
MEDICAL GRAND ROUNDS 

September 12, 1968 

PLASMA RENIN AND CURABLE HYPERTENSION 

1. The control of renin release (I) 

A. Location of renin-containing tissue 

I. The juxta-glomerular (JG) apparatus 

a. Granular eel Is: differentiated smooth muscle eel Is in the media of 
arterioles adjacent to glomerulus . 

b. Macula densa: specialized portion of tubule at end of loop of Henle 
c . Mesangial cells: interstitial 

2. Uterus (probably in endometrium) and chorion 
3. Submaxi I lary glands of mice 

B. The mechanism of renin release: 

I. Blood flow and hypox i a not involved 
2. Baroreceptor: JG granular eel Is act as stretch receptors, responsive 

to decrease in mean arterial pressure (2) 
3. Marcula densa: Decrease in sodium load or osmolality of fluid In early 

distal tubule (3) 
4 . Symphathetic nervous system: Stimulation of renal nerves or infusion 

of catecholamines (4) 
5 . Circulating angiotensin exerts a negative feedback effect 

II. Variations in Renin Levels (5) 

A. Experimental changes in renin release: 

I • I nc reased 

" a . Decreased renal arterial pressure 

I) Clamp on renal artery (Goldblatt hypertension) 
2) Systemic hypotens ion 

b. Decreased effective arterial blood volume 

I) Hemorrhage 
2) Diuretic therapy or low salt intake 
3) Upright posture (modulated by sympathetic nervous system) 
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c . Decreased sod i um de li very to dista l tubu le 

I) Hyponatrem ia 
2) Dec reased sodium intake 

d. Increased intratubular pressu re by ureteral occu l usion (but not 
rena l venous occuls ion) 

e . Inc reased sympathet ic activity: hypog lycemia, exe rc i se, upright 
postu re 

2 . Decreased 

a. Increased rena l arte ri a l pressu re 

I) The non-c lamped kidney in Goldb latt hype r tension 
2) DOC+ salt hype rtens ion 
3) "Essential" hype rtension in rats 

b. Expanded ef f ective arterial blood volume 

c . Increased sodium de l ive ry to distal tubule 

I) Hypernat remia 
2) Acutely afte r d iuretics 

d. Denervation of the kidney (but tr-ansp lanted kidneys sti I I respond 
to salt depletion and upright posture) 

e . Potass i um intake _may dec rease PRA (6) 

I. Vander, A. J . Contro l of ren i n release. Phys . Rev. 47:359, July 1967 . 

2. Tobian, L. Renin release and its ro le i n rena l function and the control of 
salt balance and arte ri a l pressu re . Fed . Proc . 26:48, Jan. 1967. 

3. Nash, F. D. , et al . Renin release : 
sociation from hemodynam i c changes . 

Relation to renal sodium load and dis­
Ci rc. Res . 22:473, Apri I 1968 . 

4. Gordon, R. D., et al. Role of the sympathetic nervous system in regulating 
renin and aldoste rone production i n man . J . Cl i n. Invest. 46 : 599 , 1967 . 

5. Brown, J. J., et a l. Ren i n and ang iot ensin . Postgrad. Med . J. 42:153, 1966. 

6. Veyrat, R., et al. Inhibit ion of ren in by potassium in man. Acta endocr. 
Supp I . 119:86, 1967 (abstract). 
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B. Clinical alter~tions of plasma renin activity (5) 

I. Diurnal variation: highest levels between 2 and 8 A.M., lowest levels 
between noon and 6 P. M. (7) 

2. Menstrual cycle and pregnancy (8) 

a. Slightly higher during luteal phase 
b. Elevated during normal pregnancy 
c. Elevated with estrogen therapy (oral contraceptives) (9, 10) 
d. Levels fa I I toward norma l in toxemia of pregnancy (8) 

3. Conditions with increased PRA (I I) 

a. Decreased effective arterial blood volume 

I) Diuretic therapy or low salt diet 
2) Hemorrhage 
3) Adrenal insufficiency 
4) Cirrhosis with ascites 
5) Nephrotic syndrome 

b. Decreased renal arter ial pressure 

I) Renovascular hypertension 
2) Accelerated or malignant hypertension 
3) Coarctation may have normal levels 

c. Miscellaneous 

I) Juxta-glomerular hyperplasia (Bartter's syndrome) 
2) Ren i n- secreting rena l tumor (12) 

4. Conditions with decreased PRA ( 13) 

a. Expanded effective arterial blood volume and/or increased 
renal arterial pressure 

I) Salt or plasma infusion 
2) Primary aldosteronism 
3) Cushing's syndrome (variable) 
4) Licorice-induced pseudoaldosteronism (14) 
5) Congenital adrenal hyperp lasia caused by 17-hydroxylase deficiency (15) 

b. Absence of renal tissue (16, 17) 

c. Decreased activity of the sympathetic nervous system 

f) Autonomic insufficiency with postural hypotension 
2) Gangl ionic-blockade (shown in rats) 

d . Essential hypertension (25%) (18) 

5. Conditions with normal PRA 

a. Chronic renal parenchymal disease ( 19) 
b. Chronic congestive heart failure (20) 
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111. Techniques of renin assay (21) 

A. Bioassay: alI now use rat preparation for quantitation 

I. Methods 

a. "Activity": bioassay of angiotensin formed by incubation of 
plasma after inactivation of angiotensinase (Helmer, Boucher, etc) 

b. "Concentration": bioassay of angiotensin formed by incubation 
with added substrate, using a standard preparation of human 
renin as a control (Brown, etc) 

2. Results 

a. Variables of different procedures require establishment of 
normal values in each laboratory (22) 

b. Absolute values of less importance than degree of change with 
various physiological manuevers 

c. Ranges in our laboratory using the technique of Pickens, et al 

I) Supine, regular diet: 100 to 500 ng% 
2) Upright, regular diet: 300 to 1,000 ng% 
3) Upright , low salt diet: an increase of 150 ng% above the 

supine, regular diet level 

B. Radioimmunoassay (23, 24) 

I. Methods 

a . "Free" angiotensin 
b. Renin activity by amount of angiotensin generated after incubation 

""' 2. Results 

a. Close similar i ty to bio-assay 
b. "Free" angiotensin: 10-50 ng/L 

21 , Pickens, P. T., et al. Measurement of renin activity in human plasma . 
C i rc. Res. 17 : 438, 1965 . 

22 , Haas, E., et al. Estimation of endogenous renin in human blood. Lancet 
I :657, March 30, 1968 . 

23 , Val lotton, M. B. , et al . Radioimmunoassay of angiotensin in human plasma . 
Nature 215:714, Aug . 12, 1967. 

24 . Boyd, G. W., et al . Radio immunoassay for determining plasma-levels of 
angiotensin II in man. Lancet 2:1002, Nov . II, 1967. 
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IV. Renal substances which cause a lowering of blood pressure 

A. Renin inhibitors 

I. Numerous exper imental o~servations suggest that normal plasma has 
substances which inhibit renin act i vity and these substances are lost 
after nephrectomy . 

2. Renal phospholipid "p re-inh i bitor" (25) 

a . Inhibits format ion of angiotensin by renin in vitro . 
b. Reduces the blood pressu re of r ena l hypertensive rats but has 

no effect on normotens i ve rats. 

