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Abstract: Current guidelines recommend monitoring the anticoagulant effect of unfractionated
heparin (UFH) by measuring anti-Xa activity rather than activated partial thromboplastin time
(aPTT) in intensive care unit (ICU) patients. The primary objective of this study was to evaluate
the correlation of aPTT, anti-Xa activity, and thrombin generation in UFH-treated ICU patients. A
prospective observational pilot study was conducted in adult surgical ICU patients treated with
UFH. aPTT and anti-Xa activity were monitored daily. The therapeutic target was aPTT between 50 s
and 84 s, and/or anti-Xa between 0.3 and 0.7 U/mL. Correlation among aPTT, anti-Xa activity, and
thrombin generation was determined by measuring endogenous thrombin potential (ETP), with the
inflammatory response evaluated. C-reactive protein (CRP) was used as a marker of inflammatory
response. The plasma of 107 samples from 30 ICU patients was analyzed. The correlation between
aPTT and anti-Xa activity was 0.66, CI95% [0.54;0.76] (p < 0.0001). Although thrombin generation,
aPTT, and anti-Xa were correlated with inflammatory responses, the correlation was higher with
thrombin generation and anti-Xa activity compared to aPTT. When aPTT was in a therapeutic
range, a low thrombin generation was observed but was 50% inhibited when anti-Xa was in a
therapeutic range. Coagulation testing with aPTT, anti-Xa correlated with thrombin generation. A
50% decrease in thrombin generation was observed when anti-Xa was within a therapeutic range.
Further work is needed to evaluate coagulation biomarker responses and clinical outcomes in specific
ICU populations.

Keywords: coagulation tests; inflammation; intensive care unit; heparin; activated partial thrombo-
plastin time; factor Xa; thrombin generation

1. Introduction

Multiple pharmacokinetic and biological factors influence anticoagulation require-
ments in critically ill intensive care unit (ICU) patients. Further, several methods are used
to monitor anticoagulation with unfractionated heparin (UFH). Anti-Xa activity reflects the
concentration of heparin in the blood, while activated partial thromboplastin time (aPTT) is
a direct indicator of the biological efficacy of UFH by measuring increases in clotting time.
International guidelines for monitoring anticoagulation by UFH in the specific population
of critically ill surgical patients are not available. In France, current recommendations sug-
gest that UFH anticoagulation should be monitored by anti-Xa activity rather than aPTT in
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ICU patients [1], recommendations that are based on single-center and often retrospective
studies of small subject numbers that did not include ICU patients [2,3]. One of these
studies concluded, “It remains unclear whether aPTT, anti-Xa, or endogenous thrombin poten-
tial provides the most accurate measurement of the global coagulation status of patients receiving
UFH” [2]. Therefore, the level of evidence to preferentially monitor anti-Xa activity in ICU
patients who often have a significant inflammatory response is low.

Several studies have highlighted the potential role of fibrinogen and factor VIII in in-
fluencing aPTT measurements. aPTT is shortened in the presence of elevated factor VIII [4]
or elevated fibrinogen [5]. Anti-Xa measurement is a direct UFH activity, with indirect
quantification of antithrombin activity. Previous study have reported conflicting results
for aPTT and anti-Xa measurement of heparin [6]. Several recommendations advocates if
heparin resistance is suspected, anti–factor Xa can be used to measure the heparin level [7].
The impact of inflammation on the discordance between aPTT and anti-Xa activity in ICU
patients has not been described in ICU patients [5,6,8]. The thrombin generation assay
(TGA) evaluates the activation and inhibition of the clotting system [9–12] and represents a
direct test of hemostatic effect reported for low molecular weight heparin and UFH moni-
toring [13]. Recent data suggest that a 50% reduction in endogenous thrombin potential
(ETP) represents a target level of heparin anticoagulation [14]. The primary objective of
this pilot study was to evaluate the correlation between aPTT and anti-Xa activity, and the
anticoagulation response with thrombin generation assay in patients treated with UFH.
The secondary objective was to evaluate the inflammatory response in ICU patients with
impact in thrombin generation testing in this specific population, and its correlation to
standard coagulation testing.

2. Results
2.1. Patients’ Characteristics

A total of 107 blood samples were obtained from 32 patients. The number of blood
samples was between 2 and 4 for each patient, and the blood samples were collected
between 1 and 4 days of hospitalization. The characteristics of the population are sum-
marized in Table 1. Two patients requiring a prophylactic anticoagulation target were
excluded. Therapeutic anticoagulation treatment included the following patient issues:
17 abdominal aortic aneurysm surgeries, 5 atrial fibrillation, 5 thromboembolic events, and
3 other reasons. The reasons for ICU admission included 7 urgent surgeries, 4 post-surgery
monitoring, 2 traumatic injuries, 2 cardiogenic shock, and 2 other reasons. Mortality in
our ICU patients was 12.5% (4 of 32). Of the 30 healthy volunteers, 14 were male, with a
median age of 38.2 ± 11.8 years.

