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2.UYKPOUCN CUMPEPOVTWYV

O ouIANTAG €XEl AGBEI KaTA KaIpOoUC auolIfn yia CUUBOUAEUTIKES
UTTNPECIEC 1 KAAUWN TTapakoAoUBnNonG ouvedpiwy r} CUVOPOUWYV
O€ EMOTAMPOVIKO UAIKO, aTTO TIGC AKOAOUBEC ETAIPEIEC TTPOIOVTA TWV
OTTOIWV AUEDA 1 EPUECO PTTOPEI VO avapEPOoVTal 0TV akOAouon
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Roche, Sanofi, Uni-Pharma
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Presenter
Presentation Notes
Editorial Bioimpedance Technology and Optimal Fluid Management. Similarly, if dialysis patients get salt and fluid over-loaded, they are prone to develop cardiac enlargement and  hypertrophy  and  hypertension. Salt  and volume  excess  shows  a  strong  association  with  increased mortality. 2,3 However, volume depletion can lead to frequent episodes of intradialytic hypotension, postdialysis weakness and malaise, and increased risk of falls and vascular access thrombosis. 4-7 Long-term and/or episodic brain hypoperfusion can lead to white matter degeneration and subtle dementia and depression. 8
Gastrointestinal ischemia can lead to a breakdown  of  the  barrier  between  splanchnic  blood  and intestinal contents, increasing exposure to endotoxin.9 A policy  of  tight  volume  control  can  accelerate  the loss of residual kidney function. 10
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Fluid Dynamics during Dialysis e c At CAR

* During dialysis, fluid is continuously removed from the
blood by ultrafiltration (UF)

* This is compensated by diffusion of fluid from tissues
into the blood (vascular refill)




« MQ2 OA EKTIMHZOYME THN YINEPYAATQ2zH 2TOYZ
AZOENEIZ MAX?

 MQX OA ENITYXOYME TO «<=HPO BAPOX»?
Sinha and Agarwall 20009:

— XOMNAOTEPO aVEKTO 2.B. HETA TNV AINOKABAPON OTO OTTOIO
UTTAPXOUV EAGXIOTO CUHNTITWHOTA/oNMEia AQuddaTwong N
Ymrepuddatwong

— Metd oTadlakn HEiWOT TOU HETA TNV aipyokaBapon Z.B.

Semin Dial. 2009 Sep-Oct;22(5):480-2



KAvikn ektiunon énpou Bapoug

Oidnua, diaracn oceayiTidwyv, uypoi poyxol
2Py OEPMATOG, UTTOTAOIKA ETTEICOOIN, KPAMTTEG
Aptnpiakn Migon

ZUyioua

Mepropiopévng aglommioTiag:
— Mpo AMK guoAaipikoi — a@aipeon 2-3L otnv AMK
— Oidnua dev oxetideTal pe Brodeikteg, diapeTpo KKO®, amrdavrnon All

21N LUST (Clin J Am Soc Nephrol. 2016;11:2005 Torino C...Siamopoulos K, Stavroulopoulos
A, Sarafidis P, Balafa O...and Zoccali C): AKpOAON TTVEUMOVWYV * 0idnua eAGXIOTN
OUOYXETION ME UTTAPEN OIAECOU TTVEUMOVIKOU OIOAMATOG

Nat. Rev. Nephrol. 2013;9:252-254, Clin J Am Soc Nephrol. 2008;3:153-8



NarpioupnTika memriola

 KoAiké NartpioupnTiko MNMetrtidio (ANP)
o Eyke@aAiké NatpioupnTiko lNerTidio (BNP) Kal n Trpo-opudvn Tou
(pro-BNP)
— ATtreAeuBepwvovTal OTAV AUENMUEVEG KAPDIOKES TTIECEIC TTANPWONG
— 2¢& XNN augdavovrtal Adoyw utrepudarwong, LVH, |[kaBapong
— MeiwvovTtal yetd Tn ouvedpia algokabapong

— MeyaAn diakuuavon avaueoa o€ aocBeveic — Mikpr) oTov idlo aoBevy —
TTapakoAouBnon aAAaywyv oTo Xpovo

— loxupn TTpoyvwoTIKNA agia

Meplopiopévn xpRon ASyw YaunAnc €101IKOTNTAC:
— Kapdiakn Avetrapkela, kapdiaka voonuara, AY
— Algoppayiko kai ioxaipiko AEE
— 2ZAyn, HIV
— [lveupovikn Yméptaon , EpBoAn
— Avaipia, Kippwon
— @iATpo aiyokdBapong

