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=lst s'r wni feasible in animal models in 1912

1€ —;__ V. J Kolff developed the first clinically
Colpat ble dialyzer

= c~ z s and metal tubes used for intermittent
nnulatlon

Rubber tubing carried blood to dialyzer
-~ — Required arterial/venous ligation after each treatment

— Patient died after twelve dialysis sessions after all
accessible vessels were exhausted
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e ‘percutaneous technigue for

a jon of arteries and veins using guide
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SMICG0= Quinton, Dillard, Scribner
— Herm ent external shunt
A rwc llaStIC tubes with tapered Teflon tip,

L-\-—-- -

Nmplanted in radial artery and cephalic vein,
e nected outside the patients skin
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= e lifespan of shunt ~ 2-3 months
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= Freguent thrombosis and infections

® lassive hemorrhage from occasional
dislodgements
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Jm,r.eme ['shunts

— —arterlal shunts with transposition of
rrrre / (e.g. superfical femoral artery
ansposed to more subcutaneous location)

'@62 Cimino and Brescia

~ = Demonstrated feasibility of venopuncture for both
~ inflow and outflow from dialyzer

— Required series of cuffs above and below the vein
cannulation site to dilate the vein

— Success limited by vein availability
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S Cimino and Brescia described the
oJf rﬂ =|aI artery to cephalic vein
Jr\ aeus fistula for dialysis access

etlc grafts development
__:f ovme heterograft
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— TTanned human umbilical vein
— PTFE
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SNSIGIrPressure of inflow: artery
SMEOV/Apriessure of proximal outflow vein

- r)rf": gradient causes high blood flow
= wards the AVF, and back to the heart

'*" wa the proximal vein
~  — Due to low resistance, the flow in the

direction of inflow artery Is greater with AVF
present than without (particulary in diastole)




Sempdynamics and Physiolo yof ..
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VENOUS pressure: rarely rse above 15mm Hg
dENier oW resistance pathway, and due to
GEIECILY/ of veins to enlarge

51000 Iow rate — 150-400 cc/min
Eactors affecting flow

ff‘»&ﬂastomonc size
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f::;_‘,_ - — Diameters of inflow artery and proximal vein
— Distal capillary bed

— Collateral vessels

— Competency of venous valves



e

HEpdynamics and'PhysmIo

ina Af rlomstula

SAIEStOMOSis Size

— Flovv" icreases linearly until anastomosis
eacl 1es 75%-100% of inflow artery diameter

J_z—;- DW rate does not increase beyond this point
= -'Typlcal radial artery diameter : 2-4 mm
— —_ Typlcal anastomosis :6- 10 mm
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NEMmpdynamics and Physiologyiof s
ESANteriovenous: Fistula (AVE)

SMPIEITELEr Off artery and Veins

= r<es]_ nce between distal artery and capillary

énd proximal vein is similar when initial
S diameter ofi proximal vein is small

= s proximal vein dilates with time, resistance

- S ———
=

= i across AVF drops, leading to “steal syndrome”
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Neollateral vessels

B\ Uimloer and size of arterial collaterals will
determine whether a large fistula will steal
8o leod! from distal capillary bed

— :—-' Radial-cephalic AVF relies on ulnar artery to supply

.fr‘ blood to hand via palmar arch and extensive

~ collaterals

- ® Brachiocephalic AVF has much less collaterals at
elbow, and thus presents more risk for arterial

steal
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B one of the most powerful stimuli to
iErcreation of new arterial collaterals

BVlost steal syndromes should resolve with
& time as collateral arteries develop
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F’-'-Used also in children with leg-length

—— discrepancy (femoral AVF) to improve arterial
development of the shorter leg and accelerate
growth of femur on that side.
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Bemodynamics and Physiologyior
e A rlovenﬂﬁ%‘-—Flstul F)

WVENOUS collaterals also develop, as
roximalivein and tributaries enlarge and
vvrrl 5 thicken

