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Perché parlare di anticoagulazione?

La coagulazione del circuito di CRRT
rappresenta una delle cause principali
di interruzione anticipata del
trattamento con conseguenze negative
sia in termini depurativi che di bilancio
dei fluidi.

Preservare il circuito extracorporeo dai
processi di clotting permette di
ottimizzare il trattamento e di ridurre la
differenza tra la dose dialitica
somministrata e la dose prescritta.
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Perché parlare di anticoagulazione?

Tra i meccanismi che favoriscono <
I'attivazione dei processi coagulativi (vie -
intrinseca ed estrinseca) e delle piastrine

possiamo citare:

* il contatto del sangue con superfici non
del tutto biocompatibili

* contatto del sangue con l'aria

* turbolenze e rallentamenti del flusso
sangue

* processi di emoconcentrazione

 fattori clinici (ipercoagulabilita da sepsi,
trombocitosi...)

Linee Guida KIDIGO

Section 5: Dialysis Interventions for Treatment of AKI

5.1.1: Initiate RRT emergently when life-threatening changes in fluid, electrolyte, and acid-base balance exist.
(Not Graded)

5.1.2: Consider the broader clinical context, the presence of conditions that can be modified with RRT, and trends of
laboratory tests—rather than single BUN and creatinine thresholds alone—when making the decision to start
RRT. (Not Graded)

5.2.1: Discontinue RRT when it is no longer required, either because intrinsic kidney function has recovered to the point that
it is adequate to meet patient needs, or because RRT is no longer consistent with the goals of care. (Not Graded)

5.2.2: We suggest not using diuretics to enhance kidney function recovery, or to reduce the duration or frequency of RRT. (2B)

5.3.1: In a patient with AKI requiring RRT, base the decision to use anti lation for RRT on assessment of the patient’s
pmendnlﬂahmdbeneﬁuﬁvmmdwquhﬂon (see Figure 17). (NotGmM
5.3.1.1: We lati dudngminmiflplﬁemdmnothmminamed

g risk or i 1' d coagulation and is not already g sy lation. (1B)
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5.3.2: For patients without an increased bleeding risk or impaired coagulation and not already receiving effective

systemic anticoagulation, we suggest the following:

5.3.2.1: For anticoagulation in intermittent RRT, we recommend using either unfractionated or low-molecular-
weight heparin, rather than other anticoagulants. (1C)

5.3.2.2: For anticoagulation in CRRT, we suggest using regional citrate anticoagulation rather than heparin in
patients who do not have contraindications for citrate. (2B)

5.3.2.3: For anticoagulation during CRRT in patients who have contraindications for citrate, we suggest using
either unfractionated or low-molecular-weight heparin, rather than other anticoagulants. (2C)

10 Kidney International Supplements (2012) 2, 8-12
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5.3.2: Per i pazienti senza un aumentato rischio di sanguinamento o alterazioni della coagulazione e che
non ricevono gia un’efficace anticoagulazione sistemica, si suggeriscono le seguenti opzioni:

5.3.2.1: Per I’anticoagulazione nella|]RRT intermittente,|si raccomanda di utilizzare eparina non

frazionata o a basso peso molecolare, piuttosto che altri anticoagulanti. (1C)

5.3.2.2: Per I’anticoagulazione in corso disi suggerisce 1’'uso dell’anticoagulazione regionale
con citrato piuttosto che I'eparina se non vi sono controindicazioni al citrato. (2B)

5.3.2.3: Per ’anticoagulazione in corso di CRRT in pazienti con controindicazioni al citrato, si
suggerisce di utilizzare eparina non frazionata o a basso peso molecolare, piuttosto che altri
anticoagulanti. (2C)
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RESULTS (11 RCT - 992 patients and 1998 circuits)

Zhao & shiren Sun ()

Citrate versus heparin anticoagulation for
continuous renal replacement therapy: an
updated meta-analysis of RCTs

£) 6354 Accesses ) 226 Cirations @ 4 Altmetric - Explore all metrics
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Intensive Care Medicine

Al

Access this article

Loginvia aninstitution -

Citrate for CRRT significantly reduced the risk of circuit 1loss
compared to regional (HR 0.52, 95 % CI 0.35-0.77,
P = 0.001) and systemic (HR 0.76, 95 % CI 0.59-0.98, P = 0.04) heparin.

Citrate also reduced the incidence of filter failure (RR 0.70, 95 % CI
0.50-0.98, P = 0.04).

The citrate group had a significantly lower bleeding risk than the
systemic heparin group (RR 0.36, 95 % CI 0.21-0.60, P < 0.001) and a
similar bleeding risk to the regional heparin group (RR 0.34, 95 % CI
0.01-8.24, P = 0.51).

