
MED l CA'... GR . iD R UNDS 
PARKLA !J MEM,QR l AL ~~OSP IT L 

:>ve~nber 29 , ! 962 

D!SEASE 

~se • - Po lycyst ic di sease with .ypertensi ve caralovascu:ar disease. 

Th is 50 year o ld  had ~he diagnosis of po. ·(cysti c ki dney d isease made in 1943. Fi rst 
5ee n in this hospital in , 1960 with hema·.Lrla , 8P then 170/ 1 :o . Sever a l admi ssi ons 
to I I owed dur i ng whi ch time decrea sing ~~ena f~Z"lct! on was no~ed. By , 196 hi s BUN was 
!50 mg% and he mani f ested congestive heart failure wi · ·, increased venous pr ess ure and c ircu lation 
time . His urine volume r emained hi gh a r ound 20JO c/day . His 5th admission was  1962 
wit h ac te pul monary edema. BP 240/ 11 0, 2+ per! pher a edema. 

La b . res ults: ------Hgb BUN C02 CL a K Ca 

Before d i a I ys is :) ' I 175 8.2 . 0 136 5.4 6.6 
After d i a I ys is 7 .I 00 25 93 137 4.2 9.9 

Dia lysis r esulted in a 23 pound weight loss. Twenty-four hour uri ne volume r ose from 650 to 
1500 m I per day . D i a I ys is consisted of .3 1 runs of 2 I i ters eac· • He did we I I unt i I  1962 
~i· which time , because of r etur n of his si gns and symptoms of r em i a he was r·eadm i tted . He again 
responded we ll to d ia lysis, but d ied s ddeniy just af er _i a:ysis was com peted. 

Case 2 . - ~ H(pertensive cardi ovascu :a r· di s<>ac:e wlth r.ephrosc:erosis . Long r em iss ion after 
one d i a I ys i s o 

This 75 year old  woman had been fo: ;owed as an o~t pat i e nt since !95 - Nith hy pertensive 
.isesse and congestive heart fai lu r e. ~n  !962 she was a ·mltted wlth 3+ peri pheral edema 
ulmonary edema, bi la+era l pleura l effusion, mental ro f· sian. BP !80/1 lO . Urine volume prior 
o dia lys is 200 ml per day . 

abo r es u Its : 

Hgb BUN C02 Cl Na K Ca p 

lefore d ia lysis 8 .0 145 23 86 1.? 2 50 ! 7 .6 8 .6 
fter dia lysis 8o 7 76 32 94 142 A '7 

• • I 8.3 4.9 

~ ig ht loss as a re s ul~ of dialys i s 7 .7 i bs. Uri ne vo ume a~ter d ia:ys· s 800 ml p s/dayo Six 
nths after d iai ys: ~ patien do i ng sat" c• actory . 

~.  ~Ma l i gnan · hyper ension. 

Th is ."37 year d  female first foupd to have hy pertens ion 5 years prior to admission . 
~r- ee months pr ior t o admi ssio .. had the onset o progressive symp*"oms of malaise, lethargy , nausea, 
sadache, and visual distur bances. For 2 or t hs pri or to admiss ion PND , ort o pne3, a nd pe ri phera: 
ema were present. BP 260/ !30. Patient conf us'9d and anxious; orthopr.s. c. Gr·ade 4 eye grou nd s 
~ ... W) • Loud pericard ia I tr i c · ion rub o 2+ peri phe ·a I sdema . Venous pressure 33 em ~ c i cu at ion 
11lle 22 sec. Urine to I ume 250 m I /day. 
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~8 b r esul t s: 

Hgb BUN Cr·ea 0 C02 Na K p 

I.P.for e d i a I ys i s 5. 9 !38 I 0 .5 20. I 120 3.7 12.4 
f d' ' . 
1
{-ter >~oiYS JS 9.9 27 4. I 26.9 132 4.6 5.5 

t ine vo lume after d ia lys is never over 30 ml /day. 
~ 

Despite an overa ! I good re sponse to d ia lys is, the pati e nt expired wit h sudden res pi r ator y 
{rest 8 days after dia lys is . 

- Urethra l st ri,ct ure r es lting i n hydronephr·osis , pye lonephr itis , hypertensi ve 
cardiovascu la r d isease. 

Thls 29 yea r o l d ma n was t hought to have a conge nital urethra l stricture r es ul t i ng i n rena l 
~ sease . He wa s first see n by us in late  !960 wit h urem ia with pe r icard itis and convu l
;ions. Ur ine vo lume was 400 cc da il y. He r es ponded we ll to peritoneal d ia lys is , h is ur i ne 
~ lume increasing to 2000-2500 ml per day. Des pite advanced r ena l d isea se and s ever e hyper t ension 
t was e I ected t o undertake surger y to divert t he r i narv stream to an i ! ea I pouch. This was 
:arr ied out  196 . He withstood t he s urger y wei i , but unfortunat e ly , one ureter fai led 
•o f unction after s r gery. Desp ite this, the remain ing k idney s usta ined l i f e for a lmost s ix 
llnth s . 

 -,Neurogen ic bl adder, hydroneph rosi s , hy per t ens ive cardiova scula r disease, 
pye lonephri t is; r epeated dia lysis fo r 12 mont h period . 

Th is 30 yea r o ld ma n sus tai ned neuroge nic biadder· a s a r esult of spinal cord trauma. Bladde r 
~sfunct i on r esulted in s ever e rena l d isease and i nsuf f ic ie ncy. First di a lys is for uremia 
:aracterized by coma and convu lsions in  1962 o Ta ble s ummarize~ his cours e. (see next sheet 
10r Tab le ) . 

