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A CELLULAR DEHCT IN SEVE RE ILL NESS 

J11i l cl 1 J 1 n e s s 

CASE 1 -     

Thi s 27 year old  femal e had received Tripac a nd 
Streptomy ci n therapy for tube rc ulous me n ingitis and probable 
pulmonary tuberculosi s . At th e time of muscle stuCly she had had 
several weeks of therapy and \·Jas essentially well except for slight 
ataxia and low-grade fe ve r. 

Muscle Transmembrane Potential 

Serum ~~ 

~1uscle [i.<] 
~!usclc Will 
Predict ed Em (Goldman) 

-87 mV 

3.9 mEq/L 

146 mEq/ L 
19.8mEq/L 

-88 mV 

Severe Illness 

CASE 2 -     

This 39 year old  female, known a lcoholic, had a 10 year 
history of chronic recurr ent panc reatiti s . The present admission 
was for hematemesis which result e d in a partia l gastrectomy and 
the finding of a benign ulcer and a pancreat ic pseudocyst. 

Mu sc le study was done post -operative ly . 

Mu sc le Transmembrane Potenti a l 

Serum ~5 

Mu se le OJ 
Muscle [lJQ] 

Predicted Em (Goldman) 

Calculated pNa 

-74 mV 

4.0 mEq/L 

130 mEq/L 
41.0 mEq/L 

-85 mV 

0 . 06 

(,' I --
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Thi s p;lti.cnt, a 45 year oltl  female , had :1 ~i ycnr h i s t ory 
oC sc l e r oderma. Sh e \vas in a do~Vn-hil1 ph ase of her illnes s when 
th e mu sc l e st udi es Here done having pulmonary and cardiovascula r 

probl ems . 

1-lu sc le Transmembrane Potential 

Se rum ~j 

1-lu sc l e []<] 
Muscle 0Ql 

Predicted Em (Goldm an ) 

Calcul ated pNa 

-67 mV 

4.1 mEq/L 

l 82 mEq/L 
29 .9 mEq/L 

-9 1 mV 

0.06 

Ur emia 

CASE 4 -     

Thi s 59 year old  femal e had a l ong hi s tory of hypertension, 
congestive he art f a ilure and pro gre ssive decrease in renal function . 
At the t ime of the musc le st udy , she had minor ur emi c symptoms. Had 
last prev ious per itoneal dialysis about 3 Heeks p rev i ously. 

Muscle Tr ansmembrane Potenti a l 

BUN 
Creat 
Na 
K 
Cl 
C02 
pH 

53 rn g% 
8.2 mg% 
129 mEq/L 
3.6 mEq/L 
1.0 2 mEq/1 
1.6 mM/1 
7.36 

CASE 5 -     

- 54 mV 

A 28 y e ar old  ma l e with e nd - st age r ena l d isease being 
carried with conservative therapy and inte rmittent dialy sis . 

Mu s cle study done in clinic during routine visit. Patient 
\vas i1avin ~ s i ::)·~I.icant sy l'lrton~s at t~·.2 .t -;_;;; '-' . 

Muscle Transmembrane Potential -67 mV 
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BUN 
Crcat 
Na 
1\ 
Cl 
COz 
pi I 

RllC D{) 
RB C ~~ 

ISO m g~ 
20 . 7 mg% 
136 mLq/ L 
11 . S mLq/ L 
95 mLq/L 
15 m~l/L 
7 . 33 

99.7 mEq/L 
6.31 mEq/ L 
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~lu sc le [<] 
Mu sc l e [Il!.j) 

Predicted Em (Goldman ) 

Calculated pNa 

CASE 6 -      

1110 mLq/L 
25 mLq/L 

-811 mV 

0.05 

A 57 year old  ma l e being followed i n Rena l Clin ic fo r 
conservative therapy of ncar e nd - stage renal disease due to 
chronic glomeru lo nephritis . 

Muscle Tr ansmembrane Potential - 70 mV 

BUN 145 mg% Mu sc l e [KJ 12 8 mEq /L 
Creat 24 mg% . Muscle [Bii] 27 . R mEq /L 

Na 136 mEq/L 
K 3.6 mEq/L Predict ed Em (Goldm an) - 86 mV 
Cl 10 3 mE q/L 
C0 2 14.4 mM/L Calculated pNa 0 . 04 
pW 7. 23 

HBC [l<l 101 mEq/L 
RBC fNaJ 7.96 mEq/L 

CA SE 7 -     

A 33 year old  ma l e und ergoing chronic hemodialysis 
for therapy of end-stage renal disease. 

Em 

BUN 
Creat 
Na 
K 
Cl 
C0 2 
pH 

Mu sc l e Transmembrane Potentia l s mea s ur ed pre- and pos t -dia lysis . 

