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CHAPTER I

INTRODUCTION AND REVIEW OF THE LITERATURE

The enigma of iodine metabolism has intrigued and perplexed
biological scientists for centuries., As earlj as ancient Grecian
times it was known that sponges and seaweed were efficacious in
the treatment of goitre. Through the following centuries products
of the sea were intermittently used in the treatment of enlarged
thyroid glands with no idea of what was the effective component.
In 1820, nine years after Courtois had discovered the elemen£
iodine, Coindet another Frenchman suggested that the beneficial
effect on goitre of these marine products might be due to the
iodine they contained (1)e He put his hypothesis to the test and
found that the administration of tincture of iodine to patients
with goitre sometimes led to the disappearance of the goitre.

While physicians were thus experimenting on the therapeutic
value of iodine in goitre, evidence of the connection between
iodine deficiency and goitre was being accumulated by other obser-
vers. Angelini (1) in 1824 and Cantu (1) in 1825 found iodine in
certain éprings which had the reputation for the cure of goitre.
In 1831 Boussingault (i) recordedgthat in the Andes, where goitre
was prevalent, the sea salt of Guaca was used as a cure for goitre,
and other districts in that fegion, wheré salt rich in iodine was

in general use, weré free from goitre. Probably as a result of
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these obgervations Prevost (1) put forward the suggestion in 1849
that goitre was due to deficiency of iodine in drinking water, He
suggested that the iodine naturally present in certain salts pro-
tected against the disease,

In 1895 Baumann discovered iodine in the thyroid gland (2).
He also noted that the concentration of iodine in goitrous glands
was considerably redéséd. Fblléﬁing this discovery it became the
6pinion of most authorities that the efficacy of dried thyroid
gland in the treatment of the myxoedematous patient was directly
, related to its iodine content. The position that iodine plays in
thyroid function became clearer when Kendall isolated crystailine
thyroxine and showed iodine to be an essential element in its con~
étitution (3). Therefore it became apparent that iodine was
essential for the proper funtioning of the thyroid gland,
| From the early 1900's further progress in the study of
iodine metabolism was hampered by the fact that iodine was present
in the body in such minute amounts that the available biochemical
methods of analysis of the day were not sufficiently accurate to
‘pbtain true values for iodine concentration in the body tissues.
Therefore it is not surprising that there was very little agree-
ment between investigators on the iodine content of the different
body tissues. To add to this difficult& iodine intake varied
immensely over the world; being highest in areas bordering the
sea, As the intake of iodine above a certain minimum amount

seemed to have no clinical effect upon thyroid function; and as the




iodine content of the blood and body tissues varied widely with

iodine intake, it becaﬁe apparent that all of this iodine was not
combined in the form of physiologically active thyroxine. Ewen—
tually methods‘of anaiysis for organic plasma iodine were‘perfected
which gave éonsistently good results (Ii)s It was found that the
 amount of grganic or protein-bound iodine in the plasma was raised
in hyﬁerftnction and lowered in hypofunction of the thyroid gland.
Although this proved to be a good test for thyroid function, the
method is analytically difficult and only practical in well
equipped laborétories.

Maine and Feiss in 1915 showed, ﬁy means of perfusion ex-
periments in dogs, that the thyroid has a selective affinity for
iodine (5). It was not until 1927 however that Sturm made use of
this information in studying iodinevmetabolism in thyroid disease.
“He found that aféer an oral dose of iodine patients with thyro-
toxicosis excreted less of the dose than did normal subjects (6).
Elmer in 193k used a similar iodine tolerance test to study normal,
hyperthyroid, and hypothyroid individuals (7). This test however
was also inaccurate because of the inherent difficulty in analysing
for relatively small amounts of iodine,

The basal metabolic rate has been and still is used fre-
quently as a test of the thyroid function. However being a test of
the body response to metabolic stimulants it is not specific to
thyroid function.

Not until 1938 when Hertz, Roberts, and Evans first intro-




duced radioactiﬁe isotope technique into the study of thyroid
physiology was there available an accurate and relatively eagily
performed test for the assessment of thyroid function (8). Since
this time a large volume of information on the manner in which
radio-iodide is handled by normal and by dysfunctioning thyroid
glands has accumulated.

