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Cardiopatia y ERC

» Enfermedad Cardiovascular

— Alta mortalidad en ERC
—>US Renal Data System. USRDS 2012 Annual Data Report

- Riesgo de muerte en dialisis:
» 0.33 2> lafio
» 0.46 > 2afios
» 0.67 > 3afios

> Fistula Arteriovenosa:

—> Efecto Adverso en funcidon cardiaca

—>¢éParticipacion en la morbilidad?



Fistula AV: Efectos hemodinamicos

J Resistencias Periféricas
™ Actividad Simpatica

— /I contractilidad

— T FC

Fistula

™ volumen eyectivo
Gasto Cardiaco (15%)

volumen sanguineo

I Volumen telediastdlico VI (4%)
Disfuncion diastdlica VI

™ ANP

T BNP

Hipertension Pulmonar

Girerd X, Hipertension 1996, 27:799

3meses: P masa VI + T Al
3-6 meses:

— ' 0, subendoc = Lesién miocardica =
Dilatacion VI = {, FE
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J Descenso de la Resistencia Periférica

Creacion FAV

Descenso Resistencia Periférica

Descenso de TA central y periférica

Aumento actividad simpatica (contractilidad + FC)
Aumento GC

A S

' U Resistencia del AV — MResistencia Sistémica

M Qa + Shear Stress: Endotelio (NO + factores relajantes)
—> dilataciodn arterial (intento {, stress)

Korsheed S, Eldehni MT, John SG, et al. Effects of arteriovenous fistula formation on arterial stiffness and cardiovascular performance and function. Nephrol Dial
Transplant 2011; 26:3296

Mitchell GF, Parise H, Vita JA, et al. Local shear stress and brachial artery flow-mediated dilation: the Framingham Heart Study. Hypertension 2004; 44:134.

van der Mark WA, Boer P, Cramer MJ, Blankestijn PJ. Decreased access resistance in haemodialysis patients with upper arm arteriovenous fistulae. 4
Nephrol Dial Transplant 2008; 23:2105



Cardio

* ERC
— TANP + T"BNP
* FAV

— M1 ANP+ P N BNP
— { ARP + Aldosterona =

(ANP: I Volumen Auricular = sobrecarga volumen x FAV)
(BNP: P Disfuncién VI >sobrecarga ventricular)

lwashima'Y, Horio T, Takami Y, et al. Effects of the creation of arteriovenous fistula for

hemodialysis on cardiac function and natriuretic peptide levels in CRF. Am J Kidney Dis 2002;
40:974.



Incremento del Gasto Cardiaco

12 FAV.
— NEJM 1966, 275: 1089

ler episodio ICC relacionado 1972
— Ann Intern Med, 1972, 77:201

|ICC atribuido habitualmente a:
— Aumento del GC, en especial si es elevado

Controversia:

— ICC sintomatica: FAV Vs enfermedad cardiaca de base



Arteriovenous Fistula—Associated High-Output Cardiac Failure:
A Review of Mechanisms

Jennifer M. MacRae, MSc, MD, Sanjay Pandeya, MD, Dennis P. Humen, MD,
Nikolai Krivitski, PhD, and Robert M. Lindsay, MD

American Journal of Kidney Diseases, Vol 43, No 5 (May), 2004

* No hay guias clinicas de actuacion para intervenir

* Qa/GC > 40 %: muy especifico
— Ratio Qa/GC: Screening

* > 30 %: seguimiento regular x ecografia
— Volumen telediastodlico VI
— Masa VI
— FE
— Intervencion segun resultado de los controles



Estudios prospectivos: Corto Plazo

NDT

Nephrology Dialysis Transplantation

Effects of arteriovenous fistula formation on arterial stiffness and
cardiovascular performance and function

. 1 1 y I B 1

Shvan Korsheed', Mohamed. T. Eldehni’, Stephen G. John', Richard J. Fluck™ and
=3 TR r 1.2
Chnstopher W. MclIntyre

