
biomedicines

Review

What Do We Know about Thromboprophylaxis and Its
Monitoring in Critically Ill Patients?

Philippe Cauchie 1,* and Michael Piagnerelli 2,3

����������
�������

Citation: Cauchie, P.; Piagnerelli, M.

What Do We Know about

Thromboprophylaxis and Its

Monitoring in Critically Ill

Patients?Biomedicines 2021, 9, 864.

https://doi.org/10.3390/

biomedicines9080864

Academic Editor: Jean Amiral

Received: 15 June 2021

Accepted: 16 July 2021

Published: 22 July 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Clinical Biology and Oncology-Hematology Department, CHU de Charleroi, Université Libre de Bruxelles,
6042 Charleroi, Belgium

2 Intensive Care, CHU de Charleroi, Université Libre de Bruxelles, 6042 Charleroi, Belgium;
michael.piagnerelli@chu-charleroi.be

3 Laboratory of Experimental Medicine (ULB 222), Faculty of Medicine, Université Libre de Bruxelles,
6110 Montigny-le-Tilleul, Belgium

* Correspondence: philippe.cauchie@chu-charleroi.be; Tel.: +32-71-924-720

Abstract: Venous thromboembolism (VTE), including deep vein thrombosis and pulmonary em-
bolism, is an important complication in patients hospitalized in intensive care units (ICU). Throm-
boprophylaxis is mainly performed with Low Molecular Weight Heparin (LMWH) and, in some
specific patients, with Unfractionated Heparin (UFH). These intensive units are an environment
where individual patient variability is extreme and where traditional antithrombotic protocols are
frequently ineffective. This was known for a long time, but the hospitalization of many patients with
COVID-19 inflammatory storms suddenly highlighted this knowledge. It is therefore reasonable
to propose variable antithrombotic prevention protocols based initially on a series of individual
criteria (weight, BMI, and thrombotic risks). Secondly, they should be adjusted by the monitoring of
anticoagulant activity, preferably by measuring the anti-Xa activity. However, we still face unresolved
questions, such as once- or twice-daily LMWH injections, monitoring at the peak and/or trough, and
poorly defined therapeutic targets. Equally surprisingly, we observed a lack of standardization of the
anti-Xa activity kits.

Keywords: venous thromboembolism; intensive care unit; anti-Xa activity; anticoagulation monitoring

1. Introduction

Venous thromboembolism (VTE), including deep vein thrombosis and pulmonary
embolism, is an important complication in patients hospitalized in intensive care units
(ICU) and is associated with increased morbidity and mortality in these particular pa-
tients. The risk of VTE in ICU patients is two-fold that of a patient admitted to the general
medicine ward. In the observational IMPROVE study including 15,156 medical patients,
Spyropoulos et al. [1] reported that admission to an ICU or coronary care unit was a factor
independently associated with VTE. Several other factors know to increase the risk of VTE
were present in ICU patients: older age, prolonged immobilization due to sedation, mechan-
ical ventilation, central venous catheterization [2], and severe inflammation-like observed
during sepsis [3]. The recent pandemic due to coronavirus disease 2019 (COVID-19), where
the risk of VTE in hypoxic critically ill patients is even greater, reaffirms the importance of
adequate thromboprophylaxis.

In this paper, we review the data from the literature on thromboprophylaxis in ICU
patients—first, from a clinical point of view: comparing the administration of low molec-
ular weight heparin (LMWH) to unfractionated heparin (UFH) and, secondly, from a
laboratory point of view: the monitoring of these anticoagulants. Studies on COVID-19
patients will not be considered, given the many studies still underway on the subject and
the pathophysiology probably being different to explain the high rate of VTE (among
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others, higher levels of inflammation, endotheliitis, and increased production of neutrophil
extracellular traps) [4].

2. Thromboprophylaxis in Critically Ill Patients: Clinical Data

Since the Medenox study by Samama et al. [5] comparing enoxaparin at doses of
40 mg once a day and 20 mg once a day versus a placebo in acutely ill medical patients,
which showed a significant decrease in the level of VTE for the dose of 40 mg of LMWH
versus the placebo, LMWH is recommended in ICU patients, even if this study excluded
patients mechanically ventilated or immobilized for three days. Since this study, the dose
of 40 mg enoxaparin once a day has been used in the majority of ICU patients, and few
new studies on critically ill patients have been performed.

Despite mnemonics by experts of the Critical Care Society (Fast Hug) to encourage
teamwork to check some of the key aspects in the general care of all critically ill patients [6]
and practice guidelines from scientific societies (for example, the American College of
Chest Physicians) that recommends pharmacological VTE prophylaxis in hospitalized
patients with high risk of thrombosis, the omission of thromboprophylaxis by clinicians
is frequent. Lauzier et al. reported in a retrospective audit performed on 1935 patients
in 28 North American ICUs that 15.3% of the patient ICU days (n = 12,756) did not
receive thromboprophylaxis (neither pharmacological nor mechanical) [7]. The reasons for
omission were probably adequate, like a high risk of bleeding (44.5%), current bleeding
(16.3%), recent or upcoming invasive procedures (10.2%), and life support limitations
(6.9%), but also inadequate: no reason (12.9%) and nighttime admission or discharge (9.7%).
Thromboprophylaxis was less often administered to more severe patients: sicker patients,
surgical patients, and those receiving vasoactive drugs or renal replacement therapy.

In 2011, the PROTECT study (Prophylaxis for Thromboembolism in Critical Care
Trial) compared the effectiveness of the two most common pharmacoprevention strategies
against VTE in 3764 medico-surgical critically ill patients: randomization between the
administration of LMWH (subcutaneous dalteparin at a dose of 5000 IU once daily plus
placebo once daily) or UFH at a dose of 5000 IU twice daily. This study showed no difference
in the occurrence of deep venous thrombosis (5.1 versus 5.8% for UFH) but a decrease of the
rates of pulmonary embolism (1.3% for LMWH versus 2.3% for UFH; p = 0.01) and heparin-
induced thrombocytopenia (HIT) in the patients who received LMWH [8]. Moreover, the
cost-effectiveness analysis of this study also reported an advantage for LMWH due to the
lower rates of pulmonary embolus and HIT [9]. Since the PROTECT and their sub-studies,
LMWH remains the cornerstone of the prevention of VTE in critically ill patients, except
perhaps in patients with renal dysfunction [10].