3. Renin inhibitor in plasma of uremic patients (26) 

a. Assayed by rate of angiotensin generation in presence of renin 
and substrate . 

b. Inhibitor present in plasma of alI 5 patients with uremia caused 
by chron ic glomeru loneph ri tis but not in patients with renovascular 
hypertension or malignant hypertension . 

B. Renal anti-hype r tensive substances: Grol !man's concept of renoprival 
hypertension due to the absence of a rena l anti-hypertensive factor has 
been supported by the findings of such substances. 

I. Renal cortical extract of Grol lman, et al (27) 

a . Lowers B. P. of hypertensive an imals when administered orally 
b. No effect on B.P. of normotens i ve animals 

~ 2 . Neutral renomedul lary lipid of Muirhead, et al (28) 

a. Effective ora ll y in lower ing B.P. in animals with renoprival 
or renovascular hypertension 

b. Shares many characteristics with prostaglandins 

3. Renomedu l lary prostaglandins (PGE) (29) 

a . Unsaturated cyclic fatty acids 
b. Exert both vasodepressor and anti-hypertensive effects 
c . Act direct ly upon kidney to cause vasodilation and increase 

sodium excretion without ef f ect on GFR (30) 

25. Sen, S., et al. Antihypertens i ve effect of an isolated phospho! ipid. Am. 
J. Physiol. 214:337, Feb. 1968. 

26. Maebashi, M., et al. Renin inhibitor in plasma of uremic patients. Lancet 
I : 1408, June 29, 1968. 

27. Grol lman, A. Ant i hype r tensive and pressor agents of renal origin. Canad. 
Med. Ass. J • 90: 299, Jan. 25, 1964 . 

28 . Muirhead, E. E., et al. Lap i ne renomedul lar lipid in murine hypertension. 
Arch. Path. 85:72, Jan. 1968. 

29. Lee, J. B. Antihypertensive activ i ty of the kidney- the renomedul lary 
prostaglandins . New England J . Med. 277:1073, Nov . 16, 1967. 

30. Vander, A. J . Direct effects of prostaglandin on renal function and renin 
release in anesthet ized dog. Am . J . Physiol . 214:218, Feb. 1968. 
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v. The angiotensin infusion test 

A. Experimental basis 

I. Sensitivity to exogenous renin and angiotensin directly related to 
endogenous plasma level 

2. Plasma renin activity and sensitivity to angiotensin in various 
situations . 

a . Low PRA with increased sensitivity 

I) Primary aldosteronism 
2) Essential hypertension 

b. Normal PRA with normal sensitivity 

I) Normotensive controls 
2) Chronic renal parenchyma l : disease 

c. High PRA wi th decreased sensitivity 

I) Cirrhosis with ascites 
2) Malignant hypertension 
3) Pregnancy (31) 

a) Normal pregnant women required 22 m~g/Kg/min 
b) Women with toxemia required 10 m~g/Kg/min 
c) These changes i n toxemia accompany decreased PRA 

and aldosterone secretion 

B. Clinical results 

I. Procedure highly reproducible 
2. Considerable variability noted with presumably same technique 

(See Table) 
3. Overal I usefulness seems established but with a certain percentage 

" of false positives and, perhaps, false negatives 
4 . Overall correlation with ,plasma renin activity quite good (32) 

31. Tal ledo, 0. E. Renin-angiotensin system in normal and toxemic pregnancies. 
Am. J. Ob. & Gyn. 96:141, Sept . 1966 . 

32. Goorno, W. and N. M. Kaplan. Renal pressor matefial in various hypertensive 
diseases. Ann . Int . Med. 63:745, 1965. 
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Per Cent Resistant 
Mean Pressor Dose (Number of patients) 

Essential Renovascular Essential Renovascular 
Author Normal Hypertension · Hypertension Hypertension Hypertens ion 

Kaplan 7.5 3.4 14.2 8 ( 16/200) 100 (21/21) 
De rot 10 . 2 5.4 13 . 7 25 (3/12) 100 (6/6) 
Hoc ken 4 . 5 4 . 2 13.7 4 ( 1/24) 100 ( 7 /7) 
Simmons 7 . 4 5.5 15 . 5 21 (4/19) 100 ( 7/7) 
Morgan 5.0 5.2 24 . 0 . 20 ( 22/1 12) 85 ( I 1/13) 
S i lah 3 . 8 9 . 8 6 ( 1/16) 100 (11/11) 
Guedon 10.3 7. 2 12 . 6 32 (37/117) 94 (15/16) 
Roguska 8.3 5 . 3 19 . 9 4 ( I /24) 100 (11/11) 
Catanzaro 7. 3 6.0 13 . 3 6 (2/31) 70 (7/10) 
Weidmann 4 . 8 12 . 2 5 ( 1/22) 89 (8/9) 

33 . Kaplan, N. M. and Si lah, J. G. The angiotensin-infusion test- A new approach 
to the differential d iagnos is of renovascular hypertension. New Eng . J . 
Med . 271 : 536, 1964 . 

34. Derot, M., et al. Renseignements fournis par le test a I 'angiotensine 
de Kaplan dans !'exploration des hypertensions d'origine renale. J . 
d'Urologie et de Nephrologie . 70 : 723, 1964 . 

35 . Hocken, A. G. , et al . The ang iotens i n-infusion test . Lancet 1.:5, Jan . I, 
1966 . 

36 , Simmons, J . L., et al . The ang iotensin infusion test . J . Urol. 96:115, 1966. 

37 . Morgan, T. The response of the blood pressure to an infusion of angiotensin 
in patients with essential, malignant and renovascular hypertension. Aust . 
Annl . Med. 16:168, 1967. 

38 . Si lah, J. G. , et al. The angiotens i n i nfusion test and peripheral venous 
renin activity. The Canad . Med . Assoc . Journal 96:1397, 1967 . 

39 . Guedon, J. et al . Etude critique du test de perfusion a I 'angiotensine . 
Path.-Biol . 16:559, 1968. 

40 . Roguska, J., et al . Pressor response to angiotensin II i'n hypertension . 
Am. J. Cardio. 41:705, 1968 . 

41 . Catanzaro, F. , et al. Angiotensin-infusion test. Arch. Intern. Med. 
122: I 0, 1968. 

42 . Weidmann, P., et al . Plasma renin activity and angiotens i n pressor dose 
in hypertension: correlation and diagnostic imp I icat ions. Brit. Med . 
J • 2: 154, J u I y 20, 1968 . 
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TABLE 1: Causes of Curable Hypertension 

1. Renal 

A. Renovascular disease 

B. Renal parenchymal disease 

I . Acute glomerulonephritis 
2. Unilateral pyelonephrit is 
3. Unilateral hypoplasia 
4. Hydronephrosis 
5. Tuberculosis 

C. Renoprival state 

I 1. Endocrine 

A. Acromegaly 

B. Hypothyroidism 

C. Ad rena I 

I. Cushing's syndrome 
2. Primary aldosteronism 
3. Congenital adrenal hyperplasia 
4. Pheochromocytoma 

I I I. Coarctat ion of ao r ta 

IV . Toxemia of Pregnancy 

v. Mi see I I aneous 

A. Po.l ycythemia 
'-..._ 

B. Burns 

c. Lead poisoning 

D. Increased i ntracran i a I pressure 

E. Carcinoid syndrome 

VI , Essential hypertension (?) 
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VI. Renin and Hypertension in Rena l Pa renchymal Disease 

