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ELHCTROLYTH DISTURBANCES IN SOME UROLOGICAL CONDIRIONS .

Subimery of Ph.D. Thesis

Adison J. Dinwoodie BeSes

Department of Piochew stry snd Dopartment of Urology

Changes in eleetralyte balance have boen studied in 3 groups of

urelogical conditions, (1) in patiente with ureﬁeracalie

tronsplonts (2) in patients with acute renal failure and
Wheenia, and (3) in these with remal caleuli. In addition
a special study was made of changes in (4) magnesium levels
and (5) blood cell potassium under the variety of conditions
encountered,

1. In the pationts with ureterceolic transplants hyperchloraen
acidosis was present in over 80¢%, in addition to a modexstely

raised urea, Hypokalaemia also oceurred in a significant
number. This imbalance wasg found to occur any time from a

fortnight te a yea® or more following operation, with some
stabilisation evenitually taking place. DBalance experiments
showed that it was due to a disproportionate retention of chlox
fhis was minimised by a low chloride diet and administration of
sodium bilcarbonate or lactate corrected the acidosis. Balance
experiments also showed that considerabvle potamsium deficiencie
could develop due to the ineressed excretlon of potassium,

and this was not always obviong from the plasma figures, In
particulsr, rapid corrvection of severe acidosis led in many
cases to marked hypokalibenia and unless precautions are taken
this could be fabal,

2, In the patients with acute renal failuwre, changes in plasns
eleotrolytes were followed from day to day. Comparison of
plasma/ -
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3 phosphorus and uren Wavela were aanﬁmdaraﬁ as an aid to
prognogis, tha ralatiVe height of the phosaphorus occasionally
giving an earlier indiaatxan of retmrn of renal funotion.

Some patients were treated with anabolic. steroids, and although
conditions were not alweys. aam@arable, there wos aume benefit
obtained. :

3, Tests of psrathyroid sotivity were investigated in patients
with remal calouli. Factors affecting the tests, differential
disgnosis and the value of repeated determinations are disousse
Galeium infusion tests and phosphorus/creatinine ratlos were
found to be of liittle Valua in borderline cases,

4, Serum magnesium was estimated in many of the patients
referred to ghoves It tended to a&t\reeipxécally t0 caleium,
for example, in the caleium infusion tests and the uraemic
patients, but there was no definite relationship betwoen it and
serum poﬁaaéi&m,Ae;gg in the potassiunm deficient patients end
the uracmic ones, nor in the acidosis of the wraemic oy transpl
patients. Tho effeet of cperation on serum and nrine nagnesiu
was alsoe studied, bubt the effects were too slight fox any
significant trexnd to show. A few estinmabions were also made
in patients with endocrine disorders, but resulds were again
variable. ’

5. Bleod cell potassium was estimated in many cases to evaluat
its use as a gulde to the state of hody potassium. It was
found thot other factors affected it, in particular the state
of moid=-base equilibrium and the tonteity of the extracellulox
finid, while in the potassium deficient patients it was often
normal, end low in the anuric patients where there was no overs
deficiencys A few tissue analyses were carried out which conf
this. It was concluded that blood cell potassium estinations
are unreliable guldes to tissue patassiumg unless these linmitat
are borne in miné*
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'ﬁ";excreted by the bowel, depending on the relative

'vwéff;!concentratlona 1n the b&ood and lumen.:w They uaed

15¥£doga umth isolated colons 1n&o which were introduaed :

_fl;saline solutions of varmous coneentratlon. L At low 5f'

'”fﬁsaline concentratxons, chlorlde was :exereted and wat@r Lo

: 5:ﬁfwas reabsorbed. Ii however the blood chloride lovel.' B

~~.‘.;Wei'e I‘altfed D.V Saline mfusions, this "thvebholcl“ was

"f?;fﬁalso ramsed. s thewﬁ authopa expre 89, thoir resulta ffxﬂ”“

1in terms. of Na(‘l, :z.n the. xnanner o€‘ the, time, although e

?’if‘aetually estlmatlng only the chlormie, one cannot say ff 7

"f‘-"{’?’from these result& nn at uqe :aedlum behaved inan

:‘3f equ1va1ent way--; Vls§cher et al.A(l944) used 1sotopi¢Z;fAf.:; 

'ff;trscers in 3omewhat almilgr expermmonta 1n.do&ﬂ. ] They

@?}5Efound.thab reabscrption of wator was veﬂy much fanuer fro

1fﬁ3fﬁthPotoniw solutions than from hypcrtonlc ones, nat the

;EﬁfiiEHEt moveﬂﬁﬂm erm’gut to blood 1n 5enoral depended on the

J“Efffgdirectiun and magnitude of the nsmatic gradient. »“Theff}j:;f_f'f

_ﬁ,313; rate of movémant of‘chloride in bo the blood incredsed watb

f”‘t_:iincmasing concentration in the gut but theve w ulao

‘smallcr revorse proceub independant of concentrﬁtxon.

