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ABSTRACT: When patients have coagulation concerns, appropriate 
treatment with anticoagulants is critical and can be lifesaving. 
Clinicians have a number of laboratory tests at their disposal to 
monitor patient progress and ensure that the patient receives optimal 
care without under- or over-coagulating. Three of the most widely used 
laboratory tests are the international normalized ratio (INR), activated partial 
thromboplastin time, and prothrombin time (PT). These tests provide a 
general overview of a patient's anticoagulation status, helping clinicians 
determine if the anticoagulation therapy is effective. Under certain 
circumstances–driven by patient-specific conditions and the anticoagulant 
employed–clinicians will need to use other laboratory tests. This module 
covers all of these tests and discusses the use of point-of-care testing.

Laboratory Monitoring of 
Anticoagulation 

INTRODUCTION
This module of the UConn Anticoagulation Certificate Program discusses laboratory monitoring of various anticoagulants. 
It builds on previous modules and repeats some information. Repetition will help consolidate learning and perhaps 
stimulate thought.

Coagulation Cascade
To monitor anticoagulation therapy effectively, it’s essential to first understand the coagulation cascade. This process 
begins with two distinct pathways—the intrinsic and extrinsic pathways—which ultimately converge at a critical step.1 At 
that step,  Factor X is activated to Factor Xa. Factor Xa, along with Factor Va and calcium (Ca²⁺), then catalyzes the 
conversion of prothrombin (Factor II) into thrombin (Factor IIa). Thrombin plays a pivotal role by converting fibrinogen 
into fibrin, the key structural protein that crosslinks with platelets to form a stable clot.1

Two of the most widely used laboratory tests for assessing coagulation function are2

• activated partial thromboplastin time (aPTT) – primarily monitors the intrinsic pathway.
• prothrombin time (PT) – primarily monitors the extrinsic pathway.
By evaluating these tests, clinicians can assess both pathways’ functionality, making them valuable tools for screening 
coagulation disorders. These tests are particularly useful when investigating unexplained bleeding, as they help determine 
whether one or both pathways are impaired.

Prothrombin Time 
PT measures the time it takes for plasma to clot after exposure to a tissue factor reagent. This test assesses both the 
extrinsic and common coagulation pathways. Laboratory and point-of-care machines detect clots using various methods, 
such as visual, optical, or electromechanical techniques, depending on the device. A normal PT range typically falls 
between nine and 13 seconds3; however, this range can vary significantly based on the laboratory equipment and reagents 
employed. Therefore, it is crucial to verify the normal range for a specific laboratory’s setup regularly to ensure accurate 
interpretation of results.4,5 The University of Connec�cut School of Pharmacy is accredited by the Accredita�on 
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EDUCATIONAL OBJECTIVES
After participating in this activity, participants will be able to:

• Explain the role of common laboratory tests used in 
monitoring of anticoagulation therapy.

• Identify an alternative to International Normalized Ratio 
(INR) monitoring for warfarin therapy.

• Identify the clinical situations requiring activated whole 
blood Clotting Time (ACT) and anti-factor Xa activity 
monitoring for unfractionated heparin.

• Discuss the technical differences between point of care 
testing and laboratory testing and the influence on patient 
care.
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PT and INR Standardization
The therapeutic level of vitamin K antagonists (VKA) is 
measured by PT and international normalized ratio (INR). 
The INR is a standardized ratio the World Health 
Organization (WHO) developed in the 1980s specifically 
for VKA monitoring, as PT varies greatly between 
laboratories.6 WHO’s goal was to allay the discrepancy in 
tissue factor (TF) activity between PT reagents to create a 
common scale that would display PT results consistently. 
The INR uses data and processes from the International 
Sensitivity Index (ISI), a WHO project that quantifies 
analyzers and individual PT reagents’ reactivity. In addition, 
each laboratory has its own geometric mean PT (MNPT), 
which laboratory staff calculate using is the average PT 
calculated from at least 20 normal donors of both sexes, 
tested on the same local analyzer and under the same test 
conditions as the patient’s PT. The formula for INR is INR 
= (patient’s PT/MNPT). A normal INR is usually in the 
range of 0.8 to 1.2.7,8

Clinical Uses of PT/INR 
When patients present with unexplained bleeding, 
measuring the PT/INR can provide valuable insights. An 
elevated PT/INR suggests a potential issue within the 
patient’s coagulation system, indicating that something may 
be wrong.4,5 Conversely, if the PT is normal, healthcare 
providers may need to investigate alternative causes for the 
bleeding, as the coagulation factors may not be the source 
of the problem. Table 1 describes several important clinical 
applications for the PT and INR.4,5

Factors That Prolong the PT/INR
Several factors can influence PT/INR, complicating the 
monitoring of patients on warfarin therapy4,5,9:
• Warfarin: The primary medication affecting PT/INR, 

warfarin requires careful monitoring to ensure that 
patients remain within the therapeutic range.

• Other anticoagulant drugs: Direct oral anticoagulants 
(DOACs) and argatroban can impact PT/INR readings. 
For instance, transitioning a patient from argatroban to 
warfarin requires caution, as argatroban significantly 
increases INR measurements, potentially leading to 
misleading results.

• Heparin and low molecular weight heparins (LMWH): 
Although traditional references indicate that these 
medications affect PT measurements, modern reagents 
and laboratory techniques typically correct for this 

Table 1. Clinical Uses for the Prothrombin Time and International Normalized Ratio4.5

Warfarin monitoring PT and INR are crucial for managing patients on warfarin therapy, as warfarin 
interferes with the synthesis of certain clotting factors, including factor II 
(prothrombin)

General assessment of 
anticoagulation state

These tests provide a general overview of a patient's anticoagulation status, helping 
clinicians determine if the anticoagulation therapy is effective.

