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Mortality due to Bleeding in Dialysis Patients

HD Patients deaths (n) = 
79 327

Years = 1994-2011

General pop. deaths (n) 
= 19 058 469

Cause specific mortality Dialysis patients General population

Bleeding ( x 1000 person-years) 6.2 0.3

Myocardial infarction ( x 1000 
person-years) 

22.5 0.9

Stroke ( x 1000 person-years) 14.3 0.7



Heparin-free HD, n (%) = 836 (6.7%)

Outcome Exposure 
group

Number of 
events

Follow-up 
(yrs)

Incidence rate (x 100 
person-year)

Hazard Ratio 
(95% CI)

All bleeding events Heparin-free 75 1.14±0.76 9.1 1.15 (0.83-1.60)

Heparin 67 1.18±0.77 7.8

Atherotrombosis Heparin-free 228 1.08±0.76 28.9 1.09 (0.90-1.13)

Heparin 217 1.13±0.77 26.5

Venous thrombosis Heparin-free 102 1.08±0.76 12.9 1.23 (0.93-1.64)

Heparin 87 1.15±0.77 10.4

All-cause mortality Heparin-free 360 1.19±0.77 41.5 1.08 (0.94-1.26)

Heparin 342 1.23±0.77 38.1

Shen JI et al. Nephrol Dial 
Transplant, 2013; 28 . 1589-1602

Variable Heparin-free 
dialysis patients

Heparin
 dialysis patients

Patients, n 728 728

Age (years) 77±6 77±7

Males, n (%) 374 (51) 370 (51)



Rischio SANGUINAMENTO >>  Rischio COAGULAZIONE

● Piastrinopenia grave (<20.000/microL)

● Sanguinamento attivo durante la dialisi
o tratto gastrointestinale 
o intra-addominale
o ferite chirurgiche 
o cateteri arteriosi o venosi

● Interventi chirurgici maggiori, intraoculari e 
spinali nelle 72 ore precedenti 

● Emorragia intracranica o extradurale attiva

● Uso di anticoagulanti sistemici

● Pericardite uremica

● Deficit del fattore VII o VIII della coagulazione



Dialisi senza eparina: Opzioni

1. Membrane rivestite

B)  Attivazione da contatto

2. Struttura della membrana

C) A + B

1. Boli di fisiologica

4. Dialisato con citrato

3. Anticoagulazione regionale con citrato

A)  Rischio coagulativo

2. HDF in prediluizione



Patients (n) = 10

Sessions (n) = 30



Anticoagulazione regionale con Citrato-Calcio



Pre-HDF con Citrato e Anticoagulazione

Richtrova P et al. Artif Organs 2017: 41(8): 759-766

Citrate-
preHDF

Acetate-
preHDF

p

Sessions, n 10 10

Clotting 
score

3.4±0.65 1.8±0.79 0.002

Kt/V 1.48±0.16 1.58±0.17 0.006

Dialisato
con Citrato 
0,8 mmol/l

Uscita 
sangue

Ingresso
Sangue

Uscita 
dialisato

Ingresso 
dialisato

Pre-HDF
con Citrato
0,8 mmol/l



The use of dialysate 
with citrate allows 

the reduction of the 
dose of heparin per 

treatment but
not allows heparin 

free dialysis



1st No-Heparin Hemodialysis



Study period =
 1st HD 50% heparin + 2nd  HD 25% heparin + 

3rd HD no heparin + 4th HD no heparin

HD patients enrolled
(N = 32)

Arm A, pts = 16
Heparin coated, 

Study period = 4 HD 

Arm B, pts = 16
Vitamin E coated,

Study period = 4 HD 

Arm A, pts = 16
Vitamin E coated,

Study period = 4 HD 

Arm B, pts = 16
Heparin coated, 

Study period = 4 HD 

Successful study period = no circuit-clotting event leading to 
premature interruption of any of the 4 dialysis sessions 

No of successful study period

No of sessions without clotting

No of patients who needed saline flushes

Mean transmembrane pressure, mmHg

Mean blood flow rate, mL/min

25/32 (78%)

114/128 (89%)

19 (59%)

23.5±20

340±26

26/32 (81%)

115/128 (90%)

20 (63%)

24.2±21

344±23

Vitamin E coated
pts = 16

Heparin coated
pts = 16

1st HD: 50% heparin

2nd HD: 25% heparin

3rd HD: no heparin

4th HD: no heparin

0% 20% 40% 60% 80% 100% 120%

97%

97%

84%

81%

97%

94%

88%

78%

PER-SESSION SUCCESS RATE

Vitamin-E coated Heparin coated



Regional citrate 
anticoagulationversus

A hypertonic sterile solution of trisodium citrate 
dihydrate  was infused into the afferent blood

line at a rate 60mL/h using a separate infusion pump. 
The anticoagulant effect of citrate was neutralized 
using calcium-containing dialysate with a calcium 

concentration of 1.5 mmol/L. 
In all sessions, a polyarylethersulfone dialyser

(Polyflux® 170H, Gambro Dialysatoren, Hechingen, 
Germany) was used, with an effective membrane 

surface area of 1.7 m²

Randomized Cross Over Trial 

25 Patients

1284 HD sessions

636 CiTED arm

648 RCA arm

The combination of 
heparin grafted 

membrane and citrate 
containing dialysate 

Citrate-containing dialysate was produced
using Selectbag® Citrate 1/200 A concentrate 

(Gambro Dasco, Sondalo, Italy). We used the Evodial 
1.6 (Gambro Industries) with an effective membrane 

surface area of 1.65 m². This device is a precoated 
heparin-grafted membrane.