Table 1. Characteristics of the population. Data are presented as absolute (%) or mean (± SD)
values. ICU: intensive care unit. SAPS II: simplified acute physiology score II. aPTT: activated partial
thrombin time. CRP: C reactive protein. DVT: Deep Vein Thrombosis. PE: Pulmonary Embolism.

Number of Patients 30

Age (years) 62.7 ± 15.8
Male 24 (80%)

Body mass index (kg/m2) 27.4 ± 6.7
SAPS II score 34.3 ± 14.5

Reason for ICU admission
Post-operative ICU 13 (43.4%)

Unprogrammed ICU admission 17 (56.6%)
Indication of anticoagulation

Vascular surgery requiring anticoagulation 17 (56.6%)
Transitory atrial fibrillation 5 (16.6%)

DVT/PE development 4 (13.3%)
Arterial thrombosis 1 (3.3%)
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Table 1. Cont.

Number of Patients 30
Others 3 (10%)

Duration of stay (days)
In ICU 12.8 ± 19.6

In hospital 28.1 ± 30.0
Survival 28 days after ICU admission 29 (96%)

aPTT (s.) (N: 28.5–38.5) 57.0 [48.6–72.0]
Anti-Xa (UI/mL) (N: 0.35–0.7UI/mL) 0.13 [0.1–1.6]

Fibrinogen (g/L) (N: 2–4 g/l) 6.0 [5.0–7.3]
FVIII (%) (N: 50–150%) 235 [183–368]

CRP (mg/L) (N < 5 mg/L) 127.5 [57–188.3]

2.2. aPTT, Anti-Xa Activity, and Their Correlation with Inflammatory Response

In the spiked pool of plasma from healthy volunteers, we observed a correlation
between aPTT and anti-Xa activity with increasing doses of UFH (r = 0.99, CI95% [0.93; 1.00];
p = 0.0004; cf. Figure 1A). In ICU patients we also found a correlation between aPTT and
anti-Xa activity (r = 0.66, CI95% [0.54; 0.76]; p < 0.0001; cf. Figure 1B). As expected, CRP was
correlated with fibrinogen (r = 0.51, CI95% [0.36; 0.64]; p < 0.0001) and FVIII (r = 0.41, CI95%
[0.23; 0.56]; p < 0.0001).
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Figure 1. Correlation between aPTT and anti-Xa activity in a spiked normal plasma pool (A) and
in ICU patients (B). Data are presented as Pearson coefficient with 95% confidence interval. aPTT:
activated partial thromboplastin time.

Concerning hemorrhagic or thrombotic complications, six samples were excluded
because the presence or absence of complications was not correctly identified at the time
of sampling (analysis on 101 samples). aPTT and anti-Xa were concordant in 49 samples
(48.5%), and their levels did not appear to be predictive of a hemorrhagic or thrombotic
complication at the time of sampling (cf. Table 2). An increased CRP was observed in
aPTT < T/anti-Xa < T (173 mg/L [104–255]) and aPTT = T/anti-Xa < T (143 mg/L [80–190])
compared to aPTT > T/anti-Xa = T (52 mg/L [21–77]) (Supplementary Figure S1). No
difference was observed in the inflammatory biomarker in the anticoagulated group.
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Table 2. Bleeding and thromboembolic complications according to anticoagulation target. Results
are presented as absolute values; aPTT, activated partial thromboplastin time ratio.

aPTT < 50.3 s. 50.3 s.< aPTT < 83.8 s. aPTT > 83.8 s.

Anti-Xa activity
<0.3 UI/mL

n = 32
2 bleeding complications

1 thromboembolic complication

n = 29
2 thromboembolic complications

n = 14
1 bleeding complication

0.3 UI/Ml <Anti-Xa activity
<0.7 UI/mL

n = 2
No complication

n = 8
No complication

n = 6
No complication

Anti-Xa activity
>0.7 UI/mL n = 0 n = 1

No complication
n = 9

1 thromboembolic complication

2.3. Thrombin Generation Assay

In spiked plasma, thrombin generation was decreased with increased anticoagulant
target (Supplementary Figure S2). When anti-Xa was in the therapeutic range, in the
presence of 5 pM of TF, Thrombin generation was not observed. The results of thrombin
generation results are shown in Table 3. Briefly, a significant difference was observed
between the control group and ICU patients, in lagtime and in TTP at 5 pM of TF. Moreover,
we observed a decreased thrombin generation in Lagtime, TTP, ETP, peak, and velocity at
20 pM of TF. When we compared different results of aPTT and Anti-Xa, ICU underdosed
patients had only increased lagtime and TTP. At 20 pM of TF, patients with therapeutic
anticoagulation or higher levels, in aPTT, had significant decreased compared to control and
underdosed aPTT/anti-Xa patient. An anti-Xa under therapeutical range was associated
with a global incoagulable plasma (Figure 2). In patients’ plasma, we observed significant
correlations between thrombin generation parameters, aPTTratio, and anti-Xa activity, at
both concentrations of tissue factor studied (Supplementary Table S1). No correlations
were observed between lagtime and aPTT at 5pM of TF. Moreover, no correlation were
observed between lagtime, aPTT, and anti-Xa at 20 pM of TF. The association with thrombin
generation parameters was higher for anti-Xa than aPTT. However, no correlation was
observed between thrombin generation and FVIII. For each case of hemorrhagic or throm-
botic complication (cf. Table 2), no particular TGA profiles (increase or decrease in TGA
parameters) were observed. When we compared these results with a 50% ETP reduction, we
observed ETP under target with anti-Xa under a normal range, and a significant difference
when aPTT was under target (Supplementary Table S2).

