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HYPOKALEMIA 

I • The Phys i o I ogy of ·Body Pot ass i urn 

A. No rmal values 

I . Tota l body potas si um 

a . Adu lt male = 36 ... 56 mEq/Kg body we ight 
b. Adul t f ema le = 32 - 43 mEq/Kg body we ight 

2 . Di stri buti on 

a . Extracel lular - 3 . 5 to 5 . 3 mEq per Lor about 60 mEq 
b. l ntracel lula r- 120 mEq per Lor between 3, 000 and 4,000 mEq 

3 . Cont ent i n int est i nal f luids 

a . Gast ri c : 5 to 25 mEq/L, but may be up to 40 mEq/L 
b. Intesti nal : 2 to 10 mEq/L of small i ntestinal fluid but may 

be as h igh as 80 mEq per I iter of d iarrheal stool 

B. Rena l mec han i sms : ave rage excret ion = 50- 100 mEq/day 

I . Glome ru lar f i ltration - about 700 mEq/day 
2. Tubu la r reabsorpt ion - probably complete in proximal tubule 
3 . Tubu la r secretion - act ive process ln distal tubule in exchange 

for sod i um 

I. Pitts, R. F. Phys iology of the Kidney and Body Flu ids . Year Book Publishers , 1963. 

2 . Leaf , A. and R. F. Santos • . Phys iologic mechanisms . in potassium deficiency. New 
Eng . J • Med , 264 : 335 , Feb. 16, 1961 • 

3 . Ber line r, R. W. , T. J . Kennedy, J r. and J . Orloff. Relationship between acid i-
fi cati on of t he ur ine and potassium metabolism • . Am. J . Med . II :274, 1951 . · 

4 , Dav idson , D. G . ~ N • . G. Levinsky and R. W. Be rl iner . Maintenance of potass i um 
exc ret ion desp ite reduct ion of glomerular f iltrat ion during sodium diures is . 
J . Cl in . Invest. 37 : 548, · 1958 . 



C. Response ·to potass i um restriction 

I. Hypoka lem ia may result from dec reased . intake 

a . . Renal conse r.v.at ion not complete . so that 5 to 25 mEq/day may 
be lost 

b. Losses · in s t oo l may also be considerable 

c . Renal losses dependent upon presence of sodium in diet and 
wi tl not occu r in absence of sod i um 

2. Metabo li c a lka los is 

a. Mechan isms 

I) As · ext race ll ular K+ is lost, .K:r l.eaves cel ls and H+ (and 
Na+) enters eel Is , leaving the extracel lolar fluid alka-
1 ine. 

2) As renal tubu lar i ntracellu lar K+ decreases, there is a r ... i, , 
reciprocal i nc rease · i n H+ secret ion, resulting in elevation 
of -HC03-reabsor pt ive capacity and increased net excretion of 
acid; prima r ily as NH4 . 

b. Correct ion of alkalosis 

I) NaCI wi I I usua l ly correct the alkalosis untess excessive 
ad rena I sa It-reta i n ing h.ormone is present ·or the potass i urn 
deplet ion i s severe . 

2) K+, when adm iniste r ed wi t h a non - reabsorptive anion such as 
gluconate, may worsen the a lkalos is by requ i ring addition H+ 
sec retion (and HC03 formation) to buffe r the non-reabsorpable 
an ion . 

5. Tarail, R. and J. R. Elk i nton . Potassium defic iency and the role of the kidney 
in its product ion. J . Cl in. Invest . 28:99, 1949. 

6. Fourman, P. The abi li ty of the normal kidney to conserve potassium . Lancet 
I: 1042, 1952 . 

7, Squires, R. D. and E, J . Huth . Experimental potassium depletion in normal human 
subjects. J. Clin. Invest. 38 :1134and 1149,1959. 

8. Seldin, D. W., L. G. Welt and J. H. Cort . The role of sodium salts and adrenal 
steroids in the product ion of hypokalemic alkalosis. Yale J. Bioi. & Med. 29: 
229, 1956 . 

9 . Kassirer, J. P. and W. B. Schwartz. Correct ion of metabolic alkalosis in man 
without repair of potass i um defic iency. Am. J. Med. 40:19, 1966. 

