
Zaccaria Ricci 
Dipartimento Medico Chirurgico  

di Cardiologia Pediatrica 

Rinaldo BELLOMO | Australia 

Loreto GESUALDO | Italy 

Stuart GOLDSTEIN | USA 

Kianoush KASHANI | USA 

 

SCIENTIFIC PROGRAM ADVISORS 

 

ADMINISTRATIVE SECRETARIAT 

New Progress Service s.r.l. 

Viale Trieste 29/c | 36100 Vicenza | Italy 

f +39 0444 515824 

e-mail: npscongressi@gmail.com 

National Provider n 1257  

 

MEETING PLANNERS 

Department of Nephrology 

International Renal Research Institute Vicenza | IRRIV       

AULSS 8 Berica San Bortolo Hospital  

Viale Rodolfi, 37 | 36100 Vicenza | Italy 

t / f  +39 0444 753949 

e-mail: info@irriv.com 

Regione Veneto | AULSS 8 Berica 

Dep. of Nephrology, Dialysis and Renal Transplantation 

International Renal Research Institute Vicenza | IRRIV 

San Bortolo Hospital | Vicenza | Italy 

             

GENERAL INFORMATION 

LANGUAGE The official language is English.    

VENUE The course will be held at the Convention Center of IEG, 
Viale dell’Oreficeria,  Vicenza (Italy), in June 12th - 14th, 2018. 

REGISTRATION The registration fee includes: congress kit, entry to 
all scientific sessions and Exhibition/Poster area, a copy of the final 
program, refreshment breaks in the catering area, invitation to the 
Opening Ceremony on Tuesday June 12th, 2018. The registration 
fees are the following per participant plus € 20,00 for fixed charges:  

CANCELLATION POLICY SPECIAL REGISTRATION No refunds for can-
cellation and name change. EARLY BIRD REGISTRATION No refunds 
for cancellation and name change. STANDARD REGISTRATION 50% 
of the registration fee will be refunded for cancellation. LATE REGI-
STRATION No refunds for cancellation and name change. All the 
requests must be submitted by e-mail to info@irriv.com 

INDUSTRY EXHIBITION The Course will host an Industry Exhibition 
including the latest technology, equipment and products. To discuss 
sponsorship opportunities and arrangement of symposia, please 
contact the Course Secretariat at info@irriv.com. 

The exhibition will be open from June 12th to June 14th, 2018 during 
the congress opening hours. 

UEMS/EACCME | ECM | MEDTECH ACCREDITATION   An application 
has been made to the EACCME® for CME accreditation, to the Italian 
Ministry of Health (ECM) through the Continuous Medical Education 
program and to MEDTECH Committee 

 

  

  

BEST ABSTRACT AWARD CONTEST   

Send an Acute Kidney Injury or Critical Care Nephrology abstract 
by April 30th, 2018 to participate to the contest:                                 

the winner will receive € 1.000 and he/she will shoot a 
"Cappuccino with Claudio Ronco".   

       For details please visit  www.irriv.com 

Italian Exhibition Group | Convention Center 

Fiera di Vicenza  

Vicenza, Italy 
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in general, therefore the specific content of the event/course                                            
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WELCOME LETTER 

Welcome to the 36
th
 edition of the International Vicenza 

Course on Acute Kidney Injury and Continuous Renal Replace-

ment Therapies.  

36 years, what a long journey. We started with the idea of 

offering an updated course on the most important advances 

in the area of nephrology, critical care, cardiology and cardiac 

surgery. The course stands in perfect shape maintaining the 

same mission and its multidisciplinary nature. For this reason, 

the faculty is composed of more than 50 experts in the field 

coming from different disciplines and representing the top 

scientists and investigators of current literature. The 2018 

edition will be a totally new edition of the Vicenza Course.  

Brand new congress areas. 

Brand new exhibition hall.  

Brand new course structure. 

The Course will host an AKI path and a CRRT path that will be 

held simultaneously. 

A series of lectures and panel discussions will be delivered 

during the days of the course. Our task is to put together 

specialists from different disciplines in a single scientific event 

with a multidisciplinary approach to the critically ill patient 

with acute kidney injury and multiple organ dysfunction.  

Do not miss the opportunity to discuss with your peers and 

the most experienced colleagues and experts the recent ad-

vances and the basic information in critical care nephrology. 

For 36 years we have been your partner in education and 

science. Please continue to support us in our effort for a bet-

ter patient care. 

Companies and Members from the industry of the field are 

invited to join the event reserving booth and spaces in the 

exhibition area. 

SPECIAL 

REGISTRATION 

  

Special rate for:                                     

- 30 years old or younger                             

(Born after January 1st, 1988)                                

-  ex Vicenza/Irrivian Fellows               

This registration is possible only by sending an 

 € 300            

Tax included 

  

 

 EARLY BIRD  

REGISTRATION 

  

Until February 28th, 2018                      

(online only)                                               

Please note that with this registration it will 

not be possible to change name or cancellation 

after submission. Please note that the packag-

es must be payed only by bank transfer 

1 x € 450        

Tax included 

10 x €400   

Tax included 

 STANDARD 

REGISTRATION 

  

From March 1st until April 30th, 2018  

(online only)    

Please note that the packages must be payed 

only by bank transfer 

1 x € 600           

Tax included 

10 x € 550  

Tax included 

 LATE 

REGISTRATION 

  

From May 1st until June 8th,  2018                                                                   

(online only)                                              

Please note that the packages must be payed 

only by bank transfer 

 1 x € 700   

Tax included 

 10 x € 650 

Tax included 

 ON SITE 

REGISTRATION 

  From June 12th, 2018                         

(credit card only)  

 € 800              

Tax included 
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GENERAL INFORMATION 

LANGUAGE The official language is English.    

VENUE The course will be held at ViCC Vicenza Convention Centre, 
Viale dell’Oreficeria,  Vicenza (Italy), in May 28th - 30th, 2019. 