The incidences of heparin-induced thrombocytopenia (HIT) and hypocalcemia
were increased in the heparin and citrate groups, respectively.

No significant survival difference was observed between the groups.

Therapeutic Apheresis

and Dialysis @ . ","“-'

ORIGINAL ARTICLE

Regional citrate versus heparin anticoagulation for continuous
renal replacement therapy in critically ill patients: A meta-
analysis of randomized controlled trials

Rui Li, Xiang Gao, Tao Zhou. Yunjie Li, Jianhui Wang, Peirong Zhang &

06 April 2022 | https://doi.org/10.1111/1744-9987.13850 ~* VIEW METRICS

s study and share the first authorshig

RESULTS
Analyses showed that there:

RR = 0.64, p=0.09; RR = 1.05, p= 0.70).

(MD = 16.98, p<0.0001).

* no differenceexisted in: mortality, metabolic alkalosis, circuit loss, and the number
of transfused between the two groups (RR = 0.95, p=0.40; RR = 1.73, p=0.40;

« the filter life of the citrate group was /ongerthan the heparin group
« the risk of bleeding and heparin-induced thrombocytopenia was significantly

lower in the citrate (RR = 0.32, p<0.00001; RR = 0.55, p= 0.04).

« the citrate group was more susceptible to hypocalcemia (RR = 4.85, p = 0.0004).
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POPULATION

413 Men

183 women PR

Adults with acute kidney injury or
indication for kidney replacement
therapy, an additional condition,
and planned intensive care

Mean age: 67.5 years

LOCATIONS
26

Centers in Germany

QUESTION In critically ill patients with acute kidney injury, what is the effect of using regional citrate anticoagulation vs systemic heparin
anticoagulation during continuous kidney replacement therapy on dialysis filter life span and mortality?

CONCLUSION This randomized trial showed that in patients with acute kidney injury, anticoagulation with regional citrate, vs systemic
heparin anticoagulation, increased filter life span, but the trial was underpowered to reach conclusions regarding mortality.

INTERVENTION FINDINGS
I — Median filter life span
/ 596 Patients analyzed > Regional citrate Systemic heparin
~ ‘ anticoagulation anticoagulation
= — 5
300 296 A 47 hmrlrsr 7 26 hours -
Regional citrate Systemic heparin The median filter life span difference was significant:
anticoagulation anticoagulation 15 hours (95% ¢, 11 to 20); P < 001
Citrate added continuously Heparin administered through
to the blood before the filter 1V lines at 30 mL/kg/h; adjusted 90-day mortality
of extracorporeal circuit; to partial thromboplastin
adjusted to ionized calcium levels  time of 45-60 seconds Regional citrate Systemic heparin
anticoagulation anticoagulation
51% 54%
COPRIMARY OUTCOMES Adjusted 90-day mortality was not significant:
Filter life span and 90-day all-cause mortality HR, 0.79 (95% C1, 0.63-1.004),
but the trial was underpowered for this outcome

Mettifoges

Zarbock A, Kiillmar M, Kindgen-Milles D, et al. Effect of regional citrate anticoagulation vs systemic heparin anticoagulation during continuous kidney replacement
therapy on dialysis filter life span and mortality among critically ill patients with acute kidney injury. JAMA. doi:10.1001/jama.2020.18618
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Abstract

The most common anticoagulant options for continuous renal replacement therapy

WILEY

(CRRT) include unfractionated heparin (UFH), regional citrate anticoagulation (RCA),

and no anticoagulation. Less common anticoagulation options include UFH with pro-
mlecular weight heparin (LMWH), thrombin antagonists, and
platelet inhibiting agents. The choice of anticoagulant for CRRT should be determined
by patient characteristics, local expertise, and ease of monitoring. The Kidney Disease
Improving Global Outcomes (KDIGO) acute kidney injury guidelines recommend using
RCA rather than UFH in patients who do not have contraindications to citrate and are

with or without increased risk of bleeding. Monitoring should include evaluation of

the anticoagulant effect, circuit life, filter efficacy, and complications.

