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Abstract
Clinical uncertainty exists regarding which assay should be designated as the standard monitoring coagulation test for intravenous
unfractionated heparin (UFH). Several studies have compared the use of activated partial thromboplastin time (aPTT) and
antifactor-Xa (anti-Xa) and have come out with varying results. The correlation between these 2 tests varied, markedly from
strong to weak. Some have demonstrated that monitoring with anti-Xa heparin assay leads to fewer dose adjustments, resulting in
fewer laboratory tests, while others have not. In the current study, we evaluated the correlation between aPTT and anti-Xa values
to guide clinical management of UFH, with the intention to develop a new correlation nomogram.
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Background

Intravenous unfractionated heparin (UFH) has been a corner-

stone for anticoagulant therapy for more than 60 years.1,2

Various properties including unpredictable pharmacokinetics,

interpatient variability, and a narrow therapeutic index neces-

sitate close monitoring of its anticoagulant effect.3-6 Two dif-

ferent strategies are commonly used to monitor the therapeutic

effects of UFH: the antifactor-Xa (anti-Xa) heparin assay and

the activated partial thromboplastin time (aPTT).3,7 There is

debate regarding which assay should be designated as the stan-

dard monitoring strategy or whether a combination of strategies

should be utilized based on specific populations.

Both aPTT and anti-Xa assays differ. Activated partial

thromboplastin time is a global assessment of coagulation that

reflects both the intrinsic and common pathways of the clotting

cascade. Conversely, the anti-Xa is a chromogenic assay that

measures the inhibition of clotting factor Xa, which reflects the

plasma heparin concentration. However, both assays have lim-

itations when used for monitoring UFH therapy. Activated par-

tial thromboplastin time lacks standardization, and sensitivity
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of reagents to heparin and coagulation factors varies among

manufacturers. Activated partial thromboplastin time, unlike

the prothrombin time, lacks the equivalent of the international

normalized ratio, which corrects for reagent variation. It is

also influenced by fluctuations in other clotting factors that

impact heparin activity.8,9 Although the anti-Xa has demon-

strated less variability, it is more likely to be affected by

recent use of low-molecular-weight heparins, fondaparinux,

direct factor Xa inhibitors, as well as by hyperbilirubinemia

and hypertriglyceridemia.8

This study was conducted to evaluate the correlation

between aPTT and anti-Xa laboratory values at Brigham and

Women’s Hospital in patients receiving UFH. Our intention

was to develop a new correlation nomogram to use the anti-

Xa to titrate UFH similar to our existing aPTT dose adjustment

nomogram. Additionally, we evaluated the frequency of major

bleeding and thrombotic events as they relate to aPTT and anti-

Xa values to determine whether discordance in laboratory val-

ues was associated with adverse clinical outcomes.

Methods and Materials

This was a single-center, quality improvement study performed

between January 1, 2017, and March 31, 2017, in which data

were collected prospectively. Patients being treated with UFH

therapy for at least 24 hours were identified using a daily report

generated from the electronic health record. Consecutive

patients were included in the analysis if they were receiving

UFH and had documented aPTT and anti-Xa laboratory values

drawn simultaneously as per study protocol. The heparin

nomogram used is shown in Figure 1. Blood for aPTT testing

was collected every 6 hours per standard hospital guidelines.

Patients were excluded if they were pregnant, younger than 18

years, had a baseline aPTT greater than 40 seconds, had an aPTT

less than 40 seconds despite UFH for greater than 6 hours with-

out a change in dose, currently receiving treatment with fonda-

parinux or a low-molecular-weight heparin, or currently using a

factor Xa inhibitor. Patients were also excluded if they were

receiving support via extracorporeal membrane oxygenation

(ECMO) or a ventricular assist device (VAD). The primary end

point of this study was to evaluate the correlation between aPTT

and anti-Xa laboratory values in patients receiving UFH, and

secondarily to evaluate the frequency of major bleeding and

thrombotic events as they related to aPTT and anti-Xa values.

Secondary end points, including major bleeding and throm-

botic events, were evaluated for the duration of hospitalization.

We defined major bleeding according to the International Soci-

ety on Thrombosis and Haemostasis.10 Thrombotic events were

defined as deep vein thrombosis confirmed by venography or

Doppler ultrasound, pulmonary embolism confirmed by perfu-

sion lung scan or pulmonary angiography, and stroke defined

as an acute episode of focal or global neurological dysfunction

caused by brain, spinal cord, or retinal vascular injury because

of hemorrhage, infarction, or embolism. For all bleeding and

thrombotic events, we also evaluated aPTT and anti-Xa values

during the treatment period with UFH.