REGISTRATION The registration fee includes: congress kit, entry to 
all scientific sessions and Exhibition/Poster area, a copy of the final 
program, refreshment breaks in the catering area, invitation to the 
Opening Ceremony on Tuesday May 28th, 2019. The registration fees 
are the following per participant plus € 20,00 for fixed charges:  

CANCELLATION POLICY SPECIAL REGISTRATION No refunds for can-
cellation and name change. EARLY BIRD REGISTRATION No refunds 
for cancellation and name change. STANDARD REGISTRATION 50% 
of the registration fee will be refunded for cancellation. LATE REGI-
STRATION 50% of the registration fee will be refunded for cancella-
tion. All the requests must be submitted by e-mail to info@irriv.com 

INDUSTRY EXHIBITION The Course will host an Industry Exhibition 
including the latest technology, equipment and products. To discuss 
sponsorship opportunities and arrangement of symposia, please 
contact the Course Secretariat at info@irriv.com. The exhibition will 
be open from May 28th to June 30th, 2019 during the congress ope-
ning hours. 

ECM | UEMS/EACCME | SVC| MEDTECH ACCREDITATION   An ap-
plication has been made to the EACCME® for CME accreditation, to 
the Italian Ministry of Health (ECM) through the Continuous Medical 
Education program, to Sistema Valutazione Conferenze and to MED-
TECH Committee fo this event. 

BEST ABSTRACT AWARD CONTEST   

Send an Acute Kidney Injury or Critical Care Nephrology abstract 
by April 30th, 2019 to participate to the contest:                                 

the winner will receive € 1.000  

       For details please visit  www.irriv.com 

ViCC Vicenza Convention Centre 

Fiera di Vicenza  

Vicenza - Italy 
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SPECIAL 

REGISTRATION 

  

Special rate for:                                     

- 30 years old or younger                             

(Born after January 1st, 1989)                                

-  ex Vicenza/Irrivian Fellows               

This registration is possible only by sending an 

ID card.  

 € 300            

Tax included 

  

 

 EARLY BIRD  

REGISTRATION 

  

Until March 15th, 2019                       

Please note that with this registration it will 

not be possible to change name or cancellation 

after submission. Please note that the packag-

es must be payed only by bank transfer 

1 x € 450        

Tax included 

10 x €400   

Tax included 

 STANDARD 

REGISTRATION 

  

From March 16th until April 30th, 2019  

Please note that the packages must be payed 

only by bank transfer 

1 x € 600           

Tax included 

10 x € 550  

Tax included 

 LATE 

REGISTRATION 

  

From May 1st until May 24th,  2019                                                                    

Please note that the packages must be payed 

only by bank transfer 

 1 x € 700   

Tax included 

 10 x € 650 

Tax included 

 ON SITE 

REGISTRATION 

  From May 28th, 2019                         

(credit card only)  

 € 800              

Tax included 

Welcome to the 37th edition of the International Vicenza Course on 

Acute Kidney Injury and Continuous Renal Replacement Therapies. 

 

37 years, what a long journey. We started with the idea of offering 

an updated course on the most important advances in the area of 

nephrology, critical care, cardiology and cardiac surgery. The course 

stands in perfect shape maintaining the same mission and its multi-

disciplinary nature. For this reason, the faculty is composed of more 

than 50 experts in the field coming from different disciplines and 

representing the top scientists and investigators of current literature.  

 

The Course will host an AKI path and a CRRT path that will be held 

simultaneously. A series of lectures and panel discussions will be 

delivered during the days of the course. Our task is to put together 

specialists from different disciplines in a single scientific event with a 

multidisciplinary approach to the critically ill patient with acute kid-

ney injury and multiple organ dysfunction. 

 

Do not miss the opportunity to discuss with your peers and the most 

experienced colleagues and experts the recent advances and the 

basic information in critical care nephrology. For 37 years we have 

been your partner in education and science. Please continue to sup-

port us in our effort for a better patient care. 

 

Companies and Members from the industry of the field are invited to 

join the event reserving booth and spaces in the exhibition area. 

 

                                                                                                                                                                                                                                                                                                                                                                                                                            

                                                                                                                                                     Dr. Prof. Claudio Ronco 



VASCULAR ACCESS is the 
bottle neck of CRRT 

CRRT vascular access 
is like Kryptonite 

My heel is like a 
bilumen catheter 



The term ‘artificial kidney failure’ (AKF) was recently introduced to 

describe circuit termination.  

Early (<72 h) AKF is frequently encountered in daily practice.  

 In most situations, it is related to progressive clotting and/or 
clogging of extracorporeal circuits components.  

2018 



Rotating wheel with occluding rolls 
providing 2 to four strokes per route 

ROLLER PUMP 



Roller pumps. Why they may not deliver the desired blood flow ! 

After forward compression, 
the tubing will re-expand and 
refill with blood from the access  
catheter (A). 
 

If patient access restricts flow, the tubing 
may not refill and  remain partially 
collapsed. Stroke is reduced. Blood may also 
pass backwards before the compression 
stroke of the alternate wheel. 
 

Flow reduction is therefore related to 
patient access, the revolutions of the roller 
(affecting refill time) the occlusion gap, and 
tubing re-expansion properties. 

 

Qb backward flow 

Qf forward flow 



The tubing during compression stroke. 

The tubing must re-expand 
following compression and fill 
with ‘fresh’ blood.  
A failure to do so will alter  
the axis ratio and reduce the 
stroke volume of the pump.  



Baldwin ICM 2002 

Set Qb 200 ml/min 

 
 
 
 
 
 
 
 

Roller pumps. Why they may not deliver the desired blood flow ! 



Compressed wave demonstrating flow reductions increasing in severity with time. 

Baseline flow. 

episode of flow reduction 

progressive flow reduction 



Baldwin ICM 2004 

2076

Doppler flow measurement unit and computer interface

The flow probe ultrasound Doppler and bedside monitor was a
Neomedix systems, Transonic HT 109 device (Transonics, Ithaca,
N.Y., USA). Data were acquired by connection of this bedside
monitor to a lap top computer utilizing a standard cable connection
to the RS232 port of the computer. Data recording and playback
was enabled by a Windows based data acquisition and playback
software program (WinDaq Software, Transonic) displaying awave
similar to arterial blood pressure on any pressure monitor.

Flow reductions were analyzed by computer using high speed
scrolling (wave compression) of data on the computer during the
‘playback’ screen.

Blood flow reductions

Our technique can detect flow reductions in both the peak (systolic
flow) and the trough (diastolic flow) of the flow wave measured.
However, it was during the diastolic flow that flow reduction oc-
curred with greatest variation in comparison to the negligible re-
ductions seen in the systolic part of the waveform. Thus, diastolic
flow reductions were used as the variable for analysis.

