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OBJECTIVES: Bivalirudin, an IV direct thrombin inhibitor, and unfractionated 
heparin (UFH) are frequently used anticoagulants in the pediatric critical care set-
ting. An accurate, specific, point-of-care test to quantify and detect anticoagula-
tion resistance is not currently available. This study evaluates the ability of a rapid 
(< 10 min), micro-volume (< 50 uL) coagulation test to detect and quantify the 
anticoagulation effect of bivalirudin and UFH using a functional, clot time endpoint 
in pediatric critical care patients.

DESIGN: Single-site retrospective laboratory sample analysis and chart review.

SETTING: A 105-bed pediatric and cardiac ICUs delivering extracorporeal mem-
brane oxygenation.

SUBJECTS: Forty-one citrated, frozen, biobanked plasma specimens comprising 
21 with bivalirudin and 20 with UFH from 15 anticoagulated pediatric patients were 
analyzed. Thirteen patients were on extracorporeal membrane oxygenation, one had 
a submassive pulmonary embolism, and one was on a left ventricular assist device.

INTERVENTIONS: None.

MEASUREMENT AND MAIN RESULTS: A Clotting Time Score (CTS) was de-
rived on each sample. The CTS detected patients that had developed a pathologic 
clotting event with 100% sensitivity and 82% specificity compared with prothrombin 
time with 25% sensitivity/76% specificity and activated partial thromboplastin time 
with 0% sensitivity/0% specificity. Additionally, the CTS detected subtherapeutic 
anticoagulation in response to UFH in patients that were clinically determined to 
be UFH resistant requiring alternative anticoagulation with bivalirudin.

CONCLUSIONS: The CTS appears to be a clinically valuable indicator of coag-
ulation status in patients treated with either UFH or bivalirudin. Results outside 
of the therapeutic range due to inadequate dosing or anticoagulation resistance 
appeared to be associated with clot formation. CTS testing may reduce the risk 
of anticoagulation-related complications via the rapid identification of patients at 
high risk for pathologic thrombotic events.
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Target anticoagulation ranges for unfractionated heparin (UFH) or 
bivalirudin in the setting of extracorporeal membrane oxygenation 
(ECMO), ventricular assist device (VAD), and thrombosis have been 

published. However, since hemostasis and anticoagulant response can be var-
iable among patients, target ranges based on routine coagulation testing may 
not apply universally. This is especially true for patients subjected to prolonged 
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anticoagulation and with concurrent systemic inflam-
mation, such as those receiving ECMO/VAD treatment 
and pediatric patients (< 1 yr) with immature hemo-
static systems (1–4). Anticoagulation resistance (AR) is 
identified as a failure to achieve a specified anticoagula-
tion effect despite the administration of an appropriate 
dose of anticoagulation. While frequently encountered, 
there is no clear definition of AR (5). Among neonatal 
ECMO patients, the Bleeding and Thrombosis During 
ECMO study reported a 60–77% bleeding event rate 
and a 32–44% thrombotic event (TE) rate (6). Titration 
of anticoagulation in pediatric patients remains chal-
lenging. Up to 26% of pediatric patients receiving 
ECMO develop resistance to UFH, increasing the risk 
of thrombosis and the need for alternate anticoagula-
tion management with direct thrombin inhibitors, such 
as bivalirudin, or the administration of antithrombin 
(1, 2, 7–10). There is an immediate need for a test that 
accurately monitors both UFH and bivalirudin therapy 
that can detect AR early to avoid life-threatening ad-
verse events.