10. Grol lman, A. P. and J . L. Gamble, Jr . Metabolic alkalosis , a spec ific effect 
of adrenocortical hormones . Am. J . Physiol , 196 : 135, 1959. 
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D. Interp retat ion .oL t he . Se rum. Pot ass ium Concentrat ion 

I • Re I at i onsh i p t o i ntrace I I u I ar stores 

a . Se r um K+ us ua l ly f a l ls about I mEq /L with loss of 200 mEq 

b. · In gene ra l, good corre lat ion between·,se rum level and ce l lular 
sto res . 

2 . Facto rs af f ecti ng se r um K+ 

a . pH : rec i proca l change with inve r se change of 0 . 6 mEq/L in 
serum K+ for each 0 ;1 unit change in extracel lu lar pH . 

b. ECF volume changes have I ittl e if any effect pe r se. 

c. Rap id ti ssue .br-eakdown may i nd uce hype r ka lem ia , pa rt icularly 
. i f rena l f unct ion is impaired . 

d . Glucose and . insuli n wil I lowe r se rum K+ 

e . Muscu la r exe rc i se wi I I re lease K+ 

f . Hemol.ys i s , .pro longed st and ing or c lotti ng of blood wi I I release 
· K+ f rom RBC ' s 

* Therefore , fo r prope r inte r pretati on of a se rum K+ , t he blood shou ld be 
obtained wi t hout excess ive pump ing or othe r -exe rc ise , analyzed rap idly without 
allowing hemolys is to occu r -and the level cons idered in relati on to the pH of 
the extracel lula r fl uid . Fo r many .s ituat ions, t he se r um b ica r bonate concentra
tion wi I I indicat e t he d i recti on of pH change . 

II . Scribner , B. H. and J. M. Bu r ne ll . Int e r pretati on o f t he se r um pot assium 
concentrat ion ; ·Metabol ism 5:468 , 1956 . 

12 . Burne! I , J . M. et a l. The e ff ect 1m humans of ext race ll u la r pH change 
on the relat ionships bet ween se rum potass i um concentrat ion and int ra
eel lular potass i um . J . Cl in. Invest . 35 :935, 1956, 

13. Sk inne r , S. C. A cause of erroneous potass ium levels . Lancet l : 478, 1961 . 
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I I. The Effects of Hypokalemia 

A. Renal 

I. St ructur al changes. 

a. SwelLing and degeneration of t ubu Lar .ep ithel ial eel Is 
with ·vacuolar or hydropic lesion 

b. Secondary changes . may be . irreversible and predispose to 
py€lonephritis 

2. Funct iona l changes 

a . Impa i red concent rating mechan i sm with polyuria 

I) · Maximum uri nary specific grav ity below I .015 

2) Vasopress in. resistant 

b. Impaired bicarbonate exc ret ion with inappropriately acid 
uri ne i n presence of extracellula r alka losis 

c. · Sodium retention with sl Jght expans ion of ECF volume; sodium 
conservation on a low salt diet may be impaired 

B. Polydipsia 

- I. Probably more than just secondary to polyuria related -to im
paired concent rating abi I ity 

2 . Circumstant ial evidence for a primary effect of K+ depletion; 
mineralocorticoid excess may also be a factor 

14. Surawicz, B. et al. Cl i nical manifestations of hypopotassemia . Am . J. 
Med. Sci . 233:603, 1957. 

15. Hoi lander, W., J r. Nephropathy of potassium. depletion in Diseases of the 
Kidney, ed by M. B • . Strauss and . L. G. Welt, Little, Brown & Co., 1963. 

16. Reiman, A. S. and W. B. Schwa r tz. The neph ropathy of potassium depletion: 
a clinical and pathological entity. New England J. Med. 255 :1 95, 1956. 

17. Muehrcke, R. C. Prolonged potassium def iciency and chronic pyelonephritis 
in man and animals, in Biology of Pyeloneph ri t i s, ed. by E. L. Quinn and 
E. H. Kass, Little, Brown & Co., 1960 , 

18. Fourman, P., R. A. Mccance and R. A. Parker. Chronic renal disease in 
rats following a · temporary deficiency of potassium . Bri t. J. Exper. Path. 37 : 40, 1956, 

19. Welt, L. G., W. Hoi lander, Jr. and W. B. Blythe. The consequences of potassium 
dep I et ion. J • Ch ron i c Dis. I I : 21 3, I 960. 
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C. Cardiac 

I. Structura I 
a. Muscle nec rosis, mainly subendocardial 
b. Les ions s imi lar t o focal lesions of coronary artery disease 

