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Parkland Memorial Hospital ~ Q_RAND. ROUNDS 

May 14, 1964 

D WRET!CS 

cASE #   ...-- 43 c/Fe. 

Onset of symptomat ic hyperthyro i d i sm i n  1964. Progress i vely increasing 
dyspnea, orthopnea and edema began two weeks before adm iss ion. Phys ical examination 
revealed : BP I 10/80, ir r egu lar pu lse of 140 (aur icu lar f i br i I lation on EKG), 
tachypnea, venous d istent ion, ra tes, card iomega ly, anasarca and ascites. 
Thyro i d was enlarged and RA I was 89% i n 24 hr s. 

Treatment : 

 1964 - Started on d igoxi n, reserp i ne, guaneth id i ne and 90 mEq KCI daily. 
Gi ven 2 cc mercuhydr i n. 

 There had been no response to 
in itia l wt 77.5 Kg > 

pulse 140 > 
i ni t i a l serum ~ 3. 2 > 

Rx 
78.5 Kg 
120 
5. 7 mEq/ l 

/64 3 :00 p.m. 150 mg Furosem i de p.o. 

/64 

/64 

'  l64 

/64 

with i n I hour ur i ne flow i ncreased from approx imately 
30 ml/hr to 800 ml/hr . 

10 :00 p. m. 100 mg Furosem i de p.o. 

8000 m I u r i n e i n 
Furosem i de d.c . 

wt 66.5 kg 

wt 62.5 kg 

wt . 61 . 5 kg 

18 hrs. ; wt. 70.5 kg 
Started on Naqua 8 mg/day 

+ Serum K 4. 6 mEq/L 
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STRUCTURAL RELATIONSHI PS BETWEEN SULFONAMIDE DIURETICS 
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1 oOSTERONE ANTAGON ISTS 
~ 

Criteria A· 
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Coppage, W. s. and Liddle, G. W. Mode of action and clinical usefulness of 
aldosterone antagon i sts. Ann . N.Y. Acad. Sci. 88: 815, 1960. 

I. No effect in absence of aldosterone (adrenalectomized animals). 

2. Effects of aldosterone wi I I be reversed. Most effective clinically when 
aldosterone is elevated. Corrects the hypokalemic alkalosis of aldosteronism. 

3. Does not inhibit the synthes i s or secretion of aldosterone. 

B. Spironolactone 

Effective in cirrhos i s and nephrosis and nephros i s, but much less effective in 
congestive heart fa il ure. 

c. ChI orazan i I 

Inhibits effect of exogenous aldosterone and DOCA, but also induces natriuresis 
in adrenalectomized an imals. Much less potent than spironolactone. 

D. Triamterene 

Crosley, A. P., et al. Ann. Int. Med. 56:241, 1962. 

~nhibits exogenous aldosterone, but also has some natriuretic effect in 
adrena lectom ized animals. Appears to be more potent than spironolactone. 

GENERAL REFERENCES 

I. de Stevens, G. Diuretics : Chemistry and Pharmacology. 

Academic Press. 1963. 

2. Beyer, K. H., and Baer, J. E. Physiologic basis for the action of 

newer diuretic agents. PharmacoJ. Rev . J2.:517, 1961. 

3. Orloff, J., and Berliner, R. W. Renal pharmacology. 

Ann. Rev. Pharmacal. 1:287, 1961. 

4. Pitts, R. F. Physiologic Basis of Diuretic Therapy. 

Charles C. Thomas. 1959. 
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COMPARISON OF RELATIVE DIURETIC POTENCY 

----------------------------~----~--------~------~~--~-------------------Dosage for Max. Natriuresis 
Drug max. effect %of fi lt. Na+ Kaluresis 

mg/day excreted 
------------------------------~~~------------~~~~------~---------------

Mercurial 

Thi·azi. des --Cnlorothiazide 

Flumethiazide 

Benzthiazide 

Hydrochlorothiazide 

Benzhydrof lumeth i azide 

Trichloromethiazide 

Methylchlorothiazide 

Po I yth i azide 

Cyc I oth i a__~ i de 

Ch ~ ortha I i done 

Furosemide5 

Ethacrynic6' 7 acid 

Sp·i rono I ad ona 

Tr ~ amterene 

2 cc 20% :!: 

2000 JO% + + 

2000 JO% + + 

200 JO% ++ 

150 JO% ++ 

20 10% + + 

20 10% + + 

10 10% ++ 

5 10% + + 

2 10% ++ 

200 10% ++ 

200 35% ++ 

200 15-20% ++ 

1200 1- 2% 

150 1-2% 

Curr. Ther. Res. Q:88, 1964. 5~ Timmerman, R. J., et al. 

6. Daley, Dd, and Evans, B. Diuretic action of Ethacrynic acid in congestive 

heart failure. Brit. Med. J. Nov. 9, 1963, p. 1169. 

7,. Melvin, et af. Ethacrynic acid : A new oral diuretic. 

Brit ~ Med. J. June 8, 1963, p. 152 1. 
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SITE OF ACTION OF DIURET ICS IN THE NEPHRON 

Distal 

aldoste rone 

Proximal 

NaCI 

~NaCI 

\ ' J \l_)) 
Loop 

% Na CH 0 TcH 0 
Reabsorbed 2 2 

70-80 - -

15 + + I 

5 + -

1-2 - -

C.) I I ect i ng 

duct 

J<+ 
Secretion 

-

-

+ 

+ l 
' 



-6-

CH 0 Tc K+ Site of Action Drug 2 
H

2
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i "' i 8 
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1.\ 

~ tor~ 8 
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Thiazides 
9 \~ N 1 Distal 

Fursemide ~ ~ t Prox i rna I + Loop 

Ch fortha I i done I' ~ t Loop Y/ 

10 ~ t t Ethacrynic acid Loop 

II ~ l Spironolactone f. ? Proximal + Distal --. \! 