Despite “adequate” thromboprophylaxis, several studies performed on critically ill
patients reported high incidences of VTE. Beitland et al. reported VTE in 27% of the
70 critically ill patients with a stay longer than 48 h treated with dalteparin 5000 IU/day [11].
Zhang et al. observed a cumulative incidence of VTE at 7, 14, 21, and 28 days of, respectively,
4.45%, 7,14%, 7,53%, and 9.55% in 281 patients despite LMWH 4000 UI twice daily [12]. In
153 critically ill trauma patients, Hamada et al. observed in a prospective observational
study an incidence of VTE of 18% despite mechanical and chemical prophylaxis by UFH
(5000 UI/12 h) or LMWH (enoxaparin 40 mg/24 h) [13]. In a retrospective study including
355 septic ICU patients for 2 years, Hanify et al. observed that 42 patients (12.5%) developed
a VTE despite thromboprophylaxis by UFH or LWMH [14]. In this study, the risk factors of
acquiring a VTE were ARDS and higher PEEP and not inflammation, as reported in other
studies [4,15]. VTE was associated with an increased ICU and hospital length of stay [14]. In a
multicentric international study including 3746 medico-surgical critically ill patients, Lim et al.
identified factors that may contribute to failure of the anticoagulant thromboprophylaxis in
the occurrence of VTE [16]. Failure was more likely reported in ICU patients with elevated
body mass indexes (hazard ratio, 1.18 per 10-point increase; 95% CI, 1.04–1.35; p = 0.01), those
with a personal or family history of venous thromboembolism (hazard ratio, 1.64; 95% CI,
1.03–2.59; p = 0.04), and those receiving vasopressors (hazard ratio, 1.84; 95% CI, 1.01–3.35;
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p = 0.046). These authors concluded that the knowledge of the factors predisposed toward
thromboprophylaxis failure and to VTE during critical illness may help clinicians to risk
stratify patients and guide the appropriate thromboprophylaxis [16]. Despite “adequate”
thromboprophylaxis, VTE occurs in 4–15% of ICU patients, depending also on the routine use
of ultrasonography surveillance or not [17]. The exact question all these studies highlighted
was to optimize the risk–benefit balance of thromboprophylaxis in critically ill patients.

3. LMWH: Schema of Thromboprophylaxis

No real data about the administration schema of LMWH exists for critically ill pa-
tients. All of the proposed schemas are extrapolated from other clinical situations. Far
before the COVID-19 pandemic situation, a published series showed a shocking amount
of disagreement regarding the 40-mg fixed dose of enoxaparin efficacy among various
pathologies. This last posology was determined in acute medical hospitalized patients
(Medenox) but not for ICU patients [5]. Higher doses and, above-all, weight-adapted doses
were then proposed.

The term “intermediate dose” is often used to qualify these regimens situated be-
tween a conventional prophylactic and therapeutic regimen. It is often based on a halved
therapeutic dose or injection frequency.

Once-daily injections of 85–100 UI/kg/day were initially used in the secondary pre-
vention of venous thromboembolic disease [18] and are now used for hospital and ambu-
latory primary prevention of high thrombotic-risk patients (pregnant women or cancer
patients) [19,20]. In our institution, we recently adopted this schema for patients with
COVID-19 inflammatory storms [21].

Twice-daily injections of 50 UI/kg (or 0.5 mg/kg) were first developed in primary
prevention in obese patients after bariatric surgery [22,23]. This indication was developed
after the observation of the inadequacy of the conventional dosages for this surgery and
after the recommendation to adapt the dosages to the weights of these patients, often
morbidly obese. Since then, they have been used in other indications, such as in ICU obese
trauma patients [24,25]. Some have proposed them as the “standard initial enoxaparin
regimen” for ICU patients [26].

Head-to-Head Comparison of Once- or Twice-Daily LMWH Injections

To date, the only indication where both regimens have been compared is the outpatient
treatment of venous thromboembolic disease. Both options seem effective and safe for
all LMWH [27]. However, the Riete Registry on enoxaparin pointed out that once-daily
injections had more VTE recurrences, fewer major bleeds, and fewer deaths [28]. These
protocols left critically ill patients in whom LMWH pharmacokinetics could be altered,
and, despite a high anti-Xa peak, for several hours, the anti-Xa activity would be close to
zero [29]. Therefore, in situations with a very high thrombotic risk requiring therapeutic
anticoagulation, the professional consensus favors the protocols with twice-daily injections.
Likewise, for overweight ICU patients with various indications, most modifications in
the United States are based on the initial standard 30-mg twice-daily protocol, and the
principle of a double injection has not been debated [23,25,30,31].

4. Monitoring of Thromboprophylaxis: Peak or Trough or Peak and Trough?

Monitoring LMWHs by anti-Xa activity remains a subject of discussion, and many
experts are not in favor of it. As such, the European Society of Anesthesia (European
guidelines on perioperative venous thromboembolism prophylaxis) only recommends it as
Grade 2C [32].

However, numerous studies have shown that the standard regimens and the very
classic “enoxaparin 40 mg/day or 30 mg/12 h” do not allow the levels of anticoagulants
considered adequate to reach. For example, Robinson et al. reported a 3-day study on
enoxaparin pharmacokinetic in nonobese medico-surgical ICU patients. In this study, four
regimens (40-mg QD, 30-mg BID, 40-mg BID, and 1-mg/kg QD) were compared for their
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ability to maintain the anti-Xa activity between 0.1 and 0.4 IU/mL (samples at the baseline,
4, 12, 16, and 24 h). Eighty patients ranging from 50 to 90 kg in weight were enrolled.
The anti-Xa activity was within the target for 33.3% (40-mg QD), 41.7% (30-mg BID), 83%
(1-mg/kg QD), and 91.7% (40-mg BID) of the study period [33]. These data confirmed the
inadequacy of the standard protocols, especially for more severe or obese patients.

Some studies have been able to establish a link between low levels of LMWH mea-
sured by anti-Xa activity and the occurrence of thrombotic events. Most often, LMWHs
are assessed at the peak, 4 h after injection, as the peak anti-Xa is considered a more
useful predictor of LMWH safety and efficacy than the trough. For instance, in trauma
patients, a study comparing enoxaparin 40-QD versus BID showed a marked increase in
the incidence of DVT when the peak anti-Xa activity was low (22% versus 7%), regardless
of the posology [34].