2, Functional 
a. ECG abnormal it les : no consistent pattern, and may be found in only 

about 1/2 of pat ients with potassium depletion 
I ) depression of S-T segment 
2) decrease in amplitude and . i nversion ofT wave 
3) exagge ration of W wave 

b . Ar rhythm ias 
I) aur icular and ventricula r extrasystoles 
2) A- V conduct ion disturbances 
3 ) Increased inci dence and severity when patients ·are ·on digital is 

D. Gastro- intestinal 

I. Dec rease moti I l ty and propulsive abll ity 

2. Paralyti c il eus may occur 

E. Metabol ic 
I. Ca r bohyd rate metabo li sm 

a. i n v itro dec rease in hepatic glucose uptake, increase in gtucose 
output , dec rease · in glycogen formation 

b; decreased glucose tole rance 
c. i nte r ference with insul i n secretion 

2. · Protein metabolIsm - questionable In man 
F. · Neuromuscular 

I. Structural : waxy degeneration and necrosis of muscle 
2. Functional 

a. weakness and paralysis (quadriplegia) 
b. tetany · (probably related to alkalosis) 

20. Bel let, S. , et al. Electrocardiographic patterns in hypopotassemia. Am.J. Med. Sci. 
219:542, 1950. 

21. Davidson, S. and B. Surawicz . · Incidence of supraventricular and ventricular ectopic 
beats and rhythms and of atrioventricular conduction disturbances in patients with 
hypopotassemia . Ci rculation, Supplement I I I, Oct. 1966 (abstract) 

22. Webster , D. C. et al. ·Effect of potassium deficiency on intestinal moti I ity and gastric 
secretion. Ann. Surg. 132:779, . 1950. 

23, El iel, L. P. et al. Postoperative potassium deficit and metabolic alkalosis. 
J . C I in . Invest . 31 :419, · 1952. 

24, Conn, J. W. Hypertension, the potass~um ion and impaired carbohydrate tolerance. 
New England J . Med, 273 : I 135, 1965, 
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The Causes of Hypokalem ia 

A. Cellular Sh if ts 

B. 

I. Acute a l ka los i s 

2. Period ic pa r a lys i s 

3. Cort i so l i n la r ge doses 
4. Rap i d glycogen formation 

Decreased i nt ake 

I. Starvati on -probab ly not a cause of hypokalemia 
a . Rena l losses mi nima l without dietary salt 
b. Decreased total tissue "potass i um capacity" but in keeping 

with loss of ·t i ssue 

2. Propensity t owa r d hypo~a l em i a increased with any cause of increased loss 

C. Increased I oss 

I. Gast ro-i ntesti na l 

a . vom it i ng ,and ·G- 1 dr a inage 
I ) dec r eased intake 
2) loss of K+ i n vomitus or drainage 
3) i nc reased rena l loss ·via metabolical kalosis 

b. dia rrhea 

c . enemas and laxatives 

d. f i stu las 

e . ureteros igmqidostomy 

2. Extraco r porea l ·c ircu lation (may be mainly eel lular shifts from 
resp i rator y a lka los i s) 

3. Renal 

a. Pri ma r y renal disease 
I) Renat ·tubular acidosis 
2) Fanconi synd rome 
3) Potass i um-wasting renal disease : metabolic hyperchloremic acidosis, 

hyponat rem ia , hypovolemia, salt-wastage, evidence of pyelonephritis 

a) wit h hypomagnesemia (Welt)- familial, chronic dermatitis, 
normotens ive 

b) with sodium conservation (Liddle)- familial, hypertensive, in
creased renal reabsorption of sodium, decreased aldosterone 
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25 . Bagshawe, K. D., J . ·R. Curtis and E • . S. Garnett. Effect of prolonged -hyd rocort isone 
administration on potass rom metabolism . Lancet I :18, 1965 . 

26 . Elkinton, J . R. and E. J. Huth. Body flu id abnormal ities i n anorexia ·ne r vosa 
and unde r nut riti on . Metabolism 8 : 376 , 1959 . 

27. Schwartz , W. B. and ·A. S. Reiman. Metabolic and renal studies in ch ronic potass i um 
depletion resul ti ng f rom overuse of laxat ives . J . Cl i n. lnvest ; · 32 :258, 1953 . 

28 . Seld i n, D. W. and J . D; Wi lson . Renal tubular acidosis in The Metabol ic Baits 
of Inhe r ited ·Disease ; ed . by Stanbury et al., 2nd editio'i1; · 1965 . 

