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Introduction

The subject of celcium metabolism has become one
of major importance in the current mediczl literature,
Calcium makes up sbout 1.3 per cent of &ll body tissues,
and is most concentrated in the bony skeleton, where it
comprises avout 85 per cent of the structure. Calcium
is part and parcel of blood, muscle and bone; it is ab-
solutely essential to growth, to the normal action of
the hesrt, to the proper functioning of our musculature
snd to the coagulation of our blood. By virtue of the
wide range of its activitiee, & grezt desl of research
and experimentation hae been done to determine its nor-
mal metaboliem and the effects of the gbnormal, The
knowledge which we now have, and the well-estsblished
opinion, regarding the source, sbsorption, utilizstion
andé excretion of calcium have all been worked out and
arrived at during the past two decedes. The calcium
problem is of especiel importsnce during pregnsncy, as
there are two orgsnisms which must receive cslcium in-
gstead of one.

In this thesis we will very briefly discuss the

history of our knowledge of calcium metabolism so thet

¥e may have an sdecuate foundstion for the discussion

of gbnormal csleium metaboliem in pregnancy, and the

disturbsnces incident to this sbnormel metabolism,
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Decalcificetion occurring in pregnancy covers s very
wicde range of conditions. It includes a leseening of
the calcium content of the skeletal system. It is of
grezt importance in dentsl caries. It desls with an
ebnormaslly low blood serum calcium content., It is
either directly or indirectiy concerned with uterine
atony, osteomelacis, dentsl caries, tetanoid syndromes,
actusl tetany, poet partum hemorrhage, preeclamptic
conditions, eclampsis, muscle execitability, Frisbility
of the périneum, vrhlebitis, and varicoeities.

In this paper we will not sttempt to discuse in
detail such conditions as osteomaslacies, ricketts, scur-
vey ané other conditions which sre due to decalcifica-
tion, but which may be present without pregnency. The
gregter part of this thesis will be & discussion of
toxemias of pregnazncy, (with especisl reference to pre-
eclampsia and eclsmpeis), to the so-called teténoid syn-
drome &nd to the general condition of the maternsl or-
genism, from & cabcium deficiency viewpoint. This lest
group will include the coagulability of the blood, the
tendency towsrd vericosities and the ineidence of phleb-
itise, The results of celcium therapy will be given and
& comperison made with the results obtsined where other

forms of therspy are employed.
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Hiétory

The necessity of calcium in the diet hes been known
for many years. Bertraz as esrly se 1878 stetese that
0.4 grame of celcium oxide was necesssry in the sverage
sgdult diet per day. Thie estimstion of the emount re-
guired has been substantisted by Albu, ¥ason and Hew-
berg. There is & great veriation in the cslcium content
of various nations., The diet of the Finns, according to
Tigeretedt contsins from 2.0 to 6.0 greme daily, due to
the Iarge smount of milk consumed. Sherman in 1211 found
thet the &ver&ge smericen diet consisted of only 0.45
grams, He found further that 0.45 grame per day is not
sufficient for a proper celcium ecuilibrium, He recom-
mends that the calcium intzske be 1,0 gram for every 100
grame of protein.

It has been found that the calcium recuirements of
infency are relatively greater thsan in‘adulthbod. This
is due to the fact thst there is during infancy and the
growing period an extensive deposition of caleium sslts
in the skeletal systenm.

During pregnency, too, there is a grezt drasin upon
the celcium reserves of the mother. Hoffstroem has cal-
culated thst the celecium content of the fetus incresgses
from 5.39 grams st the twenty-eighth week to 30.41 grams

&t the end of the fortieth week of pregnancy. ¥iller,




Vates, Jones, and BErandt (13), in & complete snalysis of
the minersl balance of & milk cow, found & negetive dai-
ly belance of 6.2 grams, upon an intske of 117 grems

and a yield of 23,15 kilograms of mild. They stated,
"It appeers thet although serious consecuencee are not
likely to sppesr, B0 long as the negstive balance is

not too grest, it is probsbly wise to incresse the casl-~
cium content of the mother during pregnancy".

4 grest deal of work has been done‘on the normsl
absorption of cslcium. Eherman snd Howley state that
the celcium of milk is better utilized then thsat of
vegetables, McChegage snd ¥endel eslso adhere to this
view, Hose, Blatherwish and Long have found, too, that
the calcium of various vegetables are well utilized in
men. Steenback and his co-workers have found that g
large variety of cslcium salte (lsctate, phosthste, car-
bonete, sulphzte and silicste) may be eouazlly well uti-
lized by growing rats if supplied in sufficient cusnti-
ties,

Until comperstively recently there wse 2 wide differ-
ence of opinion as to whether or not celcium szlts are
absorbed from the intestine in sufficient amounts to
csuse an spprecisble rise in the level of the serum csl-
cium., Luckhardt and Coldberg and others have demonstrated

thzt the serum calcium Czn be elevated by the sdministra-



tion of celcium lactate. Salvesen, Hastings and ¥eIn-
tosh found that the oral administration of calcium
chloride 7.5 grams dsily resulted in & 20 per cent rise
in the serum calcium of 2 dog. Kshn and Roe (28) con-
clusively settled the guestion of the sbsorption of cal-
cium sslts from the intestine., Thevstate "We haﬁe not
found s single report of & failure to elevate the serum
calcium by orsl administration of cslcium salts in e-
gueous solutione to subjects free from the influence of
foods, orother known inhibitory factors, when the inves-
tigetor carried out freqﬁent plood~celecium estimetions
immedistely following the ingestion of cslcium sslts."
The abeorption of cslcium szlte in proportionel to their
solubility.

The sbsorption of ceslcium is governed chiefly by
three factors:;

(1) The hydrogen-ion concentration within the intes-
tine.