Currently, UFH monitoring tests include: activated 
partial thromboplastin time (aPTT), anti-factor Xa 
(anti-Xa) chromogenic assay, activated clotting time 
(ACT), or viscoelastic testing (11–14). aPTT and/or 

anti-Xa are most commonly used to assess adequate 
UFH-related anticoagulation given that ACT is unre-
liable in the pediatric ECMO setting and viscoelastic 
testing is not broadly available (11–14). However, 
aPTT is effected by other factors such as presence of 
lupus anticoagulant, elevated C reactive protein, and 
increased factor VIII level (15–18). Anti-Xa assays use 
platelet-poor-plasma (PPP) and are not functional clot 
time-based tests as they do not account for thrombin, 
fibrinogen, and other blood cells, which contribute to 
coagulation. Additionally, chromogenic assays suffer 
from preanalytical variables including hemolysis, li-
pemia, and icterus, which are increasingly common in 
pediatric patients receiving ECMO (1, 19–21). Finally, 
multiple studies demonstrate a lack of concordance 
between the aPTT and anti-Xa assay, especially among 
pediatric ECMO populations (12, 22, 23). Bivalirudin 
is monitored by aPTT (with or without heparinase), 
diluted thrombin time (dTT), or ecarin chromogenic 
assay (ECA) (21–25). Similar to UFH monitoring, 
there is lack of agreement between these various lab-
oratory assays and the effect and anticoagulation level 
of bivalirudin.

While aPTT, prothrombin time (PT), and ACT can 
be performed at the point-of-care (POC), dTT, ECA, 
and anti-Xa assays are specialty laboratory-based 
tests, have longer turnaround times, and require larger 
blood volumes (≥ 200 µL) due to the need to obtain 
both sample and waste volumes and the requirement 
for PPP. Due to the higher blood volume typically re-
quired, multiple test events increase the risk of iatro-
genic anemia potentially requiring a blood transfusion 
in this highly vulnerable pediatric population (26, 
27). Having an accurate, rapid, low-volume coagula-
tion test to guide anticoagulation therapy for UFH and 
bivalirudin would be a significant clinically valuable 
innovation for coagulation management of pediatric 
patients receiving ECMO. In this study, we investigated 
if a novel, low volume, rapid, factor IIa (FIIa) Clotting 
Time Score (CTS) test can accurately measure the anti-
coagulation effects of UFH and bivalirudin, can detect 
AR and can predict the development of TEs (28, 29).

MATERIALS AND METHODS

Sample Collection

We performed a single-center, retrospective pilot study 
evaluating the CTS using citrated, frozen, biobanked 

 KEY POINTS

• Question: This study evaluates the ability of 
the factor IIa Clotting Time Score (CTS) test to 
detect and quantify the anticoagulation effect 
of bivalirudin and unfractionated heparin (UFH) 
in pediatric patients receiving extracorporeal 
membrane oxygenation.

• Findings: In this retrospective clinical study 
utilizing biobanked samples, the CTS detected 
patients that developed a thrombotic event 
and subtherapeutic anticoagulation effect in 
response to UFH in patients that were UFH 
resistant.

• Meanings: The CTS appears to be a valu-
able indicator of coagulation status in patients 
treated with either UFH or bivalirudin and results 
outside of the therapeutic range due to inad-
equate dosing or anticoagulation resistance 
appeared to be associated with clot formation.
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serial samples from 15 pediatric patients from the Texas 
Children’s Hospital and Baylor College of Medicine 
(BCM), Houston, TX. A total of 41 samples were avail-
able to test comprising 21 with bivalirudin and 20 with 
UFH. Various specimens were available from 13 patients 
receiving ECMO, one on a left VAD, and one with a sub-
massive pulmonary embolism (Supplementary Table 
1, http://links.lww.com/CCX/B67).

All samples and patient information were collected, 
deidentified, and handled according to The Institutional 
Review Board (IRB) for Human Subject Research for 
BCM and Affiliated Hospitals (Protocols: H45528, 
UTILITY OF POC COAGULATION DIAGNOSTIC 
DEVICE FOR USE IN PATIENTS UNDERGOING 
EXTRACORPOREAL LIFE SUPPORT, approved July 
5, 2019; H40470, BLEEDING AND THROMBOTIC 
COMPLICATIONS IN A PEDIATRIC AND ADULT 
POPULATION, approved January 1, 2021). Informed 
consent was obtained, as detailed in the IRB proto-
cols used in this study. Appropriate procedures were 
followed in accordance with the ethical standards of 
the responsible committee on human experimenta-
tion (institutional or regional) and with the Helsinki 
Declaration of 1975. Details on sample handling 

