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INTRODUCTION

In a previous paper (1) we have pointed out certain characteristic
responses in the calcium and phosphorus metabolisms resulting from
parathormone4 administration to essentially normal individuals. In
the present paper, similar studies will be reported on a patient who
presented a condition suggestive of idiopathic hyperparathyroidism.

CASE HISTORY

The patient, Mr. C. M., sea captain, aged 30, was transferred from
the Bellevue Hospital Service to the Special Study Ward of the
Massachusetts General Hospital through the courtesy of Dr. Eugene
F. DuBois, for further investigation of his calcium metabolism and for
consideration of parathyroidectomy. His complete case history has
been reported by Hannon, Shorr, McClellan and DuBois (2). It
describes a man invalided for over three years with symptoms resulting
from a generalized skeletal decalcification. (See x-rays, figs. 1 to 4.)

1 This is No. VII of the series entitled "Studies of Calcium and Phosphorus
Metabolism" from the Medical Clinic of the Massachusetts General Hospital.

2 Resident Physician, Massachusetts General Hospital.
' Research Fellow, Massachusetts General Hospital and Harvard Medical

School.
4 Parathormone is Eli Lilly and Co.'s trade name for Collip's parathyroid

extract.
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FIG. 1. X-RAY OF RIGHT HAND SHOWINGMODERATEGENERALIZEDDECAL-
CIF1CATION AND COARSETRABECULATIONS
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FIG. 2. X-RAY OF RIGHT SHOULDERSHOWINGOLD FRACTUREAT THE LOWER
END OF THE HUinERUS. ABSENCEOF MOST OF THE BoNE TRABECULAEIN
THE MIDDLE HALF, WITH THINNING OF THE CORTEXAND SLIGHT BULGING
OF THE SHAFT. AiLSO INDEFINITELY DEFINED CYSTIC AREAS IN THE LOWER
THIRD.
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FIG. 3. X-RAY OF RIGHT FEMURSHOWINGA CYSTic AREA ABOUT 1 INCH IN
DIAMETER IN THE UPPERTHIRD

just above and lateral to this area are two smaller areas of similar appearance
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FIG. 4. X-RAY OF THE LEFT HUMERUSSHOW\IN\G WAELL-DEFINED ATROPHY
WITH THINNING OF THE CORTEXAND IRREGULARITY IN THE HEADOF THE H1U-
MERUSIN THE REGION OF THE TUBEROSITY.
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FIcG. 5. FITAMS OF THE SKULL SHOWTHE POSTERIORPORTIONOF THE CALVARIUM
TO 13E THINNER THAN USUAL

The bone in the frontal region appears to be thickened and has a rather mottled
appearance.

EXPERIMENTALDATA

The investigation, in accordance with the principles set forth in
previous papers (3), consisted of complete calcium, phosphorus and
nitrogen metabolism studies as well as frequent determinations of the
serum calcium and serum phosphorus. Whereas our previous studies
have been confined almost entirely to low calcium intakes, in this
study some periods on a high calcium diet were also included for three
reasons. In the first place, we wished to confirm the findings of the
Cornell group, who had studied this patient while on a relatively
high calcium diet. Secondly, it seemed essential from a therapeutic
standpoint to determine whether a positive calcium balance could be
maintained on a high calcium diet. Lastly, because of the patient's
marked skeletal decalcification, it was not considered wise to study
him for more than a very short period on a low calcium diet.

During the patient's stay in the Hospital, two normal parathyroid
glands were removed by Dr. Edward P. Richardson. Our studies
include periods of high and low calcium diet before and after the
operations.
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The methods employed in the collection of the excreta and in the
analyses of the material have been given in previous papers (3 and 4).
The details of the operations and the pathological reports of the
tissues removed are given in the appendix (q. v.). The essential point
is that two normal appearing parathyroid glands were removed at
operation.

RESULTS

In table 1 and charts 1A, 1B, and IC are found the data for the
calcium, phosphorus and nitrogen excretion. Each study period is
three days unless otherwise indicated. In table 1 are also included the
serum calcium and serum phosphorus values.

