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Abstract

Background: Activated Partial Thromboplastin Time (APTT) is crucial for monitoring unfractionated
heparin (UFH) therapy, but its results can be misleadingly prolonged by various factors, including
intrinsic coagulation factor deficiencies, lupus anticoagulants, or direct thrombin inhibitors like
argatroban. Conventional APTT reagents often exhibit excessive sensitivity to heparin, leading to
false positives and complicating clinical decisions. To address this, a novel Heparin Resistant
Recalcifying Solution (HRRS, AntiHepCa™) was developed to neutralize heparin's in vitro effects,
thereby distinguishing true coagulation defects from heparin-induced APTT prolongation. Method:
The study investigated 163 plasma samples from 146 heparinized patients, primarily from ECMO
procedures. Eleven coagulation and other tests were performed, including Synthasil APTTs both
with and without HRRS, alongside chromogenic anti-factor Xa (AXA) and anti-thrombin (ATA)
assays for heparin quantification. Results: Application of HRRS led to significant APTT correction in
the majority of samples: 67/163 corrected to normal, and 81/163 showed partial correction, indicating
additional underlying defects. Initial correlations between APTT and chromogenic heparin assays
(AXA: R?=0.15; ATA: R?=0.24) were weak. However, the APTT Correction Ratio (initial APTT/APTT
after HRRS) demonstrated significantly improved correlations with AXA (R?=0.72) and ATA
(R?=0.83) (p<0.05 for all correlations and Fisher's Z transformation). Samples with minimal APTT
change after HRRS suggested low heparin activity or argatroban presence. In 9% of cases, HRRS
slightly prolonged APTT, linked to low factor VIII and/or low heparin activities. Conclusion: HRRS-
induced APTT shortening reliably indicates heparin activity. Persistent APTT prolongation after
HRRS treatment signals an underlying haemostatic impairment. The APTT Correction Ratio, when
used with HRRS, provides superior correlation with heparin activities, particularly with ATA,
compared to APTT alone. This innovative cost-effective approach enhances heparin monitoring and
aids in detecting potential underlying bleeding risks.
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1. Introduction

Heparin resistant recalcifying solution (HRRS) is a reagent that converts an APTT from a heparin
sensitive test to a heparin insensitive one. HRRS is used instead of the regular calcium chloride
solution in the second (‘recalcification’) step of an APTT procedure [1]. Thus, use of HRRS avoids
mixing of the included heparin neutralizer during the contact activation stage of the APTT. This is
the first published report on HRRS although it has been in use in several German and Australian
laboratories for many years, mainly for confirming unexpected heparin contamination in samples.

The anticoagulant activity of heparin has been traditionally monitored with APTT tests [2].
However, the anti-factor Xa (AXA) activity method is increasingly favoured [3]. Correlation between
the two methods is typically poor, since (i) different APTT reagents have variable sensitivity to
heparin; (ii) APTT reagents are also sensitive to other components of the clotting mechanism,
including clotting factor activities and with some reagents, presence of lupus anticoagulant (LA); (iii)
whereas most of the APTT heparin sensitivity is due to the anti-thrombin (ATA) activity of
unfractionated heparin, the AXA assay is instead just sensitive to the anti-FXa activity of heparin [4].

Discrepancies between APTT and AXA complicate the monitoring of heparin therapy, as
potentially applied in many clinical scenarios, and has also concerned many investigators over the
years [5,6]. Interestingly, discordance between APTTs and AXA-determined heparin levels may also
have clinical implications; for example, Jin et al [7] recently identified discordant high APTTs relative
to AXA values in hospitalized patients to be an independent risk factor for increased 30-day
mortality.

In the current study, the relationships between various APTT tests, AXA and ATA-based assays
for heparin in 163 plasmas from 146 heparinized, mainly cardiology patients were investigated. These
included 50 from patients recovering from extracorporeal membrane oxygenation (ECMO). ECMO
represents a lifesaving procedure where cardiac output is circulated outside the body for days, weeks
or sometimes even months [8]. ECMO has become increasingly important during the recent COVID-
19 epidemic/ongoing endemic. In addition, tests were also carried out for fibrinogen, antithrombin,
factor VIII (FVIII) and C-reactive protein (CRP) levels as both acute phase proteins and potential
markers of complications and bleeding. Further analysis of results may be reported separately.

