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INTRODUCTION

In recent years the pituitary gland and its
functions have attracted increasingly more attention
in medical circles. The fact that these functions

have such widespread effects on other body functions

makes it evident that such studies are very enlighten-

ing and may offer much in the knowledge of certain
conditions which have heretofore seemed refractive
te explanation or treatment. Theréforeitchenc~
hoves the modern medical man to recognize this
gland as a vital part of the endocrine system and
acquaint himself with developments in the understand-
ing of its functions.
In this paper we shall limit ourselves to thae

growth promoting hormeone as it manifests itself in

the syndrome known as acromegaly, and some of the
characteristics of the disease itself together with
the theraputic measures which are useful. Vvhat is

believed to be a representative pertion of available

literature on the sub ject has been used as authority

for the material presented.



HISTORICAL SUMMARY OF
ACROMEGALY AND THE GROWTH HORMONE

The disease here under consideration has been
shown to have 80 close a relation to the anterior lobe
of the pitultary gland and the horrone secreted there
which has to do with the regulation of body growth that
it seers proper to consider these aspects &s important
factors in the development of our present understanding
of the disease precess.

The pituitary gland has been described anatomic-
ally in some of the oldest literature. It was thought
by the Greeks to be an sppendage of the nasal mrucous
rerbrane. To it they ascribed the function of a mucous
secretiﬁg gland, the products of which served to lubri-
cate the nasal passages. Further atterpts to describe
the glond were not rade for rany centuries (Cushing’e).

The work of Rathke (1838) and Gotte, Mikalkovics
and Balfour (1874) is also reported by Cushing? Rathke
described the poueh which now bears his name and found
that it forred part of the gland structure. He thought,
however, that the structure wes derived from the fore-
gut and accordingly ascribed to it sn endodermwal origin.
His treatise was elaborately written and based upon
extensive studies of embryos.

Gotte, Mikalkovics and Balfour made further



studies on this structure and found that it was de-
rived fror the cells of the dorsal part of the prim-
ative buccal cavity. These writers also recognized
the neurogenic nature of the posterior lobe of the
gland. [Their studies, together with those of Rathke,
are classical descriptions of the anatomy of the
gland to which very little of fundamental importance
has been added, aside from certain histologicel stain-
ing properties.

We s8hall, therefore, leave for the present the
anatomrical considerations and turn to the early de-
scriptions of acromegaly. Marie’’ described the disease
entity in some detail. He did autopsies on several
patients with definite acroregalic tendencies and
found, aside fromw the superficial charscteristics
(enlargerent of the digits, prominent mandible, supra-
orbital prorinence, coarse features, thick lips and
tongue, enlarged joints, etc.), a generalized incresse
in the size of body organs. He also noticed that a-
bout half the cases showed enlsrgement of the pituitary
body with definitive neoplastic characteristics. He
attached no special significance to this finding, how-
ever, and thought it to be mrerely a part of the disease
process.

A dystrophy, anslogus to myxedema, was also



described. This, he thought to be due to diminution
or comrplete loss of function of the pituitary gland.
At about the same time Vessale and other pathologists™'’
described hyperplastic processes with similer findings
in the pituitary and other body organs, but did not
give special significance to the pituitary findings.
They did, however, think all of these changes to be

due to a metabolic disturbance of unknown origin.

No experirental approach was attemrpted until
Sandri®® fed large quantities of anterior pituitary
substance of the ox to young mice. His experiments
were carried on without any definite suspicion of
the reletion between acromegaly and his work. He
found a rather warked arrest in growth. The samre re-
sult was obtained by injection of an emrulsion of the
‘gland. Crow, Cushing, and Homens” prepared & boiled
suspension of the anterior lobe. The injection of this
caused irmediate loss of weight both in puppies and in
grown dogs. These meh also attempted hypophysectomries
but most of their dogs died of post-operative corpli-
cations before sny convincing results were obtained
fror the experimrents.

Schafer®® fed pituitary to white rats and found

little or no effect on their growth or metabolism.



This work prorpted Aldrich’' to conduct further
feeding experiments in an attempt to confirm or disprove
the findings stated above. He added 50 to 75 mgms. of
fresh dessicated, defatted anterior lobe of the ox to
the diet of young dogs. After sbout eight months of
such feeding he concluded that their growth was certain-
1y not irpeded but did not show any stirulation of growth
as reasured by increase in body weight. He thought that
in sore individual instances, stirulation did occur.

He, therefore, perforwred further experiments on white
rats’ and decided that anterior lobe feeding did not in-
crease the rate oflgrowth and seered to irpede it.

By 1913 the theory of endocrine secretion of
glends had becore reaﬁﬁ;r definitely established, and
Haliburton® wade applicetion of this theory in his
handbook of phyaiology in which he said "The snterior
lobe of the pituitary consisfs of large granular cells
and numerous blood vessels. It's precise funcotion is
not deterrined, slthough probably it is a vascular
gland pouring an internsl secretion into the blood
which influences growth. Abnorrsl hypertrophy is as-
sociated with aoromegaly...,{...... Feeding young
animals on the gland hastenes‘the growth of their
skeletal structures.”

His views were bessed, for the most psrt, upon

4.



6.

experirents conducted in Spreckles laboratory at the
University of California. The earlier work was done
on young fowles and was reported by Wulsem’ in 1914.
Ox pituitary was used and again retardation of growth

was found.

Later Rebertson and Burnette’from the same
,Iéboratory'includad studies on anterior pituitary feed-
ing ig very extensive studies on growth in generale.

Their first reports of stimulation of growth had to

do with the marked increase in the rate of growth of
carcinoma in white rats. The rats wers imocculated with
ihe tumor and pituitary effect observed at various stages
in its development. The am;unt of acceleration was

found to be relatively greater im small tumors than in
iarger cnes. lhese experiments were carefully controled
by observation of litter-mate series of animals similarly
inocculated without any treatment and other series in
which emulsions of liver tissue were injected.

Aldrich? had suggested a possible preliminary
inhibi tion of growth followed by stimulation in exper-
iments carried over a longer period of time than were
his first studies.

Robertson's above mentioned experiments confirmed

the preliminary slowing effect followed by stimulation of

growth. He recognized this only, however, when the pit-



uitary substance was included in the diets before the
thirtieth week of life. If the treatment was begun after
that time no change whatsoever in the weight of the mfce
was observed. Neither could he find any change that he
was able to measure in the metabolic processes, structure,
behavior or life span of $reated animals.

Large numbers of ekperiménts with pituitary feeding
were performed after 1913 on various animals. An example
of these studies was found in Clark's”work at the Oldham
Farm in Port Hope, Onterio. Hé caused an increase in egg
preoduction in hens fed with anterior pituitary substance
and at the same time observed an increased fertility of
the eggs as evidenced by bagéh percentages. Such expaer-
‘iments have considerable interest but do not materially
~add to our information regarding the true nature of the
gland s0 no further reference will be made to them.

The problem of pituitary dwarfism is also of some
interest here, especially as a counterpart to the inc-
reased secretory activity with which we are dealing. This
was studied by preventing the development of the anterior
lobe by Smith® , another worker in the University of Cal-
ifornia biological laboratories. He selected tadpoles
for his experiments and devised a technique which enabled
him to destroy the anlage of the anterior lobs before

it reached the state of functional adequacy. His first



reports of these expseriments were published in 1916,
in a rather lengthy paper describing his technique in
detail. He destroyed Sathke's pouch during the time
when it was still a definite appendage of the buccal
cavity. The tadpoles so treated showed very definite
difierences from the normal individuals. They grew very
Iiﬂtle though for a considerable period of time they
appea}ed to be in normal healih and maintain normal
activities. ﬁetamorphosis_in these individuals was
never begun and they maintained the same light silvery
gray color of skin throughout the period of observatione.
The untreated tadpoles grew rapidly, acquired the char-
acteristic dark pigmentation of the skin and at the pro-
per time Eegan and completed their metamor hosis into
adult frogs. He reported another similar series with
the same results in 1917°°
Allen3 , at the University of Kansas, conducted
siillar experiments and found in addition to failure
to grow and metamorphose and the lack of pigmentation,
a marked lowering of resistance. Whether this was a
result of the extirpation of the gland or not is some-
what gquestionable dus to the fact that his tanks ﬁere
not suitable to such experiments and the normal ffogs
died soon after metamorphosis had occurred. The work

does confirm the relatiorniship between the anterior lobe

7.



' ahd the growth procesées in the young of this particular
species. He continued these studies in 1920? doing
experimental pransplants of anterior pituitary tissue

from adult frogs to the hyposhysectomised tadpoles. This
resulted in a resumption of growth and develepment. It
seems that these are some of the most conclusive evidences
- of the relaticnship of anterior pitultary to growth which
had been published at this time. They were so carefully
controlled and the results were so definite that there

can be no doubt of such relationship.

After the above mentioned experiments were reported
other workefs found frog larvase %o be very convenient and
profitable subjects for experiment. Hoskins and Hoskins®'
found a relationship between the pituitary and thyroid
glands. Their tadpoles, from which the thyroid had been
removed,failed to metamorphose. They found, however,
that the removal of the thyroid apparently caused some
increase in the rate of growth of the tadpoles which
could be compensated by a feeding of thyreid or hypophysis.
Postmortem dissection of hypophysectomized tadpolkes show-
ed not only failure of the thyroid to develo) properly
but an apparent degeneration of the existing parts of
the gland. This conditien could also be prevented by
feeding anterior pituitary. Such feeding further stim-

ulated growth but metamorphosis did not ocsur. In thesse



experiments we see not only confirmation of definitive
growth stimulating function of the anterior pituitary
but also of an interrelationship between it and another
gland of internal secretion, the thyroid. Here again,
it becomes necessary to limit our consideration to the
functions of the pitultary in view of the fact that a
vast amount of information has been accumulated concern-
ing relationships with other glands of internal secretion.
This material is very interesiing and must be included
in any adejuate consideration of the function of the
anterior pituitary gland, but at present we are concerned
primarily with only one of these funciions.

| Other éndocrine functions may be involved here,
however, when tumors are present that cause pressure on
other parts of the gland and resul ting less of function
of those parts. &vans and Long*have done an enormous
amount of work in this connection and have shown sach
relationships in animal experimentation on normal indiv-
iduals as well as the disturbed relationships of oestrus,
ménstruation and pregnancy. Through their work and that
of Putnam, Teal and Benedict the various hormones of the
pituitary have been differentiated to a large extent.
They have also furnished a large part of the foundation
for recent work disclosing certain antagonistic character-

istics of the various hormones. This has resulted in the
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modern conception of the pitultary as the master control
of these functions.