and processing are described in the Supplementary 
Information (http://links.lww.com/CCX/B67). 
Retrospective chart review for each day of sample col-
lection identified: clinical outcome, bleeding/clotting 
events, anticoagulant type and dose, and concurrent 
clinician-ordered coagulation test results. “Bleeding” 
and “thrombotic events” definitions and details of 
concurrent coagulation testing are included in the 
Supplementary Information (http://links.lww.com/
CCX/B67).

Clotting Time Score Investigation

A CTS, a unitless value, was calculated for control and 
patient samples as previously described (30). Briefly, 
coagulation curves for UFH and bivalirudin were 
derived based on clotting times (Fig. 1, Ai and Bi). 
Minimum sample volume in this study was 50 μL of 
PPP per patient. This testing volume does not include 
any discard sample that was collected on each patient 
in order to perform the clinician-ordered laboratory-
based assays as listed in Supplementary Table 1 (http://
links.lww.com/CCX/B67). The CTS was then calcu-
lated and plotted against the known drug concentra-
tion in the control sample to obtain a best-fit line. This 

Figure 1. Clotting Time Score (CTS) generation and reference ranges. Clotting times in response to varying concentrations of factor IIa 
(FIIa) using plasma samples with known concentrations of unfractionated heparin (UFH) or bivalirudin were plotted (Ai and Bi). Using the 
clotting time, the FIIa CTS was calculated and plotted against the anticoagulant concentration. Aii and Bii, A best-fit curve was calculated 
and was then used to back-calculate the expected CTS for the desired concentration of each anticoagulant to derive a target “therapeutic” 
range. This is represented as the “green zone” in (Aii and Bii) and is also represented numerically in the tables (Aiii and Biii).

http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
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allowed the target therapeutic range of the drug, pro-
vided as a drug concentration, to provide an expected 
CTS range (Fig.  1, Aii–iii and Bii–iii). The target 
therapeutic range is delineated by a green dashed line 
incorporating a “Green Zone.” A detailed description 
of sample handling and CTS calculation is included 
in the Supplementary Information (http://links.lww.
com/CCX/B67).

Statistical Analysis

Both Excel (Microsoft, Redmond, WA) and GraphPad 
Prism (GraphPad Software, La Jolla, CA) were used for 
basic descriptive and comparative statistics. Student t 
test was used to compare between groups with statis-
tical significance defined as p value of less than 0.05. 
Best-fit line functions were used to evaluate the re-
lationship between two variables and calculate an R2 
variable. Receiver operating characteristic (ROC) was 
calculated for the FIIa CTS group using GraphPad, with 
an ROC greater than 0.90 considered very good. The 
target therapeutic range of the FIIa CTS was between 
5.4 and 18.5, which encompasses both the bivalirudin 
and UFH target ranges (Fig. 1, Aiii and Biii). Reference 
ranges for the traditional coagulation tests are listed 
in the Supplementary Information (http://links.lww.
com/CCX/B67).

RESULTS

A total of 41 samples from 15 patients were evalu-
ated in this study. There were eight major TEs clin-
ically identified on the days of sample collection 
(Supplementary Table 1, http://links.lww.com/CCX/
B67). Upon stratification of the patient samples into 
no TE, “No Event,” and TE, “Thrombosis,” there was 
a clear association with the CTS, where TEs tended to 
occur when the CTS was below the target therapeutic 
range (Fig. 2). There was a significant difference in 
both the CTS and aPTT between patients with a TE 
versus no TE (p < 0.001 and p = 0.02) as compared 
with the PT (p = 0.47). Although it is known that 
UFH does not prolong PT at the traditional target 
therapeutic rang (0.2–0.4 U/mL UFH), we included 
patients receiving both UFH and bivalirudin to dem-
onstrate the robustness of the FIIa CTS in evaluating 
coagulation response to both these anticoagulants 
using one single test. Upon applying the target ther-
apeutic range (Fig. 1), the CTS had 100% sensitivity 
and 82% specificity along with a 100% negative pre-
dictive value (NPV) and 57% positive predictive value 
(PPV) in the association with a TE as compared with 
the PT and aPTT, which had much lower sensitivity/
specificity and NPV/PPV, respectively (20%/29% and 
67%/29% for PT and 0%/0% and 83%/0% for aPTT) 