2. Materials and Methods

Plasma samples (163) were obtained from 146 patients, most of whom had undergone cardiology
procedures that included ECMO and who were recovering. Those with initial APTT results on freshly
collected plasma 20% or more above the upper limit of normal were selected for inclusion in this
laboratory study. All patients were on unfractionated heparin, but some may have been on additional
medications which were not well documented. At least 17 were on Argatroban as identified by
relatively high antithrombin activity. The project has been approved by the research and
development department at Cambridge University Hospitals NHS Foundation Trust as a service
evaluation on and given project ID number 4686.

Blood samples were mainly collected from in-dwelling catheters after appropriate saline
flushing into 0.109M sodium citrate (1:9 with whole blood). Others by clean venepuncture into
regular citrate Vacutainer tubes (Sarstedt, Numbrecht, Germany). They were processed as
recommended by ICSH (9) with double centrifugation, then aliquoted and frozen at -80C until
analysis. Samples were semi-blinded for the forensic analysis of laboratory results.

APTT tests were carried out with both Synthasil (Werfen/IL, USA) and Actin FS (Siemens,
Germany) reagents, (although only results with Synthasil are reported here) on an Werfen ACL Top
750 CTS coagulometer. APTT tests were performed using the 0.020M CaCl: recalcifying solution
supplied with Synthasil and also using heparin resistant recalcifying solution (HRRS, AntiHepCa™,
Haematex, Sydney, 1). Results from the latter test are denoted APTT-HR. An APTT “Correction
Ratio” (CR) was defined as an initial APTT (sec) divided by the APTT-HR (sec).
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Heparin activities were determined with chromogenic assay kits based on thrombin inhibition
(Hyphen BioMed, France) for ATA and similarly based on factor Xa inhibition (Siemens, Germany)
for AXA. Both assays were carried out on the ACL Top 750 CTS. Chromogenic assays for factor VIII
were carried out using a Siemens kit also on the same ACL machine.

3. Results

3.1. Overall Findings

Basic clinical details of the 146 patients from whom the 163 samples were drawn are shown in
Table 1. The majority of samples were from patients recovering from extracorporeal membrane
oxygenation (ECMO) or coronary artery bypass graft (CABG) procedures and had declining heparin
levels over time. Several samples were obtained from some individual patients at varying times
depending on their clinical condition.

Table 1. Summary of main patient conditions, number of cases and plasma samples tested.

Clinical Note Number of patients Number of samples
ECMO 15 50
CABG 22 24
DVT 19 19
Other thrombosis 28 28
Monitoring 9 9

Palliative care

Embolectomy

Lung transplant

Unspecified 42 42
Total 146 163
Abbreviations:

ECMO: Extracorporeal membrane oxygenation
CABG: Coronary artery bypass graft

DVT: Deep vein thrombosis

RVAD. Oxy: Right vascular assist device on oxygen
PMT: Porto mesenteric thrombosis

Cardio. Mon: Cardiology monitoring.

APTT results and normal ranges with and without heparin resistant recalcifying solution
(HRRS) are summarized in Table 2. This also shows overall results of the heparin tests with
chromogenic anti thrombin assay (ATA) and anti Xa assays (AXA).

Table 2. Summary of test results on the patient samples and reference values. Showing APTT and APTT with
HRRS (APTT-HR) means and +/- 2SD ranges. Also, heparin activities from AXA and ATA testing.

