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INTRODUCTION 

This paper is an attempt to place the surgical 

treatment or essential hypertension on a rational btisis. 

The inadeouacy or the current medical treatment deems 

it necessary that a new �nct better treatment be for­

warded. Although one realizes that the surgical treat­

ment is obviously not the final answer to the problem, 

an attempt will be made to explain the efficacy of 

sympathectomy in selected cases. 

Uardiovascular-renal disease kills one-half million 

people annually in the United States. That is four 

times as many deaths as are attributed to oa�er (1). 

Apparently, hypertension accounts for from one-half to 

three-fourths of all deaths referable to cardiovascula11-

renal disease and thus is two to three times as deadly 

as cancer (2) (3). About a fourth of all deaths of 

individuals past 50 years of age is referable to hyper­

tension (4). 

(1)



PHYSIOLOGY OF HYPERTENSION 

Hypertension is merely a clinical sign which eccurs 

in a large number of diseases. Its manifestations are 

numerous. It may be temporary of permanent , stationary 

or progressive, benign or malignant , obviously seconda:ry 

to the underlying disease, or freouently, mysteriously 

primary . An elevation of the actual blood pressure 

may be due to increased blood volume, increased periph­

eral resistance, increased blood viscosity, increased 

cardiac output, or any combination of these four factors. 

It must be noted that cardiac output and peripheral 

resistance, in addition, are subject to control by the 

sympathetic nervous system and in part by the circula~:ing 

hormones. 

Of the many types of high blood pressure, the most 

important one is essential benign hypertension. In its 

early stages it has been found that the cardiac output, 

blood volume, and blood viscosity are normal. Thus , it 

is agreed that the chief disturbance of the pressure is 

a resuit of increased neripheral resistance. Physiolo­

gists have shown that constriction of the . splanchnic 

arterioles will cause a marked elevation of systemic 

blood pressure. This, of course, they reasoned, was 

due to the increase in the peripheral resistance. the 

pathologists, ih turn, lent support to this view by 

demonstrating striking lesions of the splanchnic 
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arterioles in autopsies on hypertensives. It was enly 

natural to assume that this splanchnic vasoconstriction 

was probably produced by overactivity of the sympathet:ic 

nervous system. 

Prinzmetal and Wilson (5) pointed out that if this 

selective vasoconstriction were limited to the splanchmc 

area alone there should be a shunt of the blood to other 

regions such as muscles and skin where accoraing to 

the hypothesis , the arteriolar tone is still normal. 

Their observations did not bear out this hypothesis, fer 

they found the arteriolar tension in the forearm was 

normal in hypertensive individuals. otead and Kunkel 

(6) verified the results by showing a normal blood flow 

in the cerebral vessels. 

In hypertensive patients the arteriolar responses 

to local heat, local cold, the metabolites of exercise, 

body warming, body chilling, epinephrine, pituitrin, 

histamine, and tyramine are essentially normal. btead 

and Kunkel (6) observed that hypertension neither dimin­

ished nor accentuated the vasodilitation produced, by 

exercise of the forearm muscles. Thev also noticed thft 

sensory stimuli such as noise, ninching and dee~ breath­

ing produced vasoconstriction in the hand and foot 

auantitatively and aualitatively similar to that occur­

ring in normal subjectw. ~teele and Kirk(?) found no 

differences in the skin temperatures on normal and 
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hypertensive patients. Prinzmetal and Wilson (5) found 

no differences in the normal and hypertensive patients 

as regards blood flow when acid metabolites accumulate~ 

The . question arises--is this increased arteriolar 

tone d.ue to abnormal activitv of tbe vasoconstrictive 

center? Experimentally it has been shown that_ when 

vasoconstrictor lmnulses were abolished to an entire 

extremity by anesthetizing the paravertebral .sympath­

etic ganglia in the hypertensive and . normal individual 

the increase in blood flow was essent4ally the same. 

b'rom the above evidence authorities are inclined 

to agree with Wiggers (8) who believes that essential 

hypertension is basically due to unknown humoral agents 

which "probably causes contraction of the muscular ele­

ments throughout the vascular system". 

The probable imp-0rtance of unidentified hum.oral 

agents has been stressed so much that it is well to re­

call that vasoconstriction of nervous ori~in may be super­

imposed periodically upon this presumed basal and 

const'ant arteriolar hypotonus just as is the case in 

transient physiological elevations of blood press-are in 

normal individuals. oignificant reduction of blood 

pressure occurs in many patients during physical and 

mental rest. ·The frequent association of essential 

hypertension with continuous nervous tension and emotional 

stress and anxiety, indicates that though the fundamental 
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abnormality may be hum.oral in origin, the sympathetic 

nervous system can still accentuate the grade of hyper­

tension and accelerate its advance. 

Taking the evidence as a whole, one is able to 

make a few generalizations. 'l'he circulatory system in 

essential hypertension seems to differ from the normal 

chiefly in the basal level at which arteriolar tone is, 

so to speak, set by a mechanism which is apparently 

hum.oral in type. Many normal stimuli seem to raise or 

lower arteriolar tone temporarily and locally without~ 

anv time influencing detectably this ·underlying set of 

the vascular system. Despite this set, naturally occUP­

ing and powerful dilator substances, such as those resulJ.t­

ing from exercise and temporary ischemia, increase blood 

flow physiologically in hypertensive subjects. £hey 

cannot, however, produce a blood flow greater than 

norm.el because they are apparently unable to irradicate 

the persistent and uniform tonus which appears to be 

the constant companion of benign hypertension and related 

types· of chronic elevation in man. 

Investi~ators interested in hvnertension have 
, 
always pointed an accusing finger at the kidney. Moritz 

and Oldt (g) found the kidney to be the only organ in 

which arteriolar sclerosis ·is almost invariably assoc­

iated with hypertension. Blackman (10) described the 

freauency with which renal arteries are blocked partia:Ily' 
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by atherosclerosis. Cohn, ochroeder, and bteele (11) 

have demonstr A. ted the Rreat frequency of renal abnor­

malities by intravenous pyelography in patients with 

so-c.alled hypertension. Goldblatt, in his classical 

works, has shown the relationship of renal ischemia 

to hypertension (12). All this is very interesting, 

but in man what produces the first abnormality of renal 

blood flow, which once began, perpetutit.es itself in a 

viscious cycle? ~rom here on, the evidence concerning 

the cause is greatly circumstantial and theoretical. 

Theoretically, there are seve~al possibilities 

when one considers in what manner the blood may be 

modified in passing throu~h a pr esumably ischemic kid­

ney. 

