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RÉSUMÉ : 

Introduction : 

L’héparine non fractionnée par voie intraveineuse continue (HNF-IVSE) est un anticoagulant 
fréquemment utilisé en réanimation. Son administration est soumise à une surveillance régulière 
de son activité anticoagulante biologique (anti-Xa). De nombreuses études ont été publiées sur 
l’utilisation de protocoles écrits d’adaptation des posologies en fonction de l’anti-Xa, avec pour 
critère d’évaluation la rapidité d’obtention d’un anti-Xa dans la cible, mais aucune sur leur effet 
son équilibration tout au long du traitement par HNF. 

L’objectif principal était de comparer le pourcentage de temps passé dans la cible thérapeutique 
lors de la prescription d’un traitement par HNF IVSE en réanimation, entre avant et après la mise 
en place d’un protocole d’adaptation des posologies d’HNF-IVSE entièrement géré par les 
infirmier·es. 

 
Méthodes : 

Nous avons choisi d’inclure les patient·es hospitalisé·es dans le service de Médecine Intensive 
Réanimation (MIR) à l’hôpital d’Orléans, ayant reçu un traitement par HNF-IVSE pour une durée 
de 48 heures et plus, avec un objectif d’anti-Xa entre 0,3 et 0,7, au cours de la période 2015-2023. 

Le critère de jugement principal était de comparer le temps passé dans la cible thérapeutique 
rapporté à la durée d’administration, chez les patient·es admis·es avant la mise en place du 
protocole et les patient·es    admis·es après. Les objectifs secondaires étaient la description des 
complications thrombotiques et hémorragiques, le nombre et le type de produits sanguins 
transfusés, le statut vital à la sortie de MIR, le nombre de prélèvements effectués et le délai 
d’atteinte des cibles. 

Les données des patient·es ont été obtenues par interrogation du dossier médical informatisé. Le 
critère de jugement principal a été analysé selon deux méthodes : en utilisant une régression 
linéaire multivariable, ajustée sur les paramètres pouvant influencer la pharmacocinétique de 
l’HNF (les données manquantes ont été imputées); en comparant les deux populations après 
matching des sujets afin d’équilibrer aux mieux les différentes variables. 

 
Résultats : 

Trois cent vingt-deux patients ont été inclus·es, 160 avant et 162 après mise en place du 
protocole. L’âge moyen était de 65 ± 12 ans, 235 (73%) étaient des hommes. L’indication de l’HNF-
IVSE était une arythmie pour 97 (30%), une maladie thrombo-embolique veineuse pour 84 (26%), 
un COVID pour 68 (21%). 

Le ratio de temps passé dans la cible rapportée à la durée d’administration était de 72.5% 
[56.3 ;84.5]. Au cours de période avec le protocole de gestion infirmier·e, ce ratio était supérieur 
de 8.6% [3.5;13.8], p = 0,001. Concernant le nombre de produits sanguins transfusés, plus de 
concentrés globulaires ont été transfusés avant le protocole (moyennes respectives de 3,8 et 2,3, 
p = 0.01), il n’y avait pas de différence significative pour les concentrés plaquettaires et les 
plasmas. Trente-quatre évènements thrombotiques sont survenus sans différence entre les 
périodes (respectivement 25 et 9, p = 0.2). Il n’y avait pas de différence sur le nombre 
d’hémorragie sévères (26 évènements avant le protocole et 16 évènements après, p = 0.6), ni sur 
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la mortalité (p = 0.22). Durant la deuxième période, il y avait plus de surdosage au premier Anti-Xa 
≥0.3 (19 vs 53, p = 0.001) et le délai pour atteindre les objectifs thérapeutiques était plus long. 

 
Conclusion : 

Lors de l’administration d’HNF-IVSE, les patient·es de réanimation ont été dans la cible 
thérapeutique un peu plus des deux-tiers du temps d’administration. La mise en place d’un 
protocole de gestion infirmier·e de l’HNF- IVSE était associé à un allongement ce ratio et à une 
moindre nécessité de transfusion de concentrés globulaires. Il n’a pas été noté plus de 
complications. Ces résultats incitent à poursuivre l’exploration dans le cadre d’études 
randomisées. 

 

 

 

 

Mots clefs : 

Héparine Non Fractionnée (HNF), Anti-Xa, Réanimation, Protocole, Temps passé dans la Cible 
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TARGET-COMPARE (Time spent in anti-Xa range among patients treated 
with continuous intravenous heparin: a retrospective study comparing 

before and after protocol of nurse management of heparin) 

 

ABSTRACT: 

Introduction: 

Continuous intravenous unfractionated heparin (iv-UFH) is an anticoagulant frequently used in 
intensive care. Its administration is subject to regular monitoring of its biological anticoagulant 
activity (anti-Xa). Many studies have been published on the use of written protocols for dosage 
adaptation according to anti-Xa, with the evaluation criterion being the speed of obtaining an 
anti-Xa in the target, but none on their effect on its equilibration throughout iv-UFH treatment. 
The primary objective was to compare the percentage of time spent in the therapeutic target 
when prescribing iv-UFH treatment in intensive care, between before and after the 
implementation of a protocol for adapting iv-UFH dosages entirely managed by nurses. 

 

Methods: 

We chose to include patients hospitalized in the Intensive Care Medicine (MIR) department at 
the Orléans hospital, who had received iv-UFH treatment for a duration of 48 hours or more, with 
an anti-Xa target between 0.3 and 0.7, during the period 2015-2023. 

The primary judgment criterion was to compare the time spent in the therapeutic target reported 
to the duration of administration, in patients admitted before the implementation of the protocol 
and patients admitted after. Secondary objectives were the description of thrombotic and 
haemorrhagic complications, the number and type of blood products transfused, vital status at 
discharge from the MIR, the number of samples analysed and the time to reach the target. 

Patient data were obtained by querying the computerized medical record. The primary endpoint 
was analysed using two methods: using multivariable linear regression, adjusted for parameters 
that could influence the pharmacokinetics of iv-HNF (missing data were imputed); by comparing 
the two populations after matching subjects to balance the different variables. 

 

Results: 

Three hundred and twenty-two patients were included, 160 before and 162 after implementation 
of the protocol. The mean age was 65 ± 12 years, 235 (73%) were men. The indication for iv-HNF 
was arrhythmia for 97 (30%), venous thromboembolic disease for 84 (26%), COVID for 68 (21%). 
The ratio of time spent in target reported to the duration of administration was 72.5% [52.4;83.3]. 
During the period with the nursing management protocol, this ratio was 8.6% higher [3.5;13.8], p 
= 0.001. Regarding the number of blood products transfused, more red blood cell concentrates 
were transfused before the protocol (respective means of 3.8 and 2.3, p = 0.01), there was no 
significant difference for platelet concentrates and plasma. Thirty-four thrombotic events 
occurred with no difference between periods (25 and 9 respectively, p = 0.2). There was no 
difference in the number of severe haemorrhages (26 events before the protocol and 16 events 
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after, p = 0.6), nor in mortality (p = 0.22). During the second period, there were more overdoses at 
the first Anti-Xa ≥0.3 (19 vs 53, p = 0.001) and the time to reach therapeutic objectives was 
longer. 

 

Conclusion: 

During the administration of iv-UFH, intensive care patients were within the therapeutic target a 
little more than two-thirds of the administration time. The implementation of a nursing 
management protocol for UFH-IVSE was associated with an extension of this ratio and a 
reduced need for transfusion of red blood cells. No more haemorrhagic complications were 
noted. These results encourage further exploration in the context of randomized studies. 

 

 

 

Keywords:  

Unfractionated Heparin (UFH), Anti-Xa, Resuscitation, Protocol, Time in Therapeutic Range 
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amour du bon vin et de la bonne cuisine, à cette tranquillité qui nous unit, à cet humour 
fin toujours bien saupoudré, à la gentillesse profonde qui t’anime, et à ton amour avec 
Emilie. Santé camarade ! 