J Am Soc Nephrol 2001;12:1508-15, Am J Kidney Dis. 2003;41:571-9, Kidney Int 2005;67:278-84, Nephron Clin Pract 2008;
110:¢178-84, Nephrol Dial transplant 2013:28:3082-9, CJASN 2015;10:620, BMC Nephrol 2015;16:218, Blood Purif 2018;46:34-47



Mérpnon diauérpou Karw KoiAn¢ @AELac

Kdtw KoiAn OAEBa (KKD): deiktne evdoayyelakoU OyKou (PAEREC
pelepoudp aipaTog)

o AlGueTpog
— QuoloAoyiIkéEG TINEG? (<11.5mm/m??, 15-25 mm?)
— 2ZUOYXETION ME UTTEPUOATWON
— MeyaAutepn o€ YITepTaOIKOUG ACOEVEIG
— AvaTtrapaywyipun HETOEU ECETACTWYV

o 2UpTTTUEN O€ BaBeia eiotrvon (collapse index)
— Mo xpnoigog 6Tav augnuévog
— NIyoTEPO avaTTOPAYWYINOG
— 2g ouvouaouo pe Tn diaueTpo TG KK® cuoxéTtion pe KOOI

Nephrol Dial Transplant. 2003 Oct;18(10):2128-33, Am J Kidney Dis. 1997 Oct;30(4):459-65, Nephrol Dial Transplant. 1996;11 Suppl
2:24-7., Am J Cardiol 1990;66:493-6, Crit Care 2012;16:R188, Intensive Care Med 2004;30:1834-7,



Mérpnon diauérpou Karw KoiAn¢ @AELac

MNMeplopiopoi:
e MeydaAn S1akUpavon — TTOAAATTAEG HETPROEIG

 Aocuvetreic peTprnoeig wpog 1o TEAog AMK
o 'EptrEIpog £EETAOTAG
 Mayxvoapkol, aEpag OTO EVTEPO

« EmnpeadleTal amo:

— AvaTtrveuoTikr) / kapdlakr ouxvoeTnTa

— Aeimoupyia Ae§iwv KolAoTATWYV — AVETTAPKEIQ TPIYAWXIVOG
— Augnuévn evdokoilAiakn trieon (1rx M1.K.)

— Autnuévn evooBwpaKIKN TTiedn

— TommoBétnon / &&ova nxoBoAéa

Nephrol Dial Transplant. 2003 Oct;18(10):2128-33, Am J Kidney Dis. 1997 Oct;30(4):459-65, Nephrol Dial Transplant. 1996;11 Suppl
2:24-7., Am J Cardiol 1990;66:493-6, Crit Care 2012;16:R188, Intensive Care Med 2004,;30:1834-7,



Aprtnpiakn pon aiuaro¢ (corrected flow time, FTc)

o Xpobvog pong aiparog og Aoptn: dioicopayeio YKI, gutreipia

 FTc og Kapwrtideg (d16pBwon we TTpog KapdIiakn ouxvoTnta)
— ATtreuBeiag ouoxETion PE evOayyEIOKO OYKO
— 1TFTc petd xopriynon uypwyv n avuywaon modiwv
— [pwiydtepn 1 FTc ammd 1 MAI [ |opucewy
— 26 AMK: |evdayyelakou Oykou — |FTcC

Meplopiopévn xpRon AOyw EAAEIPNG TUTTOTTOINONG TG MEBODOU:
— QuUOIOAOYIKEC TINEC?
— lNwc¢ opiletal n amradvTnan oykou?
— XpnAon poévo ota ETreiyovta

Intensive Care Med 2003;29:1729-35, J Clin Anesth 2012:24:275-83, J Crit Care 2014:29:486-88, J Crit Care 2016:38:231-5, Chest
2013:143:364-70, J Crit Care 2015;30:1199-203



Blood Volume Monitoring

o Qwro-oTmrTIKR ouvexng péTpnon Ht (Crit-Line)
o JUVEXNG METPNON CUYKEVTPWONG TTPWTEIVWYV (TaXUTNTA
UTTEPNXOYPAPIKWY KUPNATWY OTO aia)

MeTpoUVv OXETIKEG AAAQYEG OTOV OYKO aipaTtog (BV%) Baoilopevec otTnv
apxn TS AINOCUNTIUKVWONG KATA TNV a@aipeon TwV Uypwv

BV% e¢apTdaTal ammo
- PuBuoc utrepdindnong (evdayyelakad) (UF rate)
- PuBuoc avarrAnpwong (e€wayyelaka) (Refill rate)

I0avIKOG pUBNOG Heiwong BV: EeXwpIoTOG YIa KAOE acOevr) Kal yia KABe
ouvedpia. Katd p.o. -1.33 €éwg -8% / wpa