1. The failure to dischar~e into the blood stream 

a depressor or anti-presser substance. 

2. The presser substance may be liberated from .an 

ischemic kidney. 

3. 'l'he failure to remove a press or substance or 

its precursor from the blood. stream. 

'o begin with, the urine of hypertensive atients 

contains less depressor substance than that of the 

normal subjects. This observation was confirmed by 

Elliot and Nuzum (13) in 1934 but the injection of the 

depressor substance in purifiea form had no effect on 

human hypertension. 

{6) 



~ith respect to the possible presser substances, 

Tigerstedt and Bergman (14) found that saline extracts 

of kidney tissue contained a protein- like presser sub­

stance which they called "rennin" . Landis, Montgomery 

and ~parkman (15) demonstrated that in striking con­

trast to other presser substances such as euinephrine , 

these purified kidney extracts elevate blood pressure 

without reoucing peripheral blood flow. Ka.pp, Friedlani 

and La.ndis . (16) found that rabbits made hypertensive 

by a partial clamping of the renal artery had normal 

s kin temperature during body warming. The injection of 
rennin in these already hypertensive animals elevated 

blood pressure still further without reducing skin 

temperature or blood flow during the entire press6r 

response. Prinzmetal and Friedman (17) have reported 

that extracts from kidneys of patients who have died 

from high blood pressure raise the blood pressure of 

dags to a greater average amount than extracts nrepared 

from the kidneys of other persons who have died from 

other causes. However, the results of other ~uch ex­

periments have heen hig ly controversial and the results 

obtained do not afford convincing evidence for or against 

the humeral renal origin of hypertension. 

One must now consider the third possibility, that 

normal tissue in some way neutralizes, destroys or 

excretes the substance responsible for hypertension . 

( 7 ) 
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Williams and Harrison (18) renort that an anti-presson 

substance, extracted from the kidney tissue, may·reduce 

for days the hypertension of man and animals. Page and 

Helmer (19) have presented evidence to show that rennin 

itself is not presser but combines in the circulating · 

blood with rennin-activator to produce angiotonin which 

in combination again .with a different activator finally 

produces vasoconstriction and elevates blood pressure . 

li'urthermore, Page, Helmer, Kohlstaedt, ]louts, and 

Corcoran (20) have found that extracts of kidney, 

muscle and lung contain an anti~r~ssor substance which 

neutralizes the rennin-angiotonin activator system and 

reduces hypertension strikingl,r in animals and moderately 

in man . 

In conclusion, it can be said that the sustained 

qlood pressure in man can only be described fully by 

that chemist, physiologist or clinician who identifies 

in blood some abnormality which is uniformly associated 

with the hypertensive state in man, or who presents an 

entirely new concept which explains away a web of cir­

cumstantial and indirect evidence which at present makEB 

the humora.l hy-pothesis seem most logical . 

( 8) 



THEORY OF TRl£ATMENT 
\ 

As has been stated in the opening paragraph, 

sympathectomy can in no sense be regarded as a cure 

for hypertensive disease since it does not remove the 

cause. Surgical denervat ion . of the _splanchnic area in 

the treatment of essential h~rpertension aims at reduc­

ing the peripheral resistance in a large area. It is 

obvious that the effectiveness of the operation depends 

unon how much the blood pressure level is directly 

proportional to the vasoconstriction of sympat hetic 

oria in. Since it is probable that in hypertensive 

patients excessive vasoconstriction is generalized, 

denervation of the splanchnic area at best can cause 

re l ease from constriction in that area alone; persist­

ence of the presser substance would maintain constriction 

of the arterioles outside t he splanchnic area. Berwald 

and Devine (21) maintain that there are secondary 

effects of this vasodilatation that are of import. 

'rhere is an increase in blood sunply to the kidneys and 

an increase in intrarenal pulse pressure and thus a de­

crease in the renal presser substance. There is a 

postural fall in blood pres sure hich fo~lows sympath­

ectomy but usually disappears over a period of months 

or a few years. There is a decrease in the amount of 

adrenalin secreted as a result of excitement, fear, and 

other vasomotor stimuli. 

( g ) 



SURGICAL PROCEDURES 

There is a wide variance in the surgical approach, 

however, the aims are practically the same. Gomplete 

operation aims at bilateral resection of the sympath­

etic chain and its ganglia from Dg to either Ll or L2 

inclusive, and avulsion of the reater splanchnic 

nerves. 

The varieties of opera+. ions usea. . have been of 

several types dependent of the clinic where performed. 

1. The supradiaphragmatic splanchnic nerve sec­

tion and lower dorsal sympathetic ganglionectomy has 

been advocate a by Peet (22}. In this operation, one 

interrunts the splanchnic nerves above the diaphragm 

and excises the ninth to twelfth sympathetic ganglion. 

The operation does not permit the examination of the 

kidney and ad~enal gland or interruption of the lumbaM 

sympathetic nerves. 

2. Infradiaphragmatic splanchnic nerve section 

is advocated by ~raig (23}. The splanchnic nerves are 

severed below the diaphragm, together with a small 

portion of celia.c plexus. In andition, the first and 

second lumbar ganglia are removed. Regeneration of the 

s·planchnic nerves is difficult to prevent after this 

oneration. In obese patients who have a retroperitonea1 

lymphadenopathy, the identification of all the splanchnic 

trunks may be difficult. .l!'inally, branches that are 



given off toward the periaortic plexus from the 

splanchnic nerves and the sympathetic chain above the 

diaphragm are missed at operation. 

3. t>mithwick ( 24) devised a trans diaphragm.at ic 

splenchnic nerve section that supposedly combines the 

arlvantages and eliminates the disadvan~ages of the 

two previous onerations. It is a complete resection of 

the major splanchnic nerve, removing it from the fifth 

dorsal root down to its entrance into the celiac gang­

lion. In addit·on, the sympathetic ganglionated trunk 

is removed from the n~nth dorsal to below the first or 

occasionally the second lumbar ganglion. In order to 

obtain this exposure, the diaphra&;m may be incised 

and sutured. Throu~h this anproach, the renal artery, 

pelvis, ureter, renal parenchym.a, and adrenal glands 

may be insnected and palpat ~d. 