Manon, ce cœur d’artichaud derrière un regard noir, cette apparente détente qui cache 
une force de lionne, ou ce ton sérieux qui ne demande qu’une pichenette pour exploser 
de rire sont autant de facettes que j’ai appris à découvrir et qui font qu’aujourd’hui je suis 
heureux de te compter parmi mes amies. À tous nos souvenirs et aux prochains ! 

Adeline, des soirées à boire du Matéous (c’est bien que tu ais arrêté d’ailleurs), aux sous 
colles/LCA, en passant par la cuisine de la vallée, on peut dire que je ne regrette pas 
d’avoir redoubler non plus copine. Je retrouve chez David ton sens de l’hospitalité, ta 
gentillesse et ce grain de folie qui font que même si on se voit peu, ça ne change rien. 

Roman, ton esprit vif t’a toujours permis d’être au top, au travail comme dans la déconne. 
Je suis hyper content de vous avoir (re)trouvé avec Amandine en Géorgie, votre bonne 
humeur et votre gout pour la montagne me font dire qu’on se recroisera plus vite que 
prévu.    

Aymeric, merci pour tes références connues au mot près et ta gentillesse, tu as l’air 
épanouis à Dijon avec ta moitié, que ça dure !   

Elisabeth, de nos gardes aux urgences en D3 à te venue inespérée à Tours, c’est toujours 
des moments trop cool et sans prises de tête, et ça, ça fait plaisir. Merci de nous avoir 
laissé en garderie Antoine, on s’est bien marré, même si ça eu un gout de pas assez ! 
Antoine, merci pour toutes ces références échangées, pour ta détente et ta facilité à te 
laisser embarquer à faire des conneries. Merci d’avoir ramené un peu de Nîmes à Tours 
les copains, hâte de vous revoir pour de plus belles aventures ! 
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Laurine, Guillaume, Laura, ça fait 10ans qu’on se connait, mais j’ai soif de passer plus 
de temps avec vous (même si j’ai l’impression de ne jamais y arriver). C’est toujours très 
fluide et très simple entre nous. 

 

Aux Tourangeaux : 

Alix, de jour : merci pour ces fous rires en pagaille, pour ta gentillesse débordante, pour 
ta motivation permanente et ton goût à relever des nouveaux défis (wake, vélo, fitaya). Alix 
de nuit : merci pour disco-night, merci pour ta folie du ménage de fin de soirée, pour tes 
envies de skate en tandem, ou de nous avoir présenté Marie-Pierre Ronchonchon quand 
Alix de nuit a trop veillé. Alix tout mélangé : je suis heureux de te compter parmi mes 
meilleures amies. Francis, à cette complicité qui nous lie face à nos moitiés mais aussi 
en dehors (finit les apéro débrief du jeudi soir), à cette profonde gentillesse cachée sous 
ton humour grinçant, tes attentions et tes cadeaux seront toujours une source 
d’inspiration. Je suis heureux de vous avoir rencontré les copains.  

Quentin et Victoria, ça fait plaisir que vous soyez sur Tours, le courant est directement 
passé entre nous, j’ai hâte de passer plus de temps ensemble !  

Elli et Clément, quelle belle rencontre, votre bonne humeur, votre esprit ouvert et votre 
zen-attitude font que ne pouvions pas, ne pas nous entendre. Merci Elli de nous avoir fait 
découvrir d’où tu viens, merci Clément pour les sous titres à l’Acropole, à ces supers 
vacances et aux prochaines aventures en jeep ! 

Aude, PE, Helene, Antoine, Sarah, Aline et Amaury, la #CUMPstreetgang. Quand on est 
arrivés à Orléans pour la première fois avec Justine on s’est dit que ça allait être dur, et 
puis quand vous a tous rencontré on s’est rappelé que peu importe l’endroit où on vit 
l’important c’est d’être bien entouré. À tous ces petits repas, ces vacances improvisées, 
et tous ces beaux évènements partagés. 

Nemo, Jack, Claudy, le S, Toufik, mon con, tant de noms ont couvert ta légende. Si ton 
plumage se rapporte à ton ramage tu es le phénix des hôtes de ces bois. Et je le pense. 
Juliette, à ton second degré et ta tranquillité, vous revenez habiter à l’appart quand vous 
voulez ! 

Marie, merci de penser en dehors du bocal, tu te nourris d’inspirations multiples pour 
ouvrir ton regard, faire ce qui te parait juste et tracer ton propre chemin. Ça reste une 
source d’inspiration pour moi. Promis je viendrai en creuse un jour ! 

Mathilde et Etienne, même si on se voit que trop peu c’est toujours un plaisir et un bon 
moment, j’ai hâte de profiter un peu plus de vous et de rencontrer Eliot ! 

Abdallah, mon compatriote des cigales, merci pour ta constante bonne humeur. Ta 
gentillesse et ta volonté de fer restent invariables tout au long de cet internat. Tu régales 
régaler et ça fait plaisir. 
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Paul, monsieur le Maire, à ces semestres passés sous votre juridiction faits d’apéro aux 
balcons, de séances de wake et de bonne marrade en salle de pause. J’espère 
sincèrement être à nouveau un de vos administrés. Cordialement. 

Matthieu, merci pour ton énergie et ta bonne ambiance permanente (et aussi de m’avoir 
réveillé de temps en temps), on s’est régalés ce semestre et tu n’y es pas pour rien. 
J’espère qu’on réussira à se recroiser un jour et que tu n’oublieras pas Catherine. 

Audric, à ce coup d’avance que tu as toujours au travail et qui est une source 
d’inspiration, à cette répartie de sniper que tu caches bien, et à ta profonde gentillesse. 
J’espère qu’on repartagera un semestre ensemble ! 

Alexandra, mon binôme de début d’internat, à nos ennemis communs (sus aux vieilles 
chouettes) et nos idéals commun (Raphael <3), à ce flegme manié avec aisance qui te 
permet d’être à l’aise partout et à ton amour pour l’échographie. Régale-toi bien à la 
réunion !  

Raphael et Agathe, difficile de vous séparer les compères, merci pour ces débriefings 
aux balcons de l’internat qui étaient toujours prompts à partir sur d’autres sujets et à se 
taper des barres. J’espère qu’on se refera un semestre ensemble. 

Olivier, Claire, Aurélien², Lucile, à ces semestres d’été à Orléans passés sous les signes 
du wake et de la bonne zic, je suis hyper content d’avoir rencontré votre team, en espérant 
se voir un peu plus sur la fin de l’internat !  

Anaïs et Benjamin, ça me fait trop plaisir de vous avoir rencontré les loulous, comme 
quoi Orléans c’est une terre de gens biens ! Hâte de profiter de vous en terre Tourangelle 
ou Lyonnaise ! 

À la coloc d’Orléans : Alexandre, Fany, Marion, Laury, Lola, merci pour ce semestre, 
pour ces petits barbeucs, la bonne ambiance, ou le tournoi de volley en équipe qu’on n’a 
jamais fait. C’était vraiment cool !  

Coloc Nantes : Pierre, Marine, Maureen, merci pour ce semestre à Nantes, pour m’avoir 
fait découvrir cette super ville, pour les petites bouffes et les petits verres, ça m’a fait 
grave plaisir. J’espère qu’on se reverra rapidement ! 

 

 

À tous les copain/ines que je n’oublie pas (mais si les remerciements sont plus long que 
la thèse ça fait désordre) : Romain G, Adrien, Aymeric, Joséphine, Lousavana, Alexis, 
Augustin, Thomas, Alexandre, Guillaume, Arnaud, Nicolas, Astrid, Juliette, Justine, 
Marie… 

Et tous ceux que j’ai oublié sur ce papier, ne le prenaient pas mal, vous me connaissez. Si 
nous avons partagé quelques tranches de rigolade c’est que vous avez conté pour moi et 
je ne vous oublierai pas. 
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À mon Amour 

Parce que tu rentres dans toutes les catégories et dans aucune à la fois, tu mérites 
parfaitement la tienne. 