NMapepBaivw kKal diopOwvw UF rate kata 1n ouvedpia ue Baon 1o BV%

Kidney Int 1990;38:342-6, Kidney Int 2005;68:854-61, Dial Transplant 1993;22:260-5, Nephrol Dial Transplant 2005;20:2043-9
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Crit-Line® Monitc Y =~ MEDICAL CARE

The Event Marker
(entered by user)
is an arrow used

BY Percent to show when an
Change intervention or
(displayed in SYmprtom occurred

Increments
of 5 %)
BY Percent YVolume
Change Graph
Current
s - HCT 42 5 BVa-15 4 Current BY Percent
] - P~ ¢ Change Valuc
Current H(:R, 14 j‘iTI”F 2= EBJAT 94 Ee
2 sl . — Current

(estimated) Time elapsed since beginning of treatment, 012 Sat Value



Plasma Refill Test — R ESENIUS

v MEDICAL CARE

Refill =
Hct change
20.5/10 min

0 1 2 3 4
TIME (hours)



e
- FRESENIUS

v MEDICAL CARE

*« Crit-Line™ Monitor helps the clinician

— Optimize fluid removal through hematocrit-based blood
volume monitoring

-~ Maximize UF while preventing intradialytic symptoms
— More effectively reach the patient’s prescribed target

____weight

« | Criteria for UF guidance include

— The steepness of slope in BV change
(Profiles A, B, C)

~ Maximal change in relative BV per treatment
— Refill test during or at the end of dialysis

— Patient's clinical assessment, comorbidities and medical
history
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Example of RPV monitoring as an indicator of dry-weight. A 42-year-old black man with
ESRD on chronic hemodialysis for 8 years treated with four antihypertensive medications
consented to participate in the DRIP trial after he was noted to be hypertensive. Interdialytic
ambulatory BP monitoring revealed a BP value of 149/89 mmHg. At baseline, RPV monitoring
demonstrated no change in RPV. Dry-weight was probed in the subsequent 8 weeks. He lost 2.0
kg of postdialysis weight from 62.0 to 60.0 kg. At 8 weeks, RPV monitoring revealed a 3.15%
reduction in RPV per hour. Interdialytic ambulatory BP improved to 125/77 mmHg. RPV
monitoring may be a useful tool to assess dry-weight.

Clin 3 Am Soc Nephrol. 2010 Jul; 5(7): 1255-1260.




Blood Volume Monitoring

 EugpyeTikn xprion Tou BVM (6x1 o€ OAEG TIG NEAETEQ):

KaAutepog EAeyxog All (Trpd Kail HETA AIMOKABAPON, AVTUTTEPTACIKA, TTIOINTPIKA)
EmitrAéov a@aipeon uypwyv — £triTeun =.B

Meiwon uTToTaoIKWYV ETTEICO0IWV ? (RCT: Clin J Am Soc Nephrol. 2017;12:1831)

Meiwon voonAeiwv OXETICOMEVES ME UTTEPUDATWON — UTTEPTAOT

XpAon og onmTikd shock

 [eplopiopoi TNG pEBOOOU:

Ala@opég avapeoa o€ aoBeveig Kal ouvedpisg (cuvvoonpdTnTa, HETAYYIOEIG,
OTTAAQXVIKI ayy&elooUoTTaOon)

Mn opoiépop@n Katavour Tou Ht / rpwrelviwov oTnv KUKAo@opia (doknon, {€oTn,
opBooTacia)

EvaioOnoia Tng peBOdoU Kupiwg o€ UTTEPUSATWOT

RCT, 227 HD pts Crit-line vs. 216 kKAIvika yia 6 piveg, JASN 2005

- Ox1 diagopa o All, =.B
- 1 NoonAgiwv kail OvnoigoTnTag

Am J Kidney Dis 2016;67:166, Kidney Int 2005;68:854, Pediatr Nehrol 2009;24:581, J Am Soc Nephrol. 2003 ;14:2127, Bllod Purif
2013;35:302, J Nephrol. 2009;22:232, Nephrol Dial Transplant 2000;15:673, J Am Soc Nephrol 2005;16:2162




Biosutmédnon

XaunAng évraong eVOAAOOCOCONEVO PEUMA avApETa O€ 2 Uy
NAEKTPOdiwV — METPNON TNG AVTIOTAOTG TTOU CUVAVTA OTOUG IOTOUG

NMoAAatrAwyv cuxvoriTwy (Multi-frequency)
— XapnAnf ocuxvoeTtnTa: eEwkutTdpio uypoé (ECW)
— Y@nARQ ocuxvornta: evookuttdapio uypo (ICW)