4. Another oneration is described by Huer and 

Glenn (25)--the anter~or root section or extensive 

rhizotomy. It consists of division of the anterior 

nerve roots of the spinal cord from the sixth dorsal to 

second lumbar vertebrae. It is a very complete operat:b n 

inasmuch as all the sympathetic fibers carrying vaso­

constrictor impulses to the splanchnic area are elimin­

ated. This procedure differs from the preceding in that 

the preganglionic fibers are divided instead of the 

postganglionic rami. The operation is usually performed 
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in two stages. ~he first consists of exposure of th~ 

dura by laminectomy. The second consists of the open­

ing of the dura and division . of the nerve roots. lhis 

operation is very difficult and not without danger 

because of the possibility of damage to the cord or 

transverse myelitis. 

(12) 



CLASSIFICATION OF HYPERT~NSION 

There is a great need for a standardized criterion 

of signs and symptcms on which cases are selected for 

the operation and from which evaluations are made. 

The most suitable classification we have to date is 

that given by Wagner and Keith (26). Hypertensives are 

divided into four groups depending mostly on the sever-• 

ity of eye ground changes. Because the arterioles 

throughout the organs of the body seem to be the chief 

point of attE1.ck and can be readily visualized only in 

the retina, the findings obtained by the ophthalmoscope 

are very important. 

Group 1. Patients who have only mild narrowing 

(increased tonus) or sclerosis of the retinal arterioles. 

There must be good retinal, cerebral, cardiac and renal 

function. 

Group 2. Patients who have a moderate to marked 

sclerosis of the retinal arterioles, characterized 

especially by generalized and localized irregular 

narrowing of the arterioles. There must be good retinal, . 

cerebral, cardiac and renal function. 

Group 3 . Patients who have a combination of 

sclerotic and spastic lesions in the arterioles and a 

superimposed cotton-wool patches, who have hemorrhag~c 

areas in the retina but whose optic discs are not edem­

atous. There is evidence of dysfunction of one or of 

(13} 



several organs belonging to the arterial system. 

Group 4. Patients who have a combination of 

sclerotic and spastic lesions in the arterioles with a 

su~erimnosed cotton-wool patches and hemorrhagic areas 

in the retina, plus a measurable edema of the optic 

discs . 'l'hey are definite functional failures because 

of interference in the blood sunply to the retina, 

brain, heart and ~idneys . 

Keith, Wagener, and Barker (2?) have shown that 

the mortality in hypertension, groups 1 and 2, is 30 

and 40 per cent, respectively, in four years from the 

time of diagnosis. lf'or a similar -period, the mortality 

of hypertension, group· 3 is ?8 per cent, and in group 

4 it is 98 per cent. among subjects who have systolic 

blood pressures of about 170 mm. of mercury, the relation 

of actual mortality to exoected mortality is as 219.6 

to 100. amonr- those at ients whose systolic blood 

pressure exceeds 200 mn. of mercury the actual mort­

ality is to the exnect8d as 827.5 is to 100 (4) (?A). 

For individuals more than 40 years of age, systolic 

pressure ranging from 35 to 44 mm . in excess of normal 

increases the expected mortality two and one-half 

times. buch a slight_ increase in blood pressure as that 

represented by the figures l?O to 174, systolic, and 

106, diastolic, increases the expected mortality two 

and one-half times (29). 



Not all clinicians use this classification in 

their studies on the effect of sympathectomy on hyper­

tension, thus it is increasingly difficult to evaluate 

their results. However, we f ind that many use eye­

grounds as one of their prognostic signs. On this 

basis and others, I present the following discussion 

of the work done on this subject by well known and 

recognized clinics. 

(15) 



CLINICAL REPORTS 

Probably no other group of men has contributed 

more to research in this field than those of the ~ayo 

Clinic. among these we find such names as Graig, 

Allen, Adson, and Rowntree. 

he first case presented by the Mayo Clinic was 

by Rovmtree and Aason (30) and the case renort written 

un in the Journal of the American Medical Association 

in oentember of 1925. Their case: 

Historv: A 33 year old male admitted to Mayo 
Clinic complaining of blurring of vision, headache, 
and some nausea and vomit ing . 

Exam.1.nation: Systolic . blood pressure was 230 and 
diastolic 130. Ophthalmoscopic examination revealed 
slight edema _of the -discs, cotton-wool exudates, hem-

- orrhages involving particularly t he left macular region, 
and a eneral reduction in the size and caliber of the 
retinal arteries. rl'here was a slight albuminuria and 
the phenolsulphonephthalein output in two hours was ?O 
ner cent. The dilution and concentration tests of 
renal function showed variations in specific gravity 
of the urine from 1.006 to 1.024, or a slight dimin­
ution in dilution capacity. The diagnosis was "early 
malignant hypertensionu . "Te case seemed to fall 
into the group 2 described last year by Wa gner and 
Keith (31) in which eyerrnund chan~es are definite, 
while the cardiac and renal funct i ons are practically 
unimnaired"--(Group 3). 

Operation and- Results: They removed the gan~lions 
with the rami and all branches and trunks of the secon~ 
third and fourth lumbar sep,rnents of the s:nnpathetic 
chain throuah a midline excision. · 

"The postouerative course was excellent • .at first 
the subjective imnrovement was strik ing . 'l'he blood 
nressure level was distinctly lowered at least for the 
two weeks foll o ing oneration. ~he headaches which 
had previously occasioned such -great distress , entirely 
disappeared, and recurred but once during t he first 
month and t hen only for a short time. His vision im­
proved markedly .•. No change was noted in volume 

,; 
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or composition of the urine; certainly the efficiency 
of the kidney was in no way impaired:• 

"While the patient was Retting un and about, the 
blood pressure gradually mounted . He now respo~ed weil 
to nitrites a~a hypertension baths, exhibiting marked 
imnrovement over his former condition. At six months 
he renorts recurrence of hypertension (systolic blood 
pressure. 220, and diastolic, 120), but otherwise the 
patient is in good health . However, the peTiod elaps­
in&?; is ent irel~.r too short to admit of conclusions as 
to the effective~ess of this procedure . The case is 
reported at this time merely to Cflll attention to the 
possibilities of abdominal snnnat hetic neurectomy and 
to the interesting changes observed __ subsequent to the 
operation." 

dson and Brown (32) in a report in 1934 make this 

statement concerning the above discussed case: 

"In 1925 Rowntree and one of us (Adson) reported 
a case of mAlignant hypertension in which treatment 
was bilateral sympathetic lumbar ganglionectomy and 
trunk resection, which included second, third, and 
fourth lumbar sympathetic ganglions an the inter­
vening trunks. The results on the blood pressure and 
ultimate outcome were not significant. It was apparent 
that the operation did not denervate sufficient arteries 
to change the systemic arterial pressure and that a 
more extensive operation was needed. One of us (Adson) 
sug~ested and performed an extensive rhizotomy (anterior 
nerve root section) in order to include all sympathetic 
innervation below the diaphragm and to include the 
motor innervation of the abdominal muscles ." 