A. The relationsh i p between hypertension and renal parenchymal disease 

I. Types of renal pa renchyma l disease wi th increased frequency of 
hypertension (43) 

a . Congenital hypoplasia 
b. Acute glome r u loneph ri tis 
c. Chronic g lomeru lonephritis 
d. Chronic peyloneph ri tis, uliateral or bilateral (44) 
e. Tuberculosis (45) 
f . Diabetic glomerulosc lerosis 
g. Polycystic disease 
h. Collagen diseases: lupus, periarteritis, scleroderma 
i. Hydronephrosis (46) 

2. The problem of the atrophic kidney: chronic pyelonephritis, 
renovascu lar or hypop lasia (47) 

a . Reasons for diagnost ic confusion 

I) Absence of spec ifi c pathological features (48) 
2) Fai lure to recognize renal - a r tery stenosis in patients 

with "un il atera l pye lonephr i tis" 
3) Poss i b le intra-renal vascular stenosis in pyelonephritis (44) 

b. Featu res of probab le d iscriminatory value (47, 49) 

I) Hypop lasia : young age, absence of clinical features of 
pyeloneph riti s or rad io logical evidence of vascular stenosis 

2) Pye loneph riti s: history of urinary tract infection, pyelography 
demonst rat i ng clubbed calyces and thinned cortex, decreased 
uri ne osmo la li ty or increased sodium concentration on split­
funct ion stud ies , no rmal PRA 

3) Renovascu la r: presence of an abdominal bruit, "ischemic" 
pattern by pye log r aphy and split-function tests, elevated 
PRA, stenot ic lesion by aortography 

c. Removal of a kidney with "uni lateral pyelonephritis" by alI known 
c r ite ri a may cu re hypertension (50) 

3. The mechan i sm of hypert ens ion 

a . On bas is of J-G hist o logy and PRA assays, the renin-angiotensin 
mechanism is probab ly not i nvolved except in tuberculosis and 
hyd roneph rosis (51 , 52b ) 

b. Renop riva l mechanisms seem unlikely in unilateral disease 
c. With bil atera l invo lvement, renoprival mechanisms or volume 

overload may be . facto r s 
d. Ischemia as the mechan ism of unilateral atrophy uncovered by 

a rteriog raphy (47) and proven by split function studies (52a) 
Chance of cure by neph rectomy probab ly much better with such 
evidence. 
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B. The renoprival state 

I. Mechanism of hypertension 

a. Absence of normal anti-hypertensive function 
b. lnabi I ity to excrete salt and water with subsequent 

vascular overload 
c . PRA levels probably zero in males, low in females 

2 . The results of bi lateral nephrectomy in man (52) 

a. Hypertension does not occur i n the absence of vascular expansion. 
b. Hypertension may remit by the removal of ischemic tissue 

producing excess renin 
c . Successful transplantation has cured hypertension 

43. Sm i th, H. W. Unilateral nephrectomy i n hypertensive disease . J . Urol . 
76:685, 1956 . 

44. Kincaid-Smith, P. Vascular obstruction in chronic pyelonephritic kidneys . 
Lancet 2:1263, Dec . 17, 1955 . 

45. Kaufman, J . J . and W. E. Goodwin. Rena l hypertension secondary to renal 
tuberculosis . Am . J . Med . 38:337, March, 1965. 

46. Be lman, A. B. , et al . Rena l-p ressor hypertens ion secondary to unilateral 
hydronephrosis. New Eng . J . Med. 278: I 133, May 23, 1968 . 

47 . Gifford , et al . The atroph ic kidney: its role in hypertension . Proc. 
Mayo Clinic 40 : 834, Nov . 1965. 

48. Sommers, S. C., et al . Chronic pye lonephrit is , renal tubular atrophy and 
hypertension. Arch. Int. Med. 110 :1 51, Oct. 1962 . 

49 . Howard, J . E. and T. B. Conne r. Hype r tension produced by unilateral renal 
disease . Arch . Int . Med . 109:62, Jan . , 1962. 

50 . Eliahou, H. E., et al . Effect of nephrectomy on hypertension in unilateral 
non- vascular renal disease: Report on 7 patients . J . Uro ) . 99:379, Apri I 1968 . 

51. Fitz, A. E., et al . Plasma renin in renal parenchymal hypertension (abstract). 
Ci rculation Supplement I I . 31:84, Oct . 1965. 

52 . Page, I . H. and J. W. McCubbin . Rena l Hypertension . Year Book Publisher, 
Chicago, 1968 . 

52a . McDonald, D. F. Renal hypertension without main arterial stenosis. JAMA 
203:932, March II, 1968 . 

52b. Tu, W. H. Plasma renin activ i ty i n acute tubula r necrosis and other renal 
diseases associated wi th hypertension . Circulation 31:686, May, 1965 . 
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VI I. Renal vascular hypertension 

A. Experimental studies (52 , 53, 54) 

I. Changes after renal artery constriction (and contralateral 
nephrectomy) 

a. Blood pressure rises within hou r s 

I) Mainly attributable to i ncreased peripheral resistance 
2) Increased cardiac output may be a factor (also reported 

in human subjects (54a) 
3) ECF volume expands transiently 

b. Pressure continues to rise unti I plateau reached by 10-20 days 

2. Mechanism of hypertension 

a. Activation of the renin-angiotensin system 

I) Increased leve ls acutely probably secondary to fal I in 
intra-arterial pressure 

2) Pressure in renal artery distal to const r uction returns 
toward normal and renin levels fal I so that high levels 
not demonstrable in "chronic" experimental renovascular 
hypertension 

a) "Normal" levels may be adequate to maintain hypertension 
in view of progressive pressor response to prolonged 
infusions (55) 

b) Transient high levels may induce permanent hypertension 
by producing vascular disease (56) ' 

c) Diminished baroreceptor activity (57) or increased 
arterial wal I sodium content may enhance reactivity to 
angiotensin. 

d) When BP is lowered slightly in patients with renovascular 
hypertension (even with normal PRA) the release of renin 
is much greater than in normals, suggesting an upward 
shift in the threshold for renin release (57a). 

3) Antibodies to renin or angiotensin relieve hypertension 
(58, 59) 

-
b. Inhibition of renal ant i-hypertensive function 

I) Removal of unclamped kidney (with its antihypertensive 
function)~ increase in hypertension; removal of clamped 
kidney~ relief of hypertension (by releasing inhibition 
on norma l kidney) 

2) Transplant0tion of normal kidney-+decrease in hypertension 
3) Antihypertensive action said to be mediated by high arterial 

pressure (60) or a humora l substance (61) 
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c. Other possible mechanisms 

I) Other pressor substances (62) 
2) After renal artery constriction, hyperte~~ i 6n may f~~ult from renal 

compensatory hypertrophy with relative ischemia when 
blood flow connot increase (63) 

3) Potassium depletion said to prevent development of 
renovascular hypertension (64) 

53 •. Wi I Iiams, T. F. Hypertension due to renal vascu lar disease in Diseases of 
the Kidney, ed. by Strauss, M. B. and Welt, C., Little-Brown, Boston, 
1963 p. 543. 