O1 HETPOEIG AVTIOTAONG KAl XWPENTIKOTNTAG ME BACT HOONMATIKEG
£IOWOEIG KAl ONUOYPAPIKA OEDOHEVA HETATPETTOVTAI OE OYKOUG

OAoocwpaTiki (cwpa: 1 KUAIVOPOGS)

TunpaTikA (5 KUAIVOPOI: CWHA-AKPO)
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The BCM - Body Composition Monior i
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the starl of ireatment. Handing i very
sleps:

™

Electrodas are attached fo on hand
and o ool with the patient in a
SLIPHNGC: POSition.
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Body weight = LTM + ATM + OH

The three compartments (LTM, ATM and OH) are identified from
measurements of body weight, height, intracellular (ICW) and
extracellular water (ECW) determined by whole body bioimpedance

spectroscopy (BIS).



H.Smith +1/8 B

Ouverhudration +3.8 L

Patient.



Determination of the urea distribution volume () for dialysis dose
assessment, useful forthe online K% measurement with the OCME

H.Smith 2’8 8
Urea distrib volume

Kxt

U =43.6 L




HI Enith :SEE .
BMI = 21.6 kg/ne

LTI = 16,4 kg/m2 (=] JSaevipmaiet

4.2 ka/mg  [=]

Provides information about the patient's body composition as basis for
nutritional assessment.

BMI = Body Mass Index, LTl = Lean Tissue Index, FTl = Fat Tissue Index,
LTI+ FT1=BMI (if no overhydration is present)

Comparison to reference range:
[=] within the range of reference population
[%] above reference population

[1] below reference population



Screen Farameler Unit Comparnson  Explanation
with
reference
populaticn
148 Owerydration (OH) L yes Chvertrydration related o the reference
population
28 W L - Urea distribution volume
(= Total Body Water TBW)
8 OH L yes Owvertwydration
UFY mil - Imtended ultrafiltration volume
{only if entered by the operator)
BP mmHg - Systolic and diastolic blood pressure
{only if entered by the operator)
OHpost L yes Expected averhydration after dialysis
{only if UFV was entered by the operator)
4i8 TBW L Total Body Water TBW
{= wrea distnibution volume V)
ECW L Extracellular Water
oW L Intraceliular Water
ESI yes Cluotient from ECW and ICW
518 BMI kip/im® Body Mass Index (body weight / height?)
LTI kgim? yes Lean Tissue Index (LTM § Height®)
FTiI kgimz yes Fat Tissue Index (ATM 7 Height?)
Gig LTM, rel. LTM kg, % Lean Tissue Mass (LTM),
redative LT (LTM / body weight)
FAT, rel, FAT kg, % Taotal ipid mass,
relative fal (FAT! bady weight)
ATM kg Adipose Tissue Mass
BCM kg Body Cell Mass
TIE Data quality {O) - Cuality of the measurement data
B8 Sex Fatient data
Weight kg
Height em
Agge years




| Body Composition Plot
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The Body Composition Plot displays the development of the three
compartments adipose tissue mass (ATHM), lean tissue mass (LTWM) and
overhwydration (COH) owver time. In addition, the systolic blood pressure (BFP
syws) can be displayed, which allows the influence of overhwdration on
blood pressure to be identified. It is also easy to observe changes in LTMH,
ATR and the subseguent influence on overhwydration.

For a more detailled analysis of overhydration, please refer to the
Overhwdration Plot.

The body composition can be viewed in more detail in the LTI FT1 Flot.




Overhydration Plot
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The patient’s fluid status can be examined in more detail using the
Crwarhydration Plot. The plot also provides post treatment overhydration
which can be used to monitor changes in weight gain. Data can be easily
compared against the green region representing the reference range of a

healthy population.




Hydrstion Rederesce: Apr 06 < Jun OT 10 el -
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It is well known that overhydration can lead to hypertension. However, The areas are differentiated as follows:
underlying comorbidities can radically influence this relationship in N: Mormal area (green) of reference population with healthy kidneys.
individual patients. Dx: Reference area (blue) of a typical dialysis patient before treatment
The Hydration Reference Plot combines overhydration and systolic I: Hypertension may relate to overhydration
blood pressure in one graph. Il: Hypertension independent of overhydration
It helps to assign patients to different regions regarding blood pressure ll: Hypovolemia (dehydrated) and low blood pressure
and overhydration, which partly require different therapy approaches. IW: Overhydrated, but normo-‘hypotension

The purple arrow in the diagram indicates a trend showing changes over a
longer period of time.