Evans, Simpsom and Gornish'é“isolation of a
definite hormone secreted by the anterior pituitary
which is capable of stimulating growth without the
effects on other glands and functions will be discussed
later. Fpr the present we will postulate the existance
of such a substance and eliminate from discussion the
widespread effects of pitultary secrstion in general.

Unlenhuth” recognized the role of the gland in
growth stimulation during the normal growih period of
life and believed that if did not cause further growth
after this period. He based his conclusions on experiments
with metamorphosed salamanders which viers fed a pure
diet of earth worms. The rats of growth of experimental
animals greatly increased and they continued to grow
beyond the limits of normal size producing giants. This
finding could not be demonstrated in those animals which
had attained their full growth. Thus we have seen a
complete change in results of exseriments involving the
pituitary from those first discovered.

Scott and ﬁroderick"

wers the first to recognize
definitely the application of this principle in humans.
This, of course, was a consideration in all experimental

work mentioned se far but there had not been sufficient



evidence established to allow for even theorization on
the probable clinical manifestations in man. These men,
‘nowever, did make the application and after observing
patients with what they considered a pituitary deficiency,
they made the following observation: ®ie see children
developing in a hesitating way, bbth in mind and bedy,
not going straight. we are apt to think of it as a char-
acter deficiency or we call it laziness or willful
stupidity, but it is nearly always an endocrine deficiency"
| They suggested the use of the gland in senile
epilepsy without giving any indication of the basis of
‘{:heir treatment. They also thought that such treatment
might offer relief from a condi;ion which similates the
cachexiea vhich fellows removal of the pitultary gland.
Bxtraction of the active principles of the anterior
pituitary had long been a problem which baffled expérim-
enters. It was not until 1921 that Evans and Longz*success-
fully accomplished the extraction of a solution which
would produce noticeable effects consistantly. Their
method was relatively simple. The principle step involved
was a primary extraction in 30% alcohol. This was rinsed
through Loke's solution and titrated through sand before
being centrifuged. The supernatent fluid was used for
injection,'controls being injected with similar substances

from liver. The dosage of this solution varied from

11.
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1/8 to 1 cc. depending upon the age of the animal. The
rats used were pure sirains and litter-mates were used
as controls in the experiments.

An incréase in the weight of experimental animals
was found together with lengthened oestrus cycle. The
animals received some toxic effects from injections but
increased in weight more rapidly than their litter-mates
in spite of this reaction. B

Putnam, Teal and Benedict®¥ designed a more elabor-
ate method of preparation of a similar extiract and succeed-
ed in overcoming the obstacles which had previously
prevented the production of sterile solutions. They
found that heating destroyed the activs principle. Their
next thought was the adiition of an antliseptic which
would be harmless to the animal into which it was injected
or to the principle itself. alcohol, phenol, mercurochrome,
acroflavine and hexyresorcinol were tried but when used
in effective concentrations they all precipitated and
destroyed the hormons. 4Another perplexing problem was
preservation of the hormone in solution. Seodium benzoate
in 3 to 1% solution was found to kesep the substance in
sufficiently zood condition for one week ‘in an ‘ice 'box
and for several months in frozen. This solved the
problem of preservation but they were forced to resort

to filtration methods to remove bacteria from the solution.



Ordinary filtration material was not adequate, becuming
clogged very readily by the cloudy, thick solution. Mind-
ful of the danger of adsorption the Burkefeld filter

was used but was slow and only about 50cc. per day

~could be produced. The filtrate, however, was found to
contain the hormone by experiments with rats. Finally

the Shieck filter was employed which, with the use of

suction gave a clear sterile solution. This also clogged ‘

after a time but was quite satisfactory.
This solution was proven to contain growth stimulat-

‘ing substance in experiments with rats and dogs. The
report also included the treatment of one human patient
suffering from pituitary insufficiency assoclated with
grauntopheryngiora.. Slight reaction from the injections
was obéerved but some bf the systemic symptoms were
relieved after each injection. The patient eventually
died of the tumor and no harmful effects from the extract
were described at autopsy. Thus we ssee the foundatien
of the postoperative treatment of tumors of the pituitary
which is so often nscessary in acromegalics from which
such tumors have been removed.

- The extract prepared by Putnam, Teal and Benedict
as described above was used in their classical experiments
using bull dogs. Two pedigrsed female litter-mate dogs,

age 4 weeks were used. &Experiments were carried on for

13.



14.

fifteen months. At first the éxperimental dog increased
greatly in size, maintainihg about normal proportions.
Later, however, changes became evident which were very
characteristic of acromegalic tendenciss and thess
changes progressed to a very advanced stage. The presence
of the sex fraction in ths éxtract_was evidenced By the
fact that the treated dog went into heat after 12 months
of treatment and the secondary 'sexual characteristics
were very marked as compared to the other.dog. The control
never went into heat.

lie have here definite indication of the two pnases
of activity of the groﬁth nprmbne. The first is the
stimulation of what appeafs‘to be normal growth, and
the second the production of acromegalic characteristics
after the normal growth period has ended.

More refined methods of »reparation have been
developed by Evans and others together with more or
less acurate means of ‘standardigatton. The significant
thihg in this work is.,, however, the demonstrétion of
the relationship between the pituitary growth hormone
and acromegaly.

Many cases have been studied and reported and
much learned about the diseass but certain phases still

remain somewhat of a mystery as we shall see later.



16.

ETICLOGY

We have seen in our historical review that &
great deal of work has be=sn done on the affect of the
growth hormone of the pituitary on the development and
size of individuals. Hany workers have treated dwarfism
with the extract of the gland containing the hormone v.ith
quite gratifying results; enough so that we may feel
'vjustifieﬂ‘in the conclusion that def@iciency results
in slow growth of children..

In acromegaly we are apparently considering a
disease characterized b, a marked increase in growth
which involves at vérious times, all the tissues of the
body. It was this observation which probably lead early
workers to suspect a hormonal agent as causing the changes
seen. Various men had suggested a pituitary hormone in
view of the frequency of pituitary adenomas in acromegalics.
After Putnam, Teal and Benedict preparedﬂg fairly concen-
trated extract of the hormone and performed their claséié-
al experimeﬁts on bull dogsﬁin which their photographs
and measurements show a very accurate expsrimental acro-
megaly by injection of thi® hormone, there remained little

doubt as to the causative agent.

AGE OF UNSET

Experiments have shown that excesses of the hormone
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early in life, before the fusion of.the epiphyses of the
bones, caused stimulation of growth in what appeared to

be & uniform and proportional manner and resulted in
individuals reaching the proportions of giants. Lersain
early writers report caéss of acromegaly in children but
many of these are questionable and seem not to be properly
classified. HRake™described a Case in a negro ten years
0ld who was very large for his age but his photographs

do not show convincing acromegalic changes in the hands
and feet. |

The exact time of onset in a given individual is
rather hard to determine due to the insidiﬁ% appearance
and gradual progression. Many patients are not aware of
any abnormal changes until their attention 1is attracted
to it by friends or until the changes are very marked
and the disease of long standing.

For the same reason it is difficult to elicit
from patients, once they have consulted a doctor, just
how long the changes have been taking place. Workers
at the Peter Pent Brigham hospitaf'have taken special
pains to obtain this information and apparently the third
decade of 1ife is the most frequent time of onseﬁ.
Usrtain other cases, no doubt, have some similar pit-
uitary pathology earlier than this but such patients

. have the characteristics of giants with a superimposed
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acromegaly.
‘Apparently there are no authentic reports of
infantile acromegaly the truly characteristic disease

appearing after completion of growth.

RACE

The disease seems to occur in practically all
races. Ihe only apparent special suceptibility is that
mentioned frequently in Jews. Lorand ', in his discussion
of the relative fre;ﬁené§ of diabetes in Hebrews, men-
tions a similar frequency of acromegaly.

Davidoff" found 21% of the patients he reported
in 1926 to be Jewa. This seems to be significant since
the census of 1920 showed only 3.4% of the American
population to beﬂjawish. He also reported cases in
individuals of Eﬁgusn, Irish, German, Scandanavian,
Italian, french, Spanish and sevseral other nationalit-
ies but none of these could be shown %o have any special
significance. Other reports show the nggro'race to be

susceptible but not outstandingly so.

SEX
Various series of cases show somewhat different
relationships as regards the incidence iﬁ males and
females, but in generalAthey present the symptoms about

equally and no predominsnce can be shown in either sex.
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OCCUPATION
Nei ther can any evidence of definite relationship
be established between odcupation and acromegaly. &rom
time to time writers have suggested the possibility of
the relationship between nervou& tensien and endocrine
disturbances. This idea has been correlated with appar-
ent slight predominence in members of the professions

and skilled trades.

FAMILY HISTORY

Davidbff”reports four cases where blood relatives
showed the disease (ona brother, one sister, one uncle,
_and one aunt). About half the cases reported from the
Peter Bent Srigham hospital seem to show a family histoy
~ of endocrine, metabolic, nervous or mental diseasé when
_accuraté and complete histories are obtainedfﬂ?zt present,
records,ére'far from adequate to show that the disease
is 1nheritable according to the Mendalian law but indic-

ations seem to point to some family tendencies to endo-

crine instability.