Test Reference All samples
Mean APTT (sec) 31.4 54.4
APTT range 25.1-37.7 31.4-136
Mean for 30.3 415
APTT-HR (sec)
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APTT-HR range (sec) 24.1-36.7 28.8-90.7
Mean heparin AXA 0 0.40
(IU/ml)
Heparin-AXA 0 0.02-0.84
Range (IU/ml)
Mean Heparin-ATA (IU/ml) 0 0.35
Heparin-ATA 0 0.02-0.67
Range (IU/ml)

Abbreviations:

APTT: Activated partial thromboplastin time

APTT-HR: APTT with heparin resistant recalcifying solution
AXA: Anti factor Xa activity-based heparin assay

ATA: Anti thrombin activity-based heparin assay

IU/ml: International units/ml

APTT results from the majority of samples (147/163) were shortened by the use of HRRS as might
be expected following heparin neutralization. However, there was significant variation in degree of
shortening. There were 15 samples in which the APTT was unexpectedly prolonged by HRRS to
varying degrees. Overall results were assigned into 3 main groups as shown in Figure 1.
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Figure 1. Changes in APTT results from before versus after use of HRRS in APTT tests on 163 plasma samples
from patients believed to be on heparin. The left panel (group A) shows shortening back to normal in 67 samples.
The middle panel, (group B) shows results on the 81 plasma samples showing variable shortening by HRRS, but
not back to normal. The right panel (group C) shows small prolonging effects of HRRS in 15 samples.

Group A: Full correction:

These plasmas had APTT correcting back to within the normal range (25.1 - 36.7sec) when re-
tested with HRRS. There were 67/163 (41%) such cases. Some details for the 10 cases with longest
initial APTTs are shown in Table 3. These were from well-heparinised patients with no other obvious
APTT-prolonging defect. This group included 22 cases where the APTT had normalised to below 37.7
sec after freeze thawing without any assistance from HRRS. All fresh plasma samples initially had
APTT 20% above the normal upper limit before freezing for storage and later testing.

Table 3. : Basic results on the 10 plasmas with the longest initial APTT results and highest HRRS correction from

Group A.
APT | APTT- | Correction Ratio | Hepar | Heparin by | FVI Sample Clinical
T HR (CR) in ATA II Number notes
by
AXA
sec sec ratio IU/ml IU/ml %
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55.9 35.8 1.56 0.55 0.39 187 5 Palliative
care

58.2 29.5 1.97 0.84 0.73 249 28 CABG

65.6 36.1 1.82 0.63 0.42 209 4 Palliative
care

67.1 36.8 1.82 0.75 0.39 225 74 Post-op
aneurism

67.5 35.3 1.91 0.42 0.29 199 34 CABG

72.4 36.6 1.98 0.69 0.58 184 3 Palliative
care

73.8 36.2 2.04 0.60 0.63 157 2 Palliative
care

78.0 37.0 2.11 0.58 0.58 127 43 DVT

84.4 36.6 2.31 0.54 0.59 131 44 DVT

86.9 37.5 2.32 0.65 0.81 218 39 CABG

Group B: Partial correction:

These plasmas had significant APTT shortening with HRRS while not correcting completely
back to within the normal range. These were speculated to be patients with heparin in their plasmas
as well as some additional APTT-prolonging defect. There were 81 (50%) such cases.

Basic lab results on the 10 most abnormal cases with APTT-HR above 50sec are shown in Table
4. There was only 1 case with relatively low factor VIII (<77%) and 9 cases with some other undefined
cause for prolonged APTT.

Table 4. Results on 10 plasmas from group 2, with the most prolonged APTT results after the use of HRRS.

Column 2 shows APTT-HR in increasing order from 50sec.

AP | APTT- Correction Heparin by | Heparin by | FVI Sample Clinical
TT HR Ratio (CR) AXA ATA II Number notes
sec sec ratio IU/ml IU/ml %
72.5 51.4 1.41 0.22 0.11 168 123 RVAD.
Oxy
66.8 52.4 1.27 0.24 0.16 185 12 ECMO
63.6 53.8 1.18 0.19 0.12 306 88 PMT
77.0 60.4 1.27 0.04 0.06 117 79 ECMO
69.6 65.0 1.07 0.08 0.07 265 8 ECMO
76.1 68.1 1.12 0.03 0.10 122 80 ECMO
80.9 68.4 1.18 0.05 0.09 306 103 Post.op
95.6 721 1.33 0.07 0.11 45 85 DVT
103 74.7 1.38 0.08 0.09 203 87 PMT
136 90.7 1.50 0.07 0.10 203 86 PMT

Group C: No correction:

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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These 15 samples did not correct and paradoxically displayed a small prolongation in APTT

after testing with HRRS. These were expected to be patients with little or no heparin and some other

defect. Some details of these cases are shown in Table 5. Results therein are arranged in order of

increasingly abnormal initial APTT in column 1.