Assessment of liver disease and 
synthetic function

The PT can also reflect the synthetic function of the liver, as the liver produces 
several clotting factors. Prolonged PT may indicate liver dysfunction.

Diagnosing disseminated 
intravascular coagulation (DIC)

An elevated PT/INR can serve as a diagnostic indicator for DIC, a serious condition 
characterized by widespread clotting and subsequent bleeding.

ABBREVIATIONS: INR = International Normalized Ratio; PT = prothrombin time

interference, making it less of a clinical concern.
• Liver disease: The PT is a reliable indicator of both 

anticoagulation status and liver function. Patients with 
severe liver disease often present with elevated PT 
values due to impaired clotting factor synthesis.

• Vitamin K deficiency: Poor dietary intake or nutritional 
issues can lead to vitamin K deficiency, resulting in 
elevated PT levels.

• Coagulation factor deficiencies: Genetic disorders that 
reduce the production of specific coagulation factors 
can also manifest as elevated PT, even if they are not 
related to liver disease.

• Antiphospholipid antibodies: The presence of these 
antibodies can influence PT measurements, adding 
another layer of complexity in monitoring 
anticoagulation.

It is crucial to consider these factors when monitoring 
patients on warfarin therapy, as they can significantly affect 
PT/INR results beyond the effects of the medication itself.

Understanding Warfarin Monitoring and Its 
Mechanism 
Warfarin inhibits the production of vitamin K-dependent 
coagulation factors, specifically Factors II, VII, IX, and X, 
along with proteins C and S. The INR is particularly 
effective for monitoring warfarin therapy because it directly 
measures Factors II, VII, and X.10

Anticoagulation does not occur immediately upon achieving 
adequate warfarin serum levels. Instead, anticoagulation 
begins when the serum levels of affected coagulation factors 
decrease. Warfarin reduces the production of these factors 
rather than directly affecting them. The half-lives of these 
factors vary significantly11,12:
• Factor VII has a short half-life of approximately three 

to six hours, causing it to decrease quickly.
• Factor II (prothrombin) has a long half-life of about 24 

to 48 hours (and up to 60 hours), making it the most 
significant factor in determining the time it takes for 
warfarin to become effective.

This long half-life is why it takes a couple of days for 
warfarin to exert its full anticoagulant effect; the therapy is 
essentially waiting for Factor II levels to decrease 
adequately.
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Monitoring Warfarin Therapy: When and How Often?
The frequency of monitoring may vary depending on 
whether the patient is treated in an inpatient or outpatient 
setting. In 2018, The Joint Commission published National 
Patient Safety Goals for anticoagulant therapy, highlighted 
below.13

Baseline PT/INR Testing
Before initiating warfarin therapy, obtaining a baseline PT/
INR level is crucial. The Joint Commission mandates this 
step to ensure no underlying deficiencies in coagulation 
factors could affect future monitoring.13 Clinicians can order 
baseline testing on the day therapy starts or use a previous 
test, if the results are relevant. For stable patients, a result 
from a month or two ago may suffice. However, if the 
patient has fluctuating liver function or other issues, the 
baseline should be determined from a more recent test.13

Monitoring Schedule After Initiating Warfarin
After establishing the baseline, the timing for subsequent 
INR testing is essential. Testing the INR the day after the 
first dose of warfarin may not provide significant insights 
since coagulation factors usually take at least two days to 
decrease.11,13 In rare cases, if a higher-than-expected dose is 
administered, especially in elderly patients with 
comorbidities and drug interactions, a noticeable increase in 
INR might occur within the first day or two. However, 
routine daily testing is typically unnecessary.

Generally, clinicians don't see significant changes until day 
three after starting therapy.12 Warfarin’s full effects are 
usually evident within five to seven days.12

For stable patients, there’s some debate regarding the 
frequency of testing. Typically, unstable patients may need 
testing every few days to once a week.12 Clinicians can 
monitor stable patients less frequently, often every four 
weeks or, in some cases, even every 12 weeks. Other 
modules will discuss lengthening the testing interval.12 

PAUSE AND PONDER: What alternative methods can we 
use to monitor warfarin therapy without relying on PT/INR?

The alternative method for monitoring warfarin therapy in 
patients with antiphospholipid antibody syndrome is to 
measure Factor II or Factor X activity levels.14 (In other 
patients, measuring these indices may confirm 
pharmcodynamic issues.) While the PT/INR tests provide a 

broad assessment of coagulation factors affected by 
warfarin, monitoring just one of these factors can be 
sufficient.14 Ordering a factor level test is typically 
straightforward, similar to any other blood test. However, 
it’s important for clinicians to ensure that the lab 
understands that a Factor X activity level, not an anti-
Factor Xa level, is needed. These are different tests 
altogether.

Factor activity levels are reported as a percentage of 
normal, indicating how much the factor has decreased 
compared to a healthy individual. For instance, a Factor X 
level between 24% and 45% of normal correlates with an 
INR of 2-3.15-17 This approach allows continuous 
monitoring of these patients without relying on INR, 
which may be unreliable due to the interference caused by 
their condition. The module on challenging topics covers 
this subject in more depth.18

Activated Partial Thromboplastin Time
The aPTT, or simply PTT, is a test that measures the time 
it takes for plasma to clot after exposure to a reagent, but 
importantly, it does not use tissue factor. The aPTT 
specifically assesses the intrinsic pathway down to the 
common pathway.4,5

Normal Ranges and Variability
The normal range for aPTT is highly dependent on the 
laboratory equipment and reagents used, similar to PT 
testing. However, unlike PT, there is no standardization 
mechanism like the INR to correct aPTT results. Each 
laboratory, along with its reagents and testing equipment, 
will have its own normal values, generally falling between 
25 to 35 seconds.19

Additionally, the behavior of aPTT results can vary 
significantly; for example, as heparin is administered, the 
aPTT will increase over time.19 This response can differ 
between labs and within the same lab if they change 
reagent companies or reagent lot numbers. Therefore, 
continuous testing and calibration are essential to ensure 
accuracy in aPTT results.