Table 3. Thrombin generation in anticoagulated patients. TGA condition: Tissue factor concentra-
tion used to start thrombin generation. aPTT: activated partial thrombin time. ETP: Endogenous
thrombin potential. IC: incoagulable. ICU: Intensive Care Unit. N: number of patients in each group.
T: target. aPTT target was between 50.3 s and 83.8 s. Anti-Xa target was between 0.3 and 0.7 UI/mL.
TGA: Thrombin Generation Assay. UFH: Unfractioned Heparin. a significant difference with control
group. b significant difference with aPTT < T and Anti-Xa < T. TTP: Time to peak.

Group UFH Target TGA
Condition Lagtime (min) TTP (min) ETP (nM.min) Peak (nM) Velocity (nM/min)

Control NA 5 pM 3.13 [2.92–3.33] 6.67 [5.94–7.82] 1344 [1190–1575] 199 [157–253] 52.6 [37.3–86.0]
NA 20 pM 1.67 [1.67–2.08] 4.17 [4.07–4.7] 1662 [1446–1782] 332 [283–398] 138.7 [108.9–174.7]

ICU NA 5 pM 5.84 [4.58–9.07] a 9.58 [7.29–15.0] a 1199 [553–1520] 200 [41.5–290] 64.25 [8.18–124.2]
(N = 99) NA 20 pM 2.92 [2.14–3.75] a 5.83 [4.58–8.75] a 1264 [465–1557] a 231 [52–304] a 84.2 [11.5–140] a

ICU aPTT < T 5 pM 5.42 [4.17–8.96] a 8.12 [6.67–13.12] a 1360 [826–1489] 251 [78–297] 98.4 [124.6]
(N = 27) Anti-Xa < T 20 pM 2.09 [2.08–2.92] a 4.79 [4.17–5.62] 1442 [1227–1553] 291 [235–338] 128 [89.2–161]

ICU aPTT = T 5 pM 5.94 [5.0–8.7] a 9.69 [8.07–16.3] a 1170 [451–1649] 144 [25–298] 45.2 [6.0–119.2]
(N = 47) Anti-Xa < T 20 pM 2.72 [2.5–3.75] a 6.25 [4.59–8.75] a,b 1154 [450–1617] a 210 [51–304] a 53.4 [7.5–122.4] a,b

ICU aPTT = T 5 pM IC IC IC IC IC
(N = 9) Anti-Xa = T 20 pM IC IC IC IC IC

ICU aPTT > T 5 pM 9.58 [8.12–12.08] a 19.37 [11.87–44.37] a 446 [316–577] 25 [1–72] 11.3 [3.4–19.2]
(N=4) Anti-Xa < T 20 pM 3.44 [2.97–3.91] a 8.65 [6.77–14.74] a,b 595 [171–1182] a 71 [9–139] a,b 14.1 [1.26–49.7] a,b

ICU aPTT > T 5 pM IC IC IC IC IC
(N = 12) Anti-Xa = T 20 pM IC IC IC IC IC
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Figure 2. Thrombin generation curve according to the levels of anti-Xa activity and aPTT in spiked
heparin plasma (A,B) and in ICU patients (C,D). Corresponding to 5 pM (A,C) and 20 pM (B,D) of
tissue factor to start reaction. The control group of ICU patients consisted of pooled plasmas without
anticoagulant treatment. aPTT: aPTT: activated partial thromboplastin time; ICU, intensive care unit;
TF, tissue factor.

3. Discussion

In our current study, aPTT and anti-Xa activity correlated with the intensity of throm-
bin generation, with a greater correlation with anti-Xa activity than aPTT in ICU patients.
CRP, an acute-phase inflammatory protein, increases in nonseptic patients. CRP did not
differentiate septic complications in patients with trauma, but levels remained elevated in
the late post-traumatic period [15].

Of note is the potential for variable responses to UFH in ICU patients. Furthermore,
heparin resistance is not well defined [16], potentially due to multiple causes, including
decreased antithrombin levels, especially in ICU patients [7], and the aPTT response to
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UFH is not linear at higher heparin concentrations [17]. A report comparing aPTT and
anti-Xa activity in an ICU population found a concordance between both parameters
of only 63% of samples compared to 48.5% in our study [18]. However, this study did
not evaluate the impact of inflammatory responses on the discordance between these
parameters. In some clinical scenarios with a constitutional increase in aPTT (e.g., cirrhosis
and antiphospholipid syndrome) it seems logical to preferentially use anti-Xa activity
for UFH monitoring. However, for patients with normal aPTT preoperatively or on ICU
admission, there are, to our knowledge, no studies investigating and comparing the optimal
level of both these parameters in the subgroup of ICU patients with systemic inflammation,
including trauma, surgery, and/or sepsis. Our findings suggest that neither aPTT level nor
anti-Xa activity was predictive of bleeding or thromboembolic complications, although the
study was not designed to identify complications. We focused on surgical ICU patients
who are at higher risk of bleeding complications due to their recent surgery than medical
ICU patients, regardless of the level of anticoagulation.