However, the trough levels also seem to have a clear clinical impact. Previous re-
search involving VTE prophylaxis after hip replacement surgery found that patients with
12-h anti-Xa levels of less than 0.1 IU/mL experienced a significantly higher rate of VTE
(15% versus 6%, p = 0.05), and levels exceeding 0.2 IU/mL were associated with higher
rates of wound hematoma formation (24.5% versus 5.3%, p <0.01) [35]. Other studies have
correlated low trough levels with a higher incidence of VTE [36,37]. This was confirmed by
Malinoski et al. in a study on 54 patients where <0.1 IU/mL trough levels, but not the peak
levels, were associated with more VTE than those with anti-Xa trough levels >0.1 IU/mL
(37 versus 11%, p = 0.026) [38]. There is not always a relationship between the anti-Xa
peak and trough, and perhaps both need to be evaluated to optimize antithrombotic
prophylaxis [39,40].

In fact, peak and trough monitoring each have specific problems. For the peak, it
seems that a correct sampling time is difficult to respect [41]. Moreover, some factors can
induce a variation in the moment when the activity peak is reached, as one versus two
daily doses (3 to 4 h versus 4–6 h) or can alter the subcutaneous reabsorption.

The trough levels are frequently near 0 IU/mL, and these low levels are difficult to
assess: according to the External Quality Control data, the precision decreases significantly
below 0.35 IU/mL [42], and some laboratories indicate a lower limit of quantification at 0.1
or even 0.2 IU/mL [23]. The test setups for heparin monitoring were initially developed
for peak measurements. It is only with the development of Direct Oral Anticoagulants that
a real interest in trough measurements appeared, being the best indicator for accumulation
(stated, e.g., by Ludwig et al. [23]).

However, it seems possible, without major modifications, to obtain very satisfactory
trough results. In our laboratory, we observed over a 2-month period with STA-Liquid Anti-
Xa (Stago, Gennevilliers, France) a standard deviation of 0.01 IU/mL for a pooled normal
plasma (null anti-Xa activity). The problem seems rather to come from the calibration
curves—often very broad, with a measurement range from zero to ~2 IU/mL. A minimal
loss of linearity (usually linear HEMI log) may induce a significative bias at the zero point
(up to 0.05 IU/mL, in our experience). However, this can be compensated by a specific low
curve (e.g., limited to 1 UI/mL) or by using a polynomial instead of linear best fit.

5. UFH in ICU

Although unfractionated heparin (UFH) has been replaced by LMWH for many
reasons, it remains the anticoagulant of choice among selected patients: during extracor-
poreal membrane oxygenation (ECMO), patients with severe renal failure (clearance of
creatinine <30 mL/min2), or patients in whom a rapid reversal of the anticoagulant effect
may be required (atrial fibrillation, VTE, invasive procedure, etc.).

UFH may be used at high, intermediate, or low (prophylactic) doses; however,
evidence-based data remains limited. For prophylaxis, the most common dosage is
5000 U/12 h, but this seems frequently insufficient, especially in obese patients, and
dosages of 5000 U/8 h (King et al. for a review on medical patients) [43] or 8000 U/12 h
have been proposed after bariatric surgery [44].
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An adjustment of these doses is sometimes performed with APTT or anti-Xa activity.
In a study on bariatric surgery, a target of 0.11–0.25 IU/mL was proposed [44]. In another
study, the same team proposed a continuous infusion protocol, which had the advantage of
eliminating many factors of variability, with a target of 0.15–0.25 IU/mL [45]. This must be
compared with the ACCP guidelines for intermediate anticoagulation in pregnant women,
which propose a target of 0.1–0.3 IU/mL [46]. During an internal consensus meeting
in our institution, a target of 0.3–0.5 was proposed as an intermediate UFH target for
thromboprophylaxis in COVID-19 patients (unpublished).

5.1. UFH Monitoring and APTT: The Too-Much Job?

The Activated Partial Thromboplastin Time (APTT) is not a reflection of UFH activity
but a surrogate marker of its concentration. The APTT response to UFH varies with the
reagent composition (activator, phospholipid nature, and concentration) and clot system
detection (mechanical, optical with various wavelengths, and detection algorithm). To
minimize some of these variations, the UFH therapeutic range (HTR) is usually communi-
cated as the ratio of the normal pooled plasma. The only valid way to determine this for
a specific analytical system (one lot of reagents and one type of analyzer) is to establish
the best fit line comparing the APTT result and anti-Xa activity of the ex vivo samples
of patients under UFH therapy and to calculate the APTT ratios for the upper and lower
therapeutic range (0.3–0.7 IU/mL) [47]. Any other intermediate or prophylactic zone
should be established according to the same procedure. Thereafter, the reagent is classified
as lowly (HTR = 1.5–2.5 ratio) or highly (HTR = 2.0–3.0 or 3.5) sensitive to heparin. The
latter are usually preferred for UFH monitoring [48]. Therefore, “crude APTT values” in
seconds are not adequate to communicate an APTT HTR. These procedures, established
more than 20 years ago, are unfortunately little-respected.

However, even after lab-specific HTR determination, the correlation between the
APTT and UFH anti-Xa activity remains poor. In particular, an increase of acute-phase
proteins like factor VIII may falsely reduce the UFH APTT sensitivity, leading to supra
therapeutic UFH levels. Therefore, APTT is not adequate for UFH monitoring in patients
with a major inflammatory syndrome like COVID-19 [49], despite the other problems
with anti-Xa activity. However, with a heparin high-sensitivity APTT, it seems possible
to do a good job. Figure 1 illustrates the relationship between anti-Xa and APTT in our
institution in COVID-19 patients. No heparin resistance seemed to be present, as the
D-dimers, fibrinogen, CRP, and platelets level had no influence on this relationship.

5.2. UFH Monitoring and Anti-Xa Activity

The monitoring of anticoagulants with anti-Xa activity has become widely available
with a new generation of ready-to-use kits at very acceptable costs. Excess Factor Xa is
added to the test plasma and is inhibited by an anticoagulant. Residual Factor Xa cleaves
a synthetic chromogenic substrate. All anticoagulants with anti-Xa activity, either after
binding to antithrombin (UFH, LMWH, Danaparoid, and Fondaparinux) or directly, (anti-
Xa DOACS) can be assayed with these kits, but each time needs a specific setting and the
appropriate calibration.

