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1. Introduction

In the intensive care unit (ICU), continuous intravenous infusion
of unfractionated heparin (UFH) is a relatively common form of
anticoagulation therapy."” Monitoring the anticoagulation state
during UFH infusion is necessary because of the unpredictable
pharmacokinetics of UFH and high inter-individual variability in
anticoagulant response. This may lead to under/overdosing.>*

Thus, the optimal approach to monitoring UFH therapy is un-
known, and guidelines regarding the preferred laboratory test are
not definitive.>® In the ICU, UFH infusion has been typically
monitored using activated partial thromboplastin time (aPTT).”*
Recently, however, anti-factor Xa (anti-Xa) has been recom-
mended as a more reliable method, though it is expensive and not
widely available.”'” Conversely, activated clotting time (ACT) has
been commonly used for monitoring patients undergoing cardiac
surgery and those on ECMO."

* Corresponding author at: 145 Studley Road, Heidelberg, VIC 3084, Australia.
Tel.: +61 (0) 452559510.
E-mail addresses: sofia.spano@icloud.com (S. Spano), rinaldo.bellomo@austin.
org.au (R. Bellomo).
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These tests may not capture the in vivo complexity and per-
formance of the coagulation system in ICU.

The complexity of anticoagulation monitoring in the ICU is due
to two factors: the inherent differences in the tests (valid in any
context), and the additional complexity arising from the coagula-
tion state of critically ill patients. As far as the former aspect is
concerned, each test examines different aspects of the coagulation
process (Fig. 1). Consequently, different conditions will affect aPTT,
anti-Xa or ACT in different directions and independently of the
effect of UFH, making their values less reliable.

The additional complexity present in ICU patients is also
important.”>"® ICU patients may have both a coagulopathic or a
prothrombotic profile, which may even coexist."*!"> Critically ill
patients frequently experience anemia,'®!” thrombocytopenia'®'®
and/or hypocalcemia,?’ 2 all factors that interfere with the per-
formance of the tests and in-vivo coagulation. Moreover, critically
ill patients may be receiving other drugs that interfere with anti-
coagulation (e.g. antiplatelet agents)>> and may have specific con-
ditions that alter the production of coagulation factors (e.g. liver
disease).”*?> Equally important can be the influence of acute-phase
protein release,”® such as the increase in fibrinogen or factor
VIIL2’~2° or the presence of a subclinical consumptive coagulop-
athy.>° Moreover, acquired antithrombin deficiency in critically ill
patients can lead to an altered response to UFH.>!2

Accordingly, we simultaneously measured aPTT, anti-Xa and
ACT in ICU patients receiving a UFH infusion. We aimed to test the
primary hypothesis that the correlation between these tests would
be limited. Moreover, we aimed to test the secondary hypothesis
that they would also have limited concordance for pre-defined
therapeutic ranges for these tests. Finally, we aimed to explore
whether additional haematological variables might show an inde-
pendent association with these tests.

2. Methods
The study was approved by the Austin Health Human Research

Ethics Committee (Study number HREC/94302/Austin2023) with
waiver of informed consent.
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Fig. 1. aPTT, anti-Xa and ACT: three tests compared. The activated partial thromboplastin time (aPTT) measures the time necessary to generate fibrin from initiation of the intrinsic
pathway when reagents are added to platelet poor plasma. To measure anti-Xa level, the patient's plasma is mixed with excess factor Xa. Heparin, if present, binds to antithrombin,
forming a complex with factor Xa. The remaining factor Xa decreases as heparin increases. A substrate mimicking factor Xa's natural substrate is introduced, cleaved by residual
factor Xa, releasing a colored compound (chromophore) detectable by a spectrophotometer. Chromophore quantity inversely correlates with heparin activity. Results are expressed
as units/mL of anti-Xa activity. Activated clotting time (ACT) is measured by adding a known amount of activator to the patient's blood sample, initiating the coagulation cascade. A
stopwatch is started, and the time it takes for clot formation to occur is recorded as the ACT value. Created with BioRender.com.