Table 5. Key results on all 15 samples which gave prolongation of APTTs with HRRS (correction ratios less than

1.0). Column 1 shows initial APTT in increasing order.

Samp
FVI le
AP | APTT- Correction Heparin by | Heparin by | II num Clinical
TT | HR Ratio (CR) AXA ATA ber Information
sec sec ratio IU/ml IU/ml %
37.6 39.1 0.96 0.06 0.07 64 121 ECMO
38.8 40.3 0.96 0.05 0.05 48 122 ECMO
39.4 40.0 0.99 0.11 0.10 127 51 Post-op
40.9 42.0 0.97 0.12 0.07 219 14  ECMO
46.7 47.0 0.99 0.08 0.05 43 63 na
47.3 50.3 0.94 0.02 2.47 56 33  Argatroban
49.3 52.9 0.93 0.07 0.10 61 95 ECMO
49.6 52.9 0.94 0.06 0.03 64 94  ECMO
50.6 544 0.93 0.03 na 59 32 Cardio.mon
51.8 56.9 0.91 0.06 0.08 76 97  ECMO
61.1 66.6 0.92 0.07 0.08 35 98  ECMO
63.1 67.4 0.94 0.07 0.19 31 96  ECMO
72.7 77.9 0.93 0.04 2.33 24 160  Argatroban
80.0 89.8 0.89 0.03 na 46 148  Cardio.mon
89.1 99.6 0.89 0.05 0.00 32 149  Cardio.mon

Heparin activities were quite low according to AXA below 0.2IU/ml, especially with longer
APTTs where low factor VIII (<77%) was found in 13 of the 15 cases. The longest APTT results were
associated with lowest factor VIII and AXA heparin activities. There were 2 plasmas with high ATA,
presumably due to argatroban. Other plasmas with high ATA activities but low AXA representative
of argatroban did not display unusually long APTTs.

Comparison of regular APTT and heparin activity test results
The correlation between the standard APTT results and AXA activity on all 163 plasmas tested
is shown in Figure 2. As expected, the correlation was poor at 0.15 (p<0.05).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Fig.2: APTT vs AXA
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Figure 2. Results with all 163 APTT results plotted against heparin assessed by anti-factor Xa activity (AXA).

The trendline is shown and correlation (R?) is 0.15 (p<0.05).

ATA tests were similarly performed on all patient samples. However, 17 gave ATA above
1.0IU/ml likely due to the presence of argatroban. These were excluded from the correlation plot
shown in Figure 3. The correlation between the remaining 136 results for APTT versus ATA was 0.24

(p<0.05), which is still poor, but slightly better than that against AXA.

Fig.3: APTT vs ATA

160

R®=0.2421
140 o
120 o
o
100 o

APTT(sec)

0
0.2 0.4 0.6 0.8 1

ATA(IU/mV)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.1140.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 July 2025 d0i:10.20944/preprints202507.1140.v1

9 of 14

Figure 3. Results with 145 APTT results plotted against heparin assessed by anti-thrombin activity (ATA). This
excludes 18 cases where ATA results were above 0.9IU/ml due to argatroban. The trendline is shown and

correlation (R?) is 0.24 (p<0.05).

In both comparisons, APTT vs AXA or ATA, there were 26 samples that gave much longer APTT
results than expected from their corresponding ATA or AXA activities. These cases contributed most
to the poor correlations and were associated with relatively low factor VIII levels.

Outcome of APTT-HR testing and improved correlation of test results

All plasmas were re-tested for APTT using HRRS instead of the regular calcium chloride. Each
result was then used to calculate a “Correction Ratio (CR)” of the original APTT relative to the APTT
after HRRS (APTT-HR). These correction ratios were then plotted against AXA and ATA as shown

in Figures 4 and 5 respectively.