Cette insouciance en P2 qui nous portait jusqu’à l’aube, nos voyages et cette soif de 
découvrir le monde, notre retour sur les bancs de la fac en D4, notre nouvelle vie à 
l’internat ensemble et à distance, tous ces moments ont une valeur et une force propre, 
tous sont des briques qui ont permis de construire cette complicité qui font 
qu’aujourd’hui, je ne suis entier que si nous sommes deux. 

Merci de continuer à m’inspirer par ta curiosité sans bornes et insatiable, merci pour ta 
bonté profonde qui m’est un modèle d’humanité, pour ton grain de folie qui fait que 
chaque instant est une surprise, et surtout merci d’avoir toujours cru en moi comme si 
c’était une évidence.  

Tu as toujours su me pousser à être meilleur, et si je suis qui je suis aujourd’hui c’est grâce 
à toi.  

À notre union qui est une évidence, à tous les projets qui nous attendent, et à ceux qui 
nous tombent dessus sans qu’on les ai prévu (la spéciale).  

Je t’aime Justine. 
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Introduction: 
Unfractionated heparin (UFH) administered via continuous intravenous infusion (iv-UFH) has 

been used for over half a century in the management of vascular thromboses. Despite the advent 

of new anticoagulants that are simpler to administer and/or do not require biological monitoring 

(low molecular weight heparin, direct oral anticoagulants), iv-UFH continues to be widely used 

among hospitalised patients. Reasons for its sustained use are its short half-life and its 

reversibility with protamine, which provide greater flexibility in unstable conditions such as critical 

care.1 It is estimated that approximately 10 to 20% of intensive care patients will receive iv-UFH 

during their hospital stay, for various indications including thromboembolic disease, 

supraventricular arrythmias, and extracorporeal circulation.2 

UFH is a complex of glycosaminoglycans with molecular weights ranging from 3000 to 30000 kDa. 

It exerts its anticoagulant activity by binding to Antithrombin III (AT3), thereby enhancing the 

natural anticoagulant activity of AT3 through inhibition of coagulation cascade factors Xa and IIa.1 

The concentrations of various endothelial and plasmatic proteins fluctuate both between 

individuals and within the same individual depending on the physiologic state. These proteins 

bind to the AT3-Heparin complex, thereby reducing the amount of circulating AT3-Heparin 

complexes and diminishing its anticoagulant effect. Additionally, the clearance of heparin is 

complex and non-linear, involving two distinct mechanisms. One is rapid and saturable, mediated 

by endothelial cells and macrophages, primarily in the liver, with a high affinity for higher chains. 

The other is a slower, non-saturable, first-order process, mainly occurring in the kidney, with a high 

affinity for smaller chains. Consequently, the pharmacokinetics and activity of iv-UFH are difficult 

to predict and necessitate regular monitoring.3 

The routine biological measurement of anticoagulant activity was initially performed using the 

activated partial thromboplastin time (aPTT) test. The target anticoagulant activity in studies 

assessing the utility of heparin anticoagulation aimed to achieve an aPTT ratio of 1.5 to 2.5 times 

the control.4 For several reasons—including inter- and intra-individual variability, the influence of 

inflammatory syndromes, and reproducibility issues —the measurement of iv-UFH anticoagulant 

activity in critical care by Anti-Xa activity testing has been preferred.5–9 

The studies supporting the benefits of biological measurements are outdated, and the timing of 

the dosages may not have been optimal. Nevertheless, it appeared that under-dosing during the 

first two days of treatment was associated with a recurrence or worsening of thromboses.10–12 The 

relationship between overdosing and the occurrence of haemorrhagic episodes was also not fully 

established.10,13 Furthermore, assessing the harmful effects of administering doses outside the 
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therapeutic target range has been challenging, especially due to the rarity of complications 

(thrombotic during under-dosing and haemorrhagic during overdosing), which require very large 

patient cohorts. Despite these uncertainties in the literature, daily practice involves adjusting the 

administered dosage based on the previous measurement, increasing the dosage if it falls below 

the lower target value (1.5 for aPTT, 0.3 IU/ml for Anti-Xa), or decreasing it if it exceeds the upper 

target value (3 for aPTT, 0.7 IU/ml for Anti-Xa). 

 

Numerous articles have been published on the use of a nomogram for adjusting iv-UFH dosages. 

The primary goal was to reduce the time to achieve the anticoagulant effect (time to first aPTT or 

Anti-Xa above the lower target value), without focusing on subsequent dosage adjustments during 

hospitalization.12–17 Therefore, little is known regarding the efficacy of nomograms to justified to 

evaluate the efficacy and tolerance of iv-UFH administration throughout intensive care 

hospitalisation. In the absence of solid clinical criteria (which are rarely observed and would 

require large cohorts), the assessment of biological anticoagulant activity could serve as an 

indicator of the quality of the iv-UFH prescription and administration. The percentage of time 

spent within the therapeutic target relative to the duration of the prescription appears to be a 

relevant evaluation criterion reflecting adherence to the immediate goals set by the clinician 

encompassing the entire prescription period. 

We aimed to compare, among a cohort of intensive care patients treated with iv-UFH, the quality 

of therapeutic anticoagulation as measured by the percentage of time spent within the 

therapeutic target (relative to the duration of administration) between two periods: before and 

after the implementation of a paramedical anticoagulation management nomogram. 

 

Methods : 
In this retrospective, single-centre, observational study, we aimed to include all the patients 

hospitalised in our intensive care unit (ICU) between 2015 and 2023 who were treated with iv-UFH 

for at least 48h. Exclusion criteria included an Anti-Xa target not clearly specified or outside the 

range of 0.3 ≤ Anti-Xa ≤ 0.7 IU/ml, or patient undergoing extracorporeal membrane oxygenation. 

Data were extracted from electronic charts (ICCA, IntelliSpace Critical Care and Anesthesia, 

Koninklijke, Netherlands). Unstructured data were collected through consultation of the 
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electronic medical records, while structured data were obtained via computational queries of the 

database managed by the software. 

 

iv-UHF protocol 
During the first period of the study, the management of iv-UHF administration, including initial 

dosage, drug adjustment, and the frequency of biological sampling, was determined by the 

attending physician. No boluses were administered for initiating iv-UFH initiation. 

Since June 2021, a body weight-based nomogram was implemented, which was provided to the 

nurses to guide initial dosing of iv-UFH (both bolus and infusion rate), schedule the Anti-Xa 

sampling (4 to 6 hours after modifying the administration), and adjust the infusion rate based on 

the Anti-Xa results (Supplementary material, Table S1). Briefly, administration begins with a 50 

IU/kg bolus of UFH, followed by an infusion at a rate of 12 IU/kg/h of iv-UFH. If Anti-Xa is < 0.3 

IU/ml, an increase of 1 IU/kg/h is recommended for every 0.1 UI/ml below 0.3 UI/ml. If Anti-Xa is 

in the range of 0.3 IU/ml to 0.7 IU/ml, the infusion rate remains unchanged. For Anti-Xa ≥ 0.7 IU/ml, 

a decrease of 1 IU/kg/h is recommended for every 0.1 IU/ml above 0.7 IU/ml. If Anti-Xa is ≥ 0.9 

IU/ml, stopping the infusion for one hour and to resume with a decrease of 3 IU/kg/h is advised. If 

Anti-Xa is ≥ 1 IU/ml, it is recommended to stop infusion and to resume at the physician’s discretion 

with a decrease of 4 IU/kg/h. 

 

Primary outcome 
We chose as our primary outcome the percentage of time spent in the therapeutic range (0.3 ≤ 

Anti-Xa ≤ 0.7 IU/ml) relative to the duration of the iv-UFH infusion. The time within the therapeutic 

target will be determined by the duration from the first Anti-Xa within the target range to the next 

Anti-Xa outside the target (or the cessation of administration, whichever occurs first). 