2.1. Inclusion criteria, exclusion criteria and data collection

We included simultaneous triple-paired samples collected from
patients who received a UFH infusion while treated in the ICUs of
the Austin Hospital between November 1, 2022 and March 1, 2023.
Over this period, attending clinicians introduced a triple check to
the monitoring of anticoagulation to establish greater safety, thus
adding anti-Xa and ACT to the usual aPTT measurements. The
protocol used to titrate the UFH infusion in our ICU according to
aPTT and anti-Xa values is presented in Supplementary Material 1.
We excluded patients <18 years old or those who received regional
UFH infusion for the continuous renal replacement therapy circuit,
antagonized by post-filter protamine.

Samples were collected simultaneously in two different
tubes with citrate concentration of 0.109 mol/L(3.2%): one was sent to
the laboratory for aPTT and anti-Xa activity and one was used for the
thromboelastogram (TEG). We then undertook a retrospective
assessment of the findings. Data collection included routinely
collected demographic information, laboratory data for biochemistry
and haematology and anti-coagulation results, as well as details of
intravenous UFH therapy dose and duration.

2.2. Technical aspects of aPTT, anti-Xa and ACT measurements

aPTT measurements were conducted using the SynthASil re-
agent from HemosIL® (Instrumentation Laboratory Company -
Bedford, MA, USA).

Anti-Xa measurements were conducted using the HemosIL®
Liquid Anti-Xa assay (Instrumentation Laboratory Company -
Bedford, MA, USA), which does not contain exogenously added
antithrombin and contains dextran sulphate.>*

ACT measurements were performed utilizing the TEG® 6s
Global Hemostasis instrument from HAEMONETICS® with its
citrated multi-channel cartridge.

2.3. Statistical analysis
We used descriptive statistics and applied Spearman's test to

assess the correlation between aPTT, anti-Xa and ACT. We present
such linear regressions in the results to make results

understandable and comparable to previous papers' findings.
However, as we performed several measurements in each patient,
the correlation between the three variables was also assessed by
linear mixed model analysis with patients as a random effect and a
coefficient of determination (R-squared) computed using Zhang's
method,>* as reported in the supplementary material. Furthermore,
we investigated concordance for values within defined therapeutic
ranges for aPTT, ACT and anti-Xa. Additionally, factors associated
with aPTT, anti-Xa and ACT were assessed using a multilevel linear
mixed model with patients treated as a random effect. Variables
included in the model were selected using the full pre-specification
method.>® The collinearity assumption was checked within the
final models. A two-sided p-value <0.05 was considered statisti-
cally significant.

Finally, we performed the Wilcoxon signed rank test to compare
the aPTT, anti-Xa and ACT at the time nearest to the bleeding
episode in the patients who experienced such episodes with the
worst values in those who did not experience bleeding episodes.

Statistical analyses were performed using R version 4.2.2 (R
Foundation for Statistical Computing, Vienna, Austria) with the
packages “tableone”, “ggpubr”, “ggplot2”, “dplyr”, “tidyverse”, “rsq”
and “ggstatsplot”.>®

” o« ” o«

2.4. Definitions

We defined different thresholds for each variable, identifying
subtherapeutic, therapeutic and supratherapeutic ranges as previ-
ously published.

Thus, we defined a subtherapeutic range for aPTT at < 60 s, a
therapeutic range at > 60 s but <80 s and a supratherapeutic range
at > 80 s. These values correspond to the mean of the lowest and
highest values targeted for our patients and have been used in
literature as reference values for therapeutic range.>”>®

We defined a subtherapeutic range for anti-Xa levels of <0.3
units/mL according to the literature and our laboratory values, a
therapeutic range for anti-Xa levels >0.3 units/mL but <0.7 units/
mL and a supratherapeutic range for anti-Xa levels >0.7 units/
mL37:39

We defined a subtherapeutic range for ACT at < 152 s, a thera-
peutic range at > 152 s but <200 s and a supratherapeutic range at


http://BioRender.com

S. Spano et al. / Critical Care and Resuscitation 26 (2024) 255—261 257

> 200 s, according to the normal range defined by TEG® 6s and the
ACT target range for ECMO.%0

We defined a Spearman correlation value of >90% as excellent, a
value of <90% but >80% as very good, a value of <80% but >70% as
good, a value of <70% but >60% as fair, a value < 60% but >50% as
limited and a value < 50% as poor, in relation to this context.*!

