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K e Y   p O i N t S

• 	Two assays are commonly 
used for monitoring and dose 
adjustment of unfractionated 
heparin (UFH): activated partial 
thromboplastin time (aPTT) and 
antifactor Xa (anti-Xa).

• 	Because aPTT is influenced by 
multiple preanalytic and biologic 
factors, the anti-Xa assay has 
increasingly been used because 
of its ability to reflect heparin 
concentration more directly.

• 	Because oral factor Xa inhibitors 
interfere with the heparin anti-
Xa assay, patients who require 
transition to UFH need an 
alternative test. The aPTT assay 
is the most widely available 
alternative.
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a B S t r a c t

Objectives: Monitoring is essential to safe anticoagulation prescribing and requires close 
collaboration among pathologists, clinicians, and pharmacists.

Methods: We describe our experience in the evolving strategy for laboratory testing of 
unfractionated heparin (UFH).

Results: An intrainstitutional investigation revealed significant discordance between 
activated partial thromboplastin time (aPTT) and antifactor Xa (anti-Xa) assays, prompting 
a transition from the former to the latter in 2013. With the increasing use of oral factor Xa 
inhibitors (eg, apixaban, rivaroxaban, edoxaban, betrixaban), which interfere with the 
anti-Xa assay, we adapted our protocol again to incorporate aPTT in patients admitted on 
oral Xa inhibitors who require transition to UFH.

Conclusions: Our experience demonstrates key challenges in anticoagulation and 
highlights the importance of clinical pathologists in helping health systems adapt to the 
changing anticoagulation landscape.

i N t r O D U c t i O N

Collaboration among pathologists, clinicians, and pharmacists has long been an essential part 
of safe and effective anticoagulation because commonly used oral drugs (eg, warfarin) and par-
enteral anticoagulants (eg, heparin) have required close laboratory monitoring to ensure appro-
priate dosing. With the advent of direct oral anticoagulants (DOACs), clinical pathologists have 
had to adapt to meet the needs these new agents present. Two classes of DOACs are currently 
available: (1) direct thrombin inhibitors (dabigatran) and (2) factor Xa inhibitors (apixaban, 
rivaroxaban, edoxaban, and betrixaban). Although DOACs have predictable pharmacokinetics 
and pharmacodynamics, which enables clinicians to prescribe them at a fixed dose without labo-
ratory monitoring, new issues have arisen from their interference with existing assays, including 
activated partial thromboplastin time (aPTT) and the antifactor Xa (anti-Xa) assay.1,2

We describe the evolution of anticoagulation monitoring at our institution, starting with 
a historical description of the transition from aPTT to anti-Xa assay and concluding with a 
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discussion of how oral Xa inhibitors have prompted modification 
of this protocol. Our experience highlights the importance of close 
collaboration between clinical team members (including the phar-
macist), who are aware of the patient’s medications, and laboratory 
specialists, who understand the roles and limitations of the avail-
able assays. This multidisciplinary team is necessary to ensure the 
safe and effective use of anticoagulation.

M O N i t O r i N G  U N F r a c t i O N a t e D   H e p a r i N

Discovered in 1916,3 unfractionated heparin (UFH) has been the 
foundation for anticoagulation in medical practice. The majority 
of its anticoagulant effect is mediated by binding to and acceler-
ating the action of antithrombin (AT), which inactivates thrombin 
(factor IIa), factor Xa, factor IXa, and factor XIIa.4 UFH includes 
branched glycosaminoglycans of various sizes, with the inhibition 
of factor Xa mediated by a specific pentasaccharide sequence. UFH 
can be administered as a continuous intravenous (IV) infusion or 
as a subcutaneous injection; the former is more commonly used 
in hospitalized patients who have venous or arterial thrombosis 
because of its ability to achieve rapid therapeutic effect. The phar-
macokinetics of IV UFH is unpredictable, because it binds to plasma 
proteins, endothelial cells, and macrophages and has variable 
clearance.4 Therefore, laboratory monitoring is required to avoid 
under- and overanticoagulation. Two assays are widely used to 
monitor IV UFH: aPTT and the anti-Xa assay.