Establishing aPTT Therapeutic Range for Heparin 
Monitoring
Given the variability in aPTT testing, it is crucial to 
ensure that the therapeutic range for heparin is accurately 



established based on the specific reagents and tests being 
used. Each laboratory must perform a correlation 
whenever it introduces new equipment or switches reagent 
lot numbers.

Guidelines for Establishing PTT Range
Laboratories must adapt the PTT range based on the 
responsiveness of the reagent and the coagulometer in 
use.20,21 The recommended approach is as follows:
• Select a therapeutic PTT range: This range should 

correlate with a heparin level of 0.3 to 0.7 units.
• Sample collection: Collect blood samples from 

patients receiving heparin therapy.
• Testing with anti-factor Xa: Measure the heparin levels 

in the blood using an anti-Factor Xa test.
• Regression analysis: Conduct a regression analysis to 

determine the appropriate PTT range that corresponds 
to the established therapeutic range for your heparin 
protocol.

This process ensures that the PTT monitoring accurately 
reflects heparin’s therapeutic effect, thereby enhancing 
patient safety and treatment efficacy.

Interpreting Regression Analysis for Heparin 
Monitoring

Figure 1 illustrates a regression analysis used to establish 
the therapeutic range for heparin monitoring. In this 
analysis, researchers evaluated a cohort of patients to 
determine their PTT values in relation to their anti-Factor 
Xa heparin levels. By plotting this data on a graph and 
drawing reference lines, the laboratory defined the 
appropriate PTT therapeutic range for its heparin 
protocols. In this cohort, the therapeutic PTT range 
appeared to be approximately 60 to 120 seconds, 
represented by the horizontal lines that correspond to 
heparin levels of 0.3 to 0.7 units.22

However, as highlighted in the circled areas, clusters of 
patients experienced significant variability 22:

• Supra-therapeutic patients: The group in the upper 
right corner appeared to have PTT values within the 
therapeutic range but were actually supra-therapeutic 
with respect to their heparin levels.

• Sub-therapeutic patients: Conversely, the circled group 
in the middle had PTT values indicating they were 
slightly sub-therapeutic, even though their actual 
heparin levels were adequate.

This variability can lead to unnecessary dose adjustments, 
as some patients may be treated for perceived under-
dosing although their anticoagulation therapy is effective.

The take-home message is clear: interpatient variability 
and the differences in testing methods necessitate 
continuous adjustments to the therapeutic range for 
heparin protocols. Each time a laboratory receives a new 
reagent lot or changes equipment it must re-evaluate and 
adjust the therapeutic range accordingly to ensure optimal 
patient care.22

Clinical Uses of aPTT
Table 3 demonstrates how the aPTT test serves several 
important clinical functions.

Factors That Prolong aPTT
Several factors can lead to an elevated aPTT23:
• Heparin and direct thrombin inhibitors (DTIs) are 

well-known for prolonging the aPTT due to their 
mechanisms of action within the coagulation cascade.

• DOACs can prolong the aPTT, but this test is not 
reliable for monitoring these agents.

• Liver disease can serve as a general marker for 
coagulation status and may prolong the aPTT.

• Specific factor deficiencies, such as Hemophilia A or 
B, will result in prolonged aPTT.

Table 3. Clinical Uses of the aPTT4,5

Indication Clinical Pearls
Monitoring heparin therapy Therapeutic ranges are 

typically established at 1.5 to 
2.5 times the control value of 
the PTT. However, the most 
accurate method for 
determining this range is 
through regression analysis, 
as recommended by the 
CHEST guidelines and other 
major medical organizations.

Monitoring direct thrombin 
inhibitors (DTIs)

aPTT can also be used to 
monitor patients receiving 
injectable DTIs (i.e., 
argatroban)

General assessment of 
anticoagulation status

aPTT serves as a general 
screening tool to assess the 
overall state of the 
coagulation system.

Diagnosing DIC
ABBREVIATIONS: aPTT = activated partial 
thromboplastin time; DIC = disseminated intravascular 
coagulation; DTI = direct thrombin inhibitors 

Figure 1. Regression Analysis for Heparin Monitoring

4
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• Antiphospholipid antibodies can interfere with 
coagulation testing, leading to aPTT prolongation. 
Although the impact on aPTT is not as significant as 
on INR, patients with antiphospholipid syndrome may 
still experience coagulation issues.

Understanding these factors is crucial for interpreting 
aPTT results accurately and making informed decisions 
regarding patient management.

THROMBIN TIME OVERVIEW
Thrombin time (TT) is a laboratory test that measures the 
time it takes for fibrinogen to convert to fibrin,24 marking 
the final step in the coagulation cascade. Unlike other 
coagulation tests, TT specifically focuses on this critical 
transition, which results in clot formation. The normal 
range for TT typically falls between 14 to 19 seconds. 
However, this can vary depending on the specific 
laboratory equipment and reagents used. As with the other 
tests, the TT is highly dependent on the specific methods 
and instruments employed in the laboratory.24

Clinical Uses of TT
TT is not commonly used as a broad screening tool due to 
its specificity to the final step of coagulation. However, 
Table 4 lists the clinical situations in which it is 
invaluable.