29 . Stanbury, S. W. Some aspects of d i sordered renal tubular · function i n ·Advances 
i n Internal Medicine, Vol. 9, ed by W. Dock and · I. Snapper . Yea r Book Publishers , 
1958. 

30 . Stanbu r y, S. W.; A. H. Gowenlock and R. F. Mahler. Int errelationships of potass i um 
def ic iency and renal d i sease i n Aldosterone; ed by A. F. Muller and C. M. O'Connor , 
Little, Brown & Co . , 1958. ---

31. Earle, D. P. , et al . Low potassium syndrome< due to . defective renal tubula r 
mechan i sms fo r handl i ng potassium . Am . J. Med . II :283, 1951. 

32 . Brooks, R. V., et al . Potass i um def iciency of renal and adrenal origin . Am . 
J . Med . 23 : 39 1, 1957 . 

33 . France, R. et a l. Fu r the r studies i n a case of potass ium dep let ion of undete rmi ned 
cause . · Trans . Am . Cl i n. & Cl imat . Assoc . 71:45, 1959 . 

34 . Gi telman, H. J . , J . B. Graham and L. G. Welt . A new fami I ial disorder cha racterized 
by hypoka lem ia and hypomagnesemia. Cl in . Res . 14:108, 1966. <Trans . Ass. Am . 
Phys . , in press) 

35. Liddle, G. W. , T. Bledsoe and W. S. Coppage, Jr . A fami I ial renal disorder simu -~ating 
/ .. ; ,, .prrmary ,o aldosteronism but with negligible aldosterone secret ion . Trans. Ass. 

Am. Phys . 76 : 199, 1963 . 
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b. Adrenocort ical . hormone ,excess 

I) Exogenous ste ro ids- usua ll y only with large doses 
of cor t i sone or co rti so l 

2) Cu sh L ng 1 s . synd ~ome with high . levels of cor t isol product ion 

a) More .common wit h ad renal tumor 

b) Of ten t he f irst evidence of non- p it uita ry "ACTH"-. 
produc ing t umo r s 

3) Pri mary a ldoste ron i sm : met abol ic alkalos is, hypernatrem ia, 
hype r vo lem ia , no r ma l sodium retention i suppressed p lasma 
ren i n activ ity 

4) Secondary a ldosteronism (non-edematous) 

a) Accelerated or malignant hypertens ion (50%) 

b) Renovascu la r hypertens Jon (variab le) 

c) Juxt a- g lome r u la r hype r p las ia (Bartte r 1 s synd rome) 

5) Hype r desoxycor t icosteron i sm (Bigl ieri) - normotens ive, 
normal aldosterone . 

36. Bartter , F. C. and ·P. Fou rman . The d i ffe rent effects of aldosterone- ! ike ste ro ids 
and hydrocort i sone- ! i ke stero ids on ur inary excret ion of potassium and acid . 
Metabo l ism I I : 6 , 1962 . 

37 . Christy ; N. P. and J . H. Laragh . Pathogenesis of hypokalemic a l ka los i s i n Cush i ng's 
syndrome . New England J . Med . 265 : 1083, 196 1. 

38. Al lott, E. N. and M. 0 • . Ske lton . Increased adrenocortical act ivity assoc iated 
with malignant d i sease. · Lancet 2 : 278, 1960 . 

39 . Conn, J. W. , R. F. Knopf and R. M. Nesbit . Clinical characterist ics of pr ima r y 
aldosteron i sm f rom an analys is of 145 cases . Am . ·· J . Surgery 107 : 159 , 1964 . 

40 . Reiman , A. S. and W. B. Schwartz . The effect of DOCA on electrolyte ba lance 
i n normal man and its relation · to sod i um chlo ri de i ntake . Yale J . Bio i. & Med . 
24 : 540' 1952 0 

41 . Hi lden, R. and A. R. Krogsgaard . Low se r um potass ium level in severe hypertens ion . 
Am . J . Med . Sc i . 236 : 487 , 1958 . 

42 . Laragh, J. H. et al . Elect rolyte met abol i sm and aldoste rone secretion in benign 
and malignant hypertension . Ann. Int . Med . 53 : 259 , 1960 , 

43, Goldberg, J . and D. K. McCurdy . Hyperaldosteronism and hyperg ranula r ity of the 
juxtaglomer ula r eel Is in renal hypertens ion . Ann. Int . Med . 59 : 24, 1963 . 
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44 . Ba r tter , F. C. et al . Hype rplasi a of t he j uxtaglome r u lar complex with 
hype ra ldoste ron ism and hypoka lem ic a l ka los i s . Am . J . Med . 33: 8 1 I~ 1962 . 

