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Alvadas — kor és patron

Korhoz kothet6 faktorok
Filtracios frakcio
De-aeration chamber
Vénas ut

Elégtelen véralvadas gatlas
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Alvadas - kor

A csoveket heparinnal ,bortjuk be” a feltoltés soran
e Feltoltés soran sooo E UH
e Kinai Cytosorb esetén 12500 E UH



S e 1L
Filtracios Frakcio (QUF/QP)

Magas UF Rata & alacsony véraramlas = alvadas

Példa:
e 100 kg fti
e post-dilucios CVVH,
e BFR 150 mL/min,
e CVVH dose 25 ml/kg/h
e hct 30%
Total UF Rata = 2500 mL/h <
FF= UF/1-HTCxBFR

FF = 2500/(0.7 X 150 X 60) = 40% !!!




Circuit Considerations

DEAERATION CHAMBER

Postdilutio szerepe




g Vénasut—— BT

"o Nagy atmérd/ roévid, de megfelel hossztisagu

e Jobb IJ = 12-15 cm
e BalI] =15-20 cm
e Femoralis = 19-24 cm

Beszuras helye
e Jobb IJ preferalt
e Subclavia - legkevésbé ajanlott

A kantuilvég megtelel6 helye:
e [Js & SCs — V(S a Cava - Pitvar hataron

e Femoralis — VCI = 24 cm Katéter

Ne csokkentsiik a lument csapokkal vagy egyéb
eszkozokkel.

Specidlis e célra gyartott kanilok hasznalata javasolt.



P—  Filter alvadasa ﬁﬂ

Kovetkezmények
e Terapia megszakitasok
e Csokken a dozis
e Csokken a filter hatékonysaga.
A megfelel6 antikoagulalas célja
e A filter maximalis élettartamadnak biztositasa

A kezelés hatékonysaganak fokozasa

Jele
e TMP emelkedik

e Kifolydbnyomas csokken



Antikoagulalas lehetbségei

Citrat

Nem frakcionalt heparin
Regionalis heparin és protamin
LMWH

Thrombin antagonistak
Prostaglandinok - PGI2, PGE1



Heparin

A tud6embdlia
protokollt kell
alkalmazni

e A gép nem tud o,1 ml-t
adagolni

e A javasolt higitas 100
E/ml

e Adhaté a géptdl

fuggetlen perfuzorral is.|

Na Heparin adagoldsa aPTI alapjan
(célérték: 50-70 sec, Na Heparin higitdsa: S00NE/ml)

aPTI

Bélus dézis (E)

Perfuzor lesllitds Dézis médositis aPTLismétlése |

(mdsodpere (percek) (ml/6ra) (6ra)
<40 3000 0 +0,2 6
40-49 0 0 +0,1 6

50-70 0 0 0 (nincs viltoztatds) 12-24
71-85 0 0 0,1 6
86-100 0 30 0.2 6
101-150 0 60 03 ¢
151200 0 60 06 o
>200 0 60 4 :
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Citrat antikoagulacio

A CRRT alkalmazdsa nem jelenti feltétlenil a
szisztémas antikoagulacio alkalmazasat. Vérzésveszély

illetve posztoperativ betegeknél is biztonsagosan
alkalmazhato.

A helyi citrat antioagulalas relalis alternativa
valamennyi CRRT modalitas esetében.

Nem alkalmazhato Novalung kezelés esetén (tul
magas a citrat terhelés) — mar ez is kérdéses.



Kritikus allapotu betegekben a heparin:
e Fokozza a vérzésveszélyt
e Heparin-indukalta thrombocytopenia (HIT)
e Antithrombin medialt pro-inflammatorikus hatasok
A heparin kontraindikacioi:
o Aktiv vérzés
e Sebészi beavatkozas
e Thrombocytopénia
Ovatosan adhato:
* Vese és majbeteg
e Magas vérzésveszély



Observed bleeding events with heparin
anticoagulation during CRRT

A number of studies have compared bleeding events observed during CRRT using heparin or
citrate anticoagulation, with four studies showing a trend toward less bleeding using citrate.’