Data collection

The patient’s medical record file number was recorded with the
daily morning activated partial thromboplastin time (APTT) and
international normalized ratio (INR) values. The duration of circuit/
filter life (hours and minutes of function before failure) was also
recorded. This circuit failure was determined by application of unit
policy; when the intravenous pumps failed to operate (alarm = ‘no
flow’) for the set UF rate after three attempts to restart them occurs
within 5 min. This indicates an inability to draw plasma water from
the filter and can be a surrogate for excessive trans membrane
pressure used in more modern machines.

Statistical analysis

Descriptive statistics areused to describe observations. Correlations
were tested using Spearman’s test. Differences at the level of
p<0.05 were considered significant.

Results

Flow reduction frequency, severity

All computer data files were analysed for frequency and
severity of flow reductions in each CVVH circuit. Flow
reductions could easily be identified from the compressed
view initially and then quantified accurately by uncom-
pressing the wave again to determine the severity. There
wasawide variation in the timesof circuit function across
the catheter sites with a range from 1.5 to 53 h (mean
filter life 19.62€16.32 h). There were 314 events of flow
reduction in the 525 h of monitoring or 0.59 events per
hour. For analysis flow reduction events were identified
and grouped at three levels of severity: 0–33%; 34–66%;
67–100% (Table 2). Flow reductions were seen in 25 of
the 27 circuits monitored. The highest frequency of flow
reductions was between the 34% and 66% levels, indi-

cating a clustering of moderate flow reductions, which
occur undetected during routine CRRT operation. Flow
reductions greater than 67% severity were infrequent,
with only one event at the 70% level, nine events at the
80% level and none at the 90% level. As there were 22
events at the 100% reduction level, it appears that when
flow decreased beyond 70% there was a rapid ‘ failure to
fill’ of the roller pump from incoming blood and flow
quickly came to a halt: a 100% reduction. The small
number of events between 67% and 100% reduction
suggests that a flow reduction at this level is a threshold
value closely associated with a 100% flow reduction and
blood flow stopping and triggering of alarm functions on
the BMM10–1 pump module. Of more importance,
however, medium blood flow reductions (34–67%) were
not associated with any alarms on the blood pump and
occurred ‘silently’ . These reductions appeared important
and likely to affect filter life. Therefore flow reductions
measured at this moderate level were quantified and were
correlated with filter life. We found that there was a
strong inverse relationship between the frequency of
medium level flow reductions and filter life (Fig. 2;
p=0.0045). In addition, APTT and INR values matched
for each filter were also correlated with filter life (Figs. 3,
4). The correlation between filter life and APTT, how-
ever, was weaker (p=0.049). No correlation was found
between INR and filter life.

Table 2 Distribution of flow reduction severity at three levels

Reduction n

0–33% 139
34–66% 143
67–100% 32
Total 314

Fig. 2 Graph showing correlation between filter life and the fre-
quency per hour of medium (34–66%) intensity flow reductions

 
 

 
 

NO ALARM!!! 

Roller pumps. Why they may not deliver the desired blood flow ! 



http://kdigo.org/home/guidelines/acute-kidney-injury/. 

1° 

2° 

3° 
4° 

2° 

4° 

Jugular vein is the best access for RRT 



Subclavian sites should be avoided because of a predisposition to venous 
stenosis (up to 40%). 

As AKI is strongly associated with end-stage kidney disease and consequently with the need 
for permanent vascular access, it is recommended to preserve the subclavian sites. 

Schillinger F, et al. Nephrol Dial Transplant 1991;6:722–4  

..long term complications 

Jugular vein is the best access for RRT 



In the jugular location, access via the left internal jugular vein is be related to a higher degree 
of catheter dysfunction because of anatomical reasons. 

Huriaux L et al. Anaesth Crit Care Pain Med (2017) 36:313-319 

Qv = k (P x R4)/ (L x η) 
Jean Léonard Marie Poiseuille LAW 

Jugular vein is the best access for RRT 



Parienti JJ et al. Crit Care Med (2010) 38:1118–1125 

In terms of catheter dysfunction and 
dialysis performance among critically 
ill adults requiring acute RRT, jugular 
site did not significantly outperform 

femoral site placement. 

Jugular vein is the best access for RRT 



In the femoral location, catheters shorter 
than 24 cm or with lower flow capacity 
may predispose to catheter dysfunction. 

Parenti JJ et al. Crit Care Med (2010) 38:1118–1125 
Bellomo R et al. Blood Purif (2016) 41:11–17 

The recommended length for a femoral catheter is therefore 
24 cm (or above) 

DO NOT 
FORGET THAT … 

KDIGO 2012; Dugué AE et al. Clin J Am Soc Nephrol CJASN (2012) 7:70–7 



Right Internal Jugular Vein Left Internal Jugular Vein 

Femoral Veins Subclavian Vein 

• Best flow 

• No limitation to mobilization 

• Risk on insertion (PNX, carotid 
puncture)  

• Possibly already punctured and not 
available for dialysis cath 

• Good flow if adequate length 

• Easy and fast to insert 
• No significant differences in 

performance, infections and DVT 
incidence 

• Limitation to mobilization 

• Limited flow do to kinking 

• No limitation to mobilization 

• Risk on insertion (PNX, carotid 
puncture)  

• Good flow if adequate length 

• Enhanced risk of kinking and stenosis 

• Difficult insertion  

RIJV and femoral veins are the best accesses for RRT 
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 Original Paper 

 Blood Purif 2011;31:42–46  

 DOI: 10.1159/000322254 

 Insertion Side, Body Position and Circuit Life 
during Continuous Renal Replacement Therapy 
with Femoral Vein Access 

 In Byung Kim    Nigel Fealy    Ian Baldwin    Rinaldo Bellomo 

 Department of Intensive Care Medicine, Austin Hospital,  Melbourne, Vic. , Australia 

ent between two groups. On multivariable linear regression 

analysis, mean circuit life was significantly and positively cor-

related with right vascular access site (p = 0.03) and lower 

platelet count (p = 0.03), but not with patient position.  Con-

clusions:  Right-sided insertion but not time spent in a par-

ticular position significantly affects circuit life during CRRT 

with femoral vein access.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Continuous renal replacement therapy (CRRT) is 
commonly used in critically ill patients with acute kidney 
injury  [1–3] . Frequent circuit changes during CRRT are 
common  [4, 5] . They decrease the efficiency of treatment 
 [6] , impair uremic control, make delivered therapy sig-
nificantly less than prescribed  [7, 8]  and increase the costs 
of treatment  [9] .