Being able to test a wide variety of anticoagulants from a single kit is a clear advantage
for laboratory management but also a potential source of error. If there is an error in the
identity of the anticoagulant to be tested (e.g., one DOAC for another), the results may
mislead the clinician. To reduce this risk, in our laboratory, any request for anticoagulant
testing must be done with the international nonproprietary name. Likewise, in the event of
a change of anticoagulant, the results of the dosage of the new anticoagulant will only be
valid after elimination of the old one. In a patient with renal insufficiency, this may take far
more than 24 h. This type of problem is, for example, encountered in patients treated with
LMWH and then shifted to unfractionated heparin for renal failure.
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(Stago), a highly sensitive to heparin APTT reagent, in 218 samples from ICU COVID-19 patients.
Therapeutic consensus area is highlighted. The D-dimers, fibrinogen, CRP, and platelets levels
have no influence on this relationship (comparison of the data pairs for which the parameter of
interest (D-dimers, fibrinogen, CRP, and platelets) is, respectively, below the 25th or above the
75th percentiles).

For the switch from anti-Xa DOAC to heparin, heparin can be assessed after DOAC
elimination by filtration or adsorption procedures [50,51]. The residual concentration of
the DOAC can be assessed by some anti-Xa activity kits that have been adapted with
specific buffers that block the influence of heparin and its derivatives, thus allowing DOAC
determination [52].

5.3. Heparin Resistance and AT and Dextran Discussions

Heparin resistance can be defined as the need for more than 35,000 IU/day to prolong
activated PTT in the therapeutic range or the impossibility of doing so. Several mechanisms
may lead to real or apparent heparin resistance [53]. Real heparin resistance may be due
to a decreased AT level; PF4 liberation (due to platelet activation or PF4 liberation from
endothelium); or aspecific heparin binding to various proteins (vitronectin, fibronectin,
Protein S, kininogen, etc.).

Facing this problem, the assay of heparin anti-Xa activity is considered the gold
standard. However, there are differences between these assays regarding the presence or
absence of exogenous antithrombin (AT), as well as the presence or absence of additional
dextran sulphate (DS), and these differences in composition will induce result discrepancies
in these situations.

To date, kits without exogenous AT seem to be preferred, as they more accurately
reflect the true heparin activity. However, clinical discrepancies seem only to appear for a
very marked AT deficiency (<40%) [54].

Aspecific heparin binding may induce discordance between APTT and some anti-
Xa assays. Indeed, some reagents contain dextran sulfate (DS), whereas other do not.
This is added mainly to prevent ex vivo heparin neutralization by platelet factor 4 (PF4)
released from the platelets. The presence of DS will liberate PF4-bound heparin, and these
assays give higher anti-Xa activity than those that do not contain it [55]. In low values
(~0.2 IU/mL), the difference can rise from simple to double [42]. Likewise, the APTT
reagent will not be sensitive to PF4-bound heparin.

Heparin–protein interactions also occur in vivo and are increased in patients with a
major inflammatory syndrome, like COVID-19 patients. [56]. The role of this reversible
pool of non-AT-linked heparin and the effect of DS on it remain little explored and a subject
of discussion. A close phenomenon has been described after the injection of protamine
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sulphate, where a reagent containing DS gave higher results than expected compared to
classical coagulometric tests [57].

True “false” or “apparent” heparin resistance is mainly due to a loss of sensitivity
of the APTT reagent to the presence of heparin. This seems mainly due to an elevated
concentration of F VIII, a frequently observed phenomenon, and numerous authors have
considered that APTT is inadequate to monitor UFH in these conditions [58], but this point
is still disputed [59]. To date, the lack of standardization between the anti-Xa UFH assays
is still an active and unresolved problem [60].

This problem seems less critical for LMWHs, which have much weaker aspecific inter-
actions, but since most of the tests are performed with enoxaparin, a very low molecular
weight heparin (4500 Daltons), this should be confirmed with a higher molecular weight
LMWH such as tinzaparin (6500 Daltons).

6. Conclusions

COVID-19 let us discover a pathology clearly associated with overweightness, and
the inadequacy of a fixed dose of anticoagulants was suddenly imposed, even though
we have been talking about it for more than 10 years. For both UFH and LMWH, three
therapeutic areas seem to be defined (prophylactic, intermediate, and therapeutic), but
the simple question of one or two injections per day has still not been evaluated in the
most instances.

However, for antithrombotic prophylaxis in ICU patients with a major inflammatory
syndrome, there is strong evidence that an intermediate dose of LMWH should be consid-
ered first. Several arguments, not refuted, plead for a regimen of two daily injections, and
this one is currently the best-known, with validated therapeutic targets. As have others,
we therefore suggest starting with twice-daily 40–50-IU/kg injections and, if the stay is
longer than 4 days, to check the anti-Xa therapeutic targets, including the trough levels.

There are too many variables that influence the APTT for them to serve as a basis for
multicentric evaluations. However, the test that serves as the basis for this discussion, anti-
Xa activity, remains poorly standardized, with clinically significant differences according
to the manufacturer. It is therefore necessary to quickly resolve this problem, considering,
primarily, the request of clinicians: reliable active heparin monitoring.

Author Contributions: Conceptualization; Methodology; Writing—Original Draft Preparation;
Writing—Review & Editing, P.C. and M.P.; Formal Analysis, P.C. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

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

References
1. Spyropoulos, A.C.; Anderson, F.A., Jr.; FitzGerald, G.; Decousus, H.; Pini, M.; Chong, B.H.; Zotz, R.B.; Bergmann, J.F.; Tapson, V.;

Froehlich, J.B.; et al. Predictive and associative models to identify hospitalized medical patients at risk for VTE. Chest 2011, 140,
706–714. [CrossRef] [PubMed]

2. Lewis, T.C.; Cortes, J.; Altshuler, D.; Papadopoulos, J. Venous Thromboembolism Prophylaxis: A Narrative Review with a Focus
on the High-Risk Critically Ill Patient. J. Intensiv. Care Med. 2019, 34, 877–888. [CrossRef] [PubMed]