( 'TAbsonptlon of chlormde was also iound 1n exporlmonts‘ihxiﬁA:

kEﬂifFf_dogs by Bayce & Va t (1952) and Bahne & Rupe (19)31uf_?%f7:




":,*raflon also decroa ed’fbuy thia o |

;}A“#’n;; e case e

in-‘ Lhe Oﬁher
‘ NPQPBORSJﬂE
émp0$itian of H?ine Gftpr

Th\“ e P‘%ié‘nts
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From these experiments,




u'lfﬁéhyperchloraemic acmdokia with or wmthout clinical aymptomﬂll
:?T‘-;Would howevor Qppﬁar to depend on other factors as well,_s_;#;g 
'nf;fffgin;particular on the integrity Of the kidney.{, D°”°“h°“ Hifii
‘ ff?'.ff-;f;{(1951) atudied the electmlyt»es in 52 Paf-iemﬁ" wi“-h o

'“37331;ureteric tranaplants who had no renal 1mpairmenx, ‘a8 judged lflm

J:*ﬁ%bygexcretion urogrqphy. ulightly under half this number

' h ad normal b:l.ood chem:ls try, while only 38?' had a 10*@ ered

4PA{T;;plasma bicarbonate and 2? a raised chlornie, figures which  ‘”

S "'."f.-‘-’_‘iare eonaiderably :Lower than the reported ones “in t.he generalv}i:."‘ ..

{' 7fﬁﬁf£aurvey8.-§ Lapidea (1951) in his seriea of 22 repovta that i
“?thhe 16\w1th biochemical imbalance had symptoma of pyelitia

";?;{urine was instilled‘into the rectum in 6 aubjects, 3 normalsi;«;

'*TW?ﬁﬂﬁfand 3 chronic nephritics with?pbor renal ﬁHHCtiPn: théﬁff’;;é

-'f{ﬁfgf3 with imp‘ired funntlon showéd%th@ characturi&tic abnormaliggg;

f*ﬁftgelectrolyﬁe‘Patterns whilo the 3 normals were unafiected.

5Keszck'si(l951) 5 patients‘all thh the hyperchloraemic

In t.he B.A.U**” BN

*acidoai“falao had impairedujenal_funeblon{

urvey, °VﬂP_2 of those wtth hyperchloraemic acidosis hadigiﬁél‘
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f* T maf II. | memox.m IMBALANL,E m PAI‘TBNT&: WITH

URI".[‘ERIC mm»wmmb.; R

IJ‘Z 13. Hesu.LtS. ‘

e.&f’:}in: 31- ﬁelewent“- 5 T S
. over ‘the. per dod- .aeptember 1.954 - ‘Auaust 1957’ bl“"d

| '*‘Al'ff_j.»-.:_e\lectrolyte determinamons hava baen carmed out m 93

| i:‘:‘i‘ J__"'pat ients with ureterocalie transplants.. In many caaes

L the tests ha"‘ G. been rgpeatad _as‘{ intervals wh en the

» 7 natimts reportad at. the Urolog:.cal O%-Patient, ﬂﬁpevtmem._;;-\*‘
__-3..-"r~=hey have bee n divided :mt.o two groups : PR

b:ad aJ.aPsed smc.e thﬁ °I>€’1‘ati°“ “‘5‘9 P“”formed‘ e
e 53 patn.entﬁ whoae qperat:n.on waa peri:ormed during 1954"57
o }For manyaf them it. waa a Pﬂlliati"e

- V.;:i.j;fi';.;.,‘eoxxxprise Gm up TI-

PN ;pmcaedure for bladder tumoum, ana .aever al d:.ed w:n.thin 8-

e .;fyeav .

o L;;,-;Z_‘Bd.___. . ',.ans.aonoe and ty_pes af electrc]a.yue :Lmblanee m ‘

3 .{; "'est::.rnd 51 ons/

"vi:'ijup I consisi.a of 40 pat.:i.enta who had t.heir operatn.on L



"iestimat;ons have been made in Lhese 40 caues, on three or !

"fff;;more occasions in 54‘patientsf ani in 10 only once.

“f3;16 of these 40 panlents have had nonnal plasma“ff?L '

v f..one.is tent 1y - - ‘.'i

"’7morefabnormal

Thé’irgquency o;Hbcoureneaiof'th

freaults atlsomgztime

arious typeafcf'abnormality is set cut 1n Tableaftx'lgand II 2.