  If fi lter clotting occurs frequently during CRRT, the 
access catheter should be examined as the potential cause. 
Prior to connection, patients should be positioned appro-
priately. Once treatment has been established and both 
machine and patients demonstrate stability, the patient 
can be repositioned for pressure area care and physio-
therapy. However, especially in the case of patients with 
femoral vein access, issues of insertion side and body po-

 Key Words 

 Continuous renal replacement therapy    Femoral vein 

access    Circuit life    Insertion side  

 Abstract 

  Introduction:  Choice of insertion side and patient position 

during continuous renal replacement therapy (CRRT) with 

femoral vein vascular access may affect circuit life. We inves-

tigated if there is an association between choice of insertion 

side and body position and its changes and circuit life during 

CRRT with femoral vein access.  Methods:  We studied 50 pa-

tients receiving CRRT via femoral vein access with a sequen-

tial retrospective study in a tertiary intensive care unit. We 

defined two groups: patients with right or left femoral vein 

access. We then obtained information on age, gender, circuit 

life, total heparin dose, hemoglobin concentration and co-

agulation variables (platelet count, international normalized 

ratio, and activated partial thromboplastin time) and per-

centage of time each patient spent in the supine, left lying, 

right lying, and sitting position during treatment.  Results:  

We studied 341 circuits in 50 patients. Mean circuit life was 

13.9 h. Of these circuits, 251 (73.6%) were treated with right 

femoral vein access. Mean circuit life in this group was sig-

nificantly longer compared with left femoral vein access 

(15.0  8   14.3 vs. 10.6  8   7.4; p = 0.019). Percentage spent in a 

particular position during CRRT was not significantly differ-
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341 circuits in 50 

patients  

The Niagara catheter 

13.5 Fr, and the 

Dolphin catheter 13 Fr 

73.6% right femoral 

vein 

Mean circuit life             

15.0 ± 14.3 vs. 10.6 ± 
7.4 
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ent between two groups. On multivariable linear regression 

analysis, mean circuit life was significantly and positively cor-

related with right vascular access site (p = 0.03) and lower 

platelet count (p = 0.03), but not with patient position.  Con-

clusions:  Right-sided insertion but not time spent in a par-

ticular position significantly affects circuit life during CRRT 

with femoral vein access.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Continuous renal replacement therapy (CRRT) is 
commonly used in critically ill patients with acute kidney 
injury  [1–3] . Frequent circuit changes during CRRT are 
common  [4, 5] . They decrease the efficiency of treatment 
 [6] , impair uremic control, make delivered therapy sig-
nificantly less than prescribed  [7, 8]  and increase the costs 
of treatment  [9] .

  If fi lter clotting occurs frequently during CRRT, the 
access catheter should be examined as the potential cause. 
Prior to connection, patients should be positioned appro-
priately. Once treatment has been established and both 
machine and patients demonstrate stability, the patient 
can be repositioned for pressure area care and physio-
therapy. However, especially in the case of patients with 
femoral vein access, issues of insertion side and body po-

 Key Words 

 Continuous renal replacement therapy    Femoral vein 

access    Circuit life    Insertion side  

 Abstract 

  Introduction:  Choice of insertion side and patient position 

during continuous renal replacement therapy (CRRT) with 

femoral vein vascular access may affect circuit life. We inves-

tigated if there is an association between choice of insertion 

side and body position and its changes and circuit life during 

CRRT with femoral vein access.  Methods:  We studied 50 pa-

tients receiving CRRT via femoral vein access with a sequen-

tial retrospective study in a tertiary intensive care unit. We 

defined two groups: patients with right or left femoral vein 

access. We then obtained information on age, gender, circuit 

life, total heparin dose, hemoglobin concentration and co-

agulation variables (platelet count, international normalized 
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ride levels. CRRT was initiated 46.5 h after ICU admis-
sion in patients with femoral access and after 62.5 h in 
patients with non-femoral access (p = 0.02). The first fem-
oral access was used during 96.6% of the total CRRT time 
and the first non-femoral access was used during 94.5% 
of the total CRRT time (p = 0.58;  table 1 ). Overall, 410 
(44%) patients with a femoral dialysis catheter as first ac-
cess had died at 90 days after randomization compared 
with 208 (45%) non-femoral access patients ( table 1 ).

  Several factors were associated with a greater likeli-
hood of the use of a femoral vein as the first site of cath-
eter insertion on univariate logistic regression analysis. 
On multivariate logistic regression analysis, however, 
only body weight (OR 0.97 for each kg increase, 95% CI 
0.96–0.98),  sodium levels (OR 0.93 for each mmol in-
crease, 95% CI 0.90–0.96) and chloride levels (OR 1.08 for 
each mmol increase, 95% CI 1.05–1.11) were indepen-
dently associated with choosing the femoral vein as the 
first site of access ( table 2 ).

Table 1.  Characteristics of patients according to first site of catheter insertion

Characteristic Femoral 
(n = 937)

Non-femoral 
(n = 462)

p values

Age, years 64.3±15.2 65.0±14.2 0.5
Male sex 593 (63.3) 307 (66.5) 0.3
APACHE III score 103.5 (25.7) 100.1 (25.4) 0.02
Time from ICU admission to randomization, h 46.1±105 62.5±145 0.02
Randomized to high CRRT intensity 456 (48.7) 236 (51.1) 0.40
Estimated glomerular filtration rate, ml/min 57.5±31.1 54.7±30.6 0.2
Body weight, kg 79.5±12.5 83.3±13.4 <0.001
Mechanical ventilation 681 (72.7) 356 (77.1) 0.08
Severe sepsis at baseline 473 (50.5) 213 (46.1) 0.1
Non-operative admission diagnosis 695 (74.2) 303 (65.6) 0.6
Operative admission diagnosis 242 (25.8) 159 (34.4) 0.6
Severe acidemia (pH <7.2) 361 (38.5) 132 (28.6) <0.001
Severe organ edema 421 (44.9) 200 (43.3) 0.6
Cardiovascular SOFA score 2.9 (1.5) 2.7 (1.6) 0.009
INR, % 1.8±1.0 1.7±1.0 0.06
APTT, s 45.8±23.9 46.3±25.3 0.7
Hemoglobin, g/l 100.7±20.1 97.8±18.8 0.008
Platelet count, ×109/l 183.6±131 184.3±133 0.9
Sodium, mmol/l 137.3±6.5 138.3±6.7 0.01
Chloride, mmol/l 105.0±7.4 104.1±8.0 0.05
CRRT dose during the first complete 24 h, ml/kg/h 27.5±8.2 26.2±8.3 0.01
Delivered/prescribed CRRT dose during the first complete 24 h, % 85.4±17.4 81.9±19.8 0.002
Duration first catheter/total CRRT time, % 96.6±54.9 94.5±84.2 0.58
Death in ICU 328 (35.0) 151 (32.7) 0.4
Death at day 90 410 (43.8) 208 (45.1) 0.6

 Variables are given as mean ± SD or as numbers (percentage). APTT = Activated partial thromboplastin time; INR = international 
normalized ratio.