Tunuartikn Biosummédnon




Calf bioimpedance spectroscopy monitor calf resistance and resistivity continuously during
HD. The primary criterion of attainment of DW is flattening of the change in the resistance
curve during dialysis so that at DW little further change is observed.
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DWM Data Collector Version 1

-] 100 = =
Termwin Mimfes

F Zhu et al 2008 Physiol. Meas. 29 S503, Nephrol Dial Transplant 2012);27:4430-46



Bioimpedance-Guided Fluid Management in Maintenance Hemodialysis: A Pilot Randomized
Controlled Trial. 62 pts repeated 3-month bioimpedance measurements to guide ultrafiltration
for strict volume control vs. 69 pts clinical judgment

14 .
{3 Clinical group 10 rx = P
) Bioimpedance group =l ) i B
13 | ; y L
L LLLL Lo 8
i o
12 | f ] Group 4
| 11.24 0971 | _raciinical e
] =l 1Bioimpedance :
nr 10.30 //L*’f l == Clinical-censored *
) i - - Bioimpedance- :
O : g censored :
10 } ; : £ 0.8- H
952 Q_M_ﬂ 3
9 b - @
. o 4
l \--H-- T E Dl?
8 W £
746 0 a
? L 4
l 0.6
6t 1 Log rank p = 0.008
3 - ' 0.5-
baseline end of intervention (2,5 years)
T T T T T T T
0 3 10 15 20 25 30
Figure 2. Mean relative fluid overload at baseline and at Months
the end of intervention (box, mean * standard error; whiskers, ) _ _ _
95% confidence interval). Figure 4. Kaplan-Meier survival analysis.

The unadjusted HR for all-cause death in the bioimpedance group (vs the clinical-methods
group) was 0.100 (95% Cl, 0.013-0.805; P=0.03). After 2.5 years, we found a greater decline in
arterial stiffness, relative fluid overload, and systolic BP in the bioimpedance group than the
clinical-methods group (Am J Kidney Dis. 2014:64:111)



MeTta-avaAuon 7 RCTs, 1312 pts (Int Urol Nephrol. 2017;49:2231-2245): BIA did not
reduce all-cause mortality, but it improved SBP and reduce overhydration.

Bioimpedance Control hMean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl I, Random, 95% Cl
Darlan 2010 135 194 34 141 233 36 51% -6.00[16.02, 4.02]
Huan-Sheng 2016 136 23 148 136 22 150 19.7% 0.00[-5.11,5.11] -
Hur 2013 120 14 64 126 19 62 11.7% -5.00[11.64,1.64] —=
Luo 2011 132.9 1947 78 13907 224 g2 122% -B.A7 [[12.66, 0.32) -
Onofriescu 2014 1389 147 G2 1405 11.4 9  250% -1 60 [-6.14, 2 94] -
Ponce 2014 1346 273 101 1365 247 B3  94%  -1.90[-9.31,551] —r
Tan 2016 130 1 39 135 184 36 65% -5.00[-13.92, 3.92) T
Tan 2016 136 20 40 140 20 84 F7% -4.00[12.18, 4.18] -
Tan 2016 128 26 29 123 27 25 26% 5.00[-9.20 1920 -1
Total (95% CI) 505 602 100.0% -2.73[-5.00, -0.46] ¢
Heterogeneity: Tau®= 0.00; Chi*= 480, df=8{P=0.78); F=0% I i i

L ~ -100 -40 0 50 100
Testfor overall effect. = 2.36 (P = 0.02) Favours [hioimpedance] Favours [contral]
Fig. 6 Forest plot for systolic blood pressure control

[Bioimpedance] [Control] Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Darlan 2010 1 34 2 /B 4.0% 0.53[0.05, 5.57]
Huan-Sheng 2016 B 148 7 150 19.5% 0.87[0.30, 2.52) —_—
Hur 2013 2 78 4 78  8.0% 0.50[0.09, 2.65]
Onofriescu 2014 1 62 8 B9  53% 0.14[0.02,1.08]
Ponce 2014 12 101 8 88 30.8% 1.31[0.586, 3.05) — T
Tan 2016 10 149 11 159 32.4% 0.97[0.42,2.22 T
Total (95% CI) 572 580 100.0% 0.87 [0.54, 1.39]
Total events 32 40

ity e ‘Chi*= = — F= ) : : :

Heterogeneity Tau®= 0.00; Chi*= 4.75, df= 5 (P = 0.45); F= 0% 001 01 10 100

Test for overall effect. Z=0.58 (P = 0.56)

Fig. 3 Forest plot for all-cause mortality

Favours [bioimpedance] Favours [control]




[epiopiouoi BlosuTédnong

o  KoXAIOKA EHPUTEUHATA, ATTIVIOWTEG, BNHATOOOTES?
o Xeipoupyikd evOEpaTa (avTifeTn TTAEUPG)

*  YTTOASUKWHATIVAIMIA - KAOXESiO
 AKpWTNPIOOUEVOI

o« AokKnon, aAKoOA TTpo pNETPNONG?