3. Wang, T.F.; Wong, C.A.; Milligan, P.E.; Thoelke, M.S.; Woeltje, K.F.; Gage, B.F. Risk factors for inpatient venous thromboembolism
despite thromboprophylaxis. Thromb. Res. 2014, 133, 25–29. [CrossRef]

4. Iba, T.; Levy, J.H.; Levi, M.; Connors, J.M.; Thachil, J. Coagulopathy of Coronavirus Disease 2019. Crit Care Med. 2020, 48,
1358–1364. [CrossRef]

5. Samama, M.M.; Cohen, A.T.; Darmon, J.Y.; Desjardins, L.; Eldor, A.; Janbon, C.; Leizorovicz, A.; Nguyen, H.; Olsson, C.G.;
Turpie, A.G.; et al. A comparison of enoxaparin with placebo for the prevention of venous thromboembolism in acutely ill
medical patients. Prophylaxis in Medical Patients with Enoxaparin Study Group. N. Engl. J. Med. 1999, 341, 793–800. [CrossRef]

http://doi.org/10.1378/chest.10-1944
http://www.ncbi.nlm.nih.gov/pubmed/21436241
http://doi.org/10.1177/0885066618796486
http://www.ncbi.nlm.nih.gov/pubmed/30165770
http://doi.org/10.1016/j.thromres.2013.09.011
http://doi.org/10.1097/CCM.0000000000004458
http://doi.org/10.1056/NEJM199909093411103


Biomedicines 2021, 9, 864 8 of 10

6. Vincent, J.-L. Give your patient a fast hug (at least) once a day*. Crit. Care Med. 2005, 33, 1225–1229. [CrossRef]
7. Lauzier, F.; Muscedere, J.; Deland, E.; Kutsogiannis, D.J.; Jacka, M.; Heels-Ansdell, D.; Crowther, M.; Cartin-Ceba, R.; Cox, M.J.;

Zytaruk, N.; et al. Thromboprophylaxis patterns and determinants in critically ill patients: A multicenter audit. Crit. Care 2014,
18, R82. [CrossRef] [PubMed]

8. PROTECT Investigators for the Canadian Critical Care Trials Group and the Australian and New Zealand Intensive Care Society
Clinical Trials Group; Cook, D.; Meade, M.; Guyatt, G.; Walter, S.; Heels-Ansdell, D.; Warkentin, T.E.; Zytaruk, N.; Crowther, M.;
Geerts, W.; et al. Dalteparin versus Unfractionated Heparin in Critically Ill Patients. N. Engl. J. Med. 2011, 364, 1305–1314.
[CrossRef]

9. Fowler, R.A.; Mittmann, N.; Geerts, W.; Heels-Ansdell, D.; Gould, M.K.; Guyatt, G.; Krahn, M.; Finfer, S.; Pinto, R.; Chan, B.; et al.
Cost-effectiveness of Dalteparin vs Unfractionated Heparin for the Prevention of Venous Thromboembolism in Critically Ill
Patients. JAMA 2014, 312, 2135–2145. [CrossRef]

10. Pai, M.; Adhikari, N.K.J.; Ostermann, M.; Heels-Ansdell, D.; Douketis, J.D.; Skrobik, Y.; Qushmaq, I.; Meade, M.; Guyatt, G.;
Geerts, W.; et al. Low-molecular-weight heparin venous thromboprophylaxis in critically ill patients with renal dysfunction: A
subgroup analysis of the PROTECT trial. PLoS ONE 2018, 13, e0198285. [CrossRef]

11. Beitland, S.; Wimmer, H.; Lorentsen, T.; Jacobsen, D.; Draegni, T.; Brunborg, C.; Kløw, N.E.; Sandset, P.M.; Sunde, K. Venous
thromboembolism in the critically ill: A prospective observational study of occurrence, risk factors and outcome. Acta Anaesthesiol.
Scand. 2019, 63, 630–638. [CrossRef]

12. Zhang, C.; Zhang, Z.; Mi, J.; Wang, X.; Zou, Y.; Chen, X.; Nie, Z.; Luo, X.; Gan, R. The cumulative venous thromboembolism
incidence and risk factors in intensive care patients receiving the guideline-recommended thromboprophylaxis. Medicine 2019,
98, e15833. [CrossRef]

13. Hamada, S.R.; Espina, C.; Guedj, T.; Buaron, R.; Harrois, A.; Figueiredo, S.; Duranteau, J. High level of venous thromboembolism
in critically ill trauma patients despite early and well-driven thromboprophylaxis protocol. Ann. Intensiv. Care 2017, 7, 97.
[CrossRef]

14. Hanify, J.M.; Dupree, L.H.; Johnson, D.W.; Ferreira, J.A. Failure of chemical thromboprophylaxis in critically ill medical and
surgical patients with sepsis. J. Crit. Care 2017, 37, 206–210. [CrossRef]

15. Wang, T.F.; Milligan, P.; Wong, C.A.; Deal, E.; Thoelke, M.S.; Gage, B.F. Efficacy and safety of high-dose thromboprophylaxis in
morbidly obese inpatients. Thromb. Haemost. 2014, 111, 88–93. [CrossRef]

16. Lim, W.; Meade, M.; Lauzier, F.; Zarychanski, R.; Mehta, S.; Lamontagne, F.; Dodek, P.; McIntyre, L.; Hall, R.; Heels-Ansdell, D.; et al.
Failure of Anticoagulant Thromboprophylaxis: Risk factors in medical-surgical critically ill patients*. Crit. Care Med. 2015, 43,
401–410. [CrossRef] [PubMed]

17. Arabi, Y.M.; Burns, K.E.A.; Alsolamy, S.J.; Alshahrani, M.S.; Al-Hameed, F.M.; Arshad, Z.; Almaani, M.; Hawa, H.; Mandourah, Y.;
Almekhlafi, G.A.; et al. Surveillance or no surveillance ultrasonography for deep vein thrombosis and outcomes of critically ill
patients: A pre-planned sub-study of the PREVENT trial. Intensiv. Care Med. 2020, 46, 737–746. [CrossRef] [PubMed]

18. Lopaciuk, S.; Bielska-Falda, H.; Noszczyk, W.; Bielawiec, M.; Witkiewicz, W.; Filipecki, S.; Michalak, J.; Ciesielski, L.;
Mackiewicz, Z.; Czestochowska, E.; et al. Low molecular weight heparin versus acenocoumarol in the secondary prophylaxis of
deep vein thrombosis. Thromb. Haemost. 1999, 81, 26–31.