The extensive rhizotomy was per~ormed on a woman 

aged 29, with a blood pr essure of 228 systolic and 156 

diast olic and belonging to group 3 . The patient showed 

a severe from of progressive essential hypertension . 

Organic changes in the retinal arterioles and active 

retinitis were present . 'l'he life expectancy is less 

than 3 years according to Keith (33). 

Depressor effects were probab1,· due to loss in 

(17) 



vasomotor control of the splanchnic and peripheral 

arteries below the dianhragm and in lowering of intra­

abdominal pressure by paralysing the abdominal 

muscles. 

Immediate results included a decrease in systolic 

and diastolic pressure with a greater decrease of the 

systolic; decrease in retinitis; and no changes in 

kidney function. 

A longer time is ne c essary before the remote 

results will be evident, however, t he aut or states, 

"The favor able results of t11.e onArat i on in so severe 

a form of hypertension are more encourag ing and its 

further use for younger patients with severe pro­

gressive forms of essential hvpertension seems justi­

fiable . " 

In 1933 Craig and Brown {34) of the 1ayo Clinic, 

issued another preliminary report to show, first, 

absence of untoward effects of unilateral and bilateral 

resection of the splanchnic nerves, and secondly, in tle 

most severe cases of hype~tension in which organic 

narrowing of t he arterioles was a avanced, removal of 

the central control of the s p lanchnic arteries did not 

restore t he blood pressure to normal levels. ~he 

responses in blood pressure to stimulation were not 

materially changed. A sufficient amount of the arterial 

bed remained under neurogenic influences, or the 

(18) 



hypertrophy of the musculature of the arterioles was 

too advanced; or the exist~nce of renal insufficiency 

may have nullified the blood pressure 1 wering 

effects of' the operation. '1'he.r found that in the less 

severe forms of hypertension with minimal degrees of' 

hypertrophy of the arterioles and in which the vaso­

motor factor seems par8.I!l.ount, there are significant 

reductions in the levels and responses of the systolic 

blood pressures. 'l'he removal of the left splanchnic 

nerves seems more effective than the removal of the 

right. ~hey conclude that in some progressive forms 

of essential hypertension among young adults with 

abnormal fluctuations in blood pressure and minimal 

grades of hypertrophy of the musculature of the 

arterioles the advantage of this o eration should not 

be ignored • 

. H'ollowing these promising preliminarv reports 

the clinic began to nursue a more vigorous course. 

Adson (35) classified hypertension using as a basis 

the rate of progress and severity of sym toms. 

BENIGN: 
l. Age of onset is forty to fifty-five years 

of' age. 
2. The form pursues a slowly progressive course. 
3. Life expectancy is ten to fifteen years. 
4. Ma.yimal blood pressureq in mercury are systolic-

200 and diastolic--140. 
EARLY MALIGNANT : 

1. Age of onset is eighteen to fifty years 
of age. 

2. The form pursues a moderately progressive 
course. 

3. Lif'e expectancy is three to four years. 

( 19) 



4. Maximal blood nressures are systolic--250 
and diastolic--160. 

5. oigns of irre arable cardiac, coronary, and 
renal disease. 

6. opasm of retinal arteries with hemorrhages. 
MALIGNANT: 

1. Age of onset is eighteen to fifty years. 
2. Uourse is rapidly progressive. 
3. Life expectancy is eighteen months . 
4. Maximal blood pressures are systolic--310 

and diastolic 190. 
5. opasm of retinal arteries, retinal hemorrhages./ 
6. Uardiovascular and nephritic disease. 

At first, the operation of choice was complete 

rhizotomy and extensive splanchnic section. Numerous 

post-operative sequelae develoued. 

After complete rhizotomy (36) there is a loss of 

sweating function of the feet, legs, and lower part of 

the abdomen up to the transverse line situated about l 

to 2 inches above the umbilicus. Paralysis of the 

ejaculatory powers and muscles of the urogenital tri­

gone is similar to that following neurectomy of the 

presacral nerves . It deprives the large and small 

bowel and bladder of sympathetic innervation, but does 

not appear to increase frequency of urinary or fecal 

evacuation. There are no changes whatsoever in the 

genital system. 

The effects of splanchnic section and removal of 

the first and second lumbar ganglia are similar to 

those obtained by rhizotomy except that the level of 

sweating and sebaceous loss and increase in surface 

temnerature occur at a lower level than that ' obtained 

by rhizotomy. 

(20) 



Pre-operative studies consist of at least twenty­

four consecutive hourly determinations of the values 

for the blood pressure so that determinations of the 

maximal blood pressure, the minimal blood pressure, 

and the mean or average blood prAssure is made . Post­

operative studies are of the same type. 

Pre-operative prediction of the effects on pressure 

of neurosurgical treatment was introduced by the Mayo 

Clinic in 1936 (37). Anesthesia induced by intra­

venous inj ection of a solution of pentothal sodium in 

sufficient amounts to cause a maximal increase in the 

temperature of the s kin of the toes is a safe procedure 

if the drug is administered expertly. ~he blood 

pressure resulting from this procedure constitutes an 

accurate refledtion of that resulting from the neuro­

surgical method described. Pre-operative prediction 

of the i:rnmediate effects of o eration on the blood 

pressure can therefore be made safely and accurately. 

Incomplete studies indicate that prediction nan usually 

be based on the effect on the blood pressure of the 

oral administration of sodium amytal in amounts of 

three grains hourly for three doses. Inhalation of 

amyl nitrite mav also affect the blood pressure in 

much the same way as neurosurgery. the lowest systolic 

and the lowest diastolic pressures determined during 

the study, regardless of whether they are observed 

(21) 



at the same time, are considered the ''pre-perative 

prea ict ion values' • 

~he response of blood pressure to immersion of 

the hand in ice water (30) gives important information 

as it indicates the degree of increase of the blood 

pressure following other stimuli such as fright, anger, 

and nervous tension. Thus, it may be desirable to 

operate on patients who have hypertens-ion, group 1, 

provided immersion of the patients hand in cold water 

invokes a high degree of hypertension . 

Pre-operative selection of cases is also based 

on the degree and duration of subjective symptoms of 

which headache, nervousness, and pain in the left side 

of the thorax occur in a high ~ercentage of cases. 