OUTLINE OF TREATME NT IN CHRONIC RENAL DISEASE 

Dialysis 

a) Speci fica i ! y for ur em ia or impe ndi ng urem ia . 
b} To r everse t he ve nous congesti ve state or r·educe edema in congest ive hear t fa i I ure. 

· A I ka I i zat ion 

a) Da i I y adm i i str·at ion of a i k.a I i ne sod i urn sa It . 
b ) Most conven ient ly done by means of S ho~-., ~ 1 s So I uti or. ~ 

I m! of this so l . conta i ns } 
I .0 mEq Na+ . 

1 00~ 1 40 gms Citr ic Aci d 
98 grams Na Ci t rate 
H20 qs 1000 cc 

c) Dai !y dose vari es from 30 to 90 cc per day. 
d} Doses shoul be d i luted in s weetened water or g inger a le . 
e ) l imitation obvious ly s et by sa !t retention . 

Diet 

a ) Ba ! ance pr·ot e in i ntake aga i nst a I k.a I i ne in ake to keep C02 c ntent near norma! • 
I } Frequent! y r·e qu ires prote i n restr! ct ion to not over 40 gms per day. 
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b) Restricf NaC I i ntake to minimum. 
I) NaC I intake r esu lts in expansion of EC'v a nd d i l ution of ·co:; r es u lting i n hyper

c ~ ! or emi c ac idos is . 

c) Protein r est r iction adequate ly contro ls serum K conce nt r tion. 

4. Blood administ r ati on. 

a ) Us ua ll y can be given du r ing per iods of dia lysi s. 
b) Attempt to keep Hct . 28-30%. 
c) Rais i ng Hct. to levels higher· than 30% appears unnecessar y a nd t he i ncr eased Hct. lasts 

for very short periods of t ime. 
·1· 

5. Cont inue d igi ta l is administ ration as indicated. 

a ) Digoxin preferred dr ug. 
b) Discontinue administrat ion during o i ig ur ia. 

6. Prophy lactic admini s t rat ion of penici I I in. 

a) Prevents st r eptococca l and pne umococca l infect ion. 

PER ITONEAL DIALYSIS AS USED IN CHRONiC RENAL DISEASE 

I. Use commerc ia ll y ava i lab le so lut io ns a nd per i t onea l catheter s. 

a) Composit ion of so l ution ~ 

Sod i um 
Chloride 
Ca lcium , 
Magnesium 
Lactate 
Gl ucose 

140 mEq/L 
101 mEq/L 
4.0 mE q/L 
I .5 mE q/ L 
45 mEq /L 
15 gms/L 

2. For r emoval of edema, add g l ucose (as 50% so l . ) so t hat fina l concentrat ion is f r om 3 to 5%. 

a ) Dia bet ics t hat may or dinari ly not requir e i ns ul i n wi I I r equi r e f r equent blood s ugar 
determi nations a nd t r eatment wit h i nsu l in to kee p blood s ugar be low 500 mg%. 

b) Cyc le dia lys is of f lu id at 30 mi n . fo r ra pid r emova l of edema . 

3. I f serum potassi um 4.0 mEq/l or less, add KCI t o d ia lys is flu id t o make fina l 2 L concen
tration 4 to 4.5 mEq/L. 

4 Add 5 ml 2% procaine to 2 L di a lys is fl u id t o r educe pe ri t onea l pa i n . 

S, Heat unopened I iter bott les of d ia lys is f l uid in wate r bath to near body temperat ur e. 

a ) Make addi t ions of g lucose, potassium, proca i ne et c . after bott les a r e heated jus1 be f ore 
adm i nist r at ion. 

To spec ifi ca l ly r emove prod ucts of ur em ia a nd cor r ect ac idos i s cyc le d ia iys is f lu id eve r y I 
to 1- 1/2 hour s. 
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1. Ordinari ly, 25-30 two li t er runs br ing BUN concent rction be low !00 mg%, corrects aci dosis, 
and r emove s edema. 

B. Recommended that tincture of iod i ne be used as the on ly a ntiseptic agent. 

a ) To swab to ps of d i a l ys ~te bott les be for e add it ions ar e made. 
b) To pr ep patient's a bdome n pr ior to i nser tion of pe r ito ea l t be. 
c ) To bathe connections betwee n pe ri tonea l tu be and adm inist r ation sets as each 2 I it ers of 

f lu id i s gi ven . 

Recomme nd ed that st er ile r ubber g loves be wo r n to: 

a ) Prepare bott les of dia lysate f lu id. 
b) Br~ak and r emake connect ion between administrat ion set a nd peritonea l tu be . 
c ) Change abdomi na l dr essing. 
d ) Make a ny adjustment of per itonea l t ube . 

COMPU CAT! ONS OF PER ITONEAL DIALYSIS 

I. Bleedi ng 

a ) Frequent ly first two or three runs retur n bloody. Hct. of this flu id usua ll y less than 
5%0 

~; ) Bleeding may be more active and cont i nuous r educing blood Hct. 
r. 1 Bleedi ng apparent ly occur s f rom abdomi na l wa i ! and under no c i rcumstances is it an indi

cation to- st op dia lys is. 

2. Pain 

a ) Usua ll y contro l led by the use of procai ne i n d ia lysis f lu id. 
b) May rare ly requir e the use of emero l ~ 
c ) Most a lways lessens as dia lys is contin, es . 