,,,,,,

": §iA11 pc sible combinatxonSWare:naturally;n°°f3h°"n'

!-fi;onlv thusu tvunds oueurrxng regalarlyQ Far example, plasma

.-foﬁsodlum aid not seeavta;be a fectcd cenuistenuly, ﬁS it was

’9?ﬁ:rai ed or'lowavad 1n about:an @qual numb@rﬁfand 1hithe large

"‘fﬁmagority it was normala Where 1t wus above normal, it waa;;;fif

tﬁ%fifgenerally assooiated.thh a very high Cl (MO”G than 110

'ﬂiﬁfmqufla) ﬁnd wherQEdehydratmonvuan alao a 1autor.v7

As demon&trated elsewhere (Fcrriu ; ﬂel 1950, Jacobs:f”““’

- -viﬂik :txrliﬁg 1952) a veny 1arwe proportxon of theae pdtients "if

| 3fﬁt:had abnovmally high'chlorlde ana ur@a re»ulta and a loweredf””i’

: fﬁbigarbonqte. ff

In awdntlon potassmum was signxficantly

5§fffﬁlowur@d in ovor hal‘fthe number, & Laet wh¢ch has not

The rslatively




; TABLF tI 1. Tutal numbers of abnormal pla»ma electrolytes.f ‘ﬁ

Patients Wstlmationﬂ

hhﬁgjfmornaljgﬁﬁf”"“
' “"’".Ure a +A

lncreased | ducreased

ff;fTABiEEII%EQ"humbers af estlmauiona SthlI” yorieus '
RS ?{yﬂcombinatlons ot abnormal plaama electro“xuea.;j,

"fx. UPQ&F

IS X mx“ﬂal f : 2.12- e 7 V.;.;';;] ‘-f‘i - 22' e ”. L

4 increagedin i - decreased’




' (_tt :Vmore partmcular investigat.ions of potassmm metnboliam ,'j‘:_‘;

e in ’thxisv ccndit.ion.

metavbolic funet mn. ‘l‘he hyperch lor aemia was moat-

subnormal bicarbonate W s t.he mo.a“c frequen ) abnormality

v,found. ‘l‘his and t-he rais ed m{ea could be pa "t._ly due

'*;'\if;'i:‘tt.o‘;'a”degree of renal. impalrment. ""'ﬁ:};l‘he hypokalaemia was

l';:f'--;most :Erequently ausociated with the ac:x.dos:l.a or raised u.r-ea,

'1:rare1y m.th the hype. rch loraemia a}.one. - -' }’:'jff,.; S

; oper‘at .n.c:n.

l‘he development of the ac..xdoazs was invest..f;"‘f*f'




Fig'I,. Scatter diagram of plasma Cl and HCO;

'O | 2 )\ 3 | % 1 Ll 2 1 [\ 1 e | 'y | 2 |
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iﬁTgﬁﬁﬁ;Iifﬁ, fExamples of plasma electrolytﬂ rQSults in,the iirst

' artnlgat ;allowxnb opmratlon.

-rDay'aft;
operat;on

{"::a ‘el ﬁco3 '%U ‘aamax-ks E
meq./l. /100 ml. i

4.0 #1850 loaa-.ff":2‘6:.;,
A2 ¥ 147 g 2y ‘
349 *140 93 26 080

248%141 405730 0 0430 K lw 2nd wenk

) ‘_;j';,,"‘z;fa, C.l fcll
*dig;Urea rose. 5;¢

e :\fa‘, o iell
o ~"‘:"1Ure E" r'ose ol

-;;;-f'-m, c1gell
. slightly,:}

o &light rise
. in urea.‘ s

.f‘*zfiﬁﬁa, HCO fell:
~:@€Marked 189

ﬂMarked fall in
el K, 2nd weaky

‘i,*Received 36meq
k, Sth 11t.hda;ys

ﬂ":ﬁ g’veb ‘as. uiaﬁaté and N a @b bicarbanate unlesu‘f}ff”i

| m;g'otherwise atatnd.afﬁhyu.vwﬂ R ST R

wima figures agpraximately 10 maq. too1 ‘ig_yQ
L ‘methad.'g{uee Wethads IB 31) R ﬂ‘fﬁgé;




{antﬁ.) ‘;fﬁsffﬁ67

' Pa'b:.ent my efter ,} "K' | 1*3 .