Heparin Monitoring With aPTT
The aPTT has been the standard of UFH monitoring, although 
the optimal therapeutic range continues to be debated. It was 
originally defined as 1.5 to 2.5 times the aPTT of normal plasma,5 
but significant variation in aPTT results based on reagents and 
coagulometers hinders interlaboratory consistency, even when 
attempts are made to correlate with heparin activity assays 

(including anti-Xa and protamine titration assays).6,7 Current 
recommendations acknowledge these limitations and expect that 
individual institutions will define a laboratory-specific thera-
peutic aPTT range based on the anti-Xa assay.7,8 An additional 
limitation of using aPTT is that it is affected by a variety of factors 
common in medical practice, such as increased coagulation fac-
tor levels, as seen in acute-phase reaction  TABLE 1 . Thus, pro-
longation or shortening of aPTT by such factors introduces the 
potential for under- or overdosing of UFH as well as the risk of 
thrombosis progression or bleeding complications.

Introduction of the Anti-Xa Assay
The anti-Xa assay is a direct measure of UFH activity determined 
by mixing the patient’s plasma with a known amount of purified 
factor Xa, and then measuring residual Xa activity colorimetrically. 
In this assay, the amount of color generated inversely correlates 
with the concentration of UFH-AT complex in the plasma, which 
inhibits the enzymatic conversion of a Xa-specific chromogenic 
substrate to colored product by factor Xa. The College of Ameri-
can Pathologists16 and the American College of Chest Physicians8 
define a therapeutic anti-Xa assay range as 0.3 to 0.7 U/mL for 
UFH,17 but similar to aPTT, optimal therapeutic range is also de-
bated. The anti-Xa assay has become increasingly popular for UFH 
monitoring because it is not influenced by most biological and 
preanalytical factors that affect aPTT  TABLE 1 . Importantly, aPTT 
and the anti-Xa assay can remain persistently low in patients with 
congenital or acquired AT deficiency, representing in vivo failure 
of heparin anticoagulation effect. Therefore, AT levels should be 
evaluated in patients who do not achieve therapeutic levels de-
spite high UFH doses (>35,000 U/day).

Large randomized comparisons between the anti-Xa assay 
and aPTT have not been performed, so a definitive benefit of one 
monitoring strategy over another remains unknown. Neverthe-
less, given the theoretical advantage of the specificity of the anti-
Xa assay to the amount of UFH in circulation, many institutions 

TABLE 1 Variables That Influence Activated Partial Thromboplastin Time and the Antifactor Xa Assay and Interfere With the Accuracy of Unfractionated 
Heparin Dose Determination9

Variables that prolong aPPT with no effect on the anti-Xa assay

 Underfilled sodium citrate collection tube10,11

 Decreased clotting factor production from liver disease12,13

 Decreased clotting factor production from congenital deficiencies12,13

 Decreased production of factors not associated with increased bleeding risk (ie, factor XII, prekallikrein, HMW kininogen)12,13

 Increased clotting factor consumption (ie, DIC)12,13

 Presence of lupus anticoagulant or acquired factor inhibitors12,13

Variables that shorten aPPT with no effect on the anti-Xa assay

 Increased acute-phase reactants (factor VIII, fibrinogen)13,14

Variable that overestimates UFH in the anti-Xa assay with no effect on aPPT 

 Hypertriglyceridemia (>690 mg/dL)15,a

Variables that underestimate UFH in the anti-Xa assay with no effect on aPPT

 Hyperbilirubinemia (conjugated >29 mg/dL; unconjugated >14 mg/dL)15,a

 Gross hemolysis (>1.5 g/dL)15,a

Anti-Xa, antifactor Xa; aPPT, activated partial thromboplastin time; DIC, disseminated intravascular coagulation; HMW, high molecular weight; UFH, unfractionated heparin.
aValues for STA-Liquid Anti-Xa reagent (Diagnostica Stago) as cited. Other reagents may have different thresholds for interference.

have opted to transition monitoring from aPTT to the anti-Xa 
assay.18-21

t r a N S i t i O N  F r O M  a p t t  t O 
t H e  a N t i - X a  a S S a Y :  a   S i N G l e -
i N S t i t U t i O N  e X p e r i e N c e