Incidence of bleeding events
References*? Patients Modality P value
Heparin group Citrate group

Maonchi M, et al. Infensive Care Med. n =12 (heparin) CWWH with heparin

2004; 30:260—2652 n =8 (citrate) or citrate A= LS -
Kutsogiannis D, ef al. n = 14 (heparin) CRRET with heparin _ RRO.172 P=0.06
Kidney Int. 2005; 67-2361-23673 n = 16 (citrate) or citrate (0.03—1.04) T
Betjes MG, et al. J Nephrol. n =27 (heparn) CWWH with heparin n=10 n=0o P <0.01
2007 20:602—608¢ n =21 (citrate) or citrate B B :
Oudemans-van Straaten HM, ef al. n = 103 (nadroparin}® CVVH with nadroparin 16% 6% P=008
Crit Care Med. 2009; 37:545-552° n = 97 (citrate) or citrate T
Hetzel GR, et al. Nephrol Diial Transplant. n = &3 (heparin) CWWH with heparin 14 590 5 7940 3
2011; 26:232—-235° n = 87 (citrate) or ciirate® : ’
Stucker F, et al. Crit Care. n =49 (heparin) CVVHDF with heparin or n=0o n=4a _

2015; 19:917 n = 54 (citrate) citrate



Miert citrat?

5 citrat és heparin antioagulalast osszehasonlito
tanulmanyt publikaltak eddig.

3 esetében a filter hosszabb élettartamat talaltak citrat
mellett

2 esetben kevesebb vvt. Igényeltek a citratos betegek.



~—Kidney Dimlmprovi{
Global OQutcomes

Chapter 5.3: Anticoagulation for CRRT:

e For anticoagulation in CRRT, we suggest using regional
citrate anticoagulation rather than heparin in patients
who do not have contraindications for citrate’.




~ Alacsony Wﬁggis konc citrat
olda

A magas citrat koncentracioju oldatok sok Na-t
tartalamaznak.

A sokkal nagyobb ezen oldatok esetében
e A hypernatrémia

e A metabolikus alkalozis veszélye

Az ACD-A oldat magas koncentracioban tartalmaz
dextrozt.

~Se

4 |



Citrat oldatok

Composition (mmol/L)

Low concentration

ACD-AT 4% Trisodium citrate’ citrate? Plasma?
Citrate 748 136 18 —
Citric acid 38 — — —
Chloride — — 86 95—106
Sodium 224 420 140 136—145
Dextrose 124 — — 42643

Alternative protocols using dilute citrate solutions with
physiological sodium levels have been developed since 1999 %7



Citrate in CRRT - Advantages & Disadvantages

Advantages:1-2 Disadvantages:'

Anticoagulation restricted to Initial educational work

extracorporeal circuit : . .
Requires monitoring of calcium

Decreased nsk of bleeding vs. level and pH

systemic heparin Potential risk of metabolic

Less circuit downtime vs. heparin complications

— il s i s L Citrate accumulation If citrate

Can be used in heparin not adequately metabolized —
contraindications, e.g. HIT. see later for detail.

1. Oudemans-van Straaten HM, ef al. Crt Care. 2011; 15: 202;
2. Bagshaw SM, ef al Crt Care. 2005, 200155-161.
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How does citrate work?

1. Citrate chelates ionized calcium and magnesium’

o0 * - e +Q%e

S 2 Sodium Citrate — 1 Sodium Citrate S
+ @& = +

Na;yCeHs0;




Citrat
A citrat az ionizalt Ca
megkotése utjan gatolja az

INTRINSIC alvadést.
{ (P e Szamos ponton blokkolja az
EXTRINSIC S
1o alvadasi folyamatot -
* I végeredmény a  trombin
tf;‘:ﬁ porit l Factor Vlla ’ 17, ’ ’ ’
 Facor g P képzbddés gatlasa.

l

Prothrombin _.—D Thr;\a‘:'ybin

{ ,,?, Teet

= effective citrate
anticoagulation



Calcium—citrate complex

l

A

Calcium Bicarbonate

| Citrate = 3 Bicarbonate

igue adapied from formation i Kelum J, ef ai Reglonal
Chrate Anticoagulaton. In Condnuous Renal Repacement
herapy 2010; pp. 141-145

o A trisodiumecitrat a leggyakrabban

hasznalt vegytilet, melyet a kor artérids
szaraba infundalunk.