0 10 20 30 40

First site of dialysis catheter insertion (%)

Right subclavian vein
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Left jugular vein
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Right femoral vein

  Fig. 1.  Site of first temporary dialysis catheter insertion in the 
 RENAL trial (n = 1,399). 
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  Catheter Characteristics and Circuit Anticoagulation 
 Longer catheters were generally used for femoral access, 

whereas shorter catheters tended to be inserted in non-
femoral sites ( fig. 2 a). A 13.5-Fr catheter was most com-
monly chosen for both femoral (68%) and non-femoral ac-

cess (59%;  fig. 2 b). Longer and greater gauge Niagara (Bard, 
Murray Hill, N.J., USA) catheters were mainly used in the 
femoral (62%) and non-femoral (53%) group ( fig. 2 c).

  Information on circuit anticoagulation was available 
for 1,271 (91%) patients. Heparin was used in 487 (58%) 

Table 2.  Univariate and multivariate logistic regression analysis of femoral vein as first site of catheter insertion

Variables Univariate analysis  Multivariate analysis

OR (95% CI) p values OR (95% CI) p valuesa

Body weight, kg 0.977 (0.97–0.99) <0.001 0.972 (0.96–0.98) <0.001
Sodium, mmol/l 0.979 (0.96–1.00) 0.01 0.928 (0.90–0.96) <0.001
Chloride, mmol/l 1.015 (1.00–1.03) 0.05 1.078 (1.05–1.11) <0.001

 a Adjusted for baseline characteristics with p < 0.20 in the univariate analyses. Only variables with p < 0.05 in 
the multivariate analysis are shown.
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  Fig. 2.  Length ( a ), gauge ( b ) and brand ( c ) of dialysis catheter as well as circuit anticoagulation ( d ) during CRRT 
in the RENAL trial according to first site of catheter insertion. 
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of 846 of patients in the femoral group and 269 (63%) of 
425 patients in the non-femoral group. CRRT was deliv-
ered without circuit anticoagulation in a high proportion 
of patients with femoral (41%) and non-femoral (36%) 
catheters (p = 0.50;  fig. 2 d).

  Factors Associated with Delivered CRRT Dose during 
the First 24 h 
 A total of 456 (48.7%) patients with a femoral access 

were randomized to high intensity therapy (40 ml/kg/h) 
compared to 236 (51.1%) patients with a non-femoral 
catheter (p = 0.40). On an average, CRRT intensity during 
the first complete 24 h was 27.5 ml/kg/h in the femoral 
group and 26.2 ml/kg/h in the non-femoral group (p = 
0.01). On an average, 85.4 and 81.9% of the prescribed 
dose (p = 0.002), respectively, was achieved during this 
period ( table 1 ). On multivariate linear regression, ad-
justing for baseline characteristics, treatment group, 
catheter characteristics, CRRT machine and mode of cir-
cuit anticoagulation, the use of a femoral catheter was as-
sociated with a 1.03% lower CRRT dose (p = 0.05) during 
the first 24 h than when a non-femoral catheter was used 
( table 3 ). In contrast, a 4.20% higher CRRT dose was 
achieved with 13.5 Fr gauge catheters than with other 
catheter gauges (p = 0.03). Finally, being randomized to 
higher intensity CRRT was independently associated 
with a 26.32% lower CRRT dose than being allocated to 
lower intensity CRRT.

  Discussion 

 Key Findings 
 We analyzed the use of temporary dialysis catheters, 

the choice of insertion site, the catheter gauge and their 
impact on CRRT dose in critically ill patients enrolled in 
the RENAL trial. We found that the femoral vein was used 
as the first site of dialysis catheter insertion in two thirds 

of patients and was preferentially chosen in patients with 
lower body weight and in sicker patients. Using a femoral 
vein for vascular access had limited impact on the deliv-
ered early CRRT dose during the first 24 h. In contrast, 
catheter gauge was a more important determinant of de-
livered CRRT dose during this time frame.

  Relationship to Previous Studies 
 Previous studies investigating the impact of vascular 

access site on delivered RRT dose have reported inconsis-
tent results. Hryszko et al.  [12]  found an independent 
5-fold higher risk of catheter dysfunction, defined as in-
ability to maintain blood flow of at least 150 ml/h, with 
femoral as compared to internal jugular catheters. In that 
study, however, 75% of patients were fully mobile, and 
treatment was with intermittent hemodialysis. Liangos et 
al.  [13]  explored dialysis performance during >400 inter-
mittent hemodialysis sessions in 81 patients with acute 
renal failure. Use of a femoral access, as compared to a 
non-femoral access, was independently associated with 
lower urea reduction ratio with intermittent hemodialy-
sis. Of note, however, the femoral catheters used in this 
study were short, measuring only 16.5 or 19.5 cm. To op-
timize blood flow and CRRT dose and to avoid recircula-
tion, it is important that the catheter tip is placed in a large 
vein (external iliac and close of inferior vena cava) or in 
the right atrium  [5, 14, 15] . Therefore, it is recommended 
that 24-cm catheters be used in the femoral position, and 
that 15–20 cm catheters be used for right jugular cannula-
tions  [16] . In 11 of the 12 centers involved in the French 
Cathedia study, 16-cm catheters were used in the jugular 
and 25-cm catheters in the femoral position  [17] . Simi-
larly, 24-cm catheters were frequently used for femoral 
(48%) and 15- to 16-cm catheters were frequently used for 
jugular or subclavian access (50%) in the RENAL study 
patients.