A. Serum calcium and serum phosphorus

On examination of these blood findings one notes that the serum
calcium is markedly elevated above normal and that the serum phos-
phorus is considerably reduced below normal; indeed relatively more
than the serum calcium is elevated. Such a fall of the blood phos-
phorus we have found to be the case on administration of parathor-
mone, provided that the serum calcium does not rise sufficiently high
to produce a secondary phenomenon which is associated with a marked
increase of the serum phosphorus. The serum calcium in this patient
was not sufficiently high to produce this phenomenon and the low
serum phosphorus is in accordance with the findings in patients receiv-
ing parathormone. The removal of the two parathyroid glands was
apparently without effect on the blood findings.

B. Metabolism findings

The discussion of the metabolic findings (table 1 and charts 1A, lB
and 1C) will be divided into four parts.

a. A comparison of the findings before operation, while the patient
was on a low calcium diet, with those of normal individuals on a similar
diet.

b. A comparison of the findings in respect to both calcium and
phosphorus metabolism before operation while the patient was on a
low calcium diet with those of an individual receiving 100 units of
parathormone per day.
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c. A comparison of the findings while the patient was on a high
calcium diet with the findings of the Cornell group (2).

d. A comparison of the findings, during both high and low calcium
periods before operation, with similar periods after operation.

In a previous paper (3) giving the calcium excretion of normal
individuals on a low calcium diet, it was pointed out that before
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took into account the sex, age, weight, activity, acid-base balance of
diet, proportion of other bases in diet, and phosphorus metabolism.
This patient (male, age 30, weight 64 kgm.) compares favorably with
the controls (all male, average age 41, average weight 62 kgm.).
The diet of the patient was picked from the same limited menu as that
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of the control-patients so that the acid-base values and cation contents
should be approximately equal. As regards activity, this patient
was in bed until periods 26 and 28 as compared with mild activity on

the part of the controls. Except for period 7, the patient remained
essentially in nitrogen balance. In table 2, the average values for the
three low calcium periods before operation (periods 3, 4 and 5) are

compared with the average values of the control series (3). One

TABLE 2

Comparison of preoperative period of C. M. with controls

Caldum

Output
Intake Balance

Urine Feces Total

gm. gm. gm. gm. gm.

Control series (3) . ................... 0.19 0.60 0.79 0.33 -0.46
Average of periods 3, 4, and 5 on Mr.

C. M............................. 1.31 0.19 1.50 0.31 -1.29

TABLE 3

Comparison of preoperative periods of C. M. with a normal individual receiving parathormone

Calcium

Output Bal-Intake ance Serum calcium
Urine Feces Total ac

Bm. gin. gm. gm. gm. mgm. per 100. cc.

Patient receiving 100 units of para-
thormone daily (average of 4
periods) ....................... 1.33 0.45 1.78 0.34 -1.44 11.5-12.8

Average of periods 3, 4, and 5 on
Mr. C. M...................... 1.31 0.19 1.50 0.31 -1.29 13.1-15.3

notes from table 2 that the negative calcium balance on a low calcium
diet is markedly increased in this patient and that this increase is
entirely due to an increased urinary calcium excretion, the fecal
calcium excretion being actually decreased.

It is now of interest to compare the findings in this patient with those
of an essentially normal individual receiving 100 units of parathormone
a day (Mr. W. S. (1)). The calcium figures are shown in table 3 and
indicate that the calcium metabolism of this patient while on a low
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calcium diet is qualitatively and quantitatively similar to an indi-
vidual receiving 100 units of parathormone.

From table 1 and chart 1B, it will be noted that phosphorus was
lost from the body coincident with the calcium loss. It will be fur-
ther noted that an unusually large proportion of the phosphorus

CHART 1B. REPRESENTINGTHE PHOSPHORUSMETABOLISmDATA FROmTABLE 1

was excreted in the urine. In chart 1C, if one makes the assump-
tion that the calcium and phosphorus losses represent tertiary cal-
cium phosphate withdrawn from the bones, this phosphorus loss is
shown to be closely in agreement with the calcium loss. The "theo-
retical ph,osphorus balance" in chart IC is the sum of the phosphorus
equivalent of the nitrogen balance (N/P in protein = 17.4) and
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the phosphorus equivalent of the calcium balance (Ca/P in tertiary
calcium phosphate = 1.93)5 and has been discussed at length in
paper 3 of this series (1). The close agreement of the actual and
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CHART 1 C. COMPARISON OF THE ACTUAL AND THEORETICAL PHOSPHORUS
BALANCES

theoretical phosphorus balances in chart 1C is consistent with a con-
stant degree of hyperparathyroidism; and is in contradistinction to
what takes place when shifts are made from a lesser to a greater degree
of hyperparathyroidism by injection of parathyroid extract (1).