54. Various authors. Supplement I I to Circulation Research, Vols 20 and 21, 
July 1967. 

54a. Frohlich, E. D., et al. A hemodynamic comparison of essential and 
renovascular hypertension . Circulation 35:289, Feb. 1967 . 

55 . Dickinson, C. J. and R. Yu. The progressive pressor response to angiotensin 
in the rabbit . J. Physiol. 190:91, 1967. 

56 . Koletsky, S., et al. Production of hypertension and vascular disease by 
angiotensin . Arch . Path. 82:99, July, 1966. 

57. Masson, G.M.C., et al. 
adrenal hypertension. 

Effects of sinoaortic denervation on renal and 
Am. J . Physiol. 211:99, July 1966, 

57a. Huvos, A., et al . Stimulation of renin secretion by hydralazine. I I. 
StUdies in renovascular hypertension. Circulation 31 (Supplement I 1): 
I 18, Oct. 1965 (abstract) • 

58. Wakerl in, G. E. Antibod ies to renin as proof of the pathogenesis of sustained 
renal hypertension. Ci-culation 17:653, Apri I, 1958. 

59. Christlieb, A. R., et al. Reversal of renal hypertension in rats after 
immunization against angiotensin . J. Clin. Invest. 47:19a, June 1968. 
(Abstract). 

" 60 . Tobian, L. The influence of arterial pressure on the antihypertensive action · 
of a norma l kidney, a biologic servomechanism . Ann . Int. Med. 60:378, 
March 1964. 

61 . Gordon, D, B. Renin and hypertension. Lance-r 2:320, Aug. 6, 1966. 

62 , Ebihara, A. and A. Grol lman. Pressor activity of renal venous effluent 
following construction of renal arte ry in dogs. Am . J . Physiol. 214: I, 
Jan. 1968. 

63, Schlegel, J . U. Renal hypertension. JAMA 183:92, Jan . 12, 1963 . 

64. Fisher, E. R. and A. J . Funckles . Effects of potassium deficiency on 
experimental renovascular hypertension . Lab . Invest . 16:539, 1967 . 
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B. Clinical course 

I. Incidence: In view of frequency of functionally-insignificant 
renovascular disease, only those patients whose hypertension is 
cured (rei ieved) by removal of a stenotic lesion can be accepted . 
Most references include "hypertensive subjects with renovascular 
disease of questionable s ignificance" 

a. Frequency of renovascular disease 

I) Some degree of stenosis found in 32% of 304 normotensive 
patients and in 67% of 193 hypertensives by aortography (65) 

2) In 295 unselected autopsies, 53% had renal artery stenosis -
49% of normotensive patients and 77% of hypertensives (66). 

3) Of 60 patients with marked stenosis, 50% had hypertension (67) 
4) Of 20 patients with severe stenos is, 6 had normal split­

function studies (68) 
5) Anomalies of the renal arteries (mainly the presence of 

multiple arteries) may be present in as many as 2/3 of alI 
hypertensives (69) . Their significance is unknown. 

b. Frequency of renovascula r hypertension 

I) Much lower among Negro hypertensives (73). May be higher 
among diabetics (74) . 

2) Some stud ies based on aortography alone, many on I .V.P. + 
split-function, almost none on surgical cure · 

a) Without obvious select ion of patients, incidence 
found to be 0/50 (70) and 27/750 or 3.6% (71) 

b) Many series have obviously selected patients with 
incidence of 9% (72) and 21% (73). 

2. Clinical features (75) 

~ a. Abdominal bruit of some value but may be heard in as few as 
25% of patients with and as many as 20% of patients without 
the disease . The majority of hypertensives with a bruit do 
not have renovascular disease (76). 

b. Higher frequency in either young (below 30) or old (over 50) 
who suddenly develop rapidly progressive hypertension. 

c. Evidence of secondary aldosteronism rarely noted. 
d. The nephrotic syndrome has been described in 3 patients with 

renal-artery stenosis (77) . 
e. Polycythemia has been reported in 2 patients (78) and erythro­

poietin assays were above normal in a group of patients with 
renovascular disease and high renin levels (79). 



-15-

65. Eyler, W. R., et al. Angiography of the renal areas including a comparative 
study of renal arterial stenosis in pat ients with and without hypertension. 
Radiology 78:879, June, 1962. 

66. Hoi ley, K. E. , et al. Renal artery stenosis. Am. J. Med. 37:14, July 1964. 

67. Dustan, H. P., et al. No rma l arterial pressure in patients with renal 
arterial stenosis. JAMA, 187: 1028 , March 28, 1964. 

68 . Laurence, J. R., et al. Rena l artery stenosis without renal ischemia . 
Lancet I :62, Jan. II, 1964. 

69. Robertson, P. W., et al. Renal artery anomalies and hypertension. Am . 
Heart J. 73:296, March 1967. 

70. Baldwin, D. S., et al. Renovascular hypertension in unselected patients. 
Arch. Int. Med. 120: 176, Aug . 1967. 

71 . Kennedy, A. C. , et al . Detection of renovascular hypertension. Lancet 
2:963, Nov. 13, 1965. 

72. Morgan, T., et al. An evaluation of screen i ng procedures in the diagnosis 
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C. Patho logy (80) 

80 . 

81 . 

I . Types 

a . Intr i ns ic 

I ) Athe roscle rot ic p laque , usua ll .y i n prox ima l I em; most 
common in o lde r men 

2) Fi bromuscu la r hype r p las ia or fi brop lasia-intima l , med i a l , 
subadvent i tia l , often wi th aneu rysmal d i latat ions- more 
common i n younge r women 

3) Aneu rysm (8 1) 
4) Embo li sm (82) and i nfa rct ion with co l lateral vessels (98) 
5) Arte ri t i s (83) 
6) A-V f i stula (84) and ang ioma (85) 
7) Tumor th rombus (86) 
8) Neurofib romatosis (87) 
9) Re j ect ion of rena l t ransplant (88) 

b • Ext r i n s i c 

I) Pheoch romocytoma (89) 
2) Congen i ta l fi brous band (90) 
3 ) Metastat ic t umo r s (90 ) 

2. Mechan isms 

a . Athe rosc le ros i s (80) 
b. Mate r na l ru be! Ia may cause rena l artery stenosis (91) 
c . Marked ptos i s may cause rena l i schem ia as a resu lt of st retch i ng 

or ki nk i ng of the rena l a r tery (92, 93 ) 

McCormack, L. J 0 A patho log ic- or ter iog raph ic cor relat ion of renal arter ia I 
di sease . Am . Heart J 0 72 : 188, Aug . 1966 . 

Popown i ak, K. c • I et a I. Aneu rysms of the rena l a r tery . Postgrad. Med . 
40 : 255, Sept . 1966 . 

82 . Obeyseke re , H. I . , et al . System i c hype r tens ion and mitral value disease . 
Brit,. Med . j . 2 : 44 1, 1965 . 

83 . Ka r k, R. M. and R. Lann igan . Hype rtens ion and some d iseases of the smal I 
vesse ls of the ki dney . Postg r ad . Med . 40 : 270, Sept . 1966. 

84 . Bennet t, A. R. and S. N. Wiene r. lntra rena l a rter iovenous fistula and 
aneu rysm . Am . J . Roen t geno l. 95:372, Oct . 1965 . 