It has become established that radioactive iodine is
handied chemically and physiologically in an identical manner to
that of its stable isotope: provided that the resulting radiations
are too sﬁali to result in an& biologic changes (9). Therefore by
studying the behavior of I-13l which can be measuredvaccurately
and easily it was possible to gain information on iodihe metabolism
‘ which was previously unobtainable. ‘

Early studies of thyroid function with radio-iodide were
achieved by measuring the percentage urinary excretion of radio-
jodide after the administration of a known amount of the isotope.
This of course was an indirect method of estimating thyroid function
but it was used because of the relative ease of examining urine for
radio-iodide content. Before this method could be used to estimate
thyroid iodine metabolism it had to be established that almost all
of the administered radio-iodide was either taken up by the thyroid
gland or éxcreted in the urine, Skanse was able to recover from
the urine an averéée of 97.9% of the given dose of radio-iodide by
48 hours in 8 patients with total thyroidectomies (10), Hamilton

and Soley were able to recover 98% of the administered dose of




radio-iodide from the examination of urine, faeces and excised
thyroids (11). They showed that very little of the isotope was
excreted in the faeces. Therefore it would seem that for prac-
tical purposes iodine is either taken up by’the'thyroid or
exereted by the kidneys.

Somewhat later a direct in vivo method of measuring radio-

activity in the thyroid gland was introduced by Hamilton and

Soley (12). Such an in vivo method would appear to be superior
to that using urine excretion values, However as thyroids vary
so much in size it was necessary to set the counting tube at a
considerable distance from the thyroid. This greatly increased
background interference‘and so the error of the method became
unduly largee.  HoWever with improved shislding of the Geiger-
' Mueller tube and comparison of the counts to those obtained from

a known source of radiation accurate measurement of thé radio-
iodide content of the thyroid.could be made (13, 1hL, 15). .

Recently the thyroid clearance of radio-iodide has been

introduced as & more accurate measure of thyroid function for it
dealé with not only the pertent of the dose of radio-iodide taken
up by the thyroid in a given period but also the plasma concentra-

tion of radio-iodide that is presented to the gland over the same

period (16).
Although it has been noted by various workers that in patients
with cardiac and rehal disease there is a delayed excretion of iodine

(17, 18, 19, 20) which probably invalidates the use of excretion



6

studies as a means of assessing thyroid function little has been done
to show whether decreased excretion of radio-iodide might invali-
date the in vivo methods of assessing thyroid activity.

As many patients with kidney disease have low serum proteins
.assessment of thyroid activity by means of protein-bound iodine
estimations must be interpreted cautiously as hypoproteinemia can
lead to depressed protein-bound iodine levels approaching those
found in myxoedema (21, 22), Also the basal metabolic rate, which
even in normal subjects gives at best only an approximation of
thyroid function, in these individuals is often low and probably
more related to malnutrition than to decreased thyroid function and
therefore not a reliable method for assessing thyroid activity.
This problem is of more thaﬁ academic interest for decreased renal
funetion is relatively common clinically and so its chance associa-
‘tion with thyroid dysfunction will occassionally occur. Selvaag
noted the association of renal disease with thyrotoxicosis in 2%
of all thyrotoxiecs (23), |

The patient in congestive heart failure with tachycardia,
auwricular fibrillation, increased sweating and nervousness, and loss
of flesh is a very frequent clinical problem in whom thyrotoxicosis
must be ruled out as thg etiologic factor. Basal metabolic rates
in these patients are notoriously misleading for they are almost>
| always high due to the patients dyspnoea. :Protein-bound iodine
values in these subjects are probably a more accurate means of

asseséing thyroid function but sometimes these patients have low
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plasma proteins and most of them have a certain degree of hydraemia
and therefore protein-bound iodine values might tend to be on the
low side.

Therefore it seemed that a study of patients with cardiac
and renal disease but no overt signs of thyroid dysfunction might
show whether tracer techniques with radioactive iodine can be
used as a reliable measure of thyroid activity in these individuals.
Furthermore.hy taking into account such facﬁors as the plasma level
of stable iodide it appeafed that'information could be obtained as
to whether or not renal and cardiac disease produced any change in

thyroid function.




CHAPTER II

METHOD AND PROCEDURES FOLLOWED ON NORMAL SUBJECTS,
PATIENTS WITH KIDNEY DISEASE

AND PATIENTS IN CONGESTIVE HEART FAILURE

Patients with kidney disease were chosen as subjects only
ﬁhen they showed obvious signs of renal failure-—elevated blood
urea-nitrogen, gross albuminuria and poor urinary concentrating
power., An attempt was made ‘to study patients in congestive
heart failure while their oedema was stationar&. This was not
possible in all cases as some were losing their ocedema on digi-
talis and bed rest. None of the patients with renal disease or
heart disease were on mercurial diuretics during or for at least
2 weeks prior to the study. All of the patients with congestive
heart failure were on digitalis and salt~poor or salt-free diets.‘
Eight of the 11 patients with kidney disease were on salt-poor
diets.s Details of these patients are to be.seen in Tables I & IT,

Normal controls were pétients from the wards of the
Winnipeg General Hospital suffering from conditions not known to
affect either the kidneys or the thyroid gland, All patients
were clinically euthyroid and this was checked in most cases by
protein—bound plasma iodine estimations. These patients are
listed in Table III.