45 , Big l ie r i , E. G. Hype r desoxy cort icost e ron i sm with hypoka lem ic a l ka los is 
wit h edema . J . Cli n. Invest. 42 : 917, 1963 (abstract ) . 

Di ff e ren t ial d iagnos i s of hypoka lem ia with rena l . potass i um loss 

C I i n i ca I St ate Aldost e rone 

Rena I potass i um- wast 'i ng 

With hypomagnesem ia 

With sod i um .conse r vat ion 

Ad renocorti ca l ho rmone excess 

Cush i ng's synd rome 

Pr ima ry a ldost e ron i sm 

Seconda r y_ a I dos t e ron Ism 

Mal ignant hyper tens ion 

Va r iab le 

Va ri able 

Decreased 

No rma l 

Inc reased 

Usua I I y 
inc reased 

No rma l o r 
Renovascu la r hype r tens ion i nc rea sed 

Juxtag lome ru la r 
hyperp las ia 

E~~~s? ive DOC Product ion 

Diu ret ic-I nduced 

Inc reased 

No rma l 

Elevated 
i n iti al ly 

- 9-

Plasma Ren i n 

Inc reased 

Dec reased 

Supp ressed 
or no r ma l 

Supp res sed 

Inc reased 

Increased 

Increased 

? 

Elevated 
In i tia II y 

Hype rtensi on 

Ben ign when 
present 

Absent 

Present 

Usua ll y 
ben ign 

Usua ll y 
ben ign 

Acce lerat i ng 
or mal ignant 

Ben ign or 
ma II gnant 

Absent 

Ab sent 

Usua l 

Hypoka lem ia 

Present 

Present 

Present 

Occas iona l 

Usual 

Frequent 

Frequent 

Present 

Pr esent 

Frequent 



3 . Renal potass i um loss (cont i nued ) 

c . Diuret ic- i nduced 

I ) Mo re common with t hiaz ides 

a) ch ron ic use 
b) patient s usua ll y g iven .access to salt 
c ) some ca r bon ic arihyd r ase i nh ibit ion, thereby de

c reas ing H+ sec ret ion . 
d) probably blocks prox imal tubu la r reabso r pt ion of Na+, 

the reby del ive ri ng more Na+ to dista l s ite whe re ex
change fo r K+ occurs . 

e ) wit h d iures i s and shrunken p lasma volume, seconda ry 
aldosteron i sm may i ncrease Na + absorption and K+ 
wastage . 

2 ) Inc i dence : var ies f rom 0 to 50% of hypertensives . 

3) Pat ients wi th edema (secondary aldosteronism) have i nc reased 
suscept i bi I ity : often sta rt with depleted total K+ and have 
marked rena I I oss when I arge .. amounts of Na+ are de I i.vered 
i nt o d i stal tubule. 

4) Me r cur ials wi I I also produce hypokalem ia ·but lose effec
t iveness and potass i um deplet ion i s se l f - 1 im ited . 

46. Remenchik, A. P. , et al • . Deplet ion of body potass i um by d iuret ics . Ci rcu
lafi on 33 :796, 1966 . 

47. Cranston, W. I . Effects of oral d i uret ics on ra i sed arter i a l pressure . 
Lancet 2:966, 1963 . 

IV . Therapy of hypokalem ia 

A. Oral 
I • uNatural"- mEq per 100 gm f. Ca r rott - 6 

a. Orange (fresh or ju ice) - 3 g . AI 1-bran celery - 16 
b 0 Banana - 6 h. Ry-Kr isp crackers - 8 
c . Apr icot , dr ied 22 i • Litch i nuts - 14 
d 0 Brocco! i 6 j 0 Peanuts 9 
e . Celery - 4 k. Her ri ng - 7 

2. Supplemental 

a . KCI - 1 iquid, .as 20% solution, d i luted in tomato ju ice 
b. Need for chloride to correct alkalos i s 
c. Danger of tablets 

B. Parentera I 

I • Insure adequate rena I funct ion 
2 . Concentrations greater than 40 mEq/L and amounts of greater than 20 mEq 

per hour may b~ _ locally irri tat i ng an~ cardiotoxi c 

48. Darrow, D. C. Phys iological basis of potassium therapy . J.A.M.A. 162 : 13 10, 1956 . 
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Suggest ed Prot oco l for .Evaluat ion of Pat ients with Hypoka lem ia 

When pat ients a re found to have se r um. pot ass i ams be low 3 . 5 mEq/L, the fo ll ow ing 
eva I uat ion w i I I be usef u I . i n dete rmin i ng the et i o I ogy : 

A. Co l lect a 24 hou r urine fo r total Na and K be fore any rep lacement therapy . 
If immed iate supplementa i ·-K+ . i s Ind ica t ed, at least obta i n a · s i ng le spec imen fo r 
Na and K concent rati on . 