The thrombin generation assay (TGA) is an increasingly used laboratory test that pro-
vides a reliable hemostatic profile and a high association with bleeding phenotype [19–21].
A previous study demonstrated a global decrease in thrombin generation in UFH [22].
There is a significant correlation between the intensity of anticoagulation and ETP in pa-
tients treated with UFH. However, there was a poor correlation between ETP and either
aPTT or anti-Xa levels, there was a higher correlation between UFH dose and the degree of
ETP suppression with UFH treatment [2]. With a global functional hemostasis evaluation,
we first observed a reduced thrombin generation in spiked plasma compared to ICU pa-
tients. The contribution of a thromboinflammatory response could explain the increased
thrombin generation in ICU patients. Thrombin generation was completely inhibited in
samples whose anti-Xa levels were therapeutic but not in samples whose aPTT were in
therapeutic ranges. Decreases in thrombin generation are associated with increased bleed-
ing, potentially suggesting that anti-Xa activity at the usual therapeutic level could lead to
an increased risk of bleeding in ICU patients [23]. Currently, there is no recommendation to
use aPTT or anti-Xa to monitor UFH treatment in critically ill patients despite recommen-
dations for non-critically ill hospitalized patients [24]. In view of the large interindividual
differences in heparin responsiveness, heparin dosage should be individualized, as noted
by Hemker et al. who recommended using an ETP of approximately 50% of the average of
normal population values [14], i.e., 600–700 nM min [25]. We observed an ETP below target
with anti-Xa activity for adequate levels but not with aPTT. However, another report of a
recent retrospective study described no correlation between anti-Xa or aPTT values with se-
rious bleeding or thrombotic complications [26]. Furthermore, there is no work specifically
addressing these levels in ICU patients. This may partly explain the discordance between
high-risk bleeding profile on TGA and normal anti-Xa activity in our study [22,26,27].

Our work has several limitations. First, the evaluation period is relatively short with a
small number of patients. However, we were able to examine the impact of UFH in TGA
as a proof-of-concept study. Second, although we used TGA to evaluate anticoagulation
intensity with inflammatory responses, only one study has reported the clinical impact of
high FVIII level (mimicking an acute phase response) on heparin monitoring with TGA [28].
Although the authors reported decreased thrombin generation with increased FVIII lev-
els, this study was in vitro performed with FVIII and UFH spiked plasma and not from
treated patients [29]. Their ex vivo method was not validated to determine the presence
of anticoagulants and the relevance of using TGA to monitor UFH remains controver-
sial [30]. A previous study demonstrated a significant impact of thrombin generation with
heparin anti-Xa levels >0.5 U/mL. However, in our study, the objective of TGA use was
to obtain a global assessment of coagulation according to the levels of aPTT and anti-Xa
activity and not to accurately monitor anticoagulation. A possible explanation is FVIII
increases in ICU patients enhances the speed of thrombin formation without enhancing
global coagulation [31].
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4. Materials and Methods
4.1. Population Selection

We conducted a prospective single-center observational pilot study in the surgical
ICU of a French University Hospital from 5 June to 15 August 2016. All adult patients
hospitalized in the surgical ICU or post-operative ICU and who received therapeutic
anticoagulation with intravenous UFH for more than 12 h were included. Exclusion criteria
were age under 18 y/o, dialysis with UFH anticoagulation, history of heparin allergy, and
thrombophilia or constitutive hemorrhagic disease. The study protocol was approved by
our University Hospital’s non-interventional research ethics committee (n◦ E2016-38). An
informed consent was obtained from patient.

4.2. Study Procedures

In all patients, aPTT, anti-Xa activity, fibrinogen, factor VIII (FVIII), and C-reactive
protein (CRP) were measured each morning. Thrombin generation was also measured
(cf. infra). aPTT was used to monitor heparin therapy and adapt UFH dosages (usual
department practice). The curative anticoagulation target was 1.5–2.5 for aPTT ratio
(aPTTpatient/aPTTcontrol with aPTT control = 33.5 s.) [32] and 0.30–0.7 UI/mL for anti-Xa
activity [33].

We defined 3 groups of anticoagulation, according to the aPTT results:

• aPTT < 50.3 s. (aPTT < T): underdosed UFH target;
• 50.3s. ≤ aPTT ≤ 83.8 s. (aPTT = T): under therapeutical target;
• aPTT > 83.8 s. (aPTT > T): overdosed UFH target.

We defined 3 group of anticoagulation, according to the anti-Xa results:

• anti-Xa < 0.3 UI/mL (anti-Xa < T): underdosed UFH target;
• 0.3 UI/mL ≤ anti-Xa ≤ 0.7 UI/mL (anti-Xa = T): under therapeutical target;
• Anti-Xa > 0.7 UI/mL (anti-Xa > T): overdosed UFH target.