The results of operation were grouped as follows: 

1. Failures--where changes in blood nressure were 

only slight and transient. 

2. 1l'emporary--blood pressures were significantly 

lower following operation than they were pre-operatively 

but returned to approximately the pre-operative level 

either between the time of dismissal of the patient from 

the hospital and the first subsequent record of their 

blood pressures which was from two to eight months. 

3. .ll'air--significant post-operRtive nrolon~ed 

reduction in both systolic and diastolic phases of 

blood pressure, not apnroaching normal levels. 

( P,2) 



4. §ood--greatly reduced blood pressure although 

not all in the range of normal. 

A report by Adson and Craig (36) in 1935 on the 

results of the various operative procedures used in­

dicate that splanchnic section with removai of first 

and second lumbar Ranglia and partial section of supra­

renal glands was the operation of choice. This was 

based on a survey of 45 cases. 

TYPE OF OPERATION CASES GOOD FAIR FAILURES 

Extensive rhizotomy 27 13 5 6 

Splanchnic section 
with removal of 7 2 l 4 
first lumbar gang-
lion. 

Splanchnic section 
with removal of 
first and second 7 5 2 0 
lumbar ganglia and 
partial section of 
suprarenal gland . 

Miscellaneous 4 4 

TOTAL 45 20 9 14 -

DEATHS 

2 

0 

0 

0 

2 

Later, however, these men chose subdianhra~atic 

sympathetic denervation as the operation of choice. 

According to Adson and Craig (39) mortality is 

practically negligible. The fact that post-operative 
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relief of synmtc:mi.s and that of hypertension have not 

run parallel courses confuses the issue of a true 

evaluation of results. This might be explained by 

the fact that where the relief of sympt0.n1s exceeds the 

lowering of the blood pressure there is a tendency for 

the blood pressure level to become more stable. 

Results based on retinal changes 'indicate: 

1. Patients with a detectable sclerosis received 

good or fair results in 83 per cent of cases. 

2. ~clerosis of grade 1 or 2 received good or 

fair results in 22 per cent of the cases. 

3. 0clerosis of grade 3 showed good or fair results 

in 22 per cent of the cases. 

4. Those cases with advanced hynertension, with 

organic arterial disease, are very little benefited by 

operation. 

Symptomatic relief for headache, nervousness, and 

pain in the left side of the thorax occured in a large 

percentage or cases either transiently or over fairly 

long periods of time. 

Adson (35) in 1939 found that operation diminishes 

the response of blood pressure to immersion of a hand 

in ice water; operation usually relieves symptoms 

whether the blood pressure is greatly reduced or not 

(80 per cent being benefited clinically}; the heart 

may decrease in size and inverted T waves of an electro-
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card:i.o ram mav become unriP"ht; retinitis and spasm of 

retinal arteries may be diminished or disappear; 

albuminuria may decrease and renal function improved; 

the bas a l metobolic rate may be decreased. Blood 

pressure was not materially reduced in 45 per cent of 

the cases. 

Post-operative results in 224 cases after using 

subdiaphraP-Jllatic resection of the sulanchnic nerves 

with resection of the celiac ganglion and resection of 

the lumbar sympathetic trunk, including the first and 

second lumbar ganRlia on both sides, was presented by 

Allen and Adson of the Mayo Clinic (40). 

They found that results of operation can be pre­

dicted with reasonable certainty by observing the 

response of the blood pressure to rest and sleep, to 

the injection of sod 5um amytal, and to injection of 

pentothal sodium. Vhen poor results of operation are 

predicted as a conclusion of these tests, the operative 

results are almost uniforml y unfavorable. When good 

results are anticinated, some patients do not receive 

as much benefit from operation as was expected. 

There have been no operative deaths in a series 

of 300 cases. 

Glinical sympto 1s invariahl y disanpear with re­

duction of blood pressure, but in a number of instances 

the patient continues to be free from symptoms even 
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thou.p;h there has been a gradual return of elevated 

blood pressures. (This is similar the results of 

venesection.) 

Several collateral results of svmnathectomy 

that have been enumerated but not discussed were two 

definite phenomena that develop in the cardiovascular 

system followin~ resection of the splanchnic nerve and 

lumbar ganglia . Both have to do with the influence of 

gravity on the blood volume in the denervated area. 

The first is when the patient assumes an upright position, 

there is a marked fall in blood pressure. The second 

is tachycardia that is aggravated by exertion. 

J!'rom the large number of cases studied, vraig and 

Adson (39) (40), and Adson and Allen (39) , have reached 

the following conclusions: 

1. In general, it can be said that the patient 

will probably get goon results when diastolic pressure 

drops to 110 or below as a result of rest, administration 

of sodium amytal, or injection of nentothal sodium. 

When the sclerosis of the retinal arteri~s is absent or 

slight. Probabilities . of a good result are small in tlB 

presence of advanced sclerosis of t_he retinal arteries, 

when the maximal diastolic pressure exceeds 150 , when 

the diastolic pressure does not decrease to less than 

120 as a result of the above tests. In the group be~ 

tween these extremes is a large number of patien~s in 



which the result of sympathectomy cannot be accurately 

predicted. 

2. Most patients who have hypertension group 1 

do not require surgical treatment. ~urgical treatment 

is advisable for patients who have hypertension group 

2 or 3, if the hypertension is known to be progressive 

and ·1r the function of the heart and kidneys is good. 

Hypertension group 4 does not respond satisfactorily 

to surgical treatment because of its advancement. 

3 . Often the relief of symptoms is out of pro­

portion to the fall in blood pressure. 

4. Rapidly pregressive hypertension seems to 

respond less favorabllf than slowly pro~ressive hyper­

tension does. 

5. Blood pressure results in ?4 per cent of group 

3 and 100 per cent in group 4 are reported as temporary 

or poor. 

6. Numerous sequelae develop post-operatively 

but are unimportant. 

About the same t .ime the Mayo Clinic began their 

extensive work, George Crile (41) made this observation 

during his work with denervation of the adrenal glands, 

i
1 It is very interesting that we get a very good 

result in cases of essential hyuertens1on on young 
adults. The operation does not bring the blood pres ­
sure down to the normal level .but it does bring the 
blood pressure a.own to a lower level and it stabili7.es 
at that level. The rise in systolic pressure in ex­
citement does not occur so that accident of hemorrhage 
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is avoided. In this group the blood pressure is more 
or less stabilized, but denervation does nothing at 
all in advanc·ed cases of hypertension." 