Although TT is a valuable test for specific conditions, it is 
not typically used as a general screening test for 
coagulation disorders.24 Since it measures only the final 
step of the coagulation process, it does not provide 
comprehensive insight into earlier steps in the cascade. 
Therefore, its use is generally reserved for diagnosing 
issues directly related to fibrinogen conversion, such as 
inherited fibrinogen disorders, heparin contamination, or 
disseminated intravascular coagulation (DIC).24

Table 4. Situations in which TT is Invaluable24

Situation Notes
Evaluation of 
fibrinogen 
disorders

Abnormalities in the conversion of 
fibrinogen to fibrin can indicate issues 
with fibrinogen production or 
functionality. Abnormal TT results may 
indicate disorders that affect fibrinogen 
levels or structure.

Detection of 
Heparin

If there is uncertainty about whether a 
plasma sample has been contaminated 
with heparin, TT can definitively 
confirm its presence. This is especially 
useful in situations where other tests 
may be inconclusive.

Diagnosis of DIC In cases of DIC involving excessive 
clotting and subsequent bleeding, 
abnormalities in fibrinogen levels and 
conversion can be detected through 
prolonged TT.

ABBREVIATIONS: DIC = disseminated intravascular 
coagulation; TT = thrombin time

ACTIVATED WHOLE BLOOD CLOTTING TIME  
The activated whole blood clotting time (ACT) is a 
laboratory test used to assess the time it takes for whole 
blood to clot when exposed to a reagent that activates the 
intrinsic pathway of coagulation.25 Unlike other 
coagulation tests that use plasma samples, ACT measures 
the clotting time of whole blood, making it unique in this 
regard. The normal range for ACT typically falls between 
70 and 120 seconds, although the time can vary depending 
on the specific laboratory equipment, reagents, and 
protocols used. As with other coagulation tests, the normal 
range is highly dependent on the testing environment.25

Clinical Uses of ACT
ACT is primarily used in clinical settings where large 
doses of heparin are administered, such as during 
procedures in a cardiac catheterization lab (Cath Lab) or 
during cardiopulmonary bypass. Table 5 explains these 
uses in more detail. It is a quicker, more reliable 
alternative to other coagulation tests, particularly when 
measuring the effects of high doses of heparin.

While ACT is an essential test in certain high-risk 
procedures, it is not routinely used for general 
anticoagulation monitoring.25 It is most valuable in settings 
where high doses of heparin are required, and where quick, 
real-time results are crucial. Additionally, the normal 
therapeutic ranges for ACT vary based on the specific 

Table 5. Clinical Uses for the Activated Whole Blood 
Clotting Time25

Monitoring 
heparin during 
large doses

Heparin is commonly used to prevent 
clotting during invasive procedures, and 
in the Cath Lab. Regular heparin 
infusions usually involve a bolus dose of 
around 80 units/kg. However, in the 
Cath Lab, the heparin dose can range 
from 300 to 400 units/kg. Under these 
conditions, other coagulation tests, such 
as the PTT, would become excessively 
prolonged and would unreliable . 

Bedside use in 
cardiac 
procedures

One advantage of ACT is quick bedside 
results for cardiac procedures that 
require real-time monitoring of 
anticoagulation. Healthcare providers 
can adjust heparin administration if 
needed during critical procedures.

Cardiopulmonary 
bypass (i.e., 
open-heart 
surgery)

Heparin is used to prevent clotting in the 
bypass machine. In these cases, the 
therapeutic range for ACT is generally 
above 480 seconds to ensure proper 
anticoagulation. For less invasive 
procedures like cardiac catheterization, 
the target range is typically 300 to 350 
seconds.

ABBREVIATIONS: ACT = activated whole blood clotting 
time



This case illustrates the importance of monitoring heparin 
therapy and being aware of heparin resistance. Even 
though the patient was receiving what seemed to be a 
therapeutic dose of heparin, the excessive infusion led to 
bleeding complications. By testing anti-factor Xa levels, 
the underlying issue was identified and treated. This 
highlights the need for accurate dosing calculations, 
laboratory testing to monitor heparin levels, and 
consideration of heparin resistance in patients who require 
unusually high doses of the drug to achieve 
anticoagulation.

HEPARIN RESISTANCE AND APPARENT 
HEPARIN RESISTANCE
Heparin resistance can be categorized into two types: true 
resistance and apparent resistance.20 Understanding the 
differences between these is crucial for diagnosing and 
managing patients who require unusually high doses of 
heparin, as was the case with the 41-year-old pregnant 
patient.

True Heparin Resistance
In true heparin resistance, the patient does not respond to 
heparin despite receiving therapeutic or even higher-than-
expected doses.26 This can happen due to several 
pharmacokinetic or pharmacodynamic factors, including26

• Increased heparin clearance: The patient's body may 
metabolize heparin faster than expected, requiring 
higher doses to maintain therapeutic anticoagulation.

• Increased heparin-binding proteins: Some patients 
have elevated levels of plasma proteins that bind to 
heparin, effectively reducing the amount of free, active 
heparin available to exert its anticoagulant effect.

• Altered volume of distribution: Changes in the 
patient's body composition, such as a higher volume 
of distribution, can affect how heparin is distributed 
throughout the body, requiring higher doses to achieve 
the desired effect.

These factors contribute to the need for much higher doses 
of heparin to achieve the expected anticoagulant effect, 
making it a true form of resistance to the drug.