(2) The relstive proportion of other substances in
the diet.

(3) Vitemin D.

Bernheim (7) pointed out & significant relstionship
between cslcium sgbsorption snd sugere administered sim-
ultaneously. The addition of Z5 per cent lactose cgused

a pronounced incresse in- the smount of celcium sbsorbed.




Thie may be the resson for human milk yielding a much
greater per centage of csalcium than cow's milk ese human
milk contasins relatively more lsctose.

Fats and inorgenic constituents of the diet tend to
lessen the absorption of celcium from the intestine, This
effect is produced through the combinstion of calcium with
fatty acide with the consecuent formstion of inscluble
cslcium sozps., Wells Btates: "The sbsorption of calcium
and phosphorus from the intestine depends on the concen-
tration of celcium snd phoephsate ions asnd the presence
of goluble undissociated phosphates snd c¢slcium. Such
physiochemical factore as glter these conditions of
salts or ions or their sctivities may grestly influence
the absorption of these elements,

Viteamin D, the "snti rechitic fsctor" or the "calei-
fying fesctor", is & sutstance necessary for normsl cel-
cium metabolism. A comrlete discussion of Vitamin D,
g8 regerde its distributibn, properties and mode of ac-
tion is not indiceted in this psper. It is sufficient
to say that it ie of vitel importanée and playe =z very
importent pert in the esse with which calcium can be
absorbed from the intestine,

Celcium is excreted in s8ll probebilities from the
epithelium of the large intestine as well ae from the

kidneys. The calcium excretion of a normal heslthy




adult is prectically ecual to the sbsorption, the stor-
age being negligible. Hawk is of the opinion that the
urinary output represents 10 to 40 per cent of the totsl
output.

The extraction by Collip of & potent hormone of the
parethyroid gland provided & mesns for accurstely study-
ing the role of these glande in calecium metsbolism (62),
The administreation of parathyroid extresct causes an in-
creased excretion of calcium, UGreenwzld and Gess found
that calecium excretion was diminished safter parathyroid-
ectomy. It is interesting to note thet only the urinsry
calcium is affected, the cglciuw content of the feces
remaining the ssme, Bauer, Aub snd Albright have demon-
gtrated thaet the bone trabeculse are easily depleted by
the prolonged administration of parathormone, suggesting
that these structures serve zs the storehouse of re&dily
available calcium,

The blood calciuwm has been a subject of grest discus-
sion. Jones, Lymesn, Kehrer, Aiport, Isdall, etc. report-
ed the normasl to be from 5,3 mgm. per cent to 12.64 mgm.
per cent., It has generelly come to be accepted recently
however thst the tlood calcium is between @ and 11 mgm,
per cent. The non-diffusible calcium smounts to from
4,5 to 5.5 mgm. per cent while the diffusible is 4.7 to

5.75 per cent.




The blood serum during pregnancy has received con-
siderable asttention. It is the concensus of opinion
thet in apparently normal women who go through pregnan-
cy, there is but very slight change in the blood calcium
level--perhaps 2 slight decreases during the lsst months
of pregnancy (41)(42)(14)(2). Thie is of impor tance in
considering the findinge of low celeium levels in patho-
logical pregnancies. 1In g series of 38 pregnancies,
Centarow, Montgomery and Balton found that the serum
calcium wgs 10.61 mgm per cent during the early course
of pregnancy. During the late portion of the pregnan-
cies the serum calcium hesd decreased only to 9.81 mgm
per cent, and the same figures hold true for the firset
stege of labor, The ratio of the diffusible to non-
diffusible celcium iselevated from 96,8 to 132.5. The
observetions of Centarow, Montgomery and Bolton hsve
been recently confirmed by MHcCance, who, employing the
artificial membrane method, obtained increasesed values
for ultrafiltrgble celcium during pregnancy.

The mechanism underlying the alteration of caslcium
during pregnency ies not well understood. It is at this
time purely speculstive. It is known, however, that
when the celcium level of the blood drops below £ mgm.
per cenit thet a number of pathologicsl conditione are

ept to follow,




Macomber (33) has shown through experimentation on
}rats thet low calcium diets decrease the poseibility of
pregnancy. He hae also shown that the effects of this

type of diet on the pregnant mother produces inferior
offspring with decided tendenciee toward tetsny. 1In
the event that the diet is very low the milk of the
lactating mother will be low irn calcium and the off-
spring will hsve a marked hemorrhagic diasthesis, These
findings have been confirmed by other men (37)(2¢), who
have had clinical results of & very similar nature.

The effect of proper diet has been given much con-
siderstion and it is now esteblished bevond doubt, that
much ¢an and should be done to 2id the pregnant mother
during the geststion period, so thet she will not suffer

the ills incident to deczlcification in pregnancy.




Discussion

The adage "A tooth for every pregnancy" has been
known to the lsity for many yesrs, Just how much truth
there is in the sbove estatement has been, until recently,
little realized by the profession., During the course of
pregngncy, a8 had. already been pointed out, there is &
considersble drain on the mother to supply the necessary
celcium szlits for the fetﬁs. In the event that there
is an inadecunate calcium diet, or in the event that the
caglcium in the diet is not able to be sssimilated the
bony structures of the mother wmust suffer. The mother
first suffers from lack of calcium. The blood calciunm
ie maintained st & normal level at the expense of the
bones snd teeth. After this process has gone on for &
time, the sveilable calcium from this source gives out
and the fetus suffers (15).