Bl
ozerabxon mea./i. _ 3 Qgg/lab ml. nf~.-

Rémaﬂﬁﬂ

UL VaGe e
' S -7 RS I i

Cen v Fu63 yraecoo 1003480

Nﬁ\ .1.1

»»»»»

S s -:w
) M 63 YI‘S{.@_

::,140‘ﬁlllﬁ A7
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5‘, 3 38‘ 10131‘3_5.-' 27 i
gfl37‘ 99wfi528ffkfh;

NN

N 48”»;,31 retentlon
44
22380

R Tﬁj-Urea increat

and equivaly

-sent: aeldosia
~ by, 2nd’ week.,

"',Na, H0OT fel:
. Urea im reus'

"(nedl )'

Cl incressin

".‘s‘;*f“xva,cl high
S0 by:2nd woek,

\nggurea 1ncreaa

o Lo G e

4 ;-;rra,cl,ncog
S Raldy. urea

36 meq.. K,-

‘TOose.
rdeeeived

48 MQ,O Nﬂ ‘
8-14th days.

S + 1( g,:;ven a8’ citmte end 1\:a as bicfmbona t.e unleiiS

glres agprmxlmaae 1y 10 meg. too hi5h by eld f?j

method. (&ee M@thod& IB 3i)
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iso . Figls. Balance dota in the operation period in transplont patient R.A.
Na, P
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FigI3. Balance data in the operation period in transplant patientw M. C.

140 St
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130 ]
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100 Plasma electrolytes
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L e :
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Rgl‘..Bo\once data in the operoflcm period n fransp\ani' pak'uznt B.MA.

150 A .
No, [:100 \\N/ Nap
190
-100 Scale
s 1 : _,., Plasma electrolytes
1 == .
- Na -t n mcqll.
[~ 77
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L. 100
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FEEI Y S o
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“ii' Conclualons' -\;The bal mce

In partigulqr,' low pla sma

L 1-{:{;;‘ _:L,gggnd Weekji'b w’as also app(

1 "r:‘;"7-:}*:.avaJ,lable (R A._)‘} t.hatl ther"" ‘

J -.;-fjf.'I\a"‘"jovor C‘l, md.;,.,:s.n;.az ama]l;-number* of pa’o ients




e varying intervals m t.ne first .Vear f°11°‘°’i’18 °Pe"a"‘1°“* 7

i 21 o:f.' whom ‘were 1ncludad n.n ’che prcvious chapter. The.‘ :

o 'T“f-,.=,1l;~;_;j:d.at.h occurred ?_‘f 10 of t.his number wi t.h:.n the year. In

L .?',i:only 2 1nstancea was thera 8 ma:-k ed hype:- chloraemic

,.;.;acidoaia when lami, aeen, although\ '4,‘ th hypokal aemia. 3 .

et them died m hos pit uZL, with elect.ro .Lyte resultﬂ typicﬂl

;-".If;{;of renal fuilure in 2 :Lnstances: onc °f t,hen (P 'W') having

; ;a mwked hyperchloraemia as well whicb responded only

( ,t.emporarily to treatmant. Of t.he 7 who died at. home, the

iy ‘__._'m'eq waa only sliahtly raiSﬁ‘d in.3 (1““9 than 60 mg /100 ml‘)"";

: Af“,zifnot obvioua then- g

‘h‘;"[.i'f_""‘*‘v}hen they 1ast. reyorted as out-pax.ients ao renal failure was ':f-_':“{_’.{_’

On the 15 remaining patients, aftér om year 5 had a

marked hyperchloraemic aeidosis and urea over 70 /100 ml.

n waa noted that 7 o’ohers had had a‘t. one time t.he typ:lcal

‘;;Ls:f_'..._g:;‘:ﬁ»,-a cidoais, bub by the en:l of ’ohe yeax{ h‘ad reverted to normal,

. ’-_,f:‘:although urea was atil.L alig'xtly raiaed (50-80 mg / 100 ml.)

