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Arteriovenous Haemofiltration: A New and Simple Method for Treatment

Blutdruckwerten um 60 mm Hg ist ¢ine negative Flassigkeitshilanz
méglich.

Seblissehwdirter: Micreninsuffizienz — [Huretika — Diyspnoe
Odeme — Flissigheitshilane — Himofiltration.

Summary. Flud withdrawal in overhydraied patients resistant to
diuretics was ohtained by means of a capillary haemofiller, using
the arlerio-venous pressure gradient for blood perfusion at a rate
of 100 mifmin. The ultrafiltration rate was 200600 ml/h and could
be maintained as long as 48 b without changing the haemoliler.
This method, which needs no technical investment, is easy and
simple to handle for the plhysician, bears only a very low nsk
for the paticnt, and ensures a negative Muid balance even at a
mean bloed pressure of only 6 mm He

Key words: Renal failore — Diuretics — Dyspnosa Diedema
— Fluid balance — Haemefiltration.

Introduction

The management of the Muid overloaded patient who is resistant
to diuretics is a problem eceasionally encountesed by the physician
in infensive core units. These palients may require water ramoval
by peritonenl dialysis or by the artificial kidoey, if rotating tourni-
quets and phiet ar £ or nol i This report
describes a very simple and safe method that will enable the physi-
cian to remove plasma water and sodivm swiftly in o controlled
and predictable manner withour technbeal smvestment,

*  Supported by the Deutsche Forschungsgemeinschafl SFB 5%
Rardiclogie Gattingen

ULTRAFILTRATE

Fig. 1. Schematic representation of the anerio-venous haemofilira-
tiom fechnique. For details sce text

. . . . h ;
of Over-hydrated Patients Resistant to Diuretics* CRRT evolution
P. Kramer, W. Wigger, J. Rieger, D. Matthael and F. Scheler
Uriversity Hospital, Department of Internal Medieie, Dividon of Nephrology, Gonmgen
3
Arteriovenise Himofiliration: Materials and Methods g C?\?‘
cine nene und einfache Methode zur Behandlung 55 o
dimrefikn-resistent iiberwiisserter Patienicn An emergency dialysis catheter on, Feouen, France; Art. No. ?fo%{
Zusammenfassang. Unter Ausnutmmg des areriovendsen Blut- 113007) was insested in one of the femoral arteries and i the
Heparin druckgradienten wurden Oberwisserie Patienten, bei denen cime comtralateral _!C!"‘"“]_ vein by means of the Seldinger technigue.
infusion pump Ausschwemmung mit Divretika niche mehr zu erreichen war, mit :A . '_"J"““‘I" of 10,000 IU of hcpelnnl_nr\ I||-[,|r_|c-_l_l|ra.ﬁ].n.-:
cinem Kapillarhimofilter entwissert, Mit ciner Blutperfusionseate lim:?{: ;er wington, Muse.) filled with heparinised saine
Elbaaa von 100 mijmin lag die Ultzafiltrationseate bei 200— 600 mlfh uad cpusinfl) s connected with the artarlsl and then after P
= filtrate collection konnte bis zu 48 h oline Weehsel des Himofilters aufrechiethalicn passage of t EPIO.OJ l_!1f0l1FJl the caplllaries with. the venous cathe- i
t— werden. Der besondere Vorteil der arerioventsen Himofiliration ter a3 illustrated in Fipure 1. Heparin was administersd at a rate
liegt in der einfachen Rlandhabung e den Aret und dem peringen 1977 1985 1989
Risike (ir den Patienten im Vergleich zur maschinellen Hamofiliz-
uon. Eine technische Investition ist nicht erforderlich, Anch bei Years




Pediatric continuous renal replacement:
20 years later

Claudio Ronco
Zaccaria Ricci

Intensive Care Med (2015) 41:985-993

RRT MODALITY CHOICE
IN CHILDREN

PD

yes no

Neonates. Need for early Quick, effective solute Patients weighing more
onset especially in the control. Patients with than 10 kg with RRT
setting of post (cardio) inborn error of indication due to AKI.
surgical patients. Intra- metabolism. ESRD Neonates when PD is

abdominal pressure rise patients only if contraindicated
due to ascites hemodynamically stable (consider CARPEDIEM)