 'Eykugg

 Edlowoeig atd vyieic EupwTtraioug

 TomroBéTnon nAekTpodiwv otn pia pepId. Opweg 0TO CWHA N
OUMMETPIKA KaTavoun uypwyv (AVF, KEVTPIKN OTEVWON,
O100UVEDPIOK KATAVOMN KUPIWG 0& KOPHO KTA)

o Agv Sexwpilel evdayyelako atrod ewayyeiaké ECW: Agia ECW/ICW
o€ atrwAsgIeg o€ TPiTO XWPo? (PAseypoviy ESRD, ofyn KTA)

o YTtroekTtignon TBW étav augnuévn ocuvvoonpoTnta

Nat. Rev. Nephrol. 2013;9:252-254, Clin J Am Soc Nephrol 2009;4:1791-1798



Ymrepnyxoypaenua lNveuuovwy

To eEWayyEIOKO uypO TOU OIAHMECOU ICTOU TWV TTVEUMOVWYV ATTOTEAEI

Baoikd diapépioua Tou OAIKOU VEPOU TOU CWHATOC KAl N OUCCWPEUCN
TOU OTOUG TTVEUUOVEG OONYEi O€ TTVEUNOVIKE) CUHM@OPNOT, KAl OTN
OuUVEXEIa o€ KAIVIKA €KONAN cup@opnaon, dnAadn duoTrvola Kal
TTVEUMOVIKO oidnpa. H cuocowpeuon e¢aptaral atro:

- 1. kardoTaon evudatwaong (oAIkO vepo)

- 2. ieon TARpwong Kal Asitoupyiag apioTePS KolAiag (aihoduvauikn
oup@opnan)

- 3. aug¢nuEVNC TTVEUMOVIKNC dIATTEPATOTNTAC TTOU TTAPATNPEITAI OTOUG
aoBeveic auToug

Nat Clin Pract Nephrol 2007; 3: 178-179, Blood Purif. 2013;36(3-4):184-91, J Am Soc Nephrol
2004; 15: 1029-1037, Kidney Int 1995; 47: 186-192, J Am Coll Cardiol 2003; 41: 565-571



E¢wayyeiakd uypo diIdueECcOU TTVEUPOVIKOU 1I0TOU —>
KWVOEION uTtrepnyoyevn artifacts avrixnong

MI 1.2 02 /04
IASIO KLINIKI KALLITHEA TIS 0.6 11:08

NMNEYMONIKOI
KOMHTEZ

B-lines







MeTpriocic o€ 28 onueia Tou BwPAKIKOU TOIXWHOATOS
0 —10 B-lines / onueio, max score: 280

To 6pio Twv 15 B-lines aBpoilopevo o€ 28 Béoceic pétpnong (Lung
Score, LS), £xel xpnoiuotroindei otnv BiBAIoypagia w¢ O€ikTnG
UTTEPUDATWONG

Anterolateral chest

right side left side
mid- anterior mid- para- para- mid- anterior mid-
axillary | axillary | clavear | sternal sternal | clavear | axillary | axillary
(13 9 5 1 23 26
14 10 6 2
15 11 7 3
16 12 8 4

http://www.ndt-educational.org/page-22-139-0-461--educationalvideos.php



Efficacy of a remote web-based lung ultrasound training for

nephrologists and cardiologists: a LUST trial sub-project

Gargani L.....Balafa O, Stavroulopoulos A, Sarafidis P......and Zoccali C
Nephrol Dial Transplant. 2016 Dec;31(12):1982-1988

10+
o @0
o 8- o -éo
. 2 .
- 44 Trainees £ 000/ o
c
- 39 succeeded 2 - 0,60
- 5 retrained (2 needed = ook
second retraining and 1 2
. . . s 4- @0
a third retraining -
@
'= o O"E:Q o
£ 5. o R=0.979
S R?=0.961
L . p < 0.0001
FIGURE 4: Correlation between the average US B-lines reading of 0 - m o
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The Agreement between Auscultation and Lung

Ultrasound in Hemodialysis Patients: The LUST Study.
Torino C...Siamopoulos K, Stavroulopoulos A, Sarafidis P, Balafa O ..... and
Zoccali C, Clin J Am Soc Nephrol. 2016 Nov 7;11(11): 2005-2011