A ‘.f;f.Thia could indicate a certain nmourrt. of read.justment by

_'i“'t.he\f bady, although they were also receivirg ax‘hra alkal:i.. D

Potasaium was low in 4- patiénta at. the end of thc

f;j.:.w;ff: year, and :I.n 3 ot,hox-s had returned to normal from @ prev:.ous =




r?JSf?low level. ;,The hypokalacmia showed no partlcular

'-f7§2ffﬁcorrelation with the dcvelopment of the aoidosis bux f;ff %'H'
314%1ﬁ5$ﬁeemed.to oceur indqpendantly..5 Thus thore waa no  ff: R
iﬁi??atatlstical difference between the Cl and biearbon&te v
qui; levc1s in those thh (1ther a nonnal or a low K. A;foiizlf?i:"
 ’f finterest in this connectlon.waa J.L., Who developed a  f1fﬁ?ff”?
'54ﬁ;ﬁfistula shortly after operam¢on, so that there was
) ififcontinuous dralnage fqr 3 months until the ureter was
’ Lﬁﬁ;renimplanted during thiﬁ period there was no indicatlon
'” ifqut all of Cl or urea retentlon, but his plasma K remained
. tilow untim aufficient was given orally,(36 meq. KCl/day)
S;1§Onc month after re-implantatlon, a raiaed urea and aligbt
‘fo*f;iacidoais were present, but the K waa now normal. . f»
L The raised Cl generally appeared simultaneoualy with
ffihe reduction 1n bicarbonate, the two being practically

':1wf;equivalent, with Na maintarned at nqmmal 1evels nearly

haf?!ll the time-féfﬁ4-had an. acidosis and raised uvea before -‘t i f
7!¥fldevclopmanb of h&perchloraemia, while 1n 2 othern the ‘T 1%i 

J\ifiiihyperchloraemia came first. v These figurea agree:ﬂbstantlally
’V;f?with those found in bhe Group I patients (beatlon II BZ)

' 7bene of the patienxa showed completely normal results for
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Figlls.

Balance data showing effect of low salt diet in transplant patient JQ.
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FigKe. Balance data showing effect of low salt diet in transplant patient
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Figl7. Bolance data showing effect of low salt diet n transplant patient
- RM_,including an intravenous sodium lactate intusion.
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ones.g_;?." Firsatly, he show ed 1itt.1e canaervatmn of Na, |

‘:,5-;?'.01 or K when these were restricted in dieta In 3131“ .
{of a 1arge urinary ou’ﬁpu‘ﬁ Of Na and Cl’ t.hb plasma 1evels
{w%iﬂfdid ot change mucb, and the acid°‘is increased“: S°d1um ‘?'
‘ ’:""‘:-»'"_:;:,j’_f;':bicarbonate and potassmm Gitrate were given oraily for _‘
"<';-“-"-"SI;A..'}‘"-:f,.';_two days, but as thef"fpatment. waa atill nauseat.ed and 111, ~

1 ntre' 1/6 molar godium lact. e was given 1ntravenously.‘

-,::_;.‘rhia rf-sult.ed in an immediat-a improvemamin,:the acidosia

......

o vf':wit"h‘ _n»inereaeevin HCO3 of'ﬂ‘lA meq./l., a correapond:lng
. »A»:;\}decrease in ‘:Clﬂ("_ot 19 meq./l

but a: s‘u\ a decreasex of

'“13if§12 muq-/i.;ain the Na.=”'Thebe chanees were nﬁt a°°°mpanied
by any outpouring of Na and C‘l in the urine, the amount.

o 'ff'}excreted remaining remarkably at.eady .. Again th’ exp 1ana‘b10n;'j;
PO TR he expans¢on?o;,the E.LqF., in thiﬂ

-‘.i?"‘ﬂlinatanc faupp .t.ed oy ::he haematocrit valu“ which fell by

}:-3:N A rough :calcula’c:.on showa that in spite of the apparént i:i;‘i"z‘if

SR f»fall 1n plasma ‘Nﬂaﬁ xpansionoft.he ::"‘-’:\.‘Q“Eﬁ. by 0'5 l' ”';
= (rexpans :|.on of 14- 1-‘-_:‘ -C.F. by 3‘,‘:3) accounts for more than

- fhalf of this~

:1ike\v1se t.he drop 1n Gl 18 not really so

i"'Aspec:tac:u:l.am- ea it seemn, being partly dua to dllution. _-;:__.': N

s j_}-g;,The prev:wus st.rongly negatlve Na and Cl balanc:e c:an also =y

be part.ly cxpiained by c.ontx-action of E.C F. volume,




"t.he hasmawcri‘a rose from 29 4 to 3%’ in bh@ :f‘:l.r t 4 duya, |

i ."',.-3f}_'_';icorresyanding to nfaaﬂ,} a lrt.re oi‘ L.C.E‘.: 3.aat.. S

RS R '.!.‘hc urmnary K ma..-ma"xile *amemod VGI‘;V confatant OV“'
-_‘ll-:the whola period. ‘I‘be dio‘u cuntaimd only about 25 meq.~
| \M?i‘:azri wh*n this wab‘ uh& aale smrce it proved inadcquate,

and a n"@;a'cn.ve balance was wzsaent wlth a falling plaﬂmﬂ K°:.-i"f " :"»:1
By Sivin_, pohass am c.z.watn (30 meq.Xday), 't.he bf’lﬂﬂc"