19. Pelzer, U.; Opitz, B.; Deutschinoff, G.; Stauch, M.; Reitzig, P.C.; Hahnfeld, S.; Müller, L.; Grunewald, M.; Stieler, J.M.; Sinn, M.; et al.
Efficacy of Prophylactic Low–Molecular Weight Heparin for Ambulatory Patients with Advanced Pancreatic Cancer: Outcomes
From the CONKO-004 Trial. J. Clin. Oncol. 2015, 33, 2028–2034. [CrossRef] [PubMed]

20. Zwicker, J.I.; Roopkumar, J.; Puligandla, M.; Schlechter, B.L.; Sharda, A.V.; Peereboom, D.; Joyce, R.; Bockorny, B.; Neuberg, D.;
Bauer, K.A.; et al. Dose-adjusted enoxaparin thromboprophylaxis in hospitalized cancer patients: A randomized, double-blinded
multicenter phase 2 trial. Blood Adv. 2020, 4, 2254–2260. [CrossRef] [PubMed]

21. Piagnerelli, M.; Cauchie, P.; Wautrecht, J.C. Optimizing the Risk-Benefit Balance of Thromboprophylaxis in Critically Ill Patients
with Coronavirus Disease 2019. Crit. Care Med. 2020, 48, e988–e989. [CrossRef]

22. Borkgren-Okonek, M.J.; Hart, R.W.; Pantano, J.E.; Rantis, P.C.; Guske, P.J.; Kane, J.M., Jr.; Gordon, N.; Sambol, N.C. Enoxaparin
thromboprophylaxis in gastric bypass patients: Extended duration, dose stratification, and antifactor Xa activity. Surg. Obes.
Relat. Dis. 2008, 4, 625–631. [CrossRef]

23. Ludwig, K.P.; Simons, H.J.; Mone, M.C.; Barton, R.G.; Kimball, E.J. Implementation of an Enoxaparin Protocol for Venous
Thromboembolism Prophylaxis in Obese Surgical Intensive Care Unit Patients. Ann. Pharmacother. 2011, 45, 1356–1362. [CrossRef]

24. Bickford, A.; Majercik, S.; Bledsoe, J.; Smith, K.; Johnston, R.; Dickerson, J.; White, T. Weight-based enoxaparin dosing for venous
thromboembolism prophylaxis in the obese trauma patient. Am. J. Surg. 2013, 206, 847–852. [CrossRef] [PubMed]

25. Kay, A.B.; Majercik, S.; Sorensen, J.; Woller, S.C.; Stevens, S.M.; White, T.W.; Morris, D.S.; Baldwin, M.; Bledsoe, J.R. Weight-based
enoxaparin dosing and deep vein thrombosis in hospitalized trauma patients: A double-blind, randomized, pilot study. Surgery
2018, 164. [CrossRef]

26. Farkas, J. Mythbusting 40 Mg Enoxaparin Daily for DVT Prophylaxis in Critical Illness. 2020. Available online: https://emcrit.
org/pulmcrit/40-enoxaparin/ (accessed on 21 March 2021).

27. Bhutia, S.; Wong, P.F. Once versus twice daily low molecular weight heparin for the initial treatment of venous thromboembolism.
Cochrane Database Syst. Rev. 2013, 7, CD003074. [CrossRef] [PubMed]

http://doi.org/10.1097/01.CCM.0000165962.16682.46
http://doi.org/10.1186/cc13844
http://www.ncbi.nlm.nih.gov/pubmed/24766968
http://doi.org/10.1056/NEJMoa1014475
http://doi.org/10.1001/jama.2014.15101
http://doi.org/10.1371/journal.pone.0198285
http://doi.org/10.1111/aas.13316
http://doi.org/10.1097/MD.0000000000015833
http://doi.org/10.1186/s13613-017-0315-0
http://doi.org/10.1016/j.jcrc.2016.10.002
http://doi.org/10.1160/TH13-01-0042
http://doi.org/10.1097/CCM.0000000000000713
http://www.ncbi.nlm.nih.gov/pubmed/25474533
http://doi.org/10.1007/s00134-019-05899-1
http://www.ncbi.nlm.nih.gov/pubmed/32095845
http://doi.org/10.1200/JCO.2014.55.1481
http://www.ncbi.nlm.nih.gov/pubmed/25987694
http://doi.org/10.1182/bloodadvances.2020001804
http://www.ncbi.nlm.nih.gov/pubmed/32442298
http://doi.org/10.1097/CCM.0000000000004509
http://doi.org/10.1016/j.soard.2007.11.010
http://doi.org/10.1345/aph.1Q313
http://doi.org/10.1016/j.amjsurg.2013.07.020
http://www.ncbi.nlm.nih.gov/pubmed/24070664
http://doi.org/10.1016/j.surg.2018.03.001
https://emcrit.org/pulmcrit/40-enoxaparin/
https://emcrit.org/pulmcrit/40-enoxaparin/
http://doi.org/10.1002/14651858.CD003074.pub3
http://www.ncbi.nlm.nih.gov/pubmed/23857562


Biomedicines 2021, 9, 864 9 of 10

28. Trujillo-Santos, J.; Bergmann, J.F.; Bortoluzzi, C.; López-Reyes, R.; Giorgi-Pierfranceschi, M.; López-Sáez, J.B.; Ferrazzi, P.;
Bascuñana, J.; Suriñach, J.M.; Monreal, M. Once versus twice daily enoxaparin for the initial treatment of acute venous
thromboembolism. J. Thromb. Haemost. 2017, 15, 429–438. [CrossRef]

29. Pannucci, C.J.; Hunt, M.M.; Fleming, K.I.; Prazak, A.M. Weight-Based Dosing for Once-Daily Enoxaparin Cannot Provide
Adequate Anticoagulation for Venous Thromboembolism Prophylaxis. Plast. Reconstr. Surg. 2017, 140, 815–822. [CrossRef]

30. Stephenson, M.L.; Serra, A.E.; Neeper, J.M.; Caballero, D.C.; McNulty, J. A randomized controlled trial of differing doses of
postcesarean enoxaparin thromboprophylaxis in obese women. J. Perinatol. 2015, 36, 95–99. [CrossRef] [PubMed]