PAST RISTORY
In préctically all cases the past history of
disease in acromegalics includes very little that can
separate it from the history of illness which might be

expected in normal individuals. Many writers have
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attempted to correlate fevers, shocks and other serious
diseases findings are not conclusive. Typhoid fever has
frequently beem accused but no proven. correlation has
been found. |

Thus the disease is seen to be a constitutional
deficiehcy possessed by certain individuals with possible
familial and racial predispositions and caused by
excessive secretion of growth hormone by the anterior

pituitary gland or it's tumors.



SIGNS AND SYMPTOMS

The manifestation of pituitary disfunction,
under consideration is, of course prirarily a syn-
drore of skeletal and soratic overgrowth after a
certain, and rsther characteristic pattern. As
we- have seen the condition is a result of oversecretion
of the growth-promoting factor of the secretion of
the anterior pituitsry body, and csn be reproduced
experirentaly by the rethods described.

The glsnd ray be implicated by what appesars to
be a physiological hyperfunction or there may be actual
enla¥gerent of the gland with microscopic evidences
of increased acidophylic cells asuring the proportions
of neoplastic change. Acocordipgly we rust consider
five groups of cases.

GROUP I. Cases with only the glandular syrptons

GROUP II. Cases with glandular syrptoms and

local syrptomre.

GROUP III. Cases with glendular syrptoms and

general pressure syrptoms.

GROUP IV. Cases with glsndular spyprptoms and

focal signs.

GROUP V. Fugitive acroregaly.

In the first group we see the progression of
sycptors which truly characterize the disesse.

These have to.do with hypertrophic changes of the

20.
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skeleton, its coverings and the body organs. The
skeletal sspects are those which were first described
by Marie®in his first account of the disease. When
two of these patients care to sutopsy, Broca'“report-
ed the presence of definite viceromegsaly.

Cushing'” in his descriptions of pifuitary dis-
function, described and clessified the syrptoms at>
considerable length.iIn most'cases the progressive en-
largerent of the hands snd feet wags the first indication
of the onset of the disease. This continues as further
syrptors sppear and forrs a prorinent pert of the
entire picture. It results, fror enlargement of the
articular portions of the bone in deformities of both
pogition and liritation of motion. Patients sre fre-
quently unable to close the hand sufficiently to
perforne ordinary grasping activities. This bony over-
growth also involves other bones but is more evident
about the epiphyses, thus manifesting itself as mwore
of less generslized enlargerents of joints. This sare
process ray extend to the joints of the vertebral colurn
and result in fixation and curvatures. Most frequently
scoliosis and kyphosis sre seen (Cushinés.

This skeletal enlargerent results in an incresse
in size of the entire body framework including height

to a certasin extent. Cushing's'® later work describes



22.

cases8 in which the height of the individual was 1nc-
reased fror 2 to 4 inches. The characteristic pro-
truding jJaw is a ranifestation of the same process

but seemrs to be one of the most frequent syrptonrs
observed. It ie accomrpanied by coarse features, thick
lips and tongue. Accordingly the patients often have
a rather characteristic speech with loss of resonance
and a thick, gptteral tone. When a great desl of en-
largerent of the mandible occurs fhere is frequently
an increase in spacing of the teeth. This occasion-
ally occurs in the raxillary bones and the teeth there
are sirilarly sffected.

Nassl obstruction due to hypertrophied bones
surrouﬁding the air passages was reported by Cushing end
Davidoff Iierked increase in the circurference of the
chest also frequently accorpanies the disease.

Associated with these ékeletal changes there is
overgrowth of soft tissues. The muscles increase in
size and in earlier stages the strength of the individ-
ual is rarkedly increased.

The behavior of these patients is usually consid-
erably changed with the progression of the disease.
They tend to becomre awkward and though for a timre are
wore powerful thsn fefore there is apt to be & rental

and physical lethargy. The endurance of the individual



is definitely diminished and patients tire more easily
though they may be able to exert more energy after a
period of reste. The reaction tirce of the entire vol-
untary ruscular syster seexs to be dirinished.

The skin is mroist, soft, and elustic and does
"not have a stretched appearance in spite of the enlarge-
rent of the underlying structures. There is a tendency
toward increased pigmentation of the skin. The corplex~
ion is darkened as is very frequently the éolor of the
‘hair.

VisceralAenlargement is ususlly not so definite-
1y observable by physical exarination. This might be
expected in view of the diffuse hyperplasia observed.
The rost coxwonly seen evidence of this process is the
enlargemrent of the spleen.

Atkinson;'reviewed a series of fourteen hundred
ceses and found the generslized visceromegaly rentioned
by‘Broca in only 46 cases. This condition is not found,
under any othervcircumstapces, however. Roberts, Carmxb
and Lond‘greported & case of this enlargerent of organs
which they studied by X-ray (stomach, smrall intestine,
colon, spleen, liver and heart). Strictly speaking visc-
eroregaly should be considered as a term used to apply
only to a condition of enormous enlargement of the viscers

beyond a1l proportions to the size of the body. Propor-



tionél_enlargement of these organs, as evidenced by
their weight at autopsy, is seen quite frequently. A
table of their comwparative weights is incorporated in
the discussion of the pathology involved.

lLaboratory signs are not particulsrly constant.
The urine, in general, is negative. Some observers
have‘deécribed cases with glycosuria. Elliszzreporte
a case of his own in which there was a two plus sugar
reaction in the u;ine. This patient had shown acro-
regalic symptors for seven yesrs. He was thirsty also
and had a definitely increased asppetite. Large appe-
tites are the rule, however, rather than the exception.

The pstient showed & glucose tolersnce curve character-

istic of diabetes reglitus asnd insulin reduced the blood

sugar and made the urine sugar free. This particulsr.
case had an acidophyllic adenoma of the pituitary which
was successfully reroved surgically. After this the
blood sugar which had preyiouély ranged fror 100 mgs
percent to 140 dropped to normel and the glyéosuria
dilappeared. Later deternrinations showed a diabetic
glucose tolerance curve, however, and an associated
diabétes cannot be entirely excluded though reroval of
the pituitary faotorrresuited in definite irprovement
of this phase of the picture. Ellis was able to find
twelve reported cases of acrorggaly which had this sym-
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ptorr but they were ndt studied adequately enough to
elirinate diabetes as a csuse.

Evans, Meyer, Simpson and Reichert“;were able
experimentélly to produce 4-plus urinary sugar and a
blood sugar of 232 mgs percent in dogs by the injection
ofvanterior pituitary growth hormone, This seems to
indicate the association of this finding with acroregaly.
They further associsted it with the increases suscept-
ibility of acromegalics to infection.

Schrire®’ studied the creatine and creatinine
out-put in the urine and found a tendency toward in-
creasse in the excretion of these substances and de-
creased tolerance to ther when adrinistered by mouth.

A large percentage of ceses reviewed showed
@ecresse in retabolic rate when such was studied, and
Rowe’’ conducted a series of careful reasurerents on
a group of acroregalics and found, after cirrection
had been rade for temperature changes, a consistant
lowering in the BMR. The average in cases studied
was about a -22%.

Arenorrhes is & cormron syrptor in woren and
appears quite early in the disesse. Imﬁtence is slso
found in men but does not appear except in the more
advanced stages (Lackey )

X-ray studies of the pituitary fossa show little



or no variation in these cases aside fror some thicken-
ing of the sella turcica corpatible with the general bony
hypertrophy.
| In group two we find cases with the glandular

syrptors associated with local subjective and objective
signe. Headaches are very commxon. They are usually bi-
terporal in nature and often very severe. Associated
with these headaches there is no increase in spinal pres-
sure (Cushinéﬁ. The cause is not well understood but it
has been thought that they are due to tension on the cap-
sule of the gland. There may be an associated photophobia
and somwe patients complain of discomxfort in the deep orbi-
tal and incressed sensitivenees of the eye to pressure.

X-ray of the sella showes three types of deformit-
ies: (1) that associated with thickening of the clinoid
processeg8 and dorsur ephippi,{3)that with thinning from
pressure absorption of these parts, (3) that with more
or less desgruction of 8ll outlines. The first group
probably represents bony thickenings as a feature of the
tendency toward osseous over growth , but is accorpanied
by an increage in the sise of the pituitary fossa. The
second group represents bony absorption due to pressure
frow a larger tumor mrass and is sn intermecdiate stage
between the first and third. 1In the third stage the

turor is of such size that the contour of the sella has
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been completely destroyed. This does not necessarily
presuppose erosion of the capsule of the tumor.

In the third large gruup of cases, narely those
with glandular syrptomrs associated with general pressure
syrptors, we rust presuppose a turor of sufficient size
to result in changes in the function of the cerebro-
spinal fluid. The result is either an increase in the
sxount of fluid secreted by irritation og%n obstruction
of the normal flow. In the former case evidence of the
increased pressure can be meénured directly by spinal
puncture. In the latter it is soretimes necessary to
base 8n irpression on the relative degree of variation
of pressure by Jjugular corpression.

Consideration rust always be given in these cases
to the possibility of some other tumor or cystic forms-
tion existing at the sare timre and causing the symptons.
Headache ray be the only syxptor;for vomiting, which is
sn inconspicious feature of many intracranisl turors,
is particularly unusual in these patients. Certain
physical signs are helpful,however. Among these are
extracranial evidences of venous staesis, shown by full-
ness and tortuosity of the palpebrsl as well as the
larger veins of the scalp. X-ray shows deformity of the
sella consistently in these patients and also pressure

enlargerents of diploic channels.:
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Group four with glandular symwptoms and fooal
signs is a srall group as regards the nurber of cases
included here exclusively. Many of the csses in groups
two and three show focal syrptors. Practically the ohly
comron nervous indication is that associated with the
optic nerwve. Patients mway corplain of partisl or
corrplete blindness. Liritation of the visusl fields
often way be discovered on physicasl exarination. The
rost frequent finding is the bi-temporal hemionopsis.
This is, of course, associated with préssure atrophy
of the central fibers of the optic chissre. The blindness
ray be partial or complete depending upon the size of
the tumror. With larger tumors the outer fibers of the
chiasr ray be involved producing comrplete blindness
or one sided involverent causing - total blindness in
one eye only.