5 The factor 1.93 was used in this paper and represents the ratio of Ca/P in
Ca3(PO4)2. In paper 3 of this series (1), the factor 2.23 was used which represents
the ratio of Ca/P in bone.

240



W. BAUER, F. ALBRIGHT AND J. C. AUB

Thus we may conclude that the calcium and phosphorus metabolism
of this patient before operation was consistent with that of persons
receiving large doses of parathyroid extract.

TABLE 4

Comparing C. M. on high calcium intake as studied in two clinics

Calcium
-N itro-

Output Ba- gnen

Urine- ~~Intake Ban-ce lc
Urine Feces Total ance

gm. gmn. gm. gm. gm. gm.

Average of periods 1, 2 and 7 on Mr. C. M.... 1. 48 0. 64 2.12 3.22 +1.10 +8.6
Average of 3 periods of investigations by

Cornell group (2) on Mr. C. M.1.98 0.41 22.39 22.72 +0.33 -0.9

TABLE 5

Comparison of C. M. on high and low calciutp intake before and after operation

It was extremely important for the patient's welfare to know
whether he could be kept on a positive calcium balance by dietary
measures. Therefore, he was studied on a high calcium diet.6

In table 4 are given these data with those obtained by the Cornell
6 The principles suggested by later investigations (1) were not understood at the

time of this study, or else a high phosphorus diet would have been tried as well as a
high calciuml diet.
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group under a somewhat similar regime (2). Our figures are roughly
in agreement with those of the Cornell group provided that the
difference in calcium intakes is taken into consideration. Further-
more, it will be seen that on a fairly high calcium intake it was possible
before operation to keep this patient in a positive calcium balance.
It should be noted, however, that the phosphorus content of our high
calcium diet was considerably higher than that of our low calcium
diet (see table 1). In view of later investigations (1) this may have
been a determining factor in the establishment of a positive calcium
balance.

Finally, we wish to note the effect of the removal of two apparently
nornal parathyroid glands on the calcium metabolism. Therefore,
table 5 has been prepared in which figures are given for both low and
high calcium periods before and after the operations. As with the
blood findings (v. supra) the operations seem to have had very little
if any effect on the calcium metabolism.

The fact that his calcium excretion seemed to be maintained at a
fairly constant level whether he was on a low or a high calcium intake
made it possible for him to store calcium when he was given a large
amount in the diet. By this means, enough calcium was deposited
to be demonstrable by x-ray pictures of his bones. Since leaving the
hospital he hpFs maintained this high diet and has been able to get out
of bed and work without having any further fractures. Now, two
years after these original observations, his fasting blood serum calcium
is 12.4 mgm. and blood phosphorus is 2.4 mgm. by the Fiske methods.
X-ray pictures of his bones still show cysts but demonstrate some
thickening and further deposits of calcium salts.

DISCUSSION

The calcium and phosphorus metabolisms and the levels of the serum
calcium and phosphorus in this patient have been shown to be abnor-
mal. Moreover, the deviations from normal have been shown to be in
the same directions and of approximately the same degree as those in
an individual receiving large doses of parathormone, and are in the
opposite directions from individuals suffering from hypoparathyroid-
ism (6). Therefore, in spite of lack of confirmation at operation,
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we feel justified in concurring with the diagnosis of hyperparathy-
roidism suggested by Dr. Eugene F. DuBois.

Such a diagnosis, though rare, is nevertheless, not without precedent in the
literature.7 In 1926 Mandl (7) (8) presented a case report of a man 38 years old,
incapacitated by generalized osteitis fibrosa, who was greatly improved following
the extirpation of a parathyroid tumor. The serum calcium which was 18.2 mgm.
before operation fell to 12 mgm. after operation. Following the operation there
was a marked retention of calcium as demonstrated by x-rays and a gradual
improvement in all symptoms. Mandl (8) in summary, gives an excellent review
of the literature of the various bone conditions in which parathyroid lesions have

TABLE 6

List of cases examined for parathyroid lesions

Author.