To evaluate concordance between aPTT and anti-Xa values,

all therapeutic aPTT values were identified and subsequently

compared to their corresponding anti-Xa values. A therapeutic

aPTT for atrial fibrillation (AF) and venous thromboembolism

(VTE) was defined as 60 to 80 seconds, while the reference

range aPTT at our institution is 23.8 to 36.6 seconds. This range

was based on historical data. A therapeutic anti-Xa value was

defined as 0.3 to 0.7 U/mL (for AF and VTE indications).9

Corresponding laboratory values that had an aPTT value

between 60 and 80 seconds while the anti-Xa value fell

between the range of 0.3 to 0.7 U/mL were considered con-

cordant. Any paired values in which the aPTT ranged between

60 and 80 seconds and the corresponding anti-Xa value fell

outside the range 0.3 to 0.7 U/mL were considered discordant.

During the study period, a single lot number of Diagnostica

Stago—STA PTT-A reagent and a mechanical clot detection

coagulometer were used (Parsippany, NJ). When the aPTT

exceeded 150 seconds, the results were reported as greater than

150 seconds. To measure anti-Xa, a colorimetric anti-Xa assay,

the Diagnostica Stago—STA-liquid anti-Xa (which does not

utilize antithrombin as a reagent), and the STA-R Evolution

analyzer were used. Anti-Xa values less than 0.10 U/mL were

reported as less than 0.10 U/mL.

Continuous variables were presented as mean (standard

deviation); ordinal variables presented as median (interquartile

1. Initiate bolus of 80 units/kg (provider may choose not to order an initial bolus)
2. Start infusion at 18 units/kg/hr.
3. Titrate per table below:

PTT Repeat bolus Stop infusion Dose change

< 40 60 unit/kg - Increase by 3 units/kg/hr

40-49.9 30 unit/kg - Increase by 2 units/kg/hr

50-59.9 - - Increase by 1 unit/kg/hr

60-80 - - No change

80.1-100 - - Decrease by 2 units/kg/hr

> 100 -
60 min
Call House Officer to confirm dose change

Decrease by 3 units/kg/hr
(if confirmed by House Officer)

Figure 1. Unfractionated heparin (UFH) titration nomogram for goal PTT 60-80. PTT indicates partial thromboplastin time.
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range); and categorical variables were presented as propor-

tions. Pearson correlation coefficient (r) was used to measure

the linear relationship between aPTT and anti-Xa values. A P

value of less than .05 was considered significant.

Results

From January 1, 2017, until March 31, 2017, 127 paired aPTT

and anti-Xa values from 100 patients were identified. Twenty

patients were excluded from the final analysis, with 4 patients

excluded for prolonged baseline aPTT, 2 patients with aPTT

less than 40 seconds despite receiving a heparin infusion for

greater than 6 hours, 4 patients with anti-Xa and aPTT labs that

were not drawn simultaneously. Ten patients receiving ECMO

and/or VAD support were also excluded. Eighty-four paired

aPTT and anti-Xa values from 80 patients who met predefined

inclusion criteria were included in the final analysis (Figure 2).

Patient baseline characteristics are noted in Table 1. The

patient population was 65% male, with a median age of

65.9 years and a mean body mass index of 28.8 kg/m2. Most

(83.8%) patients were admitted to non–intensive care units and

receiving UFH for the management of VTE (22.5%), AF

(22.5%), and acute coronary syndrome (28.8%). The remaining

patients were being treated for other indications, including

lower limb ischemia, peripheral artery disease, and arterial

thromboembolism, as noted in Table 1. Most patients used an

aPTT goal of 60 to 80 seconds, while others were modified to

physician preference.

A scatter plot of aPTT and anti-Xa values was generated

(Figure 3). The correlation nomogram corresponds to a line of

best fit equal to y ¼ 44.381x þ 56.749, as shown in Figure 3.

The aPTT range corresponding to anti-Xa values of 0.3 to

0.7 U/mL, as calculated from the linear regression equation,

was 70.6 to 87.8 seconds. The Pearson correlation coefficient

(r) was 0.57 (P value <.05).

For the purposes of evaluating concordance between aPTT

and anti-Xa, 35 therapeutic aPTTs, defined as 60 to 80 seconds,

were identified. Paired anti-Xa and aPTT values were simulta-

neously therapeutic 45.7% of the time (Table 2). When paired

values were examined, the most common reason for discor-

dance among the values was a therapeutic aPTT (range 60-80

seconds) with a corresponding subtherapeutic anti-Xa

(<0.3 U/mL). In one instance, a therapeutic aPTT was recorded

while the anti-Xa was supertherapeutic at 0.96 U/mL.