Semin Dial. 2021;00:1-7. https://doi.org/10.1111/ sdi.12959
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TABLE 1 Dosing of anticoagulants for continuous renal replacement therapy
Loading
Anticoagulant Dose Maintenance Monitoring
Heparin 5-15 IUrkg 5-10 units/kg/h Target: aPTT in the circuit 45-60 s or anti-Xa activity 0.3-0.6 1U/mL ]
Frequency: Every 6 h after starting treatment or changing dose; then UFH
every 12 h if no further changes needed
Regional Heparin with ~ N/A Heparin pre-filter: 1000~ Target: Patient aPTT<45 s and circuit aPTT 50-80 s T
Protamine 1500 U/h Frequency: 4-15 min after dose and then every 2-8 h UFH+
Protamine post-filter: PROTAMIN
10-12 mg/h
Enoxaparin 0.15 mg/kg 0.05 mg/kg/h Target: anti Xa 0.25-0.35 1U/mL
Frequency: Every 6-12 h
-
Dalteparin 15-25IU/kg 5 IU/kg/h Target: anti Xa 0.25-0.35 1U/mL LMWH
Frequency: Every 6-12h _
Argatroban 0.1 mg/kg 0.05-0.2 mg/kg/min Target: aPTT 1.5-2 times baseline n
Frequency: Every 2- 4 h until aPTT values are therapeutic for two
readings. Frequency can then be decreased to every 12 h. DIRECT
PRI . a > TROMBIN
Bivalirudin N/A 2mg/h Target: aPTT 1.5-2 times baseline INIBITION
Frequency: Every 2- 4 h until aPTT values are therapeutic for two
readings. Frequency can then be decreased to every 12 h.
Regional Citrate N/A Infused to achieve a citrate Target: post-filter iCa <0.35 mmol/L 1
Anticoagulation blood concentration of Measurement Frequency: circuit and systemic iCa levels every 6to 8 h RCA
3-4mmol/L ]
Abbreviation: aPTT, activated partial thromboplastin time.

https://doi.org/10.1111/ sdi.12959
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TABLE 1 Dosing of anticoagulants for continuous renal replacement therapy
Loading
Anticoagulant Dose Maintenance Meonitoring
Heparin 5-15 IU/kg 5-10 units/kg/h Target: aPTT in the circuit 45-60 s or anti-Xa activity 0.3-0.6 1U/mL
Frequency: Every 6 h after starting treatment or changing dose; then
every 12 hif no further changes needed
Regional Heparin with ~ N/A Heparin pre-filter: 1000- Target: Patient aPTT<45 s and circuit aPTT 50-80 s
Protamine 1500 U/h Frequency: 4-15 min after dose and then every 2-8 h
Protamine post-filter:
10-12 mg/h
Enoxaparin 0.15 mg/kg 0.05 mg/kg/h Target: anti Xa 0.25-0.35 IU/mL
Frequency: Every 6-12h
Da teparin 15-251U/kg 5 IU/k-g h Target: anti X2 0.25-0.35 107/mL
Frequency: Every 6-12 h
Argatroban 0.1 mg/kg 0.05-0.2 mg/kg/min Target: aPTT 1.5-2 times baseline
Frequency: Every 2- 4 h until aPTT values are therapeutic for two
readings. Frequency can then be decreased to every 12 h.
Bivalirudin N/A 2mg/h Target: aPTT 1.5-2 times baseline
Frequency: Every 2- 4 h until aPTT values are therapeutic for two
readings. Frequency can then be decreased to every 12 h.
Regional Citrate N/A Infused to achieve a citrate Target: post-filter iCa <0.35 mmal/L
Anticoagulation blood concentration of Measurement Frequency: circuit and systemic iCa levels every 6 to 8 h
3-4 mmol/L
Abbreviation: aPTT, activated partial thromboplastin time.
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UFH
UnFractioned Heparin

ANTICOAGULAZIONE SISTEMICA CON EPARINA

LMWH
Low Molecular Weight Heparin

aPTT (45-60 sec.)

Anti Xa (0.25-0.35 Ul/mL)

Solfato di Protamina (antagonista completo)

Solfato di Protamina (antagonista parziale)

Facilita di monitoraggio

Minor rischio di HIT, minore affinita per
I'antitrombina, minore attivazione delle piastrine

Sanguinamento, Resistenza all’eparina,
Trombocitopenia indotta da eparina - HIT

Rischio di accumulo in caso di
insufficienza renale

5-15 Ul/Kg

Dose d’inizio

0.15 mg/Kg (Enoxaparin)

5-10 UI/Kg/h

Dose mantenimento

0.05 mg/Kg/h (Enoxaparin)

emivita 60-90 min

emivita 4-5 ore
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Da Nefrologia Critica, Claudio Ronco Ed. Piccin-Nuova Libraria 2021
(modificata)

REPLACEMENT
LINEA POST
DILUIZIONE

DIALISATO

EFFLUENTE

Da Nefrologia Critica, Claudio Ronco Ed. Piccin-Nuova Libraria 2021
(modificata)

