
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Anticoagulation in severe sepsis and the multiple organ dysfunction syndrome

de Pont, A-C.J.M.

Publication date
2006

Link to publication

Citation for published version (APA):
de Pont, A-CJM. (2006). Anticoagulation in severe sepsis and the multiple organ dysfunction
syndrome. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:23 May 2023

https://dare.uva.nl/personal/pure/en/publications/anticoagulation-in-severe-sepsis-and-the-multiple-organ-dysfunction-syndrome(2c6cb5a7-5258-460e-ae59-147e7bfa8dd5).html


Chapterr 8 

Treatmentt with recombinant human activated 

proteinn C obviates additional anticoagulation 

duringg continuous venovenous hemofiltration in 

patientss with severe sepsis 

Anne-Cornéliee J.M. de Pont, Catherine S.C. Bouman, Evert de Jonge, 
AAargreethh B. Vroom, Harry R. Büller and Marcel Levi 

AdaptedAdapted from Intensive Care Med 2003;29:1205 



ChapterChapter 8 

Abstract t 

Background d 
Recombinantt human activated protein C (rhAPC) is the first drug for which a reduction of 

mortalityy in severe sepsis has been demonstrated. In expectance of registration, more 

informationn regarding efficacy and safety was gathered in the ENHANCE study. Several 

patientss participating in this study needed renal replacement therapy. Aim of this 

studyy was to evaluate whether continuous venovenous hemofiltration can be performed 

withoutt the addition of another anticoagulant in patients treated with rhAPC. 

Methodss and Results 
Threee severely septic patients with acute renal failure were treated with rhAPC and 
hemofiltration.. Within 48 h after the onset of organ failure, rhAPC was administered 
intravenouslyy at a constant rate of 24 ug/kg/h for a total of 96 h. Predilutional 
hemofiltrationn with a blood flow rate of 150 ml/min and an ultrafiltrate rate of 
20000 ml/h was performed using a cellulose triacetate membrane. After termination of 
thee treatment with rhAPC, hemofiltration was performed using unfractionated heparin 
(UFH)) as an anticoagulant. The hemofiltration runs during rhAPC were compared with 
thosee during UFH, each patient being his own control. Mean filter survival time during 
rhAPCC was 55  13 h compared with 66  19 h for those during UFH (p=0.62). Filter 
survivall time in both groups was limited by filter pore obstruction. 

Conclusions s 
Inn these three severely septic patients treated with rhAPC and hemofiltration, circuit 

survivall times during rhAPC and UFH were similar. This preliminary finding suggests that 

whenn rhAPC is administered, no additional anticoagulant therapy may be needed to 

preventt thrombosis in the extracorporeal circuit. 
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Introduction n 

Duringg severe sepsis, activation of the inflammatory cascade leads to cell damage and 
organn failure. In these circumstances, renal failure necessitating renal replacement 
therapyy often occurs. Continuous intravenous anticoagulation is usually necessary 
too keep the extracorporeal circuit open [1]. For decades, strategies to reverse the 
inflammatoryy cascade were limited. During recent years, the important role of the 
cross-talkk between coagulation and inflammation in the pathogenesis of severe sepsis 
hass been well defined [2]. Recombinant human activated protein C (rhAPC, drotrecogin 
alfaa (activated) Xigris®) is the first drug for which a reduction of mortality in severe 
sepsiss has been demonstrated. In the PROWESS study, comparing rhAPC to placebo 
inn 1690 patients, mortality was 24.7% in the rhAPC group as compared to 30.8% in the 
controll group (p=0.005) [3]. In expectance of approval by the FDA and other regulatory 
agencies,, more information regarding the efficacy and safety of rhAPC needed to be 
gathered.. For this purpose, an open-label study was designed: the ENHANCE study. During 
thee ENHANCE study at this site, several participating patients needed renal replacement 
therapy.. Activated protein C (APC) proteolytically degrades activated factors V and VIM, 
therebyy decreasing the formation of thrombin [4]. Based on this knowledge, one could 
arguee that during the administration of rhAPC, no additional antithrombotic agent is 
neededd to prevent thrombosis in the extracorporeal circuit. The present study was 
conductedd to test this hypothesis. 