== =low across AVF also reflux into distal
:ff—’ffelns destroying venous valves and
- causing distal venous hypertension
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WVOSt optimal mode of dialysis access
— 3| lJr‘f‘ or patency when compared to AVFG

=Y oWer rate of complications
=1 Infectlon

— = e Arterial steal
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= _j‘ ~— Gradual proximal venous distension allows for
~ easler revision when distal AVF fails

— Reqguires only one anastomosis at surgery
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DISEEVANTAQES
=Vore technically demanding

B0nly 70-80% of patients have suitable veins
“at wrist

: ‘f‘bgtflow vein must be superficial for cannulation

— e At least 3mm in diameter with proximal cuff
~—— Insufflation

- Often veins have thrombosed due to multiple

hospitalizations and venipunctures, or are difficult
to find In obese patients
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AVisdiSadvantages ———

SIREYUIFES adeguate planning, as 6-8 Weeks IS
ieeded for maturation of the AVFE
_::gement and thickening of proximal
Jtflow: vein)

= eqmres skilled cannulation

'_ = — Lower rate of flow (250-350 cc/min)

‘.

~ compared to graft (600-700 cc/min)

® Only 30% reduction in flow would reduce AVF
delivery to dialyzer below the 200cc/min
requirement for optimal membrane exchange



AVIEE=Choice of site

SAEETEal principles
SiDistallare preferred over proximal sites to
org»w 2fve venous territory and to allow for

erlallzatlon of more proximal veins for
= bsequent access over time
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—— Veln guality Is most important — 3mm with
-now proximal obstruction

— Arterial quality — must not be calcific
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Reniecephalic “Cimino” fistula at wrist

“3f] fistula: on dorsum of wrist and base
gifthlmlo’ (erigination of cephalic vein)
SSBrachiocephalic
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= S Brachiobasilic upper arm with vein transposition

T =
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s AVF with forearm vein transposition
» “Reverse Fistula” in forearm
e Superfical A-Saphenous vein transposition in leg

-\_‘ -

—









Bre nou | IcC AVF MH Velir

el w arm)



\/EI

[ic AVE WIL




F\\/F’— _’c' g’l

> 20%) f—‘?lfl y failure
E_.

— rr/JrU 0 Use guestionable guality veins in
ZLLE] ot to create fistula rather than grafts

__ .gfr-" 75%
'f?-ears — 60%

—

"Ey ears — 45%
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ATEriovenous; Kistula Gr
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> rllejn) rlr W ‘conduit between artery and' vein

> fleie lnrf a in at least 30% or more of
Or‘] I'Jwt

- -ﬁswtable small veins

e
_-—l-""""

= -.:—’Thromboses from Iv lines and venipunctures
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— IVDA
— Obese patients



AritarloVe Ous FistlLLa fGrafts i ;
General Prificiples,

E—

SAETialmilow

- JJJeé e free artery at least 4mm diameter

— Hu Tmty to proximal vein

s 1s{al artery should be used prior to proximal
’Arms are preferable to legs
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— Non-dominant arm is preferred
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r\rzemo eNoUsS Flst |5 Grafts

\/emom ,,)45
\/emJ r ed {0 be at least 4 mm
= Diste -‘VEII’IS preferred to proximal veins
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/_\rjrprﬂ snous Fistula G rafts‘AWFQy
eneral Pﬁﬁ%@les

-

- Grarts E

ERSEPNENOUS Veln — pseudoaneurysms and stenoses

: A ~e ) required for CAD and PVD bypasses

= ' rbn — hematomas and aneurysms common

; BoVine heterograft — expensive and difficult to handle

j—rf PTEE (polytetrafluoroethylene) — IMPRA, Gore-tex

-~ Hemostasis depends on perigraft fibrosis, which takes 2-4
weeks after surgery to develop

— Vectra — Self-sealing, can be used immediately
® Pain of recent surgery is limiting factor
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Comut atlon
E qrﬁzi- ght (eg brachial artery- axillary vein)

= O cm

_-j‘:* (eg brachial artery- antecubital vein)