UnFractioned Low Molecular
Heparin Weight Heparin
> -
=g
(=]
() aPTT Anti Xa
45-60 sec. 0.25-0.35 Ul/mL
G * Start or
Change dose Every 6-12h
« 12h
EFFLUENTE
UnFractioned Low Molecular Weight
Heparin Heparin
5-15 Ul/Kg dose inizio 0.15 mg/Kg
5-10 UI/Kg/h mantenimento 0.05 mg/Kg/h

https://doi.org/10.1111/ sdi.12959

(L. 633/41). Tale legge, all’art. 70. Ogni utilizzo del materiale citare sempre la
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Regional Heparin with ~ N/A

Da Nefrologia Critica, Claudio Ronco Ed. Piccin-Nuova Libraria 2021
(modificata)

REPLACEMENT
LINEA POST
DILUIZIONE
PROTAMINA
10-12 mg/h

UFH

Heparin pre-filter: 1000~ 1000-1500 Ul/h

Target: Patient aPTT<45 s and circuit aPTT 50-80's

EFFLUENTE

Protamine 1500 U/h Frequency: 4-15 min after dose and then every 2-8 h
Protamine post-filter:
10-12 mg/h
Mettifogo Mariangela Sian 2026 https://doi.org/10.1111/'5di.12959
Da Nefrologia Critica, Claudio Ronco Ed. Piccin-Nuova Libraria 2021
| (modificata)
REPLACEMENT
DIALISATO LINEA POST
DILUIZIONE

(L. 633/41). Tale legge, all’art. 70. Ogni utilizzo del materiale citare sempre la
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Tabella 1.

Review > J Anesth Analg Crit Care. 2023 M:

-
Regional citrate anticoagulation (RCA) in critically ill o B
patients undergoing renal replacement therapy

(RRT): expert opinion from the SIAARTI-SIN joint i
commission

Abstract

Composizione delle principali soluzioni di citrato disponibili in commercio per RRT ﬁ’

Composizione Soluzioni ACD-A Citrato di Citrasol Regiocit® Citrachoice

citrato (produttori  sodio 4% 4% ® 24®
diversi) i e

Citrato trisodio (mmol/l) 74.8 136 136.4 18 20

Acido citrico (mmol/1) 38.1 - 0,3g/1 4

Sodio (mmol/1) 224 408 404.6 140 158

Cloruro (mmol/l) = = = 86 86

Glucosio (g/1) 245 - - - -

(L. 633/41). Tale legge, all’art. 70. Ogni utilizzo del materiale citare sempre la

fonte di provenienza e gli autori.

16



Materiale formativo SIAN, la riproduzione integrale rappresenta una violazione
della legge sul diritto d’autore

05/05/2026

SOLUZIONI PER CRRT

CA** FREE
SOLUZIONE PER CRRT con CITRATO mmol/I

SOLUZIONE PER CRRT mmol/I

Ca*™* 1.75 Ca** 0
HCO,’ 32 HCO5 22
K* 2 4 K* 4
Mg** 0.50 Mg** 0.75
Na* 140 Na* 140
HPO4> 0 HPO4? 1
Cl- 111.5 cl 122

Esempio di soluzione standard per CRRT
utilizzabile come DIALISATO e/o REINFUSIONE

Esempio di soluzione per CRRT con CITRATO
utilizzabile come DIALISATO e/o REINFUSIONE

‘Esembf}t;i"di configurazione delle soluzioni in un trattamento con CITRATO

SOLUZIONE SOLUZIONE
DIALISATO POST - FILTRO
(CITRATO) (CVVHD — CVVHDF) CVVH - CVVHDF
Acido citrico 0 Ca** 0 Ca** 1.25
CITRATO 18 HCO; 22 HCO; 30
Na* 140 K* 4 K* 4
Mgt 0.75 Mgt 0.60
Esempio di soluzione di CITRATO
per RCA Na* 140 Na* 140
HPO42 1 HPO4Z 1.2
Cl 122 Cl 115.9

Esempio di soluzione per CRRT con CITRATO

Esempio di soluzione con fosfato per CRRT

utilizzata come DIALISATO Utilizzata REINFUSIONE POST

(L. 633/41). Tale legge, all’art. 70. Ogni utilizzo del materiale citare sempre la
fonte di provenienza e gli autori. 17
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Ca** |

1 mmol di citrato ->
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Citric acid + INaHCO,

HCO; + H0 + 300, =
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2.48 kJ/mmol di citrato |
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e @
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a-ketoglutarate dehydrogenase
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COMPLESSI
CITRATO-CALCIO
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Ciclo di Krebs

2

Ca** |

1 mmol di citrato ->
3 mmol NaHCog

Citric acid + 3NaHCO,

3H,C0; + HO + 30, »
4H,0 + 6C0,

| 2.48 kJ/mmol di citrato |

SPRINGER NATURE Link

Regional citrate anticoagulation for
continuous renal replacement therapy: a
prospective study in a resource-limited

intensive care unit from Vietnam

Table 2.