To determine how the aPTT result in patients receiving IV UFH in our 
institution correlated with the anti-Xa assay, we performed a pro-
spective investigation. Approval was obtained from the local institu-
tional review board, and the study was conducted under international 
human research ethics standards. Although dose adjustments of UFH 
were performed using aPTT, an anti-Xa assay was collected simulta-
neously 18 to 24 hours after UFH initiation. We used the STA-Liquid 
Anti-Xa reagent on the STA-R analyzer (Diagnostica Stago) without 
exogenous dextran sulfate or AT, calibrated with STA-Multi Hep Cal-
ibrator (Diagnostica Stago), and defined the therapeutic range as 0.3 
to 0.7 U/mL. Following the College of American Pathologists recom-
mendations,16 we determined our therapeutic aPTT range by compar-
ing the results of the aPTT with the anti-Xa assay using approximately 
100 samples from inpatients on UFH. We performed this comparison 
annually, and the aPTT range has been consistently 71 to 105 seconds 
(normal range, 25-35 seconds). For the prospective evaluation, we 
included all 342 patients consecutively tested with both assays (56% 
men and 44% women; mean [SD] age, 59 [15] years; 58% were White, 
41% were Black, and less than 1% were Asian or Hispanic. Most patients 
(58%) had arterial thrombosis, 41% had venous thrombosis, and 1% 
had both.

 FIGURE 1  shows that the aPTT and anti-Xa assay results were 
concordant in only 203 of 342 (59%) patients, with low correlation 
based on linear regression analysis (r = 0.65, R2 = 0.372), a κ value of 
0.22 (P < .001),22 and a Pearson χ 2 analysis (P < .001). The greatest con-
cordance was noted when the anti-Xa assay value was above or below 
the therapeutic range (>0.7 U/mL or <0.3 U/mL, respectively). Overall, 
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have opted to transition monitoring from aPTT to the anti-Xa 
assay.18-21

t r a N S i t i O N  F r O M  a p t t  t O 
t H e  a N t i - X a  a S S a Y :  a   S i N G l e -
i N S t i t U t i O N  e X p e r i e N c e

To determine how the aPTT result in patients receiving IV UFH in our 
institution correlated with the anti-Xa assay, we performed a pro-
spective investigation. Approval was obtained from the local institu-
tional review board, and the study was conducted under international 
human research ethics standards. Although dose adjustments of UFH 
were performed using aPTT, an anti-Xa assay was collected simulta-
neously 18 to 24 hours after UFH initiation. We used the STA-Liquid 
Anti-Xa reagent on the STA-R analyzer (Diagnostica Stago) without 
exogenous dextran sulfate or AT, calibrated with STA-Multi Hep Cal-
ibrator (Diagnostica Stago), and defined the therapeutic range as 0.3 
to 0.7 U/mL. Following the College of American Pathologists recom-
mendations,16 we determined our therapeutic aPTT range by compar-
ing the results of the aPTT with the anti-Xa assay using approximately 
100 samples from inpatients on UFH. We performed this comparison 
annually, and the aPTT range has been consistently 71 to 105 seconds 
(normal range, 25-35 seconds). For the prospective evaluation, we 
included all 342 patients consecutively tested with both assays (56% 
men and 44% women; mean [SD] age, 59 [15] years; 58% were White, 
41% were Black, and less than 1% were Asian or Hispanic. Most patients 
(58%) had arterial thrombosis, 41% had venous thrombosis, and 1% 
had both.

 FIGURE 1  shows that the aPTT and anti-Xa assay results were 
concordant in only 203 of 342 (59%) patients, with low correlation 
based on linear regression analysis (r = 0.65, R2 = 0.372), a κ value of 
0.22 (P < .001),22 and a Pearson χ 2 analysis (P < .001). The greatest con-
cordance was noted when the anti-Xa assay value was above or below 
the therapeutic range (>0.7 U/mL or <0.3 U/mL, respectively). Overall, 

the results showed that 19% of patients were likely underdosed and 
22% overdosed based on the aPTT result  TABLE 2 , assuming that the 
anti-Xa assay is more accurate, while recognizing its limitations.