31. Taylor, A.; Huang, E.; Waller, J.; White, C.; Martinez-Quinones, P.; Robinson, T. Achievement of goal anti-Xa activity with
weight-based enoxaparin dosing for venous thromboembolism prophylaxis in trauma patients. Pharmacotherapy 2021, 41, 508–514.
[CrossRef]

32. Samama, C.M.; Afshari, A. European guidelines on perioperative venous thromboembolism prophylaxis. Eur. J. Anaesthesiol.
2018, 35, 73–76. [CrossRef]

33. Robinson, S.; Zincuk, A.; Larsen, U.L.; Ekstrøm, C.; Nybo, M.; Rasmussen, B.; Toft, P. A comparative study of varying doses
of enoxaparin for thromboprophylaxis in critically ill patients: A double-blinded, randomised controlled trial. Crit. Care
2013, 17, R75. [CrossRef]

34. Kopelman, T.R.; O’Neill, P.J.; Pieri, P.G.; Salomone, J.P.; Hall, S.T.; Quan, A.; Wells, J.R.; Pressman, M.S. Alternative dosing of
prophylactic enoxaparin in the trauma patient: Is more the answer? Am. J. Surg. 2013, 206, 911–915. [CrossRef] [PubMed]

35. Levine, M.N.; Planes, A.; Hirsh, J.; Goodyear, M.; Vochelle, N.; Gent, M. done to prevent deep vein thrombosis after hip
replacement. Thromb. Haemost. 1989, 62, 940–944.

36. Dhillon, N.K.; Smith, E.J.; Gillette, E.; Mason, R.; Barmparas, G.; Gewertz, B.L.; Ley, E.J. Trauma patients with lower extremity and
pelvic fractures: Should anti-factor Xa trough level guide prophylactic enoxaparin dose? Int. J. Surg. 2018, 51, 128–132. [CrossRef]
[PubMed]

37. Ko, A.; Harada, M.Y.; Barmparas, G.; Chung, K.; Mason, R.; Yim, D.A.; Dhillon, N.; Margulies, D.R.; Gewertz, B.L.; Ley, E.J. Asso-
ciation between Enoxaparin Dosage Adjusted by Anti–Factor Xa Trough Level and Clinically Evident Venous Thromboembolism
After Trauma. JAMA Surg. 2016, 151, 1006–1013. [CrossRef]

38. Malinoski, D.; Jafari, F.; Ewing, T.; Ardary, C.; Conniff, H.; Baje, M.; Kong, A.; Lekawa, M.E.; Dolich, M.O.; Cinat, M.E.; et al.
Standard Prophylactic Enoxaparin Dosing Leads to Inadequate Anti-Xa Levels and Increased Deep Venous Thrombosis Rates in
Critically Ill Trauma and Surgical Patients. J. Trauma. 2010, 68, 874–880. [CrossRef] [PubMed]

39. Goland, S.; Schwartzenberg, S.; Fan, J.; Kozak, N.; Khatri, N.; Elkayam, U. Monitoring of Anti-Xa in Pregnant Patients With
Mechanical Prosthetic Valves Receiving Low-Molecular-Weight Heparin: Peak or Trough Levels? J. Cardiovasc. Pharmacol. Ther.
2014, 19, 451–456. [CrossRef] [PubMed]

40. Berresheim, M.; Wilkie, J.; Nerenberg, K.A.; Ibrahim, Q.; Bungard, T.J. A case series of LMWH use in pregnancy: Should trough
anti-Xa levels guide dosing? Thromb. Res. 2014, 134, 1234–1240. [CrossRef]

41. Lin, A.; Vazquez, S.R.; Jones, A.E.; Witt, D.M. Description of anti-Xa monitoring practices during low molecular weight heparin
use. J. Thromb. Thrombolysis 2019, 48, 623–628. [CrossRef]

42. Hollestelle, M.J.; van der Meer, F.J.; Meijer, P. Quality performance for indirect Xa inhibitor monitoring in patients using
international external quality data. Clin. Chem. Lab. Med. 2020, 58, 1921–1930. [CrossRef]

43. King, C.S.; Holley, A.B.; Jackson, J.L.; Shorr, A.F.; Moores, L.K. Twice vs Three Times Daily Heparin Dosing for Thromboembolism
Prophylaxis in the General Medical Population. Chest 2007, 131, 507–516. [CrossRef] [PubMed]

44. Shepherd, M.F.; Rosborough, T.K.; Schwartz, M.L. Heparin Thromboprophylaxis in Gastric Bypass Surgery. Obes. Surg. 2003, 13,
249–253. [CrossRef]

45. Shepherd, M.F.; Rosborough, T.K.; Schwartz, M.L. Unfractionated heparin infusion for thromboprophylaxis in highest risk gastric
bypass surgery. Obes. Surg. 2004, 14, 601–605. [CrossRef] [PubMed]

46. Clark, N.P.; Delate, T.; Cleary, S.J.; Witt, D.M. Unfractionated Heparin Dose Requirements Targeting Intermediate Intensity
Antifactor Xa Concentration During Pregnancy. Pharmacotherapy 2010, 30, 369–374. [CrossRef] [PubMed]

47. 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]

48. Frère, C.; Philip-Joët, C.; Valadier, J.; Morange, P.-E.; Juhan-Vague, I.; Alessi, M.; Aillaud, M.-F. Evaluation du STA-Cephasreen
(Diagnostica Stago), nouveau réactif liquide prêt à l’emploi pour le Temps de Céphaline + Activateur (TCA). Spectra Biol. 2006,
153, 20–22.