He also noted (42) that in the course of the denerv­

ation of the adrenal glands and a.ivision of the 

spla.nchnic.s; when the sympathetic nerves are manipu­

late d the r e is a rise in the blood pressure, both 

systolic and diastolic--sometimes to such a heighth 

that it cannot be measured with a manometer. On the 

other hand if the field is first flooded with novo­

caine there is no rise but rather a dramatic fall in 

the hlood nressure. The adrenal sympathetic complex, 

thus, is the only- tissue in the body which, when manip­

ulated, can specifically affect the blood pressure. 

Unlike the Mayo Clinic, Crile did not have any 

definite criteria upon which he selected his patients 

for operation, rather, he believed (43) that the de­

termination of operability of the case depends in large 

part unon the experience of the operator and to a. lesser 

degree u~on laboratory findings. The clinical results 

being judged by: 

1. Examination of the eyegrounds, the heart, the 

kidnev function, and the blood pressure of the patient. 

2. Knowledge as to whether or not the patient is 

able to go back to his usual occupation; whether or not 

the headaches, the dizziness, the failing vision, the 

precordial pain, the heart consciousness, and physical 

(28) 



disability have diminished or disappeared. 

As a result of experience (44) he has selected 

celiac ganglionectomy wit denervatj_on of the adrenal 

·glands as the procedure of choice. ~ymptomatically 

and its effects unon the blood pressure, the 'operation 

yields the most encouraging results, in bis estimation. 

He emphasizes the .fact that results obtained are de-· 

pendent upon the amount of sclerosis present since the 

sclerosis is irreversible. Thus calendar age has very 

little to do with indications for operation and the 

effectiveness of operation. He makes this statement: 

(45) "The physiologic age, not the calendar age 
is what counts. rl1here is a certain stage in hyperten­
sion in which there is an irreversible condition due 
to sclerosis alone. Of course, as the individual 
grows older, the blood pressure tends to rise secondary 
to advancing sclerosis, this is termed the cardio­
vascular age. In a case where there is extensive 
sclerosis present the blood nressure may fall after 
celiac ganglionectomy, but the extent to which it will 
fall is limited by the cardiovascular age of the 
nat ient." 

This author found it justifiable to operate in cases 

of cerebral accident where t ere has been no deterior­
.. , 

ation of brain tissues or in cases of glomeronephritis 

secondary to hypertension and a urea clearance above 50. 

The author (~6) by 1939 had perf ormed 476 oper­

ations on the adrenal sympathetic system in 285 patients. 

These have included 325. celiac ganglionectomies in 199 

patients. In this series, 35 cases were operated on 

two or more years prior to the nubl1.shing of this 
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information, from these cases conclusions have been 

drawn concerning the effect on blood pressure. rrhe 

average decrease has been 39/20 . 'l'he extent: 

PRESSURE REDUCED SYSTOLIC DIASTOLIC 

20 pts. or more '78.6 % 5'7.1 % 
30 " n " 5.7 % 35.'7 % 
40 " " n 42.9 % 14.3 % 

50 " " rr 21.4 % 7.1 % 
75 n " " 7.1 % 

Among the patients who left the hospital prior to 

1940, Grile noticed that 33 per cent died at varying 

periods. It is generally accepted that approximately 

60 per cent of unoperated patients with essential hypep. 

tension die from cardiac, failure. In his series of 

cases treated by surgery, only 11.8 per cent died from 

cardiac failure, and there has not been a single cardiac 

death in the hospital followinfr operation. 

It has been his experience that a patient exper­

iences a fee~ing of relief from the driving force 

within himself. The urge for work and the internal 

strain, the pressure in the chest, the headaches, the 

extreme restlessness, the wakefulness-- all of these 

sv-mptcms ~ere partially or completely relieved in 88 

per cent of his patients even when the blood pressure 
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is not decreased. This observation conforms closely 

to that of Adson et al. 

He states, 

"In the long run the value of any surgical pro­
cedure and medical measure is told by the patient 
himself. If the patient is able to return to his 
former occupation, °if he is relieved of his subjective 
symptons, then that determines, and that only, the 
value of' the operation.n 

Althou~h Crile was not as exacting as his fellow 

workers in his selection of patients, he received very 

good result& in his series of cases. ~or this reason 

his work cannot be overlooked. It is impossible to 

evaluate accurately or compare his findings , but we 

can conclude from his exhaustive work that the oper­

ative treatment of essential hypertension is valuable 
. 

where the patients do not have markedly sclerotic 

arterioles. 

A very extensive and exhaustive work was done by 

Peet and coworkers (22). They published results in 

350 consecutive cases of essential hypertension treated 

by bilateral supradiaphragmatic splanchnicectomy and 

lower dorsal ganglionectomy. Their efforts were very 

painstaking.and accurate, consequently, they adhered 

to the following principles. 

1. The surgical procedure must be utilized in 

a large number of cases and must remain identical in 

all cases. 

2. 0election of cases must be based on constant 
., 
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criteria fully investigated in each case before 

operation. 

3. Post-operative results must be judged by the 

same criteria in an identical manner and on as many 

occasions as possible. 

4. All cases in which operation was performed 

must be included in results. 

5. The trial must extend ~ver a sufficiently 

long period of time to eliminate mere temporary effect 

of the operative procedure. 

The requirements for selection of patients for 

the operation are based on a few simple requirements. 

Preferably the patient is not over fifty years of age, 

but several exceptions have.been made to this rule. 

The renal function must be adequate as indicated by 

an urea clearance of more than 40 per cent of normal 

and a urine concentration above 1.012. No patient 

with a blood nonprotein nitrogen of more than 45 mg. 

per hundred cubic centimeters is accepted. The heart 

must be compensated and the general physical status of 

the patient adequate to wj_tbstand a major operative 

procedure. Patients with a systolic blood pressure 

under 200 mm. of mercury are usually advised to not 

have the operation unless they have had an adequate 

trial of conservative medical treatment. 

A summary of the results of splanchnicectomy 
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with percentage of cases studied showing improvement 

{from nine months to seven years after operation) is 

presented by Peet et al. 