After each sampling time, we checked whether any hemorrhagic or thrombotic com-
plications had been diagnosed within the previous 24 h. Monitoring was stopped in the
event of heparin induced thrombocytopenia, discontinuation of anticoagulation, and dis-
continuation of daily sampling. We also the effects of a 50% ETP reduction, as proposed by
Hemker et al. [14].

To evaluate, in vitro, in normal conditions, a pool of normal plasma from 30 healthy
volunteers was spiked with different doses of UFH (Heparin Choay, 5000 UI/mL) to obtain
several target ranges. Healthy volunteers had no history of bleeding and thrombosis. Then,
aPTT, anti-Xa activity, and TGA were performed for each dose of UFH.

4.3. Blood Collection

Plasma samples were collected after consultation. Platelet poor plasma (PPP) samples
for TGA were obtained from blood samples, taken by antecubital venipuncture, and
collected in vacutainer tubes containing buffered 0.109 M trisodium citrate (Greiner) (1 part
of citrate 3.2%/nine parts of blood) with a needle of 21 gauge. Two citrated tubes were
collected. PPP was prepared 1 h after sample by double centrifugation of citrated blood for
15 min at 2250 g. Storage of PPP in aliquots was at −80 ◦C until analysis, as recommended
by the “Groupe Français d’études sur l’Hémostase et la Thrombose”, to perform aPTT,
anti-Xa and TGA measurement (www.geht.org accessed on 1 May 2016).

4.4. Laboratory Assays

Testing of aPTT, fibrinogen, and anti-Xa activity was performed on STAR Max auto-
mate (Diagnostica Stago-Asnières-France) with, respectively, PTT-Automate, liquid Fib,
and liquid anti-Xa reactants, without exogenous antithrombin (Diagnostica Stago, Asnières,
France). FVIII was performed on STAR EES (Diagnostica Stago-Asnières-France) with
Standard Human Plasma and Pathromtin SL (Siemens, Marburg, Germany). CRP was
assayed with turbidimetry on COBAS 8000 (Roche Diagnostic, Meylan, France).

www.geht.org
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Thrombin generation was evaluated by phospholipid (4 µmol/L) and different con-
centrations of tissue factor (TF) with 5 or 20 pmol/L, platelet-poor plasma (PPP) reagent
or PPP reagent high, respectively (Diagnostica Stago, Asnières, France) [34]. Thrombin
generation was measured by Calibrated Automated Thrombography and Fluorocan Ascent
Fluorometer (Thermoscientific Labsystems, Helsinki, Finland). The following parameters
of thrombin generation curve were considered: lagtime (first trace of thrombin formation),
time to peak (TTP; time necessary for thrombin maximal value), thrombin peak (maximal
thrombin concentration), ETP (endogenous thrombin potential: area under the throm-
bin time concentration curve), and velocity (thrombin speed formation, also calculated:
peak/(TTP-lagtime)). We used plasma from healthy volunteers for the control group.
A reduction of 50% ETP corresponded to 672 nM.min and 831 nM.min (with 5 pM and
20 pM of tissue factor, respectively).

4.5. Statistical Analysis

The values are presented as absolute and percentage values (n (%)) for qualitative
variables and as mean ± standard deviations for quantitative variables. Correlations
were studied with the Pearson test. Quantitative variables were compared with t-test and
Kruskal–Wallis test with post hoc Dunn’s test. Qualitative variable was compared with chi
square. The significance threshold was set at 0.05, and all statistics were produced using
GraphPad PRISM software (San Diego, CA, USA (v 8.0)).

5. Conclusions

In summary, with limited data on therapeutic UFH monitoring in ICU patients, anti-Xa
had a greater impact on inhibiting thrombin generation than aPTT in our study, although
aPTT may better reflect the hypercoagulability of acute inflammation. Additional prospec-
tive studies are needed, including thrombin generation in ICU patients to objectively
compare the clinical relevance of anticoagulation monitoring.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijms231911219/s1.

Author Contributions: P.B. was involved in the acquisition of data, in the analysis and interpretation
of data, and in drafting the manuscript. T.E. was involved in the acquisition of data, in the analysis
and interpretation of data, and in drafting the manuscript. J.H.L. edited the manuscript and added
to the interpretation of the data. E.B. was involved in the analysis and interpretation of data, and
in manuscript revision. B.D. was involved in the study conception and design, and in manuscript
revision. B.V. was involved in the study conception and design, in study coordination, and in
manuscript revision. V.L.C.-D. was involved in the study conception and design, in the acquisition
of data, in the analysis and interpretation of data, and in manuscript revision. T.C. was involved in
the study conception and design, in the acquisition of data, in the statistical analysis, in the analysis
and interpretation of data, and in drafting the manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocol was approved by our University Hos-
pital’s non-interventional research ethics committee (n◦ E2016-38). Informed consent was obtained
from the patients.

Informed Consent Statement: Written informed consent to publish this paper has been obtained
from the patient(s).