Special care was taken to select subjects who had not




previously had organic iodine compounds (diodrast, priodax and
lipiodal especially). None of the subjects had had any inorganic
iodide medication for at least 2 months.

The mean age of patients with renal disease was 50.5 years;
of patients with heart failure 69.l years and for the control
subjects 35.8 years.

The fasting patient after having voided was given 100 pc.
of carrier~free radio-iodide orally. Approximately two hours later
when the radio-iodide had been completely absorbed the subject
emptied his bladder completely and a blood specimen was obtained
and the time-noted. Counts over the thyroid were begun shortly
after this and midway, or as soon as 500 counts had been registered,
a second blood sample was withdrawn and the time again noted, A
measufed clearance period of approximately 2 hours was allowed to
elapse and the entire procedure was repeated; the subject remain-
ing fasting all this time., By these procedﬁres it was possible to
. determine renal and thyroid I-131 clearance rates. In addition to
the clearance urine specimen 2l; hour urine specimens were collected
from most control and renal subjects until the asymptotic amount of
radio-iodide had been excreted. It was found impossible to obtain
accurate urine collections outside of the clearance period for
~ patients in congestive heart failure. Another blood specimen was
obtained 26 hours after the administration of the radio-iodide in
most cases.

The quantity of radio-iodide present in the thyroid gland




10

was determined by the comparison of direct counts six inches above
the thyroid isthmus using a shielded collimated Geiger tube (2l, 25)
with similar counts over a staﬁdard solution of radio-iocdide in a
glass containef¢ At least 1000 counts were obtained in each in-
stance., Background radiation was corrected for by subtracting a

reading made six inches above the knee. Thyroid estimations were

made at 2, L, 26, 51, and 75 hours after the dose of radio-iodide

was given,

Blood specimens wére collected in heparin or balanced oxa;
late, centrifuged as.soon as possible and the plasma decanted off,
Protein-bound iodine estimations were made on the first plasma sample
using the method of Barker (26) slightly modified (27). The plasma
concentration of I-131 was estimated on each specimen as fbllows;
Duplicate 1 ml. aliquots of plasma were taken and £he proteins were
precipitated with 3 ml. of 8% trichloracetic acid. The samples were
centrifuged and 2 ml. of the supernatant were removed. One ml. of
1,5% potassium iodide was added to each and the iodine was precipi-‘

tatéd with an excess of palladium chloride, The resulting palladium

iodide was filtered onto a disc of filter paper, placed in a special
holder and its radioactivity measured. The clearance urine specimens

were treated similarly. A suitable aliguot of the dose of I-131

given was subjected to a similar precipitation and its radiocactivity
measured, Background radiation was subtracted from the total esti-
mated radioactivity in each specimen. The results were expressed

as a percentage of the given dose per 100 ml. of plasma or urine.
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The initial 2 hour specimen and all urine passed following
the clearance period was examined for radiocactivity accoraing to
the following method. After measurement of the volume of the urine
specimen duplicate 0.5 ml. aliquots were carefully pipetted by ;
means of a micro-pipette into small dishes. To each dish was added
one drop of 1.5% solution of KI and 0.2 ml. of AgNO3 solution (con=
taining 0,1 mgm. Ag per ml.)s A standard was prepared by adding to
one of the dishes an appropriate aliquot of the I-=131 standard
solution (usually 4O to 50 pc. in 500 ml. distilled water). The
samples were evaporated to dryness without boiling under an infra.
red lamp and their radiocactivity estimated. Background radiation
was corrected for in both samples ahd the activity was expressed
as a percentage of the administered dose. The cumulative excretion
of radio-iodide was plotted against time and from inspection of the
resultant curve the asymptotic amount was determined., From this
figure and the excretion curve certain rates were calculated accor-
ding to the method deseribed by Keating et al. (28)., These rates .
were the renal excretion rate (RER) and the extra fenal'disposal\
rate (ERDR).

Renal clearance of radio~iodide was computed using the
convéntional formula UV/P. However as the plasma level of the
radio~iodide would fall in an exponentional manner in the period

studied (29) a logarithmic mean concentration was calculated
P1-P2

. LogePy ~LogeP? o
The clearance values were standardized to a body surface area of

using the formula

as suggested by Keating et al. (30).
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1.73 square metres except for patients with congestive heart failure
where because of oedema this was contraindicéted. Endogenous creati-
nine clearance was estimated for the 2 hour clearance period and used
as a measure Qf‘glomerular filtration rate., Endogenous creatinine
clearance has been shown to follow inulin clearance fairly well in
normals and patients with cardiac and renal disease (31). The
creatinine clearance was also standardized to a body surface area
of 1.73 square metres except in patients with congestive heart
failure,

The percentage of radio-iodide reabsorbed by the kidney
" tubules was calculated in each case using endogenousicreatiniﬁe
clearance as the glomerular filtration rate and also by a formula
derived by Platt (32) which, using only plasma and urinary concen-
trations of ereatinine and I-131, offsets any error which may occur
from the incomplete emptying of the bladder.