3. Fai lure of ra pid or com plete dr ai nage of peritonea l f luid. 

a ) Per itonea l tube very se ldom becomes plugged to the extent that f lu id cannot be r un i nto 
peritonea l cavity. 

b) Early, c lotted blood may plug per itonea l t ube. 
c ) Best proced ure to fo l low wit h ma !fu nctiLning peri to nea l t ube is to rep lace it, either in 

same hole or new a bdom i na l ho le. 

4. Leakage around peritonea l t ube. 

a ) Does not prec lude good dia lysi s resu lt . 
b) l eakage us ua ll y s lows down or stops ~s ia !ysis continues. 

s. Per itonea I infect ion. 

a ) Incide nce very marked ly r ed ced by mak i ng use of good a nt iseptic tech nique. 
b) Abdomina l tenderness wven wit h r ebou nd tenderness does not necessar i ly mean infection . 
c ) Examination of s pun sed ime nt of per itonea l f l id di sc oses , dur ing infection, very 

many bacter ia {too numer ous to count ) t ogether with ma r.v pci ys . 

d ) Many po lys may be seen in d ia !ysat'e f l ui d fra t ime t o t ime {g iv i ng flu id a s l ight ly 
cloudy appearance ) without other s ign of i r fecti on a nd r equires o speci f ic thera py. 
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e ) Cu l t ures of peri tonea ! t iui d a l ways pcsit i · e w"th perltonea l infection, b t from time 
to ti me wi II be pos iti ve wi· hout ot .er- si gn o; i _-f·ec'!"ion. This ; e ui:"'~ no t r eatment ; 
is apparently due to the nor .. al tra sgr ession of ba-taria acrcss t: e per ' toneal surfaces. 

I) Ch1o:-o:nycet !n = g ive noL"T.ai parer.te:--al . oss . In ad~i !un , e:.:: d 250 mg to d i alys is run. 
2) A l +er ar.ti bio :c t er·ap . Q comply wi · r::ult -re a:-. sens1 !vi studi es. 
3 j Co .. t i nue d i a. ys I s. Use r.2rcot 1 cs f r per 1 cne· I p· l n i · necessary. Bowe ! ~ i st eni-i on 

usua I! y ; oT ·~ p;·ob l e. if d i a; y is is :: n l n;.~ed . R9~~;.;very wit d 24 .. ours 'Slla i {8 -rnett, 
W .E. , Brown , Go R o, Jr- o, Rosem n , -:; o P ., Gas·Ne I i , o T o, Buchot'" , o 8 o and Ty so:-~, R .R. 
·n~e +reatmer! a· oe•·!; r.lti~. using per·:t-or,ec.. l avaga o .Ar1r. . S"'rg. l 45~675, 19.57 . 

SUM};lARY 

For the present, t e :-o eo · i3 !ysl s ir ch~c~ic re~al dl ssasaw~~l d seem +o be he treatment · ot 
r emia. I ts use to fares., ! t he ~re ic syndroms i,. -those patients who ha'e no ~·e na l uilctiQn must 
e r egarded as c'1 entire ' y ex p;;.r·imer. a -tecr.ni :t:..e w · a pp l icab! e to the or i r.ar trea ment unit o f 
he average mod .. "n hosp i ai o 

Di a l ys i s , whe . used o . e l p low ur cTi •)r!i .g kid neys reverse the 1..;:-em ic state is a practical, 
o ked -out , thera peut i c method hats o ld bs 1 ~ive-sa l ly used with in he £ollowing li mits . 

l . A! I patients with chronic renai disease , ~eg?r "ja~ · cf t . e + pe ~~ ki ney d i sease , 
r egardl ess of the at-re ,_ ·a .. t so-ca l ! e co:np; : ca l o :1s s oti! 1 be i a I yzed at I east one 
t ime. 

2o if a r emi ssion of at l easT one .Dn ·, is :or'hccm!ng , hen i a lysi s so ld be r epeated . 
\IJithi t .. l s framework , a progr am o pr-:>phy : a.::t l c '! a ly=>is may be carrirad out tote 
gr ea be net i · f- t ;.e pa i ert" 

3o I t appeat-s that psr i tone= i dia l ysis is a .sa f e, effl cl er. · ar.d err lreiy sati s f actory 
method of treatment of t hese pa i ertrs . it prc.c I uues e pr·cb l Bm o vesse I s un s, 
etc., of sk i li ed teams of o perators , ad of speci I physlca i facl i ti es. 

4. No sing l e f- inding i n t~e urem ic p3ti e r.t, eg. azotemia , acidosis, r!ne volume, b l ood 
pr essure , heart si ze·' ca . be used as a gu ide to :u:age ··hi ch pat i e11t sha ! I benet it by 
at ! east a mo.th ' s r emiss'on fo!!ow i r.g dla:ysis . 

5 o Some f i nd i ngs i n , he wAem l c pa . ~ ent suggest a fa·,;m· b l e r es porse o r! i a j ys is • 

a } Rs ! at i ve pQ I yur· i a pr ior to d l a! ys is . 
b ) Absence of y per· ensior o 
c) Absence o~: congest h ·e hear- ta i Jur-e ( no · o be co fused wi ~. the ve nQUS congestive 

state } o 
d) An e lemen..,. of pre~rena' .. _sf"-'.,ction r.o~ re!ated o cardiovasc ... l ar iseaseo 

i) Ocs rvc i ve t.;c··opatiYYJ common p;:J ; t ic arJy in o!der mal es. 
2 ) Ac e extrace llular ;oJc. e ~eficit reque. !v due t o vomiting. 
3 ) Venous c:ongesti\/e sta+e~ res:.J! 'ng frvm a;,err>;a a n ove;~ex pa:--.sion o-f 

ex·'!" race! u! ar vo ume • 
4 ) Ac• te infect i on , part i cu!c.r ' ·ki dney infec · i '· " 
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REFERE CES 

