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TH®E PATHOGENE®BSIS
of
SPASMOPHILTIA

Senior Thesis Robert Hankerson



PHE PATHOGRLESIS OF SPASLIOPHILIA
A definition of spasmonhilis or infant tetany 1s
desirable but difficult, as workers in this field differ,

both in their findings and in the interpretation of find-

ings that are siwmilar. It is perhaps impossible, for this

reason, to give a compfehensive definition.
Marriott (1) defines it thusly:

"Tetany, or spasmophilie, is a condi-
tion dependent upon a disturbance in
mineral metabolism c¢haracterized by
neuro-mscular hyperexcitability lead-
ing to characteristic tonic spasms of
the muscles of the extrenities and of
the larynx or, in severe casss, to
genaralized convulsions. It may be
latent and characterized only by in-
creaseu excitability of the motor .
nerves to the galvantic current or to

mechanicel stimuli.™ : .
| Woringer (2) describes spasmophilia as & condi-
tion in which there is ebnorial response to mechanical and
electrical excitation accouwpanied by disturbances in the
“uineral equilibrium of the blood which'resvonds to apnro-

priste treatment.
The various manifeststions of spssmophilia are

80 striking that we should hardly expect them to be over-
lookeu by the earlier physicians. Cegrpopedal spasm was de-

scribed as early as 1699 by Ztmuller (3) but it was only

480417

in the beginning of the last century that the verious

syuptoms were described as a definite entity. Clark (4),

in 1815, devoted & chapter to & pecullar species of con-

vuleions in which he describes laryngismus stridulus sc-




companied by caernopsdal spasm. He noted that the latter
was often the forerunner of convulsive disorders. He com-
ments upon the fact that convulsions rarely occur after
the third year snd if the baby suckles until they have
teath,.

Hall again, in 1842 (5), described the syndrome
s one disease. It is probable that Trousseau (6), in
186V, was the most iInfluentisl in establishing a fuller
understanding of the disease, although he seemed somewhatv
confused as he described laryngospasm as a definite dis-~
ease and also incorporated it in his description of
tetany. It might be mentioned that the discovery and use

of his sign by hia was upon adults. From Trousseau's time

the syndrome of spasmonhilia or infantile tetany seems
fairly well recognized snd is described in 1867 by Henoch
(7) and in 1887 by Cheodle (8). ' o

Other menorial dates may be briefly mentioned.
In 1876 Chevostek (9) described his sign and in 1890
Bscherich (10) demonstrated the presence of increased
glectricsl irritability in infantile tetany. It may be
said, however, that Tscherich gave credit to Stewart (11),
an American who dembnstrated Trb's sign in children with
tetany. Stewart seemed, however, to have a very imperféct
understanding of the prevalence and importsnce of infan-
tile tetany.

As speaswmonhilia occurs during thg teething of

the c¢hild, and, as we now know, accompanies rickets in a




great shure of cases, 1t is not hera to uncerstand why the
Cearly writers (and soms not so early (12)) attributed the
manifestations tovabnormal dentition. Thus we find ?tmﬁl-
ler (3), 1699, ascribing convulsions to the breeding of
"teeth, especially the sharp eyeteefh, and Hamilton; 1813,
(13), gspeaks 0f the spasm 0f the larynx as occurring dur=-
inr dentition. Clark (4) sscribed the syndrome as due to

"disease oI the bréin. Trousseau (6) reflected the oninion
-0f the ti:ze when he attributéd spasmdphilia to difficult
dentition, indigestion and worms. He seemed inclined to
favor hereditary and poor feedins, saying:
| "It must be rememberec that the de-

pendence of the nervous system on the

blood and nutritive functions is

strikinzly marked in children.”

He also mentioned enlasrgement of the thymus as
ceusing laryngospésm but remarked he had never seen an en-
larged thymus give the peculiar symptoms of laryngzospasmn.
Henoch (7) sugzested an error of netabolism as the cause,
while Cheodle (8), noting the simultaneous occurrence of
rickets, held spasmOQHilia was a nervous nmanifestation of
rickets. It is interestinz to note that, in Cheodle's
excellent discussion of spasmophilia, he is surprisinziy
modern, even advocating as treatment cod liver oil and
lacto-phosphate of line!

About Cheodle's time, Tictor Horsely (14) dis-
cussed the function of the thyroid gland and called atten-

tion to|the already—known fact thatl exterpation of the




thyroid will lead to myxodema and convulsions and pointed
out the latter were verylsimilar to tetany of.adults. The
results of Horsely énd others led Van'Eiselsberg (15) ﬁo
conclude tetany of adults was due to defective thyroid ac-
tion. 1In 1895,:five years later, Kahn (16) broucght to ‘the
attention of the medical world the fact that the thyroid
ana parathyroid are independent glands. Their indepenaent
function was demonstrated by Vassale and Genserale (17), who
ghowed the nervous sgymptoms of.thyroidectomy were due to
removal of the parathyroids. This led Yanase (18) in 1907
to an investigation of the parathyroid glands of children
who had showed.signs of tetany. He came to the conclusion
that hemorrhage into fhe glands was the direct cause of
the spasmophilia.

. At the same tlie the endocrine explsnstion was
”being developed, the situation was attacked from another
angle. Thls work appears to have developed from Ringer's
(19) pioneer studies upon the effect of various salts on
spontaneous movéments of muscle. He showed the gddition
of calcium to perfusion fluid’woﬁld orevent the twitching
of excised muscle strips that pure saline perfusion fluid
caused. Loeb (20), in summarizing his work from 1899 to
1908, showed the antagonistié action of the monovalent
alkaline earth salts to the divalent alkaline;earth salts
-in regard to their physiological actlion upon muscle. He

expreésed this in the ratio Na*+ K'. He states:




"We are, therefore, indebted to the

calcium concentrstion of our blood

that our muscles do not constantly

twitch.”