Thyroid plasma clearance rates for radio-iodide were obtained
by diﬁiding the percent of the dose acéumnlated by the thyroid per
minute by the logarithmiec mean plasma concentration of I-131 per
ml. The thyroid accumulation rate of I-13l was computed from in
vivo thyroid counts by the method of Keating et al. (36).

As the direct measure of inorganic iodide in plasma is
technically difficult compared to its estimation in urine an in-
direct method of measuring it was used, - This procedure is based
on the aséumption that the two isotopes, I-131 and I-127, chemi-

cally identical in the test tube, are metabolized in exactly the
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same manner in the body. Since the kidneys excrete the isotopes
indiscriminately there will be the same proportion of each in the

plasma and in the urine. Or, expressed in another fashion, the ratio

Urine I-127 _ Plasma I-127
Urine I-131 ~ Plasma I-131 °

in the above equation, Plasma I-127 is readily calculated. Like-

Therefore knowing three of the factors

wise by assuming that the thyroid is similarly_ non~selective the
amount of I-127 picked up by the thyroid can be caleulated from

the following equation.

Plasma T-127 . I-127 picked up by thyroid per hour
Plasma I-131 — I=I31 picked up by thyroid per hour °

- The percent reabsorption of chloride and sodium loads by the

kidney tubules were estimated on some subjects. Sodium was measured
by internal standard flame photomeiry in serum and urine. Plasma
" chlorides were estimated according to the method of Schales and

Schales (33), and urine chlorides by the method of Volhard-Arnold
(3h).
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TABLE I

SHOWING CLINICAL DETATLS OF PATTENTS WITH RENAL DISEASE

Cases Age Sex Bl.U.N., Plasma Creatinine P.B.I. Diet & Diagnosis

mgme% Creatinine Clearance Pgm.% Medication
- mgm.o, mlo/minoo - -
M.W. 50 M 38 1.l 52,6 7.8 S.P. & Insulin Diabetes Mellitus & Kumel-
' ' stiél-Wilson's Disease
FB. 56 M 3k 1.3 5645 Lhe7 S.P. & Dig. Bilateral Pyonephrosis
Hhe 53 M 66 3.9 22,0 b2 wW.D.* Chronic Nephritis
EM. 25 M 23 2.0 1188 ho s.p.X Sub-acute Nephritis
M.Be 37 M 158 9,9 743 -~ Intravenous Polycystic Kidneys
BsS. 22 F L9 349 20,6 Le?7 S.P. & Dig. Chronic Nephritis & C.H.F.
AH. 37 WM 23 1. 8649 - Insulin ~ Diabetes Mellitus & Kummel~
_ stiel-Wilson's Disease
HaA., 75 ¥ 48 2,1 2ol he2 W.D. & NaCl Nephrosélerosis & mild
C.Se 52 W 21 1. 87.0 3.3 S.P. Chronic Nephritis
BPe 7k M 3 1. 37,5 Le9 S.P. & Insulin Diabetes Mellitus & Kummel-
' stiel-Wilson!s Disease
BVe Th W 31 1.6 30.h 3¢7 S.P. & Dig. Nephrosclerosis

# W.D. =~ Ward Diet
& S.P. - Salt-poor Diet
0 - Standardized to body surface area of 1l.73 sq. metres
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Cases

A.J.
SeGe
WM.
T.H.
A.D.
W.G,

T.Te

TABLE II

SHOWING CLINICAL DETAILS OF PATIENTS WITH HEART PAILURE

Age Sex B.U.N. Plasma

83
59
51
80
75
70
68

2R B =B B =

M

18
28
31
12
29
12

Creatinine P.B.I.
mgm.% Creatinine Clearance pgm.%

mgme$  ml./min.°
1.0 52.3
0.9 59.1
2,0 52,3
1.4 22,9
3.8 15.5
0.9 6741
1.2 53.5

X g3,p, - Sélt-poor Diet
© = Not Standardized

37
6.1
2.8

2.7

=

3.6

Diet &
Medication

s.P.X Dig.

| S.P. & Dig.

© S.P. & Dig.

of S.PQ & Dig.
S.P. & Dig,
S.P, & Dig.

S.P. & Dig.

Diagnosis

Arteriosclerotic Heart Disease.
Arteriosclerotic Heart Disease

Rheumatic Heart Disease

'Arteriosclerotic Heart Disease-

Arteriosclerotic Heart Disease
Arteriosclerotic Heart Disease

Hypertensive Heart Disease
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Cases

Jede
H.C.
AP,
M.N.
A.R.
E.C.
S.C.
C.N.
Wl.P.
JeHe

G.F,.

