). The aPTT was then 
measured every six hours. A therapeutic range of 
1.5–2.3 times the control was used. In the weight-
based group, 60 out of 62 patients (97%) exceeded 
the therapeutic threshold of aPTT > 1.5 within 24 
hours, compared with 37 out of 48 patients (77%) 
in the standard care group. Additionally, recurrent 
thromboembolism was more frequent in the stand-
ard care group with a relative risk ratio of 5:1. The 
one incidence of bleeding complication occurred in 
the standard care group.20 

literAture review

The most common methods for monitoring the 
infusion of unfractionated heparin are the anti-Xa 
assay and aPTT. Many studies have compared the 
performance of anti-Xa and aPTT protocols. A single- 
center prospective cohort study by Samuel et al 
involved 85 patients receiving heparin infusion for 
the management of ischemic stroke and treatment 
of VTE.21 Forty-eight patients were assigned to the 
aPTT group and 37 patients to the anti-Xa group. 
The investigators of the study concluded that the 
anti-Xa assay might be a better monitoring tool than 
aPTT based on the period of time the values were 
within the targeted therapeutic range. Ten percent of 
patients in the aPTT group (5 total patients) reached 
therapeutic range compared to 57% of patients in 
the anti-Xa group (21 total patients). This statistically 
significant difference also led to less blood drawing 
in the anti-Xa group. Second, patients in the anti-Xa 
group reached therapeutic range sooner than those 
in the aPTT group. The amount of time needed to 
reach therapeutic range was 22 hours for the aPTT 
group and 15 hours for the anti-Xa group. Third, the 
study showed that paired anti-Xa and aPTT values 
were discordant 57% of the time by analyzing 234 
paired measurements from 37 patients. Fifty-two 
percent of data pairs (68) had high aPTT values with 
subtherapeutic anti-Xa measurements, and 54% 
(53) had high aPTT values with therapeutic anti-Xa 
measurements. Two patients suffered bleeding 
complications as a result of the discordant pattern. 

Both patients had supratherapeutic aPTT values 
and either a subtherapeutic or therapeutic anti-Xa 
values.21

A retrospective, single center, cohort study by 
Vandiver et al compared anti-Xa and aPTT moni-
toring of IV heparin in the treatment of pulmonary 
embolism (PE) and DVT. The records of 186 patients 
(88 managed by anti-Xa assay-based protocol and 
98 managed by aPTT-based protocol) were assessed 
to determine how often monitoring values were within 
target therapeutic range.22 The study showed that 
the use of anti-Xa assay-based monitoring protocol 
resulted in statistically significantly higher percent-
age of within-range monitoring values than the aPTT 
protocol (69% vs 41%). In addition, patients in the 
anti-Xa group reached therapeutic levels sooner and 
received fewer dose adjustments than those in the 
aPTT group.22 

A randomized, controlled trial by Levine et al 
included 131 patients with acute DVT, PE, or axillary 
vein thrombosis who had received at least 35,000 
units of continuous heparin infusion during the pre-
vious 24 hours. The patients’ heparin therapy was 
monitored by either aPTT or anti-Xa assay. Three 
out of 65 patients in the anti-Xa group (4.6%) expe-
rienced recurrent VTE compared with four out of 66 
patients in the aPTT group (6.1%).16 Four (6.1%) 
bleeding events occurred in the aPTT group, but the 
anti-Xa group had a single episode (1.5%). Patients 
in the aPTT group needed statistically significant 
more heparin than those in the anti-Xa group dur-
ing the bridging period before the initiation of warfa-
rin. Furthermore, the daily mean aPTT values were 
subtherapeutic for the anti-Xa group but within ther-
apeutic range for the aPTT group. However, the daily 
mean anti-Xa levels were within target therapeutic 
range for both groups.16 

Arachchillage et al compared the validity of the 
aPTT monitoring with that of the anti-Xa assay in 
3,543 samples from 475 patients receiving unfrac-
tionated heparin. Included in the study were 165 
infants, 60 children between 1-15 years, and 250 
adults. The overall concordance of aPTT and 
anti-Xa values was poor. In adult patients, concord-
ance (51.8%) and discordance (48.4%) were nearly 
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equal. Among adult patients who had therapeutic 
anti-Xa levels, only 38% had therapeutic aPTT val-
ues; 56% had subtherapeutic aPTT values, and 6% 
had supra-therapeutic aPTT values. Among infants 
whose anti-Xa were within therapeutic range, the 
majority of samples had supratherapeutic levels of 
APTT. This discordance could potentially result in 
under anticoagulation in infants or bleeding compli-
cations in adult patients.23 

conclusion

The aPTT is often used to monitor therapy with 
unfractionated heparin, but it may not provide an accu-
rate measurement of the amount of heparin present. 
Factors that contribute to the variability of aPTT meas-
urements include the type of reagent used, length of 
incubation, and method of measuring the clot forma-
tion. Because the anti-factor Xa assay is less suscep-
tible to confounding variables, it may be a better assay 
for the monitoring of heparin therapy. There is increas-
ing evidence that shows that monitoring IV unfraction-
ated heparin with anti-Xa assays attains therapeutic 
anticoagulation faster, maintains therapeutic range 
longer, and demands fewer blood draws and adjust-
ments in dosages.
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