Ho doubt stimulsated by Ringer's experiments and
Loeb's early papers, Sabbatoni (21), in 1902, found thet a
solution of calcium applied to the brain diminishes its
1rritability and that oxalates would increase the irrita-
bility. Then, as early as 1905, the subject of calcium
deficieney vas introduced into the péthogenesis ot spasmo-

phiiia by Quest (22), who reported a diminution in per-
centage of calcium in brain tissue of infants suffering
from séasmophilia.
| 2erhaps the greatest advances in this field were
made by IacCallum and Voegtlin in & series of experiments
begun in 1909. They found, in 1909, (23), tﬁat the gdmin-
istrétion of calcium relieved the‘symptoms of.eXpefimental
tetany. In 1911 (24) they demonstrated a decrease of cal-v
cium in the blood in expérimental tetany and inclined to
the belief that an evilvproduct of metabolism producéd the
fall in calcium. However, in 1913, (25), after further
work, they make the statement that: |
t'In spite of our efforts to shake it,

the theory of cslcium disturbance in

parathyroid tetany is supported by

stronger evidence than any other idesg.”

Paton and Pindlay (26), accentins the work of
Yanase (18), began a series of experiments in 1912 working

on experimentsl tetany. They werse much impressed by the




fact that bleeding and verfusing dogs with ohysiological
seline solution relieved the symptoms of tetany. They be-
lieved this wass an indication tetany was due to an intoxi-

cation,

- It has been known, since 1876, that guénidine will
produce muscle spasms (27) and when Koch’(zé) demonstrated
the occurrence of methyl guanidine in the urine in experi-
mental tetany, Paton and Findlay believed they had found
the solution to their intoxication theory. ZXoch, himself,
gaccounted for the methyl guanidine by the faect that the
parathyroidectomized dog péssed little uring in the hours
preceding death and that the kidneys showed donSiderablé
pathology. At any rate, Paton and Findlay, in 1916, ceme
to the conclusion that the parathyroids controlled the me-
tabolism of guanidine or 1liks substance,-rendering it
atoxic, thus accounting for intantile tetany, or spasmo-
~ philia, by sayingz that it is dﬁe to an accumulsation of
guanidine substances due to a defective parathyroid action.

Under the stimulating effect of the controversy
between the Glasgow school'advocating the intoxicstion
theory, Yahase in Escherieh'gigiihié advocatinz an endoerine
explanation, and American andyitalian workers supnorting
the calcium privation theory, the literature on SPasmo-
philia, calcium metabolism and experimental tetony bégan
t0 increase and to becoie very complex. The analogy be-

tween parathyroid tetany and spesmophills became doubtful

as pathologists failed (29) to substantiate Yanase's data.



Calcium privation as an explanation for the spasmophilic
menifestations was not the whole story, for 3reenwald (50),

in 1913, showed there was an increase of the aecld soluble
.phosphorus in the blood following parathyroidectomy in
dogs and Binger (3l), in 1918, produced tetany in dogs by
the injection of alkaline phosphates. He démonstrated a
 fall of calcium with the rise of phosphorus but could not
got tetany with acid phosphates. He concluded the phosphsate
ion at a certain Ph exerted a toxic action.

Uhlenhuth (32), in 1918, submitted his experi-
ments on feedihg salamanders thymus. He'concludes there
is an antagonism between the thymus and the parathyroid, the
tetany toxin'being produced by the thymus.

At this time Howland and Marriott (33), after an

accurate method. of determining the calcium of the blood

had been devised, unquestionably showed that in spasmo-
philis thsare is a reduction of the calcium content of the
blood serum from ten milligrams per hundred cubic centi-

meters, which they call normal, to seven milligrams or
less per hundred cubic centimeters. In'thosé céses below
ten milligrams per hundred cubic centimeters, but sabove
geven, tney found the condition of latent 8pasmophilia.
This work was quickly confirmed by others (34}, (35), (36).

Kramer and Tisdall (34) found no disturbsnce of

the godium, potassium or megnesium content ot the blood

serum. They, therefore, account for the spasms of spasmo=



philia on the basis of a decreased culcium, using Loeb's

ratio Na*+ K's Greenwald (37) disagreed with Bingzer (31)
Ca*+ g+

on the toxlcity of the phosphate ion mentioned sbove and

explains the spasms by an increase in the sodium in ILoeb's

ratio. However, as MacCallum (38} pointed out:

"Cond itions sre so complicated by
the various anions concerned and by
the varying rates of excretion of the
alkaline kations, that it is not al-
ways easy to refer the results of ex-
periments directly to changes in the
' relation of sodium and potassium to
calcium and magnesium."
4 slmrle lowering of calecium, however, is not
~the whole story in spasmophilis as Anderson and Grshsm

(39) point out. ZILow csalcium content of the blood may
exist without signs of tetany in conditions of scidosis
frdh starvation and nephritis. Binger (31), it will be
remembered, could only prodﬁce tetany with alkaline phos-
phates. Freudenberg and 5yorgy (40) report that ammonium
chloride relieved infants of their symptoms of tetany and
Haldane (41) founu calcium chloride or smmonium chloride
relieved the tetany by alternating the ascid base balmnce
in the acid direction without necessarily a coincident
rige in calcium value. Grant and 3oldman (42) reoort
cases of typical tetany by hypérnea; which, as they inter=-
pret, is caused by a resultant alkalosis of the blood.
- Gamble und Ross (47) showed that hydrochloric scid not
only relieved the symptoms 0?2 spasmophilia but raised the

c¢alcium level and Hess (29) found hydrochloric acid milk




tends to intensify rickets as Jjudged by the roentgehological
piciure which suggests that acild-producing foods tend to
mobilize calcium from body denots. It has long been known
that-tetany will follow excessive vpmiting (éé).

Tlias (45) does not think the therapéutic influ-
ence of acid or alkali proves t he etiolozy of uny disease.
In spaswophilia, disturbances in acid alkali metabolism
are not essential. He attributes tha symptoms of tetany to
the increase of phosphorus in the blood of spasmophiliacs.
At this stage, one must conclude that there mey be several
types of tetany, experiiental tetany, gastric tetany,
tetany from forced respiration, tetany from alkalosis and-
the gso-called idiopathic infuntile tetany, or spesmo-
philia. _

An excellent thseory explaininz msny thinzs was
developed by Freudenberg znd Jyorgy and summerized in e
paper in 1923 (46). Ihey conéidar changes in fonization of
cium as the wain factor in the pathogenesis of tetany.