D.S.

Age

51
L3
yal
L6
25
32

37

26
26
30
21
21

Sex B.U.N.

2 B R B B B 2B B 2B R =

M

-

*® WD, - Ward Diet

-~ Standardized to body surface area of 1.73 sq. metres

TABLE TII

SHOWING CLINICAL DETAILS OF NORMAL SUBJECTS

Plasma

mgm.% ml./min.®

1. 11l
0s7 108
1.1 83.3
0.8 11
1.0 95
1.1 107
0.7 125
0.9 12,
0.9 12l
0.9 16
1.1 118

Creatinine P.B.I.

L.0
L.2
3.5

Diet &
mgm.% Creatinine Clearance pgm.% Medication

WD *

W.D.
W.D.
W.D.
W.D.
W.D.
W.D.
W.D.
W.D.
W.D.
W.D.

W.D.

Diagnosis

Spontaneous Pheumothorax
Fractured Femur

Fractured Humerus

_Atopic Dermatitis

Normal

Normal

Methyl Hydrate Poisoning--
no kidney damage

Normal

Thumb Injury

Pneumonia

Convalescent Typhoid

Normal




TABLE IV

.RENAL I-131 CLEARANCE 17
CONTROL SUBJECTS PATIENTS WITH RENAL DISEASE
Cases ml./min. Cases ml,/min.
Jede 22,3 M.W. 5.1
H.C. 26,2 F.B. 5.0
A.P. : 30.7 H.A. 2.2
M.N. 37.1 E.M. 30L’-
AR, 26.7 M.R. 0.7
E.C. 25.3 B.S. T
' . p<.0l
S.C. 25,k : AH, 15.7
C.N. L'-l08 HOAO 6.7
WQP. ) 3506 C.S. 102
J.H, . 36.7 E.P. ' 7.5
G.F. ha2,7 E.JV. 5.8
D.S. 26,7
Mean 3L Mean | 5.5
& S.E. ' *¥2,0 " & S.E. +1,2
TABLE V
26 HOUR I-131 PLASMA CONCENTRATION
~ CONTROL SUBJECTS PATIENTS WITH RENAL DISEASE
Cases % dose/100 ml, Cases 4 dose/100 ml,
. plasma plasma
S.C. 031 B.S. 227
'C-N. 0023 A.H. 036h
W.P. #5032 H.A. ' .228
J.H. «029 C.S. +106
GuF. ‘ .021 E.P. «20k
D'SI .Ozh E.V. . 9128
Mean 027 Mean «210

& S.E, + ,0006 & S.E,. +,012



CHAPTER TIT
RESULTS PERTAINING TO SUBJECTS WITH RENAL LESIONS

The renal clearance of radio-iodide in 11 patients with
kidney disease and in 12 control subjects is shown in Table IV,

In the pétients with kidney disease the rate ai which plasma was
cleargd by the kidney of its radio-iodide averaged 5.5vml. per min.
with a standard error of 1,2, The renal radio-iodide clearance
rate for the 12 controls averaged 31.5 ml. per mine with a stan-
dérd error of 2,1, This difference was found to be statistically
highly significént.. This retention of I-131 is shown in Table V
Wwhere the mean plasma level of I-13l 26 hours after the adminis-
tration of the dose in 6 cbntrol subjects was .027vpercent of the
dose per 100 ml. compared to «210 percent of the dose per 100 ml,
in 6 patients with renal diseaée.

The explanation for the defective clearance of I-l3l by
patients'with renal disease is shown by the results in'Tables I&
v, ‘It will be noted that not only was the filtration'raté decreas-
ed in these individuals but also the mean tubular reabsorption of
filtered I-131 was increased (Table VI)e This retention of I-131
was further exemplified by the urine excrefioﬁ curves which,ﬁere
found to be flattened and prolonged invpatients with renal disease
as compared to the control subjects. A curve from a typical patient

with renal disease and a typical normal curve are shown in Figure I.
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The 48 hour excretion of I-131 was also found to be con-
siderably less for patients with renal dysfunction as compared to
the control individuals (Table VIII)e This difference is statis-
tically highly significant.

The R.E.R. (Keating) of I-131 was similarly found to be
significantly less for patients with kidney diseasé as compared
to normal subjects (Table VIII); ‘

In Table VIII it is seen that the E.R.D.R. for patients
with renal disease was significantly less than that noted for the
control group. Lt was noted that the percent reabsorption of
sodium and chloride by @he kidney tubules of patiénts with renal
disease was somewhat less than in the control subjects (Table VII),.