Similar discrepancies have been reported in the literature, 
and fluctuations in aPTT have been attributed to prothrombin 
deficiency or high factor VIII.23 It has also been shown that com-
pared with aPTT, anti-Xa assay monitoring of UFH results in faster 
achievement of therapeutic concentration and more time in the 
therapeutic range.18-21 We presume that this occurs because the 
anti-Xa assay provides a more predictable dose-response curve, so 
fewer lab draws are required. Therefore, providers need to make 
fewer dose adjustments. In patients who require high doses of UFH 
to achieve therapeutic aPTT, similar bleeding and thrombosis rates 
were observed when using the anti-Xa assay and the aPTT.24 Single-
institution observational studies have described conflicting results, 
with some reporting no difference in bleeding rates between moni-
toring strategies21 and others reporting increased bleeding with 
aPTT elevation and therapeutic anti-Xa assay. Of note, the latter 
are based on a small number of bleeding events.19,25 Discordance 
between anti-Xa and aPTT is associated with worse clinical out-
comes. Price et al26 demonstrated that patients with at least 2 con-
secutive values at increased aPTT compared with the anti-Xa assay 
had a higher risk of major bleeding and 30-day mortality. Although 
the increased cost of anti-Xa assay reagents has been a hindrance 
at some institutions, the total reagent cost may be lower because 
the more predictable dose response allows for fewer lab draws per 
patient.9

Given our findings and those reported in the literature, our 
institution opted to transition to anti-Xa assay monitoring of UFH 
in 2013. The transition required multidisciplinary team meetings 
over several months to adequately prepare for the change. Efforts 
included education for nursing and pharmacy on specimen col-
lection and dose adjustments, training of laboratory personnel to 
perform the anti-Xa assay around the clock, modification of sat-
ellite laboratory operations, creation of electronic health record 
(EHR) ordering protocols, budgeting for the initial cost increase of 
the anti-Xa assay reagents, and generation of physician awareness 
and buy-in. These efforts ultimately resulted in the development 
of an Anticoagulation Subcommittee of our Pharmacy and Thera-
peutics Committee, which continues to function in a supervisory 
capacity to promote appropriate and safe anticoagulation. Since 
that time, additional resources have been published to assist 

FIGURE 1 Scatterplot of paired measurements of antifactor Xa (anti-Xa) 
and activated partial thromboplastin time (aPTT) assays. In our institutional 
evaluation (n = 342), aPTT and anti-Xa results demonstrated low 
correlation based on linear regression analysis (r = 0.65, R2 = 0.372).

TABLE 2 Paired Measurements of the Activated Partial Thromboplastin 
Time and Antifactor Xa Assay (n = 342)

Anti-Xa, U/mL

aPTT, s

<71 71-105 >105

<0.3 104a 33b 2b

0.3-0.7 60c 78a 30b

>0.7 4c 10c 21a

Anti-Xa, antifactory Xa; aPTT, activated partial thromboplastin time; UFH, 
unfractionated heparin.

aConcordance between anti-Xa and aPTT.
bDiscordance between anti-Xa and aPTT, potential for UFH underdosing.
cDiscordance between anti-Xa and aPTT, potential for UFH overdosing.
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institutions with the aPTT to  anti-Xa assay transition.27 Our in-
stitutional heparin dosing protocol using the anti-Xa assay is pre-
sented in  TABLE 3 .

N e W  c H a l l e N G e S  i N  U F H  M O N i t O r i N G : 
D O a c S  t H a t  i N H i B i t  F a c t O r   X a

The anticoagulation landscape was revolutionized with the ap-
proval of the first oral factor Xa inhibitor, rivaroxaban, by the 
US Food and Drug Administration (FDA) in 2011,28 followed by 
apixaban,29 edoxaban,30 and betrixaban31 in the years that fol-
lowed. With their ease of use, use of oral Xa inhibitors to manage 
venous thrombosis and atrial fibrillation has outpaced warfarin in 
ambulatory patients.32,33 Furthermore, the use of oral Xa inhibitors 
continues to expand, with new approvals from the FDA and the Eu-
ropean Medicines Agency for venous thrombosis prophylaxis (eg, 
orthopedic surgery, patients with cancer) and arterial thrombotic 
disorders (eg, coronary artery disease, peripheral artery disease).