If, during the course of a pregnsncy, the mother
does not have a sufficient calcium content in her diet,
the teeth of the fetus sre ant to be defective. Becks
end Ryder (5) after = great deal of exverimentetion with
laborstory snimals which were kept on a calcium deficient
diet during pregnancy, concluded thst "a celeium defi-
cient diet, to the pregnant mother, will ceuse irrepar-
gble dsmage to the teeth of the fetus., Odontoblasts be-

gin to shrink up snd are destroyed." In this connection

-10-




it is important to reslize that the development of the
teeth sterts a& esrly g the third month of pregnancy.
Thus a woman who dcoes not have enough calcium will give
birth to bsbies with imperfectly formed teeth. Theyv are
apt to be soft snd rough. Occasionally the teeth are
chalky and of very little value., Dolldorf in 1831 gave
& review of several cases of défective teeth in infants
in which there wgs a scorbutic tendency snd a hemorrha-
gie diathesis., He sgys: "Associated with teeth changes,
due to cslcium deficiency, there is s scorbutic tendency--
and & hemorrhagic digsthesis is the most striking pert of
this." It is not uncommon to see g woman who pfior to
her pregnancy has had excellent teeth, but during preg-
nancy, notice severzl cavities, Likewise, women who
have been less fortunate, snd hsve had to get their teeth
repaired prior to pregnsncy will notice the fillings are
either loose or have dropped out. Thie, of course, is
due to the fsct thet & process of decelcification has
taken plece. The teeth loeing their calcium sslts o
that the blood calcium level mey remein intsct and the
fetus not suffer.

Just how severe may be the results of poor calciuml
utilization or poor calcium supply is strikingly brought
out in & series of seven cases, in which the teeth were

not erupted (27). In these bzbies desth was due to birth

-1l




injuries, deficiency disesses, malnutrition end £till
birth. Auﬁopsies weré done in all ceses before the e~
ruption of any teeth. In all of these csses the mother
gave a history of disecese or poor dietary menagement dur-
ing the course of the pregnancy. The teeth were section-—
ed very cerefully in all cases so thet a thorough micro-
scopic examination might be meade, In most of the cases
there were gross defects in the engwel, indiceting an
advancec stage of odontoclosia. Whether or not there

had been normal formestion of the teeth with a subsecuent
dissolution, or whether there was simply ean arrest of
development is problematical. At anv rate, the fzct
remains that in calcium deficiency there is 2 strong
tendency toward carious teeth in the fetus, These facts
are of importance in another respect too. ¥For yesrs the
dental profession has thought thet the etiology of tooth
decey was ascidity due to bacterisl sctivity. This is
very definitely disproven, for the soft tissues around
the unerupted teeth show abeolutely no evicence of bac-
terial invesion. There is rather striking evidence to
show thet proper calcium inteke during pregnancy will re-
lieve the mother of worry so far gs dentsl caries is con-
cerned. In reviewing the dentsl history of the long-
lived Eulgarians of Metchinikoff fame, it is found that

they are prectically free of these conditions. Is it
. L




not probsble thet they can attribute this lack of symp-
tomatology to their very high sour milk diet with sour
cabbage supplying the optimum hydrogen ion concentration
for meximum sbsorption? Dr. Richsrdson (48) substantiates
the viewpoint thet much more calcium is needed during the
course of pregnancy than is otherwise needed. FHe suggests
the use of irradisted ergosterol €0 thst more czlecium will
be absorbed and utilized by the mother, He states that
viosterol in the presence of an adecuate calcium dietsary
not only improves the teeth but sbsolutely znd complete-
ly arrests dental caries, and this in so brief & period

as two weeks when sdecuate dosage is employed. Patients
under dental observation and experiencing the formation
of tooth cevities &t the rate of one or more as often

a8 each week report the arrest of existing cavities and
carioue processes sné a complete cessstion of new caﬁity
formation.

It can not be doubted thst the mweternal organism will
suffer greatly in the event thst‘there is not sufficient
calcium teken during pregneéncy. This process of decelci-
fication is inevitable and has very definite results., The
teeth are, along with the skeletal svstem, the firset to
suffer, The consecuences slthough not coneidered as ser-
ious by many, are ﬁery disagreesble gnd st best sre in-
jurious. The method of treatment which consists only

of incressing the. calcium content of the diet and incress-

-13~




ing the gbsorption of the calcium is so eszsy andé in-
expensive that there is little excuse for dentsl caries
to complicate pregnancy.

The Questioh of eclsmpsis in pregnsncy is a very
controversial one. The methods of treatment are many
and varied. In general, however, it may be said thst
most schools fgll into one of two groups; (e) those bent
on attrivuting its czuse entirely to a blood sugsr de-
ficiency end (b) those vwho believe it to follow & cel-
cium deficiency. This latter group of investigators
is further divided into the exponents of calcium only
and others who explein the casleium deficiney on g2 basis
of parathyroid deficiency. Both groups are seemingly
correct im their lsborgtory observstions but fzll short
in clinical application. In this study the weight of
the clinicsl evidence favors the calciur deficiency as
the primsry fsctor, and the disturbed cgrbohydrate meta—
bolisx &s secondsry and apparently due to the celcium
imbalance., In support of this statement one must con-
sider the opinions of such men as &, J. Cameron who says,
"%e sre of the opinion that cslcium is the main custodian
of hepatic efficiency during pregnancy." (11). Ander-
geon (3) found in & series of 44 ceees that the serum

celcium was decreassed to 8 mgm., per cent or less, in

82 per cent of the cases and that the guanidine content

-l4 -




was markedly increased. The toxic agent responsibvle
for eclsmptic convusions is guanidine. This agent, .
gusnidine, is a waste product of voluntery muscle sc-
tion which, under normel conditione, is neutralized

by calcium. Guanidine, sccording to many investigs-
tore, (18)(48)(58), is not only reeponsible for eclamp-
tic convulsions, but is the toxic factor in producing
the convulsions of tetany, osteomslacis, uremis and of
liver necrosie, Uremis, liver necrosis and eclsmpsis
have long been correleted, but now tetany and osteo-
melacia have been added for the purpose of strengthen-
ing the contention that calcium is an important csusa-
tive fector in eclampeis.