Apparent Heparin Resistance
In contrast, apparent heparin resistance refers to a situation 
where the patient appears to require more heparin than 
expected, but the issue is not due to pharmacokinetic 
resistance.26 In the case of apparent heparin resistance, the 
PTT does not accurately reflect the patient's anticoagulant 
status. For example, elevated levels of coagulation factors 
like Factor VIII can lead to a falsely short PTT, suggesting 
that the patient is adequately anticoagulated when, in 
reality, they may require higher doses of heparin to 
achieve the correct therapeutic effect. This condition can 
make it difficult to assess the patient's true anticoagulation 
status, which can lead to the overuse of heparin and the 
risk of bleeding complications.266

procedure being conducted, and so results must be 
interpreted within the context of the clinical setting.25

PRACTICE PATIENT CASE
A 41-year-old pregnant woman carrying twins is admitted 
for a DVT. She begins treatment with a heparin drip at 80 
units/kg bolus, followed by an 18 units/kg/hour infusion. 
Over time, her infusion rate is adjusted to approximately 
2000 units/hour, which equates to 25.7 units/kg/hour, a 
relatively high heparin dose. Despite seeming to be in a 
therapeutic range, she develops gross hematuria, and her 
hemoglobin drops from 10.4 to 7.9 over four days. Given 
these complications, the medical team is concerned about 
why she requires such a large heparin infusion and whether 
the rate should be reduced.

Key Questions to Ask
1. Is the patient's weight correct? The first thing to check is 
whether the patient’s weight was accurately recorded on 
the scale and entered into the infusion pump. This ensures 
the proper amount of heparin is being delivered based on 
her body mass. If the weight was incorrect, it could explain 
why she is receiving an excessive amount of heparin.
2. Was the infusion rate correctly calculated? It's crucial to 
verify that the infusion rate calculation was accurate. 
Errors in dosage calculations can lead to the patient 
receiving more heparin than intended, potentially 
contributing to bleeding complications like the one seen in 
this case.                                                                              
3. Is the patient’s lab work accurate and correctly 
matched? Mislabeling or mixing up lab work can lead to 
incorrect patient data being used, which could explain why 
the infusion rate appears to be appropriate when it is 
actually too high. Checking that the lab results are from the 
correct patient is essential.

Testing for Heparin Levels
If the above factors are ruled out and the patient's weight, 
infusion calculations, and lab results all appear correct, 
testing the anti-factor Xa level is the next logical step. This 
test measures the level of heparin activity in the blood and 
provides a more reliable measure of anticoagulation than 
other tests like the PTT, which can be influenced by 
various patient-specific factors.
• Anti-factor Xa Level: This test would reveal the true 

extent of heparin activity in the bloodstream. The 
patient's remarkably elevated anti-Xa levels indicate 
that she has a high amount of heparin in her system, 
far beyond what would be expected based on the 
current infusion rate. This suggests heparin resistance.

Management and Resolution
Upon discovering the elevated anti-Xa levels, the infusion 
rate was adjusted down to 1500 units/hour, which is closer 
to typical dosing for patients of this clinical presentation. 
Following this adjustment, the patient's symptoms 
resolved, and she was no longer experiencing the bleeding 
complications associated with excessive heparin.
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ANTI-FACTOR Xa TEST 
The anti-factor Xa test is an important when using drugs like 
heparin, enoxaparin, and dalteparin. Unlike clotting tests like 
the PTT, anti-factor Xa test does not measure clotting time. It 
is a functional test that quantifies the enzymatic activity 
involved in coagulation. The test is often referred to as 
chromogenic anti-factor Xa because it involves a color 
change as a result of the chemical reaction between the 
reagent and the substance being tested.4,5

The chromogenic test measures the activity level of Factor 
Xa, which is essential for blood clotting. In the presence of a 
specific anticoagulant (such as heparin), the test measures 
the inhibition of Factor Xa activity. 4,5 The results are 
reported in units/mL (e.g., units of heparin per mL), which 
indicates the concentration of the anticoagulant drug in the 
patient’s blood. The normal range for this test is 0, meaning 
if there's no drug present, there’s no activity detected, and 
the test result is zero. 4,5

Clinical Uses of Anti-factor Xa Testing
A primary uses of anti-factor Xa is to monitor heparin 
therapy, especially in institutions where heparin infusions are 
used for anticoagulation.20 This test has become more 
commonly used than PTT for monitoring heparin therapy 
due to its simplicity and lack of interference from factors 
like factor XIII levels or warfarin. Anti-factor Xa can also be 
used to monitor LMWHs (e.g., enoxaparin and dalteparin) 
and fondaparinux, although the calibration curves for these 
drugs are different. Each drug may have its own specific 
calibration and the lab will need to adjust accordingly. Some 
oral anticoagulants, such as direct factor Xa inhibitors (e.g., 
apixaban, rivaroxaban), can affect coagulation assays. To 
quantify their activity rapidly and accurately, anti-factor Xa 
testing must be calibrated specifically to the DOAC being 
assessed.27

Advantages of Anti-factor Xa for Monitoring Heparin
include28

• Less interference: Unlike the PTT test, which can be 
influenced by many factors (e.g., factor XIII levels, 
warfarin therapy), the anti-factor Xa test is more specific 
and free from interference, providing a more reliable 
result.

• No calibration issues: Since anti-factor Xa directly 
measures drug concentration, there’s no need for 
recalibration each time new reagent lots are used, unlike 
with PTT testing. The therapeutic range for heparin is 
consistently set at 0.3 to 0.7 units per mL, which 
simplifies monitoring.

• Improved accuracy: The anti-factor Xa test provides a 
more accurate assessment of heparin levels, reducing the 
chance of over- or under-dosing, which can lead to 
complications like bleeding or thrombosis. This accuracy 
reduces the frequency of dosage adjustments and the 
associated risk of error.