We chose the same thresholds to define the levels of concor-
dance for subtherapeutic, therapeutic and supratherapeutic ranges
of aPTT, anti-Xa and ACT. In addition, as sensitivity analysis, we
investigated the concordance between the three variables accord-
ing to the therapeutic range of aPTT >70 s but <110 s, as per our
hospital protocol. This was done to assess the robustness of our
findings. To assess the frequency of bleeding events in the patients
included in our study, we considered any episode that was reported
as “bleeding” in the clinical records.

Liver disease was determined by the presence of any grade of
cirrhosis based on the clinical records.

3. Results

We studied 136 paired samples from 24 patients between the
1st of November 2022 and the 1st of March 2023. Patients' char-
acteristics at baseline and admission are shown in Table 1. The
median number of paired measurements for each patient was 4
[interquartile range (IQR) 3, 6]. The median UFH dose was 14.6 [IQR
10.5, 18.3] units/kg/h. The median APACHE III score was 50 [IQR
43-78]. None of our patients were on ECMO. The seven patients

Table 1

Baseline characteristics of study patients.
Characteristics on admission Number: 24
Age (year) 60 [51, 66]
Male — n (%) 19 (79)
Body Weight (kg) 89 [75, 99]
Mechanical ventilation on admission — n (%) 19(79)
APACHE III score 50 [43, 78]
aPTT (second) 36 [31, 39]
INR 1.3[1.2,14]
Hematocrit (%) 0.36 [0.31, 0.43]
Hemoglobin (g/L) 116 [101, 142]

Platelet count (n/mcL)
Fibrinogen (g/L)
Past medical history

211,000 [170,250—270,500]
4.90 [2.80, 5.50]

Smoker — n (%) 5(21)
Hypertension — n (%) 6(25)
Diabetes — n (%) 8(33)
Cardiovascular disease — n (%) 6 (25)
Chronic heart failure — n (%) 5(21)

Cirrhosis — n (%) 2(8)

Chronic Anticoagulant Therapy — n (%) 7 (29)

Chronic antiplatelet Therapy — n (%) 6 (25)
Clinical indication for heparin infusion

Coronary/stent thrombus — n (%) 3(12)

Dehiscence of aortic graft — n (%) 2(8)

Limb ischemia — n (%) 4(17)
Mechanical valve — (%) 3(12)
Pulmonary embolism — n (%) 5(21)
Venous thrombosis — n (%) 7 (29)

Reason for admission
After cardiac or major vascular surgery — n (%) 5 (21)

Cardiogenic shock — n (%) 3(12)
Septic shock — n (%) 4(17)
Critical limb ischemia — n (%) 3(12)
Other® — n (%) 9(37)

Categorical variables presented as number with percentage in brackets, continuous
variables presented as median with interquartile range.
aPTT: activated partial thromboplastin time; INR: international normalized ratio.

@ Other reasons for admission: pulmonary oedema, pulmonary embolism,
tracheal stenosis, acute liver failure, liver transplant, oesophagectomy, acute kidney
injury requiring renal replacement therapy, cardiac arrest, renal mass with IVC
thrombus.

who had been receiving chronic anticoagulant therapy before ICU
admission received their last dose at least 5 days before our sample
collection.

3.1. Correlation between coagulation tests

Fig. 2a—c shows the correlation between aPTT, anti-Xa and ACT.
The Spearman correlation coefficient was 0.71 between aPTT and
anti-Xa (Fig. 2a). However, the correlation coefficient was only 0.42
between aPTT and ACT (Fig. 2b), and only 0.32 between ACT and
anti-Xa (Fig. 2c). The results of the linear mixed model analysis
confirmed these findings and are presented in Supplementary
Material 2.