-6 2 mV 

75 mg% 
11.7 mg% 
134 mEq/L 
4.9 mEq/L 
96 mEq/L 
19 mM/L 
7.36 

Pos~·-dialysis 

Em -88 mV 

2 2 mg ~. 
4.5 mg~.; 

1 38 mLq/L 
4.0 mLq/L 
97 ml:q/L 
24 mM/L 
7.45 



Rllt: f1J 
RBC [}J UJ 

10 3 ml:q/L 
9.36 mLq/L 

- 4 -

Mu sc le ~J 
~·!u sc ] c [tJ~ 

Pr edicted Em (Goldman) 

Jlypokolcmia 

CASE 8     

1 32 ml'. q/L 
J S . S ml:q/L 

-83 m\1 

10 2 111Eq/L 
10.1 2 ml:q/L 

A 33 year old  female who bega n her i lln ess 2 0 
yea rs PTA witlt diff iculty swa l lowing . There ha d been a slow 
pro gre ss ion of he r illness char;:~cterized by \veakness in th e 
face, neck and shoulder girJJc. She had had freq uent pulmonary 
in f e c t i-on s . 

There was evidence for bot h a primary muscle dis e ase and a 
polyneuropat hy. 

At the time of s tudy he r se rum ~j was 3.3 mEq/L. Muscle 
Transmembran e Potenti a l was -53 mV. 

Muse le [KJ 
Mu sc le !Bill 

1 38 mEq/L 
45.5 mEq/L 

Predicted Membrane Pot ential (Goldman ) 

Calculat ed pN a 

CASE 9     

-91 mV 

0.06 

Appar ently as the result of poor dietary intake and v o1nitin g , 
this 25 year old Negro fe ma l e wa s admitted with severe hypokalemia . 
She wa s in the la s t trimester (some 60 clays f rom EDC ) of he r ninth 
pregnancy. Sh e \v:ts m;1r kc dl y weak at th e time of admis sion and 
shortly fo~1owing admission he r extremities became tot a ll y paralyzed. 
Jler serum [!5] was 1.3 mEq/L. 

After a small amount of KCl, she regained th o usc of her 
extremiti es , but was s till weak. He r serum&~ = 2 . 2 mEq/L. 
Muscle Tr a ns membrane Potential at that time wa s -65 mV . 

Following five clays of normal diet suppl emc[l ted with ub<' llt 
1500 mEq KCl she appeared normal and her serum [<j wa s 4 . 1 mEq/L . 
Muscle 1ransmcmbrane Potential at that time was - 81 mV. 

Interestingly, s he returned one month later, again hypo­
kalemic and de livered a premature infant th a t died . 
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Thi ~ 24 yc: tr o ld  f cm: tl e h'<1 S admitt ed to th c ho~pit:1l, i n 
th l' ]a ~ ! mo tlth o [ \,· h;lt had :lpp:tr l' nt l y h cen :111 llil COIIIpl i c at L' ,j pr cg n <1 ncy, 
hcc:Jtt S ~' ni" extrem e \'' c: tkn c s~ . On ndmi ~s i on , her wc: tktt css h": ts so 
]l r 0 I" 011 11 d t· h : I t S h C C 0 U l d 11 () t Ill 0 V C h C r ('X t r C Ill i. t 1 e S • S h C \\" <1 S j" 0 ll ll d 
to h e hypok: tl emic (Serum [Kj = I. 8 mLq/l.) with m:tr ked u :G cl t: lnge s . 
She h <1d :tpp:t r e ntl y lo s t pot<1 ssi um by me an s of vom 1 tj ng . ~om e , 
p:tr c ntcr ::ll KCl \,·a s administer ed an d hcr se rum l_l(~ ro s e to 2 . 5 mEq/L. 
At this poi nt mu sc l e st udi es wer e don e . 

Serum CPK 
Serum Aldola se 

57 3u 
19 . 5u 

Muscle Transmembrane Pot ential 

~lu s cle Compositim1 

Se rum li-tJ 
Serum [Naj 

Ek~i C\v 

!Nillicw 

Predicted Membrane Potential (Goldman) 

Calculated pNa - 0.06 
Shock 

CASE 11    

2 . 5 
1 39 

-63 mV 

110.1 mEq/L 
51 . 9 mLq/L 

-89 mV 

On   1969 thi s 20 ye ar old  female was 
admitted in th e last trime s ter of pre gnancy (EDC  ) because 
of severe abdo)1lin a l crampin g pai n of 14 hours clura t j on. On 
admission she was not ed to be vomiting fecal materia l. Her BP 
was 0/0 but quickly rose to 110/80 with the administration of 
Ringer's s olution . 

Sh e was taken to surgery and a s tillborn was delivered by 
Cesare an section . A volvulus was found with necrotic bowel 
\vhich required an extensive resection . Surgery was over at 
0430 hour s on . 