They say a lowering of the calcium ion 1evé1 (not necessar-
ily calcium content) may be due to changes in the H* idp
concentration (respiratory tetany), bicarbonszte concentra-
tion (gastric tetany of administration of alkeli), or con-
centration of phosphate ions (as in gpasnophilia, according
to Gyorzy). This conception may be expressed by a modifi-
cation of the Rona Pakahashi formuls as --

(Cat*)(HCO7)(d205) = K
\ H+

cal=



A

L]

All tals adalss, os 1ts underlying ides, the es-
sential imnortance of cslcium ion on its effect upon the
excitability of narves or muscles, all of which is not in-
compatible to the still more fundzsaentsl possibility thav
iv Is the reluitive 5}ogor;ian of godium, potacciun, col-
cium and magnesium ionsg that finslly effeet the excitabil=~
ity characteristic of spasmophilia_even taouzh caleiun
ions are the only ones affected. Thus it 12ay be seen
in the above fqrmula.why en inereage of phosphate with an
increass ih H* should nos reduce the éa* value such as
occurs in nephritis with acidoeis, and why, as Preudenberg
Gyorgy insist, spasmopohilis 1c due %o a colncident alka=-
losls &nd rise in phosphorus. In treatment, they say,acids
cause a phosphete diufesis, wikKalosls is relieved =nd thq
spasuophilia 1s cured. |

Preudenberg and dyorgy's formula, althouzh very
plausible and useful, has its critiecs. Drucker and_Faber
(47) do not find a condition of alkalosis in spasmoPhilia'
to account for a differonce in Ca* as calculated by the
Rona Takahashi formula, and further, in conditions of
“acidosis, the blood is not saturated with c¢slcium and the
formule only annlies'tb saturated solutions. Hsle (48)

lgo criticiged the vallaltJ of uJo*oJ S aathemdulcs and
does not find the formuls applicable to blood serum. How;
ever, Irving (49) finds that the blood serum eisher has
some soluble calclun salt not understood or that the serum

is supersaturated. Rohuer and Woringer (50), in their re=-
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search upon twenty-five infants with spasmophiiia, tind a
marked reduction of tre alkall reserve in most eases which
is less pronouhoed in latent spasmophilia.

With the literature from 1918 until 1926 flooded
with work on disturbances of calcium, we @ay wonder what
has become of the guanidine theory. Paton and Sharpe (51},
in 1926, re-assert the parathyroids control the metabolism

0f the guanidine in the body and thus regulate the tonus
of muscle. Forner and Klinger (52), in an attemnt to
reconcile the toxic theory with that of calcium depletion,
believe the function of the parathyroids, owins to the
chemical affinity between the protoplasm of their cells and
toxic bgses (guanidine and methyl-guanidine, which normally
occur in the blood and are eliminated through the urine),
attract the latter from the blood and neutralize their ef-
fects. Calcium chloride forms an insoluble precipiuate
with guanidine carbonate explaining its beneficial effect.
However, Greenwald (53),jwho has done considerable work

on the parathyroids, states:

"There are two, and only two, well-
authenticated metabolic changes after
parathyroidectomy. One is lowered _
calcium in the serum; the other is di-
winished excretion of phosphorus in
the urine."”

Behrendt (54) observed progressing phosphorus content in
the muscles of parathyroidectomized dogs while in gusnie-

dine poisoning the phosphorus remains the same. Collip

~and Clark (55) put the guanidine theory to a severe test
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by following the ureé and non-protein nitrogen curves of
the blood in untrea;ed parathyroidectbmized dogs and dogzs
poisoned with guanidine. There wss no change in the for-
mer and a considerable rise in the latter. It is their

Opinion that the results are opposed to the zuanidine
theory. It is Greenwald's belief (56) that the para-
thyrold hormone is a substance that keeps Ca,@OJtin solu-

tion, not merely retarding its deposition, but actually
dissolving it. He warns agzainst the use of parathyroid

hormone in spasmophilis. »Dragstedt, Phillips and Sudean
(67) are unable to find a marked fall of celcium after
guanidine.intoxicafiqn and no characteristic symptoms of
tetany could be seen objectivsely. MacCallum (328) dié-
cusses the question thusly:

"Through the literature there runs
the idea that there must be a toxin
responsible for the tetany though no
one has ever been able to demonstrate
it. The arguments in favor of methyl~
guanidine are based on the feeling of
a need of a toxic substance. GJuani-
dine found in the blood or urine ex-
tracted by very complicated chemical
procedures has an air of artificiality.

Graham (44) déscribes the methods of estimeting the toxin
as cumbersome and inaccurate.

Recent work by Minot and Cutler (58) snd Blls-
worth (69) would seenm to associste guanidine increass with

injury to the liver. A point of significance is the fact

that parathyrold extract and guanidine do not exhibit the
reciprocal controi over each other which we should expect
if the function of the former were the neutralization of

the tozic'effect of the latter as Collip and Clerk have
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ghown (60).

The symptows of spasmophilia sesm, at‘the pres-
eﬁt tise, to be explained by most writers as due to a fall
in Ca**(Lesﬁe and Turpin (61), Woringer (2),AGerstein-
berger (62),.Macca11um (38), Drucker (63)). It is impos=~
sible to determine the Ca** .value and have done with the
question because, at the present time, there is no way of
doing this with any degree of accuracy. It is Quite prob-
able that the Rona Takahoshi formulae, or some modification
of it, gives a fairly accurate conception of whatveffects
the availability of calcium. It must be remembered that
the caicium is present in the blood in three forms-- non-
diffusible organic 45%, un-ionized diffusible inorganic
35% and ionized 20% (64) and very little is known of the
factors that zovern the equilibrium bétween these three
forms and the calcium reserves of the body. All in.all,
until we have further information, it would seem the part
_ 6f wiédom to emphasize the importance of the lowered cal;
cium concentration in‘the_pAthogenesis of infant tetany,
and fentéyivaly; to accent the -point of view that this de-
crease is;accdmpanied by & diminution in ionization.