A normadl se Ca szint fenntartasahoz a
kor utan Ca potlas sziikséges vagy a
korbe vagy egy kiulon vezetéken
keresztiil a megfelel6 ionizalt Ca szint
fenntartasahoz.

A citrat a majban, izomban, vesében
Bikarbonatta metabolizal6dik,
mikozben Kalcium szabadul fel.

Az oldatokat ugy adagoljuk, hogy a
korben az ionizalt Ca szint 0.25 és 0.4
mmol/]l kozott, a szisztémads ionizalt
Ca szint 1.1 és 1.3 mmol/] kozott legyen.

~Se

aill
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A citratbol ionizalt CA
mellett CA-citrat
komplex jon létre, igy
csokken a korben az
ionizalt CA szintje, ami
megakadalyozza az
alvadast.

A cél ionizalt Ca szint a
korben 0.25 - 0.40
mmol/l

~~— Citrat antikoagulacid

In the blood *+====== * |n the circuit

lonized Ca2*t (~60%)
~ 1.1-1.3 mmol/L

Protein-bound Ca (~40%)
~ 0.95-1.2 mmeol/L

Complex-bound Ca (~10%)
~ 0.05 mmol/L

&
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I IF
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-
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lonized Ca® (~20%)
~ [0.26-0.4 mmol/L

Protein-bound Ca (~40%)
~0.95-1.2 mmol/L

Complex-bound Ca (~40%)
(including Ca-Citrate)
~ 0.6-1.0 mmel/L



Schneider et al. Critical Care (2017) 21:281

DO 10.1186/51 3054-01 7-1880-1 Critjcal Care

VIEWPOINT Open Access i =
. - . . @l’.‘mﬂs!-hllt

Complications of regional citrate

anticoagulation: accumulation or overload?

Anioine G. Schneider™, Didier Journcis® and Thomas Rimmelé*®

Dialysate

Citrate
Solution

Fig. 2 Schematic view of a CRRT dircuit with regional citrate administration in OAWHD mode. Alterative modes can be used (postdilution CWH,
combined pre- and postdilution OAH, OWHDF, etc) according to the protocol used. Citrate solution is administered at the beginning of the
CRAT cirquit. It forms ditrate~calcium complexes, which are largely removed from the blood at the level of the filter. Only complexes which are
not remaoved through the hemofilter returmn to the patient’s bloed and need to be metabolized




Practical management of regional
citrate anticoagulation in CRRT"23

. Measure serum electrolytes before initiation

v At 1 hour, measure post-filter ionized calcium to check circuit
calcium

2. Measure patient ionized calcium to check systemic calcium

3. Adjust citrate dose or calcium compensation according to table

Make adjustments as required and repeat measurement after 1 hour

S

5. Once ideal values/steady state reached, measure 4 hourly for first
24 hours, then 6 hourly

~

6. Measure total calcium once a day to check calcium ratio

* The below Is 3 commonly used monitoring plan and Is not intended 3s 3 definkiive guige to management of patients undergoing CRRT with citrate.
Responsiblity remans wen the cinical team managing the patient

1. Davenport A & Toiwanl A. NDT Pilus. 2009; 2:439-447;
2. Colin, adapted by Gambro, CVVH protocal for reglonal cltrate antcoagulation on Prismafiex system. Protocol 2013; 1-2. HCEN15316_1 Image source: Baxter_Renal_Foundations_Media_Asset_Library_v1.0



Azon allapotok esetén amikor a citrat metabolizmusa
zavart szenved felszaporodhat a szervezetben.

Veszélyek

e Sulyos majelégtelenség/cirrhosis
e Csokkent maj vérataramlas
e Az izom keringés nagymértéki csokkenése (sulyos sokk)

e Nagy kiterjedésti izom sériilés/karosodas



gaili

Ha tobb citratot infundalunk, mint amit a
metabolizmus és dializis eltavolit a kalcium-
citrat komplex a beteg keringésében marad.

Veszélyek

A citrat alvadasgatlas 6 limitacidja a
mitokondrialis citrat metabolizmus
csokkenése kovetkeztében fellépo citrat
felhalmozddas.



s saili

Veszélyek

A citrat nem toxikus a tiinetek a masodlagos
hypokalcémia és acidézis kovetkezményei.

A beteg ionizalt Ca szintjének monitorozasa ezért
kotelezo.