When the blood calcium level becomes lower than
normal the guasnidine produced by musculer action fails
to be neutraslized snd the voluntary muscles are rendered»
thereby more irritable due to the celcium poverty. Tet-
any might be mentioned in this conneciion as g first
phzse in that muscle irritability. It is interesting
to note in this connection thet s grest number of eclamp-
cgies are preceded by tetany.

Guenidine is toxic to both muscle and to the liver,
eand, if not checked, is capeble of producing a necrosis
of the liver. Herein is the main link connecting carbo-

hydrete sndé calcium metabolism. A toxic liver must of

~15-




necessity interfere with carbohvdrate metabolism and
thue the dextrose delivered by the blood to the muscle
is interfered with. Thus it cen be seern that it is
probably not primeriiy a cerbohydrate dysfunction which
is responsible for eclampsis, but rsther primerily =
decalcification of the blood stresm with resulting al-
tered carbohydrete metabolism. This theory of eclampsis
lends & nice explanation to the methods, both past and
present, in the treatment of eclampsia. The lessening
of protein would lessen the gusnidine formation, or at
lesst not incresse it, while the administration of milk
would be of value, due to its cslecium content.

Some clinicians (notably Fool) (47) have employed
the use of parathormone (extract of parathyroid glsnd)
in the trestment of decslcificetion. This is of tem-
porary value in thezt the celcium content of the blood
is elevateé snd g similar process of neutralizetion ss
has been previously mentioned takes place, This method
ie fundementslly wrong, however, in that the calcium is
taken from the skeletzl system and tends to cause an
ogteoporotic condition. In the event of pre-existing
osteomalscie the condition will be permzsnently and de-
finitely eggravated.

Investigations of the activity of the parsthyroid

glands seems to hsve cuite definitely proven that when

-16-
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hypersctive they will cause the blood serum cazlcium
level to rise., This is sccomplished, not by incress-
ing the intake or msking it poseible to abeorb more
celcium from the intestine, but by withdrawing cslcium
from the teeth and bones. It has slsoc been shown that
following thise riee in the level of the blood serum
calcium that there will be an incregse in the gmount
of caelcium excreted., Thus actuslly the trestwent of
low blood serum ceslcium by the administrstion of para-
thyroid hormone is very definitely contrasindicsted. It
not only does not help the condition but actuslly sag-
gravates 1it.

It hes been shown by many investigstors, both in
England and Americe, that calcium plays =z vital part
in eclampsis. In England, Alexander Dely and his co-~
workers have done & great dezl of work with remarksble
results, (15)(17)(31). In a large series of casee they
have been able to succecsfully combat eclampsia by the
edministration of cslcium and slkslies., It ie & routine
procedure with them to sdminister whet they term "alke-
line compound tablets" to all pre-eclemptices =zné petients
who complain of slight edemsz. These tsblete consist of
potassium citrate grains 40, sodium bicarbonste greins
20 &nd calcium sodium lactate grains 74. These tablets
are given every three or four hours, depending upon the

smount of edems &and symptoms. In & very large per cent-

age of the cases there is & prompt return of the blood
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pressure to normal, the edems disappesrs asnd asny sub-
jective symptoms of pre-eclampsia, such ae epigastric
pein, decressed urinary output, etc. disappesr. For

the more severe ceses and for cases of actual eclamp-
sie a8 slightly different routine is employed. 4 solu-
tion containing sodium bicarbonste gresins 20, sodium
acetate grains 40 msde up to 170 cc. and slightly hy-
pertonic is given slowly, intrsvenously. Calcium glu-
conate is glso givén plus the &dministr&tion of the
"alkeline compound tablets"., The results of this treat-
ment have veen very drasmatic, Patients have veen sdmit-
ted with extreme swelling of the face snd extremities,
marked epigesstric pain, almost complete gnuris, visual
disturbsnces, convulsions and come, and within forty-
eight hours have become practically symptom free. 1In
gome caBes the response is not &0 merked snd it is oc-~
casionally necesssry %o repeat the intrsvenous sdminis-
tration of the sodium bicarbonate and sodium citrate.
Then cases, however, all respond eventually to the treat-
ment a8 outlined above.

The clinical results from & statisticel viewpoint
coupare very favorably with the results obtained by other
methods of treatment. In eclampsis, where other methods
of treatment are employed it is necessary to induce la-

bor in from 59 to 86 ver cent of 8ll pregnencies., %®ith

P




the calcium therapy, induction of labor was necessary
in only 2 per cent of &ll ceses. The number of pre-
mature births is 83 per cent with other methods of
treatment, wheress, Dr. ﬁ&ly hed only 11 per cent pre-
mature while using routinely the calcium therapy meth-
od.

Dr. 8. J. Cameron (11) of the Royal Maternity
Hospitel of Glesgow hes hed similar results, with the
use of calcium and slkelies in the trestment of eclamp-
sia, slbuminuris and pre-eclampsia. It is significant
to note that the incidence of eclampsia at the Royel
Maternity Hospitsl has very sherply decressed since
this treatment has been instituted. It is customery
for all patiente of the hospital to report during the
course of thelr pregnsncvy 10 the dispeneary for routine
check up. It ie during this time that patients with
albuminurie ané symptoms of pre-eclampsis are treated.
Since the inauguration of this method in the latter vpart

of 1830 eclamptice heve dropped off as follows:

Yeer No. Year No.
ie26 - 27 1g2g - 22
1927 - 18 1830 - 38
128 - 24 1831 - 8

1632 - 7

These figures are convincing proof of the efficacy

—

of this type of treatment in the werding off of eclamp-




gis by propnylsctic trestment with calcium and alka-~
lies.