Data Availability Statement: Not applicable.

Acknowledgments: The authors are grateful to Nikki Sabourin-Gibbs (English-language writing
assistance, Rouen University Hospital) for her help in editing the manuscript and to Valery Brunel
(General Biochemistry Laboratory, Rouen University Hospital) for the CRP dosage.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/ijms231911219/s1
https://www.mdpi.com/article/10.3390/ijms231911219/s1


Int. J. Mol. Sci. 2022, 23, 11219 9 of 10

References
1. Lehot, J.; Clec’h, C.; Bonhomme, F.; Brauner, M.; Chemouni, F.; de Mesmay, M.; Gayat, E.; Guidet, B.; Hejblum, G.; Hernu, R.; et al.

Pertinence de la prescription des examens biologiques et de la radiographie thoracique en réanimation RFE commune SFAR-SRLF.
Méd. Intensive Réanim. 2019, 28, 172–189. [CrossRef]

2. Takemoto, C.M.; Streiff, M.B.; Shermock, K.M.; Kraus, P.S.; Chen, J.; Jani, J.; Kickler, T. Activated Partial Thromboplastin Time
and Anti-Xa Measurements in Heparin Monitoring: Biochemical Basis for Discordance. Am. J. Clin. Pathol. 2013, 139, 450–456.
[CrossRef] [PubMed]

3. Guervil, D.J.; Rosenberg, A.F.; Winterstein, A.G.; Harris, N.S.; Johns, T.E.; Zumberg, M.S. Activated Partial Thromboplastin
Time versus Antifactor Xa Heparin Assay in Monitoring Unfractionated Heparin by Continuous Intravenous Infusion. Ann.
Pharmacother. 2011, 45, 861–868. [CrossRef]

4. Eikelboom, J.W.; Hirsh, J. Monitoring Unfractionated Heparin with the APTT: Time for a Fresh Look. Thromb. Haemost. 2006, 96,
547–552. [PubMed]

5. Harr, J.N.; Moore, E.E.; Chin, T.L.; Ghasabyan, A.; Gonzalez, E.; Wohlauer, M.V.; Sauaia, A.; Banerjee, A.; Silliman, C.C. Postinjury
Hyperfibrinogenemia Compromises Efficacy of Heparin-Based Venous Thromboembolism Prophylaxis. Shock Augusta Ga 2014,
41, 33–39. [CrossRef] [PubMed]

6. Billoir, P.; Clavier, T.; Guilbert, A.; Barbay, V.; Chrétien, M.H.; Fresel, M.; Abriou, C.; Girault, C.; Le Cam Duchez, V. Is Citrate
Theophylline Adenosine Dipyridamole (CTAD) Better than Citrate to Survey Unfractionated Heparin Treatment? Has Delayed
Centrifugation a Real Impact on This Survey? J. Thromb. Thrombolysis 2019, 48, 277–283. [CrossRef] [PubMed]

7. Levy, J.H.; Connors, J.M. Heparin Resistance—Clinical Perspectives and Management Strategies. N. Engl. J. Med. 2021, 385,
826–832. [CrossRef]

8. Levine, S.P.; Sorenson, R.R.; Harris, M.A.; Knieriem, L.K. The Effect of Platelet Factor 4 (PF4) on Assays of Plasma Heparin. Br. J.
Haematol. 1984, 57, 585–596. [CrossRef]

9. Billoir, P.; Duflot, T.; Fresel, M.; Chrétien, M.H.; Barbay, V.; Le Cam Duchez, V. Thrombin Generation Profile in Non-Thrombotic
Factor V Leiden Carriers. J. Thromb. Thrombolysis 2019, 47, 473–477. [CrossRef]

10. Billoir, P.; Miranda, S.; Damian, L.; Richard, V.; Benhamou, Y.; Duchez, V.L.C. Development of a Thrombin Generation Test in
Cultured Endothelial Cells: Evaluation of the Prothrombotic Effects of Antiphospholipid Antibodies. Thromb. Res. 2018, 169,
87–92. [CrossRef]

11. Billoir, P.; Alexandre, K.; Duflot, T.; Roger, M.; Miranda, S.; Goria, O.; Joly, L.M.; Demeyere, M.; Feugray, G.; Brunel, V.; et al.
Investigation of Coagulation Biomarkers to Assess Clinical Deterioration in SARS-CoV-2 Infection. Front. Med. 2021, 8, 670694.
[CrossRef] [PubMed]

12. Billoir, P.; Le Cam Duchez, V.; Miranda, S.; Richard, V.; Benhamou, Y. Thrombin generation assay in autoimmune disease. Rev.
Med. Interne 2021, 42, 862–868. [CrossRef] [PubMed]

13. Thomas, O.; Lybeck, E.; Strandberg, K.; Tynngård, N.; Schött, U. Monitoring Low Molecular Weight Heparins at Therapeutic
Levels: Dose-Responses of, and Correlations and Differences between APTT, Anti-Factor Xa and Thrombin Generation Assays.
PLoS ONE 2015, 10, e0116835. [CrossRef]