Az ionizalt Ca szint csokkenése a citrat felhalmozddas
szenzitiv indikatora.

A citrat accumulatio emeli az 0ssz Ca szintet, hisz
megno a citrathoz kotott Ca menyisége.



\

Ca/ionCa< 2,3

Ratio=24/12=20

lonized Ca®* (~50%)
1.2 mmol/L

Protein-bound Ca (~40%)
1.15 mmol/L

Complex-bound Ca (~10)
0.05 mmol/L

4

+>4

Veszeélyek

Total calcium
=2.4 mmol/L

Ratio=2.4/0.6 =3.0

lonized Ca? 0.8 mmol/L

Protein-bound Ca
1.15 mmol/L

Complex-bound Ca
including Ca-Citrate

¥ 0.45mmoaliL



Citrate CRRT in liver failure

The liver citrate anticoagulation threshold study (L-CAT)’
v" Ratio of total/ionized calcium 22 5. n = 3 (2%).1

¥ Estimated 72-hour filter survival was 96%, after censoring for
discontinuation due to non-clotting causes (e.g. renal recovery, death).!

Mild Savere Regional citrate anticoagulation (RCA) for
Pvalue continuous renal replacement therapy is
widely used in intensive care units (ICUs).’

impairment | impairment

However, concern exists about the safety of

Severe alkalosis 2% 0% 5% 0.41 citrate in patients with liver failure (LF)."
The aim of this study was to evaluate safety
Severe acidosis 13% 16% 14% 0.95 and efficacy of RGAin ICU patients with
varying degrees of impaired liver function.?
) CONCLUSIONS:
Severe Hypocalcemia 8% 14% 12% 07 RCA-CVVHD can be safely used in patients
with LF
Severe 0% 0% 0% nse The technigue yields excellent filter patency
Hypercalcemia ° ° ° o and thus can be recommended as first-line
anticoagulation for the majonty of ICU
patients.!

1. Slowinskl T, ef al Crx Care. 2015; 19: 19:349. Dol 10.1186/513054-015-1066-7
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Original Investigation

Regional Citrate Versus Heparin Anticoagulation for Continuous
Renal Replacement Therapy: A Meta-Analysis of Randomized
Controlled Trials

Mei-Yi Wu, MD,” Yung-Ho Hsu, MD," Chyi-Huey Bai, PhD,? Yuh-Feng Lin, MD,’
Chih-Hsiung Wu, MD, PhD,? and Ka-Wai Tam, MD, MS*

Amd Kidnvey Dis. 59(6):810-818. © 2012 by the National Kidney Foundation, Inc.

Citrate Heparin Mean Difference

Mean Difference

Study or Subgroup Mean Difference  SE  Total  Total Weight [V, Random, 95% CI [V, Random, 95% CI

8.1.1 Pre-dilution

Fealy 4 1.325 10 10 20.3% 4.00[1.40, 6.60] m

Hetzel 114 185 87 81 203% 11.40[7.77,15.03] ol

Kutsogiannis 86.2 0.141 36 43 20.3% 86.20[85.92, 86.48) "
Subtotal (95% CI) 133 134 60.8% 33.88 [-29.83, 97.59] —l——

Heterogeneity: Tau? = 3168.23; Chiz = 5391.27, df = 2 (P < 0.00001); I* = 100%
Test for overall effect: Z = 1.04 (P = 0.30)

8.1.2 Post-dilution

Monchi 30 0.873 26 23 20.3% 30.00[28.29, 31.71]
Oudemans-van Straaten 1 1288 97 103 18.9% 1.00[-24.24, 26.24]
Subtotal (95% Cl) 123 126  39.2% 18.35[-9.52, 46.21]

Heterogeneity: Tau? = 337.17; Chi* = 5.05, df = 1 (P = 0.02); P =80%
Test for overall effect: Z=1.29 (P = 0.20)

Total (95% Cl) 256 260 100.0% 26.89 [-14.47, 68.25]
Heterogeneity: Tau® = 2194.11; Chiz = 9282.17, df = 4 (P < 0.00001); I* = 100%

Test for overall effect: Z =1.27 (P = 0.20)

Test for subgroup differences: Chi?=0.19, df = 1 (P = 0.66), =0%

-100  -50 0 50 100
Favours heparin  Favours citrate

Figure 2. Forest plot of comparison: citrate versus heparin. Outcome: circuit survival time. Abbreviations: Cl, confidence interval;