H avelupeon TwWV TTVEUMOVIKWY KOMNTWYV UTTOPEI VO aVIXVEUOEl TTPWIMO
TNV TTVEUPOVIKI) CUM@OPNON OTOUG AINOKABAIPOUEVOUC ACBOEVEIC TTPIV
eKONAWOEI KAIVIKG

Table 2. Ultrasound B lines number across lung crackles strata of increasing severity
Ultrasound B Lines No.
Crackles Category Total
<5 =5to <15 =15 to <30 =30
0 370 388 88 60 906
1 13 35 7 6 61
2 6 26 24 37 93
3 1 3 3 4 11
4 1 14 9 11 35
Total 391 466 131 118 1106

Lung crackles, either alone or combined with peripheral edema, very
poorly reflect interstitial lung edema in patients with ESRD.



MeTa TNV aigokaBapon o apIBuOG TWV TTVEUNOVIKWV
KOMNTWYV HEIWVETAI OKOAOUBWVTAG TNV AQPAIPECT TWV UYPWV

Pre-post Dialysis Changes
P<0.001 in Lung Comets Score
200+
E 150
3
3
o 100 100~ *
=
= 20 o
140 — T T T T T T T 1
507 0 20 40 &0 B0 400 120 140 160 480 200
Pre-dialysi=s Lung Comets Score
0 - : )
Predialysis rostaiayeis | - 1N€ mean and the median number of
Figure 1. Indiwviduals Pre- and Post-Dialysis Lung Comets Score pre-dlalySIS LS Were 33 and 18’
Ptmcung patients, comparison u.ua.s made I:l:,'_using.tha '-".l'llcom:.\n respectlve |y_
signed ranks test (see the Statistical Analysis section for details).

- LS was <14 in 28 cases, 14 to 30 in 26
cases, and >30 in 21 cases

2TaupoUAOTTOUAOG A Kail ouv. 180 lNaveAArvio ZuvéEdpio NegpoAoyiag O35, JACC Cardiovasc
Imaging. 2010 Jun;3(6):586-94, Chest 2009; 135: 1433-1439



H Ag1ToupyIkOTNTA TNG APICTEPNG KOIAIOG PAiVETAI OTI Eival TTOPAYOVTAS
TTOU ETTioNG KaBopilel TNV TTVEUMOVIKR cUuu@opnon (aigoduvauikn)

2TIG MEAETEG OTTOU EQAPHOOTNKE KAl TTVEUOVIKO
UTTEPNXOYPAPNMO Kal BIOEUTTEONCT), UTTHPXE
a0BevAG OUOXETION METAEU TWV OUO PEBODWY,
deixvovTag OTI N TIVEUUOVIKA OUh@eOopnan Jovo

LVEF {2
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===rho = 058, Px0.001
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Figure 3. Correlation Analyses of Pre- and Post-Dialysis Lung Comets Scores

Relationship between pre-dialysis comets score and pre-/post-dialysis change in the same score and pre- (pink circlesy and post-dialysis
{green circles) relationships of the lumg comets score with left wentricular epection fraction (LVEF), E/E" ratio, left atrial wolume (LAWY, and
pulmonary pressure. Solid limes indicate pre-dialysis regression lines and dashed lines indicate post-dialysis regression lines. Data are
expressed as Pearson product moment correlation coefficient (r} or Speaman rank comelation coefficient (rhol, as appropriate. BE" =
early filling to early diastolic mitral anmular velodity.

JACC Cardiovasc Imaging. 2010 Jun;3(6):586-94, Nephrol Dial Transplant. 2013;28(11):2851-9



YNEPHXOIPA®HMA NMNEYMONQN I'lA EKTIMHZH ENYAATQ2H2

AIMOKAGAIPOMENQN A2©OENQN - 2Y2XETIZH ME

YMNEPHXOKAPAIOIPA®IKEZ AEITOYPIIKEZ MAPAMETPOYZ
A. 2TaupouAottoulog, B. ApeaTn, I'l. Nevveg, X. INatraddtroulog, A. INaoxaAivog,
A. T'aAqvag, M. Metagakn, X. Zouvng. EAANVIKA Ne@poAoyia 2017; 29(1): 29-34
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H TTpoyvWwOoTIK onpaoia TnG avixveuong TTVEUHOVIKWY
KOMNTWYV O€ ao0eveic uTTO aipoKadapon

- H avixveuon Trveupovikwy Kountwy o€ aoBeveig utro aipokabapon gival
aveSAPTNTOG KAl ITXUPOG TTPOYVWOTIKOG TTAPAYovVTag Kapdiayyelakwy
oupBapaTwy Kal Bavarou, eEMTTPOCOETA ATIO TO OTAdIO TNG KAPDIAKAG
AVETTAPKEIOG KAl AAAOUC TTAPAYOVTEG KIVOUVOU