Chimica e Rugosità delle 
Membrane

Helixone® ATA ™ Rexebrane™

Yamashita AC et al. Updates in Hemodialysis, 2015 

Sunohara T & Masuda T. Contrib Nephrol. 2017; 189: 215–221  

Convezione

Fouling

Qualità Quantità

Trombogenicità



Superficie rugosa

Superficie liscia

Fouling e Rugosità delle Membrane per Emodialisi

Sunohara T & Masuda T. Contrib Nephrol. 2017; 189: 215–221  



Qualità delle Proteine del Fouling e 
Chimica della Membrana di dialisi

Urbani A, et al. Mol Biosyst 2012; 8(4):1029-39 Savage B, et al. Cell 1996; 84(2):289-97

Platelet Interaction with 
Fibrinogen: Wall Shear Rate 

Albumina

Triacetato di Cellulosa ATA

Fibrinogeno

Polisulfone Elicoidale



Fouling e Pressione di Transmembrana (TMP)

BioArtProducts, Rostock, Germany, 2015

In vivo (patients, n=5): Qb:350 ml/min, Qd:600 ml/min, Qs:85 ml/min

ATA Polyflux Helixone HDF Helixone 

Dialyzers Roughness 
average (nm)

ATA 4.5

Polyflux 7.5

Helixone HDF 15

Helixone 11



Arm B: Asymmetric cellulose triacetate with 
high volume predilution hemodiafiltration

Arm A: Asymmetric cellulose triacetate plus 
citrate containing dialysate 1mM/L

HD patients enrolled
(N = 20)

Arm A, pts = 10
ATA + Citrate 1.0 mM, 

HD = 3

Arm B, pts = 10
ATA + predilution 

HDF = 3 

Arm B, pts = 10
ATA + predilution 

HDF = 3

Arm A, pts = 10
ATA + Citrate 1.0 mM, 

HD = 3



Microtrombosi: ATA vs Helixone

Vanommeslaeghe F et al. Scientific Reports 2022; 12: 5717

OPEN FIBER 
AREA (%)

ATA_60 min
median 

(25pct; 75pct)

ATA_120 min
median 

(25pct; 75pct)

ATA_240 min
median 

(25pct; 75pct)

Helixone_60 min
median 

(25pct; 75pct)

Helixone_120 min
median 

(25pct; 75pct)

Helixone_240 min
median 

(25pct; 75pct)

P-Value

50 100 % 
(100;100)

100 %
(100;100)

99 % 
(98;100)

90 % 
(81;98)

84 % 
(69;92)

32 % 
(27;43)

<0.001

70 100 % 
(99;100)

100 % 
(99;100)

99 % 
(97;99)

90 % 
(81;98)

83 % 
(68;92)

31 % 
(26;41)

<0.001

90 74 %
(70;79)

74 %
(67;88)

64 %
(59;69)

63 %
(56;65)

52 % 
(38;59)

14 % 
(9;17)

<0.001

• HD patients (n)= 10 

• Anticoagulation:  ¼ dose LMWH

• Study: Randomized cross over

• Dialyzers: ATA  vs. Helixone

HDF length:

2) 120 min

3) 240 min

1) 60 min

Dialyzers Micro-CT scanning

Post-dilution HDF: 
1. Qb 300 mL/min
2. Qd 500 mL/min 
3. Qf 75 mL/min

• Dialysis at mid week



Take home messages

1. La dialisi senza eparina è un’opzione indispensabile nella 
gestione del paziente cronico in dialisi e in qualsiasi 
contesto clinico «acuto» 

2. Le opzioni per la dialisi senza eparina sono molteplici

3. Le strategie più efficienti sembrano la combinazione di 
membrane speciali per caratteristiche o per 
funzionalizzazione con un dialisato a basso contenuto di 
citrato



Diapositive di backup



Categorie di Rischio per Emorragia

Rischio Medio Rischio Alto

 Pericardite  Sindrome emorragica

 Emorragia < 48 h  Coagulopatia

 Posizionamento CVC 
tunnellizzato < 24 h

 Ferita sanguinante Chirurgia minore < 72 h

 Chirurgia maggiore o 
oculistica < 72 h

 Chirurgia maggiore o 
chirurgia oculistica 3-7 gg

 Emorragia cerebrale < 
7 gg

Nissenson AR & Fine RN, Handbook of Dialysis Therapy, 4th edition, 2008



Differenza fra Pressione Pre-filtro (post-pompa) e Post-filtro (venosa)

 Pressione Pre-filtro >> Post-filtro   Pressione Pre-filtro =  Post-filtro

Coagulo nel Filtro Coagulo nel Pozzetto venoso e/o linea

C. Ronco, 2022. In: Emodialisi, Ed. Piccin, Padova: pg 153-166



 Dialysate Citrate 0.80 mmol/L

 Dialyzer: FX 100

 Pre-dilution: 50 ml/min

 Patients (n): 155

 HD vs Pre HDF

HD

preHDF



Resistenza al Trasporto

RM è la Resistenza opposta dalle 

Caratteristiche della Membrana al 
Trasporto dei soluti

Ronco C & Clark WR. Nat Rev Nephrol. 2018;14(6):394-410



Qualità delle Proteine del Fouling e 
Chimica della Membrana di dialisi

Urbani A, et al. Mol Biosyst 2012; 8(4):1029-39 Savage B, et al. Cell 1996; 84(2):289-97

Platelet Interaction with 
Fibrinogen: Wall Shear Rate 

Albumina

Triacetato di Cellulosa ATA

Fibrinogeno

Polisulfone Elicoidale



33 patients
 

Patients were randomly allocated to :
 

1) RCA using a
calcium-free dialysate (RCA-Ca0) 

2) RCA using a calcium containing
dialysate (RCA-Ca3.0)

3) Anticoagulant-free
hemodialysis with  AN69ST



Meccanico: Boli di Fisiologica
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