SE, standard error.
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Am J Kidney Dis. 2012;59(6):810-818
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Original Investigation

Regional Citrate Versus Heparin Anticoagulation for Continuous
Renal Replacement Therapy: A Meta-Analysis of Randomized
Controlled Trials

Mei-Yi Wu, MD," Yung-Ho Hsu, MD," Chyi-Huey Bai, PhD,? Yuh-Feng Lin, MD,’
Chih-Hsiung Wu, MD, PhD,? and Ka-Wai Tam, MD, MS*

Risk Ratio

M-H, Random, 95% ClI

Citrate Heparin Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI
Hetzel 3 62 5 47 53.2% 0.45[0.11, 1.81]
Oudemans-van Straaten 3 97 4 103 46.8% 0.80[0.18, 3.47]
Total (95% ClI) 159 150 100.0% 0.59 [0.22, 1.62]
Total events 6 9

Heterogeneity: Tau? = 0.00; Chi? = 0.30, df = 1 (P = 0.59); I2= 0%
Test for overall effect: Z = 1.02 (P = 0.31)

0.01 0.1 1 10 100
Favours citrate Favours heparin

Figure 6. Forest plot of comparison: citrate versus heparin. Outcome: incidence of heparin-induced thrombocytopenia. Abbrevia-

tion: Cl, confidence interval.
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Am J Kidney Dis. 2012;59(6):810-818



A Randomized Controlled Trial of Regional
Citrate Versus Regional Heparin Anticoagulation
for Continuous Renal Replacement Therapy in
Critically lll Adults*

David J. Gattas, MD, MMed (ClinEpi), FCICM, FRACP*?%;

Dorrilyn Rajbhandari, RN Post Grad Dip (Clinical Nursing)'?; Celia Bradford, MD, FCICM?;
Heidi Buhr, RN, MClinTPrac’; Serigne Lo, PhD, AStat’;

Rinaldo Bellomo, MBBS, MD (Hons), FRACP, FCICM, PG Dip Echo*

August 2015 = Volume 43 » Number 8
Assessed for eligibility (n= 21628)

Excluded (n=21416)
[ Enroliment ] + Did not receive CRRT (n= 20191)
« Not meeting inclusion criteria (n= 1219)
+ Declined to participate (n=4)
+ Consent not obtainable (n= 2)

Y

Randomized subjects (n=212)
Randomized circuits (Neicuis=857)

h

Y L Allocation | L
Allocated to citrate Allocated to heparin/protamine
(Npasients=105, Ncircut==390) (Npatiens=107, Neircuit=467)
Received at least 1 allocated circuit (n=100) Received at least 1 allocated circuit (n=104)
Did not receive an allocated circuit (n=5) Did not receive an allocated circuit (n=3)

| Follow-Up | v

Subjects lost to follow-up (n=0)
Study circuits lost to follow up (n=0)

Subjects lost to follow-up (n=0)
Study circuits lost to follow up (n=0)

Subjects discontinued allocated circuit due to
need for systemic anticoagulation{n=3)

Discontinued allocated circuit due to need
for systemic anticoagulation(n=1)
Discontinued allocated circuit due to
suspected or proven HIT (n=5)
Discontinued allocated circuit due to other
reason (n=1)

1,
Analyzed subjects (n=105) Analyzed subjects (n=107)

v Analysis Jl J

- Analyzed circuits (n=390) - Analyzed circuits (n=48T7)

Figure 1. Flow diagram of participants showing assessment of eligibility, enroliment, treatment allocation and
follow-up in the trial. CRRT = continuous renal replacement therapy, HIT = heparin-induced thrombocytopenia.