Todyo (15)...............
Hartwick (16).............
Hirtwick (16).............
Schmorl (17)..............
Schmorl (17)..............
Strada (18)...............
Maresch (19).
Maresch (19)..............
Maresch (19)..............
Danisch (20)..............
Strada (18)...............
Thomas (21)..............
Maresch (19).

Number
of cases

24
22
15
4
2
2

28
5
1

23
1

30
8

Bone disorder

Absent
Absent
Rickets
Rickets
Senile osteoporosis
Senile osteoporosis
Senile osteoporosis
Osteitis deformans
Absent
Osteomalacia
Osteomalacia
Osteomalacia
Senile osteomalacia

Character of parathyroids

4 showed hypertrophy
Normal
Normal
1 showed hypertrophy
Normal
Normal
Normal
Normal
Large cystic tumor
19 showed hypertrophy
Normal
6 showed hypertrophy
Normal

been found. This summary contains 82 cases (induding his own) reported by
36 authors. Search of the literature confirmed all of these cases and resulted in
the finding of six additional cases. These six cases are:

1. 1907 Von Verbely (9)-42 year old female-diffuse adenoma of a para-
thyroid gland with osetomalacia.

2. 1911 Bauer (10)-45 year old female-parathyroid tumor with osteo-
malacia.

3. 1912 Hohlbaum (11)-hypertrophy of the parathyroids with osteo-
malacia.

7 Since this paper was written, similar cases have been reported (24), (25), (26),
(27), (28), (29), (30), (31), (32) and (33).
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4. 1923 Klemperer (12)-tumor of parathyroid with multiple bone metas-
tases from carcinoma of breast.

5. 1924 Ritter (13)-2 year old female-enlargement of four parathyroids
with rickets.

6. 1925 Ferrero, J. and Sacerdote, G. (14)-65 year old female-para-
thyroid tumor with benign metastases of parathyroid tumor to
femur and temporal bones.

Of the 88 cases of bone disorders associated with parathyroid lesions, 14 showed
tumors and the rest hyperplasia of the parathyroid glands. Of the cases in which
hyperplasia was found, 21 were associated with osteomalacia, 15 with osteitis
fibrosis, 3 with rickets, 6 with senile osteomalacia, and 28 with senile osteoporosis.
In the cases of parathyroid tumors, 9 were associated with osteitis fibrosa, 1 with
osteomalacia, 1 with benign parathyroid tumor metastases to the temporal and
femur bones, and 1 with multiple bone metastases from a breast carcinoma.

Table 6 taken from the literature shows in summary form various types of
conditions which have been examined for question of associated parathyroid
pathology and the number in which pathological glands were found. Thus, in 46
normal cases examined, hypertrophy was present in 4. In 19 cases of rickets 1
showed hypertrophy. The parathyroids were normal in 32 cases of senile osteo-
porosis, 5 cases of osteitis deformans and 8 cases of senile osteomalacia. Of 54
cases of osteomalacia examined, 25 showed hypertrophy. One normal case
presented a large cystic parathyroid tumor.

Except for Mandl's case, all the pathological parathyroids associated with bone
disorders were found at autopsy. The occurrence of a bone lesion and a lesion
of the parathyroids together does not necessarily mean that the two are inter-
related, unless there is some clinical evidence of disfunction of the parathyroid
glands such as an alteration oi the serum calcium or calcium excretion. In Mandl's
case and the one here reported this pre-mortem evidence is present. Unlike
Mandl, however, we were unable to find a pathological parathyroid gland. Our
failure to find an abnormal gland, on the other hand, does not Drove, that one does
not exist.