I. Alwa ll , N. and Herne, B. ~ On the a r tific ial kidney. VI . Acta. med. Scand. 1 32~572, 1949. 

2. Alwal I , N. ~ On the artificia l kidney. X. 0~ t he 
dia lysis. Acta. rved. Scand . Supp l . 229 ~1 6, 1949. 

ft er-cour se of 24 cases t r eated wi th 

A very early r eport on t he use of the artificia l kidney in chron ic r ena l disease. 
Alwal I recognized what he cal led ~he "vicious cyc !e 11 o chronic rena l f e1i lure, eg. by 
the presence of urem ia, the patie nt of chronic r ena ! disease may suffer fur ther loss 
of renal funct ion. The cycle, in some i nst ances can only be broken by dia lysis. It 
shou ld be pointed out, however, that the pre - re na l deviations i ncident to r ena l 
fai lure, and no urem ia, per se, are t he mechan ism of the so-ca l ied v icious · cyc le. 
Cl inica! data were give n on ! 6 patient s wit h chron i c rena l d isease. Conc luded that 
dia lysis could s ignificant ly pr o long l if e in th is condi tion . 

3. Merri I I , J .P., Smith, S., Ca ~! ahan, E. J . , and Thor n, G. W. : Tne use of an a r tificial 
kidney. I . Cli nical exper i ence. J . Ci in . nvest . 29:425 , !950. 

A very ea rl y eval uation of the place of the a r tifici a l kidney i n the treatment of 
uremia in chron ic r ena! disease. These author s thought that the fo ll ow i ng cir
cumsta nces i n chronic r ena l disease Mig ht be i nd ications for the use of artif icia l 
kidney~ 

I . I n acute exace r bat ion of c roni c g !omer·u! or.ephr·itis. 
2. Whe r e proper d iet a r y management is impossib le beca · se of continued anorexia, 

nausea and vom iting. 
3. To pre pare an uremic pat ient fo r surge~y where t he s urger y was to correct 

a defect that was impai r i ng r ena l function. 

4. Merri! I, J . P.: The t r eatment of r e na! fa ilure. Gru ne & Stratton , New York, ! 955. 

5. Merri II , J .P.: The use of the artifici a l kid ney in the t r eatment of g lomeru lonephri t is. 
J. Chron. Diseases 2 :138, 1957. 

6 . Merrill, j , P .~ The artif .... icia l kidney, Arch. Int. Med. !06 :1 43, l 960. 

After Mer r i I l 's f i r st report descr ib i ng r esul ts of d ialysis in chronic r ena l d isease, 
there was an ap parent cha nge in h is mi nd for the usefulness of this pr ocedur e in 
chroni c disease. His views a r e by f ar t he most conservat ive of t hose persons engaged 
in dialysis programs. Neverthe less, as !ate as 1960, he uphol ds his i ndicat ions for 
dia lys is in chronic renal d isease as bei ng those gi ven under reference 3 a bove. 

7. Go ldner, F. , Gordon, G. L . and Danzig, L . E. : Use of a rt i fi ia l kidney in chron i c r ena l 
disease. _Arch. i nt. Med. 93 :61 , 954. 

The Ko l ff - Br i gham rotat i ng drum kidney was us ed in these s t udies . A t ota l c f 20 
dia lyses were carr ied out in 15 patients, The patie nts exhibited a wide vari ety 
of kid ney diseases. On I y a sma I , .- .1m ber of I eng r emiss i ens we ·e obtai ned . 

Factor·s wh ich appear·ed to pr edi s pose to a pr o longed :-emissi on according t o these 
a uthors: 

! , 
2. 
3 . 
4, 
5. 

A ge nera! sympto'Tiat~.1 og le ::lnd chem i ca ! 11 pi a tea ~ " . 
Absence of ' genera l izej vas~u~ a~ diseas e evs n th JGG~ 

No ove r whe lmi ng infect ion nor sept icem ia . 
Po ! yur i a. 
Pred ia ysis serum sodium ,eve : above :30 .Eq/ L. 

hy pe . ·te ~sion is present , 
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(Of these, on ly #2 and *4 are of prog nostic val ue. #3 is perhaps an indication 
for dialysis. #5, oft-quoted, has I it tl e mean i ng or val ue ) . 

B· Pa lmer, R. A., Pr ice, J.D., Eng lish , E. T. , and Thomas , N.: Cl i ni ca l tria ls with the 
Ko lf f twin coi I artificia l kidney. Canad . M.A. J . 77: 850, 1957. 

Here it is reported that dia lysis was carr ied out in two patie nt s with chronic 
nephr iti s with good immedi ate resu lts. Neither patient su r vived for mor e t han a 
few days. interest ing ly, one patient , 47 year s o d with known r enal d i sease for 
30 yea r s had a r e lative poly uri a prior t o dia lysis ' 1800-2000 ml / day) . Despite 
this he became an uric after dia lysis. He also deve loped hyperkalem ia du r i ng d ia lysis 
(Ser um 1-i<+-1 4.8 t o 7.4 mEq / L) . A I t hough not re ported, hemo I ys i s may have occurred 
during dialysis pe rhaps s ufficient to impa i r r ena f unct ion. 

9. Parsons, F. M. a nd McCraken, B. H.: The artific ia l k id ney. Br it. J . Urol . 29:424, 1957. 

Wi t h a Kolff-Brigham kidney these a uthors dia lyzed 8 patients with chronic renal 
d i sease. Without g iving any data , they s t ate that the rem iss ion was satisfactory 
in only one patient. They conc luded that there was I itt le i nd ication for the use 
of the artif ic ial kidney i n chroni c r ena l d i sease. 