Fig.4: APTT ratio vs AXA
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Figure 4. APTT ratios (APTT-R) plotted against AXA for the same samples as shown in Figure 2. The APTT-CR
is defined as the original APTT result using regular calcium solution divided by the APTT obtained after using
HRRS (APTT-HR) on the same plasma. The trendline is shown and correlation (R?) is 0.72 (p<0.05).
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Fig.5: APTT ratio vs ATA
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Figure 5. APTT ratios (APTT-R) plotted against ATA for the same samples as in Figure 3. The trendline is shown
and correlation (R?) is 0.83 (p<0.05).

It is apparent that the correlations between CR and AXA (0.72; p<0.05) and CR and ATA (0.83;
p<0.05) were significantly better than those derived using the original APTT results.

Identification of underlying defects

After the use of HRRS there were 26/163 plasmas with APTT-HR above 50sec suggesting a defect
in an APTT-dependent factor. Of these only 12 had FVIII below 77%. Thus 14 had some other defect
which was not investigated.

Overall, there were also 26/163 plasmas with FVIII below 77%. Only 12 of these had APTT-HR
above 50sec thus suggesting that low FVIII is poorly detected by APTT-HR in such cases.

There were no unusual findings from tests of fibrinogen, CRP or antithrombin.

4. Discussion

The APTT is currently regarded as a somewhat unreliable test for monitoring heparin
[2,4,5,10,15,20]. Our analysis of results from this study supports that belief but may also provide an
improvement. APTT results analysed in this study confirm that HRRS reagent can be used in place
of standard CaClz reagent to provide APTT tests relatively insensitive to heparin. Then pairing this
modified APTT assay (APTT-HR) test with the standard APTT provides information on the patient’s
status additional to that available from the initial APTT result.

This process can provide a more accurate heparin measurement through use of the HRRS APTT
Correction Ratio and an appropriate calibration curve than the initial APTT. It may also identify
haemostasis abnormalities that may compound or synergise with heparin to generate very long APTT
results. This may then identify patients at risk of bleeding, a potential clinical problem which was not
followed up in this analysis.

The 163 samples represent a typical heterogenous group submitted for coagulation testing in the
modern era. The patients varied widely in their clinical condition, heparin treatments and
coagulation factor levels. This investigation focussed on comparing APTT results for heparin with
various test methods. There were a few technical concerns.
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Despite using recommended preanalytical conditions and double centrifuging [9], a significant
shortening of APTT results was observed in most cases after freezing test plasma samples. This was
possibly due to activation of residual platelets and release of platelet factor 4 which may have induced
heparin resistance. Possibly also activation of other factors.

The chromogenic ATA and AXA results may have been less affected than the APTTs by this
problem. It is probable that better correlations of APTT with ATA or AXA might have been obtained
with fresh plasma samples. However, as with most such studies, samples were batched frozen for
convenience and more accurate testing at a later time. It has also been noted that chromogenic ATA
and AXA kits can vary in their assessment of heparins [10].

Heparin neutralizers such as protamine and polybrene have frequently been added to test
plasma samples to overcome heparin before testing (11). Also, to some coagulation reagents such as
thrombin time, prothrombin time and dilute Russells viper venom time reagents, at low
concentrations so they have little effect on their own. However, cationic neutralizers cannot be added
to most APTT reagents or indiscriminately to plasmas because the conventional contact activators
such as silica, kaolin and ellagic acid are all negatively charged compounds and may be reduced in
activity by positively charged agents [11]. It is possible to titrate a correct amount of neutralizer into
a test plasma but this is a tedious procedure [12].

Heparin adsorbing agents such as ECTEOLA cellulose can be used as a pre-treatment but may
induce changes in some clotting factors [11]. Best current practice is to use heparinase enzyme to
enzymatically degrade heparin [13]. One advantage of HRRS over heparinase is that it is used with
much smaller sample volumes, doesn’t need incubation and can be applied on instruments directly
replacing the regular calcium chloride. HRRS works well with most APTT reagents, although not
optimally with Synthasil [1] which was used in this study. This may be because a 0.020M calcium
chloride is normally used with Synthasil (IL/Werfen) whereas HRRS is currently based on 0.025M
calcium chloride concentration.