In Americe too, cuite & number of men have inter-
ested themselves in the poesibilities of caslcium thers-
py’in toxemies of pregnencv. Perhars the first work of
importence wae done by Dr. Garwood C. Richardson of
Chicago, (42). Dr. Richardson hes employed *the use of
irradiated ergosterol, believing that it causee an in-
cregsed absorpﬁion of caglcium from the intestine and
thue protects the liver from the toxic producte such
as gueanidine., His experimental and élinical obeserve-
tions have been consistent with the British echool, in
thet remsrkable results have been sccomplished. Nany
observers feéel thet & proper calcium intske and distri-
bution is gll thet ie necessegry in the treastment of
toxemia of pregnancy, (12)(20)(50). Diet other thean
the administraztion of irrsdiated ergosterol and calcium
compounds mey be genergl. This is of perticular bene-
fit in that it conserves the strength of the patient
until the time of delivery. It is to be admitted that
the exact mechaniem of toxin formestion, or the nsture
of the toxins is far from settled, but the clinical re-
sulte obtained by the investigators who are using csl-
cium therepy are verv encoursging. Cslciur csn be used
g8 a prophylactic measure, in the form of caslcium salts,

~

(51)(12)(35)(57). These salte are given in sufficient
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guantities to bring the blood cslcium level up to with-
in normsl limits. The cslcium intske can be increszsed
in another way--by the administration of Vitamin D.
Thi & method is prefered by some men, (10)(4¢), who feel
thet the calcium content of the diet is sufficient, but
that the powere of asbsorption are not great enough.
Timple (58) recommends the use of cod liver oil or vi-
osterol se& & prophylectic measure during the course of
pregnancy. In running s series of tests to determine
the blood serum csgleium level during pregnancy, and the
effect of calcium administretion and viosterol thersypy,
he found thet the level could be grestly raised. He
found also that by so raising the blood serum calcium
leven that albuminuria, pre-eclampsis and eclampsia
could ve very well hsndled.

Internists have been tresting hypertensions for
many years with csleium. It hes, however, been only
recently thst calcium therapy has been used in eclamp-
siz. It is pleasing to note that the same good results
in the hypertension of eclampsis follow the administra-
tion of celcium. Rodecurt (50) states that he believes
calcium therapy is imperetive in eclampsis and eclamp-
sism. He employs the use of Kalzan which is celcium,
sodium lactate. He gives a report of forty of his own

cases which he got marked improvement. It was brought




out thet in the six with marked improvement the eclemp-
siz was particulsrly severe.

Wilser (61) has had similar good results in the
treptment of hyperemesis gravidarum with calecium salts,
Moore haze had success in treating nausez and vomiting
of pregnancy by giving calcium salts. He feels that
it serves a8 & tonic and improves the generzl condition
of the patient. In 80 doing he hzs concluded one may
succesefully combat nauses and vomiting of pregnancy.

RBarthalomew and Krocke (4) present a case: of
toxemi& of pregnancy in which the blood serum calcium
wgs less than 7 mpgm. percent. Death followed persist-
ant hemorrhazge and spontaneous delivery. At sutopsy
it wags found that there was multiple large infarcts of
the placentaz. TFThether or not these were due to the
low celcium content of the blood serum is debatsable,
The hemorrhagic tendency, however, was in 21l probabil-
ity due to the low calcium content of the blood.

The results of cslcium therspy in the trestment
of severe slbuminuria, per-eclampsis and hyperemesis
gravidsrum have been very gretifying. ©None of the men
who asdvocete this type of trestment feel thet they can
cure, or even help chronic nephritis, marked liver
demage or other orgenic involvements, when these condi-

tions are present in addition to the toxemias. They do




feel, however, than in the uncomplicsted cases, thst
the results obteined by cslcium therapy far outshine
the results obtained when sny other kind of therespy is
employed. The rationsle for caglcium therapy hse been
clearly st&ted. The results, clinicselly spesgking, are
sufficient evidence of the efficecy of this trestment.
There is some divergence of opinion as to whether the
best thing to do is incresse the smount of czleium in
the diet or to increase the sbsorption of the calcium
already in the diet, but the end resulte are the ssme
in either cese, The ease of gdministration and the
cost of this form of therapy are of grest practicel im-
portance when one must consider the financial status of
his patients
Another clinical manifestaztion of decezlcification
occurring in pregnsncy is the tetanoid state described
by E. C. Hartley (24)(25). The symptoms may be divided
into first:
Objective:
(a) Insomnisa
(b) Irritebility of disposition unusual to
the patient
(c¢) Cramp-like or aching pains in the legs
and thighs
(a) Parssthesias of the extremities affecting

large areas, or in some cases only the
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fingers and toes.
Subgective:
(a) A blood cazlcium having & very low normal
or as is generglly true below normal.
(v) Increzsed bleeding time and coagulebility
(¢) Muscle excitability as is evidenced by the
galvanic current.
With the above symptoms being cuite varisble, it
is occssionally difficult to make & éiagnosis, Thies is
especiselly true since the obstetricisn is apt to regard
the complaints of the mother &s neuritic tendencies,
The regson for the wvarisnce in the symptoms (objective)
is the multiplicity of functions of calcium. In review
it might be well to state thet cslcium, sodium and po-
taseium in definitely balsnce proportions are necessary
for normel cerdiec sction, for the proper nerve impulses
t0o be passed fro& nerve to muecle, msintenance of the
membrane permeability in balance, for the coggulation of
the blood, for the bone building processes of our bodies
and lastly, calcium slong with megnesium holds to & great
degree the more irritating salts sodium and potessium in
belance (568). The tetanoid state as described by Hartley
does not sdecuately explain the sympitom syndrome &Qcord—
ing to some investigators. Williams (60) and Bland (8)

gnd others in recent texts recognize the occurrance of
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& tetany in pregnancy, and consgider it to be & true
tetany. They do not, however, sufficiently evzluate
the importance of this diseasse, for the percentsge in-
cidence cited is fer too smsll. 8tevens in hie prec-
tice of medicine tells us fhat, untreated, seven per
cent of the tetanies of pregnancy die in tetany,

Teteny is identified by Abt as a consecuence of
perathyroid deficiency, but mediczl literature conteins
contradictory reference to etiology: That tetany is
more common in srtificially fed then in bresst fed, and,
that children born of wmothers who have suffered from
tetany are more prone to develop the disesse. It does
not seem logical to incriminste the psrathyroid glands
for this condition, when actually the cause is & calecium
deficiency which is in turn due to improper celecium in-
take or a poor utilization of the calcium in the diet.