AR “?é-?t‘é"b'scame poﬂ itivp, gl though the amount excr@ted a1d not vary.'- |
o :;’"‘:”-':Wheri u!"@ I.\F. laétexte ms g‘l.ven thmre wau 8:%3'5-33 a mr‘ced fall

m plasma K ccmcidem mth a pcait.iva balance, agam - | N
| hi;}‘f‘i_?-j.'_deir.onstmting ‘c.ha shift. of K into the tissues w ith incveasing.' :

alkalinity and mthout altaring;, the amount excre*bad.
R 'rhe“ :t‘ourth amiant. A.c. (Mgure Iz 8) had her urebora

‘ "'Z*v?’-‘t.rans;a,lant_ed ovcr "6 **ews ago, amd had been ve-—admi’eted

- ﬂow this occns:on :{or a placbwcs operat.:.on. A i‘ew months |

v"!,';;previouulymlshe»' had beon edmitted to hospital. with a Severa

";:ihvpokaiaemm éﬂ acidosis ,: anﬂ a balance wam done ul't the ,i,',

;time,‘:.;;{‘ '}évee laber ectwn II BB) he wt_as nuw 1n vrry

:"-"',:-m..xch batte* health and had recovered very &a‘aipxactorily
:E.‘:rom bhe opcr aat.ion, t.he opportum.ty wes *Laken oi‘ repeating
’:‘ffthe baiancw._;‘ The: re wae a. sllght. retent.t.on of Na and Cl, -

ut. o‘uhrgpwise not,h:mg of note. . I"b waq deciﬂed 'bo try




Fig Is. Balance data n transplant patient J.C..including on
acid-loading test.
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PP

the e:t‘fect of uan‘ :c:.d-loadin“' e‘*’ﬁs b.Y gwing 5

‘ﬁNH Cl orally--tzf.- The flrst time (lﬂth day) i.t madc her
:";;vamit, but uaing cacheta, she toleratea”it better the L
- .;second time (131'.11 da.')o e Thia_broduced cn“Ly 8 VCW slight
. », "rlse in tha ameunt. of Cl excreted the mu of it. bemg L
i{;'j,ifretainud and vesultlns in & ”aised'Plgqma Pl With the’

;_‘blcqrmonat.e correspondingly depressed. Th" 1“"‘"“‘399&

_ r‘cl excret.ion was matchecl bv an incpeag,e m L'II‘lnary Na, R

| bu’c. the K was hardlv aff‘ected at all, the . plaama 1‘-'"'31

__:éon*ly xsising very sl:.ghtly. HcWever, two days later t.he

"'~"?_‘,."p1.aama c1 had returned to normal, hough t.he exceas had

4':7";“:‘not appaz*em y been r-emovad.-_: ‘,'.:‘:There was a posit:lve

o nitrogen bal axms ovez' the whole p‘riod, which was probably

a reault;of convalescance :t‘ollowing the operezt.ion. ’j.‘he e

_.-.}‘.-:%i;:i:»-igaccounting f()r Only‘ EbOLm o 1. 8

.‘iv.':.':fi“,-{{";:Concluslons. . From t.hase four balancea ona”or’ twoz pOint" -
| .:":p'ar’c.u..ulerly wit.h regard to inotasm.ump - ‘1‘56‘?‘» :
Bl if..f:'i_‘:}f:K‘excretmn varied very lit.nle wit.h chanue m diat' t‘.herc

st o’ ﬁifi‘erenoe betwean the dws hf“fpl‘e "‘hﬁ diet 9“‘3

}’auring 1 in J.0. and A.H-; althouSh figurea for“the 1ntahefﬁeﬁﬁ

ithe f:lrat__daya-!mx noﬁ available.?' '-"*"}I‘here was no



'?fjdilferencewin K axcrutlon in R,T.uuhen hia 1ﬂtaka waa

$_d0ubleé, ana he was a]ao unable to cons;rve lb on the 1nw155?“p“

“'lgintau? ”sa tnat 1f thls had been allawed‘bo oon&xnue a

T‘;ﬂ;defieiency would soon hawe developed.; On correctmon of ;i:_ f~u

“”fffthe aciuosxﬁ in thezﬁlr t threa patihnts,.there wag a

. :if;mﬁvomant cf K inza nhe tisnuma, shuwn by a Falling plasmafﬂj:
&tﬁiflevel; oincidsnb withA

\épodlt1VQ aalaﬂce. o In‘J.G., aitbr
A‘R?;produc&ng an acidoais, there:wa a ulight inur&ﬂaeﬁln i*"'“‘ s
 ﬁ;p1qsma |

f}sup@esting' 'dlrect¢on;

\_ﬁo«e 1n'the OprSLte 

]Qtﬁﬂmeither bhe I.V*.maetate nor thm amﬂonlum chlor' EgappeWﬂedi{ﬁ?f

“ TEto alter the urinevﬁ e crqtlon, '1n Lagt the concentr Llon

'15i¥fovaf1n‘th° urlng ua remquab¢y congbanb unshltthe &1f*erentﬁ ;

f?i{eomdxtlons.'; In othar worda, the con**olhot_x oxcratlon

j L

fifmgy be 1npamred a a rasuli oé tr&asplantauxnn Oi t

frgaijiggg ars into the aolon.