It may be recognized from the above that tetany

is not an entity from the pathogenetic view. It is marely

8 symptom-complex resulting fron énaincteased1irritability
of nerve or muscle which may be caused by a number of

fadtors. Loeb's quotient Na'+ K' may be regarded as the
Ca% + Wgs ’
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fundanental framework with the more explanatory formula

(Ca** )(HCO3)(HPOy) — K showing the immediate influences
H* v
acting uvoon the available calcium. Thus, hyperventilation

tetaﬁy is accompanied by & fall in alvealor CO, tension
wifh an alkalosis and decreased availability of calcium.,
The same may be sald of bicarbonate tetany with, perhaps,
the additional action of the introduced Na ion. Gastric
tetany involves a disturban é of the acid base level with
an increase of bicarbonate ions, both of which decrease
the Ca't. Parathyrold tetany is not as éasily explained
but, aé it does not apnear to be a factor in infant tetany,

will not be discussed. Work on experimental tetany, how=-

ever, has besen useful in understanding many things.

And now, most interesting of all, what is the
mechanism that causes the development of "idiopathic”
infentile tetany for which it would seem preferable to re-
serve the name "spasmophilia"? It has long been recognized
that there is an intimate relationship between infantile
rickets and spassmophilia (8). From a clinical point of
view, it may be considerqd vractically all infants with
signs of tetany have rickets to some degree (29), (28),
(62). The points of similarity are striking in relation
_tp etiology and ‘both are cured by the same measures.
Huldrchinsky (65), in 1920, associated treatment of
rickets with the development of spasmophilia. Shiply,

Park and their colleagues (35) refer to spasmophilia as




the low calcium form of rickets, while Hess, Ualvin and
co-workers (36) feel rickets and gspasmophilia represent
two phases of the same disorder rather than two distant
typeé and this disorder may be affected by extraneous fac-
tors such as activity or healing of the process. They be-~
lieve spasmophilia represents an approach tvo the healing
point of rickets. Hummel (66) finds the gravest cases of
rickets are not spasmophilic because there are so many
écid sroteins in the osteod tissue. A spasmophilic condi-
tion is already a sten toward the cure of rickets. Tal=
kenheiw and Gyorgy (67) found the mercury quartz lamp ag-
gravated spasmophilia., Greenwald (37) says--

"It is curious that healing rickets

should frequently be associated with

tetany. It would seem as if, in such

casas, the process making for calecium

deposition were stimulsted so as to

over-powexr the parathyroid or c=lcium

dissolving power."

It seems peculiar that, with all this evidence
poihting toward the connection between rickets and the
puthogenesis of spasmophilia, it has only been in the past
two or thres years,that any work has been done to produce
spasmophilia in a rachitic labratory animal. Hawmilton,

" Bengl (68) and associates produced the characteristié low
. phosphorus rickets of infancy in anihals by standard
methods and found that if the phosphorus in the food were

raised to normzl, or if cod liver o0il was glven, that a

temporary drop in calcium occurred with symptoms of tetany.




They also observed the same phenomena in svontanesously
healing rickets, due, no dount, to endogenous liberation
of phosphorus. They sugzest the factors govsrning the
solubility of calcium in low-phosphorus rickets are ad-~
justed difrferently than in normsl serum. The abrupt in-
craase of phosphorus, as oceurs in the initial steps in
the cure of rickets, would then precede the re-adjustment
0f the solubility factors, and, hence, the initial effect
of the increase in phosphorus would be a depression of

available calecium. According to the formulsa

K _(Ca‘*)ﬁ:[CO}X{BO.i) thisg would suggest, in rickets, a compen-
= :

satory sh?ft‘of H*, HCO;, and HPOZ, resulting in a rela=-

tive increase of HY with decreases of HCOF and HPO;. 1In

other words, an scidosis, which, indeed, is borns outv by

earlier workers (66), (46). Shahl and Brown (69) produced

‘this work,essentially the same,in rats while the last and
most slgnificant advences were made in 1931 by Hess,
Weinstock and Gross (70), who induced tetany in rachitic
rats by means of a normal diet. They found that if rachit-

ic rats are given g normal diet, the calcium in the serum
of rachitic rats fglls and inorganic phosphorus rises with
the production of tetany in some of the animals in which
healling of the rickets occurred at the same time and this,
in s»nite of the fact that the diet may contain more calecium
than phosphorus. The only necessity for the development of

spasmophilia wags well-developed rickets and a sudden chznge

-



-17-

in diet. This recalls the statenient made in textbooks

that signs of spasmophilia often develop within a few
days of the time when cow's milk is first given_after the

infant has been taken off the breast. The rat spasmo-
philia was not due to relatively high phosphorus in the

diet nof to absolute increase but to a sudden fall in the
Ca/P ratio in goinz from the rachitic diet to the normal.
Whether or not this change disturbs .the calcium-phosphorus
" balance because of a compensatory mechanism alreédy estab=-
lished in rickets as @entioned ubove, of course, is not
'known. But, without question, the ability to produce ex-
perimental spasmophilia will soon lead to a far more per-
fect understaﬁding of the mode of origin of spasmophilia. -
In conclusion, one thing may be said asbout the

lmpressions received from reviewing the literature con-
cerned with spasmophilia. It would be interestinz to know

whether the spasms of the various muscles of the spasmo-
philiac are myogenic or neurogenic or both. It doeé not seem,
as yet, permissabl e for any writgr to dogmatically assert

the symptomé are due to either as so maﬁy have done. The
understanding of the pathogenesis of spasmophilia will

-only progress with the progression of biochemistry and

. physiology. The study of each ion soon becomes linked

with the behavior of other ions so that it seems there is-

no limit to the problems that arise.
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Herein will be »nresented six case renorts of
children in the University Hospital at various times with
the diagnosis of spasmophilia or tetany. It was surnris-
ing to.discover only one casa in the history of the hos-
pital with enough work done on it 9 Justify the diagnosis
of spasmophilia. As will be seen, most of the cases lack
sufficieht data, and, hence, the relation they have to theb

pathogenesis of spasmophilia will be,” in the msin, con-

Jecture.
CAST I

Robert Scott, age thirtesn months, entered the
hospital April 2l1st, 1928, with the comolaint of convul-
sions, Spaéms of hands and.feet,'vomitinz and catchihg of
- brsath.
Onset and Developuent-

The child had a normal delivery and nursed until

four months of age. He was then out on cow's milk for a
month, then Tagle Brand milk, and, finally, upon Borden's
Malted Milk, uvpon which he was living at time of entry.,
At nine months of age he had "intesfinal flu"™ with which

he was sick for two weeks. During this time his hands and

feet would cramp. Since that time, has had convul slons,
He does not jerk during them. He has hot had orange Jjuice
or cod liver oil.