Mot effective on :
Unreliable vascular

solute control. Not High burden of _ .
applicable after uncomplete renal R accecq Nc_:_'t. »
abdominal surgery. recovery. adequately ?rd”,“,fd

Mot reliable in Ineffective control Il LG L

of adequate

children weighing of fluid overload ,
equipment

more than 10 kg




Mehta Critical Care 2015, 19:59
httpy/www.ccforum.com/content/19/53/59 c CRITICAL CARE

REVIEW Open Access

Challenges and pitfalls when implementing renal
replacement therapy in the ICU

Ravindra L Mehta

Defining the goals of therapy is a key consideration in the
use of RRT in the ICU. | - ’

L}nfﬂrtunately, there is no consensus on the
goals for therapy with RRT in the ICU.



Patient Selection and Timing of
Continuous Renal Replacement Therapy

Marlies Ostermann® Michael Joannidis® Antonello Pani® Matteo Floris®
Silvia De Rosa® John A.Kellum® Claudio Ronco? on behalf of the 17th Acute Blood Purif 2016:42:224-237
Disease Quality Initiative (ADQI) Consensus Group
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The impact of “early” versus “late” initiation ‘®“™
of renal replacement therapy in critical care
patients with acute kidney injury: a

systematic review and evidence synthesis

Wierstra et al. Critical Care (2016) 20:122

Benjamin T. Wierstra', Sameer Kadri“, Soha Alomar®, Ximena Burbano®, Glen W. Barrisford* DOI 10.1186/513054-016-1291-8

and Raymond L. C. Kao™"

-
High Quality Studies Mortality Forest Plot
Model Study name Statistics for each study Odds ratic amd 95% CI
Odds Lower Upper
ratic  limit  limit p-Value
Bouman (2002) 1.200 0480 2297 (0.696
Sugahara (2004) 0028 0003 0231 0.0 I
Shiao [2002) 0280 010 0814 0002 =
Payen (2008} 1522 0816 3763 (0.363
Carl (20007 0511 0258 1010 0,054
Chen (2012) 0288 0072 0810 0035
Jamale {2013} 1.855 0873 3.53% 0.108
Combes (2015) 1.000 0578 1.727 1.000
Wald (2015} 0BBB 0381 1.97% 0737
Random 0665 0384 1153 0148
o1 01 1 10 100
Favours Eary Favours Lata
n=a

Fig. 1 Mortality forest plot of pooled analysis of high-quality

studies (n=19)
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The effect of continuous versus intermittent renal
replacement therapy on the outcome of critically
ill patients with acute renal failure (CONVINT):
prospective randomized controlled trial

Joerg C Schefold", Stephan von Haehling?, Rene Pschowski', Thorsten Onno Bender’, Cathrin Berkmann’,
Sophie Briegel1, Dietrich Hasper' and Achim Jorres’

C, crimicaL care

Schefold et al. Critical Care 2014, 18:R11

Table 3 Clinical outcome of study patients

iHD group QVVH group P value -
e e, (n=1232)
days after RRT 39.5%
1 4-day mortality rate 436%
day mortality rate 52.4% § P
Allcause intraho i a5t Contact) 60.3% g “7
Days until death 156=445 185489 0 ’ j: Eﬁ:ﬁ:ﬁms““m
Diays until death on ICU 155+459 184 +£500 073 ]
Days until hospital discharge (in survivors) 5121471 487497 078 H r A o
Days in ICL 352+401 323=261 050 e o it o “"m““‘h’:“l':':“‘:m T
Days in hospital 339£493 324£374 079 ustrated (ot iy poplston). WA e ek P e e VR e B B
Suspeded reason for death (multiple possible) Cardiac faillure E1| 2 042
Pulmonary failure 39 31 0.59*
Sepsis 56 45 055"
CNS 7 L] 09z
Hemorrhagy 5 053*
Withdrawal of therapy 4 2 074
Days on RRT 172+371 137179 03s =
Dialysis-free days 42+96 31=90 038 — rogo
RRT switch (nurmber of patients) 25 (19.5%) 56 (45.9086) Q0029 .
Number of patients on RRT (% of survivors, days AL 21 days 20 (32.3%) 20 (29.9%) 0497 é .
after ICU admission) AL60 days 14 (26.4%) 13 (22.8%) 0.90° 1] I
Serum craatinine at hospital discharge/last contact 218+ 18 212417 085 5 o] PR————
(in survivers mg/dl) ] ChSuarm paid
Total days on vasopressors 43+37 45+37 075 "]
Cumulative vasopressor dose (g) Epinephrine 070 054 095 R ;‘
Norepinephine 101 s 0 e s
Dobutamine 150.2 137.9 056 e S
Total days on mechanical ventilation 81x88 72£65 034
Total fluid balance (L) 205+232 2409+ 284 al19