49. Streng, A.S.; Delnoij, T.S.; Mulder, M.M.; Sels, J.W.E.; Wetzels, R.J.; Verhezen, P.W.; Olie, R.H.; Kooman, J.P.; Van Kuijk, S.M.;
Brandts, L.; et al. Monitoring of Unfractionated Heparin in Severe COVID-19: An Observational Study of Patients on CRRT and
ECMO. TH Open 2020, 4, e365–e375. [CrossRef]

50. Favresse, J.; Lardinois, B.; Sabor, L.; Devalet, B.; Vandepapeliere, J.; Braibant, M.; Lessire, S.; Chatelain, B.; Jacqmin, H.;
Douxfils, J.; et al. Evaluation of the DOAC-Stop®Procedure to Overcome the Effect of DOACs on Several Thrombophilia
Screening Tests. TH Open 2018, 2, e202–e209. [CrossRef]

51. Farkh, C.; Ellouze, S.; Gounelle, L.; Houari, M.S.; Duchemin, J.; Proulle, V.; Fontenay, M.; Delavenne, X.; Jourdi, G. A Diagnostic
Solution for Lupus Anticoagulant Testing in Patients Taking Direct Oral FXa Inhibitors Using DOAC Filter. Front. Med. 2021,
8, 683357. [CrossRef]

http://doi.org/10.1111/jth.13616
http://doi.org/10.1097/PRS.0000000000003692
http://doi.org/10.1038/jp.2015.130
http://www.ncbi.nlm.nih.gov/pubmed/26658126
http://doi.org/10.1002/phar.2526
http://doi.org/10.1097/EJA.0000000000000702
http://doi.org/10.1186/cc12684
http://doi.org/10.1016/j.amjsurg.2013.10.005
http://www.ncbi.nlm.nih.gov/pubmed/24296098
http://doi.org/10.1016/j.ijsu.2018.01.023
http://www.ncbi.nlm.nih.gov/pubmed/29367044
http://doi.org/10.1001/jamasurg.2016.1662
http://doi.org/10.1097/TA.0b013e3181d32271
http://www.ncbi.nlm.nih.gov/pubmed/20386282
http://doi.org/10.1177/1074248414524302
http://www.ncbi.nlm.nih.gov/pubmed/24607762
http://doi.org/10.1016/j.thromres.2014.09.033
http://doi.org/10.1007/s11239-019-01920-y
http://doi.org/10.1515/cclm-2020-0130
http://doi.org/10.1378/chest.06-1861
http://www.ncbi.nlm.nih.gov/pubmed/17296655
http://doi.org/10.1381/096089203764467153
http://doi.org/10.1381/096089204323093354
http://www.ncbi.nlm.nih.gov/pubmed/15186625
http://doi.org/10.1592/phco.30.4.369
http://www.ncbi.nlm.nih.gov/pubmed/20334457
http://doi.org/10.1055/s-0036-1581128
http://doi.org/10.1055/s-0040-1719083
http://doi.org/10.1055/s-0038-1657785
http://doi.org/10.3389/fmed.2021.683357


Biomedicines 2021, 9, 864 10 of 10

52. Lessire, S.; Douxfils, J.; Pochet, L.; Dincq, A.S.; Larock, A.S.; Gourdin, M.; Dogné, J.M.; Chatelain, B.; Mullier, F. Estimation
of Rivaroxaban Plasma Concentrations in the Perioperative Setting in Patients with or Without Heparin Bridging. Clin. Appl.
Thromb. Hemost. 2018, 24, 129–138. [CrossRef] [PubMed]

53. Ranucci, M.; Isgrò, G.; Cazzaniga, A.; Ditta, A.; Boncilli, A.; Cotza, M.; Carboni, G.; Brozzi, S. Different patterns of heparin
resistance: Therapeutic implications. Perfusion 2002, 17, 199–204. [CrossRef] [PubMed]

54. Lehman, C.M.; Rettmann, J.A.; Wilson, M.L.W.; Markewitz, B.A. Comparative Performance of Three Anti–Factor Xa Heparin
Assays in Patients in a Medical Intensive Care Unit Receiving Intravenous, Unfractionated Heparin. Am. J. Clin. Pathol. 2006, 126,
416–421. [CrossRef] [PubMed]

55. Ignjatovic, V.; Summerhayes, R.; Gan, A.; Than, J.; Chan, A.; Cochrane, A.; Bennett, M.; Horton, S.; Shann, F.; Lane, G.; et al.
Monitoring Unfractionated Heparin (UFH) therapy: Which Anti Factor Xa assay is appropriate? Thromb. Res. 2007, 120, 347–351.
[CrossRef]

56. Young, E.; Podor, T.J.; Venner, T.; Hirsh, J. Induction of the Acute-Phase Reaction Increases Heparin-Binding Proteins in Plasma.
Arter. Thromb. Vasc. Biol. 1997, 17, 1568–1574. [CrossRef] [PubMed]

57. Mouton, C.; Calderon, J.; Janvier, G.; Vergnes, M.-C. Dextran sulfate included in factor Xa assay reagent overestimates heparin
activity in patients after heparin reversal by protamine. Thromb. Res. 2003, 111, 273–279. [CrossRef]

58. van Roessel, S.; Middeldorp, S.; Cheung, Y.W.; Zwinderman, A.H.; de Pont, A.C. Accuracy of aPTT monitoring in critically ill
patients treated with unfractionated heparin. Net. J. Med. 2014, 72, 305–310.

59. Uprichard, J.; Manning, R.A.; Laffan, M. Monitoring heparin anticoagulation in the acute phase response. Br. J. Haematol. 2010,
149, 613–619. [CrossRef]

60. Toulon, P.; Smahi, M.; De Pooter, N. APTT therapeutic range for monitoring unfractionated heparin therapy. Significant impact of
the anti-Xa reagent used for correlation. J. Thromb. Haemost. 2021. [CrossRef]

http://doi.org/10.1177/1076029616675968
http://www.ncbi.nlm.nih.gov/pubmed/27811211
http://doi.org/10.1191/0267659102pf562oa
http://www.ncbi.nlm.nih.gov/pubmed/12017388
http://doi.org/10.1309/8E3U7RXEPXNP27R7
http://www.ncbi.nlm.nih.gov/pubmed/16880140
http://doi.org/10.1016/j.thromres.2006.10.006
http://doi.org/10.1161/01.ATV.17.8.1568
http://www.ncbi.nlm.nih.gov/pubmed/9301637
http://doi.org/10.1016/j.thromres.2003.09.014
http://doi.org/10.1111/j.1365-2141.2010.08129.x
http://doi.org/10.1111/jth.15264

	Introduction 
	Thromboprophylaxis in Critically Ill Patients: Clinical Data 
	LMWH: Schema of Thromboprophylaxis 
	Monitoring of Thromboprophylaxis: Peak or Trough or Peak and Trough? 
	UFH in ICU 
	UFH Monitoring and APTT: The Too-Much Job? 
	UFH Monitoring and Anti-Xa Activity 
	Heparin Resistance and AT and Dextran Discussions 

	Conclusions 
	References