Physical TBxanm.-

Weight 20% 1bs. His general nutrition appears
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good. Thers is beading of the ribs, bowed legs and
strabismus. He has four teeth.
Progress~
4/24/28 - Crowing insoiration noticed.
4/27/28 - Blood calcium found to be 5.6 mg. per
100 c.c. Chevostek®s sign present., Now given Qa lactate
gr. x each four hr. with cod liver oil % oz. t.i.d.
5/4/28 - Dismissed. No convulsions since insti-
tution of calcium lactate:  Weight 21 lbs. Temperature
curve flat after first two days.
Laboratory- |
| B}ood count essentislly negative. Brb's sign

not absolutely positive,

The first thing we may note is the time of the
year the baby showed his symptoms apparently first appear-~
ing in January or February. GZersteinberger (62), in a
recent paper, discueses the seasonal asvnects of spasmo-
philia and its relation to pathogenesis. The trent of

recent work is not to explain this phenomena as the result
of the "spring harmonal crisis” of Behrendt and Preuden-
berg (71) and Moro (72), but rather to irregular thers-
peutic effect of sunlight in early soring as shown by
Brown (73) with subsequent partial cure of rickets, the
following mechanism of which ls discussed abové. The
change of dlets, according to the work of Hess (70), no

" doubt, had its influence. The infection also, no dbubt,

played its part as Gyorgy (74) is of the belief that
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children easily tend to an alkalosis with increased irri-
tability of the respiratory center because of fefer. The
vomiting also tends fo cause a decreased H*. All of these
many factors have been shown to decrease calcium ion con-
centration. It is worthy of note the child showed moder-
ate to severs ricketsw&ich also, as discussed in the
thesis, plays 1its part.
CAST II

Babe Williamson, five months, entered the hos—

nital September 17th, 1920, with the complaints of loss

of weight and vomiting.
Onset and Development-

Babe had normal delivery,‘breast-fed for a few
weeks with satisfactory progress. Then he was removed

from the breast and fed other f£ood, the nature of which is
not known. Soon after this change, the baby began to lose
weight, acquired a disrrhea and a persistent vomiting.
Physical 7“xamination-

The child has & leaden hue, his face resembles
and old man. There is msrked emaclation., The hands are
flexed in s»asm, the thumb under tha fingers. Weight 7
lbs. 2 o0z., tempersture 103.

Progress-
. Baby died September 18th, 1920, Autopsy showed
fatty degeneration of the liver. | |

This case, because of persiétent,vomiting and

dehydration, probably had a considerable unset of the acid



base equilibrium with the production of the so-called =zas-
tric tetany, the vonmitinz causing s decrease of the acid-
forming chlorides with a drop in the H™ lon concentration
of the blood. In such cases &s this, it is probable the
HPOS ion is retained at a pigh concentration to compenssate
for the lbst chlorides. The awllable calcium here would
be depressed from two causes- denressed HY and increased
HPQOF and, agein, as calecium, no doubt, acts ss 2 base in
the blood equilibrium, it is possible it would tend to be
axcrated faster than the H20; ion with.a decrease of the
actual Ca/P ratio still further depressing the availsable
calcium. While the Rona Takahashi formula, as used to ex~
nlain the varying Ca'* ion, has not been accepted by all
workers ag apnlying to spasmophilia. Mogt of them do not
hesitate in a frank, uncompensated slkalosis such as in
gastrid tetany to ascribe the nmanifestrtions to a decreased
Ca** brought sbout in a masnner at least similar to the
mechanism implied in the Rona Takahashl formula.

In this cuse, however, there is no proof of the
condition discussed above, Indéed, ve have a very good
reason for thinking the gpasms of the hands are due to
guanidine intoxication. Dodd, Minot, et al, (75'); in Jan-
uary of this year, demonstratéd an abnormal smount of
guanidine in the blood of children suffering from severs
Clarrhes and malnutrition. It will be recalled thst
inereased zusnldine 1s found in liver damage (58) (59),

and in this case, as In most cuses of severe malnutrition,



fatty degeneration of the liver waé demonstrated.
CAST III

Babe Malcolw, Hosp. No. 20560, age two months,
was admitted to the hospital August 16th, 1926, with come
plaints of convulsions, diarrhes and skin lesions on right
finger and back of neck.

Onset and Developqent-

Birth was normal. Baby was breast-faeder'until
two deys ago when he had six greenish stools. The next he
had five and foruule changed to protein milk. The follow=
ing day‘he had = convulsion and was admitted to the hos-~
pital, ‘

Physical 3xamination=

Weight 8%+ pduhds. Babe apnears fairly well=-
nourished. Two erythematous maculor lesions uvon the
neck, a weeping exfoliating skin lesion extending over
the distal half of one finger.

Progress-

On the day of the entry a convulsion occurred.
The babe was put upon CaCl, gr. V each three hrs. with pro-
tein milk and amaoniated mercury 3% upon skin lesions.

Patleul dismissed the 28th improved, welghing
ten. pounds, tempersiwure curve varied from 99 - 100.

About the only connection thst can be made be-
tween this case and the pathogenesis of tetany is the
presence of infection with sn increased irritgbility of

the respiratory center because of fever resulting in hy?




pernia. Also 1t may be seen that the comvulsion occurred

sbout a day after the conversion to protein milk, agpsin

reminding us of Hess' conclusions (70) that sudden dietary

changes are very prone to cause temporary tetanic symptoms.
CASZ IV

This case, although meager in informstion, is
interesting from the pathogenetic viewpoint and, incident-
i&, from ths therapeutic standpoint.