Table 1. Demographics, biochemical, cardiovascular nisk factors and pre-

operative blood vessels measurements in both groups®

Nephrol Dial Transplant (2011) 26: 3296-3302

Unsuccessful — Successful

AVF AVF

(n=13) (n=30) P
Age 66.7 + 15 68.7 + 12 0.7
Gender (male: female) 6:7 20:10 0.2
BMI 305+ 52 286 = 63 0.3
Ischaemic heart disease 39% 37% 0.9
Diabetes 46% 37% 0.5
Hypertension 02% 77% 0.1
Dyslipidaemia 69% T0% 0.9
Smoking 69% 60% 0.6
ACE mhibitors/ ARB 62% 73% 0.4
Pre eGFR {mL/min) 17+ 4 17 = 4 0.2
Albumin (g/T.) 37+ 3 36+ 4 0.7
Hb (g/dL) 118+ 1.3 114+ 1.4 0.3
Artery diameter (mm) 33 + 10 45 + 12 0.007
Artery blood flow (mL/min) 43 + 22 77 + 44 0.01
Vein diameter (mm) 32+ 10 40 + 11 0.07




Table 2. Baseline and 2 weeks post-operative haemodynamic data in both groups®

Successful AVF

Unsuccessful AVF

Parameter Pre Post %% P Pre Post % P
Peripheral SBP 144 * 28 134 * 21 5 * 13 0.006 137 £ 19 138 + 20 1 0.6
Peripheral DBP 75 + 12 66 + 11 —12 + 13 0.001 74 + 12 75 + 13 -1 0.7
t?n%m 133 * 26 121 * 19 R * 12 0.001 127 = 17 120 * 19 1 0.6
Central DBP 73+ 13 67 *+ 11 -9 + 11 0.001 76 = 12 75+ 13 -2 0.8
‘w.ffrnf::} 17 5 4+ 3 & 11 + 3 2 4+ 13 TNWATAEN 1} & 4+ 72 10109 + 7 4 1 (7
Adjusted CF-PWV 12.3 + 1.8 11 + 1.4 —10 + 9 0.001 10.6 + 1.2 10.8 + 1.7 1 0.7
A Lx 0 22 + 0 19 + 0 =3 +2 [T 35 4+ 0 23+ 0 =2 [
SV (mL) 113 + 33 124 + 41 11 + 22 0.053 116 + 41 116 + 41 1 0.9
t’hpml Gl + 11 fid + 110 14 0] Al + 11 S50 + 7 —3 [V}
ﬁg (L/min) 6.5+ 1.5 76 + 2 19 + 25 0.001 7+3 6.8 + 2.5 -3 0.7
CT (Lmin/m-) 345+ 0.7 IT £ 1.0 10+ 23 0001 3T +1.6 35+ 1.2 —3 0.7
TPR (mmHg s/mL) 10 +0.2 0.8 + 0.2 —17 + 18 0.001 1.0+ 0.4 1.1 =07 15 0.4
EF (%) 45 * 13 52 + 12 6+ 8 0.001 45+ 13 45+ 14 —1 0.8
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CF-PWV

Ejection Fraction
Fig. 1. CF-PWYV pre-operative, 2 weeks and 3 months post-operatively.

* AV con Qa “ideal” = beneficioso a corto plazo
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¢Y a largo plazo?

* Posibles consecuncias negativas:
— Fallo cardiaco de alto débito

— HTP
v' M Volumen Sangre y Gasto Cardiaco:
v 1 Presion Auricula D y Pulmonares
v’ 1 Presion telediastdlica VI
v" 1 Dano miocardico y Dilatacién VI

v'J F. Eyeccidén y Fallo Cardiaco

11



¢Y a largo plazo?

* Posibles consecuncias negativas:

— Fallo cardiaco de alto débito
— HTP

> Paciente con Funcion Ventricular conservada
— No repercusion cambios post FAV

» Paciente con FV reducida
— Repercusion hemodinamica

Repercusion FAV en GC: No identificada
» Relacion Qa / GC: ¢(NO LINEAL?