85. Fa rre ras- Va lenti, P. , et a l. Gronblad-St rondberg- Touraine syndrome with 
system i c hype r tens ion due t o un i late ra l renal ang ioma . Am . J . Med. 39: 
355, Aug . 1965 . 

86 . Jenn i ngs, R. C. , et al . Rena l i schemia due to t hrombosis of renal artery 
r esu lting from met astases from pr ima ry ca rcinoma of bronchus . Brit . Med. 
J . 2 : 1053, Oct . 24, 1964 . 

87. Ha lpe r n, M. and G. Cu rra ri no . Vascu la r les ions caus i ng hypertension in 
neu rof i bromat os i s . New Eng land J . Med . 273:248, Ju ly 29, 1965 . 

88 . Gunne ls, J . C. , et a l. Ep i sod ic hype rtension assoc iated with posit i ve 
ren i n as says afte r rena l transplant at ion. New England J . Med . 274:543, March 
I 0 I 1966 . 
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89. Kerzner, M. S., et al . Pheochromocytoma with renal artery compression in 
an identical twin . Arch. Int . Med . 121:91, Jan . 1968 . 

90. Lampe, W. T. Renovascular hypertension. Angiology 16:677, Nov. 1965. 

91 . Menser, M.A . , et a l . Renal-a r tery stenosis in the rubel Ia syndrome. 
Lancet 1:790, Apri I 9, 1966. 

92. Derrick, J . R. and E. Hanna . Abnorma l renal mobi I ity and hypertension . 
Am . J. Surg . 106:673, 1963. 

93. Kaufman, J . J., et at . Upright renal arteriography in the study of renal 
hypertension . JAMA 187:977, Ma rch 28 , 1964. 

D. Diagnostic tests (52, 53, 54, 71, 72, 73, 75, 94) 

I . Rapid sequence intravenous pyelography 

a. Pos i tive c ri teria 

I) Greater than I . 0 em difference in rena I I ength 
2) Delay in appearance or hypoconcentration on one side in 

early films 
3) Hyperconcentrat ion on one side in late films 
4) Defects in renal silhouette in nephrogram phase suggestive 

of segmental infarction 
5) Ureteral notching 

b. Usefulness (See Table) 

I) Each of above criteria abnormal i n about 2/3 of patients 
with renovascula r hypertension 

2) Using a lI c ri teria, about 15% false negative and 10% false 
positive 

3) Most useful "screening" test in view of wide avai lab! I ity, 
safety, ease of performance and interpretation . In the 
experience of Morgan (72), the I . V. P. gave fewer false 
positives and negat i ves than the renogram or the angiotensin 
infusion test: 

I.V . P. 
Renogram 
AIT 

2. Rad ioisotope Renogram 

False + 
30% 
20% 
29% 

False-
13% 
33% 
20% 

a. No spec i fic differences from un i lateral parenchymal disease 
b. Usefulness <See Tab le) 

I) False negative- 14% (48/348) 
2) False pos i t ive- 20% (73/357) 

c . Despite safety and ease of performance, difficulties in 
technique and interpretation diminish usefulness as screening test 



VALUE OF INTRAVENOUS UROGRAPHY IN lNDlCATING RENAL ARTER IAL 
DISEASE WHEN MULTJPI. E CRITERIA ARE USED 

NuM-
BER 
OF POS ITI VE NEGATIVE 

Sun- Nurn- Per Num-. Per 
REFEREN CE YEAR .JECTS her Cenl her Cent CRITERI.I 

Stewart and 1962 49 42 R6 7 14 Size, pyelocalyceal 
Haynie concentration, con-

tour, ureteral notch-
ing, 3-minute ap-
pearance time 

Halikiopoulos. 1962 23 21 91 2 9 Size, pyelocalyceal 
Ballou, and concentration, early 
McDonald nephrogram 

Wilson et al. 1963 12X 92 72 36 2R Size and pyelocalyceal 
concentration 

Quinn 1963 41 33 xo X 20 Size . pyeloealyceal 
concentration, non-
fundion, contour 

Brannan, 1963 II II 100 0 () Size, pyelocalyceal 
Birchall, and concentration , 
Kittredge rapid-sequence 

pyelogram 

Martin . Deyton, 1963 14 13 9J 7 Size, pyelocalyceal 
and Glenn concentration, early 

nephrogram, rapid-
sequence urogram 

Maxwell et al. 1964 42 39 93 3 7 Si ze, pyelocalycea! 
concentration, early 
nephrogram 

From: Renal H ypert ension, ed . Pa ge and McCubb 1n, Y ear B oo k Publishe rs, 1968. 

EXPERIENCE WITH RADIOISOTOPE RENOGRAPHY IN PATIENTS WITH 

ESSENTIAL HYPERTENSION AND RENAL ARTERY STENOSIS 

EsSENTIAL RENAL ARTERY 
METHOD OF HYPERTENSION STENOSIS 

ANALYSIS Group False Positive Group Positive Negative 
REFEREN CE YEAR Qual. Quant. Total No. % Total No. % No. % 

Morgan et al. 1962 + 12 12 100 0 0 

Stewart and 
Haynie 1962 + 44 11 27 20 15 75 5 25 

' 
Doig et al. 1963 + 9 3 33 9 8 89 1 11 

Burbank et al. 1963 + 44 3 7 37 36 97 3 

Pircher, Carr, 
and Patno 1963 + 13 7 54 6 46 

Quinn 1963 + 10 0 0 41 38 93 3 7 

Friis and 
Krogsgaard 1964 + 21 4 19 5 5 100 0 0 

Wax and 
McDonald 1964 + 51 12 24 27 25 93 2 7 

Burrows and 
Farmelant 1965 + 41 2 58 53 91 5 9 

Wedeen et at. 1965 + 33 4 12 20 14 70 6 30 

Sandler and 
Richards 1966 + 15 5 33 11 9 82 2 18 

Maxwell and Unpllb-
Kaufman lished + 89 30 34 95 78 82 17 18 

TOTAL 357 73 20 348 300 86 48 14 

From: Renal Hyper ten s ian, ed. Page and McC ubbin, Year Book Publi s he rs , 1968. 
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3. Split-function tests 

a. On the ischemic side, urinary volume and sodium concentration 
decreased; concentration of non-reabsorbed solutes (creatinine, 
inulin and PAH) increased 

b. Usefulness (See Table) 

I) Large majority of patients with significant unilateral main 
renal artery stenosis have abnormal tests by any technique 

2) Limited va I ue in b i I atera I or segmenta I I es ions 
3) Technical difficulties and need for ureteral catherization 

iimit usefulness 
4) Not always predictive of surgical cure 

4. Renal biopsy (95) 

a. Presence of J-G hyperplasia of some diagnostic value 
b. Presence of severe ischemic tubular atrophy and interstitial 

scarring may indicate need for nephrectomy 
c. Contralateral vascular disease may indicate poor prognosis 

(or contraindication) of surgery 

5. Renal arteriography (96) 

a. Techniques 

I) Translumbar 
2) Transfemoral 

a) Better visulization which may uncover segmental disease 
in over 10% of patients (97, 98) 

b) Permits evaluation of intrarenal vessels (99) 
c) Safer ( 100) 
d) Permits upright arteriography to demonstrate ptosis (93) 

b. Prob I ems 

I) The need for careful technique to demonstrate s~mental lesions 
in supernumerary arteries ( 101) 

2) The question of the significance of multiple arteries (69,101, 
102) . 