In a previous paper evidence has been intr-duced which suggested
that the increased calcium excretion and the increased serum calcium
in hyperparathyroidism may be dependent on an increased phosphorus
excretion and a depletion of the body's fluid phosphorus (1). In this
connection it is of interest to note the picture which results when the
body's supply of phosphorus is depleted by insufficient phosphorus
intake. This experiment has been performed by nature on cows and
reported recently by Palmer and Eckles (22). In certain regions
where the grass has a very low phosphorus content, cows develop a
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condition called osteophagia, so called because of their ravenous
desire to eat bones. The pathological findings in this condition
consists of extreme skeletal decalcification, high serum calcium and
low serum phosphorus. In other words, these cows are an exact
counterpart of the patient here reported. By adding phosphorus to
the diet of the cows the serum phosphorus was elevated; the serum
calcium was lowered, and calcium deposition set in. Likewise
Karelitz and Shohl, in studies on the production of rickets in rats by
low phosphorus high calcium diets (23), produced skeletal decalcifica-
tion and a low serum phosph6rus, but only, a slightly (if at all) elevated
serum calcium. On addition of phosphorus to this diet, there was a
rapid healing of the rickets with a fall in the serum calcium (11 to 5
mgm.) and a rise in the serum phosphorus (3 to 16 mgm.). Therefore,
if the calcium abnormalities in our case are a result of an increased
phosphorus excretion and a depletion of the body's supply of phos-
phorus, the logical therapeutic step would be a high phosphorus diet.
Under such a regime it seems possible that as striking an improvement
might be made as was made by the cows of Palmer and Eckles and the
rats of Karelitz and Shohl. It is to be hoped that such a study can be
arranged in the near future.

SUMMIARY

1; The calcium, phosphorus and nitrogen metabolisms have been
studied in a case with generalized decalcification.

2. The patient's negative calcium balance on a low calcium diet
was markedly increased over that found in our normal controls.

3. This increase was due to an increased urinary calcium excretion.
The fecal calcium excretion was actually less than normal.

4. The calcium metabolism findings, like the blood serum findings,
are compared with similar data in a man receiving 100 units of para-
thormone a day and are found to be almost identical.

5. On a high calcium diet the urinary calcium was not increased
and the patient remained in calcium balance.

6. The calcium abnormalities were unaffected by the removal of
two apparently nonnal parathyroid glands.

7. Because the pathological physiology in this case is similar to

THE JOURNALOF CLINICAL INVESTIGATION, VOL. VIII, NO. 2
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that in an individual receiving large doses of parathormone and
diametrically opposite to that in a patient with parathyroid tetany,
we feel justified in concurring in the diagnosis of hyperparathyroidism
suggested by Dr. Eugene F. DuBois.

8. It is pointed out that a high phosphorus diet might be more
efficacious from a therapeutic standpoint than a high calcium diet in
this case.

APPENDIX

First operation by Dr. E. P. Richardson. "Right parathyroidectomy. Curved
incision downward over carotid sheath turning across median line above the
suprasternal notch. Sterno-mastoid retracted outward and prethyroid muscles
divided, exposing anterior surface of thyroid which was of normal size and even
consistency but pale. The carotid sheath was retracted outward. The right lobe
of the thyroid was then turned toward the median line. Its posterior surface and
surrounding areolar tissue was carefully searched for parathyroids. The inferior
thyroid artery and recurrent laryngeal nerve, crossing the front was exposed in
this dissection. The dissection was carried toward the median line. The inferior
thyroid artery entered about the middle of the posterior lobe. There was a large
anastomotic branch joining the superior thyroid. No parathyroid tissue was
found until after the division of the inferior artery. Just to the median side of this
point there was a small vascular area 6 mm. in diameter, deeper red than the
remainder of the thyroid lobe. This area was flattened and encapsulated. It was
dissected off and thought to be parathyroid. Slightly to the median line from
this another smaller area, not so distinctly encapsulated, was removed. Thyroid
replaced, muscles sutured. Woundclosed without drainage."

Histological report: "Parathyroid glands: Microscopic examination shows one
nodule out of five having the structure of a parathyroid gland."

Second operation by Dr. E. P. Richardson. "Exploration of thyroid. Curved
incision extending across the neck partly through the old scar and exposing the
thyroid lobe. Thyroid lobe turned towards the median line, the posterior aspect
carefully dissected. No evidence of adenoma of parathyroid. No structures
resembling normal parathyroid glands were seen. Since the parathyroid removed
on the other side resembled normal fat, six lobules of fat were removed from the
region of the posterior aspect of the thyroid. One of these lying adjacent to the
inferior thyroid artery at about the middle of the glands seemed to be a possible
parathyroid gland. Wound closed."

Histological report: "Region of parathyroid: Microscopic section of six small
specimens showed one which is labelled 'inferior thyroid artery' with the structure
of the parathyroid gland. The remainder are composed of lymphoid tissue and
fat."
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