  The Cathedia study showed a higher rate of catheter-
related infections with a femoral access in patients with 

Table 3.  Multivariate linear regression 
showing the association with delivered 
CRRT dose (as % of prescribed dose) dur-
ing the first complete 24-hour period

Variable Coefficient, ±SE p valuesa

Femoral catheter (vs. non-femoral) –1.03±0.53 0.05
13.5 French catheter (vs. other gauges) 4.20±1.90 0.03
20- or 24-cm catheter (vs. other lengths) 1.88±1.68 0.3
Randomized to higher CRRT intensity –26.32±1.27 <0.001

 a Adjusted for age, sex, APACHE III score, body weight, oliguria, hyperkalemia, aci-
demia, oedema, urea, creatinine, catheter brand, CRRT machine use and mode of circu-
it anticoagulation.
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IJAO 2007 



PCCM 2019 



Adult VS Miniaturized Pump 

Garzotto F et al, PCCM 2019 

The 3 roller 

miniaturized pump 

significantly optimized 

flows of 5 Fr bilumen 

catheters within the 

safety area (green) 





Kidney Disease: Improving Global Outcomes (2012)  

http://kdigo.org/home/guidelines/acute-kidney-injury/. 

Position/site – technique 

Di Nardo M, et al PCCM 2014 

Catheter diameter 
should be less 
than 1/3 of vessel 
 
Rule of thumb: 
1 mm -> 1 Fr 



AJKD 2011 7 RCT trials identified 

830 catheters placement 

Real-time 2-dimensional Doppler ultrasound imaging guidance for the insertion of 

hemodialysis catheters compared with insertion based solely on anatomic landmarks. 

1) placement failure (7 studies, 830 catheters; RR, 0.12; 95% CI, 0.04-0.37) 

2) failure to place catheter on first attempt (5 studies, 595 catheters; RR, 0.40; 95% CI, 0.29-

0.56) 

3) arterial punctures (6 trials, 785 catheters; RR, 0.22; 95% CI, 0.06-0.81) hematoma 

formation (4 trials, 323 catheters; RR, 0.27; 95% CI, 0.08-0.88) 

4) time to cannulate the vein (1 trial, 73 catheters; mean difference,  1.40; 95% CI,  2.17 to  

0.63)  

5) number of attempts per catheter insertion (1 trial, 110 catheters; mean difference,  0.35; 

95% CI,  0.54 to  0.16). 
Risk of catheter placement failure 





• TECHNIQUE= most of the participants responded to use the 
ultrasonography-guided Seldinger technique (76%) and blind Seldinger 
technique (21%).  

• SIZE1= In 35% of cases, the selection of vascular access size appeared 
to depend on the size available in the ICU. 30% said they selected the 
vascular access site by ultrasonography, 20% by a general rule of 
“bigger” for femoral and “smaller” for internal jugular vein, whereas 
3% showed to have a general rule of “bigger” for internal jugular vein 
and “smaller” for femoral.  

• SIZE2= 12% said that it depended on the prescribed treatment (i.e., 
bigger catheters for intermittent dialysis and high volume CRRT, and 
smaller ones for standard dose CRRT).  
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Abstract

Introduction: Definition, prevention, and management of 

acute kidney injury (AKI) and the optimal prescription and 

delivery of renal replacement therapy (RRT) are currently 

matters of ongoing discussion. Due to the lack of definitive 

published literature, a wide gap might exist between rou-

tine clinical practice and available recommendations. The 

aim of this survey was to explore the clinical approach to 

AKI and RRT in a broad population of nephrologists and in-

tensivists participating in the 36th International course on 

AKI and Continuous RRT (CRRT), held in Vicenza in June 

2018. The responses of the 369 participants to a question-

naire on several aspects of critical care nephrology were an-

alyzed and detailed. Results: Approximately 450 partici-

pants attended the course; of these, 369 (82%) correctly 

filled the survey forms. According to the reported answers, 

the average incidence of AKI in respondents’ intensive care 

units (ICU) was 26.8% (SD ±15.99) and AKI requiring dialysis 

was 13% (SD ±29.7). Sixty-four percent of participants de-

fined AKI as an increase in serum creatinine (SCr) up to 0.99 

mg/dL (SD ±0.88 mg/dL); 2.4% defined AKI as an increase in 

urea nitrogen up to 83.6 mg/dL (SD ±36.6 mg/dL); 33.6% 

defined AKI as decreased urine output to less than 1 mL/

kg/h (SD ±0.6 mL/kg/h). The most common answer to clas-

sify AKI was Kidney Disease: Improving Global Outcomes 

(KDIGO; 41%) criteria. Most of the participants (25%) think 

novel biomarkers should replace SCr on daily routine labo-

ratory screening, and Cystatin C was the most commonly 

used biomarker (19%). The use of diuretics in AKI patients 

was high (62%). Continuous RRT (59%) and heparin antico-

agulation (42%) appeared to be the most common ap-

proaches in ICU. Conclusions: KDIGO appeared to be wide-

ly applied. The use of novel biomarkers has also emerged in 

recent years even if some consistent cost-benefit evidence 

is still lacking. There is a trend of increased awareness about 

AKI and extracorporeal treatments seem to be increasingly 

applied, when compared to previous surveys. Educational 

efforts and AKI management standardization still appear to 

be a fundamental aspect to harmonize therapeutic ap-

proaches and improve patients’ outcomes.

© 2018 S. Karger AG, Basel
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Acute Kidney Injury Network (AKIN; 19%), whereas 9% 
of the participants declared not to apply any of these 
(Fig. 3). 

Twenty-five percent of the participants who respond-
ed with their opinions about novel biomarkers stated that 
novel biomarkers should replace SCr on daily patient 
routine laboratory screening, whereas 7% said it cannot 
replace SCr, based on current evidence; 14% of respond-
ers thought, although they would like to use such tests, 
that their institutions could not afford novel biomarkers 
due to excessive cost. About half of the responders did not 
express a specific opinion about biomarkers. Regarding 

actual clinical application, 49% suggested the combined 
use of novel biomarkers and SCr, and 25% of the partici-
pants recommended the use of biomarkers in specific pa-
tients, whereas the remaining participants responded that 
they do not use biomarkers in clinical routine. 