Roturanm memian Dushisne s mbuan Indomand ant camelac # ook aweoet 302 Masee 400



Continuous renal replacement therapy @
versus intermittent hemodialysis in intensive
care patients: impact on mortality and renal
recovery

Anne-Sophie Truche?3®, Michael Darmon®?, Sébastien Bailly'®, Christophe Clec'h!”®, Claire Dupuis'?,
Benoit Misset'®!!, Elie Azoulay'™'?, Carole Schwebel? Lila Bouadma®, Hatem Kallel™, Christophe Adrie'®,
Anne-Sylvie Dumenil'®, Laurent Argaud'’, Guillaume Marcotte'®, Samir Jamali'®, Philippe Zaou?,

Virginie Laurent®®, Dany Goldgran-Toledano?', Romain Sonneville?, Bertrand Souweine?,

Jean-Francois Timsit"*?*" and QUTCOMEREA Study Group'

Intensive Care Med
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Hazard ratio (95% Cl)

Gilobal population (N=1360) —_— 1.00 (0.77-1.29), p=0.97

g Chronic heart disease (N=235) 1.16 (0.60-2.25), p=0.65

No chronic heart disease (N=1125) el 0.94 (0.71-1.25), p=0.69

9 | Chronic kidney disease (N=204) ] 1.79 (0.77-4.18), p=0.18

= No Chronic kidney disease (N=1156) —_— 0.97 (0.75-1.25), p=0.80

2 Liver cirrhosis (N=139) 0.86 (0.37-2.02), p=0.73

5 o No liver cirrhosis (N=1221) — 1.09 (0.81-1.44), p=0.56

% N Diabetes (N=327) ' 0.73 (0.41-1.29), p=0.28

2 No Diabetes (N=1033) » 1.01 (0.76-1.34), p=0.95

g | <54 years of age (N=356) E———— 0.80 (0.46-1.38), p=0.41

e >54 years of age (N=1004) - 1.00 (0.74-1.35), p=0.99

Hypertension (N=348) 1.15 (0.66-2.03), p=0.62

2 No Hypertension (N=1012) + 0.94 (0.70-1.26), p=0.69

e Lo T T Cardiological SOFA =3 (N=850) —_— 0.99 (0.75-1.30), p=0.93

0 %0 100 Cardiological SOFA <3 (N=510) N — 2.24 (1.24-4,04), p=0.01

time (days) IMV at RRT beginning (N=930) S - 0.99 (0.75-1.30), p=0.93

Time exposed patients No IMV at RRT beginning (N=430) + 0.94 (0.45-1.99), p=0.88
IRRT 225 208 195

CRRT 70 60 55 Early insufficient epuration (N=170)? 0.92 (0.34-2.52), p=0.87

Fig. 3 Six-month mortality according to main type of renal replace- Early satisfying epur: ) —l 0.89 (0.68-1.16), p=0.38

ment therapy received during the first 7 days: survival curves are @mﬂm:}g)b — 5 0.54 (0.29-0.99), p=0.05
weighted with patient IPTW estimators. Survival curve initial time is
ICU discharge. /HD intermittent hemodialysis, CRRT continuous renal

replacement therapy, ICU intensive care unit - Lot .
— _—
In faver of CRRT In favor of IHD

Fig. 2 30-day mortality and dialysis dependency according to renal replacement therapy technique received, in the global population and
subgroups analyses. a At first RRT session. b Between ICU entrance and inclusion. T confidence interval, IMV invasive mechanical ventilation, SOFA
sequential organ failure assessment, RRT renal replacement therapy, IHD intermittent hemodialysis, CRRT continuous renal replacement therapy



Extended Daily Dialysis Versus Continuous Renal Replacement
Therapy for Acute Kidney Injury: A Meta-analysis

Ling Zhang, MD, " Jigiao Yang, MD,” Glenn M. Eastwood, MD,” Guijun Zhu, MD,>*
Aiko Tanaka, MD,” and Rinaldo Bellomo, MD, PhD?