Babe Nelson, hosnital No. .2490, age three
months, admitted December 9th, 1923, with the complzint of
diarrhea. |
Onset and Jevelopument=~

Babe had normal delivery, nursed three weeks,

then took cold, developed a diarrhea and has continued
with this untii entry into hospital.
Physical Bxawmination-

Ho-weight recorded. The child is emaciated,
eyes sunken, breathing Jjerky with an expiratory srunt,
temperature 1U2, pulse 112. The arms and legs sre flexed,
the thumb of the hand under the flexed fingers.

Progress- |

12-13 - Physiological salt solution given intra-
peritoneally in the morning. 1In the afternoon the babe
had whzt appears as a convulsion.

12~15 - Babe is vomiting contiﬁually with an in-
crease of spasicity.

12-16 -~ Babe is given calcium lactate, which re-




lieved the spasm somewhat.
12-18 - Exodus.
Aside from the comments made before thast will

apply to this ¢ase, we note a convulsion followed the use
of =1t solution, most probably increasing the Na in the

ratio N&''+ &K*causing the increased susceptibility to
Tesv g+

spasm and convulsion over snd above the factors alreedy

present. This might suggest the use of some of the vari-

ous solutions containing calcium. It counteracts the

monovalent salt sodium and also renders guanidine, 1f that

is nresent, as in cases of severe toxemia therc is reason

to believe, atoxic,.

Jacqueline Lainback,_hosbital‘Humber 12478, age
six months, admitted december 7th, 192%, with comnlaint of
vomiting and.diarrhea.

Onset and Jevelopuent-

Babe waes taken off the breast four and a hslf
months ago. Since then has had nersistent diarrhee and
vomiting. Delivery was norual. |
Physical 7xsmination-

Beby crying wéakly. In very poor state of nu-
trition. The right ear is draining.

.Progress-

 distinet iumor ovement of symptoms with gaih of
welsht until the right ear flared up when the vomiting and
diarrhesa re-occurred.

1-21 - Baby develops an inspiration similar to



laryngospasm.

1-27 - Earkedveviaence of tetany follow intra-
peritonealy injection of Ringer's solution.

1-28 - 3xodus.

This cése is much similar to the p}eceding case,
esnecially with the convulsions occurring after injection
of fluid, this time, however, with Ringér's solution. - Al-
though Ringer's solut.ion contains calcium and has the ad-
vantage of sunplying some of the minersl matter lost from-
the body, it has the disadvsntage of containing a higher
concentration of NaCl than that of the blood. With anhy-

dremia, assoclated with alizurils and chloride retention,
i1t may cause a further increase in the blood chloride and
g corresponding fall in blood carbonate, the chloride re-

tention 'pla.yin,:z its nart in the ratio Na "+ K*,
. > is e e
Ca "+ Mg"

CcASE VI

Babe Hubbard, hosnital HO. 16287, seven monﬁhs,
a&mitted HMarch 24, 1925, with complaint of convulsions.
Onsst and Developuent -

Baby breast fed - no other informstion.
Physical Examination-

" Weight 11 lbs. 5 o0z. Tihe baby is small snd does

not appear Markedly undernourished. There is heed swesat=

ing. The anterior fontmnelle is 2 cm. in diameter,



Diagnosig~

Rickets, malnutrition and spasmophilia.
4-10 - Dismnissed ~ Ho laboratory work done.

This case 1s probably & spasmophilia following

rickets as the age and season indicate. There 1s no his-

tory
here
tion

tion

of infection or ch=nge of feeding. The sctive factor

4

is probably exnosure to sunlizht with partisl denosi-
of CaJPOA as bone - sn increase in phosphorus reten-
h =

and a decreaced calcium of the blood. The inter-

mittent sunlight causing a fluctusting serum calcium and

subsequent spasmophilia,.



BIBLIOGRAPHY



31 3BLIO0OGRAZ2HY

(1) Usrriott, W. MeK.: Infant Hutrition, p. 296, C. V.
WMosby Company, 1930.

(2) Woringer, P.; Conception Pathogenique et Traitment
doderne de la Spasmopnhile du Nourrisson, J. de
Med., de 2aris, 48:675, 1929,

(3) Btuzullerus, M.: An Abridgewment of the Theory and
2ractice of 2Physics, London, 1699. Quoted by
Hess, A. ., Rickets, lea and Pebiger, Phila-
Delphia, 1929. :

(4) Clark: Commentaries on Some 0f the Most Important

‘ Diseases of Children, London, 1815. Quoted by
Pindlay, L., Tetany, A Historical Note, Glasgow
«e Jo, 103:145, 1925,

(6) Hall, M.: Diseases and Derangements of the Nervous
System, 1342. Quoted by Holms, J. B., The Relia-
bility of Ilectirical Diagnosis of Tetany, Am. J.
Dis, Child., 12:1, 1916.

(6) Prousseau, a.: Lectures on Clinical Medicine, Vol. 1,
D. 791, Lindsay and Blaxiston, 1873. ' '

(7) Henoch, H.: Der XKlin. Woch, HNo. 19, 1867. Quoted by
"Pindlay, L., Tetany, 4 Historical Note, Glasgow
e Jo., 103:145, 1925.

(8) Cheodle, W. B.: 2Pathology and Treatuent of Laryngo-
gasmus Tetany sand Convulsions, Lancet, 1:919,

(9) Chevostek: Wiener led. Presse, 1876. Quoted by Pind-

lay, L., Tetany, A Historlcal Note, Glasgow M.
J. 103145, 1925,

(10) Zscherich: Idiovathische Tetanic im Kinderssalter,
Wien Xlin. Wchnscnr, 3:769, 1890. Quoted by
Grulees, C. 3., Alkali and Zarth Alkali ®quil-
ibrium’in Spasmopnhilia, Am. J. Dis. Child., 13:
44, 1917.

(11) Stewart, J.: Tetany, Am. Jour. Med. Sc., 98:549,
1889.

(12) Zabriskie, 3. &.: Spasmophilia, Textbook of Medi-
cine, W. B. Seunders Co., page 1448, 1930.




(17)

(18)

(19)

(20)

(21)

(22)

(23)

Hanilton, ¢.: Hints for the Treataent of the Princi-
pal Dissases of Infancy and Childhood, P. Hill,
Zdinburgh, 1813.