Most of the control subjects had picked up theirfmaxjmum
amount of radio-iodide in the thyroid gland by 26 hours after the
administration of the doses In a few this was increased in the
following 2 hours, but this never amounted to more than 1.4% of
the dose (Figure ITA), The results obtained in 10 patients with
renal dysfunction were markedly different. It ﬁill be seen in
Figure IIB that while at 26 hours the values were similar to those
of the control group this level was reached more slowly and was in
all cases followed by a further rise. Two cases, E.M. and E,V.,
with chronic nephritis and nephrosclerosis respectively showed
rather remarkable cuives for I-131 thyroid uptake with a maximum
pick-up at 75 hours of 60% and L7% of the dose. These patients

were clinically euthyroid.and the protein-bound iodide levels were
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TABLE VI

REABSORPTION OF FILTERED I-131l

~ CONTROL SUBJECTS PATIENTS WITH RENAL DISEASE

Cases Percent Cases Percent

JoJ. 80.5 MW, 90.4

H.C. 75.7 F.B. 91,2
AP, 63.2 H.A. 90.L

A.R. 767 E.M. 9340 3
E.C. BENT M.R. . 99.0
S.C. 7642 B.S. 66l .
' P <01

C.N. ' 66.5 - AH. 81.9

W.P. 15 H.A, 72,7

J.H. 70.6 C.S. 98,6

G.F. 707 E.P, - 8040

D.S. o 7Tl E.V. 80.9

Mean 7249 Mean 85.9
& S.E. t1.5 & S.E, T 3.L

TABLE VII

| REABSORPTION OF CHLORIDE AND SODIUM

CONTROL SUBJECTS PATTENTS WITH RENAL DISEASE
Cases  Chloride Sodium Cases Chloride Sodium
A A % %
AR, 99,1 99.8 E.P. 98.2 98.8
G.F. 98,1 99.1 E.V. 98.2 98.7

D.S. 99.5 997




FIGURE I

TYPICAL URINARY EXCRETION CURVES OF I-131 FOR CONTROL SUBJECTS
AND FOR PATIENTS WITH RENAL DISEASE
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within normal limits (Table I).

Corresponding to the flattened thyroid uptake curve pre-
viously noted for patients with renal disease it will be seen that
the mean thyroid clearance rate in these patients is considerably
less than that noted for the control group (Table IX), This dif-
ference is statistically highly significant.

The mean A.R. (Keating) at li hours for 10 patients with
kidney diéeasé was 1.8 with a standard érror of 0.2, In 12 control
individuals the mean A.R. was 4.2 with a standard ervor of 06,
This difference is highly significant (Table X)e

The mean £asting plasma I-127 concentration in 7 control
individuals was O.1l7 pgm. per 100 ml, In 6 patients with renal
disease the mean plasma iodide concentration was 2.2 pgm. per
100 ml. (Table XT). | N

The mean rate of I-127 thyroid uptake in 7 control‘sﬁbjects

was 1,08 pgme per hour. In 6 persons with diminished renal func-

tion, the mean rate was 2.9 pgm. per hour (Table XI)e




TABLE VIII
URINARY EXCRETION OF I-131
CONTROL SUBJECTS PATIENTS WITH RENAL DISEASE
Cases 18 hre R.E.R. E.R.D.R. Cases U8 hr. R.E.R. E.R.D.R.
excretion %/hr. %/hr. excretion %/hr. %/hr.
% dose % dose :
Hoc. 7203 901 301 MonJo h90h 1.8 lol
A.P. 6503 6., 2.0 H.A. 5900 109 O.S
M.N. 8540 7.1 1.9 E.M. 24,0 0.7 1.5 48 hr, urinary
. excretion

A.R. 95,0  13.2 3.9 = M.R. 2.y -— p < .01

E.G. N 85.0 1201 2.9 B.S. hh.? . R.EIR.

S.C. = 8649 _— —_— AH., 78,0

: . ’ EoRoDoRo
CNe 66,1 149 9.0 H.A. 50,5 p< .01

W.Pe 89,0 1l.h 1.6 C.S. 46.0 -
J.H. 60 101 ka9 E.V. 21.0
G.F. 7he0 7.6 2,6

Mean 78.3 10,2 3.6
& S.E, £3,56 *1,0 +.8




% Dase Thyroid Uptake I ™

Dose Thyroid Uptake I ™

Figure IIA

65

Mean excluding
E.M.

Figure IIB




THYROID CLEARANCE OF I-131

CONTROL SUBJECTS

Cases
Jede

H.C.
AP,
M.N.
. AR,
El.C.
- S.C.
C.N.
WeP.
JeHe
G.F,

D‘S.

Mean’
& S.E.

ml./mino
35.8

8.4
6.0
11,5
7.6
3.3
15.1
19.2
L2
13.6
12,0
8.7

12,1
:-': 2'5

TABLE IX
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PATIENTS WITH RENAL DISEASE

Cases
M.w.