3) Artifactitious contractions (103) which may induce transient 
functional stenosis ( 104) 

4) Renal injury: functional impairment, emboli, infarction ( 105) 
5) lnabi I ity to demonstrate lesions located at ostium or primarily 

in anterior or posterior wal I ( 106) 

94. Brest, A. N. Renal arterial hypertension. Am. Heart J. 75:696, May 1968. 

95. Vertes, V., et al. 
vascular surgery. 

Studies of patients with renal hypertension undergoing 
New Eng I and J . Med. 272: 186, Jan. 28, 1965. 

96. Baum, S. Renal ischemic lesions. Radial. Cl in. N. Am. 5:543, Dec. 1967. 

97. Kong, Y., et al. Visualization of the renal ~rtery: Comparison of translumbar 
and percutaneous retrograde catheter approaches. Circul. 28:483, Nov. 1963. 

98. Bookstein, J. J. Segmental renal artery stenosis in renovascular hypertension. 
Radiology 90: 1073, June 1968. 

99. Foster, R. S., et al. Selective renal arteriography in medical diseases of 
the kidney. Am. J. Roentgerol. 95:291, 1965. 
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100. Bunnel I, J. L. and D. G. Greene. Rewards and hazards of selective renal 

arteriography . JAMA 194:1177, 1965 . 

101. Davis, G. D., et al. Roetgenologic evaluation of multiple renal arteries. 
Am. J. Roentgenol. 90:583, Sept. 1963. 

102. Davies, E. R. and D. Sutton. Hypertension and multiple renal arteries. 
Lancet 1:341, Feb. 13, 1965. 

103. Meaney, T. F. and E. Buonocore . Contractions of the renal arteries during 
arteriography . Radiology 86:41, Jan. 1966. 

104. Thind, G. S., et al. Transient renal-artery stenosis. New England J. 
Med. 278:1201, May 30, 1968. 

105. Hartmann, H. R., et al. Renal infarction following selective renal 
arteriography. Radiology 86:52, Jan. 1966 . 

106. Bauer, F. W. and S. L. Robbins. A postmortem study comparing renal angie­
grams and renal artery casts in 58 patients. Arch. Path. 83:307, March 1967 . 

6. Assays of renin angiotensin activity 

a. Indirect 

I) J-G eel I count and granularity 

a) Good correlation with surgical cure rate ( 107) 
b) Requires open biopsy and special technique 

2) Angiotensin infusion test 

b. Direct 

I) Peripheral blood plasma renin activity (108) 

a) Comparisons are of questionable validity because of 
variability in patient selection, assay technique and 
control of factors which may affect renin activity 

b) Normal "supine, regular diet" PRA found with functionally 
significant renovascular hypertension 

Author 
I • Fitz 
2. Tremblay 
3. Brown 
4. Cohen 
5. Ki rkenda II 
6. Gunne II s 
7. Del Greco 
8. Kaneko 
9. Winer 

I 0. Meyer 

c) Up right posture (2-4 hours) may elevate PRA to abnormally 
high levels (I 12) 

Peripheral PRA in Non-accelerated Renovascular Hypertension 

Ref Diagnostic Criteria 
Reference Number PRA lncr. Aortogram S~l it-function Surgery 

109 10 9 + + 
110 10 10 + + 
Ill 19 7 + + 
112 9 5 + +(5) + 
113 12 6 + +(9) + 
114 II II + + +(5) 
115 7 4 + + + 
116 10 7 + +(8) +(5) 
117 6 5 + + 
118 23 6 + + 
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2) Renal venous PRA 

Author 

Ki rkenda I I 

a) Relatively simple procedure but does requ i re femoral 
vein catheterization 

b) Excel lent correlation with surgical success 

(I) With unilateral disease, differences between normal and 
abnormal side usually greater than 1.5 ( 119, 120) 

(2) No such differences may be noted with bilateral 
vascular disease 

(3) Actual PRA level of lesser discriminatory value; much 
higher during anesthesia 

(4) Only rarely have differences been found in essential 
hypertensives or patients with parenchymal disease 

c) Renin release may be inhibited by the high arterial pressure or 
by a higher threshold of the J-G receptor mechanism. Lowering 
of the pressure by I .V. hydralazine (20 mg) or nitroprusside 
(0. I mg/min) has been shown to increase markedly the renin release 
from the involved but not from the normal kidney. This may be 
a useful manuever during renal ve ~ n catheter studies (57a, I 16) 

d) A simple assay for pressor activity in renal venous blood performed 
by Dr. Grol lman, has given excel lent correlation with other 
evidences of functional significance and surgical curabi I ity (32, 121) 

Renal Vein PRA in Renovascular Hypertension 

Surgical Success Surgical Fa i I ure 
No. Abnormal No. Abnormal 

< I 13) 6 6 2 0 

De I Greco ( I I 5 ) 3 2 2 0 

Kaneko <l 16) 4 2 

Winer < I 17) 9 9 4 0 

Meyer < I 18) II 10 (?) 6 0 

Michelakis ( I 19) 18 17 3 

Fitz (120) 9 8 6 0 

Tremblay ( 110) 4 3 2 2 
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Renal Vein PRA- Parkland Series 

Renal Vein Vena Cava 
Diagnosis Pat ient Right · Left Above Below 

Essential Hypertension 

N. T. 223 228 208 200 
B.H. 270 321 270 
S.P. 980 1,137 660 
D. F. 637 663 618 470 
M. K. 484 482 420 425 
R.C. 659 561 621 
0. F. 371 342 237 
E.G. 566 613 640 

Essential hypertension with rena I vascular disease 

J.A . I ) 310 380 
2) 138 75 59 

Accelerated hypertension 

S.A. 3,403 3,433 3,366 2,900 
H.T. 3,015 2,496 2,335 I ,640 

Renovascular hypertension, unilateral 

R.M . 6,618 I, 700 2,444 2,045 
J. T. I, 780 900 I ,480 
E. F. 21' 100 14,660 14,660 
M. L. 8, 130 2,560 
E. I. 435 I, 140 745 
M.C . 4,620 I ,040 I ,665 
J .M. 3,333 I ,385 

Renovascular hypertension, b i I atera I 

N.A . ,3900 I ,630 
E. S. 3,690 3,718 2,333 
J.S . 2, 150 2,300 I ,660 
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E. Treatment 

I. Surgical (See Table) 

a. The reported results ( 112, 123) 

I) Variations which prec lude valid compar i son between series 

a) Diagnostic crite ri a: some only require aortographic 
demonstration of an occ lusive les ion; no large series 
repor ted based upon rena l venous PRA 

b) Surg ical procedures: nephrectomy, various re-vascularization 
techniques 

c) Follow-up procedures and c ri teria of success 
d) Failure to document re-vascularization or presence of 

contralateral disease i n "failures" 

2) Generalizat ions which seem valid: 

a) Nephrectomy may be more successful 
b) Repair of fibrous lesions more successful than 

atherosclerot ic lesions 
c) Presence of s ign i ficant arteriolar nephroscleros i s may 

prevent cure 
d) Other than (hopefully) renal venous PRA, no good pre­

dictive test i s readily avai fable ~ 

b. More than the control of hypertension, preservation of renal 
function may be the i nd icat ion for surgery 

I) Improvement more closely rel ated to preoperative funct ional 
status than with cure of hypertension ( 124) 

2) At least temporary re i ief of rena l insufficiency may follow 
revascu la ri zation with bi latera l involvement ( 125, 126) 

3) Similar improvement has been noted in patients with only 
one kidney ( 127) 

c. Prolonged improvement usua l but su r vival . and improvement of blood 
pressure s ignificantly less after 5 years ( 128) . 