Any variation of these findings may be seen
depending upon the various configurations of tumror
growth. The optic atrophy is seen st the nerve head
on ophthslroscopic exarination. Choked disc is slso
seen in associstion with general increase in intracran-
ial pressure.

Shelton and Cavanaugh*“considered the syrptomns
of stiff neck and loss of deep reflexes as focel signs

in a case with very acute onset of pressure symptors.
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Group five includes cases characterized by ' rather
bizarre series of syrptomrs which seemr to represent a
reversal of pituitary function. In the early stages,
these casés show evidences of scromegaly but these are
replacec later by the phenomena of cachexia, weakness,
increased carbohydrate tolerance etc. which were thought
by Baily asnd Cushing® to be due to the "failure of the
acidophylic cells™. They called this syndroie fugitive
acroregaly. It rust be differentisted fror the more
frequent and usual course of the disease which includes
the syrptors of pituitary deficiency later. In the
condition wentioned above these syrptoms occur relatively esrly,
ususlly before the acromegalic changes have progressed
8 great deal.

Shelton, Cavanaugh and Patek “studied this further
and reported séveral cases, the following of which is
rather characteristic. The patient, a masle, age 28,
forrer redical student conplained of s sudden>onset of
severe throbbing headache and losc of vision. PFor
two yeaurs previous to the}onset of these symptors he
had noticed gradual enlargement of the hamds which had
assured characteristic spade-like appearance of acro-

regaly. On physical examination opisthotinus, occuls}

neuritis asnd loss of deep reflexes was found. In the



ensuing two years the headaches persisted but with

less severity, the patient remained mentally alert

but developed a tendency to asthenia'and somrnolescence.
Libido and potentia remsined unirpired. There was no |
change in ewotional responses or disposition, and there
was no further progression of the acromegslic tendencies.
Further study showed a high glucose tolerance, low BMR
(=30 to =40) and the presence of a calcified shesdow
within the sells.

These latter symptors snd findings were interpret-
ed as signe of pituitary insufficiency and therapeutic
teat substantiated this view. Alkaline extract of
anterior pituitary glsnd was,administered. The patient
irrediately showed a weight gsin, having lost 60 pounds .
in thevpreceeding two years. When the treatrent wss
discontinued there was an imrediate loss of weight.
During treatwent the patient showed an increase in
strength, decreased glucose tolerance and an associated
increase in sppetite. Blood pressure was not affected
at eny tite. Corey and Grahar'f reported & csse with
sicilar progressiopg of syrptoms after a tumor was
reroved surgicelly fror the sella, there having been
acroregslic tendencies before removal.

In this syndrore of fugitive acromegaly the

appearance of symptoms of pituitary deficiency mrarks
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the end of ascroregalic progression.

Signs of pituitary deficiency sre quite constant
features of late acroregaly in which intercurrent disease
has not,ended fataly. There is 8 definite reverssl of
processes, the patients becore weak, easily tired, lose
weight,vsometimes very rapidly to the point of eraciation,
and they tend to increase mentsl dullness. This is the
phase of the disease which is ususlly referred to as pi-
tuitary cachexia. |

A similar condition ray exist after destruction
of the glsnd therapeutically. Corey and Grahar ‘have
described this in'some considerable detail and roint out
that practicelly the same circumrstances are found in
pituitary deficiencies where the growth hormone is in-.

volved even though not preceded by sacrorcegaly.
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PHYSIOLOGY

Very little has been wrié;n on the mechanism
of the sction of the growth promoting hormone. Msny
elaborate works on the end result of these processes
are found but few atterpt to #xplsin ther; whether
they are direct or indirect (executed through the other
endocrine glandslor physiological processes). Paal’*?
in 1933 showed that bits of thyroid cultures in a fluid
rediur were stimulated to definitely rore rspid growth
by the addition of the thyrotropic factor of the ant-
erior pituitary secretion, while the effect wass not
produced by folliculin, pituitrin or prolan. Here we
see a diréct effect on the tissue when isolated from
the orgsnisr.

The direct sction of the horwone on the tissues
is not at all certain, however, in view of the work

IZB)
.

of asher, Houssay snd Gonzales (referred to by Evans
These workers obtained from the thymrus a substance
known as thywocrescin which would increase the rate of
growth in rats. They also find rather definite thyric
atrophy after hypophysectomry. An increase in the size
of the gland out of all proportion to other orgsns with
the adrinistration of growth hormwone is shown by Kerp >

in his experimrents with littermwsate psirs of mice.

This would seew to indicate some possible connection
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between the thymrus snd the incresse in growth, but
lack of rore evidence makes proof of the relationship
irpossible.

Lee and Schaffer*! described the growth of twelve
pairs of litterrute rats treated with antuitrin G. He.
studied the behavior of these anirals with particular
reference to the nitrogen balance. The pairs of rats
were fed exactly the sare diets in exactly the samre
arounts. The excess gain of the treated animals over
the controls was: "live weight, 531 gms., body length
16 cr." Other excess deterwinations were as follows
water 447 gmws., ash 28.4 ges., fat -119 gmrs., fat free
dey tissue 173 gms., nitrogen 22.5 gms., energy -54i
calories. Nitrogen and ash balances were found to
parallel closely the excess gain in weight. This is
rather definite proof of the fact that there is an
actual growth. We see here, also, &an increassed
efficiency in the utilization of food eaten and thst
the increase in size is more than werely the direct
result of the increased food inta<e which follbws the
incresse in sppetite of snimals trested with the hormone.

Very little has been ‘said , to explain this.
Certain work with the fractionation snd recom@ination
of the arino acids has deronstrated that there is a
substance present in protein which is also essential |

to growth which will not occur withou® that substance.
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Kingston and Schryver?® devised a rethod which they
called the "carbomrate fractionation" by which rather
pure solutions of amino-acids could be prepared.

Caldwell 'Tecorbined these acids in approxirately the
correct proportions snd fed them as s source of nitrogen
to young rats but the rsts did not grow. He found,
however that when such diets were supplerented by the
butyl alcohol-soluble portion of hydrolyzed casein,
growth occurred.

This unknown factor was first separated by Windus,
Catherwood and Rose”in 1931 but to the present tire the
cherical nature has not been deterwined. It cannot be
ssid to have any relation to the growth horrone to any
further extent than being one of the requirerents for
growth. Neither has this substance been associated
chericslly with the growth hormronse.

The processes within the body which are altered
by the injection of the hormrone give sore interesting
inforration. Geebler?® found that the hormone caused
a prorpt and very definite drop in urinasry nitrogen due ch-
iefly to chasnge of urea content. There was &n accompany-
ing drop in blood nitrogen. This seems to indicsate
an addition of nitrogen to the tissues but this addition
ray not be retained and the sudden gsins in weight

seen with injections are always lost when the injections



are discontinued. The loss seen here is also in the
forr of urea. Gaebler suggests from these observations
that the gain may be only in "reserve protein" rsther

than sctual increase in arount of perranent tissue.

There is, however, definite tissue retention of nitrogen

since other experiments showed sirultaneously increased
dietary nitrogen intake, urinary nitrogen decrease
while the fecsl nitrogen remained unchanged. Teal and
Cushing”confirmed these findings and observed further
that in fasting dogs whose blood nitrogen hes reached
the fasting level which rerains constant for weeks st

8 tirg¢ the growth hormone will produce a further dist-
inct drop. ,

Changes in calciur and phosphorus content of the
blood and tissues are very slight and incoamstant.

In later experiments on dogs Gaebler has found
that there is & greast increase in water intske and out
put, there being, however, very little water retention.
There was also an increase in heat production.

The possibility of an intermediate function of
the thyroid gland was studied by Gaebler’’in 1935.

He found that thyroparaphyroidectory did not rateriselly
increase heat liberation caused by anterior pituitary
growth hormwone. Also that the nitrogen retention was

not significantly altered by it. In one sniral where

b,



there had previously been a very small effect, thyroid-
ectory was followed by a very rarked response. These
findings seemr to indicate that the thyroid gland is

not essential to the functioning of the growth hormxone.
Sore snirals fed thyroid together with horrone injections
seered to show & sorewhat grester response. In this
series, the water increase was found to be primarily a
ratter of water storage followed secondarily by diuresis
a8 the intake curve rose sooner than did the volume
outpnut.

Fror this and other sirilar work it seems quite
natural to believe that the action of the anterior
pituitary growth hormwone is chiefly upon the genersal
tissue metsbolism directly in so far as the thyroid
and parathyroid glands are concerned st least, and slso
that the effects are not due entirely to the presence
of s thyrotropic horrone which increases thyroid act-
ivity thus increasing retabolisr.

Gaebler“’also found that by feeding sugar in
arounts proportionate to the increase in metabolic
rate he was unable to prevent the incresse in fat
retabolism. This increased metabolic rate is a
temﬁorary finding and is not seen in gisnt rats
produeed by the action of thé horrxone.

The B M R was found to be decreased by Lee,
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Teal and Gagnonff The gients showed 629 cslories

per square reter per day while controls showed 806
calories. The significsnce of this finding is rsather
hard to evaluate since the energy involved in the pro-
duction of the rarkedly incressed rate of growth was
not taken into comnsideration.

The work of Shrire‘in 1937 has opened a new field
of investigation into the physio-chemical nature of
retabolisr under the influence of the growth hormrone.

He found an increase in creatinine secretion after sbout
83% of the injections. Thyrotropic hormrone caused
increased creatine without significant effect on creat-
inine. Corresponding changes in tolerance to these
substances was found following sirilar injections.

All this seemrs to leave the physiology of the
action of the horrone under consideration sorething
of a rystery with very little except the incresse

in tissue rass to show for its effects.



The pathologicsl considerations 1ﬁ this disease
involve nearly all the organs and tissues of the body.
The precise relationship between the pituitsry and
other organs is somewhat obscure in msny cases and
it is often very difficult to differentiate the changes
for which the growth horrone is dlrectly responsible
fror those resulting from deficiency of other pituitary

functions or fror indirect effects by way of other

endocrine glands.

The considerations may be outlined as follows:

PATHOLOGY

A. Anterior pituitary

1.