Figure 2. Comparison of the Clotting Time Score (CTS) and routine coagulation tests with respect to thrombotic events. Scatter 
plots of coagulation test results for patients with a thrombotic event (red circles) compared with patients without a thrombotic event 
(blue squares) on the day of blood sample collection. The green dashed line represents the target therapeutic range in (A) and the 
normal range in (B–D). A–D, Both the CTS and the activated partial thromboplastin time (aPTT) are sensitive to the development of a 
thrombotic event (p < 0.001 and p = 0.02, respectively), whereas the prothrombin time (PT) (p = 0.47) and hepzyme-aPTT (and p = 
0.28) were not. Student t test was performed to evaluate for statistical significance with a p < 0.05 being considered significant and 
indicated by an *. FIIa = factor IIa.

http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
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(Fig. 2A–C). aPTT with Hepzyme exhibited limited 
correlation with the development of a TE (p = 0.28; 
38%/82% and 84%/33%) (Fig. 2D).

A ROC curve was generated to evaluate the FIIa 
CTS’ relationship with the development of TEs in 
patients receiving bivalirudin or UFH, which resulted 
in a very good ROC of 0.91 (se, 0.05; 95% CI, 0.81–
0.99; p < 0.001) (Fig. 3A). All patients treated with 
UFH on the day when a TE was diagnosed (patients 6, 
8, 11, and 12) had an anti-Xa level of less than 0.2 IU/
mL, indicating subtherapeutic levels or effects of UFH 
(Supplementary Table 1, http://links.lww.com/CCX/
B67). However, not all of these patients had aPTT 
values below the target range (Fig. 3Ciii). Because the 
goal of this study was to evaluate the CTS as a “uni-
versal” anticoagulant monitoring tool, the anti-Xa 
data was not included in Figures 2 and 3, as this test 
was only performed on patients on UFH and not on 
patients on bivalirudin. Unlike the anti-Xa assay, the 

PT and aPTT are generally employed for monitoring 
of anticoagulation and to assess hemostasis and were, 
therefore, frequently ordered by clinicians for patients 
receiving ECMO irrespective of the type of anticoag-
ulant used (Supplementary Table 1, http://links.lww.
com/CCX/B67).

Test results were evaluated in the context of bleed-
ing events (i.e., for the correlation with the presence 
of bleeding events). In this batch of samples, there 
was no major bleeding event; however, other minor 
bleeding events were noted, including hematuria and 
oozing/bleeding from the nasal cannula or catheter 
insertion site and some patients were flagged as po-
tentially in disseminated intravascular coagulation 
(DIC), with thrombocytopenia and elevated d-dimer 
levels (31). Upon further stratification of the patients 
with “No Event,” “Thrombosis,” and “Bleed/DIC/
Oozing,” there was no significant trend noted in the 
CTS score (Fig. 3B).