As would be expected from their mechanism of action, oral Xa 
inhibitors affect anti-Xa assays used for UFH monitoring. Although 
commercially available assays are not calibrated to assess oral Xa 
inhibitor concentration, studies have suggested a linear relation-
ship between drug concentration and anti-Xa assay result.34,35 

A  challenge arises when ambulatory patients taking factor Xa in-
hibitors are admitted to the hospital and require transition to UFH.

In this scenario, many facilities have opted to return to using 
the aPTT until the oral Xa inhibitor is cleared.34,35 Importantly, the 
aPTT is also prolonged by oral Xa inhibitors, but the degree of in-
fluence varies significantly based on the reagent used and the drug 
present (ie, less effect with apixaban vs rivaroxaban).36,37 Further-
more, the degree of prolongation does not accurately reflect the 
oral Xa inhibitor concentration, so readers should be cautioned 
that a normal aPTT does not indicate the absence of medication.38 
Our institution uses the STA-PTT-A reagent (Diagnostica Stago) on 
the STA-R analyzer. This reagent has lower sensitivity to oral Xa 
inhibitors: The concentration needed to double the clotting time 
with rivaroxaban37 is above the expected range for peak thera-
peutic concentration.39 Given these considerations, we rely on the 
same therapeutic range for aPTT (71-105 seconds), as determined 
by the method previously described. Although additional strategies 
for heparin monitoring in the presence of oral Xa inhibitors have 
been evaluated (eg, drug absorption,40 anti-IIa assay,41 a modified 
anti-Xa assay that can account for oral Xa inhibitor interference42), 
the feasibility of these approaches is limited because they are not 
commercially available or approved by the FDA for this indication.

Acknowledging the limitations of aPTT, many institutions 
have adopted a hybrid approach using limited-duration aPTT–
based monitoring for the expected time required for the oral Xa 
inhibitor to clear followed by an anti-Xa assay–based protocol as 
soon as the oral drug is expected to be eliminated.27,43 This solu-
tion is admittedly imperfect because of the influence of oral Xa 
inhibitors on aPTT and the limitations of aPTT in the presence of 
other variables, as previously described  TABLE 1 , but it remains 
the most readily available and feasible option. Furthermore, the 
decision of when to transition can be complex because the tim-
ing of the last oral Xa inhibitor dose may be unknown and its 
clearance may be prolonged because of decreased kidney func-
tion or concomitant use of medications that inhibit CYP3A4 or 
P-glycoprotein (P-gp). For these reasons, a hybrid approach is 
particularly dependent on close coordination among the labora-
tory, pharmacy, and clinical teams. Our approach, which is similar 
to what was published by Faust et al,43 arose after multidiscipli-
nary discussions and is described below:

1. When a patient on a Xa-inhibitor is admitted to the hospital 
and requires IV anticoagulation, begin UFH infusion with-
out a bolus at the time of the next scheduled dose of the oral 
agent. If the time of the last dose and/or next scheduled dose 
is unknown, initiate UFH infusion on admission. Consider col-
lecting a baseline anti-Xa assay before UFH initiation if there 
is uncertainty as to whether the patient has recently taken an 
oral Xa inhibitor. Importantly, use the baseline anti-Xa assay to 
screen for the presence of an oral Xa inhibitor, not to quantify 
its anticoagulant effect. We consider an anti-Xa assay result 
less than 0.1 U/mL to indicate the absence of an oral Xa inhib-
itor and an indication that the patient can be started on UFH 
with the standard anti-Xa assay monitoring protocol.