F.B.
H.A,
B.M.
M.R.
B.S.
A H.
H.A,
C.S.
E.V.

E.P.

Mean
& S.E.

ml,/min,

1.6
5.3
. 1.0

18,0

3.1
3.7
0.9
3.1
2,0
8.6

P .02

0,02
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TABLE X-

ACCUMULATION RATE (KEATING)

CONTROL SUBJECTS PATIENTS WITH RENAL DISEASE
Cases Percent/hr. Cases Percent/hr,
JoJ. 5.6 M. 1.0
H.C. 3.7  m. 2.1
oA 1.9 H.A. 2.1
M.N. 2.5 E.M. 3.0
AR, 3.7 ' M.R. 1.7
E.C. 3.1 B.S.' 1.7
, pL.01
S.C. 5.3 © - ALH. 1.1
C.N. 945 H.A, 1.7
W.P. 2.7 C.S. 1.7
J.H. b7 EJV. 2,2
G.F. 2.9
D.S. L6
Mean Le2 Mean 1.8
& S.E, +.6 & S.E. +42




TABLE XTI

FASTING PLASMA I-127 CONCENTRATION
and
THYROID I-127 UPTAKE RATE

. 27
CONTROL SUBJECTS PATTIENTS WITH RENAL DISEASE
Cases I-127 I-127 Cases I-127 I-127
" conc. uptake conc. uptake
pem./100 ml, wpgm./hr.  peme/100 ml. peme/hr,
A..R. 0006 0028 B.So ’ 2070 5.60
S.Go 0.15 V lo)-!-o AoHo 20)40 1030
' I-127 Concen-
C.N. : 0.09 1.00 H.A. . - l.ho 2.70 tI'ation ’
W.P. - 0.26 0.6l C.S. 3.80 Le50
I-127 Uptake - - .-
JHs - 0.01 0.89 E.P. - 2420 0.23 . P < 05 B
G’.F. 10.38 2025 E.V. 0'51.’. ) 2;80
., D.S. 0021 1007 |
& S.E, +,005 .23 & S.Ee 5 +,8
TABLE XII
THE AMOUNT OF I-131 FILTERED DURING THE CLEARANCE PERIOD
CONTROL SUBJEGTS- PATIENTS WITH RENAL DISEASE
Cases - I-131 Cases I-131
- filtered filtered
: " % dose % dose
A.P. .2750 M.Wo .2178
H.C. . 03582 . F.Be ’ ) .1715
Jede 2178 H.A, «3016
E.C. . 6688 EM. #1216
AR, «5267 M.R. «0255
S.C. 11697 B.S. J171 A
C.N. «3050 | A.H. 6281
W.Po .5810 H.A. |l082
JuHe 3323 C.S. 2902
G.F. #3103 E.P. .1h89
D.S. 3965 o EBJ. 0886
Mean L1037 ‘Mean «DLT

& SeE. +,042) & S.E,. +.0495



CHAPTER IV

DISCUSSION OF RESULTS ON SUBJECTS

WITH RENAL LESIONS

In any invesfigation in vhich urinary clearance studies are
used there is always considerable doubt as to whether the bladder:

is completely emptied before and after each clearance period.

Bvidence that the bladder was completely emptied in all but one of
the casesvis shoﬁn by the close agreement of percentage tubular
reabsorption és computed by ordinary methods with that-of Platt
(32) which offsets errors in urine collection by measuring only
concentrations (Table XX).

In the 11 patients with renal disease investigated it was
-quite evident clinically that there was considerable damage to the
kidney parenchyma (Table I). All of the patients had elevated
values for blood urea-nitrogen; showed persistent albuminuria and

low.fixed urinary specific gravities, All of the patients had

elevated plasma creatinine levels., Therefore it is probably not
surprising that these same patients were found to have markedly

decreased renal clearance rates for radio-iodide and to show conw-

siderable elevation of the 26 hour I-131 plasma concentration
(Tables IV & V).
It has been shown by Riggs that iodide clearance rates in

normal. dogs can be greatly decreased by a low sodium chloride




intake (35). Eight of the patients with kidney disease were on low

salt intake; but two on normal diets and one on a normal diet plus

2 grams of extra sodium chloride per day showed a mean radio-iodide .

clearance rate of L6 ml. per min. which is somewhat below that of
the group as a whole. Therefore, although low salt intake may de-
press kidney radio-iodide clearance, the main cause of the decreased
clearance rate in patients with renal disease is probably glomérular
and tubular pathology.