Tetany is more frequently encountered as a secuence of

rickete and osteomslacia, but is occasionslly encountered

as agn entity in itself. Rickets and osteomalacis are
both celcium deficiency diseases. It follows, then,

that tetany is mérely the logicz1l outcome of both, since
the pai&thyroié glends ere depending upon a depleted bone,
or & depleted wsrehouse gs it were, from which to drsw
the calcium to meet the demands of the bédy tissues and
functions. CGuanidine, zgsin is capable of producing &

st

tetany identical with the tetany after verathyroidectomy.




Some investigators feel that as high as 75 per
cent of all pregnant women suffer from teteny to some
degree, however slight (10)., The basis for this state-
ment is that one of the earliest and most important
symptoms is overlooked in obstetrics., This symptom is
cachexis and ie 80 often missed due to the preponderance
of nervous phenomens both in pregnancy and esepecislly
in this disease. Accompanying the cschexis and result-
ing from it is & genersl muscular weskness, which in it-
self is a very freguent complaint of pregnant women.
This musculer weskness, in turn, sccounts largeiy for
the exhgusetion which so resdily follows slight exertion.

The outstanding symptom of tetany in pregnsncy is
musculsr contracture, especislly of the lower extremi-
ties, and involving, &8s & rule, the gasirocnemius, sol-
eus, and flexor hallicus longus muscles. Other groups
ere occasionally involved, but fer less frecuently, This
symptom most often comes on during the night, toward
waking hours., The severity of the pein awskens the pa-
tient from her sleep. The pain znd the contracture may
persiet from & few minutes to &n hour or more, This
mgnifestetion is pathognomonic of tetany and by the gen-
ersl practitioner is only too freguently explszined to the
patient es being due to pressure on the deep nerves of

the pelvis. Other diagnostic eigns gppear which are
i




sgttricuted to actual tetany only too rarely. Amont them
we note puifiness of the face, hands end fingers, tingl-
ing or numbress of the fingers or extremities, localized
swellings of the limbs, pallor, thinning and loss of hsair,
frecuent occurrence of dentsl caries, incressed brittle-
ness of the teeth, and thinning of the naile as well as
brittleness. Tachycerdis is glmoet slways seen and in
extreme cases there may be convulsions and coma. Thus
it is to be seen thst practically &ll of the sbove symp-
toms sre very easily shoved off onto other conditioms,
generally of much less importance than tetany.

The disgnosis of tetany of pregnancy mey be posi-
tively made upon complzint of muscle contractures, but
it should be suspected esrlier, snd trestment instituted
with the cachexia which so often begins in the very early
monthe of & pregnancy.

In extreme casese the resulte of trestment with ir-
radisted ergosterol sre remsrkeble. A clinical relief
is obtezined within 48 hours if properly esdministered (43).
Malfstti feels thst celeium is of great importance &s &
prophylactic sgainst tetany (38). He states: "If the
calcium intake is not cufficient to meet the recuire-
ments of the msternsl organism during gestation and lac-
tation, c¢linical manifeststions of cslcium deficiency,
such &8 neuro-muscular hyunersensitivity and subtetanic

end tetanic conditions become manifest. It hae been
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found that these disorders cén be counterascted by the
administration of large doses of cslcium." He found
that & combinstion of calcium lactate and sodium lac-
tate proved mositsuitable for oral thersvpy.

It is to be understood, as hss been previously
mentioned, that the etiology of both lactstion and nms-
ternal tetaﬁy is not & closed vook. There are those
who attribute the condition to pesrethyroid dyefunction
rurely from the physiological viewpoint. The majority
of men are now, however, attributing tetany to calcium
deficiency primerily, w;th & hempered parathyroid gland
as the result of this calcium deficiency secondsery.

Pool (47) suggests thet maternal teteny is relsted to
parathyroid ineufficiency. This, he saye, is probably
due to the celcium want, judging from the beneficigl
results obtzined by employing celcium therapy.

The next consideration of decslcification ih preg-
nency will be & group of general conditions. It has been
observed for some time thet an improved celcium metgbol-
ism produces s surprising change in the frisble or "wet-
blotting paper" perineum ze well se the frecuency with
which the progrese of varicoeities wge arrested. The
results would seem to indicste a common origin for these
pethologies (48).