• Less frequent retesting: Because there’s less need for 
frequent adjustments in dosing, patients may require 
fewer tests, which reduces laboratory workload and 

improves overall patient care.
Anti-factor Xa Testing forLMWHs and Fondaparinux
The use of anti-factor Xa testing for LMWHs like 
enoxaparin and dalteparin, and fondaparinux, has been an 
area of ongoing discussion. While it is not universally 
required for all patients on these medications, testing can 
provide valuable information and improve patient safety in 
specific situations.29

In patients who are extremely obese or very small (i.e., 
children), the pharmacokinetics of LMWHs can be 
unpredictable.30 These patients may have altered drug 
clearance or distribution, meaning they may handle the 
drug differently than expected based on weight alone. In 
these cases, testing can ensure that the drug is working 
effectively and that the patient is within a therapeutic 
range.29

Renal dysfunction is another consideration.29 Patients with 
impaired renal function may not clear LMWH or 
fondaparinux as efficiently, leading to drug accumulation 
and potentially dangerous levels in the bloodstream. 
Testing anti-factor Xa levels in these patients helps assess 
if their drug concentrations are within a safe therapeutic 
window.29

Pregnancy introduces significant pharmacokinetic changes 
that can affect how LMWH are metabolized.29 These 
changes are especially pronounced in the third trimester, 
as women experience substantial physiological shifts, 
including weight gain, blood volume changes, and 
increased renal clearance. Regular anti-factor Xa testing 
during pregnancy, especially in the third trimester, ensures 
that dosing adjustments are appropriate to maintain 
effective venous thrombosis prevention without putting the 
patient at risk of bleeding.29

Prior to surgery, particularly when patients have been on 
LMWH or fondaparinux, there is a concern about the 
drug's clearance from the system.32 While guidelines 
generally recommend holding the dose for about 24 hours 
before surgery, anti-factor Xa testing can be particularly 
useful in emergent situations or when there is uncertainty 
about the drug's clearance. In these cases, testing can 
provide additional reassurance that the anticoagulant effect 
has sufficiently diminished before surgical intervention.



8

Anti-factor Xa Testing for Direct Factor Xa Inhibitors
Routine monitoring of DOAC concentrations is not 
necessary in standard clinical practice due to their 
predictable pharmacokinetics and wide therapeutic 
windows. However, in emergent situations, such as active 
bleeding, urgent surgical intervention, suspected overdose, 
or impaired renal function, assessment of anticoagulant 
activity may be warranted to guide clinical decision-
making and ensure patient safety.

In these cases, chromogenic anti-factor Xa assays can be 
used to measure the anticoagulant effect of factor Xa 
inhibitors (e.g., apixaban, rivaroxaban, edoxaban). These 
assays are available in many hospital and reference 
laboratory settings and can provide relatively rapid and 
quantitative estimations of drug levels, provided they are 
calibrated specifically to the DOAC in question. While not 
universally available, when accessible and properly 
calibrated, they serve as a valuable tool for managing 
complex or high-risk situations involving DOAC 
therapy.32

COAGULATION FACTOR ACTIVITY TESTING
Coagulation factor activity testing is a straightforward, 
valuable method for evaluating various factors involved in 
the coagulation cascade.4,5 This test is especially useful in 
diagnosing factor deficiencies or other coagulation 
abnormalities. The most common reason for performing 
coagulation factor activity testing is to diagnose hereditary 
bleeding disorders caused by deficiencies in one or more 
coagulation factors. These include hemophilia A (a Factor 
VIII deficiency) and hemophilia B (a Factor IX 
deficiency). This testing may identify other rarer factor 
deficiencies that could result in bleeding problems.4,5

While INR is most commonly used for warfarin 
monitoring, coagulation factor activity testing can be 
employed as an alternative method. This might be 
necessary in cases where INR results are unreliable or not 
available, or when more specific information about the 
patient’s coagulation status is needed.

D-DIMER TEST
D-dimer is a protein fragment produced when plasmin 
breaks down fibrin, a major component of blood clots.33

This process occurs during fibrinolysis. In simple terms, 
when a blood clot forms and then begins to dissolve, D-
dimer is released into the bloodstream. The normal range 
for D-dimer levels can vary depending on the method of 
testing (whole-blood agglutination assays, ELISA 
[enzyme-linked immunosorbent assay], or latex 
immunoagglutination method) and each test manufacturer 
establishes the normal range and different assay 
manufacturers use different units (e.g., ng/mL, mcg/mL). 
Laboratories frequently report the results in units other 
than those recommended by the assay manufacturer.24,34

D-dimer testing is most commonly used as a screening 
tool to help rule out the presence of active thrombotic 
activity, such as a DVT or a pulmonary embolism (PE).33

For example, clinicians may order a D-dimer test for a 
patient presenting with calf pain in the emergency 
department. If the test comes back with normal D-dimer 
levels, it essentially rules out an active DVT or PE without 
needing further, more invasive testing like ultrasound.33

In patients who have experienced a previous thrombotic 
event (e.g., DVT or PE), D-dimer testing can help 
determine whether ongoing anticoagulation therapy is 
needed. Elevated D-dimer levels approximately one month 
after the acute event might suggest an increased risk of 
recurrence, and the patient may need to continue 
anticoagulation therapy for a longer period.33-36

Conversely, normal D-dimer levels can suggest the risk of 
recurrence is low, and the patient may be safely 
transitioned off anticoagulation therapy, depending on 
other clinical factors.35,36

PRACTICE PATIENT CASE
Joyce has been on warfarin and has maintained a 
therapeutic INR range for the past six weeks. She comes 
into your outpatient anticoagulation clinic, and reports no 
changes to her diet, exercise, or overall health. Her POC 
test result on your clinic’s machine shows an INR of 4.7. 
Following clinic policy, you send Joyce to the lab for 
venipuncture to confirm this critical value. After a couple 
of hours, the lab result comes back with an INR of 3.2. 
Now, you're in a bit of a dilemma. You inform Joyce of the 
new lab result, and she asks why there's a discrepancy, 
what test she should trust, and why the POC result isn’t 
aligning.