References : 

8. Levitt, M. F., and Goldstein, M. H. Mercurial diuretics. 

Buf I N. Y. Acad. Med. 38:249, 1962. 

9. Early, E., Kahn, M., and Orloff. Effects of chforothiazide on 

ur i nary dilution and concentration. J. Clin. Invest. 40 : 857, 1961. 

10. Goldberg, M., et al. Effects of Ethacrynic acid on renal diluting 

and concentrating mechan isms. J. Cfin. Invest. 43:201, 1964. 

II. Rivera, A., et al. Stud ies on the focalization of aldosterone 

action on the renal tubule. Steroids 1 :91, 1963. 
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FACTORS INFLUENCING DISTAL SECRETION OF K+ 

I. Quantity of Na+ available at exchange site. 

2. Activity of Na+-~-exchange mechanism. 

a. stimulation aldosterone 

b. inhibitors spironolactones 

ch lorazan i I 

c. decreased in renal disea~ 

+ Conditions where diuretics likely to produce severe K depletion (severe secondary 
a I dosteron ism) : 

I. Cirrhosis with ascites. 

2. Long standing congestive heart failure - sti I I partially 

responsive to diuretics. 

3. Malignant hypertension. 

Conditions where diuretics+ supplemental K+ may produce severe hyperkalemia: 

I. , Renal insufficiency (GFR < 30 to 40 ml/min). 

2. Severe congestive heart failure which is unresponsive to diuretics. 

3. Presence of spironolactone. 

References: 

12. Edmonds, c. J., and WIlson, G~ M. The action of hydroflumethiazide 

in relation to adrenal steroids and potassium loss. 

Lancet, March 5, 1963, p. 505. 

13. Edmonds, C. J. An a I dosterone antagonist and diuretics in the/ .treatment 

of chronic edema and ascites. Lancet, March 5, 1963, p. 509. 
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5es of Refractori ness : 
~ 

f, Deteriorat ion of pri mary d isease. 

a. 

b. 

c. 

decrease card i ac output - ~ GF R and v i rtua ll y complete reabsorption of Na+ 
i n prox ima l tubu le - tendency to deve lop hyponatremia, hyperkalemia and acidosis. 

hepat ic decompensat ion 

rena l i nsuff ici ency ( see reL 14 and 15 below ) -Thi az i de and mercurial 
d iu ret ics cont i nue to exert some ef f ect unti I GFR fal Is below 15 ml/min. 
Ethacryn ic ac i d may have an ef fect wi th GF R as low as 6 ml/min. 

2. Metabol ic alkalos is- affects mercur i al d iuret ic s only. The non-mercurial 
diu retics are not i nf luenc ed by aci d-base d i sturbances. 

3. Hyponatrem ia- Thi az i de and mercuri a l diuret ics become less effective when 
serum Na t al Is be low 130 mEq/ L. Ethacryn ic ac i d is completely effective 
at Na concentrat io ns as low as 120 mEq/ L. 

4. Hypoalbum i nem ia Th i azide and mercur i al d iu ret ics are ineffective when serum 
album i n is less than 1. 5 gm%. Ethacrynic ac i d i s effective at serum 
album i n of I gm% or less . 

References : 

14. Reub i, F. C., and Cottier, P. T. Effects o f reduced glomerular filtration 
rate on respons iveness to chl orthi az i de and mercurial diuretics. 
Circ. 23 :200, 1961. 

15 . Maher, J. F. The use of ethacryn ic aci d i n therapy of edema due to renal 
d i sease . Fif teenth Annua l Conference on the Ki dney. In press. 

ii._de Effects: 

A. Secondary to d i uret ic act ion. 

"" I. K- def ici ency 
metabo lic alkalos i s 
muscle weakness & par alys is 
d i g i tal is i ntoxicat ion 
hepatic encephalopathy 

2. Hyponatrem i a 

3. Hypovolem ic shock 

B. Hyperuricemia alI d iuret ics block the secretion of uric acid in smaf I doses 
and i ncrease its excret ion i n large doses. The hyperuricemia can be corrected 
with probenec i d, but probeneci d blocks the diuretic action of the thiazides • 

.&!.terence : 
16. Bryant, et al. Hyperur icem ia i ndu ced by adm i nistration of chlorthalidone and 

other sulfonamide d iuretics. Am. J. Med. 33:408. 
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·de Effects (Cont ' d) 
~ 

c. Carbohydrate i ntolerance -
In part due to potass i um deplet ion However, diazoxide , which has no 

diur et ic act i vi t y, ha s s imi Ja r eftect - appears to bloc k re lease of i nsulin . 

Refere nce: 
:.---

J7. Doffery, C. T. 

D. Mi scef laneous-

Drug i ndu ced d i abetes. La ncet , Oct. 13, 1962. p. 735. 

I. Purpura, wi th and without thrombocytopenia 

2. Pancreatitis 

3. Dermatit is 

4, Photosensitivity 

5, Jaund ice 

Refe re nce: 

18. Ford, , R. V. 
d iuret ics. 

Current Co ncepts i n Therap y. Limitations i n the use of thiazide 
N. Eng . J. Med. 263:296, 1960 and 263:504, 1960. 