To substentiate the beneficiel results which the

treatment brought sbout in the perineum, two csges are
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here summzrized:

¥re. C., pars I, wae delivered spontanecusly with
epesiotomy, and an immedicte repzir. The operator wgse
competent snd experienced, but before dischsrge from
the hospitel the wound opened to its full depth. &
good general surgeon performed & second perineorraphy
in the ensuing yesr., The result was poor, with the
formetion of a vaginoperinesl fistuls, opening in the
rgphe externslly. 4s g pare II, ¥rs C. had tetany
throughout the pregnancy. Calcium lactate failed to
provide relief, Calcium chloride in massive doses im-
proved the tetany after ten days, but failed to cure
under three weeks administrestion. Forceprs were neces-
sery in the delivery on account of & very grbfuse hem-
orrhage erising from a beginning laceration of & firm
band of scar tissue in the perineum, which had been in-
ciged to eld delivery. The fistulous tract was excised
and immediate fe@&ir performed. Owing to the frisbility
of the perineum the sutures cuf througn the tissue and
the repeir was of necessity loose. The fistula sgein
formed, this time through & thinner portion of the peri-
neum. Hemorrhage at delivery was moderate from perine-
um and uterus., As a pers III Mrs. C,, sgein suffered
tetany more marked then previously. This was sgein trezt-

ed with calcium chloride and agein only a partizl success.
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At delivery hemorrhsasge was profuse both from uterus end
perineum. Delivery wee spontaneous with epesiotomv. The
perineum agein was very frisvle, but this time the fist-
ulas wge zlwost entirely oblitersted. In the fourth
pregnancy tetany wae more marked thsn st sny previous
time., Viosterol was prescribed with complete relief

in thirty-six hours, and its administrgtion wgs accom-
penied by & grester feeling of strength and well being.
Viosterol was continued throughout the pregnsncy and in-
to the period of lactation.  Delivery was spontaneous
with epesiotbmy. The perineal bleeding wss scent. Uter-
ine bleeding wge limited entirely to retroplacentszl clot,
with no flow of blood either preceding or following de-
livery of the plscentsz, and the psd wae not so much as
spotted with uterine vlood. The perineum wae found to

be in excellent condition and the sutures could be drawn
up to their usuel tautness without cutting through. Hesl-
ing wae by primery intention and the sipue wae completelv
obliterated. At six weeke the perineum wae excellent,

Case two.

Mre. B., wae delivered ae g primiperg 2%t age of 33.
During gestation teteny wes marked, but was well control-
led by calcium chloride by mouth. The labor wss sluggish
end recuired mid-forceps delivery with epieiotomy and

Duhresen incisions on gccount of & posterior rotstion of




the occiput, and an edemstous rigid cervix which feiled
to dilate. The medio-lasterszl episiotomy was sccompanied
by such profuse hemorrhage thet ligation and suturing
were necessary before it wes thought safe to proceed.

On incising the cervix hemorrhage was egsin so profuse
thet the compression forcens had to be left in plazce
while & manuel rotation wes performed and the forceyps
applied to the head. Cervix and perineum were repsired
by catgut. Both were frizble and the sutures had to be
put in loosely to avoid their tea:iﬁg out. Uterine hem-
orrhage was rather profuse but wszs controlled by the usu-
sl methods., Progress wae then uneventful until the tenth
day when the patient wes gllowed to sit up in a chsir.
Upon standing, & pronounced hemorrhasge occurred, znd was
controlled by uterine mezssage followed by pituitrin and
ergot. Lochis rubre was of unusual sbundance and dura-
tion. At six weeke the perineum was relaxed due to poor
union. The meﬁstrual periods, upon their return, were
eiception&lly copius and eccompanied by fszintnese and
general weekness, At the age.of 36 Mre, 8. agein became
pregnent. 'Severe and debilitating tetany began st two
months. Viosterol was orcered and continued throughout
gestation, The tetzny was promptly snd permanentlv re-
lieved. Labor was active and razpidly progressive in spite

of & recurrence of the occipito-posterior presentstion,




Dilitation was normal. ZEpisiotomy waes performed with
only the usual bolld loss. Uterine bleeding was scant.
The perineum instead of being frisble wse normal snd
catgut repeir was performed with the usuel tension on
sutures. Hesling was by primary intention. The Lochis
wae normal. There was no laste hemorrhsge. Viosterol
wee continued into the lasctation period and until men-
struation was reestzblished. At Bix weeks the perineum
wae in excellent condition, The meneges recurred with
only & normel loss, which for this patient at 38 years
of age was the least that she had lost throughout her
entire reproductive period.

Both of the above cases had‘more or less generalized
varicosities, the varices being more marked in the limbs
vulvar end perineasl regions. After the sdministraztion
of calcium salts and viosterol the vericose processes
were almost completely arrested esnd the recession of the
varices following the administration of viosterol wss
decidedly grester than the recession following her pre-
vious delivery. This arrest of progress in varicose
veine has veen noticed in numerous other caees snd would
seem in some inst&nceé, et lesst, to sssociste the frig-
ble perineum and varicosities with decszlecificetion.

Pogtpartum bleeding is another complication of preg-
nancy which is sssocisted with decalecification. This is

spparently on the baeis of cosgulebility of the blood.




Bardenheuer (8) discusses the results thet he obtsined

in s series of 57 cases in which he administered cslciun
therspy from one %0 seven hours before labor. The sver-
age smount of blood lost in the 57 spontaneous deliver-
ies was only 180 grame. It has besn noted, on the otaer
hand, in women who hazve a2 low cselciunm contént, that there
is a tendency towsrd rather profuse post-partum hemorrhage-
-the hemorrhage occurring both from the uterus snd from
minor lacerations which asre bound to occur during the
delivery, Pierce states that he feels it essential to
have a well-bplanced diet during pregnancy, paying es-
pecizl attention to calcium snd Vitemin D. (485)(48). The
prophylsctic use of czlecium in prevention of postpartum
hemorrhage is too frecuently not emploved. The physio-
logy of blood clot formation is sufficient proof of the
fact that women who undergo pregnancy, gnd who do not

have an adecuate calcium intake, are subjecting themselves
to the dangers of severe postpartum hemorrhege.