When the type of utilized test was analyzed among those 
who apply AKI biomarkers, it was found that 8% partici-
pants used urinary neutrophil gelatinase-associated lipo-
calin, whole blood neutrophil gelatinase associated lipo-
calin is used by 4%, tissue inhibitor of metalloproteinases-2 
and insulin-like growth factor binding protein 7 by 6%, 
while 19% participants use Cystatin C. A relatively small 

Asia

17%

Europe

71%

South America

9%

North America

3%

Fig. 1. Participants who came from differ-
ent continents.
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Fig. 2. Incidence of acute kidney injury (AKI) in population 
 requiring dialysis.

RIFLE

31%

AKIN

19%

KDIGO

41%

Non

9%

Fig. 3. Criteria used by participants to define AKI. Responders had 
the option to select more than one answer. AKIN, acute kidney 
injury network; RIFLE, risk, injury, failure, loss of function, end-
stage renal disease; KDIGO, Kidney Disease: Improving Global 
Outcomes.
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☞Vascular access placement is considered a 
routine procedure for 66% of attendees, 21% 
stated that the level of risk depended on 
available site for puncture, while 13% 
considered vascular access placement as a 
risky procedure in their unit.  
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Introduction: Definition, prevention, and management of 

acute kidney injury (AKI) and the optimal prescription and 

delivery of renal replacement therapy (RRT) are currently 

matters of ongoing discussion. Due to the lack of definitive 

published literature, a wide gap might exist between rou-

tine clinical practice and available recommendations. The 

aim of this survey was to explore the clinical approach to 

AKI and RRT in a broad population of nephrologists and in-

tensivists participating in the 36th International course on 

AKI and Continuous RRT (CRRT), held in Vicenza in June 

2018. The responses of the 369 participants to a question-

naire on several aspects of critical care nephrology were an-

alyzed and detailed. Results: Approximately 450 partici-

pants attended the course; of these, 369 (82%) correctly 

filled the survey forms. According to the reported answers, 

the average incidence of AKI in respondents’ intensive care 

units (ICU) was 26.8% (SD ±15.99) and AKI requiring dialysis 

was 13% (SD ±29.7). Sixty-four percent of participants de-

fined AKI as an increase in serum creatinine (SCr) up to 0.99 

mg/dL (SD ±0.88 mg/dL); 2.4% defined AKI as an increase in 

urea nitrogen up to 83.6 mg/dL (SD ±36.6 mg/dL); 33.6% 

defined AKI as decreased urine output to less than 1 mL/

kg/h (SD ±0.6 mL/kg/h). The most common answer to clas-

sify AKI was Kidney Disease: Improving Global Outcomes 

(KDIGO; 41%) criteria. Most of the participants (25%) think 

novel biomarkers should replace SCr on daily routine labo-

ratory screening, and Cystatin C was the most commonly 

used biomarker (19%). The use of diuretics in AKI patients 

was high (62%). Continuous RRT (59%) and heparin antico-

agulation (42%) appeared to be the most common ap-

proaches in ICU. Conclusions: KDIGO appeared to be wide-

ly applied. The use of novel biomarkers has also emerged in 

recent years even if some consistent cost-benefit evidence 

is still lacking. There is a trend of increased awareness about 

AKI and extracorporeal treatments seem to be increasingly 

applied, when compared to previous surveys. Educational 

efforts and AKI management standardization still appear to 

be a fundamental aspect to harmonize therapeutic ap-

proaches and improve patients’ outcomes.
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Advantage Disadvantage 

Small external diameter 
Small inflow lumen 
Large blood contact surface 
Acute angles (turbulence) 

Large lumens 
No angle (less turbulence) 

Large external diameter 

Large lumens 
Large external diameter 
Acute angles along median  
wall 

No acute angles 
Inflow lumen larger than 
outflow lumen 
Small external diameter 

IN 

O
U

T 

Design & shape - section 

Courtesy of S Romagnoli 



Advantage Disadvantage Type 

Pointed catheter 

Multiperforated 
Pointed catheter 

Split tip 

Multiperforated 
Split tip 

Step tip or  
Shotgun catheter 

Symmetric or 
Side-by-side catheter 

Easy introduction 

Less recirculation 
Laminar flow 

Easy introduction 

Less recirculation 

Less recirculation 
Lumen inversion allowed 

Recirculation 
Side hole:  
(parietal suction) 

Difficult insertion 

Turbulence 

Turbulence 

Design & shape – distal tip 

Shotgun tip 
catheter (step tip)  

Courtesy of S Romagnoli 

Sometimes hard to 
insert 



Recirculation 

1. If proximal and distal lumens are switched, 
recirculation rate may increase to more than 20%, 
and delivered dialysis dose might be decreased 

2. Also blood hematocrit running into the circuit may 
progressively increase 

3. Citrate infusion can be recirculated or excessive 
calcium concentrations can re-enter the circuit 

TO STOP OR TO TEMPORARILY REDUCE THE RECIRCULATION 
PHENOMENON (AND ITS PROGRESSIVE EFFECTS) TREATMENTS 
SHOULD BE SHORTLY INTERRUPTED (STOP REINFUSION, UFNET AND 
DIAL) OR PAUSED (SALINE FLUSHES OR SALINE RECIRCULATION) OR 
LINES SWITCHING RESTORED TO NORMAL 



Recirculation 

(1) 
MONITORING 

(2)  

EPIDEMIOLOGY 

 (3)  

RISK FACTORS 

(4)  

CLINICAL 
EFFECTS 

(5) 
MANAGEMENT 

NO DATA AVAILABLE IN 
THE ACUTE SETTING 
REGARDING: 



Does type of catheter matter on circuit duration? 



GAMCATH HighFlow Dolphin Catheters are designed for 

increased blood f ow capability which may ease arterial 

pressure. The unique, kidney-shaped lumen design has a 

staggered double lumen conf guration free of side holes.5

•   The Dolphin Catheter has an 18% larger arterial lumen 

relative to the return lumen.7

GAMCATH HighFlow Dolphin Catheters are designed with 

pressure and flow characteristics in mind.

Supported by clinical evidence, GAMCATH HighFlow  

Dolphin Catheters have the following featur es when  

compared to conventional, uncoated catheters:

•   Lower thrombotic catheter complications

•   Prolonged catheter survival  4

•   No barium sulfate particle release and less surface 

degradation 1,3

•   Delayed bacterial proliferation  3

This vascular access supports hemodialysis, hemoperfusion and 

apheresis therapy via the jugular, subclavian, or femoral vein.1

A Double Lumen Design

Flow Rate of GAMCATH HighFlow Dolphin Catheter

(as suggested by in vitro data)

GAMCATH HighFlow Dolphin 
Catheter Features

Clamps
Patented color-coded safety 

clamps with ID inserts printed 

with information on size, length 

and priming volumes.