With tumor

2 Without turor

B. Other endocrine glands

1.
2.
Se
4.
- 6.
6.

Thyroid
Parathyroid
Adrenals
Pancreatic Islands
Thyrus

Gonads

C. Skeletal Tissues

D. Somatic soft psrts.

E. Viscersa.
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In discussing the hystopathologicsal changes of

the anterior pituitary we mrust first consider sore special

terrinology which has evolved in descriptions of the
cells found here. It may be well to include somre of
the normal histology as 8 foundation for pathological
findings. The cells of the anterior pituitary are of
polygonal forr with generaslly sharply defined cell
boundaries. They are arranged in columrns between which
are rather delicate vasculsr sinuses. The connective
tissue support is corposed of fine fibrous connective
tissue which forms & rather inconspicuous part of the
ricroscppic picture.

The types of glandular cells are identified
by the type of grenules present. There are two prirary
tyves, the chrowophilic and the chromophobid. The former
take ordinsry stains well, the lstter being character-
istically refractive to such stains. There are also
two types of chromophilic cells. These are known &s
acidophilic and basophilic. These terws were applied
to the granules owing to the type of stain (acid of
base) which colored ther. Many such stains have been
used but in general the basophiles sre charscterized
by affinity to these stains. Many writers since the
ridcle of the last decade refer to these as alpha and

beta granules rather than designating themr as above.
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The types of cells in which the two types of
granules are seen are apparently the same but one
particular cell never contsins both types of granules.
Thus, the cells therselves are very often referred to
as alpha or bets cells depending on the type of granules
fougd in the cytoplasm.

Baily and Davidoff described very acurstely the
characteristic changes seen in the alpha cell adenorata
of acromregaly. They appear to be proliferative in nature
and the cells then to lose their thick @éord-like arrange-
rent and becore somewhat more tightly psescked. The
forr and size of the cells is irregular and sore of
ther are rultinuclesr. In active ceses mitotic figures
are frequently seéen in varying nurbers but evidences of
aritotic divisions of the nuclei sre slso frequently
seen. The alvha granules tend to be mrore numrerous
at the periphery of the cytoplasm and in genersl they
are finer than in the norrsl cells.

The intercellular structure in the sdenorsta is
8lso changed fror that of the normal gland. The cells
therselves are, of course primsrily alphe granulsr. The
connective tissue elements are ususlly decreased in
active turors but ray tend to increasé following
degenerative changes of the glandular cells. Vasculsr

supply in the norral glsnd is represented in ricro-



scopical section by rather numerous and fair sized
cepillaries between the cords of cells. In the adeno-
rata these capillaries are very indistinct end lack any
orderly relationship to the cells of the tumror.

There are some special chsracteristics of these
turors which were studied by Bailey and Cushing®in
1928. They examrined 100 cases most of which showed
secondary}pituitary deficiency following a definite
course of acroregalic symptors. It was their intention
to discover,if possible, a correlstion between the histo-
logical course within the tumor 1tself and the syndrore
of syrptors which we have referred to as fugitive acro-
regaly.

To this end they set about to study first the
turors themselves &s regards the variation in the re-
lative proportion of cells with alphe granules to those
where none of these were seen. After examination of
raterial ricroscopically, the turors were divided into
8ix groups bssed upon these histological characteristies
as follows:

Group l. Here practically all the cells were
packed with alpha granules. The cyto-
plesr was relatively clear snd nuclei
showed some mitotic snd amritotic divis-

ions.
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Group 2.

Group 3.

Group 4.

Group b.

Group 6.

42.

Although rany nongranular cells are
present, most of ther contsin fairly
large nurbers of alpha granules. Some
of the cells in this group whow srall
vacuols in the cytoplasm, but the nuclei
generally are reticular and appesar to
be fairly active.

Here the alpha granules are very much
sraller and appear only at the periphery
of varisble nurber of cells as a thin
ring.

No alpha granules are definitely deron-
strated, but the periphery of some of
the cells retain ethyl~-violet stain
quite definitely.

The cells here are relatively inactive
taking less stain;and the tumrors sare
further characterized by increase of
intercellular connective tissue and
blood vessels. There are no alpha
granules.

Glandular cells are few and inactive.
They show no sign of alpha granules.
Active nuclei are not found, and the

cytoplasr of the rerasining cells hss



a distinct tendency to vacuolization.

The cases which Bailey and Cushing‘examined all
appeared to have passed the peak of systemic hypertro-
phic changes. They fell into the above groups in the
following proportions:

Groups 1 and 2 - eight cases each.
Groups 3 and 4 - eleven cases each.
Group & - forty seven cases
Group 6 - twelve cases.
Three of the cases had indefinite characteristics and
could not be classified as above.

It was seen by correlation of the clinicsl aspects
that the more mafkec acroregalic tendencies were in those
patients who showed larger nurbers of alpha granuleg in
the cytoplasmk of the tumor cells. These tumors were also
definitely more cellular, the proportion of connective
tissue and vascular strors being greatly dirinished.
Cases operated after the onset of very distinct hypopitui-
tary syrptors did not show this type of tumor. Some of
these turors showed cystic degeneration, actual vacuols-
tion of the cellular elerents, hemorrhage into the tumror
or other destructive lesion&8. In the absence of these
findings the tumrors fell into groups 3 and 4, and in the

later stages of hypopituitarismr groups 5 and 6.
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Froxr these findings the authors arrive at the
sorewhat enthusiastic conclusion that the nurber of
alpha granules and the acromregelic tendencies are pro-
portional, and that the degree of hypopituitarism is
proportional to the loss of these granules in the tumor
cells.

These conclusions seexr somewhat overdrawn but
exarination of other reported cases tends to confirm
this impression. These findings seex further to con-
firr the impression that growth hormone is secreted
by alpha cells.

Gross appearance of the tumors is varisble. A
large proportion of themr are very swall and can be
found only sfter careful examination of the snterior
lobe. These cases have no eye symrptoms, rarked head-
ache or other pressure sypptors;snd the other functions
of the pituitary are, in general, well preserved. In
contrast to these smrsll tumors are the very large |
adenoratous growths which are generally considered as
intrasellar or extrasellar tumors. The‘differencia-
tion is made upon the presence or absence of extension
beyond the fibrous diaphragm which separates the sella

fromw the rest of the cranial gavity.

The intrasellar tumrors may produce rather mrarked

pressure signs snd expecially those involving the optic



nerves. Associated with these tumors we ray see very
great enlargement of the sella,and the characteristic
pituitary headache may be severe even in the absence of
rarked increase in intracranisl pressure. The extra-
8ellar turors are those Which have extended beyond the
limits of the diaphragm. The extent of these turors
into brain tissue is variable but mray involve large
parte of brain tissue and ray be associated with very
great intracranial pressure. The focal‘symptoms de-
pend upon the areas of the brain involved. Most of the
turors are fsirly well encapsulated but sore show ero-
sion of the capsule with sore of the invasive character-
istics of malignant tumors.

Turors exaxined late in the disesse alrost
invarisbly show cellular changes with loss of granules
and other signs of loss of secretory activity. These
turors are the type so well described in Cushing's
studies. Associated are the late sigﬁs of pituitary
deficiency. The pars interredius and pars nervossa
show rore or less destruction by pressure from the
tumror.

In considering acroregaly without definite turor
forration, we mrust recognize the fact that this is a

very rare condition and that those cases where it has
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been described are often indefinite acromegaly or the
exarination was not donvincing. Dean Lewis“reported
such a case in which he described the microscopic pic-
ture as 8 very cellular gland with reduced stroms and
cells resting directly on the capillary walls with ir-
regular groupings. This is apparently the most suthen-
tic example of the condition. Krumbhaar4'found a sore=
what sirilar case. There was somre increase in the size
of the anterior lobe with an essentially diffuse cellu-
lar arrangerent and definite increase in proportion of
the alpha cells throughout the gland. Here we sec &
theoretical circumstance which Sseems to have patholog-
ical foundation in isolated cases but should be accepted
after diagnosis has been proven and exhaustive searches
for tumors completed.
THYROID

The response of the thyroid gland was sub ject
of somre controversy in the early study of acromregsly.
In Msrie's original case the gland was found to be
rather small, weighing only 27 grams as corpared to the
average weight of about 45 grars. This, however, is not
the comron finding for thyroids in acromegaly though it
was supported by other sutopsy findings soon after ilarie's
tire, as in I.ewis'“'work.

In genersl the larger percentage of cases seem to



have definitely enlarged thyroids during the active stages
of acromregaly. The action of anterior growth hormwone was

2
Z who, as we have seen,

studied experirentally by Pasal
caused definite stirulation of growth of this tissue by
addition of the growth hormone to cultures. He suggest-
ed the presence of a thyrotrophic factor which might be
separated but this, if present, is also secreted by the
alpha cells.

In cases which have progressed to the stage of
decreased pituitary function, the thyroid glend is usual-
ly 8lso small. In these instances the ascinal epitheliur
is relatively flat and an excess of colloid is present.
Such a histological appearance seers to represent a
dirrunition in function of the gland. We see here a
series of events during which the thyroid hypertrophies
fromr stirmlation with the growth hormone to & plane at
which it is imrpossible for the gland cells to continue
their activity when the hormone is removed.