What to Communicate with the Patient
Despite advances, we have been unable to fully 
standardize INR testing across different methods. The fact 
that two testing methods yield different results does not 
automatically mean that one is correct and the other is 
incorrect; both could be slightly inaccurate. In medical 
testing, there are distinctions between accuracy, reliability, 
and repeatability, all of which contribute to overall test 
validity. Repeatability—how consistently a test produces 
the same result—is an important factor in assessing 
reliability. 

The medical community and laboratory testing guidelines 
generally accept that a difference of 0.5 INR units between 
two different testing methods is reasonable. However, in 
clinical practice, a 0.5 INR difference can be significant.37

When managing warfarin therapy, such a discrepancy 
might mean the difference between adjusting a patient’s 
dose or keeping it the same, which adds to the complexity 
of interpreting INR results.

Ultimately, when discussing test discrepancies with 
patients, it's essential to reassure them that variability is 
expected and that INR management is based on trends 
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rather than single data points. Clinical judgment, alongside 
repeat testing when necessary, helps ensure that 
anticoagulation therapy remains both safe and effective.

POINT OF CARE TESTING
Point of care testing (POCT) refers to the use of small, 
often handheld devices to perform diagnostic tests outside 
of a traditional laboratory. One of its earliest applications 
was INR testing, allowing INR measurements to be 
performed at the bedside or in outpatient settings. 

POCT’s advantages include38

• Rapid turnaround time: INR results, for example, can 
be obtained in about a minute, whereas lab testing 
takes significantly longer.

• Home testing capability: Patients can monitor their 
INR levels at home, improving convenience and 
adherence.

• Ease of use: POCT devices are designed for simple 
operation, making them accessible for both healthcare 
providers and patients.

POCT also has some disadvantages.39 POCT devices tend 
to be expensive, both in terms of initial purchase and per-
test cost compared to traditional lab testing. In addition, 
each device has specific testing guidelines. These may 
include temperature sensitivity, hematocrit limitations, and 
other operational constraints. However, for the majority of 
patients, these devices function effectively without 
issues.39

Understanding INR Result Discrepancies 
Result variability issue has long been recognized, which is 
why the WHO introduced the INR system to standardize 
results across different testing methods. However, even 
with standardization, variation still exists because different 
thromboplastin reagents are used in different testing 
systems.

One key limitation is that thromboplastins are only 
standardized for their International Sensitivity Index (ISI) 
up to an INR of approximately 4.0–4.5. Beyond this range, 
variability between testing methods increases significantly. 
This means that INR values above 4.5—whether measured 
by a POC device or a lab test—become less precise.40 For 
example, all healthcare clinicians should interpret an INR 
of 5.0, 6.0, or 7.0 with caution, as these values are more of 
an estimation than an exact measurement.

Device Correlation Testing
When comparing INR results from different testing 
methods, we essentially perform correlation testing. This 
process assesses how well two testing methods align by 
analyzing multiple samples side by side and plotting the 
results on a correlation graph. Studies commonly use this 
approach, where investigators compare two or more 
devices by testing the same samples simultaneously and 
then measuring how closely the results match. A strong 

correlation, often above 90%, suggests that the methods 
are generally in agreement. However, these studies rarely 
explain the inconsistencies visible in the data.

Correlation testing does not determine whether one 
method is "right" or "wrong"; it simply tells us how 
similar or different the results are between two methods. 
There is no true gold standard for INR measurement. No 
single test can definitively provide the "correct" INR. 
Many assume that the laboratory venipuncture method is 
the gold standard simply because it has been used the 
longest and is more complex. Recent studies have 
generally found that both methods tend to be accurate 
provided the testing devices are well-maintained and 
calibrated.41-43

Pre-analytical errors in INR Testing occur before the test is 
even run, affecting both POC and venipuncture testing 
methods. Pre-analytical errors can introduce variability 
into the results, making it harder to interpret the patient’s 
true anticoagulation status. Table 6 (next page) explains 
these errors in more detail.

Understanding pre-analytical errors highlights how both 
POC and venipuncture tests are susceptible to 
variability—even before testing begins. Recognizing these 
potential issues reinforces the need to interpret INR results 
cautiously, especially when discrepancies arise between 
testing methods. Proper sample collection techniques, 
equipment calibration, and awareness of external factors 
all play vital roles in producing accurate and reliable test 
results.

Evidence Supporting the Accuracy of POC INR 
Testing
How do we know that POC INR devices are reliable? The 
answer lies in extensive clinical evidence. Numerous 
large-scale clinical trials have demonstrated that these 
devices provide accurate and effective INR monitoring, 
leading to positive patient outcomes. In fact, some of the 
most significant trials in anticoagulation therapy—such as 
ARISTOTLE (for apixaban)45 and ROCKET AF (for 
rivaroxaban)30,31—used POC devices to monitor patients 
taking warfarin. These studies achieved excellent results, 
showing effective stroke prevention with low bleeding 
risks, reinforcing confidence in the reliability of POC INR 
testing.
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Table 6. Pre-Analytical Errors in INR Testing44

POC Error

Squeezing finger too hard
Too much time between 
lancing and applying blood 
to the test strip
Improper storage of test strip

Venipuncture Error

Under/over-filling the 
collecting tube
Low HGB/HCT
Device not calibrated 
appropriately 

ABBREVIATIONS: HGB/HCT = hemoglobin/
hematocrit; INR = International Normalized Ratio; POC 
= point of care

Key Takeaways
POC devices are clinically validated. They have been used 
in major anticoagulation trials and have consistently 
produced reliable results. When clinicians receive an 
unexpected out-of-range INR, they must consider all 
possible factors:
• Could a pre-analytical error be affecting the test?
• Did the patient take an over-the-counter medication 

that interacted with warfarin?
• Is there an adherence issue that the patient forgot to 

mention?
Single abnormal results are no reason to panic. If the result 
seems inconsistent with the patient’s history and condition, 
a simple retest may be the best approach rather than 
immediately adjusting therapy.