Signs of septic s hock soon developed. BP 60/40. During 
this period first Muscle Tran s me mbrane Potential was don e . ~ 
Average val ue was -71 mV. (1200 hour s , 22 September). Serum l.!5j 
4 . 9 mEq/L. 

She r es pond e d to treatment with ant i bioti cs (Kantrex and 
Keflin) and received predni s one . On , 1969, with 
normal vit a l signs, still on antib iotic s and steroids , a 
second tvluscle Transmembrane Potential was measur ed a nd found to 
be -94 mV. 

Four days lat er , she vomited blood, became shocky and 
required gast rectomy for stress ulcer . 

Th e next morn i ng ( , 1969) she maintained a low 
HP (100/80) and a third Muscle Transmembrane Pot ential was 
measur ed as -79 mV . 
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On e 1vec k previou s ly thi s 2:~ ye ar old  m;llc \\' <I S tr e at e d 
in an o th e r h os pit a l b y s u rgic al r ep air o F h o\\•c l pc rl o r;1 t i o n s ;111d 
s p! C' ne c t o my ror ruptur e , <1 LI th e r es uJt o[ ;:1 g un s hot ,,·o u11 tl . l:i ve 
d;~ ys L1t c r h e vomi te d bl o od, became febri le ;1n tl had r or Lh e most 
part a Jo"' BP. 

On admi ss ion Bl' 80/tlO to 7 0/ 20. !lu r in g t hi s p e ri o d ol 
collap se 1vhi c h 1va s thou ght to b e the r esul t of b lood lo ss a nt.! 
s ep s is, a ~ !u sc le Tran s me mbrane Pot e nti a l was mea s u re d a s -7 2 mV. 
At the time the me as ure me nt ,,,a s nw de , h e had r e centl y r eceived , 
or was r e ceiving Keflin, Kcmtr e x, Pe ni c illin a nd Chloromy ce tin. 
Serum iK:J = 5.5 mEq/L. Blo o d pH 7.37. 

Five days iat e r, with a ll vital s i gn s norm a l, but still 
receiving Ka ntrex and Ke f l i n h i s /l!uscle Tr a n s me mbr ane Pot e nti a l 
was -89 mV. S e rum~~ = 4.0 mEq/L. 

L Muscl e is a r e gul a t e d (by me t a bolis m) so l a nd ge l lvhi c h, 
becau se o f ·it s domin ate an io n ic c har g e s , act s <lS a s ump f or 
cation s . The clynamic s of th is attr a ction a r e s uch th a t: 
a) the ge l prefe r enti a lly c a ptures K+ and ·ex c Ju cl e s NCl+ . 
b) a po tcntlal cli ffe r e n ce ex l s t s be twee n th e ex t r a ce llu l ar 
fluid a nd th e re gi on within the ge l . c ) Ch a n ges in th is 
potent ia l differ e n c e, ge nerally r e ferecl to a s th e Tran sme mbr;:m e 
Pot e nti a l, can re s u l t from chang e s in ex tr ace l l ul a r con ce ntr a ­
tion of ions (mainly K+) and th e tot a l numb e r of a n i oni c s ites 
on the g e l. (Re fer e nc e 4) 

A. In its pur e form, this theory do es not i n c lud e a 
cell membran e as a structural f e a t ur e . Th e 
morphologic fact that a membr a ne e xis ts requ i re s 
that non-st r uctured solution on th e in s ide o f th e 
me mbrane have th e same or nearly th e s ame compo si­
tion as the extracellular fluid. 

2. Inside mus c le th e re gulat e d concentr;Jtion s of K+, Na+ a nd 
Cl- are the con s equ e n c e of th e a c tive outw a rd pumpin g o f 
Na+ coupled with th e inward pumpin g of K+. Th e Tran s mem-
brane Po t ential a ri s e s from the tend e n cy o f tl1 e ioni c 
concentration gradients to d e generate. (E c lcre n ce s S - 8) 

A. Under such· circumstances, if th e me mbran e perm e a bi lity 
of one ion was greatly in exces s of all other ion s 
then the Transmembrane Potential could be predict e d 
by the Nernst Equation : 

Em RT ln 
F 

(1) 
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B. K+ ;1pproaches this c irct lmstan cc , but it s insid e to 
outside ratio predi c t s too hi gh a Tr ;1n s mcmbrane 
l'otenti;ll for norm;il r est ing muscle when the externa l 
J\+ is normal: 

Em -61.5 lo g 160 
lfS 

Em = -96 mV. 