There were no new thrombotic events observed in any

patients during the study period; however, there was one

major bleed. One patient, while following aPTT, experi-

enced a retroperitoneal bleed, which occurred while the

aPTT was supertherapeutic (125.7 seconds) and the anti-

Xa was therapeutic (0.55 U/mL). The patient reported

abdominal pain and experienced a 2.9 g/dL drop in hemo-

globin within 24 hours of becoming symptomatic in the

setting of a persistently supertherapeutic aPTT (94.6 sec-

onds). There were 13 other patients with anti-Xa �0.55

U/mL who did not have bleeding events.

Discussion

We present our correlation nomogram, with the mathematical

formula displayed in Figure 3. In our analysis, 84 paired values

from 80 patients, we observed a moderate, positive correlation

(r ¼ 0.57; P value <.05). These findings are in concert with

previously published literature.9,11-13 The residual discordance

could be expected, given that the aPTT and anti-Xa assays

100 patients identified
(127 paired values)

20 patients excluded
(43 paired values)
-ECMO (4)
-LVAD (1)
-ECMO/LVAD (5)
-Prolonged
baseline aPTT (4)
-aPTT <40 s despite UFH
for greater than 6 hours (2)
-aPTT and anti-Xa not
drawn simultaneously (4)

80 patients included
( 84 paired values)

Figure 2. Inclusion/exclusion.

Table 1. Baseline Characteristics.a

n ¼ 80

Age, years 65.9 (54.8-76)
Male 52 (65.0%)
Weight, kg 82.1 + 22.7
BMI, kg/m2 28.8 + 7.6
ICU admission 13 (16.3%)
Indication for anticoagulation

Venous thromboembolism 18 (22.5)
Atrial fibrillation 18 (22.5)
Acute coronary syndrome 23 (28.8)
Stroke 0 (0)

Arterial thromboembolism 3 (3.8)
Peripheral artery disease 11 (13.8)

Other 7 (8.8)

Abbreviations: aPTT, activated partial thromboplastin time; BMI, body mass
index; ICU, intensive care unit; IQR, interquartile range; SD, standard
deviation.
aData presented as median (IQR), mean + SD, or n (%).
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measure different outcomes of heparin effects, both laboratory

tests can be affected by different patient-specific factors, and

the existence of both intralaboratory and interlaboratory factors

including different sensitivities of the varying assays. There-

fore, anti-Xa and aPTT laboratory tests should be correlated

with heparin levels (0.2-0.4 U/mL) at each institution.

Our concordance rate of 45.7% is consistent with prior stud-

ies, demonstrating concordance rates from 35% to 60%.14-16

Despite exhibiting moderate correlation and levels of concor-

dance that are similar to several previously published reports,

our institution continues to use the aPTT to monitor UFH. Prior

to performing our correlation study, several colleagues pub-

lished data regarding our use of clinical monitoring programs

and the ability to improve time to a therapeutic aPTT. First,

Alsuliaman et al investigated the effects of the implementation

of a pharmacy clinical surveillance system (PCSS) with an alert

specific to subtherapeutic aPTT values in patients receiving

UFH. This investigation demonstrated that the implementation

and use of a PCSS resulted in a decrease in the average time to

obtain a therapeutic aPTT, from 21.8 to 15.4 hours (P value ¼
.002).17 Shortly thereafter, Schurr et al published data on the