‘ Altbough K excretlon was relqtively unaffe ted by

"'-‘\,‘?j-»:&';;‘:qnl 1 e},crcmnn was rak)ldly ddﬁuStEd tO thm 1.’0’&8&{@ and

;w?nﬁba ance soon attalned. _ﬁ'% traneienb lowerlné Of Plﬁﬁmﬁ

01 odcurved 1n J.Q. cn ecr@asing the amaunt in the diet,

g ‘ngut cnae adJustments haﬁ been nada ;t bcgan to rise agaln.:: |
i- ,.In R.M"the amnuntq of ha and 01 in the &iet wera pvﬁ&tically;jﬁ~

- ;ibv;:"f-*:ﬁemzivalent-,_




equmvu] vt, but tha outputfof Cl w S muuh 195 than @9,

ﬁﬁggoinx in'to SOme Belective reabﬁorbtian_ot.cl..e;I@fff‘“

"“5l}*fthm che" two thic st not so cbvious, but they had aome

‘¥5¥y%wr3 since tha ornratlon in Vthh ta make any functlonal ff;f*

‘:Vf:ﬁgadju tments. Althou@h no exueriments were dore thb

hlgh G]_ di ets, the Onf’ tegt in J.G. Wb&""e a Gl 10?\3 'WPS

"7§q;glven ahowed anx ﬁabllity to gat rld of nxces Cl

}Q;??i?iTI 87. “Plaﬁma alactrol tea durinb_correction ct acmdo is; f;'

0ceaslonally patments wrth ureterie uraﬁa 1anbs wereﬁiﬁT*

Al,ffaumitteé'to hqcoital who h@d a: me rked 8L1d0€13 enﬂ

‘1 1¢1iniba LLy were aeny 111, mktb vomi;tinu debydrahlon qnd

' f;g,weaknaq$. Wheﬁ t“emted Vlth uh@ apprapriabe intr vnnaus

“*for onﬂ. alts, rﬂcovery was. ﬂenara1ly acheived withmn a

""F“WEdeya.ux The blood eleutrolytn re 1lts in 9 patientq: f§ff>

afsgihufore and aftxr twev mont arﬂ g ven *n the Table I 4.5ff¥¥#7‘

. ;3U}Au Wmepdmttted ou three differeﬂt oduasiona, each'bime zvj'7

'considerahla hjporchlovaemiu acidosi», whlchvrebponded

’”ﬁfffhynerchlqraemlc oide$i§.
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::f%‘l\j;,‘and only a 811 bt. aoideam;.;,I_i{'—":;-;j'-"‘:“*":j' FE e A o
L Two main points are evident‘from theoe 15 examples. o
4f':zf-.;The firs’c is th"t 1n 8pite of t.he adninwtramon of o
considerable amountﬂ of sod:mrn, he plasma sodmm 1evels
‘d;i.d ‘not alter to any grea‘c extent, even in some caaes
.;1-'-“‘:'J:'::‘.f-_f:";fdecreasing, the chleride and bicarbcna‘be however, 1mprov d

For example '

~,l'—_f’;}'reciprocally by almost equivalmt ancunts..'

SEEEN f,;fJ‘ C. receivmd 160 meq. }Ia 1n‘o:c‘avenously as- lac’caﬁe, and ye:t;;‘;'..sﬁ

t'he Plauma Na fell by l meq..