10. Parsons, F. M.: Hemod ialysis; Indications and resu lts. Postg raduat e Med . J . 35:625 , 1959 . 
( 

It is i nte rest ing that as late as 1959, one of the leading proponents of hemo
dial ysis in Europe fai Is to mention the use of the artific ial kidney as a ad j unct 
to therapy in chronic renal disease. 

Shackman, R. a nd Milne, M.D. : The use of the artificial k idney . Br it . J . Urol, 29 : 
434' 1957. 

Wit hout giving data, t he r o le of the art ific ia l kidney in t he treatment of chronic 
renal disease was minimized a lmost to the point of exti nction. 

2. Sch re iner, G. E.: The art ificia l k idney. Heart Bul l . §.:42, 1959 . 

Advocated d ia lysis in chronic r enal disease only in se lected patients; prima r i ly 
those with a pre -rena l deviation. States that r em issions are genera ll y too s hort 
t o warrant the use of the artif icial kidney . 

3. Doyle, J . E. : Extracor porea l hemodialysis t he r apy in blood chemist ry di sorders. 
pp. 141-158, Char les C. Thomas , Spr ingfield , 962. 

I, 

Doy le, J. E., Ant hone, R., Ant hone, S. and McNe il! , A. E.: Tec hnic with pa ra! iei flow, 
straight tu be blood dia lyses. New York State J. Med . 59:4 149 , 1959. 

These two re ports concer n the treatme nt of pat ient s wi th chron i c r enal disease with 
the McNei I 1- Co l I i ns artifi cia l k idney. 

Twenty-five patients were dial yzed . Nineteen of these d ied during their hosp ital ization. 
The average length of s urvi val after dia ysis was 2 weeks; the longest was s ix months. 

These a uthor s concluded t hat dia lys is i n chron i c renal di sease s hould be r eserved for 
those patients that have minimal vascular d i sease, an obviously rever~ i l! e urenli c 
state, or require surgery. 

Aoyama, S. and Kolff, W. J .: Treatment of renal failure with the disposab le ar t ifi cia l 
kid ney. Am. J . Med . 23: 565, 1957. 
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In th is r eport ar e i nc iuded the resul t s of jia!ysis in 23 pat ients wi . h chronic r ena l 
disease. It was conc l ded t hat raatment of oatie nt s wit ma l ig na nt hyper t e ns ion was 
hope less . One pati ent with po !yc st ic d1sease ' ad a n 8 mont h r emiss ion . The avera ge 
improvement i n a l! pat ients was 7 weeks, a some w .. a+ longer t ime than pr ev ious ly repo r t ed 
by other worke rs dea l i ng wi th a r ather .se ected grou p of patients . 

16. Nakamoto, S. and Ko lf f , w. J .: Chroni c uremia 1e to po lycys ic renal d isease treated with 
t he ar t ifi c ia l kidney . Arc • Int. Med . lQ!~ 92 l , : 958 . 

Dia lysis by mea ns of the artif ic ia l kidney r es ·. t ed i n long r emiss ions for some patients 
with po lycystic d isease havi ng I i tt le i r. t e w· y of vascul ar d isease. As a group then , 
t his type of pati ent s houl d a lways be g iven a t riai of d ia lysi s whe clini ca l r em ia 
appears o 

17. Ke lemen, W. A., Ko l f , W. J .: Use of ar'tif i c i a ~ k'dney . ·he ver y young, ve r y ol d , and 
very sick. J .A.M .A. 111: 530, 1959. 

Alt hough not s peci ica! ly concerned with chronic re na! disease, thi s pape r puts orth 
a n opi nion that pertains we i I t o pat ie nts w: t h c~ronic r ena l dl sease : 

Dia lysi s shou ld be under take n: 

I 0 Even t hough the r ecoverab i li ty of t he pat ie nt is in doubt. 
2. Ear !y , pa rticul arl y if the pat ient is extreme ly i II . 
3. Whe n t he underl y ing diagnosi s is i n doubt and much of the c l i nica l pictur e 

is a r esult of t he urem i syndrome. 

18o Ke lemen, W~ A. and Ke lt~ , Wo J . : Evaluat ion of dia lys is i n treatme nt of chronic r ena l 
fa i I ure. Arch . I nt. Med. ,2 :608, 1960. 

Th e most importa t prognostic s ig n, acco:d ing t o these authors , is t he 24 hour ur ine 
vo lume. If the vo lume r eaches 1500 ml /day prognosis i s good a nd a long r emisslon i s to 
be expected . The degr ee of azotemi a and ac idosi s wer e of less pr ognost ic Importa nce. 
It was noted, owever , t hat patients with a high serum cr eatin ine and phosp~oru s con
cent ration i n general did poor ly . 

!t shoul d be po inted our t hat rthe best prog nosti c s ign can us ual !y onl y be eva luated 
aft e r dia lys is . The ur i ne vo lume prior to d ialys is is not a good prognost ic s ign, 
a lthough a hi gh vo lume i s us ua ll y accompa ni e by a longe r r em ission. 

19, Gro l lma n, A. : Acute Rena l Failure. Char les C. Thomas , Spri ngf ie ld, 1954 . 

20. Maxwe l I , M. H., Roc ney , R. E. , Kleeman , C. Ro and Twiss , M. R.: Per lto.ea l d ia lys is . 
J .A.M.A. 170: 9!7, 1959. 