-—,:f-f:';'; ®30-35 cm

~® Adequate length is required for rotation of
puncture sites

e OILC —
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SDESPE e graft SItes for desperate
1S

]
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S{ulcl JG
— l 2l artery lllac vein grafts (looping onto
abdominal wall and back to retroperitoneum)

:;-___ — _femoral artery to subclavian vein graft

= — Axillary artery to contralateral subclavian vein

— Arterial to arterial grafts
® Proximal SFA to distal SFA
® Brachial artery to radial artery



Dzitla) 1‘6\7\1%‘61 Sur

- P'nys]ca.l-_sr." — thrill and brit
- J]?ll/‘ ’e --"e‘modynamic measurements
“(arterlal) pressure :20-80 mm Hg

— c; Ui Iow (venous) pressure :50-100 mmHg
= =F ow,rate

s _--

——

___,__,_:__,-;.-; e AVEF 250-400cc/min

— i ——
i

= AVFG 600-700cc/min

= — BUN recirculation ratio — should be <20%
® (Systemic BUN-Inflow BUN)/(Systemic BUN — Outflow BUN)
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lirombosis
EEArly (<30 days)
*Siechnical
= = Hypercoagulability
fﬁébr cardiac output
_:-:—-‘?_f'..-"::j_; Poor arterial inflow (atherosclerosis)
e Proximal venous outflow (stenosis or small size)



dierthrombosis (=30 days)
— Pugr ssive arterial inflow stenosis
[@atner ‘osclerosis or intimal hyperplasia)
20 r cardlac output
--;___;_;;f—--ﬁ [ experience
— e Cannulation technigue

=~ e Excessive pressure on AVF/AVFG following dialysis
: to stop bleeding

— VVenous outflow stenosis (intimal hyperplasia)
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Jmachr

— r\cgol for 10% of deaths In dialysis
err J’ ts

'_-oh Epi and Staph Aureus most comon

__.——.. gy

'? = .a———@vert — pus, erythema, swelling of graft site

= Covert — diagnosis of exclusion when all other
- work-up for infection fails
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= Poor ¢ ateral arterial vessels to hand

— _)JrlOr‘*F and women with small arteries
e

=2 gTavated with decreased BP during dialysis

= 1_;: .__
— ﬂ*.:'j RX

—

- — .

-~~~ e Observation for improvement (1-3 weeks)

== = Banding
* | igation of distal artery if collateral vessels are sufficient in
cases of reverse flow to fistula
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o \/emolu‘,kv Dertension

— I1le etent VeIns and poor Vvenous
C oUs_n; raIs distally

' % BSIS of proximal vein

-‘-____.-

"?-': ~
_-_-—__ - X
~ e Hand elevation

o
—-_—

- ® Jreat underlying problem (eg angioplasty for
proximal vein stenosis)
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e sEltoaneurysm
— i)l Jf“ of punctures to seal after needle
(=2le) l
= {ematoma expands outside of vein/graft into
;;;_;, = soft tissue until elastic limit of tissue is
==- ‘reached
—_— "'-‘ ® Resorbed if clot formation takes place

e Becomes pseudoaneurysm if remains patent

— Rx : ligation and interposition graft
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glyimphocele and gelatlnoma

SIDisting lishable from hematoma by U/S and
ISP atlon

== §ually iesolves and requires no treatment

-C arpal Tunnel Syndrome

— Due to nerve compression by venous
nypertension

— RX: surgical release of carpal ligaments
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— Wmen raft flow exceeds 1.5 L/min (30% of
Jclfd c output)

= Brar ham S sign : cardiac strain decreases and

= —y—

;-;'--‘-: ear{ rate slows with graft compression

i
—

— :; Rx banding or graft ligation
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— Ho J Vi< 200cc/min (inflow or outflow

N0 s)
5(‘ flstulagram

-—:,ﬁ_ ecvrculatlon
- e Qutflow venous resistance
= - * Dx- fistulagram

— RXx — surgical revision
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