Figure 3. Evaluation of the Clotting Time Score (CTS). A, The receiver operating characteristic (ROC) graph is shown for the correlation 
between the factor IIa (FIIa) CTS and the development of a thrombotic event. B, Scatter plot comparing the FIIa CTS between patients with 
no event (red circles), a thrombotic event (blue squares) or a reported minor bleeding/oozing or disseminated intravascular coagulation event 
(green triangles). C, Scatter plots from three patients that were clinically diagnosed with unfractionated heparin-resistance (red circles) and 
were subsequent switched to treatment with bivalirudin (blue squares). The green dashed lines represent the target therapeutic ranges for 
FIIa CTS and activated partial thromboplastin time (aPTT) and represent the expected normal range for prothrombin time (PT).

http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
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During the study period, we had samples from three 
patients during both UFH treatment and the subse-
quent switch to bivalirudin upon the identification 
of AR to UFH (patients 2, 8, and 12) (Supplementary 
Table 1, http://links.lww.com/CCX/B67). The determi-
nation of the presence of AR to UFH was guided by the 
lack of a consistent anticoagulant effect at a UFH dose 
of 40 U/kg/hr as indicated by the development of a TE 
in addition to a low Anti-Xa test result and, in some 
cases, an inappropriately low aPTT. The anti-Xa level 
for all three UFH-resistant patients included in this 
figure was less than 0.2 IU/mL (Supplementary Table 
1, http://links.lww.com/CCX/B67). For these patients, 
samples from the day the AR was detected and from 
the first 1–3 days that bivalirudin was initiated were 
available for evaluation. The FIIa CTS was able to suc-
cessfully detect the subtherapeutic effect of UFH on 
the day that AR was detected (Fig. 3Ci), unlike the PT 
and aPTT (Fig. 3Cii–iii), and the subsequent increase 
in anticoagulation effect upon the switch to bivaliru-
din, as represented by an increase in the CTS level to 

target or high effect, indicating an improved antico-
agulation response.

The routinely clinician-ordered coagulation tests 
were evaluated to explore whether there were any cor-
relations with TEs or the CTS (Supplementary Fig. 
1, http://links.lww.com/CCX/B67). The level of anti-
thrombin activity (evaluated in patients on UFH) in 
this patient population did not correlate as expected 
with the development of a TE and did not appear to be 
correlated to the CTS (32). The CTS was moderately 
correlated to the anti-Xa activity level (33).

Finally, a thorough evaluation of PT and aPTT, as 
it relates to bivalirudin and UFH administration as 
well as FIIa CTS, was conducted. While there was no 
significant difference in aPTT between patients on 
bivalirudin compared with UFH (p = 0.78), there was 
a significant increase in PT for patients on bivalirudin 
as compared with UFH (p < 0.001) (Fig. 4A). This is 
expected, as PT is known to be relatively sensitive to 
bivalirudin and insensitive to UFH at the traditional 
therapeutic range, whereas aPTT is known to be 

Figure 4. Coagulation test results for unfractionated heparin (UFH) and bivalirudin. A, Compares the activated partial thromboplastin time 
(aPTT) (i) and prothrombin time (PT) (ii) values for patients on both bivalirudin (red circles) and UFH (blue squares). B, Compares the 
factor IIa (FIIa) Clotting Time Score (CTS) (i) and the factor Xa (FXa) CTS (ii) for patients on both bivalirudin (red circles) and UFH (blue 
squares). The FIIa CTS demonstrated a statistically significant difference in the effect of anticoagulation between the patients treated with 
UFH as compared with bivalirudin. Plot (C and D) evaluates whether there is a correlation between the FIIa CTS and the PT (C) and aPTT 
(D) for both bivalirudin (red circles) and UFH (blue squares). Trend line for bivalirudin is solid and the one for UFH is dashed. Student t 
test was performed to evaluate for statistical significance with a p < 0.05 being considered significant and indicated by an *.

http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
http://links.lww.com/CCX/B67
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sensitive to both UFH and bivalirudin (34, 35). A com-
parison between the FIIa and FXa CTS demonstrated 
that the FIIa CTS was more sensitive to the thrombin 
inhibition secondary to bivalirudin (Fig. 4B). As dem-
onstrated in Figure  4, C and D, there was no corre-
lation between PT and FIIa CTS for bivalirudin and 
UFH, there was no correlation between aPTT and FIIa 
CTS for bivalirudin, and there was a mild-moderate 
correlation between aPTT and UFH.