Due to software issues, when calculating the duration of iv-UFH administration, we may 

encounter measurement difficulties due to potential missing data in the computerized monitoring 

sheet. The software used for gathering data from electric syringe systems can disconnect 

spontaneously, randomly, and repeatedly (de-linking the gathered information from the 

prescription). Consequently, it will not be possible to confirm retrospectively whether a zero-flow 

rate was due to the syringe stopping or to a cessation of data transmission. Furthermore, data 

collection will only resume if human intervention restores the flow from the software (re-linking 

the data output of an electric syringe system to an ongoing prescription). Thus, it is possible that 
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several hours of administration may not be documented in the record (and therefore not 

accounted for in the analysis). To assess this potential measurement bias, we will isolate 

prescription units according to seven strategies: 

The beginning of an administration period starts with the first record of a non-zero infusion rate 

(either the first of the stay or the first following a previously interrupted administration period). The 

end of this administration period will be calculated in seven different ways, defined by the point 

at which there is no resumption of infusion for a duration strictly greater than 60, 90, 120, 150, 

180, 210, and 240 minutes, respectively. For example, under the "UFH60" measurement strategy, 

the duration of administration will be calculated from the first upward rate of non-zero infusion to 

the first interruption exceeding 60 minutes strictly; under the "UFH90" strategy, it will be 

calculated from the first non-zero rate to the first interruption exceeding 90 minutes strictly, and 

so on. The "UFH240" strategy will be the duration of administration used to measure the main 

judgment criterion. Thus, we will have six other different administration durations for each patient, 

and therefore six other calculations of the percentage of time spent within the target. Hence the 

ratio of the time within the therapeutic range by the time of administration according to the 

UFH240 method defined our primary outcome, called “Regular Anti-Xa ratio”, calculation is 

depicted in Figure 1. 

We calculated the “mean Anti-Xa ratio” using the Rosendaal method,18 which estimates the point 

at which Anti-Xa crosses the threshold (either lower or upper limit) by assuming a lineal kinetic 

trajectory between two Anti-Xa, one of which falls outside the therapeutic target range (or the 

cessation of administration, whichever occurs first). Subsequently, if applicable, periods within 

the target will be added (Figure 2). 

 

Secondary outcomes: 
To assess efficacy of anticoagulation, we chose to record thrombotic events (deep venous 

thrombosis, pulmonary embolism, systemic embolism, cerebral infarction or myocardial 

infarction), and the delay to achieve Anti-Xa in the target 0.3-0.7 IU/ml. To assess safety, we chose 

to record haemorrhagic events, evaluate their severity using the Bleeding Academic Research 

Consortium definition for bleeding (BARC) and International Society on Thrombosis and 

Haemostasis (ISTH) criteria and to record the delay to iv-UFH overdose (defined by Anti-Xa above 

0.7 IU/ml).19,20 We also recorded the number and type of blood transfusion, the number and reason 

for iv-UFH interruptions, mortality in ICU, and numbers of Anti-Xa sampling. 
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Ethical considerations: 
The study protocol was approved by the Ethic Committee of the French Society of Intensive Care 

(FICS/SRLF, number 24-029) who waived the need for patient consent due to the nature of the 

study. However, we send all patients an information letter via regular mail with the purpose of the 

study and the data gathered. They were allowed to refuse to participate by contacting the 

investigator. 

 

Statistical analysis: 
The primary outcome (percentage of time spent in the therapeutic range on time spent with iv-

UFH infusion) was analysed in two distinct ways. 

First, we performed a multivariable linear regression model. The model was adjusted for factors 

that may modify the iv-UFH pharmacokinetics: 

- age 

- sex 

- weight 

- height 

- Simplified Acute Physiology Score 221 

- renal function [according to the KDIGO]22 

- history of chronic kidney disease or hepatic cirrhosis 

- existence of acute thrombosis 

- inflammation [reflected by the fibrinogen blood level] 

- haemoglobin level 

- platelets count 

- International Normalized Ratio (INR) 

- need for renal replacement therapy 

- need for invasive mechanical ventilation and indication for anticoagulation)3,23 

Missing variables, which were considered as missing at random, were imputed by multivariable 

imputation by chained equations and to create 55 distinct imputed populations (number 

determine according to Von Hippel24,25). Multivariable linear regression was applied to each of the 

55 imputed populations and the results were “pooled” according to the Rubin’s rule considering 
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the imputed between-population variance.26 The difference between the groups (second period 

minus first period) is presented with its 95% confidence interval.  

Second, as it was expected that the populations of the two periods could not be well balanced on 

a number of variables (i.e., with a standardized mean difference > 0.10)27,28 concerning factors 

known to influence iv-UFH pharmacokinetics, we planned to match patients from the first period 

with patients from the second period on these covariates, in each of the 55 imputed datasets 

using the subclass method,29 and to adjust the analyses for covariates that still remained poorly 

balanced after matching. The difference between groups (second period minus first period) and 

its 95% confidence interval were calculated by considering the imputed between-population 

variance according to Rubin’s rule.  

As sensitivity analyses, the same analyse was performed for all methods of administration 

duration assessment (UFH60 to UFH210), as well as for the evaluation of time spent within the 

therapeutic target range using the Rosendaal method. 

Continuous variables are reported as mean (standard deviation [SD]). Proportions were 

compared by chi-square test or Fisher exact test. Hazard ratios are given with their 95% 

confidence interval (CI). A two-tailed P-value <0.05 was considered statistically significant. 

Delays to achieve Anti-Xa in therapeutic range and to achieve overdosage were depicted in a 

Kaplan-Meier survival curve and difference estimated using Cox regression model or accelerated 

failure time model as appropriate (i.e., when the Cox proportional assumption was not satisfied). 

 

Numbers of subjects needed (NSN): 
The calculation of the required number of subjects was based on very indirect data. Indeed, the 

time spent, or the proportion of time spent within the therapeutic target, has been studied in 

patients treated with vitamin K antagonists.18,30 The proportion of time spent within the 

therapeutic target has also been compared among patients treated with iv-UFH, between those 

monitored by aPTT measurement and those monitored by anti-Xa activity testing.5,16,31–33 However, 

no study has compared the time spent within the target between two different methods of 

administering iv-UFH. Thus, there was no estimation in the literature of the time spent within the 

target when iv-UFH is administered according to a protocol entirely managed by physicians or by 

nurses. Moreover, the best way to measure or assess the proportion of time spent within the target 

is not established.17 Ting et al. reported a percentage of time spent within the target of 

approximately 40% with a standard deviation of about 25%.17 In a retrospective study conducted 
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in our department (unpublished data) comparing the time spent within the target when monitoring 

anticoagulant activity via aPTT or anti-Xa in patients with atrial fibrillation, the percentage of time 

spent within the target ranged between 50% and 64% with a standard deviation of 24% to 28%. 

Assuming that the average percentage of time spent within the target increases from 60% to 70% 

between the two periods, and that the standard deviation of the difference between the periods 

is 20%, a total of 170 patients were required to demonstrate such a difference (using a Student's 

t-test) at a type I error rate of 5% and with a power of 90%. Thus, the required number of subjects 

was set to a minimum of 85 patients in each period. The final number of subjects included finally 

depended on the number of eligible subjects in our database. 