Abe. 2010
Abe, 2011

Badawy, 2012

Kielstein, 2004
Schwenger, 2012

Shin, 2011

Overall
Effect (reml)

Abe, 2010

Abe, 2011

Badawy, 2012

Owerall

Effect (reml)
Badawy, 2012
Baldwin, 2007
Kiglstein, 2004

Schwenger, 2012
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Am J Kidney Dis. 2015,66(2):322-330
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Effect sizes and Cls

Mortality (RCTs) Mortality (Observational Studies)
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|
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Recovery from Dialysis Dependence: BEST
Kidney Data

The manthly thought of the Editor ~OO O

Th Intemartionas Soumas of Ao Cegans Vil 30/ o, & 2007 pp. 299-280

CRRT

CRRT protects the kidney during acute renal failure

IMPORTANT EDITORIAL FROM RONCO IN THE ISSUE OF
INTERNATIONAL JOURNAL OF ARTIFICIAL ORGANS

It suggests the use of CRRT as a “protector” for the kidney in AKI

. »—|RRT

In conclusion, we should not forget to protect the
kidney, even during the anuric phase of acute renal failure.
We can still protect and preserve the renal parenchyma
and its function from further injury by making efforts to
achieve and maintain homeostasis. CRRT can be an
important tool to achieve this goal.

Choice of renal replacement therapy modality
and dialysis dependence after acute kidney
injury: a systematic review and meta-analysis |, ....cive Care Med (2013) 39:987-997

IRRT CRRT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.3.1 CKD excluded
Bell 2007 26 158 & 944 22.1% 1.99 [1.32, 3.00] -
CartinCeba 2009 256 555 26 229 22.8% 4.06 [2.80, 5.90] -
Elsevier 2010 37 175 13 98 187% 1.59 [0.89, 2.85] =
Gonwa 2001 1 & 4 25 4.3% 1.04 [0.14, 7.71] -1
Jacka 2005 9 14 3 24 10.1% 5.14 [1.66, 15.89] —
Lins 2006 9 a7 1 4 5.1% 0.97 [0.186, 5.83] -1
Swartz 2005 24 110 10 64  16.9% 1.40 [0.71, 2.73] T
Subtotal (95% CI) 1055 1388 100.0% 2.18 [1.39, 3.43] fes
Total events 362 135

Heterogeneity: Tau® = 0.20; Chi* = 16.92, df = 6 (P = 0.010); I’ = 65%
Test for overall effect: Z = 3.39 (P = 0.0007)

1.3.2 CKD included

Andrikos 2009 1 4 5 33 3.3% 1.65 [0L25, 10.81] 1
Garcia-Fernandes 2011 0 16 0 55 Not estimable

Marshall 2012 5 56 2 16 4.9% 0.71[0.15, 3.34] e —

Park 2005 37 83 1 9 3.4% 401 [0.62, 25.86] I
Uchino 2007 37 110 52 360 B8.4% 2.33 [1.62, 3.35] ,
Subtotal {(95% CI) 269 473 100.0% 2.21[1.57, 3.11]

Total events 80 60

Heterogeneity: Tau® = 0.00; Chi’ = 2.63, df = 3 (P = 0.45); I = 0%
Test for overall effect: Z = 4.55 (P < 0.00001)

|
} }
0.01 0.1 1 10 100
Tast for subgroup differences: Chi® = 0.00, df = 1 (P = 0.96), I" = 0% Favor IRRT Favor CRRT




Role of Technology for the Management of AKl in
Critically lll Patients: From Adoptive Technology to

Precision Continuous Renal Replacement Therapy

J.Cerda? I.Baldwin® P.M.Honored G.Villa® John A. Kellum®
Claudio Roncof on behalf of the ADQI Consensus Group Blood Purif 2016;42:248-265

W poszukiwaniu precyzji

W jaki sposdb i kiedy moze pomoc technologia w leczeniuAKI?