3.2. Concordance for therapeutic ranges

The therapeutic range concordance assessment between aPTT,
anti-Xa and ACT for therapeutic values is shown in Fig. 3a—c.
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Fig. 2. (a—c) Correlation between aPTT, anti-Xa, and ACT. aPTT: Activated partial
thromboplastin time; antiXa: anti-factor Xa levels; ACT: Activated Clotting Time; S:
Spearman statistical test; p: p-value; Spearman p: Spearman'’s rank correlation coef-
ficient; CI: confidence interval; top green histogram: histogram of the distribution of
the x values; side orange histogram: histogram of the distribution of the y values.
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When the aPTT was in the therapeutic range (n = 29), anti-Xa
levels were also in the therapeutic range in 62% of cases.

Conversely, when the anti-Xa levels were in the therapeutic
range (n = 60), the aPTT was also in the therapeutic range in 30% of
cases (Fig. 3a).

When the aPTT was in the therapeutic range (n = 29), the ACT
was also in the therapeutic range in only 10% of cases and sub-
therapeutic in 90%. Conversely, when the ACT was in the thera-
peutic range (n = 14), the aPTT was also in the therapeutic range in
21% of cases (Fig. 3b).

When the anti-Xa levels were in the therapeutic range (n = 56),
the ACT was also in the therapeutic range in only 11% of cases, but it
was subtherapeutic in 88%. Conversely, when the ACT was in the
therapeutic range (n = 13), the anti-Xa levels was also in the
therapeutic range in 46% of cases (Fig. 3c).

Following a sensitivity analysis with the therapeutic range of
aPTT set between 70 and 110 s, as per our hospital protocol, only 39
(28.6%) samples were within this range. The concordance for
therapeutic ranges between aPTT and anti-Xa was 64% when aPTT
served as the standard and 35% when anti-Xa served as the stan-
dard. In contrast, the concordance between aPTT and ACT was 14%
when aPTT served as standard and only 36% when ACT served as the
standard.
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An additional sensitivity analysis with the therapeutic range of
aPTT set between 60 and 90 s did not materially alter our findings,
as shown in Supplementary Material 3.

3.3. Concordance when two tests were in the therapeutic range

The therapeutic range concordance assessment for samples
where two tests were simultaneously in the therapeutic range is
shown in Supplementary Material 4. The simultaneous presence of
two tests in the therapeutic range was always below 15%. When
both the aPTT and anti-Xa levels were in the therapeutic range
(n = 17; 12.5% of samples), the ACT was also in the therapeutic
range in only 12% of samples. When the aPTT and ACT were in the
therapeutic range (n = 3; 2.2% of samples), the anti-Xa levels were
also in the therapeutic range in 67% of samples. When both anti-Xa
levels and ACT were in the therapeutic range (n = 6; 4.4% of sam-
ples), the aPTT was also in the therapeutic range in 33% of cases.

3.4. Variables associated with coagulation test results

The complete results of the univariate and multivariate analysis
are shown in Supplementary Material 5a—c. On multivariate anal-
ysis, aPTT was independently associated with UFH dose (§ = 1.8 s
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Fig. 3. (a—c) Concordance levels between aPTT, anti-Xa and ACT. aPTT: activated partial thromboplastin time; antiXa: anti-factor Xa levels; ACT: Activated Clotting Time.
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[0.81, 2.7] per unit/kg/hour, p < 0.001), iCa (6 = -9 s [-17, —0.94]
per 0.1 mmol/L, p = 0.029), fibrinogen (§ = —8.7 s [-16, —1.4] per g/
L, p = 0.02) and platelet count (8 = 0.08 s [00, 0.16] per 1 x 10°/L,
p = 0.04) (Supplementary Material 5a).

Similarly, anti-Xa was independently associated with UFH dose
(8 = 0.02 units/mL [0.01, 0.03] per unit/kg/hour, p < 0.001) and
fibrinogen (8 = —0.07 units/mL [-0.13, 0.00] per g/L, p = 0.036)
(Supplementary Material 5b).

ACT was independently associated with UFH dose (f = 1.1 s
[0.01, 2.3] per unit/kg/hour, p = 0.048), fibrinogen on the day of the
sample collection (6 = —8.9 s [-16, —2.0] per g/L, p = 0.01) and
fibrinogen at admission to ICU (8 = 4.3 s [0.03, 8.7] per g/L,
p = 0.049). Of the three tests, ACT showed the least robust associ-
ation with UFH dose (Supplementary Material 5c).