 

Results: 
From 2015 to 2023, a total of 322 patients were included in the study, with 160 (49.7%) 

hospitalised during the first period (before implementation of the nomogram) and 162 (50.3%) 

during the second period (after implementation of the nomogram). Most of the patients were male 

(73.0%) with a mean age of 65.0 (12.1) years. Obesity (Body Mass Index > 30 kg/m²) was present 

in 37.9% of the patients. Past medical histories of chronic arterial hypertension, diabetes mellitus 

and atrial fibrillation were present in 60.2%, 64.9% and 25.5% of patients respectively. Cirrhosis 

and chronic kidney disease were present in 3.1% and 12.7% of the cohort. One hundred and six 

patients (32.9%) were already receiving anticoagulant treatment (12.7% with vitamin K 

antagonists, 3.1% with heparin and 17.1% with direct oral anticoagulant) and 90 (28%) were on 

antiplatelet agents. At admission, 79.2% of the patients presented with acute respiratory failure, 

76.7% with an infection (87.0% of these located in the lung or pleura), 33.9% with acute kidney 

injury and 29.5% with shock. The indications for iv-UFH were atrial fibrillation (30.8%), venous 

thromboembolism (26.0%), COVID-19 (21.6%) and other embolic cardiopathies (14.6%). 

Demographic data, condition at admission and indications for anticoagulation are detailed in 

Table 1. 

 

Primary outcome 
The percentage of time spent in the therapeutic range during iv-UFH infusion was 72.5% 

[56.3;84.5], with 70.6% [52.4;83.3] during the first period and 74.2% [61.0;85.3] during the second 

period. Difference between groups (post-nomogram implementation [second period] minus pre-

nomogram [first period]) adjusted for parameters known to modified pharmacokinetics of iv-UFH 
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was 8.6% [3.4;13.8], 8.6% [3.5;13.8] after imputation, p = 0.001. The entire cohort was matched 

(322 patients), and except for platelets and height, all parameters were well balanced (Fig 3). The 

difference between groups, after adjustment for platelets count and height, was 10.3% [5.4;15.2], 

p < 0.001. 

 

Secondary outcomes 
Sensitivity analyses 

Results seemed to be consistent among the different methods of administration duration 

assessment (“Regular Anti-Xa ratio” using UFH60, 90, 120, 150, 180, 210 methods). Considering 

the Rosendaal method evaluating the time spent in the Anti-Xa therapeutic ranges (“Mean Anti-

Xa ratio”), results were consistent, with significant differences among the matched cohort (results 

are depicted in Table 2). 

Time to achieve Anti-Xa value in specific ranges 

Regarding the first Anti-Xa dosage above 0.3 IU/ml following iv-UFH initiation, 241 were between 

0.3 to 0.7 IU/ml, and 72 were overdosed (19 during the first period vs 53 during the second, p < 

0.001). Patients appeared to achieve the therapeutic objective sooner during the first period 

(median time of 724 [435;1320] minutes) comparing to the second period (992 [349;1982] 

minutes, p = 0.37; Table 3, Fig 4). 

Time to first subsequent overdose was shorter in the second period as well (with a median time 

of 1003 [338;6396] minutes during the second period vs. 6652 [1342;15876] minutes during the 

first period, p = 0.002; Table 3, Fig 5). 

Thrombotic events 

During iv-UFH treatment, 34 patients experienced a thrombotic event: 23 cases of venous 

thrombo-embolism and 11 of arterial thrombo-embolism, 25 occurring during the first period and 

9 in the second (p=0.19). We documented 260 interruptions of iv-UFH among 137 patients. The 

main reasons for these interruptions were invasive procedure (157 instances) and haemorrhagic 

event (80 instances).  

Haemorrhagic events 

Of the 144 haemorrhagic complications, 42 episodes were classified as severe haemorrhage, 

with 26 in the first period and 16 in the second (p=0.6). Twenty-seven patients required a red blood 
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cell transfusion, 17 (10.6%) during the first period and 10 (6.2%) during the second (p=0.16). 

Eighteen patients received a platelet transfusion (7 in the first period and 11 in the second, p=0.9) 

and 19 received frozen plasma (7 in the first period and 12 in the second, p=0.7). The severity of 

the haemorrhage, according to the BARC criteria are depicted in the Table 4. 

Mortality 

One hundred and four patients died in the ICU (46 and 58 during first and second respectively, p 

= 0.22). For six of them death was related to an ischemic complication, and for three to a 

haemorrhagic complication. 

 

Discussion: 
In this cohort of patients receiving iv-UFH during their ICU stay, the proportion of time spent in the 

therapeutic range was 72.5%. Compared to the first period, this proportion has improved by about 

9% in the second period (use of a nurse driven nomogram). Analyses made with different 

consideration of UFH administration duration or using the Rosendaal method were consistent 

with these results. Time to achieve Anti-Xa in the therapeutic range was longer and time to 

overdose was shorter during the second period, with no apparent increase in the incidence of 

thrombosis or haemorrhagic complication. 

Two studies evaluated the time in therapeutic range (TTR) using aPTT monitoring, employing the 

Rosendaal method, which was used to assess TTR in warfarin trials.17,34 This method assumes a 

linear progression between two blood measurements and can extrapolate the moment when the 

biological effect crosses the therapeutic range.18 The authors observed that 40-50% of the time 

was spent within the therapeutic range. Given the absence of a protocol during the first period of 

our study, we anticipated variations in the frequency of Anti-Xa sampling and the intervals 

between these samples between the two periods. Moreover, ICU patients are often prone to 

acute organ failure, such as kidney or liver dysfunction, modification in inflammation status, 

which can impair the pharmacokinetics of iv-UFH and result in non-linear drug metabolism. 

Therefore, we deliberately chose not to utilise this criterion for evaluating our main judgement 

criteria. Compared to these studies, our results may have been more favourable because we 

used an Anti-Xa monitoring, which is less prone to inter and intra-individual variation.6,7 

Regarding the delay in achieving Anti-Xa in the therapeutic target, we observed a longer delay 

during the second period (even if difference between the periods is not significant). On the other 
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hand, overdosage occurred sooner during the second period, particularly during the first 24 hours 

where more than 50% of these happened. Furthermore, it was more common for patients to start 

with an overdose during the second period. We hypothesised that these were due to the 

administration of the bolus, introduced only during the second period. It could have led to an early 

overdosage, and since more patients initially experienced overdosage, achieving the therapeutic 

range took longer. The response to a UFH bolus is difficult to predict in the ICU,3,23 and it may lead 

to extended times to achieve therapeutic objectives, which has been associated with worst 

outcomes in the literature.10,11,35 Therefore, the appropriateness of bolus administration and the 

variables associated with the overdosage should be evaluated in future studies. 

As previously described in the literature, we observed a reduction in Anti-Xa sampling.36,37 This 

decrease in blood sampling could benefit patients by reducing the risk of anaemia associated 

with blood spoliation. Additionally, it may contribute to decreasing the workload for paramedics 

and physicians, streamlining care processes and potentially improving overall patient outcome 

and resource utilisation. 

Our study had several limitations. It was a single-centre, retrospective study, and we intentionally 

excluded patients undergoing extracorporeal membrane oxygenation. The results must be 

considered in the context of the potential effects of the COVID-19 pandemic, which 

predominantly occurred during the first period of our study. It has been documented that COVID-

19 patients exhibit high levels of inflammation and distinct coagulopathy disorder.38 In response, 

some studies have suggested the administration of therapeutics rather than prophylactic doses 

of heparin in ARDS related COVID-19.39 In our cohort, the indication for COVID-19 corresponds to 

the administration of iv-UFH in the absence of a confirmed thrombotic event. Due to the altered 

pharmacokinetics of iv-UFH, delayed imaging assessments of thromboembolic events, the 

incidence of thrombotic events could be higher in this population. This potential confounding bias 

should have been mitigated by multivariate analysis. 

Prospective randomized studies are needed to corroborate these findings and to further 

investigate the optimal time in the therapeutic range and its impact on significant clinical 

outcomes. Factors associated with overdosage should also be investigated to improve future 

nomogram efficiency. 
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Conclusion: 

This study demonstrated that the implementation of a nurse-driven nomogram was associated 

with a significant increase of the time spent within the therapeutic range during iv-UFH 

administration in the ICU by approximately 9%. However, longer time to achieve therapeutic range 

and earlier overdosing were observed without significant effect on thrombotic or haemorrhagic 

complications. These findings highlight the potential of nomograms to optimise anticoagulation 

management. However, further prospective studies are necessary to validate these results and 

improve protocols for achieving optimal therapeutic outcomes. 
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Tables 
Table 1: Demographic characteristics of the population. 