DISCUSSION

Anticoagulation management can be complex in crit-
ically ill patients. Specifically, pediatric patients on 
ECMO are at an especially high risk of developing 
coagulopathies due to primary or secondary mecha-
nisms. Unlike adults, a pediatric patient (< 1 yr) has 
an inherently immature hemostatic system with vary-
ing concentrations and activities of coagulation factors 
changing with age (3, 4). Superimpose secondary in-
flammation and/or the presence of mechanical circu-
lation (ECMO, left ventricular assist device [LVAD]) 
and the risk increases coagulation-related complica-
tions (36). In this study, we evaluated a novel approach 
to evaluating coagulation status in these patients using 
a rapid, micro-volume coagulation test, with a CTS 
read-out. We evaluated the CTS for its ability to de-
tect whether pediatric patients on UFH or bivalirudin 
were functionally anticoagulated, or were anticoagu-
lation resistant (AR), and for its potential association 
with the development of TEs. Results showed that 
CTS’s indicating subtherapeutic effects of UFH and 
bivalirudin were associated with TEs, while the aPTT, 
which was somewhat sensitive to the development of a 
TE, was inferior to the CTS. Importantly, the CTS pro-
vided unique information and did not correlate with 
the PT or aPTT for patients on either bivalirudin or 
UFH.

The development of AR to UFH is a well-known 
complication among patients requiring ECMO (1, 
12). Currently, the standard of care for the diagnosis 
of AR to UFH requires multiple tests to demonstrate 
the presence of attenuated increase in aPTT, decreased 
levels of anti-Xa activity, low antithrombin activity lev-
els, or some combination thereof (12, 23). In this study 
population, a single test, the CTS was able to detect 
anticoagulant resistance (AR) to UFH, even in the face 
of prolonged PT and aPTT values and, changing such 

a patient’s anticoagulation therapy to a direct thrombin 
inhibitor, bivalirudin, was associated with an increased 
CTS and achieved the target CTS therapeutic range. 
The assessment that the CTS provides novel, clini-
cally useful information is supported by CTS’ high 
sensitivity to effect of anticoagulation with UFH and 
bivalirudin and its’ lack of correlation with the PT and 
aPTT. The CTS was developed to detect and quantify 
the inhibition of specific coagulation factors, in this 
case, FIIa, whereas the PT and aPTT are general func-
tional tests for the intrinsic and extrinsic pathway. This 
is likely also why the FIIa CTS is more specific and sen-
sitive to FIIa-based anticoagulation effects, including 
via direct thrombin inhibitions, such as bivalirudin, or 
via indirect thrombin inhibition, such as UFH.

Currently, specific tests are used for specific anti-
coagulants including PT, aPTT, anti-Xa, and dTT and 
therefore must be used in combination for complex 
cases. This complicates clinical processes with varying 
turnaround times availability and need for expert in-
terpretation and may delay critical decision-making, 
compromising patient care and outcomes (12, 23, and 
35). In this study, we have demonstrated that the CTS 
test can be used to monitor multiple classes of anti-
coagulants, both UFH and bivalirudin. Additionally, 
while the anti-Xa assay was able to identify AR to UFH 
in this study population, this test is not a “functional 
assay”; it does not measure the development of a clot, 
it instead tests the residual activity level of factor Xa via 
the addition of a chromogenic substance (39, 40). This 
testing approach misses the role of the downstream 
portion of the coagulation pathway, including endoge-
nous thrombin and fibrinogen, which is frequently ab-
errant during severe inflammation (such as in patients 
receiving ECMO), which could also be one of the 
reasons for the frequent finding of discordant anti-
Xa and aPTT, which is a clot-based test, results when 
monitoring UFH (21). The CTS, on the other hand, 
is a functional, clot-based test, potentially providing 
more clinically relevant information. As a single, rapid, 
functional test, the CTS potentially enables improved 
clinical process on these issues.