21. Doo lan , P. D., Murphy, W. P., Wigg ins, R. A. , Ca rter , N. W. , Coo per , W. C • . Watt en , R. H. 
and Al pen, E. L. : An evaluat ion of i ntermi ttent peritonea l lavage. Am. J . Med o 27:83 1, 
1959. 

~2. Been, S. T.: Kinet ics of peri t onea l dia lys's , a co 1par ison wit the artific ia l kidney. 
Med i c i ne 40: 243, I 96 1 • 

T ese 4 refe r ences form the basis o-f t · e c I in i cal pract i c~ of pe r· i tonea I d i a I ys is as it 
is now carr ied out . Re fer ences 20 ad 2 1 descr i be methods using s pec ia l peri t onea l· 
catheters that we re desi gned for easy piacemen' and t o ecreasi ng the inc idence of 
b I ockage dur i ng dr·a i i ng . A I t hough to c ed pon in r e·fer ence 2 I , ref er ence 22 ha: t he 
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most data rega r ding the e lectrolyte and water movements during peritonea l d ia lys is. 

23 . Cleve, E. A. , Smi th, F. P. and Hens ler, N. M. : Pe ritonea l dia lys is i n r ena l t a i lure. Am . 
J . Med. Sci • 240:3 19 ,9 ~ 960. 

I n thi s study, 4 pat ie nts with chronic r ena l disease were dia lyzed. Th e longest surviva l 
time, however , was on ly 45 days . 

They pe rformed peri t onea l dialys is in 2 pat ients immediate ly fo l low i ng i ntra-a bdomi na l 
surgery without i II e ff ect. i n a lI cases, antib iot ics were us ed and t he r.e were no 
i nfect ions . 

24. McCa ughan , J . J ., Jr . and McGown, C.: Intermi ttent per i toneal lavage. Am. J . Surg . 102 : 
5 19 ' 196 1 • 

Reports the use of pe r itonea l d ialys is i n 8 pati e nts with chronic r ena l d i sease . One 
pat ient with chr on ic g lome rul oneph r it i s was carr ied tor 8 months dur i ng which time 3 per i
tonea l dialyses were carried out. 

The author s state t hat by means of r epeated per itoneal di alysi s, it is conceivab le that 
pat ient s with chronic renal d i sease may be treated for long periods of time and have 
a pr o longat ion of I i f e . 

25 . O'Br ien, T . F. , Baxter , C. R. and Teschan, P. E.: Pro phy lactic dai ly hemod ial ysis. 
Trans. Am . Soc. Art . Inte r na l Or gans 2: 77 , 1959. 

This wor k showed: I) The feasibi I ity of s emi - permanent cannul ization of a r tery a nd 
vei n. g> Ur em ia cou ld be pr evented in o l igur ic pat ient by suffic ie nt d ialysi s. It 
was ' these two concepts that were later e laborated on by other workers first in 
situations of acute r enal fai lure, then in chr onic r ena l fa i lure. 

26. _ Tescha n, P. E. , O' Bri en, T. F ., and Baxter , C. R. : Prophyl act ic hemod ialysis in t he treat
ment of acute r ena l fai l ur e. Ann. Int . Med . 53:992, 1960. 

27 . Alwa ll , N., Norvitt, L . and Steins, A. M. : On the artificial kidney. V 1. Acta. med. 
Scand . 132:587, 1949. 

Fi r st descr iption of externa l by- pass circulati on between a r tery and ve in . Fist ul a 
consisted of g las s tu be . The major drawback was that this A-V s hunt r equired thbt 
there be tota l body hepari nization at a lI ti mes. 

28. Quinton, W., Di I la r d, D. a nd Scr ibner, B. H.: Cannulat ion of blood vesse ls for pro longed 
hemodia lys is . Trans. Am . Soc. Ar t . Interna l Organs §: 104, 1960. 

Th is is the or ig ina l re port of the t echnica l advance that has a l lowed pro longed inter 
mitt ent hemod ialys is. The novelty of the method ut i I ized teflon cannulas wh ich cou ld 
be heat formed to fit the avai !a ble vessels in the patient's arm. The A-V shunt b~tween 
the cannu las was al so of t ef lon. The blood fl ow t hr ough the cannu las during di alys is 
was from 60 to 13C ml/ 0i n. The estimated volume of A-V s hu nt between dia lyses was 
200 ml /min. The major drawback i n the use of te flon as the cannulat i ng mater ia l was 
it s almost t otal lack of f lexibi l ity. Ofte n, exter na l pr essures t o t he cannulas caused 
inte r nal i njur ies to the can nul i;E'd vessels. 

29 . Scribner, B. H., Caner, J , E. Z., Bur l, R. a nd Quinton, W. : The technique of continuous 
hemod ia lysis. Trans. Am. Soc . Art . Inter na l Organs §:88, 1960. 



This is a descr ipt ion of t he dia lysis met hod , ·st Jsed with the indwe ll ing A-V shunts 
i n both acuTe en~ chroni c r e nal di sease. 

mportant po ints~ 

I. Mod i f ied Skeggs -Leo .ard arti fic ia l k1a .e usee . 
2. No blood pump u sed~ i n an effort to a oid bot r. hemolys ls and t ~ombocyto pen i a . 
3. Dia lys is bath 300 L vo·u~e. 
4 . Dialysis flui d coo led to betwee n 0° and 4° C. i . an effort to r educe hepar i n 

r equ ir eme nt s and i n or·der· · o prevent bacteria ; grow"!-h ! n d i a I ysate f I u i d . 
5. Dia;ysis peri od 24 hours. 300 l di a :ys' s bath us ed 7 ~r 24 ho r per iod . 
6 . Em pras ized that di a ~ ysis cou\d be adequate ly mon itered by special y t r ai ned 

n r ses. 