3.5. Bleeding complications and relationship to anticoagulation
tests

Eight patients had at least one bleeding episode. Seven were
minor (oral haemorrhage, epistaxis, oozing from the central venous
line and arterial line, minor rectal bleeding). However, one patient
required four red blood cell units for bleeding from the operation
site on the third postoperative day after popliteal bypass surgery.

When patients with a bleeding episode were compared to those
who did not have a bleeding complication, we found that the median
values of aPTT and antiXa-levels nearest to the episode of bleeding
were non-significantly lower than the median of the highest
recorded value in those without a bleeding complication. We also
found that the median ACT value nearest to the episode of bleeding
was 111 [IQR 104—130] seconds, while the median of the highest
recorded value in those without a bleeding complication was 158 s
[IQR 116—164] (p = 0.03) (Supplementary Material 6(a-c)).

4. Discussion
4.1. Key findings

In a cohort of critically ill patients receiving UFH infusions, we
studied the correlation and therapeutic range concordance of the
three key tests used to monitor anticoagulation. We found that the
correlation between anti-Xa and aPTT was just above fair and that
the correlation between anti-Xa and ACT and between aPTT and
ACT was poor. Furthermore, the simultaneous presence of two tests
in the therapeutic range was uncommon. In addition, aPTT and
anti-Xa were simultaneously in the subtherapeutic range in a mi-
nority of the cases. Sensitivity analysis using a different therapeutic
range for aPTT did not materially alter our findings. All three tests
were associated with heparin dose. However, in this setting, iCa,
fibrinogen (both at baseline and on the day of sample
collection) and platelet count demonstrated different independent
associations with the three tests, even after adjusting for UFH dose.
For instance, for every g/L increase in fibrinogen, the aPTT
decreased by 8.7 s, anti-Xa by 0.07 units/mL and ACT by 8.9 s.
Finally, bleeding episodes were uncommon, not related to aPTT and
anti-Xa levels and paradoxically associated with lower ACT values.

4.2. Relationship to previous studies

The three tests that we studied have not been systematically and
simultaneously compared before in a general population of criti-
cally ill patients receiving a continuous infusion of UFH.

However, during UFH infusion, Van Roessel et al. found that
anti-Xa levels and aPTT therapeutic concordance occurred in 53% of
cases.*? Our findings of 43% concordance for therapeutic ranges are
aligned with these findings.

Billoir et al. studied 107 samples from 30 ICU patients treated
with UFH infusion and found that the correlation between aPTT and
anti-Xa levels was only fair (Pearson r = 0.66). This finding is
consistent with our observations.*> Moreover, their therapeutic
range concordance was even worse than in our study at only 7.5%.
Arachchillage et al. analyzed 2836 paired aPTT and anti-Xa values
from 250 critically ill adults receiving UFH. Most patients were
supported by ECMO for severe respiratory or cardiac failure or
both.** They found that therapeutic concordance was only 38%.
Lardinois et al. assessed the correlation between a point-of-care
aPTT ratio and anti-Xa levels from laboratory testing in 29 ICU
patients.*> The correlation coefficient between point-of-care aPTT
ratio and anti-Xa levels was only 0.5 for the overall therapeutic
range.

Nguyen et al. measured aPTT, anti-Xa, ACT and antithrombin
levels in adult patients receiving UFH anticoagulation during
extracorporeal membrane oxygenation (ECMO0).*® They found a
fair correlation between aPTT values and anti-Xa levels
(rho = 0.72), similar to that seen in our observations. In contrast,
ACT exhibited a weak correlation with anti-Xa levels (rho = 0.33),
a finding which is almost identical to our observations. However,
these investigators did not provide information on therapeutic
range concordance and they studied a unique population that was
very different from ours.