Factor VIII was below an arbitrary 77% cutoff in only a few cases (26/163) and did not correlate
well with prolonged APTT-HR results. Factor VIII activities in this study overall seemed to be
unusually high but a similar increase was noted by Streng et al [15] and others after ECMO in COVID
patients. Investigations for other factor deficiencies were not carried out. Lupus anticoagulant (LA)
was looked for by comparing the Synthasil APTT results with those obtained with Actin FS which
was assumed to be less sensitive to LA. No evidence was found for LA which would have been
difficult to detect anyway given the activated state of most samples. Argatroban was also not readily
detectable from Synthasil APTT-HR.

Our main finding is that correction ratios correlated better with heparin by AXA or ATA than
the initial APTTs. This is probably not surprising because CR applies a variation compensating for
any underlying defect in the test plasma in addition to the heparin effect. In our results the correlation
between heparin by ATA and CR was 0.83 which is almost good enough for interpolation of patient
values. A similar proposal to use APTT ratios was made previously by van den Besselaar et al (16)
who used ECTEOLA cellulose to obtain heparin-depleted plasma samples and thereby derive APTT
ratios. The correlation coefficients between log (APTT-ratio) and anti Xa or anti Ila activities in that
study improved significantly to 0.76 and 0.87 respectively over those obtained with simple log APTT.
Remarkably similar to our own findings.

The benefit of using APTT correction ratios is similar to that reported previously for the DOAC
neutralizer DOAC Stop™ with DOAC plasma samples [16]. Initial APTT results divided by the
APTTs after treatment with DOAC Stop gave ratios correlating much more closely with DOAC
activity than the initial result. Thus, APTT-LA (Diagnostica Stago) versus dabigatran, apixaban and
rivaroxaban concentrations were initially poor (0.64, 0.15 and 0.39 respectively). However, they
improved to 0.94, 0.89 and 0.80 respectively after the use of correction ratios. Even better correlation
improvements to 0.99, 0.97 and 0.95 respectively were obtained after testing with dRVVT Confirm
which is more specific and sensitive to DOACs. Since the DOAC-like anticoagulant argatroban is of
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increasing interest in blood bypass procedures [17], APTT correction ratios with DOAC Stop might
also be useful to provide more reliable argatroban levels in such circumstances.

The APTT is widely used as a screening test for a number of coagulation variables, such as factor
deficiency, lupus anticoagulant (LA) detection and assessment of anticoagulant status including
unfractionated heparin [18,19]. Thus, a single abnormal APTT result on a sample can be interpreted
in various ways. If heparin is suspected to be involved, a quick follow-up APTT with HRRS can
provide evidence for heparin and help identify other causes of a prolonged result. Chromogenic AXA
or ATA can provide specific results for these enzyme inhibitors but cannot provide a “baseline” APTT
underlying a patients’ initial result.

Authors should discuss the results and how they can be interpreted from the perspective of
previous studies and of the working hypotheses. The findings and their implications should be
discussed in the broadest context possible. Future research directions may also be highlighted.

5. Conclusions

HRRS effectively shortens APTT as a reliable indicator of heparin activity. The APTT Correction
Ratio with HRRS correlates better with heparin activity than APTT alone, particularly with ATA. This
simple additional test may not only improve heparin monitoring but can also detect underlying
conditions unrelated to heparin, thus reducing potential bleeding risks.
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Abbreviations

The following abbreviations are used in this manuscript:

APTT Activated partial thromboplastin time

APTT-HR APTT with heparin resistant recalcifying solution
AXA Anti factor Xa activity-based heparin assay

ATA Anti thrombin activity-based heparin assay
IU/ml International units/ml

ECMO Extracorporeal membrane oxygenation

CABG Coronary artery bypass graft

DVT Deep Vein Thrombosis

PMT Porto mesenteric thrombosis

RVAD.Oxy  Right vascular assist device on oxygen
Cardio. Mon Cardiology monitoring
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