Differential diagnosis between citrate accumulation and other benign conditions

Citrate Citrate net overload

accumulation

Insufficient citrate
load

Origin Reduced capacity  Excessive citrate s
to metabolize buffer needs ouffer
citrate needs

Total Ca/iCaratio >2.5 Normal (<2.5) Normal (2.5)

Metabolic Acidosis Alkalosis Acidosis

acidosis/alkalosis

cacl2 1 (tendence to Normal Normal

administration  hypocalcemia)

Severity (risk) High Low Low
(hypocalcemia)

Frequency Uncommon if Common Uncommon
exciuding high-risk
cases

Complexityof ~ Complex Easy Easy

correction

Possible 1Qgand/or1Qy 1Qgand/ortQpand/ort  1Qgand/oriQpy

interventions  and/or Qg% Q" and/or 1 QP

4 target citrate dose | target citrate dose
(mmoleyr/Lg) or
RCA stopping with

(mmolerr/Lg)

switch to
alternative
anticoagulation

strategies

1 target citrate dose
(mmolerr/Lg)

Openinanew tab

(L. 633/41). Tale legge, all’art. 70. Ogni utilizzo del materiale citare sempre la

fonte di provenienza e gli autori.
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3 mmol NaHCog

acid + INaHCO,

3H,C0; + HO + 30, »
4H,0 + 6C0,

| 2.48 kJ/mmol di citrato |

SPRINGER NATURE Link

to metabolize buffer needs buffer
citrate needs
Catt
Total Ca/iCaratio >25 ormal (5 2.5) Normal (s2.5)
Metabolic Acidosis hikalosis Acidosis
acidosis/alkalosis
1 mmol di citrato -> caclz  (tendence to ormal Normal
COMPLESSI 3 mmol Nch°3 administration  hypocalcemia)
CITRATO-CALCIO Severity (risk)  High Jow Low
(hypocalcemta)
Frequency Uncommon if ommon Uncommon
3H,CO4 + HO + 3C0; + excluding high-risk
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4H,0 + 6C0,
Complexityof  Complex asy Easy
correction
| 2.48 k.l/mmol dl citrato | Possible 1Qgand/or1Qp Qg and/or T Qg and/or 1Qgand/oriQpy
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RCA stopping with
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strategies
Open inanewiab
Mettifogo Mariangela Sian 2026
Prevenzione, Cura, Innovazione
ifutogns
SN
Table 2.

Differential diagnosis between citrate accumulation and other benign conditions

Citrate Citrate net overload

accumulation

Insufficient citrate
load

Total Ca/iCa ratio
Metabolic
acidosis/alkalosis
caclz
administration

Severity (risk)

Frequency

Complexity of
correction
Possible

Interventions

Mettifogo Mariangela Sian 2026

Regional citrate anticoagulation for
continuous renal replacement therapy: a
prospective study in a resource-limited
intensive care unit from Vietnam

Reduced capacity  Excessive citrate

Insufficient citrate

to metabolize buffer needs buffer
citrate needs

>25 Normal (<25) Normal (<2.5)
Acidosis Alkalosis Acidosis
T(tendenceto  Normal Normal
hypocalcemia)

High Low Low
(hypocalcemia)

Uncommon if Common Uncommon
exciuding high-risk

cases

Complex Easy Easy

1Qgandjor1Q Qgand/ortQpand/ort
and/or1 Q™% Q"

§ target citrate dose | target citrate dose
(mmolcyr/Lg)or  (mmolcyr/Lg)
RCA stopping with
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Table 2.

Differential diagnosis between citrate accumulation and other benign conditians

Ciclo di Krebs pree e e

Insufficient citrate

accumulation load
U Origin Reduced capacity ~ Excessive citrate Insufficient citrate
to metabolize buffer neelis ‘buffer
citrate needs
ca++

Total CafiCaratio >2.5 Normal (<2.5) Normal (s2.5)

Metabolic Acidosis Alkalosis Acidosis

actdosts/alkalosis

1 mmol di citrato -> cacl2 T (tendence to Normal Normal
COMPLESSI 3 mmol NaHC 03 administration  hypocalcemia)
CITRATO-CALCIO Severity (risk)  High Low Low
acid + INaHCO, (hypocalcemia)
Frequency Uncommon if Common Uncommon
3H,CO4 + HO + 3C0; + excluding high-risk
cases
4H:0 + 6C0,
Complexityof ~ Complex Easy Easy
correction
| 2.48 kJ/mmol di citrato | Possible iQgand/or1Qy  !Qgand/ortQpand/ort] 1Qgand/oriQy