- To TIVEUPOVIKO UTTEPNXOYPAPNUA NTAV ITXUPOTEPOG TIPOYVWOTIKOG
OeikTNG BvNOINOTNTAG, AVELAPTNTOG ATTO TO OAIKO VEPO TOU CWHATOG KOl
AAANEC TTAPAPETPOUC TTOU PETPAONKAV UE BIOEUTTEDNON

- H avixveuon TIVEUPOVIKWY KOUNTWVY OXETICETAI BUTUEVWG Kal WE AIYOTEPO
IOXUPA KATAANKTIKG ONUEia OTTWG N QUOIKNA SpaoTnpioTnTa Twy

aoBevwyv uTrd aipokdBapon

J Am Soc Nephrol 2013; 24: 639-646, Nephrol Dial Transplant. 2013 Nov;28(11):2851-9, Clin J Am
Soc Nephrol. 2013 Aug;8(8):1343-8



Pulmonary congestion predicts cardiac events and

mortality in ESRD
Zoccali C. et al, J Am Soc Nephrol 2013; 24: 639-646
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Figure 1. Kaplan—Meier survival analyses of all-cause mortality and fatal and nonfatal cardiac events according to the BL-US.

Patients with very severe congestion had a 4.2-fold risk of death and a 3.2-fold risk
of cardiac events adjusted for NYHA class and other risk factors.

Including the degree of pulmonary congestion in the model significantly improved
the risk reclassification for cardiac events by 10%.



Dry weight assessment by combined ultrasound and bioimpedance monitoring in low
cardiovascular risk hemodialysis patients: a randomized controlled trial. 250 pts were
randomized to have a dry weight assessment based on clinical (control) or LUS with
bioimpedance in case of clinical hypovolemia (active)-guided protocol (BUST)

> s, < Composite of all-cause mortality and first CVE
:%j H 1o
<15 Bulines =15 B-lines
Manthly Butaitain Diecreane Wisekly
[ Lung US Weight [ Waight Lung US J 0.8 1
£
i ™
2
[ Clinical Hyposaolemia® ] E l:'lﬁ_
w
@
=
Lung US "E
5 04-
g
<15 B-linas #15 B-lings (&} —'"AC‘HV
~fHCONTROL
0.2 1
EBinimpedance
0.0 Log-rank p-value: 0.74
T T T T T
5 5 10 15 20 25
AN ET (= Follow-up (months)
Int Urol Nephrol. 2017;49:143-153
Intradialytic hypotension 1035 438.1 1104 473.3 108 (0.99-1.18)
Intradialytic cramps 1056 446.9 1313 565.2 1.26 l.]ﬁ—l.ﬁ?;
Pre-dialytic dyspnea 302 127.8 240 103.3 081 ((L68—0.96)
Hospitalizations 89 37.7 103 443 1.18 ((.88—1.58)
Wascular access thrombosis 13 3.5 20 8.6 1.56 (0.74-3.42)




[epiopiouoi Yrepnxoypapnuaro¢ lNveuuovwy

Extrandeupévog lMNarpoég

Xpovog (5’ e€€taon, 15’ couvoAika)

Y1re{wWKOTIKEG AAAOIWOEIS — iVWON

Avixveuel YrepuddaTtwon (trveupovikn) - OXI Aguddatwon

MepeTaipw peAéTeg (LUST etc)



2YMIIEPAZMATA

ApPKETEG HEOBODOI VIO TNV EKTIMNON TWV UYPpWYV — OYXI AKOMO TO
gold standard

Mpétrel va yvwpi{OUPE TOUG TTEPIOPIOHOUG TOUG
Mpétrel va yvwpiloupe TI akpIfwg METPAEI N KABE HEBODOG

H kKAIviKA Kpion Kal TrTapéPpaon gival atrapaitnTn otV
agIOAOYNOT TWV ATTOTEAECHATWYV

Auvapuikn TTapakoAoudnon TTaPAMETPWYV

2UvOUOOHNOG HEBOOWYV Kal KAIVIKNG £EETAONG — KPIONG iCcWG O
IO ATTOOOTIKOG TPOTTOG




EuxapioTw yia TNV TTPOCOXN OOC

APIZTEIAHZ 2TAYPOYAOIOYAOX
NEPPOAOIOZ



Kal yia Tnv aupiav cacg yneo!!!

APIZTEIAHZ 2TAYPOYAOIOYAOX
NEPPOAOIOZ
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