TABLE 3 Institutional Heparin Dosing Protocol Based on the Antifactor 
Xa Assay

Indication

 Venous 
Thrombosis Cardiac

CNS or Postpartum 
Thrombosis

Starting dose

Bolus 80 U/kg 70 U/kg None

Starting rate 18 U/kg/h 15 U/kg/h 12 U/kg/h

Monitoring Check anti-Xa assay 6 h after UFH initiation

Dose adjustments based on the anti-Xa assay result, U/mL

<0.2 Bolus: 30 U/kg Bolus: None

Infusion: Increase rate by 3  
U/kg/h

Infusion: Increase rate by 
3 U/kg/h

Monitoring: Repeat anti-Xa 
in 6 h

Monitoring: Repeat anti-Xa 
in 6 h

0.2-0.29 Bolus: 30 U/kg Bolus: None

Infusion: Increase rate by 3  
U/kg/h

Infusion: Increase rate by 
2 U/kg/h

Monitoring: Repeat anti-Xa 
in 6 h

Monitoring: Repeat anti-Xa 
in 6 h

0.3-0.7 No change

Monitoring: Repeat anti-Xa with next day’s labs

0.71-0.8 Infusion: Decrease rate by 1 U/kg/h

Monitoring: Repeat anti-Xa in 6 h

0.81-0.99 Infusion: Decrease rate by 2 U/kg/h

Monitoring: Repeat anti-Xa in 6 h

≥1 Infusion: Hold for 1 h; at restart, decrease rate by 2 U/kg/h

Monitoring: Repeat anti-Xa in 6 h

Anti-Xa, antifactory Xa; CNS, central nervous system; UFH, unfractionated heparin.

TABLE 4 Institutional Heparin Dosing Protocol Based on Activated 
Partial Thromboplastin Time Values

Indication

 Venous 
Thrombosis Cardiac

CNS or Postpartum 
Thrombosis

Starting dose

Bolus 80 U/kg 70 U/kg None

Starting rate 18 U/kg/h 15 U/kg/h 12 U/kg/h

Monitoring Check aPTT 6 h after UFH initiation

Dose adjustments by aPTT, s

<64 Bolus: 30 U/kg Bolus: None

Infusion: Increase rate by 3  
U/kg/h

Infusion: Increase rate by 3 
U/kg/h

Monitoring: Repeat aPTT in 6 h Monitoring: Repeat aPTT 
in 6 h

64-70 Bolus: 30 U/kg Bolus: None

Infusion: Increase rate by 3  
U/kg/h

Infusion: Increase rate by 2 
U/kg/h

Monitoring: Repeat aPTT in 6 h Monitoring: Repeat aPTT 
in 6 h

71-105 No change

Monitoring: Repeat aPTT with next day’s labs

106-116 Infusion: Decrease rate by 1 U/kg/h

Monitoring: Repeat aPTT in 6 h

117-132 Infusion: Decrease rate by 2 U/kg/h

Monitoring: Repeat aPTT in 6 h

≥133 Infusion: Hold for 1 h; at restart, decrease rate by 2 U/kg/h

Monitoring: Repeat aPTT in 6 h

aPTT, activated partial thromboplastin time; CNS, central nervous system; UFH, 
unfractionated heparin.
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2. Monitor and titrate UFH infusion by using the aPTT proto-
col  TABLE 4 , aiming for a range of 75 to 105 seconds.

3. Continue the aPTT protocol for 48 to 72 hours based on esti-
mated time for oral Xa inhibitor clearance, taking into account 
kidney function and concurrent medications, such as the P-gp 
inhibitors or inducers and CYP3A4 inhibitors or inducers.

4. When the estimated time for clearance has been reached, initi-
ate the anti-Xa assay protocol for continued UFH monitoring.

At our institution, the treating provider and collaborating phar-
macist make the decision to use the aPTT-based protocol and when 
to transition to the anti-Xa assay protocol for an individual patient. 
To facilitate appropriate use, EHR order sets for both protocols in-
clude indications and instructions. Despite these efforts, our insti-
tution has discovered that certain clinical teams continue to order 
the aPTT-based protocol in situations that are not recommended. 
Furthermore, they may concurrently order aPTT and anti-Xa assays, 
leading to confusion when discordance occurs and about which 
value to follow. Multidisciplinary efforts continue to reinforce the 
role of each protocol.