I . If the t ot a l ur i ne K+ i s be low 30 mEq/day (wh il e the ur i ne Na i s above 
100 mEq/day) , hypokalem ia has probab ly been cau ~ed by ext ra- renal losses 
(vom it i ng , d ia rrhea , chron ic laxat ive use ) o r pr io r d iuret ic the rapy . 

2 . If the tota l · uri ne K+ i s .above 30 mEq/day, the poss ibi I i t y of hype r
aldost e ron i sm (p ri mary or secondary) or some form of potass i um- wast ing 
r ena l d i sease· i s suggested . If it i s · above 50 mEq/day ~ prima r y aldosteron
i sm i s st rongly suggested . 

B. An att empt t o r ep len i sh potass i um should t hen be made : This may take weeks. 

I. Stop d i ureti c t he rapy, . laxat ives, etc . 

2. Give KC I - 40 to 120 mEq/day ~ Simultaneous sod i um dep rivat ion wil I hasten ~ 

K+ rep I et ion but may I ead to. sudden ·· hyperka I em i a . 

3 . Both se r um and .uri ne .K+ measu rements may ·· be ~misleadi· ng during supple
mentpl K+ the r apy . . The. serum .K+ may become. no rmal ·but, i f t ota l body 
stores a re not rep leted ; · i t -may · rap idly fal I aga in · when the K+ is stopped . 
The uri ne ·may conta i n large .amount s of K+ wh il e K+ ·· i s be i ng g iven, even 
though the serum .K+ . is st i I I I ow . 

! 

C. If ur i na r y K+ was h igh when .. the pa t ient was hypokalem ic ,. a wo r k-up fo r 
pr imary aldoste ron i sm -should be .done . 

I • When the se r um K+ ; i s norma I, the supp ·l ementa I · K+ shou I d be stopped and. 
the pat ient g iven access to sod i um . (A low .. sa J t .. i ntake wi II st imulate .. 
aldosterone :product ion in a no rmal subject and decrease potassium excretion 
even i n ·a pat ient with aldoste ro~ i sm, since Na wi I I not be avai lable in the 
d istal tubu le fo r exchange with K+ . ) 

2. A 24 hour ur ine should .be obtained .for total Na, K and aldoste rone , f ive 
to seven days after discontinuing - the supplemental K+. 

a . Obta i n~ se r um . K+. on the -~. day the urine~ b rought ~ 

b. Aldoste rone product ion, even from a tumor , may be supp ressed by hypo
kalem ia .and stimulated .by· potassium loading . 

c . · If the uri ne aldosterone i s high (normal · range = 5 to 20llg/day) 
under these .cond itions, hypera I dosteron i sm··ex i sts . 
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3 . Accelerated or malignant hypertension wi I I frequently produce s ign i f icant 
secondary hyperaldosteronism (presumably by rena l ischem ia induc i ng 
increased renin-ang iotensin product ion wi th direct st imulation of aldo-
sterone synthes i s) . · 

4 . Primary aldosteronism is . usually associated with a benign form of hyper
tension, hypernatremia, and an expanded plasma volume . 

5. As emphas ized by Dr . Connr endogenous renin production is suppressed in 
primary a ldosteronism presumably by the expanded plasma volume and cannot 
be stimulated by the usual physiologic stimuli (sodium depletion and up-
r ight posture) . · 

a . Blood for renin assay should be obta i ned first in the "control" 
state, i.e. with the patient on a normal salt intake and in bed 
overnight, and then after 3 days on a 500 mg low salt d iet + 4 hours 
upright. 

I) 25 mi . peripheral venous blood should be collected in hepar i n
ized tubes and cooled immediately in an ice-wate r bath . 