Nephrol Dial Transplant (2008) 23: 282-287

doi:10.1093/ndt/gfm 549

Advance Access publication 17 October 2007

Original Article

Nephrology Dialysis Transplantation

The relationship between the flow of arteriovenous fistula
and cardiac output in haemodialysis patients

Carlo Basile', Carlo Lomonte', Luigi Vernaglionez, Francesco Casucci', Maurizio Antonelli' and

Nicola Losurdo'

Table 1. Demographic, clinical and haemod ynamic characteristics of

the 96 patients enrolled in the study subdivided by location of their

Table 2. Demographic, clinical and haemodynamic characteristics of
the 96 patients enrolled in the study according to the classification of
the American College of Cardiology/American Heart Association

task force [10]

AVFs
Lower arm AVFs Upper amm AVFs
(no. 65) (no. 31)

Age (years) 59.6(9.4)/61 (37-72) 66.4 (11.0)/70

Gender (males)
Diabetes mellitus
Dialysis duration

{months)

53.1
13.5
56.4 (40.0)/42 (6-154)

(44 82)

553

16.1

60.0 (43.2)/50
(12-196)**

Qa of AVFs (l/min)

0.948 (0.428)/0.890
(0.280-2.0)

1.58 (0.553)/1.34
(0.760 2.8)°

Cardiopulmonary 3.6 (08)/5.8(3.6-8.3) 6.9 (1.1)/6.8

output  (CO, |/min) (4-10)"

Cardiopulmonary 17 (5)/16 (4-27) 23(5)/23 (11-35)°
recirculation

(Qa/CO.%)

Continuous variables are expressed as mean (SD)/median (range)
while categorical data as percentages.
P <0.001; 7 P=not significant (Student’s t-test for unpaired data).

Patients with stage A heart failure
[(no.(lower arm/upper arm)]
Patients with stage B heart failure
[(no.(lower arm/upper arm)]
Patients with stage C heart failure
[(no.(lower arm/upper arm)]
Patients with stage D heart failure
[(no.(lower arm/upper arm)]

Mean age (years)

Mean HD duration (months)
Mean cardiac output (I/min)
Mean Qa of AVFs (ml/min)
Mean AVFE duration (months)

30 (28/2)
56 (34/22)
10 (3/7)"*

0

Stage C
of heart
failure

(no. 10)

70.8 £8.3
73.0+£43.0
84+1.5
23403

39.04+13.7

Stages A
and B of
heart

failure

(no. 86)
62.04+10.0*
56.5+41.4"
624 1.17
1.0+ 0.4%
31.5£21.4*

P<0.01; *P=not significant; #P<0.0001. Student’s t-test for

unpaired data was used.
P <0.04. ¥ test was used.
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Mean cardiac output (I/min)

P < 0.0001

P <0.0001— 0.4- P =0.003—
12 .
NS I P =0.005—] —P < 0.0001—
10 T T
T __ 0.37
T T = =
o
61 S 0.2 T
= :
4 | Q
= 0.1- —
2 -
0 T T 1 0 T T
< 0.95 0.95-2.20 >2.20 < 0.95 0.95-2.20 >2.20
Access blood flow (I/min) Access blood flow (I/min)

Table 3. Accuracy, sensitivity, specificity and curve area in identify-
ing patients with high-output cardiac failure among three cut-off
values of vascular access flow (Qa) and three cut-off values of cardio-
pulmonary recirculation (CPR) (ROC curve analysis)

Qa (I/min) CPR (%)

1.94 2.0 2.2 20 27 30
Accuracy (%) 99 99 95.8 77.9 79.6 91.7
Sensitivity (%) 97 89 55.6 100 55.6 22.2
Specificity (%) 98.9 100 100 74.7 93.1 98.9
Curve area 0.98 0.99 0.833 0.92 0.85 0.76

16



e Efecto del Volumen sanguineo en:
—Qa?
—GC?

v Pandeya S, Lindsay RM. The relationship between cardiac output and
access flow during hemodialysis. ASAIO J 1999; 45:135.