I) After I year: 87% survival, 81% improved 
2) After 5 years: 68% survival, 44% improved 

2 • Me d i ca I ( I 29 , I 30 ) 

Sheps ( 129) 
Dustan ( 130) 

a. No control led or matched comparisons between medical and surgical 
treatment a re available 

b. Despite relatively poor condition of patients given medical 
therapy, results a re surprisingly good: 

Worsening 
of rena I 

No . Duration Good B.P . control function Deaths 

54 2/3 t ' 0 3 .1 /3 yr 39 3 5 
23 I to 8 yrs 15 7 0 



VALUE OF THE HoWARD TEST IN PREDICTING ARTERIAL PRESSURE 
RESPONSES TO SURGICAL TREATMENT 

ARTERIAL PRESSURE RESPONSES 

NUMBER Normal or Decreased Unchanged 
OF Pos. Neg. Pos. Neg. 

REFERENCE PATIENTS Test Test Test Test 
Unilateral Main Renal Arterial Stenosis 

Perloff et al. 1961 8 6 1 0 
Maxwell 1962 10 5 3 1 
Dustan et al. 1963 20 13 2 3 
Stewart et al. 1965 23 14 I 4 
Richardson et a!. 1965 4 3 1 0 --

GROUP TOTALS 65 41 X 8 

Bilateral Main Renal Arterial Stenosis 
Perloff et al. 1961 6 2 1 1 
Maxwell 1962 1 0 1 0 
Dustan et al. 1963 6 2 2 1 

GROUP TOTALS 13 4 4 2 

Arterial Branch Lesions (Unilatera l or Bilateral) 
Perloff et al. 1961 8 3 4 1 
Maxwell 1962 3 0 3 0 
Dustan et al. 1963 9 0 7 0 
Stewart et al. 1965 5 0 4 0 
Richardson et al. 1965 4 0 4 0 

1 
1 
2 
4 
0 

8 

2 
0 
1 

3 

0 
0 
2 
1 
0 - - --

GROUP TOTALS 29 3 22 3 

From: ~I H>;:pertension, ed. Page and Mc C ubbin, Year Book Publishers, 1968. 

EFFECTS OF SURGICAL TREATMENT ON HYPERTENSION ASSOCIATED WITH RENAL ARTERIAL STENOSIS 

TOTAL OPERATIVE FoLLow-UP ARTERIAL PRESSURE RESPONSE 
PATIENTS MORTALITY 

REFERENCE* DATE TREATED No.(%) 

Perl off et al. (1-a) 1961 38 7 (18) 

Wylie, Perloff, and' 
Wellington (1 -b) 1962 24 0 

Spencer et al. 1961 27 1 ( 4) 

Stewart et al. 1962 32 2 (6) 

Baker, Page, and 
Leadbetter 1962 25 2 (8) 

Dustan et a!. ( 2-a) 1963 99 10 (10) 

Gifford and 
Poutasse ( 2-b) 1963 28 0 

Gifford, McCormack, 
and Poutasse (2-c) ......._ 1965 45 2 (4) 

Gifford et a!. ( 2-d) 1967 80 6 (8) 

Kaufman and Maxwell 1964 67 3 (5) 

Thompson, Austin, 
and Wheeler 1964 28 1 ( 4) 

Hunt et a!. (3 -a) 1965 34 0 

Sheps and Bernatz (3-b) 1966 138 0 

Genest et a!. 1966b 37 0 

Morris, De Bakey, 
and Zanger 1966 

Before 5/1/64 432 30 (7) 

Since 5 I 1164 195 8 (4) - -• References grouped primarily chronologically, but when two or more papers 
Were from one institution, they were grouped together, because there is considerable 
overlap within patient groups. 

Duration No. of Normal Improved 
(Months) Patientst No. (%)t No.(%) 

1-84 31 14 ( 45) 11 (36) 

3-40 24 13 (54) 8 (33) 

4-36 24 12 (50) 10(42) 

2- 24 30 15 (50) 9 (30) 

6-37 21 9 (42) 6 (29) 

12-72 76 44 (58) 15 (20) 

3- 34 25 4 (16) 15 (60) 

6-105 37 15 (41) 19 (51) 

2- 105 73 19 (26) 34 ( 47) 

12-72 64 25 (39) 30(47) 

1-47 27 8 (30) 17 ( 63) 

N.S. 34 22 (64) 6 (18) 

6+ 138 68 ( 49) 42 (31) 

N.S. 34 22 (64) 6 (18) 

12-120 394 161 (41) 158 (40) 

<18 187 107 (57) 54 (29) 

(2-c) patients with severe "ischemic" atrophy. 
(2-d) atherosclerotic lesions in patients of all ages. 

3. Mayo Clinic: (3-a) fibrous stenoses only. 
(3-b) both atherosclerotic and fibrous stenoses. 

Unchanged 
No.( %) 

6 ( 19) 

3 (13) 

2 (8) 

6 (20) 

6 (29) 

17 (22) 

6 (24) 

3 (8) 

20 (27) 

9 (14) 

2 (7) 

6 (18) 

28 (20) 

6 (18) 

75 (19) 

26 (14) 

. 1. University of California Med- (1-a) both atherosclerotic and fibrosing lesions. 
•cat Center, San Francisco (1-b) fibrous stenoses, "fibromuscular hyper-

plasia." 
2. Cleveland Clinic: (2-a) lesions of both types. 

t Number of patients followed for assessment of antihypertensive effects of 
operations; excludes those patients who "died postoperatively and patients not 
traced. 

(2-b) patients over 55 years of age. :t Percentages refer to the patients followed, and not the total group. 

From: Renal Hypertension, e d. Pa ge and McC ubbin, Year Boo k Publishers , 1968. 
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3. Recommendations for diagnos is and therapy ( 131) 

a. AI I hypertensives should have a basic wor kup for the etiology 
and the effects of their disease 

I) History and physical exam· 
2) Urine analysis, BUN, creat i nine, serum electrolytes 
3) E.C.G . , chest x- ray 
4) Rapid-sequence I . V. P. 

b. If the I.V . P. is abnormal or the clinica l s i tuation indicative 
(recent onset of progressive hypertension in young or old, 
significant bruit, renal impairment) proceed with: 

I) Peripheral blood PRA (regular diet, upright) or 
2) Angiotensin infusion test 
3) Retrograde selective aortogram 
4) Renal vein catheter i zation for PRA 

c. If a functionally significant les ion is found, surgery indicated 
d. If the blood pressure is relatively mild, the patient old or 

compl icat ions exist wh i ch make surgery more dangerous, effective 
antihypertensive therapy should be given 

I) Med ical therapy may be given without specific workup I isted 
under b. 

2) If pressure not controllable or renal function deteriorates, 
proceed with remainder of work- up or surgery 

122 . Hunt, J . C., et al . Factors determining diagnosis and choice of treatment of 
' renovascu I ar hypertens ion. C i rcu I at ion Res . 20- 21 ( Supp I ement I I ) : 21 I , 
J u I y, 1967. 