2) The plasma should .be separated immediately after centr i fuga 
t ion, placed into .a clean test tube and frozen . 

b. Even after salt dep~lvation and standing ·for 4 hours, renin acti
vity should remain suppressed in patients ·with primary ·aldosteron
ism (presumably because the initial expanded plasma ·volume has not 
been shrunken enough to stimulate renin release) . · tn pat ients with 
essential · hypertension, the renin activity ~ shou l d be markedly ele
vated ( 3 to 10 fold) after these stimuJ i . 

Reference 49 . Cannon, P. J . , R. P. Ames and J . H. Laragh. Relat ion between potass i um balance 
and aldosterone secret ion in no rmal subjects and in pat ients with hypertensive 
or rena l tubul a r d isease . J. Cl in. Invest . 45:865, 1966 . 

"Southwestern" Ser ies - Pr imary Aldosteronism 

While hypokalemic Wh i le normokalemic 
Urine Ur i ne 

Serum K+ Ur i ne K+ Aldosterone Serum K+ Urine K+ Aldosterone 
Patient (mEg/U (mEq/day) (lJg/day) (mEg/U (mEq/day) (lJg/day) 

I .  * 2 . 8 68 14 . 9 3 . 5 43 23 . 2 
2 .   3 . I 42 12.8 3.7 64 25 . I 
3 . * 2 . 9 49 18 . 7 3 . 6 43 30 . 8 
4 .  . 2 . 3 58 26 . 2 
5. .* 2 . 5 43 31 . 8 
6.  3 . I 46 19 . 4 3 . 5 49 26 . I 
7 .  2 . 5 57 23 . I 3 . 5 86 34 . 0 
8 .   2 . 7 59 53.3 
9 ,   3 , 0 90 38 . 8 3 . 5 31 . 6 

10 .  3 . 0 66 3.5 118 43 . 0 
II .   2 . 6 88 52 . 0 
12.  2 . 6 76 23 . 8 
13 .   3 . 2 85 37 . 3 
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CASE REPORTS 

I . Renal tubula r ac idos is 

 i s a 42 yea r-old  man who was i n apparent ly norma l hea lth unt i I 
, 1965 when he developed the "f lu" . He soon became very weak, started 

to lose we ight rapid ly and noted po lyur ia and polydipsia. After the onset of severe 
nausea with vomit i ng , he was hosp ital lzed in January, 1966 because of profound 
genera li zed weakness . A serum potass i um of I . 0 mEq/L was noted i n assoc iation 
with a low C02 comb i ni ng power and the d i agnosis of RTA was made . Therapy with KC I 
and Shohl 's solut ion was begun. 

He was adm itted to  In , 1966 because of left flank 
pain . On adm iss ion, despite continuation of KCI-45 mEq/day and Shohl 's solution, 
15 ml t i d, his serum electrolytes were: sodium = 147, potassium= 2.6, co2 = 22, 
Cl = I I I . When the Shohl 's was discont i nued, the C02 fel 1 to 13 . 5, but the urinary 
pH remained above 6 . 0 . 

I I . Cush i ng's synd rome : ad renoco r t ical carcinoma 

 i s an 18 year-old man who was In apparently normal hea lth unti I be i ng 
severely traumat ized i n a cave- i n i n , 1965. Afte r recovery from the acute 
trauma, he exper ienced the onset of early morn i ng headaches, plethora, acne and 
per iphe ral edema in , 1965. 

When first seen in , 1966, his BP was 160/120 . The sk i n was flushed, 
there was a mode rate amount of acne over the face and back and a few smal I str iae 
across the lateral aspects of the abdomen and th ighs . His muscular development and 
fat d istr i but ion were norma l . 

The CBC and ur i ne analys i s were normal, the BUN= 9, serum Na+ = 145, K+ = 2 .6, 
C02 = 30 . 

In view of the hi story of recent trauma followed by the onset of hype r tens ion, 
the d iagnos is of renovascular hypertension with secondary aldosteronism was con
s i dered initia l ly , Howeve r , a control urine had 17-hydroxy cortico lds of 70 mg/day 
and 17-ketostero ids of 41 mg/day , wi th I i ttle suppress ion on e ither the 0 . 5 or 2 . 0 mg 
q 6 h doses doxamethasone. 

In late , 1966, surgery was performed with the f i nding of a loca l metastas ized 
adrenal carc i noma . Post-operatively, he has been treated f i rst with o' iP'-DDD, then 
5-fluorourac i I and now am i no-gluteth imide (EI ipten). Though th i s stero id leve ls have 
been kept near normal, he has felt progress ive ly worse and further local sp r ead of 
the carcinoma has been noted . 