PARATHYROID

The literature contains relatively little as
regards the chsnges in these glands snd there is ap-
puerently very slight pathological or functional change.
Cushing snd Davidoffnﬁention Josefson's report of a
ca8e in which a tumor of the parathyroid "as big as a

walnut" was found, but such instances are very rare
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and ray be accidental.
ADRENALS

Enlargerent, which is characteristic of findings
elsewhere in the body , is also found in the adrenal
glands. Agsin, however, degenerative changes may be
seen late in the disease. One of Cushing'sqcases show-
ed extremre fatty degeneration of the cortical cells which
had previously showed marked hypertrophy to the extent
of corpression of the redulla which was very smsall. This

8eers to indicate a secondsry regression of tissue follow-

ing the rerovel of the growth hormone. Certsin otherccases

treated at the Peter Bent Brighamr hospital showed adenors-
tous proliferation of the cortex to be assdciated with the
hyperplasia.
PANCREATIC ISLANDS

It is generally accepted that acromegslics have
a tendency to hyperglyceris whether & glycosuria is seen
or not. Cahné“sproduced hyperclyceria by injections of
erulsions of anterior pituitary and an accomrpsnying de-
crease in muscle glycogen. There is also a tendency
toward incréase in nurber of islet cells in the psancreas.
In sore cases there is actual tumor formstion in these
cells (Cecil" ) Whether the growth hormone is directly

responsibtle for this or not may be questioned in view
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of Cecil's suggestion that part of the hyrvertrophy at least
ray be a corpensatory reaction to the tendency to increase
blood sugar as rentioned above. If true, this could be
considered a normwel reaction corresponding to that which
occurs in the foetus of s diabetic mother.
THYMUS

Grossly the thyrus is always‘prominent. In sore
instances it is very ruch enlarged. This is not always
associated with diffuse hyperplasia of the lymphatic
tissues but the two are frequently seen together. Histo-
logically there is nothing chsracteristic about the glend
in acroregaly, but the enlargerent is usually much great-
er than that of the other body orgens.

GONADS |

Two processes are involved in the pathological
changes in the gonads. They are spparently affected very
little by the growth hormone and, due to the frequent de-
struction or comrpression of the besophilic cells of the
pituitery and resulting decrease in secretion of the sex
horrone, there is a tendency to atrophic changes here.
Cystic degeneration of the ovaries is frequently seen.
In general the changes are those seen in hypopituitarisr
rather than a hyperfunctional syndrome.

In certain cases the sex factor is appsrently not

involved and its presence sllows for continustion of



function of the ovaries. Teal‘qreports a case of an
acroregalic who had symptomrs for seven years with regular
renses that showed no discernable change in character.

At autopsy an eosinophilic adenoms was found but the
basophilic cells seemed normsl in appesrance and nurber.
Another similar case was reported by Biingle® in 1937
without sutopsy findings where a petient showed symptoms
for three years, was operated and an alpha cell tumor re-
woved. Three years later she becsre pregnant and deliv-
ered a normsl baby at term.

In acroregslics a rarked hypertrophy of the genital

tract is seen corresponding in genersl to the other viscer-

sl enlargement. Pathological changes of the ovaries seen
rore dependent on the sex hormwone deficiency than increase
in the growth fsetor.

Histological exsmrination shows lack of signs of
raturation snd sabsence of lutein tissue. Testicular
changes are rather simrilar to those seen intthe ovaries.
Sperratogenesis is not seen. The only remnasnts of the
gerr cells are small, inactive epithelial-like cells
lining the tubules. Leydig snd Sertoli cells have lost
their histologicsl characteristics snd cannot be definite-
ly recognized in sections of testes in advanced acrore-

7

galics. Crowe, Cushing and Horans' produced sirilar con-

ditions in gonads of rats by hypophysectory, comfirming
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the irpression that the process here results fromr lack
of the sex factor of pituitary secretion.
BONES

The bony framwork of acroregalics is probably
the rost described phase of the disease. The enlarge-
rents of skeletal structures made ther the most obvious
deforrities and therefore were studied first.

There is, ofcourse, genersl enlargement with
sore lengthening of the bones and the height msey in-
crease from one to four inches. The bony changes mray
be surrarized under five major processes, nsrely:

1. Thickening of the cortices of the long bones

with enlargement of the bony processes such
a8 ruscle attachrents, processes surrounding

the Joint contours and the irregularities of

the flat bones accomrpsnied by increased density.

2. Tufting of the terminal phalanges of the
fingers in particular, a chsnge which is
precticslly pathonumoé%dﬁ;f this dé¢sease and
is not seen in other osteopathies.:

S« Fusion of the epiphysesal lines occurring to
the extent that they cannot be discerned
either by X-ray or gross exsnrinstion.

4. Exostoses sappesring on slmrost any bony sur-

face.
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5..Lengthening, especially of the long bones.
This is seen rore particularly in young
patients, becoiing a less conspicuous factor
as the disease occurs in later life.

These processes can be applied to account for
all the changes in the skeletal size and contour in
acroregalye.

VISCIROMEGALY

Visceromegaiy as a separate pathologicel finding
8hould be spplied only to those cases where the viscera
are enlarged out of all proportion to the genersl body
enlargerent. Atkinson; finds the condition to be
relatively rare snd it occured in only 46 cases in a
series of 1400 which he reviewed. He pointed out,
however, that it is not seen except in acromwegalics and
thus should be considered as one of the ranifestastions
of the disesase.

Soretires the enlargerent of internal organs
is enorrous as was found in a case of Roberts, Comb
and Londfswhere the storach, intestine, colon, spleen
and liver ss well as the heart were involved.

Special consideration should be given to the
heart since uason*’observed that heart failure was the
cause of death of acromwegalics excluding intracranial

corplications, disbetes mrellitus, surgicel procedures,



or other intefvening disease. He found & mwarked cardio-
regaly which is even rore pronouced in those patients
with remarkable enlargement of the viscera. One of the
largest hearts on record was that of an acroregalic re-

ported by Osborneﬂ

s Which weighed 1230 grams. The patho-
logical process involved in these hearts is not well
understood. It does not seer to be & matter of work
hypertrophy. Sections show no.characteristic changes.
Early in the disease the muscle fibers seemr to be larg-

er than norral but later csses seer to show a decrease

in sige.

If we correlate the generalized atrophic changes
which occur in the hypopituitary phaze with the cardiac
decorpensation seen here, it is conceivable that s hesrt
which has been deprived of the stimulation of the growth
horrone which has wsintained the progressive hypertrophy
should not be able to carry on adequate circulation in
a vascular syster adapted to the increasé&d cardiac force.
Rowe’’ finds thet there is no marked increase in the blood
pressure, but imwplies an increase in the vasculsar bed in
the tissues. If this occurs simultaneously with the
cardiac hypertrophy, the raintenance of the blood pres-
sure will require sustained increase of work since the
peripheral resistance is reduced with an accorapnying

increase in rate of flow and blood volure necessarily
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Normel male
Normal femeale

Case I.
male a. 52
dur. 30 Yrs.

Case II
male &a. 40
dur. 13 Yrs.

Case III
" male a 35
dur. 20 Yrs.

Case IV
Fem. a. 51
dur. 21 Yrs.

Largest
recorded
weights

6!

6t

5'

Height

2"

6"

an

Clll .

172
155

185

198

173

157.%5

2”

Weight Lungs Heart
kg. m. ﬂ.
70 920 320
55 250
97 2550 1050
213#
122.4 1930 480
269#
100 ? 1000
220#
68 ? 460
151#
- - 2922 1275
(Osborne) "

Liver Kidneys Spleen
. __gh. £,
1500 300 200
3150 853 535
3380 565 385
2480 650 ?
2500 695 240
5900 1170 1169
(Dallemagne) (Lewis)

Thyroid Thymus Adrenals
. 0 o gi. | __gl.
45 14 12
310 ? 43
105 8.2 43
100 78 30
? ? 18
312 Case 57
(Geddes) III (Schultze)

Pancreas
—Re

80

225

83

150

250
(Launois)




handled by the heart.
SOMATIC SOFT PARTS

This is evidenced chiefly by the increase in the
size of the muscles. This, too, is a reversable reaction
and degenerative changes occur in the late stages. Early,
ruscle fibers are large with distinet wyofibrils; later,
ags the atrophic stage appears, they becore shrunken in
8ize with increase in proportion of connective tissue.

The chart on the following page is presented by
Cushing snd Davidoff'’and gives sore corparative weights

and reasurerents of acroregalics.
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TREATMENT

Fror our consideration of this disease syndrome
80 far we are rade aware of certain distinct obstacles
a8 regards the matter of treatment. In the first place,
the pathological processes involved result in hypertrophy
of the tissues of 81l of the organs of the body to a |
greater or lesser degree. This produces the character-
istic deforrities and makes return to normsl relation-
ships a destructive process, or at least, & shrinking
of tissues and organs.

At the present timre there is no known agent or
prograr which can produce such changes. This being the
case, we rust content ourselves with stopping the pro=
gres8 of the symptomrs and mweking the patient more
corfortable if he is troubled with pain, loss of vision
or other symptors associated with the local effects of
turor growths as they ray occur in the pituitary glend
itself.

Effectively accomplishing this result is & very
hazardous procedure becsuse of the anatorical relation-
ships of the pituitary glsnd and the technical difficult-
ies involved in any therapeutic approach to it. Surgical
reroval is 8 very delicate mratter technically and, if
successful, the danger of pituitary insufficiency follow-

ing is 8 very major one and should be done only with this
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in rind. The relief , which can be expected, must be
sufficient to warrent such a severe procedure. Perhaps
in tire our knowledge of the endocrine syster in general
will make it possible to simrulste the function of the
norral gland closely enough to rake & fairly normal
existance possible by adrinistrations of certain ex-
tracts. As we see fromw the brief survey of the work
done with the growth factor, much effort has been put
forth toward this end, but the answer to the whole
rechanise of pituitary funetion is something s8till to

be desired. X-ray too has ite liritations, chiefly in
respect to selective, adequate exposure Qf the abnormsal
cells of the pituisary body. Endocrine therapy seemxs
rather difficult to consider since the changes seen are
due to an excess rather than a deficiency of hormomne.