Variables Overall First Period Second 
Period 

P value Missing 
values 

n 322 160 162   

Age (mean (SD)) 65.0 (12.1) 65.3 (12.5) 34.6 (11.8) 0.624 0 

Males (%) 235 (73.0) 117 (73.1) 118 (72.8) 1.000 0 

Weight (kg) (mean (SD)) 84.9 (20.5) 85.7 (18.7) 84.0 (22.1) 0.471 0 

BMI (kg/m²) (mean (SD)) 29.3 (6.9) 29.6 (6.3) 29.0 (7.5) 0.454 0 

SAPS2 (mean (SD)) 53.9 (16.2) 52.3 (15.7) 55.6 (16.5) 0.074 3 

Haemoglobin g/dl (mean (SD)) 9.9 (2.0) 9.8 (2.2) 10.0 (1.9) 0.266 17 

Platelets G/l (mean (SD)) 262 (124) 253 (128) 272 (120) 0.187 17 

INR (mean (SD)) 1.2 (0.4) 1.2 (0.3) 1.2 (0.5) 0.555 17 

Fibrinogen g/l (mean (SD)) 5.2 (1.9) 5.3 (2.2) 5.2 (1.7) 0.908 17 

Diagnostic at admission (n (%))      

 Infection    0.041 0 

    Lung-Pleura 215 (87.0) 127 (93.4) 88 (79.3) <0.001  

    Abdomen 9 (3.6) 3 (2.2) 6 (5.4) 0.5017  

  Catheter 4 (1.6) 1 (0.7) 3 (2.7) 0.623  

  Central nervous 
   system 

3 (1.2) 1 (0.7) 2 (1.8) 1  

   Endocarditis 3 (1.2) 2 (1.5) 1 (0.9) 0.6215  

   Soft tissues, bone 
  and joints 

3 (1.2) 0 (0.0) 3 (2.7) 0.25  

   Urine 3 (1.2) 0 (0.0) 3 (2.7) 0.25  

   Other 7 (2.8) 2 (1.5) 5 (4.5) 1  

 Acute Respiratory Failure 255 (79.2) 136 (85.0) 119 (73.5) 0.016 0 

 Acute on Chronic 
 Respiratory Failure 

33 (10.3) 11 (6.9) 22 (13.7) 0.069 1 

 Shock    0.460 0 

   Septic 37 (38.9) 9 (28.1) 28 (44.4) 0.001  

   Cardiogenic 26 (27.4) 12 (37.5) 14 (22.2) 0.84  
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  Post resuscitation  25 (26.3) 8 (25.0) 17 (27.0) 0.09  

    Hypovolemic 
 

5 (5.3) 2 (6.2) 3 (4.8) 1  

   Other 2 (2.1) 1 (3.1) 1 (1.6) 1  

 Coma 66 (20.5) 12 (7.5) 54 (33.3) <0.001 0 

 Acute Kidney Injury    0.414 0 

     KDIGO 1 57 (52.3) 23 (56.1) 34 (50.0) 0.14  

     KDIGO 2 23 (21.1) 10 (24.4) 13 (19.1) 0.67  

     KDIGO 3 29 (26.6) 8 (19.5) 21 (30.9) 0.018  

 Ischemic stroke 5 (1.6) 1 (0.6) 4 (2.5) 0.375 0 

 Haemorrhagic stroke 1 (0.3) 1 (0.6) 0 (0.0) 0.995 0 

 Pancreatitis 2 (0.6) 1 (0.6) 1 (0.6) 1.000 0 

 Trauma 1 (0.3) 0 (0.0) 1 (0.6) 1.000 0 

 Surgery 4 (1.2) 2 (1.2) 2 (1.2) 1.000 0 

Past medical history (n (%))      

 Atrial fibrillation 82 (25.5) 37 (23.1) 45 (27.8) 0.406 0 

 Valvular prothesis 17 (5.3) 6 (3.8) 11 (6.8) 0.332 0 

 Thrombophilia 1 (0.3) 1 (0.6) 0 (0.0) 0.995 0 

 Venous thromboembolism 45 (14.0) 16 (10.0) 29 (17.9) 0.060 0 

 Acute Coronary Syndrome 69 (21.4) 31 (19.4) 38 (23.5) 0.449 0 

 Angioplasty 78 (24.2) 34 (21.2) 44 (27.2) 0.268 0 

 Peripheral arterial disease 38 (11.8) 20 (12.5) 18 (11.1) 0.831 0 

 Blood hypertension 194 (60.2) 97 (58.7) 97 (60.6) NA 0 

 Chronic heart failure 35 (10.9) 13 (8.1) 22 (13.6) 0.163 0 

 Tobacco use 80 (24.8) 33 (20.6) 47 (29.0) 0.107 0 

 Alcohol use 48 (14) 19 (12) 29 (18) NA 0 

 Diabetes mellitus 209 (65) 108 (68) 101 (62) 1.000 0 

 Chronic obstructive 
 pulmonary disease 

49 (15.2) 17 (10.6) 32 (19.8) 0.034 0 

 Obstructive sleep apnea 52 (16.1) 32 (20.0) 20 (12.3) 0.086 0 
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 Chronic respiratory 
 insufficiency 

21 (6.5) 8 (5.0) 13 (8.0) 0.382 0 

 Chronic kidney disease 41 (12.7) 13 (8.1) 28 (17.3) 0.022 0 

 Renal Replacement 
therapy 

14 (4.3) 5 (3.1) 9 (5.6) 0.426 0 

 Cirrhosis 10 (3.1) 2 (1.2) 8 (4.9) 0.113 0 

 Peptic ulcer 16 (5.0) 10 (6.2) 6 (3.7) 0.427 0 

 Solid cancer 27 (8.4) 10 (6.2) 17 (10.5) 0.241 0 

 Hematologic cancer 10 (3.1) 2 (1.2) 8 (4.9) 0.113 0 

 Myeloproliferative 
syndrome 

5 (1.6) 4 (2.5) 1 (0.6) 0.360 0 

 Neutropenia 4 (1.2) 0 (0.0) 4 (2.5) 0.134 0 

 Chemotherapy/ 
 Radiotherapy 

18 (5.6) 3 (1.8) 15 (1.1) NA 0 

 Organ transplantation 2 (0.6) 0 (0.0) 2 (1.2) 0.484 0 

 Marrow transplantation 1 (0.3) 0 (0.0) 1 (0.6) 1.000 0 

 HIV 1 (0.3) 1 (0.6) 0 (0.0) 0.995 0 

 Use of corticoids 21 (6.5) 2 (1.2) 19 (11.7) <0.001 0 

 Non traumatic 
 haemorrhage 

13 (4.0) 6 (3.8) 7 (4.3) 1.000 0 

 Labil INR 2 (0.6) 2 (1.2) 0 (0.0) 0.473 0 

Treatments at admission (n (%))      

 Vitamin K inhibitors 41 (12.7) 21 (13.1) 20 (12.3) 0.966 0 

 Antiaggregant 90 (28.0) 44 (27.5) 46 (28.4) 0.956 0 

 Proton pump inhibitor 118 (36.6) 54 (33.8) 64 (39.5) 0.339 0 

 Heparin 10 (3.1) 4 (2.5) 6 (3.7) 0.763 0 

 Direct oral anticoagulant 55 (17.1) 22 (13.8) 33 (20.4) 0.153 0 

iv-UFH indication (n (%))    <0.001 0 

 Atrial fibrillation 97 (30.1) 37 (23.1) 60 (37.0) 0.008  

 Venous thromboembolism 84 (26.1) 47 (29.4) 37 (22.8) 0.21  

 COVID-19 68 (21.1) 57 (35.6) 11 (6.8) <0.001  

 Other cardiopathy 48 (14.9) 17 (10.6) 31 (19.1) 0.04  

 Other 25 (7.8) 2 (1.2) 23 (14.2) <0.001  
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Dialysis (mean day (SD)) 2.5 (7.0) 2.5 (7.4) 2.6 (2.6) 0.89 0 