.,,,. Pri mary hyperplasia of the juxtaglome r u la r complex with hype raldost e ron i sm 

(Bartter's synd rome ) 

 a 39 yea r -o ld  woman , has been bothe red for abou t 3 yea rs 
with easy f ati gue , Inc reas i ng we ight ga in with edema of the f eet , hands and 
pe ri-or bita l t issue, · a rthralg ias and musc le cramps. In , 1965, bronchoscopy 
was pe rformed f or eva l uat ion of a slow ly resolv i ng and recurrent pneumon ia . 
Pentotha l and a "muscle re laxant" were g iven and she remained unab le to move for 
a pro longed pe r iod post-anesthes ia . The se rum potassium was measu red and found 
to be I . 5 mEq/L. Si nce then, she has been kept .almost cont l nua 1 lyon large amounts 

. of supplement a l potassium but he r serum concent rati on was never brought up to the 
no r ma! range. 

She had been g iven me rcur ia l ·· inject ions and thiazide tab lets s i nce , 1966 
for rei ie f of edema . He r stools have become more frequent and softe r wh i le tak i ng 
potassium supplements . 

The pati ent had · a no r ma l childhood and ado lescence with a patte r n of g rowth 
and development i n keep ing with her two younger sisters. Menses have been norma l 
and she had 3 uneventful pregnanc ies . She smokes heavily and dri nks as many as 
20 cups of coffee each day . Othe r than for recurrent pneumon fas s i nce 1960, he r 
past med ica l history ·and rev iew of systems a re essential ly negative . 

On phys ical examination , the blood pressure was i n i t ia l ly 140/90 but afte r 
the f i rst day was neve r above 120/80 . He ight was 61 1/4 inches, ·we ight 173 l bs . 
She was mode rately and symmet r ically obese with no gross abno rmal !ties of phys ica l 
or menta l deve lopment . The ret i nal vessels were normal ~ The heart , lungs ~ abdomen 
and gen ita li a were normal . Moderate pi tting pre-t i bial edema was present . Musc le 
strengt h was s l ightly · dec reased, particula r ly i n the more cent ra l groups and a lI 
musc les we re tender ·to pressure . The neurologica l examinat ion was normal . 

The laboratory evaluation included: hemoglobin= 15,6, ur ine negat ive, 
BUN = · 12, FBS - 101 , C02 from 29 to 38, chloride from 87 to 99, sod i um = 135 to 141, 
serum albumin = _4 , 4, globu li n = 3 . 3, calc i um = 9.2, phosphor us = 3 . 9, arter ia l blood 
pH = 7.54 and PC02 = 37, I iver funct ion tests norma l. Plasma 17-hydroxycortico ids 
(8 a.m.) were 13 ~g%. Uri nary 17-hydroxycortico l ds were no rmal as was an I . V. P. 

/65 /65 /65 /66 

Regular Day 4-500 mg Na Regula r Day 5- 500 mg 
Diet No KCI No KC I Off KCI 3 days + 80 mEq KCI 

Serum K+ (mEq/U 2.2 2,5 2.6 4 . 2 
Ur i ne Na+ (mEq/L) 198 57 171 74 
Urine K+ (mEq/U "· 42 35 42 11 0 
Ur i ne aldoste rone (~g/day) 18.6 58 . I 31 . 6 

Plasma renin ( ng/100 ml*) I ,085 I, 293 603 

* Performed by Dr . J . Caul ie Gunnells, J r. using the He lmer techn ique fo r prepa rat ion 
of the plasma with a I hour i ncubation and bio- assay by measur i ng the presso r response 
of the specially prepared rat. 
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He r pres sor response t o Int r ave nous ang iot ens i n and 1-norep ineph rlne we r e 
measu red be fore and immed i at e ly afte r rap id Infusi on of 500 and 1,000 ml of 
no r ma I sa I I ne . · 

Blood 
Press ure 4 . 0 

Contro l 110/70 10 

Af te r 500 ml N. S. 105/70 

Afte r I , 000 m I N • S • 11 8/78 

Ang iot e ns i n 
m~g/ Kg/M i n 

8.0 12 . 0 

15 18 

15 20 

16 

No rep i neph r i ne 
m~g/ Kg/M I n 

40 60 80 

16 20 24 

A rena l biopsy has been Int e r preted to show Inc reased granu la r ity and 
numbe r of j uxtag lome r u la r ee l Is . 
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