In the absence of local syrptomrs, an agent which would
result in the inactivation of the growth hormone,

would theoretically be useful. Unfortunately no such
substance has been discovered. Kirklin snd Wilder's?’
suggestion of an antagonisr of follicular hormwone has
the superficial appearance of a helpful reasure, but
their results are very questiongble. .
We shall consider treatrwentunder three headings,

narely irridation, surgery, and glandulsr.
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IRRADIATION

Irradiation shall be construed to include both
X-ray and radiumr therapy. First of all, the various
turors of the pituitary gland are distinctly different
a8 to their sensitivity th these rays. Kerley’zhas
studied this rather extensively and finds that acido-
rhilic adenomrats 8re very radiosensitive and respond
alrost irrediately to treatment, but chromophobe adeno-
rata are radio resistant and the growth of the tumor
cannot be influenced by irradistion. Surface exposure
to X-ray is occasionslly adequate to stop growth of the
pituitary turor, but rgdiur rust be irplanted within
the gland if it is to be effective without over exposure
o surrounding tissues. (Sargent and Cade ‘)

Burlac'qwas one of the first to use X-ray. He
reported a patient who:was relieved in two months of
severe headache and the left field of vision waé trippled
in ten weeks by weekly radiation over the frontal temporal
region. Webster and neaf”glso report favorable results
fror such treatrent.

Radiur rays are applied in two principle ways. In
either method the tumor must be exposed surgically and
the radio active substance placed within the glsnd. Plat-

inur needles containing radiur dust msy be inserted or



radon seeds used in the same fashion. These seeds

reach the raxirumr emrrination irmrediately after implante-

tion and the nurber of rays produced dirinishes as they
rerain in the gland. Therefore the seeds may be left
in place without dasnger of over exposure of tissue.
Lodge'’ described his work with this source of
radiation. He pointed out two requiremrents essential
to satisfactory results, intrasellar location of the
turor and lack of calcification. X-ray studies are
essential and are usually sufficient to determine the
extent of the tumor. Those cases in which the c¢linnoid
processes are still “intact and the base of the sells
can be distinctly outlined ray safely be considered
intrasellar tumors. If spontaneous decompression has
occurred as evidenced by erosion of the sellar bsse,
irplantation should not be considered. When the tumor
has extended beyond the area of its fossa for a con-
siderable distance, one cannot depend upon adequate
radiation of the outlying portions. ZExcessive doses of
rédium result in permanent destruction of the optic
nerve fibers and present the findings of optic atrophy.
Calcification of parts of the tumor sets up a
shield which protects parts of the tumor fromr the rsys.

Lodge further developed a modification of Chiari's
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operation for orbito-nasal spproach to the pituitary
fossa. He makes an incision verticsally in the mid-
line on the bridge of the nose and disects the medial
orbital fascia away fromr the bone and retracts the con-
tents of the orbit laterally with a specially devised
"teaspoon” retractor. This also displasces the angulsar
vein which is the only one ceusing trouble in hemosta-
8is. He proceeds by chipping away the bone of the redial
side of the orbit and upon reaching the bsse of the sella
picks away the carapace of the sdenora which is ususlly
delivered spontaneously at this stage by the intracranial
pressure fromr above. The radon seeds are then inserted
with an implanting needle. He considers three seeds an
adequate dose.

Weakeley % reaches the glsnd by way of a trsns-
frontal operation and implants nine radon seeds snd
does not report sny indications of over radiation. He
does not state the thickness of platinum shield used
for the seeds.

Sargent and Cade‘Lalso showed thst normral nerv-

ous tissue ik resistantto gamma rays in therapeutic
doses while the growth of turors is inhibited. The
necrosis which soretimes occurs in surrounding norwral
tissue is, in their opinion, due to the presence of

beta rays unless excessive doses of gesruwa rays are
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applied. Accordingly they exphasize the necessity of
proper filtration of the radiation.

The conditions most advantageous are low linear
intensity, pure gamrs irradiation end a prolonged tire
factor. They found that radon seeds of either three or
five mc. strength screened by 0.3 mr. of platinumr or
silver, caused necrosis of tissue of the vicinity im-
rediatly surrounding the tumor. The same result follow-
ed the use of 10 rrm. tubes of radiur left in position
for ten days. When radon seeds contsining 1.2 mec. and
screened by 0.5 mm. of platinur are used, very desirable
effects are obtained. Two to three seeds were fbund to
be an asdequate dose.

They report one case in which ten such seeds
were inserted‘iuto the sella of a patient with contract-
ed visual fields snd severe headaches. The headaches
dissppeared and the visual fields irproved for 8 timre
after which optic atrophy supervened. Later operation
showed necrosis of what appeared to have been norral
gland tissue within the sella and & small are& surround-
ing. Cases in which fewer seeds were used showed quite
satisfactory results without the ensuing necrosis.

We may conclude from these findings thst the

effectiveness of irradistion applied to scidophilic
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turors depends upon the presence of s distinct increase
in seasitivity of the tumor cells. Massive doses of
radiation are unnecessary and only result in the com-
plication of normal tissue destruction.

¢ used both X-ray and radiur as routine

Frazier?
post-operative treatment, but recognized the gangers
of infection involved in any ranipulations after the
tire of operation. He also showed, however, that X-ray
radiation is mwore effective when adrinistered either
directly to the gland at tire of operation or through

that samwe surgical pathway later.

SURGERY
There has been a great deal of differenée in

opinion as to the place of surgery in treatment of
acroregaly. Since the disease is one of glandular
hyperactivity, rewoval of the gland responsible is
obviously the direct method of reroving the causitive
agent. Thus, if we are to rerove the cause we rust
consider the surgical extirpation of the anterior lobe
of the gland or the tumror fromr which the growth hormone
is being secreted in excess. Further thaen this, certain
plastic snd orthopedic operations may be considered in
attexrpts to correct the deforrities resulting from the

hyperplastic processes so characteristic of this disease.



The first to be considered is the surgery in-
volved in symptomratic relief. Cpshingntreated a great
rany cases of acromegaly. He relieved nasal obstruction,
which had resulted from thickening of the turbinastes in
particular snd the general thickening of the bony plates
surrounding the nose, by subrucous resection.

The only other organ upon which it is necessary
to do local surgery is the mwouth. In this instance,
glossoregaly and extention of the mrandible result in
difficulty in eating. To correct this the randible is
shortened by resection of portions of the ramus on é&ither
8ide and wiring of the fragments together. By this
rethod it is possible to imrprove the bite thereby en-
abling the patient to chew his food. Wbékeley"‘treated
a case by this rethod and obtained & very satisfactory
result. The sare patient had a very lsrge tongue. This
was treated by a partisl glossectony.

Orthopedic treatment of the extrexities has not
been carried out since such surgery would involve ex-
tensive osteoplastic procedures which would effect a
greater‘surgical shock than would be justified by the
results snticipated.

, The second type of surgical treatment is the
attack upon the gland itself. This has but two pos-

sible indications. The first of these is the treat-
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ment of turors of the gland considering it as a brain
turor without regard for endocrine factor. The second
indication would be an attemrpt to stop the progression
of the endocrine symptomrs when there are no particular
local or focal signs of turor. Most surgeons are of
the opinion that the hazards of hypophyséctonry are to
great to justify it in sirple glandulesr cases. They
tend to reserve it for relief of intolerable headaches
or failing vision.

There are two schools of thought regsrding the
approach to the gland. One group advocates the intra-
dural approach and snother group the extraduzel.

The chief method of extradural approsch is the
transphenoidal route. This was used by certain Gerran
surgeons as early as8 1900 and was proposed in 1897 by
Gidrdano. Cushing'’givesus brief review of this work.
Since the original work of Giordsno is s8till untrans-
lated, we quote fror Cushing: "An operative approach
with osteoplastic resection of the frontal sinus wsas
proposed rany years ago by Giordano, 1897. This wsas
irproved upon by Schloffer, 1906, who, by & transphen-
oidsl and extracranial method, was the first to report
a faeirly suscessful opersation. - - -

"Buccosphentidal operations, simrilar to those

used in animsl experimentation, were proposed by Koenig,
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1900, in which the superior maxillae were sSeparated

and the hard palate chiseled away. Loewe, 1906, sug-
gested a similarly radicsl prodedure with bilateral
separation of the mwaxillae after deflecting the nose.
These proposals of such severe and disfiguring operations
are today interesting only from a retrospective point

of view.

"With constant mrodification and progressive im-
provement the rethod of Giordano has been accepted and
carried out by many. In Schloffer's first operation
the nose was turned down to the right, and the turbinates,
the mwid séptum, the wall of the orbit and maxillary sinus
and the left nasal process of the superior raxillas to-
gether with the ethroid cells, were excised - an &xception-
ally radical performance as cen be judged. A sirilsr but
sorewhat less extensive operation was employed by Hochen-
egg (cited by Sturme snd Exner,.1909) with exenteration
only of the septur and turbinstes. "

Eiselberg'é“;daptation of the rethod ias likewise
somewhat rutilating. He (cited by Cushing) usec what he
called a8 tunning fork incision and was shle to meske the
approach by deflection of the nose to one side. Many
other modifications of this procedure have been report-
ed but they are 8ll rutilating in their results to such

an extent that they cannot be accepted for general use
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even by members of the extradural school.

Chiari'® wade an approach by way of the orbito-
nasal route in which he dissected along the medial wall
of the orbit removing bone as he proceeded and retract-
ing all the contents of the orbit laterally to allow for
adequate exposure of the base of the sella. His incision
was rade beginning at the bridge of the nose and extend-
ing laterally and superiorly along the suprsorbital ridge.
The operation was originally designed for the removsl of
turors but has since been adopted by Lodge4ras 8 mre&sns
of spproach for the insertion of radiur needles sand radon
Seeds. Lodgéghas further irproved the operation, msking
it less disfiguring, by making his iucision verticslly
in the rid line along the bridge of the nose. He also
used this mwethod to accomplish decomrpression of the sellas,
allowing the turor to herniste throughithe sellar floor,
thus relieving pressure upon the optic chissm.