BLOOD PRESSURE PER CENT 
Reau9ed to normal----------------------- 11.7 
Markedly reduced (not to normal}-------- 7.6 
Total cases significantly reduced------- 51.4 

GENERAL DISABILITY . 
Symptons improved -------·---------------- 86. 6 
Complete recovery from incapacity------- 55.5 
Total improved from incapacitation------ 81.3 

EYEGROUNDS 
Disappearance of pa illedema ------------ 73.8 
Total cases with imnrovement ------------ 69.4 

HEART 
Heart si~e diminished ---------------- - -- 64.0 
Electrocardiogram improved-------------- 53.4 

RENAL' FUNCTIONS 
Urea clearance improved----------------- 52.2 
Urine concentration improved------------ 44.8 

.!from these results it must be concluded that 

sympathectomy is of value in the treatment of essential 

hypertension. 

An interesting study was made by P . Foa, N. Foa, 

and Peet (47) on the relationship of arteriolar lesions 

in hypertension. An estimation of the prognostic 

1 f 1 b . d 'i1he rat1·0 of the va ue o ~usc e iopsy was ma e. 

thickness of the wall to the diameter of the lumen 

(W/L) of the . arterioles in skeletal muscle was computed 

from data obtained by direct measurement of the blood 

vessels in biopsy material . 'I'hree hundred and fifty 

consecutive cases of essential hypertension were studie:l. 

All of the patients were submitted to supradiaphragmatic 

splanchnicectomy and lower dorsal sympathetic ganglion-
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ectomy and followed nine months to seven years after 

the operation. The degree of thickening of the arter­

iolar wall was compared to the severity of other signs 

and symptons and to the therapeutic results. Patients 

with more severe thickening of the arteriolar walls 

had more severe symptons, showed poorer t herapeutic 

results and greater mortality . The correlation is 

particularly significant between arteriolosclerosis 

and other evidence of damage to the vascular system, 

such as the elevation of the blood pressure . The re­

sults show that the determination of w/L in skeletal 

muscle adds very significant information to the clini­

cal and pathological picture of hypertension. It is 

important in the prognosis of the disease. 'l'he results 

are in agreement with the hynothesis that the surgical 

treatment of hypertension gives better results when 

hypertension is due to spasm of the arterioles or to a 

mild reversible degree of hypertrophy of the muscle 

fibers of the -media and not when severe anatomical 

lesions have transformed the majority of the arterioles 

into narrow and rigid tubes. 

In 1941, Peet and Woods (48) made a comparison of 

mortality following operation with that of the Vagener­

Keith medically treated control series~-a study of 75 

cases from five to seven years after operation. 

A factor that cannot be controlled in a c-omparison 
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of these two series is the selection of cases. Pre­

sumably the patients of vvagener and Keith were unselect-

ed and consecutive. Feet 's patients were, by necessity, 

selected in thet they were in sufficiently good physical 

condition to permit operation . Briefly the criteria 

for selection of patients were: 

1. All patients had essential hypertension. 

2 . All patients were under 60 years and prefer­

ably 50 years. 

3. Renal function must be such that nonprotein 

nitrogen of the blood is under 45 mg. per cent. Urine 

concentration above 1.012 and ure a clearance at leest 

40 per cent of normal. 

4. A compensated heart. 

Wagener and Keith did their work on a series of 

219 patients whereas Peet and Woods had a consecutive 

series of 76 patients. 

Uomparison was based on the fundascopic groupings 

of Keith ' s original classification and their relation­

ship to su~vival rate. The results were very interest­

ing . 

1. In group 4, 99 per cent of the control series 

were dead in five years, whereas 66 .5 per cent were 

dead in the sur~icDlly treated cases in the same time. 

2. In group 3, 80 per cent of those treated 

medically died within five years, whereas only 36 per 

(35) 



cent of the surgically treated patients died in the 

same time. 

3. In group 2, the results are an roximately 

the same--about 50 per cent of the patients died in 

five years . 

4. In group 1 ·, the mortality for the medical 

control series wa s 30 per cent, contrasted with no 

deaths in the surgical group . 

It is obvious from the statements made by the 

Mayo vlinic group that the results in their studies 

are not directly comparable to those in Feet's series 

because of the lower average blood pressure levels 

and t he lesser severity of ret inal changes in their 

cases. 

vomparison of mortalitv rates of the two sex·es 

reveals a higher death incidence among males (95 per 

cent in the Wagener-Keith control series; 61 per cent 

in the surgical series) than among females ( vagener­

Keith 88 per cent; Peet 42 per cent). 

Rapidly progressive·hypertension seems to respond 

more favorab ly than slowly progressive hypertension 

does in the experiences of Peet et. a l . 

The classical work of these three groups of men 

has added much to t he treatment of essential hyper­

tension. Their contemnoraries have added very little. 

De 'rakats, l-ieyer, and Keeton ( 49) published the 
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results of the various tynes of operation on a series 

of 24 patients. ;i'he patients had adermate follow-up 

records, by which is meant that t hey were re - examined 

at intervals of two to three months. There were 4 

patients with supradiaphragmatic, 15 -with infradia~ 

phragmatic and 5 with transdiaphragmatic splanchnic 

nerve section . 'l'here was no surgical mortality . It 

is believed that at least two readily recognizable 

factors influence results. One is the type of oper­

ation perf ormed and the other the stage of the 

disease in wrich the operation is undertaken. Of the 

splanchnic nerve sections, the supradiaphragmatic and 

infradiaphragmatic operation yielded such doubtful 

results that they were discontinued. fbe transdiaphrag­

matic total splanchnic nerve section has given excellent 

results in patients with grade 1 and grade 2 hyper­

tension and produced considerable subjective relief 

in one patient with grade 3 hypertension. In one 

patient with malignant nephrosclerosis it failed. 

~ontraindications to surgical treatment of hyper­

tension are the nresence of grade 4 hypertension, cardja c 

decomnensation, nitrogenous retention, severe ather­

omatosis of larger vessels and age over 50 vears. 

Another renort was issued py Bordley, Galston, 

and Dandy of Johns Hopkins (50) :following the surgical 

treatment of 12 patients diaiznosed "essential hyper­

tension" . 
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"Ten of these have been followed for three to 
seven years since operation. Two died shortly after 
operation. Ten 9f the patients were from 28 to 40 
years of age and two were 50 years old at the time 
of operation. 

"The sole criterion for operation was the 
presence of incapacitating symptoms. In three 
patients, a supradiaphragmatic splanchnicectomy 
(Peet operation) and in nine, an infradiaphragmatic 
splanchnicectomy (Adson-Craig o eration) was perf ormed. 
The Peet operation was carried out at first, but was 
supplanted by the Adson-Craig operation because the 
latter permits exploration of the kidneys and adrenal 
glands and interruption of a large part of the sym­
pathetic sunply of the thi~hs and le~s in addition 
to that of the s planchnic area . .. 