implementation of a nurse-driven, weight-based heparin nomo-

gram in which the mean time to a therapeutic aPTT was 11.7

hours, without an increase in supertherapeutic aPTT values.18

This time to achieve a therapeutic aPTT using the aPTT nurse-

driven dosing protocol is similar to a recently published study

that demonstrated a time to achieve therapeutic anticoagulation

using the anti-Xa of 16 hours. This is a marked decrease from

the results a previous study which reported mean time to ther-

apeutic anticoagulation of 28 hours using anti-Xa

monitoring.8,19

Use of a therapeutic anti-Xa range of 0.3 to 0.7 U/mL

remains controversial, although cited in the American College

of Chest Physicians (CHEST) and College of American

Pathologists (CAP) guidelines, it is based on results from

studies conducted 20 years ago.5,20,21 In one study, patients

with acute VTE were randomized to have UFH titrated with a

goal anti-Xa level of 0.35 to 0.67 U/mL versus a goal aPTT of

60 to 85 seconds (both values were calibrated to a heparin

level of 0.2-0.4 U/mL). The group managed with anti-Xa

monitoring had fewer recurrent thrombotic events and fewer

bleeding episodes.20 Similarly, another study showed that

bleeding was absent at the lower range of therapeutic anti-

Xa values (0.24-0.36 U/mL) and subsequently observed at

higher anti-Xa values.21

One bleed was observed in our study. It was associated

with an aPTT of 125 seconds and a paired anti-Xa value of

0.55 U/mL. Although this anti-Xa value is considered thera-

peutic per the CHEST and CAP guidelines, equivalency

between heparin levels as measured by a neutralization assay

and a functional assay remains questionable.22 Several studies

have reported anti-Xa values of 0.29 to 0.47 U/mL and 0.25 to

0.45 U/mL which were equivalent to protamine titration levels

of 0.2 to 0.4 U/mL.23,24 The possibility exists that an anti-Xa

value of 0.55 U/mL may represent a supertherapeutic heparin

y = 44.381x + 56.749

r = 0.57
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Figure 3. Anti-Xa: aPTT correlation nomogram. Anti-Xa indicates antifactor-Xa; aPTT, activated partial thromboplastin time.

Table 2. Concordant and Discordant Values.a,b

Values n ¼ 35

Concordant
values

Therapeutic aPTT and anti-Xa 16 (45.71%)

Discordant
values

Therapeutic aPTT: Subtherapeutic anti-Xa 18 (51.43%)
Therapeutic aPTT: Supertherapeutic

anti-Xa
1 (2.86%)

Abbreviations: aPTT, activated partial thromboplastin time; anti-Xa, antifactor-
Xa.
aTherapeutic aPTT defined as 60 to 80 seconds.
bTherapeutic anti-Xa defined as 0.3 to 0.7 U/mL.
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level based on accepted protamine titration levels, although 13

other patients had an anti-Xa �0.55 U/mL and did not experi-

ence a bleeding event. Of note, despite 51.4% of paired values

having a subtherapeutic anti-Xa, there were no new thrombotic

events in our study population. Based on the correlation nomo-

gram devised in this analysis, 3 scenarios may arise where the

clinical interpretation of the anti-Xa and aPTT is not consistent.

In scenario 1, an anti-Xa of 0.1 to 0.2 U/mL (subtherapeutic)

on our correlation nomogram would correspond to an aPTT of

61.8 to 65.6 seconds (therapeutic), resulting in conflicting

interpretations of the patient’s degree of anticoagulation. The

clinician should evaluate the individual patient’s risk of throm-

bosis and bleeding to determine whether UFH should be upti-

trated. If the patient has multiple risk factors for bleeding, the

intensity of anticoagulation may be deemed adequate. How-

ever, if the patient is at high risk of thrombosis, such as patients

with a VAD or acute VTE, then the UFH should be uptitrated.

In scenario 2, an anti-Xa of 0.3 to 0.5 U/mL would result in a

simultaneously therapeutic aPTT between 70.1 and 78.9 sec-

onds based on the correlation nomogram. The clinician should

continue to monitor for clinical signs and symptoms of appro-

priate anticoagulation intensity, such as signs and symptoms of

bleeding as well as increase in thrombosis burden, clot propa-

gation, or development of new thromboses.

Lastly, in scenario 3, an anti-Xa of 0.7 U/mL (therapeutic)

on our correlation nomogram would correspond to an aPTT of

88 seconds (supertherapeutic), again resulting in conflicting

interpretations. In this case, the patient may be within the

target intensity of anticoagulation or be supertherapeutic,

depending on which value is interpreted. Patient comorbid-

ities that may affect monitoring UFH should be evaluated. For

example, a patient with an active infection may have a large

burden of inflammatory mediators that elevate the aPTT. In

this case, the anti-Xa may be considered more reliable and

reflective of the degree of anticoagulation. Thus, adjusting

UFH, particularly in critically ill patients, requires an assess-

ment of the clinical scenario and may warrant the use of

multiple coagulation tests, with the understanding that each

has advantages and limitations.

Our study has several strengths, including its prospective

nature, simultaneously obtained paired lab samples analyzed

in a hospital laboratory, and narrowly defined therapeutic

ranges. We were limited by the small sample size.

Conclusion

The correlation nomogram presented here demonstrates a mod-

erate correlation and reflects the unique differences between

the anti-Xa and aPTT assays. There is uncertainty about the

stated therapeutic values for each of these assays. We continue

to utilize aPTT to adjust UFH at our institution for the majority

of patients, but will use both laboratory assays to guide UFH

therapy in specific patient cases. Further studies should corre-

late aPTT and anti-Xa levels directly with the UFH concentra-

tion to create a nomogram that will be accurate when adjusting

UFH dosing for therapeutic administration.
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