Mechanical ventilation (mean day 
(SD)) 

28.1 (25.1) 31.8 (28.0) 24.6 (21.2) 0.01 0 

      

SD: Standard Deviation; BMI: Body Mass Index; SAPS2: Simplified Acute Physiology Score 2;INR: International 

Normalized Ratio; KDIGO: Kidney Disease Improving Global Outcomes; HIV: Human Immunodeficiency Virus; iv-UFH: 

intravenous unfractioned heparin 

 

 

 

Table 2: Differences between groups (second period minus first period) of the percentage of time 

spent in the therapeutic range among the different strategies 

UFH administration 
consideration strategy 

Regular Anti-Xa periods Mean Anti-Xa periods 

UFH60  
 After imputation 
 After matching 

 
8.8 [3.7;14], p <0.01 

10.7 [5.8;15.6], p<0.01 

 
2.9 [-2.2;8.0], p=0.3 

6.2 [1.3;11.1], p=0.01 
UFH90 
 After imputation 
 After matching 

 
8.8 [3.7;13.9], p<0.01 

10.1 [5.7;15.6], p<0.01 

 
2.9 [-2.2;8.0], p=0.3 

6.1 [1.3;11.0], p=0.01 
UFH120 
 After imputation 
 After matching 

 
8.8 [3.7;13.9], p<0.01 

10.6 [5.7;15.6], p<0.01 

 
2.9 [-2.2;8.0], p=0.3 

6.1 [1.2;11.0], p=0.01 
UFH 150 
 After imputation 
 After matching 

 
8.8 [3.7;13.9], p<0.01 

10.6 [5.7;15.6], p<0.01 

 
2.9 [-2.3;8.0], p =0.3 

6.1 [1.1;11.0], p=0.01 
UFH180 
 After imputation 
 After matching 

 
8.7 [3.6;13.9], p<0.01 

10..5 [5.5;15.4], p<0.01 

 
2.9 [-2.3;8.0], p=0.3 

6.0 [1.1;10.9], p=0.02 
UFH210 
 After imputation 
 After matching 

 
8.7 [3.6;13.8], p<0.01 

10.4 [5.5;15.4], p<0.01 

 
2.9 [-2.3;8.0], p= 0.3 

6.0 [1.1;10.9], p=0.02 
UFH240 
 After imputation 
 After matching 

 
8.6 [3.5;13.8], p<0.01 

10.3 [5.4;15.2], p<0.001 

 
2.9 [-2.3;8.0], p=0.3 

5.9 [1.0;10.8], p=0.02 
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Table 3: Time to achieve anti-Xa values 

 Overall First Period Second 

Period 

P Value 

Time to Target (median [IQR]) 
845 

[410;1705] 

724 

[435;1320] 

992 

[349,1982] 
0.37 

First Anti-Xa > 0.7 (%) 72 (23.0) 19 (12.3) 53 (33.5) <0.001 

Time to Overdose (median [IQR]) 
2850 

[390;10520] 

6652 

[1342;15876) 

1003 

[338;6396] 
0.002 

     

 

 

 

 

Table 4: Secondary outcomes 

 Overall First period Second period P value 
Thrombotic events (%) 
 

34 (10.5) 25 (15.4) 9 (5.6) 0.19 

 Arterial (%) 11 (32.3) 6 (24) 5 (55.5)  

 Venous (%) 23 (36.6) 19 (76) 4 (44.5)  

Haemorrhagic events (%) 138 (42.8) 80 (49.4) 58 (36.3)  

 Non-severe (%) 96 (29.8) 54 (33.3) 42 (26.2) 0.32 

 Severe (%) 42 (13.0) 26 (16.0) 16 (10) 0.6 

  Loss of at least 3 points 
  of haemoglobin 

8 6 2  

  Necessity of   
  transfusion 

35 25 10  

  Necessity of   
  surgery  

3 2 1  

  Necessity of   
  amines 

1 1 1  

  Cerebral   
  haemorrhage 

8 3 5  

  Ocular    
  haemorrhage 

1 1 0  

  Around    
  coronary   
  bypass 

1 1 0  
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Interruptions 260 124 136 0.266 

 For haemorrhagic reason 80 49 31  

 For invasive procedure 157 62 95  

 For coagulation disorder 17 9 8  

 For HIT 3 1 2  

 For anticoagulant relay 3 3 0  

Blood products transfusion (mean (SD))     

 RBC 3 (3.9) 3.8 (4.4) 2.3 (3.3) 0.014 

 FP 0.4 (1.2) 0.3 (0.9) 0.5 (1.4) 0.180 

 Platelets 0.2 (0.7) 0.2 (0.7) 0.2 (0.7) 0.758 

Deaths (all causes) (%) 104 (32.3) 46 (28.7) 58 (35.8) 0.217 

 Ischemic related death 
 (%) 

6 (5.8) 1 (2.2) 5 (8.6) 0.002 

 Haemorrhagic related  death 
 (%) 

3 (2.9) 1 (2.2) 2 (3.4) 0.046 

Numbers of Anti-Xa sampling (mean) 21.9 28.5 20.8 0.001 

     

HIT: Heparin Induced Thrombocytopenia ;RBC : Red Blood Cells packs ; FP: Frozen Plasma 
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Figures 
Figure 1: 

Graphical representation of the time spent within the therapeutic target range (“Regular Anti-Xa 
ratio”) and the time under iv-UFH administration: 

Each small dotted lines mark 30-minutes intervals. Blue lines represent periods of Anti-Xa in the 
therapeutic range according to the “Regular Anti-Xa ratio”. Green lines represent periods of real 
iv-UFH administration. Orange lines represent duration of iv-UFH administration recorded 
according to each method (UFH60 to UFH240). Purple lines represent periods of anti-Xa in the 
therapeutic range during iv-UFH administration.  

Hence, our primary outcome was the duration of the purple lines divided by the duration of the 
orange lines according to the UFH240 method. 
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Figure 2: 

 

 

Graphical representation of the time spent within the therapeutic target range (“Mean Anti-Xa 
ratio”) and the time under iv-UFH administration: 

Each small dotted lines mark 30-minutes intervals. Blue lines represent periods of Anti-Xa in the 
therapeutic range according to the “Mean Anti-Xa ratio”. Green lines represent periods of real iv-
UFH administration. Orange lines represent duration of iv-UFH administration recorded 
according to each method (UFH60 to UFH240). Purple lines represent periods of anti-Xa in the 
therapeutic range during iv-UFH administration.  
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Figure 3: 

Standardized Mean Differences before and after matching 

 

Red line is for the imputed cohort, blue line is for the matched cohort. iv-UFH: intra-venous unfractionated heparin; fa: 

atrial fibrillation; SAPSII: Simplified Acute Physiology Score 2; AKI: acute kidney injury; MTEV: thrombo-embolic 

venous disease; INR: international normalized ratio; RRT: renal replacement therapy 
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Figure 4: 

Time to achieve Anti-Xa in the therapeutic range of 0.3-0.7 IU/ml 

 

Kaplan-Meier survival curve of the time to achieve therapeutic range. Shaded area represents 95% 

confidence interval. P. value refers to Cox regression model. 
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Figure 5: 

Time to achieve an overdosage 

 

Kaplan-Meier survival curve of the time to achieve the first overdose, with a focus on the 48 first hours. 