Interventions and/or 1Qg™* QP and/for 1 QP

| target citrate dose | target citrate dose 1 target citrate dose
SPRINGER NATURE Link
e = (mmolcry/Lg) or  (mmolery/Le) (mmolcr/Lg)
oo dira RCA stopping with

switch to

anticoagulation for 14
nal replacement therapy: a alternative

prospective study in a resource-limited . anticoagulation

intensive care unit from Vietnam

strategies

Open.inanew tab
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Table 2.

Differential diagnosts between citrate accumulation and other benlgn conditions

Ciclo di Krebs prem pre e E————r——

accumulation load
D Origin Reduced capacity  Excessive citrate Insufficient citrate
to metabolize buffer needs buffer
citrate needs
Ca*t
a Total CafiCaratio >25 Normal (£2.5) Normal (s2.5)
Metabolic Acidosis Alkalosis Acidosis
acidosts/alkalosis
1 mmol di citrato -> cacl2 T (tendence to Normal Normal
COMPLESSI 3 mmol Nch03 administration  hypocalcemia)
CITRATO-CALCIO Severity (risk)  High Low Low
acid + 3NAHCO, (hypocalcemia)
Frequency Uncommon if Common Uncommon
3H,C0; + HO + 30, » excluding high-risk
cases
4H,0 + 6C0,
Complexityof ~ Complex Easy Easy
correction
| 2.48 kj/mm°| di citrato | Possible 1Qgand/or1Qy Qgand/orTQpand/ort  1Qgand/oriQp
interventions  and/or Qg% Q" and/or § QgP**
4 target citrate dose | target citrate dose 1 target citrate dose
(mmolcyr/Lg) or  (mmoleyy/Lg) (mmolerr/Lg)
RCA stopping with
+ Circuit iCa (post-filter) every 6-8 h with a target of MONITORARE: aL——
0.25-0.40 mmol/l . Emogasanalisi sernatie
« Patient serum iCa every 6-8 h with a target of 11— . Magnesiemia Miccageiation
1.3 mmol/l . Natremia strategies
+ Serum total Ca (and total Mg) every 12-24 h . Lattatemnia
Openinanewtab
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Analgesia and Critical Care
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REVEW  OpenAcess

Regional citrate anticoagulation (RCA) -
in critically ill patients undergoing renal
replacement therapy (RRT): expert opinion
from the SIAARTI-SIN joint commission
Valentina Pistolesi''®, Santo Morabi(o',‘\/mcenzo Pota’, Fabrizio Valente’, Francesca Di Mario®, ‘
Enrico Fiaccadori*®, Giacomo Grasselli®”, Nicola Brienza®, Vincenzo Cantaluppi®, Silvia De Rosa'®'",
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commission
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Abstract

Human error
Continuous renal replacement therapy (CRRT) is a form of renal replacement therapy that is i e
used in modern intensive care units (ICUs) to help manage acute kidney injury (AKI), end citrate infusion
stage kidney disease (ESKD), poisonings, and some electrolyte disorders. CRRT has when mﬂ"s not
transformed the care of patients in the ICU over the past several decades. In this setting, it is
important to recognize CRRT-associated ications but also up-to-d. of
these complications. Some of these complications are minor, but others may be more ‘

i and even life Some CRRT ications may be related to dialysis

factors and others to specific patient factors. Our overarching goal in this article is to review
and discuss the most significant CRRT-related complications at the different stage of

\anagement of CRRT. With the advent of newer solutions, there have been newer Citrate

lications as well. toxicity

Complications of regional citrate anticoagulation.

Mettifogo Mariangela Sian 2026
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CVVHDF AV1000 CON CITRATO-CALCIO

Cogaome o Markers
Nome

Data Filtro Trattamento
Acc,Vascolare EPO

SACCHE DIALISATO = CON CALCIO = 0
SACCHE REINFUSIONE MULTIBIC

REINFUSIONE = 500¢c Fisiologica -100 ce
+10 i CALCIO Cloruro

cALCIO LS
DATA ‘
Parametri d rilevare
(monitor ¢ B.AB.) ad b b 'y eee ] h| & .Y b
wgi contrallo dastart |dastart |dastart |dastat |dostrt |dastart |dastart |da start
120
%00
000
50
17