They observed: 

1. Relief from symptoms referable to hypertension 

occurred in nine of the t welve patients shortly after 

operation. In five of these patients it was assoc­

iated with a lowering of arterial pressure and in the 

remaining four, it occurred in the absence of changes 

in hemodynam.ics. 

2. In four cases the svmptcm.s r eturned when the 

arterial pressure rose to pre-operative levels. One 

other patient remained without comnlaints for 4 years 

even though the arterial pressure returned to t he pre­

operative_ hypertensive l evels in less than 2 years 

and he had exhibited evidence of progress i on of cardio­

VRscular and r enal disease. 

3. Of the three patients who did not obtain 

symptomatic relief, the first had a cerebral vascular 

accident 2 months prior to operation; the second died 
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of a cerebral accident 5 weeks fo_llowing operation 

and the third died 22 hours after the second stage of 

an infradiaphragmatic splanchnicectomy. 

4. The levels of arterial pressure was lowered 

for 6 to 18 months in four of the nine patients 

treated by infradiaphragmatic operation (Adson-Craig} 

and for 4 years in one of the three patients treated 

by the subdiaphragmatic operation (Peet). 

5. In two patients abnormal findings in the 

heart and eyeprounds regressed during the period of 

lowered arterial pressure and returned after the 

arterial pressure rose again. 

6. Regene~ation of the arterial pressure to pre­

operative hypertensive levels was not associated with 

regeneration of the symnathetic nerves supplying the 

lower extremities which were severed during the Adson­

Craig operation. 

Apparently the only contemporary organized evalu­

ation of sympathectomy in cases of essential hypertension 

is given by Hinton (51) who based his results on .the 

selection of patients by the Keith-Wagener criteria. 

He found: 

l. Cases fallin~ in groups land 2 show gratifyirg 

results with an essentially zero mortality. 

2. vases which belong in groun 3 and 4 are fre­

quently seen and they are not the ideal type for the 
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best end results, but they may be entitled to the 

benefit of surgery after careful clinical study. 

3. In spite of the various tests, it is diffi­

cult if not impossible to forecast the end results of 

a thoracolumbar sympathectomy. 

Thoracolumbar sympathectomy has produced revers­

ible changes in kidney function as demonstrated by 

blood chemistry findings. Papilledema resulting in 

blindness has been relieved with return of normal 

vision. Patients totally disabled over long periods 

of time, one to f our years, have been restored to 

normal earning capacity. 

He states ~hat cases in group 4 who have been 

disabled over long periods must not be considered 

hopeless as excellent results are often obtained by 

operation. 

No evidence of any relationship between the 

length of known duration of hypertension and the end 

results of sym.pathectomy have been found . 

Berwald and Devine (21) contributed some of the 

latest ¥ork on the suraical treatment of hy-pertension. 

11heir criteria for oneration was as follows: 

1. Age 50 or under, however, if the patient iB 

over this age and has elastic vessels and a good re­

sponse to tests, he is not denied the operation. 

2. oodium nitrite test--1/2 grain of the drug is 
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given every half hour for six doses, and blood 

pressure is recorded every half hour for five hours 

under absolute rest and quiet. If diastolic pressure 

is reduced 20 IIIIll. of mercury or more, chances are that 

64 per cent will have a good final result. 

3. oodium amytal test follows the same pattern 

as above except that 3 grains of the drug are given 

every hour for three doses. If diastolic pressure 

is reduced 20 mm. of mercury or more, chances are that 

64 per cent will have a good final result. 

The lowering of the systolic blood pressure is 

a less accurate criterion. 

Patients with advanced cardiac and renal damage 

are refused operation and also obese individuals. 

1he authors studied the results of 29 patients . 

The nre-operative blood pressure average was 244/127 

and the averAge post -onerRtive blood pressure 9 .8 

months following svmnathectomv was 1661112. 'l'he . 

average reduction in systolic pressure was 78 mm . of 

mercury and the avera~e diastolic re duction was 15 m.m. 

The aver~ge systolic drop under sodium nitrite and 

sodium amytal was 42.7 mm., and the average diastolic 

drop was 18.2 mm. 1l 1hey considered a good result when 

drop in systolic blood ~ressure is 50 mm . or more and 

diastolic drop of 20 mm . or more . 

No evidence of any relationshin between the len~th 
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of known duration of hypertension and the end results 

of sympathectomy was seen. ~ubjective results in the 

29 patients show--15 ·greatly improved, 9 moderately 

improved, 1 slightly improved, 2 not improved. That 

is, over 92.5 per cent of patients felt subjectively 

improved as a result of their operation. 'l 'he mortality 

from operation is practically nil, especially with the 

subdiaphragmatic approach. 
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CONCLUSIONS 

1. Four types of operations have been used 

extensively with varyin~ r esults. 

(a) The subdiaphragmatic snlanchnic nerve sec­
tion advocated by the Mayo Clinic has shovm gratifying 
results . It enables the surgeon to examine the kidney 
and adrenal glands . 

(b) The supradiaphragmatic splanchnic nerve sec­
tion ~s used by Peet has shown good results . The 
operation does not permit the examination of the kidney 
and the adrenal gland and cannot interrupt the lumbar 
splanchnic nerves. 

(c) Crile used celiac ganglionectomy with de­
nervation of the adrenal glands. -The operation is not 
very extensive and the results are a trifle ambiguous . 

(d) The recent innovation of transdiaphragmatic 
splanchnic nerve section as introduced by ~mithwick 
in 1940 has not rece ived enough trial to predict its 
efficacy but preliminary renorts are promising. Appar­
ently it cumbines the advantages and eliminates the 
disadvantages of the three previous operations . 

2. The criteria used for selection of cases for 

operation have varied a great deal but in general it 

is based on several established tests and facts. 

(a.) Resx,onse of blood pressure to pentothal 
sodium anesthesia, sodium a.mytal, or sleep. 

(b) If the function of the heart and ~idneys 
are good ~nd the disease is known to be progressive . 

(c) The general physical status of the patient 
must be ade ouate to wit stand a major operat ive 
procedure. 

3. The results have been somewhat variable but 

in general it can be said that the results of sympath­

ectomy are inversely proportional to the degree of 

arteriolar sclerosis as seen in the retinal vessels . 

It has been uniformly a~reed that patients show a 
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relief of symptoms out of proportion to the fall in 

blood pressure, and in many cases, though the physical 

signs return, the symptoms remain mild. · 
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