Czy rozpoczecieleczenia powinno wynika¢ z opracowanego algorytmu?
Jakie sg podstawowe sktadniki technologiczne pomocne w ,,przepisywaniu dawki” CRRT?
Jakie sg podstawowe sktadniki technologiczne niezbedne w ,,dostarczeniu dawki” CRRT?

Czy technologia moze pomadc w procesie ,,przepisywania” i dynamicznej kontroli
osigganych celéw?

Jak powinna by¢ planowana adekwatnos¢ zabiegu i dostarczana dawka?

Kiedy powinny by¢ uzyte inne techniki pozaustrojowej eliminacji? ( HYHFMARS, TPE,
ECMO, ECCOR?

Jakie powinny by¢ gtdwne kierunki rozwoju technologippomocnej w CRRT?



Role of Technology for the Management of AKl in
Critically lll Patients: From Adoptive Technology to
Precision Continuous Renal Replacement Therapy

J. Cerda?® |. Baldwin®

P.M. Honored
Claudio Roncof on behalf of the ADQI Consensus Group

G.Villa®¢ John A. Kellum®

Scores
Biomarkers
IT-EMR

Biochemistry
Physical
E-alerts

Relative
Absolute
Mon-renal

Decision to start
prescription

Dose
Volume
Homeostasis
Organ support

¥

Identification of
therapy targets

Technology in CRRT

Automated
data collection

Training
Logistics
Finance
Staffing
Technique
Machine/filter
Dose/ffluids
Settings
Anticoagulation

Decision to

modify
prescription

Integrated data evaluation
(CRRT + EMR)

Blood Purif 2016;42:248-265
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Optymalna dawka RRT?

* Optymalna intensywnosc leczenia nadal pozostaje
kontrowersyjna

VA/NIH Acute Renal Failure Trial Network

Mortality Outcomes in RENAL
Bellomo et al, NEJM 2009
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Role of Technology for the Management of AKl in
Critically lll Patients: From Adoptive Technology to
Precision Continuous Renal Replacement Therapy
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Role of Technology for the Management of AKl in
Critically lll Patients: From Adoptive Technology to
Precision Continuous Renal Replacement Therapy
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Renal replacement therapy in acute kidney injury: © CRITICAL CARE
controversy and consensus qorco e al kel e GU1S) 1915

Idealny model przyszlosci CRRT

ADAPTATIVE CONTROL CRRTMACHINE
(Biofeedback) = UkGa
Blood Pressure

Heart Rate /| EKG :
Stroke Volume
Blood Volume > Ukfad ptynu ‘
Thermal Balance :
PATIENT Electrolyte Balance o Przetwarzanie
Other Solute Balance o sygna’ru
Acid-Base Balance .
— Sepsis scores— ¢ @
Biomarkers——+ CONTROLLER
| Przeptyw
Ultrafiltration Elektrolity
Clearance Bufor
Drug Infusion Temperatura

Figure 1 The ‘ideal’ future renal replacement technology. The ‘ideal’ future renal replacement technology will couple renal replacement
therapy intensity (reatment delivery) with different bio-feedback systems to tailor dose and ultrafiltration rate to the complex needs of the
individual critically ill patient. EKG, electrocardiogram; Tx, treatment.



ADQI Consensus

BT
B QOC Blood Purif 2016:42:248-265

Purfication DOI: 10.1155/000448527
Zgodnie z zaleceniami 17 raportu ADQI (Asiago,
czerwiec 2016)

Rekomenduje sie stosowanie nowoczesnych narzedzi
informatycznych w celu poprawy praktycznej opieki nad pacjentem
(A)

Proces ten powinien okreslac¢ jasne etapy i wspdlng terminologie jak
rowniez dostarczanie precyzyjnej dawki CRRT ( A)

Dostarczona dawka leczenia powinna byc¢ jak najblizsza dawce
przepisanej z czesta jej modyfikacja ( co 6godz) ( A)

Zalecana jest integracja pacjenta z sygnatami z aparatury CRRT
poprzez narzedzia IT i magazynujgce dane (B)