A Randomized Controlled Trial of Regional
Citrate Versus Regional Heparin Anticoagulation
for Continuous Renal Replacement Therapy in
Critically lll Adults*

David J. Gattas, MD, MMed (ClinEpi), FCICM, FRACP*?%;

Dorrilyn Rajbhandari, RN Post Grad Dip (Clinical Nursing)'?; Celia Bradford, MD, FCICM?;
Heidi Buhr, RN, MClinTPrac'; Serigne Lo, PhD, AStat’;

Rinaldo Bellomo, MBBS, MD (Hons), FRACP, FCICM, PG Dip Echo*

Kaplan-Meier Estimate

02

o1

0.0

Heparin

Ho. circuits

Median circult ife (h) [95% C1] 2208 [15.3-34]  38.2 [32.1-48)

Log rank

—_— Citrate

Heparin Citrate
104 100

P=0.0037

0 5 10 15

20

25

30 35 40
Time to clotting (hours)

45 50

Figure 2. Kaplan-Meier estimate of the probability of continuous renal replacement therapy circuit survival for

the first circuit.




A Randomized Controlled Trial of Regional
Citrate Versus Regional Heparin Anticoagulation
for Continuous Renal Replacement Therapy in
Critically lll Adults*

David J. Gattas, MD, MMed (ClinEpi), FCICM, FRACP"%

Dorrilyn Rajbhandari, RN Post Grad Dip (Clinical Nursing)'?; Celia Bradford, MD, FCICM?;
Heidi Buhr, RN, MClinTPrac'; Serigne Lo, PhD, AStat’;

Rinaldo Bellomo, MBBS, MD (Hons), FRACP, FCICM, PG Dip Echo*®

TABLE 2. Change in Interleukin-6, Interleukin-8, and Interleukin-10 Levels Between 0 and
48-72 Hr Following Commencement of Continuous Renal Replacement Therapy

Citrate® Heparin®

Variable t=48-72Hr Change Score t=48-72Hr Change Score

IL-6, median, 102.7 (2140) 483(681) -293(1716) 141.7(28566) 538(99.0) -66.5(262.1) 04
pg/mL (IQR)

IL-8, median, 1080(1140) 547(426) -262(1274) 1158(1324) 53.8(488) -258(131.0) 0.86
pg/mL (IOR)

IL-10, median, 40.3 (63.3) 36.7 (449) -0.7 (39.6) 377(1430) 362 (53.2) -69(111.1) 0.76
pg/mL (IQR)

TABLE 3. Clinical Outcomes and Continuous Renal Replacement Therapy Process Measures

Variable Citrate (n = 105) Heparin (n = 107)

Clinical
ICU mortality, n/total (%) 28/105 (26.7) 25/107 (23.4) 0.58
ICU length of stay, median (IQOR), d 9.0(12) 9.0(13) 0.79
Hospital mortality, n/total (%) 33/105 (31.4) 31/107 (29.0) 0.7

Red cells transfused
Patients transfused, n/total (%) 52/101 (52) 48/103 (47) 0.58
Volume of red cells, mean (sp) 908 (770) 872 (917) 0.83



Pediatr Nephrol (2017) 32:1971-1978 @ CrossMark
DOl 10.1007/500467-017-3694-4

Citrate versus heparin anticoagulation in continuous renal
replacement therapy in small children

Paulien A. M. A. RAymakeﬂ-Janssenl - Mare Lilien® - Ingrid A. van Kessel" +

Esther S. Veldhoen ' - Roelie M. Wiist Asperen' - Josephus P. J. van Gestel'
Fig. 2 Kaplan—Meier survival Survival filtertype = HF 20 only clotting circuit
curve indicating circuit survival
time in the subgroup where only i anticogulant
clotted filters were included i — heparin
—cirate
08
u
3
w
£
¢ 047
0.2
00 -
I L] L] 1 | I
00 10,00 20,00 30,00 40,00 50,00

filtersurvival
Log rank 25.58 p= <0.0001



Pediatr Nephrol (2017) 32:1971-1978 @ CrossMark
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ORIGINAL ARTICLE

Citrate versus heparin anticoagulation in continuous renal
replacement therapy in small children

Paulien A. M. A. Raymakers-Janssen '. Mare Lilien® - Ingrid A. van Kessel" -
Esther S. Veldhoen' - Roelie M. Wist Asperen' - Josephus P. J. van Gestel'

Table 3 Reasons for circuit
failure in the heparin and citrate
group

Heparin Citrate p value

n=121) {n = 105)
Circuit clotting 51 (42%) 18 (17.1%) <(.001*
Vascular aceess malfunction 12 (10%) 0 (8.69) 0.82
Transport to radiologyfoperating room 8 (6.6%) T(6.7%) 0.98
Switch to other substitution fAuid ] 5 (4.8%) 0.02#
Scheduled filter replacement after 72 h*# 26(21.4%) 42 (409%) 0.004*
Technical issues/alarms*** 13 (10.8%) 9 (8.6%) 0.66
End of CRET treatment 6 (53%) 14 (13.3%) 0.03*
Other reasons 5(4.2%) 1 {0.9%) 022