More recently, Wehner et al. investigated the accuracy of two
different ACT devices in monitoring low-dose UFH infusion in 60
critically ill patients.!! They found no relationship between ACT and
either UFH dose, aPTT or anti-Xa. No concordance data was pro-
vided for being in the therapeutic range. Moreover, the definition
for low-dose UFH for inclusion of ICU patients was not provided in
the methods. Of note, our ACT value is the TEG -ACT calculated from
the R parameter for the RapidTEG™ tests, which uses tissue factor
and kaolin to initiate clotting. A previous study reported that TEG 6s
assays can effectively be used to monitor and quantify the effect of
UFH,?’ although viscoelastic haemostatic assays were not designed
for monitoring or guiding anticoagulation therapy.

4.3. Implications of study findings

Our findings imply that the tests routinely used in clinical
practice to assess anticoagulation in critically ill patients under-
going UFH infusion have limited correlation and/or concordance for
defined therapeutic ranges. Furthermore, they suggest that,
compared with aPTT and anti-Xa activity, the ACT consistently
underestimated the anticoagulation state of patients. In addition,
our findings suggest that, although these tests are all correlated to
the UFH dose, they can be influenced by several independent
biochemical, haematological and clinical variables that are often
altered in critically ill patients. Finally, these coagulation tests do
not establish a distinct safety or efficacy threshold in ICU patients, it
is not possible to recommend relying on one single test over the
others. The association of these tests with UFH dose does not
negate the influence of other variables, nor does it imply a corre-
lation with the risk of bleeding or thrombosis due to the complexity
of the haemostasis process. Additionally, interpreting multiple tests
may not be beneficial when there is poor concordance within
therapeutic ranges. Therefore, the clinical context and risk assess-
ment should always be considered when monitoring such patients,
and further research is needed comparing management with one
test vs. another.

4.4. Study strengths and limitations

Our study has several strengths. First, it evaluates the correlation
between the values generated by three common anticoagulation
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tests in ICU patients as its primary focus. Moreover, the assessment
of concordance for achieving a defined therapeutic range in ICU
patients is presented for the first time for the three measurements
together. Since no gold standard has been identified to monitor
anticoagulation by UFH in critically ill patients, this comparison
appears clinically relevant. Furthermore, the samples were collected
simultaneously to minimize potential confounding factors. To
ensure the accuracy of timing, we prospectively supervised the
collection of the samples in accordance with clinical prescriptions.
Finally, many factors were shown to be confounders or predictors for
anticoagulation status in critically ill patients, thus providing useful
information to clinicians.

We acknowledge some limitations. First, we included only a
limited number of samples. However, such samples were collected
rigorously, and, with >100 triple-paired samples, the primary
objective of the assessment was clearly defined and achieved.
Second, ours is a single-centre study, potentially limiting the
external validity or generalizability to other settings. However, the
patients included in our study represent a broad sample of ICU
patients in terms of comorbidities and reasons for admission and
the tests we report used laboratory technology, which is stan-
dardized and widely applied worldwide for such measurements.
These factors lend a degree of external validity to our observations.
Third, we did not measure acute phase confounders such as factor
VIII and antithrombin. However, such measurements are not
routine practice in ICU patients receiving UFH infusions. Fourth, we
did not account for boluses and pauses in the UFH dose variable and
considered only the dose of UFH administered at the time of sample
collection. However, samples were collected 6 h after any variations
in UFH infusion (such as boluses or pauses), following clinical
practice. This timing should minimize their impact on the results.
Finally, we have insufficient data to evaluate properly the risk of
bleeding or thrombosis, which are the clinically relevant outcomes.
Nevertheless, our results already indicate that ACT may not be a
reliable test for bleeding prediction. Moreover, a more rigorous
assessment involving hundreds of patients can only be justified if
pilot data obtained in a comparison of coagulation testing such as
ours indicates the need for such studies.

5. Conclusion

In a cohort of ICU patients receiving UFH infusion, aPTT, anti-
Xa and ACT showed limited correlation and limited concordance for
therapeutic range. Moreover, UFH dose was associated with the
three tests, but several UFH-independent factors influenced these
measurements. These observations imply that more and much
larger prospective studies monitoring the occurrence of bleeding
and thrombosis and the relationship between such events and the
above tests are needed to establish optimal monitoring in this
unique high-risk population.
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