30 . Scr ibner , B. H. , Bur ls, R., Canes , J . E. Z . , Hegstrom , R. and B·;r e l! , J . M.~ The t reatment 
of ch ronic uremia by means of i nte rmittent hem dia ! ysis~ A p e limina ry r eport. Tra ns . 
Am. Soc. Art . I nte rnal Orga ns &: :4, . 960 . 

The f i rst r e port of t he Seat le gr oup r egarding the use o their d ia lys is met hod 
together with the t ef lon sh un. s i patie nts with chro ic r e na l d isease. Bri e f 
r eport or 2 pati e nt s. Dia lys is a bout every 7 day s . Biggest problem seemed t o be 
wit h t e 1:pe rmane nt 11 indwe l i ng t eflon cann·las which fre quentl y became i nf ected 
and/or thr ombosed. 

3 1 . Pe ndr as , J. P . , Co e, J . .... , Tu, W. H. and Sc 1bner , B. H.: Improved technique of con
tinuous f ow hemod ialvsis. Trans . Am •. S c . Art . Internal Organs . ~: 27 , 96 1. 

The two ma jor im pr ovements i t he dia :sis ethod had t o do with the art if ici a l ki dney : 

I. The Skeggs-Leonard art i "l el a ! kidney was furth er modif ied in or der to 
decrease its i nt er na l r es istance. 

2. The Ki i I kidney r e piaced the Skeggs-_eonard kidney. 

Ultimate ly, the Ki i I ki dney became sta ndard eq~ipme nt for th is t echn iqua . 

Compar ison of artif ic ial k i d neys~ 

IY_pe of K i dnex. 

S kegg s~L eonard 

Ki i I 
Kolff tw l n·-coi I 
Ko l ff-Br igham 

Hrs. of dia lvs l s 

24 
24 

6 
6 

,. Tota I Urea c I eara nce 
in I iters 

53. I 
79.6 
54 .7 
57.6 

Thus 24 hours of dialysis at low blood f low rates with the art if icia l ki dney cool ed to 
0° C i s a bout equa ! to conventiona l dia l '(Sis o 6 hours ..:u rat ion. ote the over~a I ! 
s uperior ity o f the Ki i l k idney. 

32. Hegstr om, R. M., Quin on , W. E . , Di I iard, D. H., Col e, J . J. and Scr ib ner , B. H.: One 
yea r ' s expe r·i ence wi t t h"" use of i r.ci i.Ve ~~: ng t e fior1 cannul as and ny pass. Trans . Am. Soc . 
Ar t •. nternai Orga ns 1~ 47 , 96 ! . 

An aa r y r eport g lv !ng r esul ts n four pat · ents wlt h chron· c r e nal disease . The most 
s uccess =ui can. ui ation !asTed 8 month~; 2 lasted 7 mont s; ona onl y 4-! /2 months~ Mal
pos ition and kinking of annulos waste most common prob lem . Ap par ent !v here wer e 
other att9mpts at cannvi ation t · t were .c ·so s uccess fu • ln any e e nt , these r esults 
wit h te flo:~ cannu las made it impe~· i\1e t 'J f- 1nd a.ot her :nater ia l for ca·1nulation. 
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;3. Chis ho lm, G. D.: The Scribner arte r iove nous fi stu la for hemod ialysis. Br it. Med. J . g :30, 
1961. 

The tef lon cannu las with t ef lon sh unt we r e used in !0 patients with acute r ena l failure for 
24 dia lyses. The on ly comp icat ion was infect ion at the wound s ite in one ind ivi dual that 
res ul ted in septicem ia . Conc l uded t hat the method was of gr eat help in treatment of acute 
r enal ta i ure. No ment ion of use in chroni c d isease . 

)4 . Qu inton, W. E. , Di! lard, D. H., Coie, J . J. a nd Scr i bner, B. H.: Possi b le improvements in 
the techni que of long- term cannulation of blood vessels . Trans. Am. Soc . Art. I nter nal 
Organs ]:60, 196 1. 

This is but a mere mention that the Seattle gr oup was trying to ada pt si I icone ru bbe r for 
use as the cannulating mater ia l . Ult imate ly, s i I icone ru bbe r proved tar super ior to 
tef lon for this pur pose. 

)5. Nakamoto, S ., Bra ndon, J. M., Fra nk l in , M., Rosenba um , J ., Kolff, W. J.: Experience with 
A-V s hunt cannul as for re peat ed dia lyses. Trans. Am. Soc. Art. Inter na l Or gans ]:57, 196 1. 

A one year 's exper ience i n us i ng teflon cannulas. Fourteen patients ac ute r enal failure; 
27 pat ients chroni c renal d isease, _ The average c lot-tree period for patients with 
chr·o nic r ena l disease was on ly 29 days. Other comp l icat io ns included hemorrhage, 
pressure necrosi s of ski n, i nfect ion and the devel opment of fals e aneurysms. 

36 . Sherr is, J . C., Co I e, J . J . and Scr i bner, B. rl .: Bact er i o I ogy of continuous f I ow hemo
d ialys is. Trans . Am. Soc. Ar t. Internal Organs ]:37 , 196 1. 

Despite coo l ing of t he 300 ! iter dia lysis bath fr om 0° to 4° C, bacteria (4 x to3 
or ganisms/m i) fr equent ly exist in the bath at the end of 24 hour s of dia lysis. 
Pse udomonas and aerobacter are frequent organisms. Some are ps ycho ph i les. One patient 
deve I oped a pos i ti ve b I ood c uI ture fr·om bath organisms dur ing d i a I ys is. On severa I 
occas ions , the bicarbonate concentration within the bath was lowe r ed t o zero by t he 
gr owth of these organ isms . The s~ gested prevent io n of this comp licat ion is to ant i
septical ly treat dia lysis ta nk wit h Zeph iran soluti on. 