14. Hemker, H.C.; Al Dieri, R.; Béguin, S. Heparins: A Shift of Paradigm. Front. Med. 2019, 6, 254. [CrossRef] [PubMed]
15. Castelli, G.P.; Pognani, C.; Meisner, M.; Stuani, A.; Bellomi, D.; Sgarbi, L. Procalcitonin and C-Reactive Protein during Systemic

Inflammatory Response Syndrome, Sepsis and Organ Dysfunction. Crit. Care Lond. Engl. 2004, 8, R234. [CrossRef] [PubMed]
16. Levy, J.H. Heparin Resistance and Antithrombin: Should It Still Be Called Heparin Resistance? J. Cardiothorac. Vasc. Anesth. 2004,

18, 129–130. [CrossRef] [PubMed]
17. Marlar, R.A.; Clement, B.; Gausman, J. Activated Partial Thromboplastin Time Monitoring of Unfractionated Heparin Therapy:

Issues and Recommendations. Semin. Thromb. Hemost. 2017, 43, 253–260. [CrossRef]
18. van Roessel, S.; Middeldorp, S.; Cheung, Y.W.; Zwinderman, A.H.; de Pont, A.C.J.M. Accuracy of APTT Monitoring in Critically

Ill Patients Treated with Unfractionated Heparin. Neth. J. Med. 2014, 72, 305–310.
19. Dargaud, Y.; Sorensen, B.; Shima, M.; Hayward, C.; Srivastava, A.; Negrier, C. Global Haemostasis and Point of Care Testing.

Haemoph. Off. J. World Fed. Hemoph. 2012, 18 (Suppl. 4), 81–88. [CrossRef]
20. Kasonga, F.; Feugray, G.; Chamouni, P.; Barbay, V.; Fresel, M.; Hélène Chretien, M.; Brunel, S.; LE Cam Duchez, V.; Billoir, P.

Evaluation of Thrombin Generation Assay in Factor XI Deficiency. Clin. Chim. Acta Int. J. Clin. Chem. 2021, 523, 348–354.
[CrossRef]

21. Feugray, G.; Kasonga, F.; Chamouni, P.; Barbay, V.; Fresel, M.; Hélène Chretien, M.; Brunel, S.; Le Cam Duchez, V.; Billoir, P. Factor
XII Deficiency Evaluated by Thrombin Generation Assay. Clin. Biochem. 2021, 100, 42–47. [CrossRef] [PubMed]

22. Tanaka, K.A.; Szlam, F.; Sun, H.Y.; Taketomi, T.; Levy, J.H. Thrombin Generation Assay and Viscoelastic Coagulation Monitors
Demonstrate Differences in the Mode of Thrombin Inhibition between Unfractionated Heparin and Bivalirudin. Anesth. Analg.
2007, 105, 933–939. [CrossRef]

23. Hirsh, J.; Warkentin, T.E.; Shaughnessy, S.G.; Anand, S.S.; Halperin, J.L.; Raschke, R.; Granger, C.; Ohman, E.M.; Dalen, J.E.
Heparin and Low-Molecular-Weight Heparin: Mechanisms of Action, Pharmacokinetics, Dosing, Monitoring, Efficacy, and Safety.
Chest 2001, 119, 64S–94S. [CrossRef]

24. Levy, J.H.; Tanaka, K.A. Inflammatory Response to Cardiopulmonary Bypass. Ann. Thorac. Surg. 2003, 75, S715–S720. [CrossRef]

http://doi.org/10.3166/rea-2018-0004
http://doi.org/10.1309/AJCPS6OW6DYNOGNH
http://www.ncbi.nlm.nih.gov/pubmed/23525615
http://doi.org/10.1345/aph.1Q161
http://www.ncbi.nlm.nih.gov/pubmed/17080209
http://doi.org/10.1097/SHK.0000000000000067
http://www.ncbi.nlm.nih.gov/pubmed/24351527
http://doi.org/10.1007/s11239-019-01882-1
http://www.ncbi.nlm.nih.gov/pubmed/31098816
http://doi.org/10.1056/NEJMra2104091
http://doi.org/10.1111/j.1365-2141.1984.tb02936.x
http://doi.org/10.1007/s11239-019-01821-0
http://doi.org/10.1016/j.thromres.2018.07.021
http://doi.org/10.3389/fmed.2021.670694
http://www.ncbi.nlm.nih.gov/pubmed/34150806
http://doi.org/10.1016/j.revmed.2021.06.006
http://www.ncbi.nlm.nih.gov/pubmed/34175144
http://doi.org/10.1371/journal.pone.0116835
http://doi.org/10.3389/fmed.2019.00254
http://www.ncbi.nlm.nih.gov/pubmed/31803745
http://doi.org/10.1186/cc2877
http://www.ncbi.nlm.nih.gov/pubmed/15312223
http://doi.org/10.1053/j.jvca.2004.01.013
http://www.ncbi.nlm.nih.gov/pubmed/15073697
http://doi.org/10.1055/s-0036-1581128
http://doi.org/10.1111/j.1365-2516.2012.02855.x
http://doi.org/10.1016/j.cca.2021.10.021
http://doi.org/10.1016/j.clinbiochem.2021.11.014
http://www.ncbi.nlm.nih.gov/pubmed/34843733
http://doi.org/10.1213/01.ane.0000278868.23814.3b
http://doi.org/10.1378/chest.119.1_suppl.64S
http://doi.org/10.1016/S0003-4975(02)04701-X