:f}the bicarbonate increaded both-.;bw? meq./l. m w.a. (a)

":j;:,gj,{;»’:recez‘vmg 140 meq. Na and 36 meCiK orally :tor three dayl

/1,_-: "f“ h:.le the Cl decreaued and

:L;;f.showed an. incraase in bicarhonat; of’sli MBQ-/ 10: 9’ adecrease[,

in Gl of 12 meq./l., while the Na:‘remained the aeme.- FIn

6 out of 9 instances _5\for which figures a'c-e av:’ulable, the e

’-p.i'.s:.‘f'_.;P.C.V. fell, indicating thcz’o some expsms wn of the

o -;axtrac.elj ular fluic‘l had ta]rerw place, so 'bh"!t altbougw the

;‘plasma Na agpaared to remaln the same, the acﬁual amount injf:‘-"'?"l""ri'

o :k.‘the E.C.F. had :x.ncreased, anci the Cl, l‘bhough apparantly

f'?‘fdpcweaqed, may not. necessem lly have been Ve:c',y muv.,h leas

T PR

?‘4':‘."'.;"ﬂ;\.}"‘t-han originally.. : Ar o e
S _ 'I.‘he secorﬁ important feature waa that. an correction E
‘.'»:3,"-'-_::';:_-;:91. the aciéosis, the plasma potaasmm fell in nearly every

o 55“1;ins’c. ance/







’daily_unbil thekacidosis was corrected when the I V.,ﬁ;fgf?iﬁﬁ;

_alysis mas arried out by;f;{*fﬁz

'j;}]fa  that thiq;beara out the dia nosis. _

Oardiaa musele x




g hqwever nornql.'“

Tiasue dndlyaea'ware aLJa‘uarried>




acm 03 18 . ’
'\'Ii"i the |

o -j.‘i';-};no fuvt.hf w pnormvﬁ hv occu_r»sd unt‘l" np an thc end of thn

| ‘;:"‘1"7:310@; *ala“ma K mf-”?f"‘. ‘ iﬂ@iio/log and -a ﬂevnra ae.&do% is o

L]
o f
3

.-;:g.mh nuqb the c _,twg's.: -“aa.s e,d ﬂ; was not. oxtreme ly higrh a»:

id a:om@time :Obﬁﬁi‘vpd -¥n thefﬁe pﬂt-ientﬂ uroa Was ’*150
“'»'_pompwhs}’c @'l.ovcauod.' Th? hypem..hloﬂaem'tc a(‘*idosis wa.;
"ﬂ-;_j.j:"ilg.;rﬂe]*y ctbrmeetnd w:sth"m 9 dav b\’ I-V- 80@"‘0‘“ lacuat.e, 80 .

L “-_L:;"bhmt"» ::

ﬁtf thn time o stﬂ'ting "bhe ba?l m_‘_"g? the Gl ﬂl’

'_-':“-:",';;‘.i..nortnal: an’l the Ka ar.xd !1(30 %«mre onLy about 3 meq./

:'brelsw nonma.“ whern tho K shc:' ed no iml:xmvegnont. "he |




i result.s are snown m Figure 'zx 9 and ,Jhow .;evev al

" Af,;;intoreutinﬁ fe tures pa ticularly wfoh regard to potaasmm

R :mnd nitwobm. 'I'o begm wit.h, ahn'was eat:i.n&, vewv lit’ce,

’""_:’so thcﬁ. bei"m.trogen mtals.e was only about 2 3.1 In Svlte

";.‘f:’_-j:-"i;?fof th:.s the N e crction WaS 813011'0 10 g /diem, .30 thab bhere

i"‘-._ i:waa a ma'ked negat.ive bulmce. 3 The K 1ntake in ‘c.héz diet ~A .

'\f--‘g",fwas :I.ikewn.se very little, but. in addit:.on she was recelvm

i ?;a )4 meq.mtaselum cit.rat.e/day during the whole pf*rmd.

In Spite of ;ome variat.lons in the X intake t.he urinar-y

K was pr-actically constert, sa that for t.he entire period

fshe was in posit.ive balﬂnce, accumulating 590 meq, over

‘}‘;Ethe prriod of 12 dajs.'f Aftar 6 days, half. thib anount had

: j';been rctained, but. ‘bhe extracellular F; had risen» by leas o

.'._z".‘than 1 meq /1., so thai. it. mt:st have becn soaked up a.ntg

| jjthe tissues. | Ttiwss abuut this, tine “that the N output‘?f
L began 1'.0 deoreaae arxi the blood urea was halveci, §o thclt- the
':‘:;:daily bmlame approached aero, and as the pament was now ' o
‘iif",fzfeeling arﬁ eat.::.ng much bmtt.c,r the .Lnt ke mcreaaed so thdt .

fo’r the .l.ar L. 4- days thﬂre wau a 'positive balanc.e. With

s’nll the same ra’ce o:f.' retentlon‘ of K, the E C F. K now

','-‘:rose by 1.5meq./l. so that. it was now baclc to normal.

.. _iv‘rhese result.s inﬂicata bhau the tissue was markedly depleted




Figl[9. Balance data showing .corre,cf\on ot acidosis and

- hypokalaemia in transplant patient J.C.
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