Shaded area represents 95% confidence interval. P value refers to the accelerate failure time model. 
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Supplementary material, Table S1 : 
DESCRIPTION DU PROTOCOLE  

Préparation du matériel en vue de la préparation de la seringue d’HNF  

Un flacon de solution hydro-alcoolique  

Un paquet de compresses stériles  

Un flacon d’alcool à 90°  

Une seringue de 50 ml Luer-Lock  

Un flacon d’héparine 25 000 UI / 5 ml  

Une aiguille de transfert (pompeuse) de 18 G  

Un solvant de type NaCl 0.9%  

Un prolongateur PVC 1 mm de diamètre de longueur 100 à 200 cm (tubulure à PSE)  

Un PSE  

Une étiquette d’identification de la seringue  

  

Préparation de la seringue d’HNF  

La préparation de la seringue d’HNF s’effectue au regard de la prescription médicale du patient. Après avoir 

désinfecté l’environnement de travail avec un produit adapté (type Surfasafe), faire un lavage simple des 

mains par friction à la solution hydro-alcoolique.  

Retirer le capuchon du bouchon du flacon d’héparine, poser une compresse d’alcool sur le site de 

prélèvement. Prélever 45 ml de solvant NaCl 0.9% à l’aide de la seringue de 50 ml Luer-Lock en utilisant 

l’aiguille 18G. Chasser l’air de l’air de l’intérieur de la seringue et compléter avec l’intégralité du flacon 

d’héparine soit 5 ml pour arriver à un volume total de 50 ml.  

Remplir l’étiquette d’identification avec le nom du médicament (Héparine), la dilution (25 000 UI / 50 ml), 

la date et heure ainsi que l’identification du préparateur et la coller sur la seringue en laissant les 

graduations apparentes.  

  

Prescription médicale de l’administration d’HNF IVSE  

Elle est faite par le médecin selon une prescription préconfigurée dans le logiciel ICCA adaptée au poids 

d’admission (cf. tableaux infra) :  

Sauf indication médicale contraire, bolus initial de 50 UI/kg  

Débit initial de 12 UI/kg/h  

Dosage de l’activité anti-Xa six heures après le début de l’administration puis quatre à six heures 

après chaque modification de posologie  

Dosage quotidien de l’activité anti-Xa entre 06:00 et 10:00 (préférentiellement avec le bilan du 

matin mais peut être décalé si elle fait suite à une modification de posologie)  

  

Suivi et adaptation paramédicale  
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L’infirmier débute l’HNF par le bolus initial prescrit et règle immédiatement le débit sur le PSE.  

Le premier dosage de l’anti-Xa doit être réalisé six heures après le bolus.  

La vitesse doit ensuite être adaptée à l’anti-Xa selon le protocole prescrit et l’anti-Xa doit être recontrôlé 

quatre à six heures après chaque modification et au moins quotidiennement (entre 06:00 et 10:00, 

préférentiellement avec le bilan du matin).  

Toute extériorisation hémorragique sous traitement par HNF IVSE relève d’un avis médical.  

Sauf procédure urgente, il est nécessaire d’interrompre l’HNF IVSE au moins quatre heure avant un geste 

invasif (cathétérisme vasculaire, drainage per cutané, trachéotomie, intervention chirurgicale).  

 

Tableau des posologies  

  

Bolus  50 UI/kg  

Débit de base  12 UI/kg/h  

Anti-Xa < 0,1 U/ml  + 3 UI/kg/h  

0,1 U/ml ≤ Anti-Xa < 0,2 U/ml  + 2 UI/kg/h  

0,2 U/ml ≤ Anti-Xa < 0,3 U/ml  + 1 UI/kg/h  

0,3 U/ml ≤ Anti-Xa < 0,7 U/ml  pas de changement  

0,7 U/ml ≤ Anti-Xa < 0,8 U/ml  - 1 UI/kg/h  

0,8 U/ml ≤ Anti-Xa < 0,9 U/ml  - 2 UI/kg/h  

0,9 U/ml ≤ Anti-Xa < 1 U/ml  

arrêt et avis médical (pause  

conseillée d’une heure puis baisser 

de 3 UI/kg/h)  

Anti-Xa ≥ 1 U/ml  

arrêt et avis médical (pause  

conseillée d’une heure puis baisser 

de 4 UI/kg/h)  

  

  

Dans le logiciel ICCA, sept prescriptions sont préconfigurées selon le poids du patient (inférieur à 40 kg, 

40-59 kg, 60-79 kg, 80-99 kg, 100-119 kg, 120-139 kg, supérieur ou égale 140 kg). Il n’y a pas d’adaptation à 

la fonction rénale.  

  

Pour chaque catégorie de poids (en dehors des moins de 40 kg où la posologie est adaptée pour un poids 

de 30 kg), la posologie calculée correspond au poids le plus bas de la catégorie.  
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Les vitesses d’administration sont arrondies à la décimale inférieure pour les augmentations de vitesse et 

à la décimale supérieure pour les diminutions de vitesse. Ces vitesses sont modifiables dans le logiciel à 

tout moment par le médecin.  
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Résumé :  
Introduction : L’héparine non fractionnée par voie intraveineuse continue (HNF-IVSE) est un 
anticoagulant fréquemment utilisé en réanimation nécessitant une surveillance régulière de 
son activité biologique (anti-Xa). Aucune étude ne s’est intéressée à l’intérêt d’un protocole sur 
son équilibration tout au long de son administration. L’objectif principal était de comparer le 
pourcentage de temps passé dans la cible thérapeutique lors de la prescription d’un 
traitement par HNF-IVSE en réanimation, entre avant et après la mise en place d’un protocole 
d’adaptation des posologies entièrement géré par les infirmier·es. 
Méthodes : Tous les patient·es hospitalisé·es dans le service de Médecine Intensive 
Réanimation à l’hôpital d’Orléans entre 2015 et 2023 ayant reçu un traitement par HNF-IVSE 
pour une durée de 48 heures et plus, avec un objectif d’anti-Xa entre 0,3 et 0,7 ont été inclus. Le 
critère de jugement principal était le temps passé dans la cible thérapeutique rapporté à la 
durée d’administration, comparé entre les groupes selon deux méthodes : en utilisant une 
régression linéaire multivarié ajustée sur les paramètres pouvant influencer la 
pharmacocinétique de l’HNF; et ajusté sur les variables toujours déséquilibrées après matching 
des sujets. Les données des patient·es ont été obtenues par interrogation du dossier médical 
informatisé.  
Résultats : Trois cent vingt-deux patients ont été inclus·es, 160 avant et 162 après mise en place 
du protocole. L’indication de l’HNF-IVSE était une arythmie pour 97 (30%), une maladie 
thrombo-embolique veineuse pour 84 (26%), un COVID pour 68 (21%). Le ratio de temps passé 
dans la cible rapportée à la durée d’administration était de 72.5% [56.3 ;84.5]. Au cours de la 
période avec le protocole de gestion infirmier·e, ce ratio était supérieur de 8.6% [3.5;13.8], p = 
0,001. Après instauration du protocole on observe moins de transfusion de culot globulaire (p = 
0.01)  et l’arrivée d’un surdosage plus rapide (p = 0.003), sans augmentation du risque 
hémorragique et ischémique. 
Conclusion : Lors de l’administration d’HNF-IVSE en réanimation, les patient·es sont dans la 
cible thérapeutique un peu plus des deux-tiers du temps d’administration. La mise en place 
d’un protocole de gestion infirmier·e est associé à un allongement de ce ratio et à une moindre 
nécessité de transfusion de concentrés globulaires. Il n’a pas été noté plus de complications.  
 
Mots clés : Héparine Non Fractionnée (HNF), Anti-Xa, Réanimation, Protocole, Temps passé 
dans la Cible 
 
Jury :  

Président du Jury  :  Professeur Francis REMERAND   

Directeur de thèse :    Docteur Grégoire MULLER 

Membres du Jury :  Professeur Fabien ESPITALIER 

  Professeur François BARBIER 

 Docteur Thierry BOULAIN  

  

Date de soutenance :  08/11/2024 

 

  