123 . Perloff, D., et al . Renal vascular hypertension, further experience Am . 
Heart ' J • · 7 4: 614, Nov . 196 7 . 

124 . Simon, N. M. and F. del Greco . Kidney function after renal revascularization 
for hypertens ion . Circulation 29:376, March 1964. 

125. Morris, G. C. , et al . Surgical treatment of renal failure of renovascualr 
origin. J AMA 182: I 13, Nov. I 0, 1962 . 

126. 

127 . 

Strickler, W. L. 
arteriosclerosis . 

Surgical cure of malignant hypertens ion with i ntrarenal 
JAMA 194:233, Oct. 18, 1965 . 
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VI I I. Primary aldosteron ism and essential hypertension 

A. Normo~alemic primary a ldosteronism 

I. Conn has reported on 14 such patients out of 184 studied at Ann 
Arbor, an incidence of 7 . 6% 

2. Three additional cases have been reported and alI 3 were recognized 
after they became hypokalemic after th iazide administration ( 133-135) 

a. As Conn points out, some patients with hypokalemic disease 
were known to be normokalemic while already hype r tensive (32) 

b. In 50 patients, =- Brown et al : found 27 to be persistently 
hypokalemic but 22 had some normal serum potassiums and I had 
persistent normokalemia (135) 

3. In the best prospective study of minimally selected patients, 
3 of 90 normokalemic patients had high aldosterone excretion 
and low PRA. However in the 2 of the 3 operated upon, no 
adrenal pathology was found (136). 

B. The present state of Conn's postulates in _ favor of a 20 to 25% incidence 

I. Adrenal adenomas were found in only 1.4% of patients at necropsy 
with an equal incidence among those who had been normotensive or 
hypertensive ( 137) 

2. Aldosterone hypersecretion is noted in about 5% of essential 
hypertensives and in most of these it appears to be secondary (138) 

3. Plasma renin is suppressed in about one-fourth of alI hypertensives, 
but these patients do not have othe r evidence (such as elevated 
aldosterone exc retion or secretion) or primary aldosteronism 
( 138- 143) 

4. Hypokalemia appears in about 10% of hypertens ives treated with 
thiazides but there were no cases with pr imary aldosteronism 
among 75 such patients studied ( 144). 

C. The use of PRA assays in the diagnosis of primary aldosteronism 

' I. Suppressed PRA has been noted in every patient but one of some 
100 reported ( 135) . This includes a pregnant woman in whom PRA 
would have been markedly elevated (145) 

2. With enough volume dep letion or spironolactone therapy, the PRA 
wi I I rise in primary aldosteronism ( 146) 

3. Since 25% of essential hypertensives have suppressed PRA, this 
can be used used to substantiate, but not to establish the diagnosis. 
High aldosterone levels must be found to make the diagnos is. 

4. Techniques used to test for PRA suppression < 143) 

a. 500 mg low salt diet, for 3 days followed by 2 to 4 hours 
upright posture 

b . I . V. chlo rothiazide 
c. Ora l furosemide 
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D. Other diagnostic tests 

I. Failure to suppress aldosterone excretion by saline loading (147) 
2. Failure to suppress aldosterone excretion by DOC ( 148) 
3. Rei ief of hypertension by large doses (400 mg/day or more) of 

spironolactone (Aidactone) for 3 to 5 weeks ( 149) 
4. Percutaneous adrenal vein catheterization for steroid analysis and 

angiography (150) . At Ann Arbor, this techn ique has been found to 
be harmful and of little value ( 151) 

E. Variants of the disease 

I. Aberrant adrenal adenoma (152) 
2. Bilateral adrenal hyperplasia 

a . Frequency varies from 0 to 40 per cent in various series ( 153-156) 
b. Some said to respond to dexamethasone with rei ief of hypertension 

and correction of increased aldosterone and low PRA ( 157) 
c . However, adrenal adenomas may also respond to dexamathasone 

suppress ion ( 158) or ACTH stimulation (159) 

3. Malignant hypertension has been reported in 4 or so patients ( 160-161) 
4. Aldosterone excretion may be "normal" in presence of hypokalemia 

( 144. 162) 

F. Treatment 

I . Surgery is the treatment of choice for most patients, but should 
not proceed to total adrenalectomy (163) 

2. Medical therapy may be quite effective 

a . Chronic, moderate-dose spironolactone ( 164) 
b. Heparin or heparinoid-drugs ( 165) 
c. Steroid inhibitors ( 166) 

G. The problem with birth-control pi I Is 

I. Estrogens wi I I ma r kedly increase PRA and have a modest stimulatory 
effect on aldosterone ( 167) 

2. Estrogens wi I I uncover or aggravate (and cause ?) hypertension in 
probably a significant number of women ( 168-169) 
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CASE REPORT 

This effect of oral contraceptives on renin, aldosterone and hypertension 
was wei I demonstrated in Mrs. J . T., a 29 year old woman seen here in August, 
1967. At that t ime, the effects on PRA were known but the aggravation of 
hypertension had not yet been recognized. 

Mrs. T. had become hypertensive toward the end of her second pregnancy, 
in 1964. The blood pressure returned to normal unti I October, 1966 when it 
was found to be in the 150/100 range . She was given reserpine and a thiazide 
and was started on birth control pi I Is . In February, 1967, she developed severe 
he~daches and the blood pressure was recorded as 220/140 . Workup revealed 
a normal I .V . P. , renogram and renal a r teriogram . She was hypoka lem ic 
(2.9 mEq/L) but the ur i ne contained only 20 mEq of potassium per 24 hours. 

She was referred to PMH to ru le out primary aldosteronism . Her serum 
K+ was 3 . 0 mEq/L, the ur ine had 61 mEq of K+ and 305 mEq of Na+ per 24 hours, 
with aldoste rone leve l of 23 ,0 ~g/24 hou rs (normal = 5 to 20 ~g). PRA 
resu Its were: 

Regu la r , supine 
Regular, upright 
Low salt, upright 

520 ng% 
- 1,160 ng% 
- I, 700 ng% 

In view of these results and the known effects of estrogens on PRA, 
she was asked to discontinue the pi I Is i n August, 1967, Her b lood pressure 
(on lsmel in- 10 mg and Hyg roton- 50 mg dai ly) was 120/88 in October, 1967. 
She then discont i nued the ant i-hype r tens i ve medications and in Apri I, 1968 
her blood pressure was 120/90. She had an intra-uterine loop inserted in 
October, 1967 , 



Effective 
Blood 

Volume 

~ 
' ' ' ' ' ' ' ' Sodium 

Intra - arterial 
Pressure 

Reobsorption 

Normal 

N<i 

•--Aldosterone 

Plasma Volume Depletion 

I 
Shrunken 
Effective 

Blood 
Volume 

~ 
' ' ' ' ' ' ' ' Increased 

I 

Sodium 
Reabsorption 

Primary Aldosteronism 

Expanded 
Effective 

Blood 
Volume 

' • • • • • • • 
Increased 

Increased 
Intra- arterial 

Pressure 

Sodium 
Reabsorption 

Renin 
/--:..:..:.;,;;,;.;__)> Angiotensin 

I 

I 

Nat : 

~ALDOSTERONE ••••••••• 