*Significant

== A dvised maximum duration of HF20 filter use according to Baxter intemational, Deerfield, IL, USA
**+*[ncorrect scale balance caused blood pump stop and shutdown of the circuit
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Effect of Regional Citrate Anticoagulation vs Systemic Heparin Anticoagulation
During Continuous Kidney Replacement Therapy on Dialysis Filter Life Span
and Mortality Among Critically 1l Patients With Acute Kidney Injury

A Randomized Clinical Trial

JAMA. 2020:324(16):1629-1639. doi:10.1001/jama. 202018618

Published online October 23, 2020.

Figure 1. Participant Flow in the RICH Trial

5069 Patients screened for participation

—
e —
"

"
=

-
S

4431 Excluded
965 Did not meet inclushon criteria
639 Coagulopathy or other condition assoclated with
hemorrhagic diathesis
599 Dialysis-dependent chronic kidney insufficlency
554 Receiving therapeutic anticoagulation
481 Persistent or severe lactic acidosis

- e
b
638 Randomized )

> 386 Mizssing additional inclusion criberiz?
291 Do not resuscitate order
281 Refused consent
85 Intention to provide full ICU treatment=23 days
not given
70 Allergic reaction
57 Kidney transplant within last 12 mo
23 Other

-
I
.
.
-
s

319 Randomized to recelve reglonal
citrate anticoagulation
3159 Received intervention as
randomized

319 Randomized to recelve systemic
heparin anticoagulation
319 Received intervention as
randomized

T

L

300 Included in primary analysis.
19 Excluded (consent could not
ultimately be obtained®)

296 Included in primary analysis
23 Excluded {consent could not
ultimately be obtained*)

Abbreviations: ICU, intensive care
unit; RICH, Regional Citrate vs
Systemic Heparin Anticoagulation for
Continuous Kidney Replacement
Therapy in Critically Ill Patients with
Aoute Kidney Injury.

4 Spyere sepsis or septic shock, use of
vasopressor, refractory fluid
overload.

B Randomization was performed
centrally in a 11 proportion using the
Pocock minimization method of
stratified randomization, accounting
for the factors study center, sex,
cardiovascular Sequential Organ
Failure Assessment (SOFA) score
{0-2 vs 3-4), and presence or
absence of oliguria #**

< Reasons for incuding but not
analyzing patients were refusal of
the guardianship procedure by the
local court, no written consent of
guardian prior to the death of the
patient, no written consent of the
guardian at all, or timeline issues
{details reported in Supplement 3)
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Table 2. Clinical Outcomes in the RICH Trial

Conclusions

Among critically ill patients with acute kidney injury receiv-

ing continuous kidney replacement therapy, anticoagulation

Regional citrate Systemic heparin
anticoagulation anticoagulation Absolute difference
(n = 300) (n = 296) (95% C1) OR or HR (95% C1) P value
Primary outcome
Filter life span, h
Mean (SD) 44.9(26.9) 33.3(25.1) 112(82t014.3) <001
[adjusted]?
Median (IQR) 46.5 (18.8-703) 26.0(12.0-50.6) 154(113t019.5)°
50-d all-cause mortality
Unadjusted, No. (%) 150 (51.2)° 156 (53.6)° -24(-105t058)°  HR,091(0.72t0113) .38
1.004) 054
with regional citrate, compared with systemic heparin anti-
coagulation, resulted in significantly longer filter life span. The
trial was terminated early and was therefore underpowered to o ':il
reach conclusions about the effect of anticoagulation strat- '
egy on mortality.
0.49) <001
Hecewved KBL transtusion 1971293 (b7 .2) 184/2490 (b3.8) 38 (=39t011.5)" UK, 1.15 (U.54 to 1.66) 34
RBC transfusion volume, 500(0-1085)[n=293] 560(0-1200)[n=290] 0(0to0)® 85
median (IQR}), mL
Infection, No. (%)
New culture-proven infection 204 (68.0) 164(55.4) 126(49t0203)°  OR,171(123t02.39)  .002
since start of dialysis
Length of stay, median (IQR), d
ICU (primary)
Naive" 16.0 (8.0-29.0) 13.5(7.0-25.0) 1.0(-1.0t03.0)° 19
Censored" 25.0(13.0-43.0) 25.0(12.0-52.0) -1.0(-7.0t07.0) HR,0.97 (0.78t01.21) .80
Hospital
Naive" 27.0(13.0-51.0) 27.0(14.0-49.5) 0.0(-3.0to4.0)° 83
Censored" 46.0(28.0-99.0) 55.0(32.0-95.0) -90(-180t050)  HR,104(083t0130) 75
All-cause mortality, No. (%)’
28d 114 (38.7) 128 (43.8) -51(=130t029)¢  HR,084(0.66t0109) .19
60d 137 (46.7) 147 (50.4) -37(-119t04.4)°  HR,0.88(0.70t0111) .27
365d 175 (60.1) 174 (60.0) 0.1(-7.9t08.1)° HR,0.95(0.77t01.17) .63
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Figure 2. Kaplan-Meier Curves With Hall-Wellner Confidence Bands
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\