Materialss and Methods 

Patients s 
Thee ENHANCE study was approved by the institutional review board and written informed 
consentt was obtained from all participants or their authorized representatives. 
Patientss were eligible for the study if they had a known or suspected infection on the 
basiss of clinical data at the time of screening and if they met the following criteria 
withinn a 48 h period: three or more signs of systemic inflammation and sepsis-induced 
dysfunctionn of at least one organ system that lasted no longer than 48 h. Patients 
hadd to begin rhAPC treatment within 48 hours after they met the inclusion criteria. 
Continuouss venovenous hemofiltration (CWH) was performed in patients with renal 
failure,, associated with volume overload or uremia. 

Treatmentt with rhAPC 
Drotrecoginn alfa (activated) was administered intravenously at a constant rate of 24 ug/kg 

bodyy weight per hour for a total duration of 96 h. The infusion was interrupted for 1 h 
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beforee any percutaneous procedure and was resumed 1 h later. During the infusion of 

rhAPC,, no other anticoagulant was administered. 

Continuouss venovenous hemofiltration 
Vascularr access was obtained by insertion of a 14 F double lumen catheter (Duo-Flow 400 

XL,, Medcomp, Harleysville PA, USA) into a large vein (femoral, subclavian, or internal 

jugularr vein). Renal replacement therapy was performed by continuous venovenous 

hemofiltrationn using a Diapact hemofiltration machine (Braun AG, Melsungen, Germany). 

Thee standard blood flow rate was 150 ml/min and substitution fluid was added in 

predilutionn mode at a flow rate of 2000 ml/h. We used a cellulose triacetate filter with 

aa surface of 1.9 m2 and a cut off point of 50 kDa (CT190G, Baxter, Deerfield IL, USA) The 

hemofiltrationn run was stopped when clotting in the hemofilter had occurred. 

Anticoagulantt administration 
Thee extracorporeal circuit was primed with heparinized saline (25000 IU unfractionated 
heparinn (UFH) in 2000 ml NaCl 0.9%). Before being connected to the patient, the circuit 
wass rinsed with plain saline in order to prevent the intravenous administration of 
heparinn to the patient. During the treatment with rhAPC, no other anticoagulant was 
administered.. If additional hemofiltration treatment was needed after termination of the 
infusionn of rhAPC, UFH by continuous intravenous infusion was used as an anticoagulant, 
aimingg at a prolongation of the activated partial thromboplastin time (APTT) of 1.5 
timess normal. 

Evaluationn of patients 
Patientss were followed for 28 days after the start of the rhAPC infusion or until death. 

Baselinee characteristics including demographic information and information on preexisting 

conditions,, organ function, markers of disease severity, infection, and hematologic and 

otherr laboratory tests were assessed within 24 h prior to rhAPC infusion. Hemoglobin, 

leukocytee and platelet counts, prothrombin time (PT) and APTT were measured twice 

daily. . 

Thee hemofiltration runs during rhAPC were compared to those during UFH, using the 

patientt as his own control. Hemofiltration runs terminated because of a procedure (e.g. 

CT-scan)) or because hemofiltration therapy was no longer deemed necessary, were 

excludedd from the study. Parameters studied were filter survival time, extracorporeal 

circuitt pressures, APTT and platelet count. 
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Statisticall analysis 

Valuess are given as mean  SD. Differences in results between rhAPC and heparin were 
analyzedd by a paired Student's t-test. p<0.05 was considered significant. 

Results s 

Patientt characteristics 
Inn our hospital, 9 patients with severe sepsis were enrolled in the ENHANCE study. 
Threee of these patients needed renal replacement therapy. Their characteristics are 
shownn in Table 1. After completion of rhAPC treatment, all patients needed additional 
hemofiltrationn therapy. 

Tablee 1. Patient characteristics 

APACHE,, Acute Physiology and Chronic Health Evaluation; TSLS, toxic shock like syndrome. 