T flass indicati nella prima colonna sono indicativi per un lnizio di trattamento standard.
Paziente

i

T

HCO, )
SISTEMICO mmoll

[

Base BE(B) ISTEMICO)
mmoll

(

Fuonas sangn i
s e 8 8§ 0 8Y

¢
B
B
§
]

arbonatemia mmoll

Variazione status Acido

base
Lo stato Acido-Base dipende dal flusso
sangue ¢ dal bagno dialisi: sumentando il
flusso sangue del 20% la bicarbonatemia
aumenta di circa 4 mmol 1. L' sumento del
flusso bagao di dialisi di circa il 20%

compensa questo cffetto,

QD-mlh

Ridurre @ 0.4 mmot
© srvisare d medico

T e a0 ot

[—
a0 o
ikl Ao 02
Aumentare @ 0.4 mmelh

© srvisare d medico

Cat++ mEq/l: 2= Ca++ mmol/l

cambaments

0.25-03¢ - o
ARy P 301 it
Rudurre 80,2 mmotn
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"3 8 TS
STANDARD DOSE HiGH pose
FLUSSO SANGUE 150 ml/min 200 mi/min
3 mmolt 3 mmal/t
18/0° Flusso= 1500 mi/h Flusso = 2000 mi/h
REINFUSIONE post
Phoxilium® 1500 mi/h 2000 mi/h
SIRINGA Compensazione = 100 % Compensazione = 100 %
Calcio cloruro default
250, Prismafles / Prismas
CVVH CON CITRATO/ CALCIO
Data: Cognome Nome:
‘ Accesso: F.AV. [X73 Giug.  Suc.  Fem Flusso invertito: 5 No
CIRCUITO MONTATO IL £ i ALLE ORE (sTART)
DOSE DEPURATIVA
Standard / High S/H | S/H | S/H s/n S/H S/H S/H S/H
Parametr| da flevare
e £A R g soamr | o2 w 10 sone 108 1wone 20me
onstant | oasuwr | onstanr | oasmer | oastwr | oaser | oastar

FLUSSO SANGUE mi/min

FLUSSO REINFUSIONE
W

m
[ RIMOZIONE FLUIDI PAZ.
min

FLUSSO PAP CITRATO
mih

'DOSE CITRATO ATTUALE
mmoyi

Varlazione DOSE CITRATO
mmoyt

COMP. % CALGO
Attuale

Variazions COMP, CALGIO.
*

Ca ++ IONIZZATO.
SISTEMICO PAZ._mmo/|

Ca ™ IONIZZATO
POST.FILTRO __ mmo/l
s

Ph SSTEMICO

W00 3 {P.t) SSTEMKCO

Buse BE(B) SSTEMICO

23

FC.

vC

CVVH CON CITRATO/ CALCIO

PRELIEVO SISTEMICO PAZIENTE

Ca++ Modificazione Prafievi HCO3 Prelievi
SISTEMICO | COMPENSAZIONE [ SANGUE ssTemico | Modificazione SANGUE
(mmol/t) SISTEMICO (mmo) | DOSE CITRATO | SiSTEMICO
mmal/) PAZIENTE ' y PAZIENTE
Sirings Prismafiex
PRIMI CONTROLLI entro 1 ora DALLA PARTENZA
Aumentare del 0% Portare 0% GHTato &
<070 <1 36
Aumentare del 20% i
umentare del e
05009 s dversapm s dveranm
0.2 | Portaredosecaton
050-098 | Aumentare del 10%
10-12 | Nessuna modifica | Controlodopo 6ore 2.2 | Nesssnamoditcn | oS0
- ’ Portare dose Gtrato 8
121-135 | Ominuire 061108 | Corpns opusere =— =
v dveria s Comrons 000
s
>136 Oiminuice del 20% -
e Portare dose ctrato | 10 SVene
>% 24
Le varizloni s intendono rspetto al valore & impostato.
CVVH CON CITRATO/ CALCIO
PRELIEVO CA ++ POST FILTRO
% %
Carr Modificazions Prelievi
post fitro, DOSE CITRATO POST FILTRO
| {mmatf) Py
<050 Nessuna modifics Controllo dopo 6 ore
Aumentare di 0.3 mmol/l
>050 ecko se HCO3 Q1) Controllo dopo 6 ore salvo diversa p.m.
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L'anticoagulazione regionale con citrato (RCA) in CRRT:
sottoposti a CRRT.
alterazioni dell’equilibrio acido-base) sono fondamentali:
* Adeguata formazione del personale

* Protocolli RCA ottimizzati
* Monitoraggio attento dei parametri

RCA (indicativa di ridotta capacita di metabolizzazione del citrato)