Cushing has used a siriler transphenoidal opera-
tion, but did not think it adequate to allow for surgical
treatrent of all types of tumors. He recognized its
inadequscy in cases which much super-sellar extension
a8 well as the difficulties encountered in aseptic tech-
nique while traversing such & noldriously contarinated

structure as s parsnassl sinus.
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At first Prazier‘Wwas quite a devoute subscriber
to this school of thought although he recognized certain
liritations of any such operation. At this time ninty
percant of the cases in which he considered surgical
intervention necessary were patients whose chief com-
plaint was loss of vision,asnd his primary objective was
relief of pressure upon the optic trgdts. That was ac-
corplished by one of four procedures; sellar decorpress-
ion, sellsar decompressidn with excavation of the lesion,
sellar decomrpression followed by X-ray or radium, or
suprasellar subtotal extirpation.

for the first three of these he used the trans-
phenoidal operstion and for the last, the temrporal ap-
proach. By 1928 he had practicslly absndoned the intra-
nasal rethod in favor of the frontal. As esrly as 1921%
he recognised the difficulty of attempting rewovel of
the tumor by this route and at that timwe he used supple-
rentary radiations when cases with marxed tumror growth
were operated by this method, either accidentally or by
choiage.

In 1923 Sargentureviewed the situstion regasrding
surgery of the pituitary as it existed at that timwe and
arrived at some important conclusions. He considered
surgery justifiable only in case of intelerable hesd-

aches or threstened blindness. He listed six fundarentsal

66.



67.

causes of failure in pituitary surgery as follows:
l. Errors of diagnosis.
2. Massive intracranial extension rendering
the case unsuitable to any operation except
a paliative decompression.
3. Operative accident.
4. Post-operative pituitary toxeris.
b. Post-operative pneumronia.
6. Septic infection in transphenoidal opera-
tioms.
Two of these factors deserve special attention.
The incidence of septic infection in transphenoidal
operations was so high, compared with that in other
rethods of spproach, that his work maerked the beginning
of a rather definite trend away fromr this treatment.
Post-operative pituitary toxemia is 8 complication the
cause of which is nut yet well understood. It is a
state of profound shock oceurring one to four hours
after operation and terrinating fatally in spite of
any supportive treatment which may be adrinistered. It
seemrs to be prirari}y a circulsfory syndrome since the
outstanding syrptors sre progressively weakening pulse
which soon assumes & thready chsracter, cerebral sneria
with loss of comnsciousness, and pallor. The loss of

consciousness progresses to coma and death. Cardisc



stiruleants have terporary effect which dirinishes as
doses are repeated.

Knaggs4obelieves the extradural operations to be
indicated only under two conditions,

(a) when it can be rather certsinly proven before
operation that there is no intracranisl extension which
would prevent delivery of the turor through subsellsr
decorpression, snd

(b) when there has been a spontancous decoryres-
sion resulting from erosion of the sellar floor.

He voices the present irpressiop that in spite of the
relative simplicity of technique of these operstions,
the danger of infection snd possibility of failure to
obtain adequate exposure mrakes it unwise to use this

approach in practically 100% of cases.

As early as 1928, Frazierwgggndoned extradural
operations in the Pennsylvania Clinic, not only for
technical reasons, but also because the cases s0 treat-
ed in that clinic showed a much higher incidence of -
recurrence thsn those trested by intradural operstions.

In turning our sttention now to the methods of
intradural approasch to the gland, we find two types,
terporal and frontal. ﬂorsley”‘was one of the first to
attembt reroval of the glsnd or its turors by intradural

appreach. He divided his cases into two groups, one



to which he referred as true acromregaly, which preseunted
sygptors of headache or loss of vision or both: and the
second, the false acroregaly which presented only gland-
ular symptors. He considered surgery Jjustified only in
the true acromegalics, and believed the risk to be too
great when the gland was not enlarged sufficiently to
present the syrptoms of loss of vision gnd headache. Zde
devised an operation in which he turned down & large
flap of the calavsriur and exposed the gland by eleva-
tion of the temporal lobe of the brasin. This wss the
texrporal approsch. There are irportant sinuses, vessels
and nerves to be avoided but Knaggs4oconsiders this ap-
proach preferable to the frontsal route when the tumor
occupies a position extencing posteriorly from the sella.
Sargent’ believes. the tewporal aree decidedly more
dangerous, even in the hsnds of competent surgeons, owing
to the proxirity of the retracted brain tissue to somre
of the vitel centers of the'cortex, especially the speech
center. Other frequent comrplications are heriplegias
and ophthalmoplegias. He tends to favor a mwodification
of PFrazier's orbito-frontsl operation. This was done
by turning a flap of bone above the supra-orbitsl ridge,
opening the dura and proceding posteriorly slong the
floor of the brain case. He removed part of the supra-

orbital ridge, however, whereas Ssrgent turned a larger
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flap superiorly and rade resection of this ridge un=-
necessary.

Another feature of Frazier'szgperation was the
rexoval of the osseus roof of the sphenoid sinus to
facilitate radiumr exposure by way of the nose post-
operatively. He points out that even with the intra-
dural method it is very often difficult to determine
accurately the extent of the turors snd radistion should
be added to the éurgical treatrent. Weakleyzzbelieves
this method to be véry advantageous and uses it for
either extirpetion of the gland or tumor, or as &an ap-
proach for the irplsntation of radon seeds. This
operation is sorewhat sirilar to Lodge's modification
of Chiari's orbito-frontal operation in which the dura
1s not opened. '

Thus we S8ee that surgery holds a very irportant
place in the treatmwent of acroregaly. It must be used
judicdously, however, after weighing carefully its
expected achieverents against the magnitude of the com-
plaints at hend, keeping the grave dsngers always in
rind.

GLANDULAR

The place of glendular therspy is rather indefin-

itely estabkished in the pituitary disorders. During
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the active stage of acromegaly it seems spparent that
the addition of pituitary extracts therapeutiéally

would only increase the progression of syrptomrs {Knagggi
Later in the disease, however, when signs of pituitsry
deficiency appesr, these hormones would seexr to have a
place of definite value in the ranagement of the disesase.
This haé been found to be true by Teal‘iand Frazier”%lso
found growth hormones of sore vslue in preventing post-
operative deficiency.

Kirklin and WilderB?administered the follicular
horrone to eight proven cases of acromegaly and found
what seered to be a slowing of the hyperplastic processes.
They used both theelin and amniotin. They suggested &
possibvility of some antagonistic or inhibitory actions
but offer no physiological foundation for such activity.
Further work ray show these, or sore releted substance,
to be of value but at present their use is only of ex-
perirentsl significsance.

Following remroval or destruction of parts of the
gland with radium, the syndrore seen in fugitive acro-
regaly soretires occurs. It is most comronly known as
pituitary cachexisa.. Occasionally these sare syrptoms
occur spontsneously as we have already seen in our ex-

srination of the progression of acromregaly ss a disease.
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In general the processes seen here are a reverssl of
those sncountereud in acroregaly. We sSee progressive
and usually extreme emaciation, trophic chesnges of
the skin, hair, nails, and teeth, evidence of general
glandular hypofumction including & very low retsbolic
rate, asrenorrhes and sterility in womren, snd impotence
in men. (McCullagﬁ? The body terperature, blood sugsr
and blood pressure tend to be low. There is marked
ruscular weakness of the gastro-intestinal as well as
the skeletsl muscles. There ray be & mwaerked aneria
associated and it is of interest to notice that disbetes
insipidus is not a part of the picture. The syndrome
simrilates Addison's disease without the pigmentation and
it seers logicel that sowre of these symwptors may be of
adrensl origin in view of the fact thaf adrenal atrophy
follows hypophysectory in experimental animsls.
McCullaghﬂéinds that no treatment produces very
satisfactory results. The adrinistration of extracts
of the anterior pituitary would seer to be the logical
attack, but the scarcity of good results fromr such
regire indicates this treatment is unsatisfactory at
the present tire. Even with the addition of pregnancy
urine extract and thyroxin norral function cannot be
restored. Adrensl cortical extract seems to be help-

ful in somre cases.
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It is evident that with our present inadequeate
knowledge snd methods of preparation of the hormones
of the pituitary gland fof therapeuti¢ purposes, adequate
replacexrent therapy is irpossible. It follows that
treatrent of pituitary cachexia is, at best, most un-
satisfactory. The wost that cen be done with this
type of replacexent therapy is to make an early diagnosi
of the condition and give the patient the advsntage of
available corrercisl preparations.

In 1937 Ehrhardt snd Kittel’'reported their re-
sults in the treatwent of pituitary cachexia by reans
of transplsnts of pituitary gland, and at about the
sare time Xylin*reported twenty eight casses of Sirmond's
disease simrilarly treated. Ehrhardtugrafted pituitary
tissue obtained from dogs into the abdominal wsll Just
beneath the apponurosis of the recti or into the mesen-
tary. The procedure is relatiwely simple if care is
taken to prevent hemorrhsge and subsequent clot forration
around the grsafts. Kyliﬁ“émphasized thaet the segment of
gland irplanted should be as small as possible and that
fresh cut surfaces must be placed in close contact with
the tissue to which the graft is applied.

This mode of treatment has the obvious advsntage
of offering s8ll the hormoues secreted by the gland,

where as preparations of these horrones are not all
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aveilable for injection. The results were apparently
very gratifying, but Ehrhardt end Kittel’ found that

a single graft was effective for only about one year.
This mrethod seers the most promrising of any yet employed
in replacing horronsl activity after hypophysectomy or
other_therapeutic or pathological destruction of the

anterior pituitary.
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- CONCLUSIUNS

After consideration of the material at hand
we may formulate a definition of acromegaly. It is
a metabolic disorder caused by an increase in the
secretion of the pituitary growth hormone after
normal growth is completed and is characterized
principally by gensral body enlargement especially
of the hands and feet the hands developing the
characteristic "spade" form.

Further concl&sions:

1. The disease is caused by an over-secretion of
the normal growth hormone..

2. This hormone is secreted by the alpha cells
of the anterior lobe of the pituitary.

3. The mechanish of action of the hormone is
not well understood but it results Iin an increase
in amount of body tissues.

4.'Ban1ng death in the early stages of the
disease the hyperplastic processes arse followed by
signs of growth hormone deficiency and pituitary
cachexia.

5. Other secretory activity of the gland tends

to be decreased especially when there are definite
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adenomata present.

6. Treatment is chiefly surgical or radiological,
glandular therapy being very unsatisfactory.

7. After such treatment there tend to be signs

of pituitary deficiency which must be dealt with by

replacement therapy.
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