Filterr survival 

Meann filter survival time of the hemofilters during rhAPC was 55  13 h compared 

withh 66  19 h for the hemofilters during UFH (p=0.62). The reason for stopping the 

hemofiltrationn runs in both groups was filter pore obstruction, as reflected by a 6-fold 

risee in transmembrane pressure (TMP). TMP rose from 34  12 to 227  108 mmHg in the 

rhAPCC group (p=0.22) and from 36  13 to 196 + 103 mmHg in the UFH group (p=0.13) 

(Tablee 2). Because of the small number of patients, the rise in TMP was not statistically 

significant.. We also evaluated coagulation parameters that might have influenced filter 

survivall time, such as APTT and platelet count. In the rhAPC group, the APTT tended to 

bee higher and the platelet count was lower, but again because of the small number, this 

differencee did not reach statistical significance. 

Complications Complications 

Onee patient experienced serious bleeding after the accidental removal of a central 
venouss line during the infusion of rhAPC. Transfusion of 6 units of packed red blood cells 
wass necessary in the 48 h period following the event. No other bleeding complications 
orr thromboembolic events were observed. 
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Tablee 2. Filter survival times, extracorporeal circuit pressures, APTT and platelets, comparing 
rhAPCC and heparin 

rhAPC,, recombinant human activated protein C; FST, filter survival time; PA, arterial pressure; 
min,, minimal; max, maximal; PBE, pre-filter pressure; PV, venous pressure; TMP, transmembrane 
pressure;; APTT, activated partial thromboplastin time. 

Discussion n 

Continuouss venovenous hemofiltration (CVVH) is increasingly being used in the 

managementt of acute renal failure in critically ill patients because of its beneficial 

effectss on haemodynamics [5]. However, thrombosis in the filtration circuit is a 

frequentlyy encountered problem. Several studies have addressed the pathophysiology 

off circuit thrombosis, but the exact mechanism has not yet been elucidated. Cardigan 

etet at. demonstrated an increase in tissue factor during hemofiltration, correlated with 

thrombinn generation and inversely correlated with filter life span [6]. These findings 

suggestt that tissue factor plays a role in the initiation of coagulation in the extracorporeal 

circuit.. Activated protein C (APC) inhibits activated factors V and VIII, thereby impeding 

fibrinn formation [4]. Moreover, APC decreases the synthesis and expression of tissue 

factorr in vitro, which could in turn lead to decreased thrombin formation [7]. Based 

onn this knowledge, it was hypothesized that during the administration of rhAPC, no 

additionall anticoagulant would be needed to keep the extracorporeal circuit open. 

Inn the present study, we evaluated the efficacy of rhAPC in the prevention of thrombosis 

off the extracorporeal circuit during CVVH. We demonstrated that filter survival times 

duringg rhAPC did not differ from filter survival times during UFH in the same patient. The 
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pressuress measured in the CWH circuit using rhAPC or UFH were also not different. It is 
importantt to note that, although the difference was not statistically significant, during 
thee CWH runs with rhAPC the platelet count was lower, which might have positively 
affectedd the filter survival time [8]. As the hemofiltration runs during rhAPC always 
precededd those with UFH, the lower platelet count could be attributed to the earlier 
phasee of sepsis. However, at that time also a more severe procoagulant state might be 
expected,, which apparently did not affect the rhAPC-mediated anticoagulant protection 
off the filter. 

Ourr findings add to the evidence that prevention of thrombin generation can prolong 
filterfilter survival time during CWH. UFH inhibits thrombin generation by inhibiting factor 
Xaa and factor Ma, whereas rhAPC inhibits thrombin generation by inhibiting factor Va and 
factorr Villa. As suggested by Cardigan et ai., thrombin generation in the extracorporeal 
circuitt might be initiated by tissue factor. Both rhAPC and heparin are able to decrease 
tissuee factor plasma levels [7,9] and in the present study the antithrombotic action 
off heparin and rhAPC were similar. Whether thrombosis in the CWH circuit can be 
preventedd by stronger inhibitors of the tissue factor/factor Vila complex such as tissue 
factorr pathway inhibitor (TFPI) or rNAPc2, remains to be determined. 
Inn summary, the present study suggests that rhAPC is as effective as heparin in the 
preventionn of thrombosis of the extracorporeal ciruit during CWH. The exact mechanism 
byy which this effect is achieved, remains to be elucidated. 
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