» Reduccion Volumen sanguineo durante la dialisis
- No efecto en Qa significativo
- Descenso del GC

- Incremento Qa/GC: vaso constriccion refleja?

17



Qa - Tipo de AV - Fallo cardiaco

29(12):960-964, Blackwell Publishing, Inc.
@ 2005 International Center for Artificial Organs and Transplantation

The Relation Between Vascular Access Flow and Different
Types of Vascular Access With Systemic Hemodynamics in
Hemodialysis Patients

Edwin Wijnen, Xavier H. Keuter, Nils R. Planken, Frank M. van der Sande, Jan H. Tordoir,
Karel M. Leunissen, and Jeroen P. Kooman

Department of Internal Medicine and Surgery, University Hospital Maastricht, The Netherlands

TABLE 1. Patient characteristics
Forearm Elbow/upperarm
access access P

n 40 18 n.s.
Age 71+ 11 67+ 14 n.s.
Predialytic systolic 139 £ 28 129 +£27 n.s.

BP
Height (cm) 168+ 9 170+7 n.s.
Weight (kg) 67+ 12 67+13 n.s.
Diabetes mellitus 6 (15%) 2(11%) n.S.
Cardiac failure 3(8%) 6 (33%) P <0.05
Time on dialysis 37127 29+2.6 n.s.

(vears)

Values expressed as mean £SD.

18



TABLE 2. Differences in systemic hemodynamic between
paitienis with forearm and elbow/upperarm access types

Elbow/

Forearm upperarm P

n

Systolic BP (mi

Diastolic BP ( 7.0 r=0.56: P<0.001

PVR (mm Hg/t
PVRI (mm Hg
Qa (L/min) o
CO (L/min) .
CI (L/min/m?) .
CBV (L)

CBVI (L/kg)
Qa:CO (%)
CO* (L/min)
CI* (L/min/m?)

2

:

Cardiac index | L'minim?)

Values expre

*Patients w':J

BP. blood p
peripheral vaseg
output: CI, card
tral blood volu

.0

2.07]

-

a 500 1000 1600
Access flow (mLmin)

FIG. 1. Relation between cardiac index j

7 F < 0.05

B0

g

P

Cardiac index (L/min/m?)

30

|

Faraarm Ebowupper erm

FIG. 2. Difference in cardiac index betwe ' f

access and elbow/upperarm access i patients without cardiac
failure.
Notes: Box indicates 25th and 75th percentiles (thick line is
median value). Capped bars indicate minimum and maximum

value (excluding outliers).
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Hipertension Pulmonar

Am J Kidney Dis. 61(4):612-622. © 2013

AJKD

Narrative Review

Pulmonary Hypertension in CKD

Danilo

Albe

Gulti

Class

I Idiog
[l PH &
[l PH 2
v Chrc
V PH \I
Note: Class |
Abbreviation

KIDNEY FAILURE
(Endothelial dysfunction, metabolic
and neurohormonal alterations,
anemia, vascular calcifications)

l

ﬁ VOLUME OVERLOAD
\4

A\ 4
LV DISORDERS
SLEEP APNEA
and — ¢
HEART FAILURE
BACK GROUND
HEMODIALYSIS CO-MORBIDITIES
(AV-fistula, > | € (COPD, diabetes, hypertension,
bio-incompatibility) lupus and collagen diseases,)
A\ 4

PULMONARY HYPERTENSION

nital heart disease,
sive disease, drugs

art diastolic
and/or aortic)

al or distal) by

ystemic, and

Imodeﬁciency virus;
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Nephrol Dial Transplant (2012) 27: 3674-3677
doi: 10.1093/ndt/gfs425

Pulmonary hypertension in dialysis patients: a prevalent, risky but
still uncharacterized disorder

) . mmHg
Carmine Zoccali 100 L 1 3 1 :

Pulmonary Artery Hypertension-WHO |

60

40 | /
PH-WHO II

20

o ||

right righg pulmonary puimanary left left

atrium ventricle , artery  c@pillaries veins atrium ventricle

Fig. 1. Typical pressure profiles in right heart catheterization studies of a

patient with (compensated) PAH and of a patient with PH secondary to
LV disorders.