Finally, the CTS could potentially be useful as a com-
plementary test for patients with other coagulopathies, 
such as with the development of APA (such as patient 
6), where the aPTT was prolonged due to the pres-
ence of the Antiphospholipid Antibody (APA) and not 
just the presence of UFH (37, 38). Whereas the aPTT 
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uses phospholipids as a coagulation activator, the FIIa 
CTS assay does not; the FIIa CTS test is therefore not 
increased in the presence of APA but is specific for the 
presence of FIIa inhibition.

Limitations in this study should be noted. First, this 
is a single-center, retrospective study with limitations 
on sample and patient availability. This includes a lack 
of control or standardization of patient demographics, 
ECMO/LVAD circuitry, as well as comorbidities and 
polypharmacy. Small patient number and sample size 
subsets, while allowing initial evaluation of the CTS in 
this pediatric population, preclude definitive assess-
ment and support proceeding with a larger patient 
study. Second, the lack of dTT data on the patients 
treated with bivalirudin with data only available for 
one patient as there was not enough PPP to perform 
the dTT on all patients. Third, few patients had a major 
bleeding event. While the association between the 
CTS and the development of a TE was significant, the 

detection of over-anticoagulation is also critical and 
not addressed sufficiently by our data. Finally, the co-
agulation studies were performed on PPP, which lacks 
essential whole blood components such as leukocytes, 
erythrocytes, and platelets contributing to clot forma-
tion (8, 42, 43). The new POC CTS platform design 
(which will be used for future studies) uses 50–100 uL 
of whole blood/test with a turnaround time for a CTS 
score of less than 10 minutes (Fig. 5A). As such the 
CTS could potentially be used as a sole bedside anti-
coagulation test for both heparins and direct thrombin 
inhibitors (DTIs).

CONCLUSIONS

This is the first study to evaluate the CTS, a novel co-
agulation test, in a high-risk pediatric patient popula-
tion undergoing mechanical circulatory interventions. 
The results, while reported in a small series, support 

Figure 5. Proposal of potential future paradigm for the clinical use of the factor IIa (FIIa) Clotting Time Score (CTS). A, Representative 
image of an investigational use only point-of-care automated testing system. B, Current coagulation testing paradigm. C, Potential future 
coagulation testing paradigm. The current paradigm (B) includes clinical determination of high-risk status for thrombosis, for example, 
extracorporeal membrane oxygenation and includes routine coagulation tests (prothrombin time [PT], activated partial thromboplastin time 
[aPTT], anti-factor Xa [anti-Xa], etc.). Expected changes in coagulation test results support continuation of current anticoagulation treatment 
and testing is repeated at specific time intervals. Unexpected results, such as an aPTT below target level, can lead to ordering specialty 
tests such as anti-Xa or AT levels. Some patients with expected results may have undetected anticoagulation resistance, which may 
manifest as a thrombotic event. Anticoagulation resistance detection leads to either an increase in anticoagulation dosing or a change in the 
anticoagulant. In the potential paradigm (C), the CTS is performed in conjunction with routine coagulation tests. In this example (FIIa CTS), if 
the CTS indicates subtherapeutic anticoagulation effects, regardless of normal/expected routine coagulation test results, the patient can be 
clinically reassessed and specialty tests, such as anti-Xa or AT levels, ordered to assess anticoagulation status to avoid potential thrombotic 
events. AT = antithrombin, CMT = Coagulo Medical Technologies, INR = International Normalized Ratio, UFH = unfractionated heparin.
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the CTS’ potential utility in monitoring the effect of 
anticoagulation using UFH or bivalirudin and also 
demonstrate an association between the CTS and the 
development of a TEs. In this study, as compared with 
the current multitest type standard of practice, we 
demonstrate that a single test, the CTS, may be used 
for the monitoring both UFH and bivalirudin, and, in 
the future, could potentially be used as a rapid, bed-
side test to alert clinicians as to the development of AR 
and the subsequent response to alternative anticoagu-
lation treatment (Fig. 5, A and B). Further prospective 
studies are warranted, including the next generation of 
the fully automated POC testing unit, which will use 
whole blood at the bedside.
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