An important limitation of our experience is that we have 
not prospectively evaluated the outcomes of patients on 
oral Xa inhibitors monitored using the hybrid approach. Our 
Anticoagulation Subcommittee, however, continually audits 

anticoagulation-related safety events throughout the health sys-
tem, and no major adverse events associated with this protocol 
have been identified. Given that each nursing unit also has desig-
nated pharmacists who work closely with the clinical teams, it is 
unlikely that such events would go unnoticed. To expand institu-
tional efforts to promote anticoagulation safety as well as appro-
priate use and monitoring of such medications, we are also in the 
process of developing an Anticoagulation Stewardship Program 
(as proposed by the Anticoagulation Forum44). This program will 
provide additional oversight of patients receiving UFH infusions 
using the aPTT monitoring protocol as well as any other antico-
agulant and protocol. This program will also require collabora-
tion with clinical pathologists and pharmacists to be effective.

r e V e r S a l  a G e N t  F O r  O r a l  F a c t O r  X a 
i N H i B i t O r S  a N D  t H e  a N t i - X a   a S S a Y

Our institution encountered another challenge regard-
ing laboratory monitoring of UFH with the introduction of 
andexanet alfa,45 the antidote for apixaban and rivaroxaban. Al-
though not recommended on the package insert, providers inter-
ested in confirming the reversal of the Xa inhibitor drug started 
ordering the anti-Xa assay to assess effect. With this practice, 
we learned that andexanet  alfa paradoxically causes falsely in-
creased functional anti-Xa levels because of the dissociation of 
the oral Xa inhibitor from andexanet  alfa in highly diluted in 
vitro conditions.45 A modified anti-Xa assay has been developed 
to overcome this limitation, but it is not widely available.46 The 
duration of this effect has not been evaluated because clinical 
trials have used a modified anti-Xa assay that is not commer-
cially available.47 In addition, if andexanet alfa is used immedi-
ately before an urgent cardiac bypass in patients taking apixaban 
or rivaroxaban, another IV anticoagulant must be employed be-
cause andexanet alfa not only interferes with the anti-Xa assays 
but also causes UFH unresponsiveness.45,48 Clinical pathologist 
awareness of these potential pitfalls of andexanet  alfa use and 
influence on monitoring is essential, as use of this agent be-
comes more pervasive and clinicians rely on expert consultation 
to interpret results of these assays.

c O N c l U S i O N

Monitoring of UFH is complex, with guidance based on limited data, 
and decisions often heavily depend on institution-specific consider-
ations. Furthermore, just as many facilities were attempting to leave 
aPTT monitoring, increasing use of oral Xa inhibitors introduced a 
new challenge to anti-Xa assay–based protocols. Our institution has 
adopted a hybrid approach, favoring the anti-Xa assay in the major-
ity of patients but returning to aPTT for patients transitioning to UFH 
from oral Xa inhibitors. It is likely that health systems will continue 
to adapt approaches to UFH monitoring as new assays are developed 
and new anticoagulants are introduced, all in an effort to reach the 
common goal: a UFH monitoring strategy that consistently prevents 
thrombosis while minimizing bleeding risk.

TABLE 4 Institutional Heparin Dosing Protocol Based on Activated 
Partial Thromboplastin Time Values

Indication

 Venous 
Thrombosis Cardiac

CNS or Postpartum 
Thrombosis

Starting dose

Bolus 80 U/kg 70 U/kg None

Starting rate 18 U/kg/h 15 U/kg/h 12 U/kg/h

Monitoring Check aPTT 6 h after UFH initiation

Dose adjustments by aPTT, s

<64 Bolus: 30 U/kg Bolus: None

Infusion: Increase rate by 3  
U/kg/h

Infusion: Increase rate by 3 
U/kg/h

Monitoring: Repeat aPTT in 6 h Monitoring: Repeat aPTT 
in 6 h

64-70 Bolus: 30 U/kg Bolus: None

Infusion: Increase rate by 3  
U/kg/h

Infusion: Increase rate by 2 
U/kg/h

Monitoring: Repeat aPTT in 6 h Monitoring: Repeat aPTT 
in 6 h

71-105 No change

Monitoring: Repeat aPTT with next day’s labs

106-116 Infusion: Decrease rate by 1 U/kg/h

Monitoring: Repeat aPTT in 6 h

117-132 Infusion: Decrease rate by 2 U/kg/h

Monitoring: Repeat aPTT in 6 h

≥133 Infusion: Hold for 1 h; at restart, decrease rate by 2 U/kg/h

Monitoring: Repeat aPTT in 6 h

aPTT, activated partial thromboplastin time; CNS, central nervous system; UFH, 
unfractionated heparin.
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