Int. J. Mol. Sci. 2022, 23, 11219 10 of 10

25. Ljungkvist, M.; Strandberg, K.; Berntorp, E.; Chaireti, R.; Holme, P.A.; Larsen, O.H.; Lassila, R.; Jouppila, A.; Szanto, T.;
Zetterberg, E. Evaluation of a Standardized Protocol for Thrombin Generation Using the Calibrated Automated Thrombogram:
A Nordic Study. Haemoph. Off. J. World Fed. Hemoph. 2019, 25, 334–342. [CrossRef]

26. Moussa, M.D.; Soquet, J.; Lamer, A.; Labreuche, J.; Gantois, G.; Dupont, A.; Abou-Arab, O.; Rousse, N.; Liu, V.; Brandt, C.; et al.
Evaluation of Anti-Activated Factor X Activity and Activated Partial Thromboplastin Time Relations and Their Association with
Bleeding and Thrombosis during Veno-Arterial ECMO Support: A Retrospective Study. J. Clin. Med. 2021, 10, 2158. [CrossRef]
[PubMed]

27. Vandiver, J.W.; Vondracek, T.G. Antifactor Xa Levels versus Activated Partial Thromboplastin Time for Monitoring Unfractionated
Heparin. Pharmacotherapy 2012, 32, 546–558. [CrossRef]

28. Uprichard, J.; Manning, R.A.; Laffan, M.A. Monitoring Heparin Anticoagulation in the Acute Phase Response. Br. J. Haematol.
2010, 149, 613–619. [CrossRef]

29. Szlam, F.; Sreeram, G.; Solomon, C.; Levy, J.H.; Molinaro, R.J.; Tanaka, K.A. Elevated Factor VIII Enhances Thrombin Generation
in the Presence of Factor VIII-Deficiency, Factor XI-Deficiency or Fondaparinux. Thromb. Res. 2011, 127, 135–140. [CrossRef]

30. Gausman, J.N.; Marlar, R.A. Inaccuracy of a “Spiked Curve” for Monitoring Unfractionated Heparin Therapy. Am. J. Clin. Pathol.
2011, 135, 870–876. [CrossRef]

31. Onasoga-Jarvis, A.A.; Leiderman, K.; Fogelson, A.L.; Wang, M.; Manco-Johnson, M.J.; Di Paola, J.A.; Neeves, K.B. The Effect
of Factor VIII Deficiencies and Replacement and Bypass Therapies on Thrombus Formation under Venous Flow Conditions in
Microfluidic and Computational Models. PLoS ONE 2013, 8, e78732. [CrossRef] [PubMed]

32. Basu, D.; Gallus, A.; Hirsh, J.; Cade, J. A Prospective Study of the Value of Monitoring Heparin Treatment with the Activated
Partial Thromboplastin Time. N. Engl. J. Med. 1972, 287, 324–327. [CrossRef] [PubMed]

33. Rosborough, T.K. Monitoring Unfractionated Heparin Therapy with Antifactor Xa Activity Results in Fewer Monitoring Tests and
Dosage Changes than Monitoring with the Activated Partial Thromboplastin Time. Pharmacotherapy 1999, 19, 760–766. [CrossRef]
[PubMed]

34. Brinkman, H.J.M. Global Assays and the Management of Oral Anticoagulation. Thromb. J. 2015, 13, 9. [CrossRef] [PubMed]

http://doi.org/10.1111/hae.13640
http://doi.org/10.3390/jcm10102158
http://www.ncbi.nlm.nih.gov/pubmed/34067573
http://doi.org/10.1002/j.1875-9114.2011.01049.x
http://doi.org/10.1111/j.1365-2141.2010.08129.x
http://doi.org/10.1016/j.thromres.2010.10.017
http://doi.org/10.1309/AJCP60ZGXCJKRMJO
http://doi.org/10.1371/journal.pone.0078732
http://www.ncbi.nlm.nih.gov/pubmed/24236042
http://doi.org/10.1056/NEJM197208172870703
http://www.ncbi.nlm.nih.gov/pubmed/5041701
http://doi.org/10.1592/phco.19.9.760.31547
http://www.ncbi.nlm.nih.gov/pubmed/10391423
http://doi.org/10.1186/s12959-015-0037-1
http://www.ncbi.nlm.nih.gov/pubmed/25762867

	Introduction 
	Results 
	Patients’ Characteristics 
	aPTT, Anti-Xa Activity, and Their Correlation with Inflammatory Response 
	Thrombin Generation Assay 

	Discussion 
	Materials and Methods 
	Population Selection 
	Study Procedures 
	Blood Collection 
	Laboratory Assays 
	Statistical Analysis 

	Conclusions 
	References