complications

Table 3. Adverse Events
Mo. (%)
Regional citrate Systemic heparin
anticoagulation anticoagulation
{n = 300) {n = 296)
Hypophosphatemia® 45(15.4) 18 (6.2)
Severe cardiac rhythm 10(3.4) 9(3.1)
disorders
Heparin-induced 8(2.7) 9(3.1)
thrombocytopenia®
Severe alkalosis® 7(2.4) 1(0.3)
Neurologic complications® 4(1.4) 4(1.4)
Severe hypocalcemia® 4(1.4) 1(0.3)
Respiratory complications’ 3(1.0) B(2.1)
Citrate accomulation® 2(0.7) 0
Gastrointestinal 2(0.7) 10 (3.4)
complications™
Other cardiovascular 2(0.7) 5(1.7)
complications'
Metabolic acidosis’ 1(0.3) 2(0.7)
Hyperkalemia 0 4(1.4)
Thrombotic, thromboembolic 0 3(1.0)

! Phosphate level less than 0.5 mmol/L.

*Positive antibody test result.

*pH greater than 7.50 and bicarbonate concentration greater than 30 mmol/L.
Includes complications such as seizures, delirium, and hypoxic brain damage.

* lonized calcium level less than 0.9 mmol/L

P Includes complications such as pneumonia, acute respiratory distress
syndrome, Horowitz index less than 200 for at least 1 hour, and respiratory
complications with the need of reintubation or recannulation.

#Ratio of Ca*" total to Ca®*ion, 2.5 or greater.
"Includes all gastrointestinal bleeding events requiring at least 1 unit of packed

red blood cells.

Includes complications such as ischemia, cardicgenic shock, cardiac

decompensation.

pH less than 7.2 and bicarbonate concentration less than 20 mmol/L

{exchuding lactic acidosis).
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Figure 2 Kaplan-Meier analysis of the filter lifespan.




Stucker et al. Critical Care (2015) 19:91

DOl 10.1186/513054-015-0822-z @ CRITICAL CARE

RESEARCH Open Access

Efficacy and safety of citrate-based anticoagulation
compared to heparin in patients with acute kidney
injury requiring continuous renal replacement
therapy: a randomized controlled trial

Fabien Stucker'’, Belen Ponte'", James Tataw', Pierre-Yves Martin', Hannah Wozniak?, Jérome Pugin?
and Patrick Saudan'”

Side effects 32 27 0.17
Bleeding 0 4 (8)

HIT 12 2(4)

Filter clotting 3 (6) 18 (37)

Metabolic disorders: 14

Metabolic alcalosis 3 0

Respiratory alkalosis 0 1

Metabolic acidosis 3 1

Severe hypocalcemia 6 1

(Ca total/calcium ion ratio >2.5 1 0

CRRT, days 3(2to6) 3(2to5) 030
ICU, days 7 (4 to 15) 7 (4 to12) 0.79
Hospital, days 22 (6 to 35) 16 (9 to 30) 045
Survival at 28 days 43 (80) 36 (74) 046

Survival at 90 days 40 (74) 35 (73) 0.90
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