Horsely, V.: The Brown Lectures on Pathology, Brit.
ied. Journ., 1:111, 1885,

Von Biselsberg, A.: Tetanic im Anschlusse on‘Kropf—
Operatioren, Wien, A. Halder, 1890, -

Kulm, A.: Arch. F. Mikr. Anst., 44:366, 1895.
Quoted by Findlay, L., Tetany, A Historical
Note, Glasgow I. J., 103:145, 1925,

Vassale, G., and Genserale, P.: Sur le Tffets de Bx-
tirpation des Glandes Parathyroides, Arch.
Ital. de Biologie, 33:154, 1900,

Yanasvse, J.: Ueber Zpithelkeorperbefunde bei
gelvaenischer Usbenerregbsrkeit der Kinder,
Jaehrb. P, Kinderheilk., 67:58, 1908, Quoted by
Hess, A. ?,, Rickete, Lea and Febiger, Phila-
delphia, 1929. .

Ringer, 3.:  Spontsneous lovewents of lMuscle Perfused
with Varying Salt Solutions, J. Physiol., 7:891,
1886.

Loeb, J.: Handbuch der Biochemie des Menschen und
der tiene, C. Oppenheimer, 2:Part One, page 1-24,
Gustov Fischer, Jena, 1910,

Sabbatani, L.: La Punction Biologique du Calcium,
Archiv. Ital. de Biol., 36:416, 1901-1902.
Quoted by anderson, . H., and Graham, S., Some
Ztiological PFactors of Teteny in Children,
Quart. J, ded., 18:62, 1924.

Quest, R.: Ueber den Kalkgehalt des Saenglingsgehirrs
und Seine Bedentung, Jahrb. P. Kinderheilk., 61:
114, 1905. Quoted by Howlend, J., and Marriott,
W. lck., Observations upon the Celcium Content
of the Blood in Infantile Tetany and upon the =Bf-
fect of Treatment by Calcium, Quart. Jourwz Med.,
11:289, 1917-1918.

dacCallum, W. G.: Voegtlin, C.: On the Relation of
Tetany %o the Parathyroid 3lands and to Calcium
Metaboliem, J. Exp. Med., 11:118, 1909,



(29)

(30)

*3-

acCallum, W. G., Voegtlin, C.: The Influencs of
Various Salts unon Tetany following Parathyroid-
ectomy, J. Zharm. and Bxper. Thersv., 2:447,
1911.

MacCallum, W. G., Vogel, I..HN.: .Further Bxperimental
Studies in Tetany, Journ. Exper. lLed., 18:618,
1915, '

Leton, D. N.: Findley, L.: The Parathyroids, Quart.
Journ. Bxper. Physiol., 10:203, 1916.

Critchley, M.: DPathogenesis of Tetany, Arch. Int.
Med., 3bH:100, 192D,

Koch, W. ®.: On the Occurrence of Methyl Guanidine
in the Urine of a Parathyroidectomized Dog, J.
Biol. Chem., 12:313, 1912.

Hess, A, ®.: Rickets, Osteomalacia and Tetany, page
365, Lea and Pebiger, Philadelphia, 1929.

Greenwald, I.: On the Phosphorus Content of the
Blood of Hormal and Parathyroidectomized Dogs,
J. Biol. Chem., 14:369, 1913.

Bingsr, C.: Toxiecity of Phosphates in Relation to
Blood Calcium end Tetany, J. 2harm. and 3xper.
Theraen., 10:1056, 1917.

Unlenhuth, Z.: The Antagonism between Thymus and Para~
thyroid glands, J. Gen. Physiol., 1:33, 1918,

Howland, J., and lMarriott, W. LcK.: Observations on
the Calcium Content of the 3loo0d in Infantile
Tetany and upon the ZTffect of Treatment by Cal-
clum, Quart. Jour. Med., 11:289, 1918.

(34) Kremer, B., Tisdall, P. P., and Howland, J.: Obser-

(35)

(36)

vations on Infantile Tetany, Am. J. Dis. Child.,
22:431, 1921. .

Shipley, 2. G., Park, Z.+A., UlcCallum, E. V., and
Simmons, N.: Is There More Than One Xind of
Rickets? Am. J. Dis. Child., 23:91, 1922,

Hess, H. J., Calvin, J. K., Wong, C. C., Pelcher, A.:
Calcium and 2hosphorus Determinations in the
Blood in Rickets and Tetany, Am. J. Dis. Child.,
26:271, 1923.



(37)

(38)

(40)

(41)

- (42)

(43)
(44)

(45)

(46)

(a7)

(48)

(49)

(50)

(51)

Greenwald, I.: Csalcium in the Blood in Tetsny, J.
Biol. Cheu., 67:1, 1926.

MacCallum, W. G.: Pathogenesis of Tetany, Medicine,
5:137, 1924,

Anderson, G. H., and Graham, S.: Some Btiological
Pactors of Tetany in Children, Quart. Jour.
ed., 18:62, 1924. '

freudenberg, B., and Gygory, P.: Amconium Chloride
in Infentile Tetany, Klin. Wehnschr, 1:410,
1925, Ab. J.A.M.A., 79:171, 1922.

Haldane, J. B. S.: Experiments on the Blood's Alka-
linity, J. Physiol., 556:26b, 1921.

Grant and Goldman, A,: Clinical Tetanggby
’

S. B.
Forced Respiration, Am. J. Physiol., 52:2

Gamble, J. L., Ross, G. S.: Studies of Tetany, Au.
J. Dis. Child., 25:470, 1923.

Graham, S.: Blood Chemistry in Tetany, Glasgow Iil.
J., 103:152, 1925.

Blias, He: Relations of Acid and Alkali to Tetany,
‘Nien Klin. WChIlSC‘hI‘, 55:784' 1922' A-b. JtAlMoAQ’
7932258, 1922. .

Rickets and Tetany, Jahrb. P, Kinderh.,

Gyorgy, 2.: _
:145' 1925' Ab' Jltﬁt-L{-Al' 81:965' 19230

1038

Jrucker, 2., an& Paber, F.: Investigations in
Tetany, Am. J. Bio-Chem., 68:57, 1926.