37. Sch rei ner, G. E.: Note on ex peri ences with long term cannul ati on of blood vessels. Tra ns . 
Am. Soc. Art . Internal Organs 1: 66, 1961. 

At Georgetown Univer·s ity Hospita l again tef lon cannulas were used. Cannul as wer e used 
in 6 patients. The longest lasted on ly 34 days ; the ave rage for the si x patients was 
I I days . In 7 instances, infection with sept icemia developed. In 6 i nstances the 
effective ness of ca nnul ation was I imited by c lotting. One patient pu ll ed his catheter 
out and became a su ic ide. 

38. We lzant , W. R., Merri i , J . P., Crane, C. and Rabelo, A., Jr.: Use of the te f lon ar terio
ve nous by pass. Trans. Am. Soc . Art . Interna l Organs. ]: 125, 196 1. 

Repor t of a nother group's experiences wit h teflon cc: ~h:::~-j·crs Od2 '/82:- ::-f"t"t3 r '!-i1 0i r i nt r o
duction . The shunts were used i n 5 pat ients with chron i c renal disease . In 4 patie nts 
the sh unt d id not functi on satisfactor i ly . In one pat iept , 2 shunts were used ; one 
! cs i-,,, : \2 r~e ' ' "', , ivs c;·:-1 er 71 days . One was discont in ued because of infect ion ( 11 2 
days ); the other because of c lott ing . 

It i s interest i ng tret af te r the s econd shunt fai ied, the patient was continued with 
weekly per itoneal dia lysi s. Fol lowing tab le depicts r esults of both artific ia l kidney 
dia lysis and peritonea ! dialys is , 



BUN (mg,% ) 
co2 mE q/L 
Na mEq/L 
K mEq/L 
Body wt (Kg ) 

Art . Kid ney 
7 1 days 
10 d ialyses 

Before 

140* 
12.8 
135 
5.4 
44.5 

After 

67 
18 .I 
141 
4.9 
43 .I 

* Numbers a r e means of dialysis pe r iods. 
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Peritoneal Dia lys i s 
94 days 
5 dia lyses 

Before 

166* 
16.0 
141 
5.4 
45.2 

After 

90.2 
26. 1 
147 
4.5 
42.5 

39 . Br andon, J . M., Nakamoto, S . , Rosenbaum, J., Frankl in, M. and Ko lf f, W. J. : Exper ience with 
per iodic, long (± 20 hours ) dia lyses. Tr ans. Am. Soc. Art. Internal Organs ]:130, 1961. 

Again indwe l I ing tef lon catheters were used with shunts. A tota l of 13 patients were 
consider ed for inte rmittent d ialys is. Four patients refused. Nine patients were so 
treated. The Ko l f f twin coi I kidney was used with a blood pump and blood flow rates of 
from 120 to 150 ml /min. The d ialysate was a 300 I iter bath cooled to 0°-4° C. Pat ient s 
we r e d ia lyzed every 6 or 7 days. At the time of this paper one pat ient had been 
mainta ined fo r 4 months, 5 pat ients for over 3 months and 3 other patients apparently 
survi ved for a lesser time. 

It is pointed out that even i f this met hod of t he ra py of chronic r enal disease were 
pr actica l , the vast majority of patie nts could not be treated because of faulty 
I imitations . 

40. Brandon, J . M., Nakamoto, S., Rosenba um, J . L., Frankl in, M. and Ko l ff, W. J .: Prolongation 
of survival by periodic prol onged hemod ia lysis in patients with chronic renal failure. 
Am. J . Med. 33:538, 1962. 

This is a furt her r epor t of the patients presented in the previous reference. By the 
time of publ ication one pat ient died af t er 8 months d ialysis with a cer ebral vascular 
acc ident. Another patient continued to have infect ion around the indwe l I ing catheters a nd 
d ied 7 months after the start of pro longed dia lys is. A third patient died an accidenta l 
death. Three additiona l patients were being d ialyzed and had been in the pr ogram for 
12, 10 and I I months r espect ive ly. 

41. Hegst r om, R. M., Murray, J. S. , Pend ras , J .P., Burne! I , J . M. and Scribner , B. H.: Hemo
dia lysis i n t he treatment of chr onic urem i.a. Trans. Am . Soc. Art. Inter na l Or ga ns ]: 136, 196 1 

This report covers the fi r st four pat ients to be treated by this group. At the t ime 
of writ i ng, 2 had been treated for 13 months, 2 fo r 9 months. 

The usual s i gns and symptoms of ur em ia were for the most pa rt contro l led by the weekly 
d ia lyses (one pati ent was dia lyzed Q 5 D). However , anemia cou ld on ly be co nt ro l led by 
repeated tranfus ions (304 uni ts pe r mo nt h) , Hypert ension was apparently cont rol led by 
dec r easing ECV by means of ul traf i lt rat ioo dur ing dialysis. Two interesting complications 
deve I oped. 
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Two patients deve loped a pe r iphera l neur itis. One patient developed cripp l i ng paralysis 
of h is lower extremities. The cause for this neuritis is unknown. No effective therapy 
has been found. 

Two patients deve loped "m i ld symptorrs of gout" (one o f these a l so had ne ur it is). The 
conce nt ration of uric acid in the serum r anged from 4.5 to 14.7 and 3.7 and 12.6 mg% in 
these two pat ients. 
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