ORAL ANTICOAGULATION 
DOACs do not require routine monitoring due to their 
predictable pharmacokinetics and pharmacodynamics. 
However, laboratory testing can be useful in urgent 
situations to determine if the drug is still in the system.
Table 746 lists the standard laboratory tests that can be 
used to monitor these anticoagulation agents. 

Liquid Chromatography-Mass Spectrometry 
Liquid chromatography-mass spectrometry (LC-MS) is 
considered the gold standard for measuring direct oral 
anticoagulants (DOACs) due to its high specificity, 
sensitivity, selectivity, and reproducibility.27 However, its 
use is limited in routine practice because of the complexity 
and labor-intensive nature of the method. LC-MS requires 
expensive equipment and highly trained personnel to 
perform the test correctly. As a result, while not routinely 
used in clinical practice, LC-MS serves as the reference 
method against which other testing methods are compared 
to assess their accuracy.27

Table 7. Laboratory Testing for DOACs46

Coagulometric Method(s) Chromogenic Method(s)
Dabigatran DTT, ECT ECA, Anti-FIIa
Apixaban – Anti-FXa calibrated with apixaban
Rivaroxaban – Anti-FXa calibrated with rivaroxaban
Edoxaban – Anti-FXa calibrated with edoxaban
ABBREVIATIONS: DOACs = direct oral anticoagulants; DTT: dilute thrombin time; ECT: ecarin clotting time; ECA: 
ecarin chromogenic assay

Laboratory Testing for Dabigatran

Dilute Thrombin Time 
Dilute Thrombin Time (DTT) is a coagulometric method 
specifically designed to measure the concentration of 
dabigatran.47 It is a modification of the standard TT, which 
is extremely sensitive to dabigatran and often becomes 
excessively prolonged. By using a diluted thrombin 
reagent, DTT establishes a linear relationship between 
dabigatran concentration and clotting time, allowing for 
more accurate and quantitative assessment of the drug's 
anticoagulant activity. LC-MS is extensively used for 
research and clinical trials, but it cannot be used in routine 
conditions for rapid testing in laboratories. 

Ecarin Clotting Time
The Ecarin Clotting Time (ECT) is a highly sensitive 
qualitative test where clotting time is directly related to 
dabigatran concentrations.48 In this assay, ecarin, a 
metalloprotease enzyme derived from the venom of Echis 
carinatus (the saw-scaled viper), is added to the plasma 
sample. Ecarin converts prothrombin to meizothrombin, 
an intermediate that promotes clotting. In the presence of 
dabigatran, however, the conversion of prothrombin is 
inhibited, resulting in a prolonged clotting time.48

The ECT has a linear dose-response relationship and can 
be used to measure dabigatran levels within the 
therapeutic range. Due to its simplicity, the ECT can be 
automated for use with modern coagulation analyzers, 
although performance verification is required for 
accuracy.48

While the ECT is primarily a research tool with limited 
clinical availability in the United States, the development 
of commercial kits could potentially improve its 
practicality. However, these kits have not been fully 
standardized or validated for dabigatran, and thus their use 
may be problematic.48

It is important to note that low prothrombin levels or 
hypofibrinogenemia can lead to falsely elevated clotting 
times that are disproportionate to dabigatran or other DTI 
concentrations. For these reasons, the ECT is not 
recommended for emergency monitoring of anticoagulant 
effects, despite its inclusion in some prescribing 
information.



Ecarin Chromogenic Assay 
The Ecarin Chromogenic Assay (ECA) is a quantitative 
coagulometric test specifically designed to assess the 
concentration of dabigatran, a DTI.48 Unlike some other 
coagulation tests, the ECA is not influenced by levels of 
prothrombin or fibrinogen, which can cause inaccurate 
results in other assays. This makes the ECA particularly 
useful in clinical situations where these factors may be 
variable, such as in patients with coagulopathies or low 
fibrinogen levels. The linear dose-response relationship 
between dabigatran concentration and clotting time allows 
the ECA to provide precise, quantitative measurement 
across the therapeutic range.48

Although the ECA is a reliable method for assessing 
dabigatran activity, it is not widely available due to its 
complexity and the need for specialized equipment.48 The 
assay requires appropriate calibration and performance 
verification to ensure accuracy. While it has shown 
promise for emergency settings, such as in cases of 
bleeding or urgent surgery, its clinical use is still 
somewhat limited, primarily due to availability issues and 
the high cost of the reagents.48

Despite these limitations, the ECA remains a valuable tool 
for assessing the anticoagulant effect of dabigatran in 

specialized clinical scenarios where precise quantification 
of drug levels is necessary.

Anti-factor IIa Testing for DTIs 
The anti-factor IIa fssay is a valuable tool for the precise 
quantification of the anticoagulant effect of DTIs, such as 
dabigatran.47 This assay works by measuring the cleavage 
of a thrombin substrate in the plasma. Plasma is mixed 
with the substrate, which is typically cleaved by thrombin 
to produce a measurable signal. If dabigatran is present, it 
inhibits thrombin activity, leading to a decrease in 
substrate cleavage. As a result, the extent of inhibition 
correlates with the dabigatran concentration. This assay is 
particularly useful in situations where accurate 
quantification of dabigatran levels is critical, such as in 
emergency scenarios or for monitoring patients with renal 
impairment.48

CONCLUSION
When it comes to clotting and anticoagulation, 
pharmacists need expertise. They must consider the reason 
for the testing, be it screening, diagnosis, or monitoring. 
Patient factors complicate the decision, and unexpected 
results need to be researched and mitigated. Laboratory 
results are the clues that inform the detective work of 
anticoagulation.

11
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