> E' considerata la modalita di anticoagulazione di prima scelta nei pazienti

> Per prevenire complicanze (accumulo di citrato, squilibri elettrolitici e

» Aumento progressivo della lattatemia - possibile controindicazione alla

How to safeguard the continuous
renal replacement therapy circuit:
a narrative review

Fattori non farmacologici che influiscono sulla durata del circuito di CRRT:
Funzionalita del CVC

Flusso sangue

Modalita di trattamento: CVVH (pre e/o post) vs CVWHD

Gestione strategica del Volume effluente

Fattori clinici del paziente

vV V V VYV VY V

Competenze nella gestione del trattamento

(L. 633/41). Tale legge, all’art. 70. Ogni utilizzo del materiale citare sempre la
fonte di provenienza e gli autori.
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Mettifogo Mariangela Sian 2026

How to safeguard the continuous
renal replacement therapy circuit:
a narrative review

Chaomin Hu'?, Pengfei Shui®, Bo Zhang®, Xin Xu',
Zhengquan Wang®, Bin Wang*, Jie Yang?, Yang Xiang®,
Jun Zhang®, Hongying Ni®**, Yucai Hong®* and
Zhongheng Zhang***

Comparative Study > J Hepatol. 2009 Sep;51(3):504-9. doi: 10.1016/}jhep.2009.05.028.

Epub 2009 Jun 24.
Continuous renal replacement therapy (CRRT) in
patients with liver disease: is circuit life different?

Banwari Agarwal !, Steve Shaw, Manu Shankar Hari, Andrew K Burroughs, Andrew Davenport

Affiliations + expand
PMID: 19615775 DO 10.1016/j jhep.2009.05.028

Fattori non farmacologici che influiscono sulla
Funzionalita del CVC

Flusso sangue

>
>
>
>
> Fattori clinici del paziente
>

Competenze nella gestione del trattamento

Modalita di trattamento: CVVH (pre e/o post) vs CVWHD

Gestione strategica del V0|UW

durata del circuito di CRRT:

insufficienza epatica acuta,
malattie croniche scompensate,
trapiantati di fegato,

sepsi

disturbi ematologici.
Hanno osservato che ad eccezione dei
pazienti con disturbi ematologici, gli altri
avevano una durata del filtro piu breve,
con una durata media inferiore a 12 ore.

Mettifogo Mariangela Sian 2026

(L. 633/41). Tale legge, all’art. 70. Ogni utilizzo del materiale citare sempre la

fonte di provenienza e gli autori.

25



Materiale formativo SIAN, la riproduzione integrale rappresenta una violazione

della legge sul diritto d’autore

How to safeguard the continuous
renal replacement therapy circuit:
a narrative review

Chaomin Hu'?, Pengfei Shui®, Bo Zhang®, Xin Xu?,
Zhengquan Wang?®, Bin Wang*, Jie Yang?, Yang Xiang®,
Jun Zhang?®, Hongying Ni**, Yucai Hong®* and
Zhongheng Zhang®®*

Observational Study > Pediatr Crit Care Med. 2013 Oct; 14(8):747-54.
doi: 10.1097/PCC.0b013e318297626e.
Improving delivery of continuous renal replacement
therapy: impact of a simulation-based educational
intervention

Theresa Mottes ', Tonie Owens, Matthew Niedner, Julie Junc, Thomas P Shanley, Michael Heung

Affiliations + expand
PMID: 23863823 DOI: 10.1097/PCC.0b013€318297626e

J Fattori non farmacologici che influiscono sulla durata del circuito di CRRT:

Nuove prospettive per
I'Infermieristica Nefrologica

NAZIONALE SIAN

4 ° CONGRESSO

» Funzionalita del CVC
> Flusso sangue
D . La durata del filtro & migliorata da 42,5
> Modalita di trattamento: CVVH (pre e/o pOSt) vs CVVHD ore (18,2-66,4 ore) durante il programma
. . didattico a 59,4 ore (22,2-76,4 ore)
> Gestione strategica del Volume effluente durante il programma educativo basato
sulla simulazione (p = 0,008).
> Fattori clinici del paziente
» Competenze nella gestione del trattamento
Mettifogo Mariangela Sian 2026

i 4-5-6 Maggio 2026

/A J,,,,,.i Zanhotel Europa - Bologna

Prevenzione, Cura, Innovazione

GRAZIE
PER L'ATTENZIONE

Mettifogo Mariangela
Ulss 8 Berica — Vicenza
Gruppo CRRT - Sian

(L. 633/41). Tale legge, all’art. 70. Ogni utilizzo del materiale citare sempre la

fonte di provenienza e gli autori.

05/05/2026

26