Pulmonary Hypertension in Hemodialysis Patients:

An Unrecognized Threat

Mordechai Yigla,* Zaid Abassi, T Shimon A. Reisner,1 and Farid Nakhoult§
*Division of Pulmonary Medicine and Departments of tPhysioclogy and Biophysics, $¥Cardiology. and
§Nephrology. Rambam Medical Center and B. Rappaport Faculty of Medicine. Technion-lsrael Institute of

Technology. Haifa, Israel

Seminars in Dialysis—Vol 19, No 5 (September-October)

2006 pp. 353-357

End-stage
renal disease

Reduced production of NO
along enhanced synthesis
of ET-1 by pulmonary
vasculature

Pulmonary
vasoconstriction

A-V access formation
(Before HD therapy)

|

<
<+

Y

New PHT or
worsening existing
PHT

Increased cardiac
output

Starting HD

+

v

Further worsening of
PHT

therapy

SPECIAL COMMENTARY

Pulmonary hypertension in chronic dialysis patients with

arteriovenous fistula: pathogenesis and therapeutic prospective
Zaid Abassi?®, Farid Nakhoul®®, Eliyahu Khankin®®, Shimon A. Reisner® and
Mordechai Yiglad

Current Opinion in Nephrology and Hypertension 2006, 15:353-360

+* PAP = GC x Resistencia Vascular
s HTP>30 mm Hg

** Prevalencia = 40 % pac en HD
v Disfuncién endotelial ( TMET-1)
v'J Producién Oxido Nitrico
v' 1 Gasto Cardiaco
v" Mejora con:
e cierre parcial AV

* Ligadura AV
 Transplante

22



Nephrol Dial Transplant (2012) 27: 3752-3756 . . .
doi- 10.1093/nd/efs085 Carlo Basile and Carlo Lomonte
Advance Access publication 3 April 2012
Division of Nephrology, Department of Medicine, Miulli General Hospital, Acquaviva delle a

. . phrology Dialysis T
Polar Views in N ephi‘of()gy Correspondence and offprint requests to: Carlo Basile; E-mail: basile.miulli@libero.it

Pro: The arteriovenous fistula is a blessing of God

J Resistencia periférica 2 MGasto Cardiaco

— Remodelado cardiaco x sobrecarga de volumen: sarcomeros en serie = HVI excentrica

— # Remodelado x sobrecaga de presion: sarcomeros en paralelo = HVI concentrica

* No elevacion del GC hasta Qa > 2 |/min
— ¢Reserva funcional miocardica?

— No ensayos clinicos comparados con catéteres

e US Renal Data System:
— > mortalidad cardiovascular en cateter, ajustado por covariables (incluida infeccion)
— ¢FAV como factor protector?

* Escasa frecuencia de fallo cardiaco en FAV de alto Qa (3.7 %)
— Valordel Qa/GC>30%

* Fistula First = Patient First
* Nefrologo como figura fundamental en la coordinacion del “VA Team”



Eleccion del AV

e Estatus CV del paciente

— Fallo Derecho exacerbado por HTP 22 a AV
— Fallo lzquierdo por sobrecarga VI

e Posible efecto beneficioso de \, Resitencia Periférica

* NYHA IV: alto riesgo con AV

— >con AV proximal
— No diferencia Fistula Vs Injerto
— Valorar DP o Cateter tunelizado

24



Seguimiento

* Monitorizacion x Expl fisica periodica
 Monitorizacion del Qa

— Riesgo si Qa > 2 |/min
— Riesgo si Ratio Qa/GC > 0.3

25



Tratamiento

* Primera Fase: Manejo médico
— Control de fluidos
— Manejo farmacologico
— Anemia

* Segunda Fase: Reduccion Qa del AV
— Distalizacidon de la anastomosis

— Reduccion del calibre
* Banding
e Miller

— Cierre AV



ASDTN Origénal Juuestigations

o Inflow Reduction by Distalization of Anastomosis
XS ' W Treats Efficiently High-Inflow High-Cardiac Output