Halo, J.: Zur Theorie der Calcium Ionisation in der
Blutflussigkiet, Biochem Itschr., 150:426, 1924,
oted by Marples, E., and Crump, Z., High. Phos-
phorus Concentration in Spasmophilia, Am. J.
Dis. Children, A.l.A., 39:536, 1230.

Irving, I.: The Solubility of Calcium in Serum, J.
Biol. Chem., 68:239, 1926.

Rohmer, 2., and Woringer, 2.: Alkali Reserve in

Spasmophilia of Infants, Rev. Mranc. de Pediat.,
1:290, 1925, Ab. J.A.N.A. 85:1763, 1925, ~

Laton, D. N., Sherp, J. S.: On the' Increase of Méthyl-
suanidine in the Blood after -Parathyroidectomy,
Quart. J. Zxper. 2hysiol., 16:57, 1926,



(52)

(53)

(54)

(55)

(56)

(57)

(58)

(59)

(60)

(61)

(62)

(63)

Forher, Z., and Klinger, R.: ZExperimental Research
on Tetany. Witt. A. d. Jrenzgeb. d. HMed. u.
Cnir., &2:469, 1920, Abs. J.i.M0A., 76:761, 1921,

sreenwald, I.: Are Guanidines Present in.thé Urines
f Parathyroidectomized Dogs? J. Biol. Chem.,
89;329, 1924,

Behrendt, H.: Distribution of Blectrolytes and Punc-
- tiongl Condition of Striasted Muscles with Special
Regard to Tetany, Ztschr. f. Kinderh., 41:499,
1926, Ab. J.A.H.A., 87:984, 1926.

Collio, J. B., and Clark, B. P.: Relstion of Guani-
dine to 2arathyroid Tetany, J. Biol. Chem., 67:
679, 1926.

Greenwald, I., and Gross, J.: The =ffect of the Ad-~
ministration of a 2Qotent Qerathyroid ™xtract
upon the 3Ixcretion of Hitrogen, Phosphorus,
Calcium and kagnesium, Solubility of Calcium
Phosphate in Serum and 2ethogenesis of Tetany,
J. Biol. Chem., 66:217, 1925.

Dragstedt, L., Sudan, A. C.: The Zffect of Guanidine
Intoxication on the Blood Calcium of Para- -
thyroidectomized Dogs, Am. J. Physiol., 77:221,

Winov, A. S., and Cutler, J. T.: Guanidine Retention
and Calcium Reserve as Antagonistic Pactors in
Carbon Tetrachloride and Chloroform Poisoning,
J. Clin. Investigation; 6:369, 1928, ‘

Bllsworth, R.: Guanidine Base Concentration in Blood
of Horwaal Individuals and in Pstients with Liver
Injury, Bull. Johns Hopkins Hosp., 46:296, 1920.

Jod

Collip, J. B., and Clark, . P.: Purther Studies on
the Physiologicsal Action of & Perethyroid Hor-
mone, J. Biol. Chem., 64:485, 1925,

Lesne, ., snd Turpin, R.: -La Spasumophilis, Présse
- J6d. Paris, B4:1. 1926.

Gerstienberger, H. J.: BRBtiology of Infant Spasmo=~
philia, J.A.W.A., 94:523, 1930.

drucker, P.: Clinical Investigatione into the Patho-
genesls of Infantile Tetany, Acta Paedict,
Suppl. VI, 1927. Quoted by Marples, T., and
Crump, 3., High Phosphorus Concentrations in
" Infantile Tetany, Am. J. Dis. Child., A.M.A.,
59:5026, 1930.



(64)
(65)

(66)

(67)

(68)

(69)

(70)

(71)

(72)

(73)
(74)

- (75)

dunter, D.: iletabolism of Caleium and Phosphorus, 4
Critical Review, Quart. J. lled., 24:394, 1931,

Huldschinsky, K.: Ztschr. f. Kinderh., 26:207, 1920.
Quoted by (62). , :

Hummel, H.: Inter-relation between Cslcification and
Acid-Alkali Bslance, Its Significance and Spas-
mophilia, Klin. Wehnschr., 3:2384, 1924, Ab.

J.AU.A., 841560, 1925.

Palkenheim, C., and 3yorgy, 2.: luercury Quartz Lamp
in Treatasnt of Tetany, Jahrb. f. Kinderh., 107:
201, -1924, Ab. J.A.M.A., 84:71, 1925.

Hsmilton, J., Bengl, S., Loslo, K., lleeker, D.: The
Effects of Phosphorus Administration, Anti-
rachitic Treatment, and Spontaneous Healing on
the Calcium in the Serum of Rechitic Rabbits,
J. Biol. Chem., 88:331, 1930.

Shahl, A. T., and Brown, H. B.: Rickets in Rats, J.
Biol. Chem., 84:501, 1929,

Hess, A. 7., Weinstock, H. R., and Gross, J.: The
Induction of Tetany in Rachitic Rats by Means of
a Normal Jiet, Journ. Biol. Chem., 90:;737, 1931.

Behrendt, H., and Preudenberg, T.: Points of Action
of Stimull Inducing Clinicsl Tetany by Porced
Respiration, Klin. ‘chnschr., 2:866, 1923,
Cont'd to 913, 1923, Ab. J.A.il.A., 81:514, 1923.

Moro; B.,: Tetany de a Seasonal Disease, Influence
of the Bilologic Spring, Klin. Wehnschr., 5:925,
1926, Ab. JJAJMiA., 87:287, 1926.

Brown, W. Hd.: Calcium and Inorganic Phosphorus in
the Blood, Jour. of "xper. Med.,, 49:103, 1929,

Gyorgy, P.: lechanism of Tetany, XKlin., Wchnschr.,
3:229[£, 1924, JALbo JDA.IVIDAA, 84:407’ 1925.

Jodd, K., Minot, A. 8., Casparis, H.; Guanidine as s
Factor in Allmentary Intoxication in Infants,
Am. J. Dis. Child., 43:1, Jan. 22, 1932,

p-



 RECEIVED
UNIVERSITY OF NEBRASKA

APR1: 1932
OFFICE OF THE DEAN
COLLEGE OF MEDICINE




	The pathogenesis of spasmophilia
	Recommended Citation

	tmp.1416429714.pdf.oXc1_