Puerperel setrsis, although not of greét frecuency in
any of the better hospitasls, is 2 complicstion of preg-
nancy which should merit out sttention. Green (22) is
of the opinion that diet is of considersble importance
in controlling puerperal sepsis. A group of 27E preg-
nant women received & preparation conteining Vitamins

4 and D for s period warying from & month to two weeks
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before delivery; 275 other pregnsnt women were used ag
controls., The number of primiparse snd the number re-
ouiring instrumental delivery were about ecual in both
cases, Other complicating factors were sbout ecually
digtributed in the two groups. In the group receiving
Vitemin therapy there was an incidence of morbidity of
only & cases or 1.02 per cent, while in the control
group there were 13 ceses or 4,73 per cent. At the
Jeesop Hospitel the morbidity rate was 5.8 per cent as
compared with the gverage razte of 6.8 per cent for the
previous three years. The group &t the hospital receiv-
ing Vitemin therapy was 1 per cent, while the control
group had & 5.8 per cent morbidity. The pyrexial csses
numbered 58 or 230.4 in the vitamin group, while 98 or
35,6 per cent in the control group had pyvrexia., This
is a difference of 15.2 per cent, which is 4 times the
standard error snd, therefore, significsnt. This data
seems to be of value in showing thet this form of thera-
Py, increassing the calcium by mesne of vitamine, is of
importance in increzsing the genersl condition of the
mother, thereby reducing the rate of puerperal sepsis.
These views have been substantiszted by other men who
heve done considersble resesrch slong these lines (23),
Uterine toniecity end its apility to forcefully

contrzct ie dependent upon the csleium content of the
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meternal blood serum (6). It hss been shown in many
cases that prolonged, slowly progressing labor was due
to a general debilitated condition of the mother and
that this condition of weszkness was due to cslcium
deficiency., Ceslcium has long been known to be inti-
mately connected with muscular contraction. Therefore,
it is only logical to assume that when there is s cal-
cium deficiency thst the uterine musculature will not
properly contrect, and that the course of lgbhor is bound
to be prolonged. The trestment agein is provhvlasction.
If during the period of gestation the mother is given
an added esmount of calcium in the form of calcium salts
gnd perheps some Vitemin D if there ere indicetions that
there is not adecuate gbeorption snd assimilation then
thie most trying and distressing complication of preg-
nancy csn often by avoided.

4 low maternasl celcium is especislly apt to occur
at the time of lactation (21). At this time there is
a very severe cslcium drgin upon the mother due to the
high calecium content of the milk. Conditions which may
have been latent during the period of gestation, may
flare up when thie gdded drain occurs,., C(zlcium should
te administered in rather lsrge cuantities throughout
gestztion, so that there is at all times & sufficient

reserve to meet sll @&mergencies (1). Osteomalscia is




quite occasionally seen complicating pregnsncy. This
condition &8s scurvey is generally aggraveted by preg-
nancy (29)(32)(58)(680)(12). There has been g grest
deal written on the subject, but since they are clini-
cel entities, not necessgrily dependent upon pregnsncy
I will not discusse them further. It ie well to bear in
mind, however, the seriousness of these conditions and
the possivlility of severe results if ﬁhe diet is not
caerefully wetched, noting especially the smount of cal-
cium in the diet and the amount of this cazlcium thet is

being utilized.




Summary

Considerable gttention hss been psid to the csl-
cium metabolism during pregnancy. It hass been found
that there is & greatly increagsed demand upon the store-
houses of the mother., It has also been found that the
avergge American diet is deficient in calcium content,
The blood serum cslcium content of pregnant mothers hsas
been checked during varioue periode of gestztion with
the resulting information thet in apparently normal preg-

nencies there is no marked change in the czlcium content.

In the mothers who showed & low celcium content some

symptomatology was sure to be found, Because of the
wide range of activity of celcium the symptoms sre na-
turally bound to be vzried. In genergl, however, i%
cen be said that the toxemias of pregnancy, tooth involve-
ment (dentzl caries), maternal tetany and dystocia due
to stonic uteri end genersl weakness are the most com-
mon., This is not taking into considerstion osteomalacisa
wnich not infrequently is complicsted by pregnancy and
ig msde much woree by the added celcium drain., In con-
clusion, it sould be said that calcium metsbolism should
be carefully watched treatment instituted early. The
following conclusions can be made:

1.) The phvsiologiecal processes of the body which
are dependent upon & proper celcium belance esre many.

2.) Calcium becomes of increased importance during
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‘pregnency because the demands of the fetus upon the

maternsl organism sre very hesvy.

3.,) The average Americsn dietary is deficient in
celcium.

4,) Decalcificztion of pregnancy is present to &
certain degree, at least, in 75 per cent of gll preg-
nancies,

5.) Cerious teeth, softening of the teeth or sactuel
droppring out of one or more teeth is a common finding,
which can be controlled by the sdministration of cal-
cium sslts and Vitamin D,

6.) Albuminurias, vre-eclsmpsis, eclampsia énd the
toxemia of pregnancy respond very well to ecalcium thera-
ry. The cause of eclampsia ie probsbly guenidine, which
is & wsste product of muscle metabolism. Normally this
substance is neutrslized by calcium. In the event of
decalcification the guanidine ie not neutrslized and
there is resultant liver necrosis., This impairs cerbo-
hydrete meteabolism, and the cycle is complete. Cslcium
selte plus slkslies hesve produced remarkable results in
clinical cures.

7.) The "tetsnoid syndrome" or actual tetany is
much more common in pregnancy than is ordinsrily sus-
pected. This, t00, responds well to calcium thersapy.

8.) Perinesl friebility and varicosities have been
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seen to improve remarkably following calcium therspy.

9,) The genersl condition of the mother, following
calcium therepy improves and less complications of
pregnsncy such ae edems, dystzcie snd puerpersl sepsis
aere apt to occur.

10.) The trestment of decalcification of pregnsncy
is very simple. Incresse the celcium content of the
diet and increasse the absorption and utilization by
neans of Vitemin D. The cost is emall and the resultse

are very spectacular.
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