Tip
Staggered double lumen tip with 

special kidney-shaped design.

Hub
Catheter hub is fixed and molded to the lumens cr eating a 

seamless passageway to the extensions. Designed for strain 

relief to minimize risk of lumen kinking.

Surface coating
Specialized copolymer film (Dolphin coating) 

covers the catheter inside and out to help 

prevent catheter surface degradation.

Suture wing
Rotating suture wing allows 

catheter to be flipped if clinical 

situation demands. 

The GAMCATH HighFlow Dolphin 

Catheter is designed with a focus on 

patient safety, prolonged catheter survival 

and increased flow rate capability. 

13F x 150 mm 

13F x 200 mm

NIAGARA 

DOLPHIN 





Does type of catheter matter on circuit duration? 





Composition/materials 
Haemodialysis catheters are made of polyurethane or silicon. 

• Thin polyurethane catheter wall 
 larger internal diameter for a 
constant external diameter. 

• Its rigidity makes insertion easier. 

• Increased theoretical risk of vascular or 
atrial trauma during catheter insertion. 

• Since these catheters are thermoplastic, 
they become more flexible at human 
body temperature. When the catheter is 
placed, it takes on the vessel shape and 
decreases trauma risk. 

• More flexible, but their insertion 
is theoretically harder. 

• Their flexibility decreases vessel 
trauma during insertion. 

• Silicon biocompatibility makes 
catheters less thrombogenic. 

• Silicon - increased wall thickness 
 decreases the internal 
catheter diameter. 

Courtesy of S Romagnoli 



Rigidity Flexibility 

Polyurethan polymers 

Silicone polymers 

Better biocompatibility 
Less kinking 

EASY to PLACE 

Composition/materials 

Courtesy of S Romagnoli 



Risk of Catheter colonization 

JAMA 2008 

• 750 critically ill patients 
• 9 ICUs in France 
• 324 vs 313 pts randomized to either femoral or internal jugular vein 
• Patients with coagulopathy, BMI>45, local skin infection, profound 

volume overload, chronic renal failure, patients with only 1 site 
available were not included 
 

1. Primary end point: catheter colonization on removal  
2. Secondary end point: catheter-related bloodstream infection 



Overall no difference 

Between femoral and jugular 



BMI effect: Jugular for fat people and femoral for thin people 



Catheter Manteinance 

The goal of a prophylactic ‘‘lock’’ solution is 
to decrease thrombi and biofilm formations 
that trigger catheter colonization and 
catheter-related bloodstream infections. 

Staphylococcus Aureus 
(on biofilm) 

Courtesy of S Romagnoli 



Catheter-locking solutions based on antithrombotic/antiseptic or antibiotic or 
fibrinolytic mixtures have proved to be efficient in preventing endoluminal 
contamination by bacteria and reducing catheter-related bloodstream 
infections (CRBSI). 

MC Weijmer et al.  Nephrol Dial Transplant. 17:2189-2195 2002 12454232 
M Allon. Clin Infect Dis. 36:1539-1544 2003 12802753 
CW McIntyre et al. Kidney Int. 66:801-805 2004 15253736 
M Agharazii et al. Nephrol Dial Transplant. 20:1238-1240 2005 15855206 

Most of the studies concern 
tunneled haemodialysis 
catheters and extrapolation to 
non-tunneled catheters 
seems limited. 

L. Huriaux et al. Anaesth Crit Care Pain 
Med 36 (2017) 313–319 

Courtesy of S Romagnoli 



Significant benefits of these approaches have been 

proved in randomized controlled prospective 

studies evaluating citrate 4% or citrate/taurolidine 
mixtures (SAE with high conc citrate). 

R Boorgu et al. ASAIO J. 46:767-770 2000 11110278 
B Bayes, et al. Nephrol Dial Transplant. 16:1521-1522 2001 

MG Betjes, et al. Nephrol Dial Transplant. 19:1546-1551 2004 14993498 
CE Lok et al. Nephrol Dial Transplant. 22:477-483 2007 

• Catheter-locking solutions, using an antithrombotic, antiseptic, and fibrinolytic 
mixture of agents have proved superior efficacy to prevent thrombosis and/or 
infection. 
 

• Heparin is no longer the state-of-the-art lock solution because it facilitates 
Staphylococcus aureus biofilm formation. 
 

• All catheter-locking solutions (single or dual activity) must be evaluated in terms 
of specific indications (e.g., patients at risk, salvaging option) and cost-
effectiveness or risk (antibiotic resistance) before they can be recommended for 
routine clinical practice. 

Courtesy of S Romagnoli 



• The use of lock solutions could theoretically lead to increased 
costs as well as to bacterial resistance.   

• To date, due to lack of evidence, we do not recommend lock 
solutions.  

 
• The exception could be patients with long-term catheters who 

have a history of multiple catheter related bloodstream infections 
despite strict adherence to aseptic practices 

Courtesy of S Romagnoli 



CDC guidelines strongly recommend against routinely 
using antibiotic lock solutions in CVC, because of their 
potential to promote fungal infections, antimicrobial 
resistance, and systemic toxicity. 

Exceptions . .  
• long-term cuffed and tunneled catheters with history of 

multiple catheter-related bloodstream infections despite 
maximal adherence to aseptic technique 

• […] or patients with heightened risk of severe sequelae 
from a catheter-related bloodstream infection 

CRBSI – Lock solutions 

Courtesy of S Romagnoli 



The “Ten commandments” of the ideal RRT catheter  

1)  Optimal external diameter according to vessel diameter: from 12 to 16 Fr  

2) Optimal shape: cycle-C catheter  

3) Optimal distal tip: shotgun tip catheter  

4) Preferred insertion site: right jugular or femoral 

5) Avoid left jugular and subclavian insertion sites  

6) No line reversal (and/or monitor recirculation) 

7) Use ultrasound guidance  

8) Use biocompatible material  

9) Correct position: aim to cavo-atrial junction (superior vena cava territory) 
or to iliac veins (femoral) 

10) Remove it as soon as possible!  

Conclusions 
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