Vascular Access for Hemodialysis

Eric S. Chemla, Mohamed Morsy, Liz Anderson, and Andrea Whitemore

South West Thames Surrey and Sussex Renal Transplant Network, London, United Kingdom
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TABLE 1. Characteristics of patients who underwent an inflow reduction procedure (IRP)

Access inflow (ml/min)

Cardiac output (1/min)

Age (vears)/sex  Weight (kg) Before IRP After IRP Before IRP  After IRP IRP complications: management

76/M 42 1850 680 4] 4 MNone

75/F 59 2700 1100 6.1 5.5 Thrombosis: thrombectomy, graft replacement

72/M* 80 3447 670 9.8 6.1 Stenosis: fistuloplasty®

53/F 39 3770 1030 6.1 4.9 Thrombosis®

61/M* 68 2860 1200 8.2 5.1 None

66/M 86 3440 900 11.4 6.5 None

37M 70 2470 N/A 6.8 N/A Thrombosis®

54/F 57 3875 600 8.1 6 Thrombosis: thrombectomy, anastomotic revision

58/M 74 2000 620 57 3.5 Distal stenosis, thrombosis: thrombectomy,
anastomotic revision, fistuloplasty®

47/F 59 2530 1110 5.1 4.1 MNone

73/M 72 2500 1600 7 52 Stenosis: fistuloplasty

31/M 71 3150 400 9.8 6.5 None

53/M 90 4000 1150 12 6.6 None

42/M 78 3960 2600 15.1 10.4 None

60/F 70 3650 600 9.7 3.5 MNone

51/F 65 3370 1470 8 4.8 None

45/F 32 3727 340 15 5.9 None

*Patients with brachioaxillary bypass grafts before the IRP; all others had native brachiocephalic fistulas.

PComplication resulted in complete loss of access patency.
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Effect of Surgical Banding of a High-Flow Fistula on Access Flow and
Cardiac Output: Intraoperative and Long-Term Measurements

Brian M. Murray, MD, Susan Rajczak, ANP, Annette Herman, LPN, and Daniel Leary, MD

American Journal of Kidney Diseases, Vol 44, No 6 (December), 2004: pp 1090-1096

4200

3500

2800

2100
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1400

700

T T T T 1 I

0 10 20 30 40 50 60 70 80 90 100

percent stenosis
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NEFROLOGIA. Vol. XXIII. Namero 2. 2003 ‘,

Monitorizacion no invasiva de fistula
arteriovenosa (FAVI) humeral con
repercusion hemodinamica

R. Roca-Tey, S. Olivé*, R. Samon, O. lbrik, C. Garcia-Madrid** y ). Viladoms

Servicio de Nefrologia. *Unidad de Ecocardiografia. **Servicio de Cirugia Vascular. Hospital de Mollet. Barcelona.

Tabla I. Principales parametros hemodinamicos

Parametros Pre-banding POST-banding
PAM (mmHg) 106,67 100,00
Qx (ml/min) 2.988 1.270
& T-D VI (mm) 52 52
< T-S VI (mm) 30 31
FE VI (%) 68 65
& T-D VD (mm) 30 28
PAPs estimada (mmHg) 59 35
indice de masa VI (g/m?) 116 116

PAM: presion arterial media. QA: flujo sanguineo de la FAVI. VI: ven-
triculo izquierdo. VD: ventriculo derecho. T-D: telediastélico. T-D: telesis-
tolico. FE: fraccion de eyeccion. PAPs: presion arterial pulmonar sistdlica.
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Resumen

AV-> PGC

— Probablemente beneficio inicial por | Resistencia Periférica
— Riesgo a partir de:

e Qa>2l/min

* Qa/GC>0.3

Revision status CV basal del paciente pre Qx AV

Monitorizacion del AV
— Fisico
— Qa
Si Fallo Cardiaco
— 12 Fase: manejo médico

— 22 Fase: Tratamiento Qx AV

e Distalizacion Anastomosis Vs Reduccion calibre
e Cierre AV
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