Ocena dawki dostarczonej powinna by¢ mierzona przynajmniej raz
na dobe (KT/V) lub w szerszym rozumieniu oceniajgc inne
parametry ( Radar plot)

W przypadku stosowania innych technik nie rekomenduje sie HVHF
w leczeniu sepsy (A), PF, MARS, CRRT/ECMO, ECCOR powinne by¢
stosowane jedynie z indywidualnych wskazan (D)



Postep takze u najmniejszych




Wojewodzki Szpital Specjalistyczny w
Legnicy

Wojciech Kowalik, KrystynaSolawa,
Anastasija Sinicka, Magdalena Szmvt,
Beata Kowalczyk

Noworodek 25Hbd,
820 g leczony CRRT

%FO =35%




CA.R.PE.DLE.M. (Cardio—Renal Pediatric Dialysis Emergency
Machine): evolution of continuous renal replacement therapies
in infants. A personal journey

Clandio Roneo « Francesco Garpotto « Zaccaria Ricci Pedintr Mephral {2012) 27: 12051211



CARPEDIEM:
CArdio Renal PEDIlatric Emergency Machine

M—I»u Pediatric patients in the range of 2-10
——— kgs
i | (approximate BSA of 0.15—-0.5 m?)

g

- _:_..jifﬁ!& ‘ . [
DESIGNED BY THE INTERNATIONAL RENAL RESEARCH INSTITUTE OF VICENZA,
DIRECTED BY CLAUDIO RONCO (2011)



CARPEDIEM:
CArdio Renal PEDIlatric Emergency Machine

v’ Low priming volumes (27-41 ml)

v’ Operational simplicity

v" Enhanced accuracy

v' Possibility of operating wtih smaller
vascular accesses (?)

Slow Continuos UltraFiltration

Continuous venovenous hemofiltration

(pre or post)




INFANT CRRT CIRCUITS:
PRISMAFLEX® vs CARPEDIEM®

Blood UF rate

pressure UF rate | weight | Fluid

. . | gravimetr
supervi | supervi | i conirol
artiven (mi/h) sion sion

Priming Qb

volume | (ml/min) range: range

Prismaflex® 59 ml  10-100 ¥ none 0-500 TMP  <7g  “TE
HF20 mmHg alarm Or £60
ml/las
(0,20 m?) S t3
Sl 250 G 1000 0-600 20%  lg  CERT
025 mmHg /24 h of Qb 30g
(0,25 m2) ml/
Carpediem® 2_20 '41%%"' 1000 0_240 20% 1 g S;et;:)s::;n
015 mmHg m|/24 h of Qb 30g
(0,147 m2)
Rt 2-15 G 1000 0-150 20%  lg  ERCT
0075 mmHg m|/24 h of Qb 30g
(0,075 m2)

Courtesy of S. Picca



Haemodialysing babies weighing <8 kg with the Newcastle infant
dialysis and ultrafiltration system (Nidus): comparison
with peritoneal and conventional haemodialysis

Malcolm G. Coulthard - Jean Crosier « Clive Griffiths - Jon Smith « Michael Drinnamn -
Mike Whitaker - Robert Beckwith - John N. 5. Matthews » Paul Flecknell - Pediar Nephrol (2014) 29:1873-1881
Heather J. Lambert

Strzykawki zamiast pomp
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Smaller circuits for smaller patients: improving renal support
therapy with Aquadex™
David Askenaz' - Darvl In;_{mmz - Suzanne White” « Monica Cramer' - Pediatr Nephrol (2016) 31:853-860
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Podsumowanie

Aktualne uzycie metod ciggtych wymaga catkowitego
zrozumienia zachodzacych procesOw oraz znajomosci
aparatury

Aktualnie leczenie AKI uwaza si¢ za kompleksowe leczenie
pacjenta z niewydolnoscig wielonarzadowa

Do realizacji tych celow niezbedne jest wprowadzenie
technologii informacyjnych ze zintegrowanym systemem
gromadzenia 1 przetwarzania danych

Dla dziec1 o wadze ponizej 15 kg powinny by¢ (w miare
dostgpnosci) stosowane aparaty dedykowane tej grupie
pacjentow