C. If, howev er , Na+ had a significant me mbran e permeability, 
its extracellul a r concentra tion could effect Transmembrane 
Potential: 

Em= -61.5 log ~ 
. [K~o + p [Na3o 

where ~~ajo is the extrace llular Na + concentration and 
p is a pc ~meability coeficient relative to the K+ pe rmc­
abilitx. ~Under a variety of circumstances the value of 
p for ~aj has emper ically be e n found to be 0 . 01. Thus: 

Em - 61 . 5 1 o g .:;:.1..::.6.:;;.0 __ --;cc___,._,_~_,...,. 
4.5 + 0 . 01 (14 5) 

Em -88 mV 

* In practice, -RT ln 10 is a constant at 37°C which equals 
l~ 

-0.0615 Volts or -61.5 mV. Like\vise, although the equation 
is concerned with ion activities, concentrations in mEq/L 
can be used assuming the activity coeficients of ions are 
the same inside and outsid e the cell me mbrane . 

3. The transmembrane potential could result from an elect r oge11ic 
pump which f.X~rudes sodium from the cell. The pump sets 
the inside ~aj . Inside concentrations of K+ and Cl- ar c 
maintained rel at ive to th e potential across th e me mbran e 
generated by the sodium pump. (Refere nce 9) 

4. Finally, there may be a combination of a non- e lectrogenic ion 
exchange pump (as in 2 above) and an electrogenic out1varJ 
pumping sodium pump (as in 3 above). (References 10 & 11) 
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Out In 
Out In 

I 
1. 2. 3. 

/K 

Anionic Sites 

=-~~~ 

Normal lluman tvluscle Resting ~lembrane Potential 

~lethotl No. of Membrane Reference 
Subj <7cts Potential 

-m\1 

Sur g . Expos. 4 77.8 ± lS.S(S.D . ) Johns 
Sur g. Expos . 70.0 ± 6.0(S.E.) Norris 
Surg . Expos. 1 87 . 4 ± 8.9(S.D.) C:reuzfeltlt 
Surg. Expos . 3 83 . 6 ± O.S(S.E.) ~lcComas et al 

19 8 7. 2 ± 5.2(S.D.) 13olte et a l Needle Cannula 
Needle Cannula 9 65 ± 0 . 4(S.E.) Brooks et al 

Needle Cannula 16 7 7 0 5 ± 1.2(S.E.) Gooclgold 
Needle Cannula 26 88 . 8 ± 3 .8(S.D .) Present 

Tran smembrane Potential in Norma! Subj ects and 
Patients with -1T1 lcl and Severe Illne ss 

Mi lcl Severe 
Normal Illness Illness 

"-- Number of Subjects 26 7 21 

Mean Age - years 7.8.9 41.9 43 . 8 

Membrane Potential -88 . 8 m\1 -89.8 -66 .3 
Mean ± Std. Dev. ± 3.8 ± 2.1 ± 9.0 

et al 
Study 

(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
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~1embr a n e Po t e nti;Jl Ill P : 1 t i en t s 
with Sev e r e or Chr onic I L Ln cs scs 

Disea se Pt. Age !{ ;1 c e Sex Em (mV) 

!Jiabetes ~1ellitus . t\ 8 w F - (1 2 

. 45 c F -59 
Uremia  59 c F - s ~~ 

 67 c ~ I - 7 t\ 
 30 w M -6 2 

  59 c ~! -69 
 29 L M - 72 

~·1alignancies . 45 w ~·1 -7 2 
 41 w M -57 
 45 c r -70 

. 65 w M - 7 5 
Mali g._ 1-IBP . 46 w M -S 9 

 29 w M - 6 7 
"thyrotoxicosis 

' 
. 20 w ~1 -75 

with myopathy  48 c F -79 
Chronic Alcoholic . 39 c F - 7 ~ 

. 58 c F -65 
Scleroderma  45 c F -67 
Polyneuropathy . 24 \V M - 80 
Polymyositis . 33 w F -53 
Myocardiopathy  40 w F -48 

Resting Muscl e Potential and Intrace llul ar El ec trolyt e Composi tion in 
Norm a l Subjects and Se ve r e ly Ill Pa ti ents 

Group and 
Numoer of 

Ind · · 

Normal 
Subjects 

(7) 

Severely Ill 
Patients 

( 13) 

Measured 

-89 
± 2 . 9* 

-67 
± 8.6 

* Mean and Std. Dev . 

26.5 
± 4 . 3 

37.7 
±10.1 

149.0 4 . 1 26.6 
±13.6 ±1. 5 ± 4 . 2 

151. 5 8 . 8 24 . 2 
±18.6 ±3.6 ±11. 9 

+ Plasma values corrected for Donnan effect and water content . 

134. 8 4.1 
±5.6 ±0.4 

135.5 4.3 
±3.9 ±0. 7 

±5 . 

106. 
±4. 
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Jk, l 1\lood Cell Sodium and PoUt ss ium 
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Contr ols 

G~ aJ 
mEq/L 

7.5 ± 2.0 

[K ~ 
mEq/L 

96 .4 ± 4.0 
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