The glomefulér filtration rate, as measured by endogenous
creatinine clearance, was found to be considerably decreased in the
11 patients with kidney disease (Table I)., This resulte& in most

cases in a decrease in the amount of radio-iodide that was filtered

during the clearance period; the mean value for 11 renal cases being ’

| 020171 ,0495 (S.E.) % of the dose per minute as compared to o4037
»0li2ly (S.E.) % of the dose per: minute for the 10 control individuals
(Table XII). ATherefore considefable retention of radio-iodide
resulted from the glomerular damage in these patients. One case
however with a relatively high blood level of radio-iodide filtered
.628%vof the dose per minute. The retention of radio-iodide was
- not due entirely to poor filtration for it is seen that the tubular
reabsorption of radio-ibdide was increased in patients with renal
disease as shown in Table VI,

It is interesting that in cases B.S. and H.A., who had
severe renal disease but who also were in heart failure at the time

of this study showed a lower than normal percentage reabsorption
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of I-131{Table VI)s. Platt noted a similar change in tubular action
in patients with renal disease who reabsorbed less of the sodium
load than normal but that once congestive heart failure was super-
added tended to retain sodium by increasing tubular reabsorption
(32).

In summary then, in patienté with kidney disease there is
retention of a given dose of radio-iodide. This occurs because of
decreased filtration and increased tubular reabsorption. It is
possible that the low salt intake of some of these patienté tended
to depress, still further, the glomerular filtration rate (36) and
increase the tubular reabsorption of radio-iodide (35).

A dissimilarity of tubular function in respect to sodium
and chloride on the one hand and iodide on the other has appeared
in the present study. The percentage reabsorption of iodide by
the kidney tubules in normal individuals has been estimated at 73%
by Homer Smith (37). The results in this series using physiologiéal
amounts of iodide as the radioéctive isotope agree well with this
figure (Table VI). However the percentage of tﬁe sodium load reab-
sorbed by normally functioning kidney tubules is in the region
98-99% (Table VII). Probably more remarkable is the fact that
chlo:ide, which is so similar to iodide cheﬁically, is reabsorbed
by the kidney tubules in percentage amounts almost identical to
those noted for sodium (Table VII), It has been shown recently
by Flatt that althopgh patients with renal failure filter less

sodium than normal they reabsorb a smaller percentage of the tubu-
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lar load (32). This has been confirmed in 2 of the patients with
renal disease who even though they were on salt~poor diets and
fasting still reabsorbed only 98.8 and 98.7% of the sodium load
(Table VII).

It is interesting that in patients with renal failure there
is an increase in the percent tubular reabsorption.of iodide but
a fall in the percent reabsorption of sodium and probably chloride,

Platt found that the reduction of tubular reabsorption of
sodium noted in patients with kidney failure ﬁehded to increase as
the gldmerular filtration rate decreased so as to maintain normal
plésma levels of sodium (32). In the present series there was no
. correlation between filtration fate and the degree of iodide reab-
sorption, |

It has been noted by various workers that tﬁere is a delay
in the excretion of a given dose of I-131 in patients with impaired
renal function (18, 38), In all of our patients with renal disease
there was indeed a considerable delay in the eicretion of a test
dose of_I-lBl. It is important to know whether this delayed ex~
eretion is sufficiently greét to invalidate excretion studies of
I-131 as a means of assessing thyroid function in such individuals.

The L8 hour urinary excretion of I-131 expressed as a per-
cent of the given dose is a popular method of testing thyroid
function. The accepted renge for euthyroid individuals is given
as 145-82% (18), In this series of 9 patients with renal disease

the L8 hour ufinary excretion of I-131 averaged ll.7 with a stan-
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dard error of 7.5 (Table VIII). These values place almost half
of these individuals‘in the thyrotoxic range. Clinically however
these patients were euthyroid and their protein-bound iodine
estimations were within normal limits (Table I). Therefore it is:-
obvious that in patients with significantly depressed renal function
the 48 hour urinary excretion of I-13l gives misleading results.

Keating has advanced an index, the extra renal disposal
rate (ERDR) of I-131l, as being a good test of thyroid function (28).
This is derivedAfrom the urinary excretion curve of I-13l following
the administration of a test dose. Therefore it is probably not
remarkable that in the 7 patients with renal disease this value was
outside the accepted normal range. As is shown in Table VIII the
E.R.JD.R. for 7 patients with renal dysfunction was 1l.1% 0.3 (S.E.);
the accépted range for euthyroid subjects being 1.3-7.9 (18).
Whether this value is abnormally low because in renal diéease the
assumptions on which the furmula is based are at fault, or whether
it is a reflection of the decreased thyroid accumulatibn aﬁd clear-
~ance rates also noted in these individuals (Tables IX & X) is not -
at all clear. However it is seen from Tables VIII & X that in
every case but 6ne the‘E.R.D.R. is considerably less than the A.R.
caleulated from in vivo thyroid measurements while they agree
fairly well in the control subjects. It seems therefore that the
abnormally low E.R.D.R. is not solely due to decreased thyroid
accumulation rate but is a reflection of diminiéhed renal function,

In any caée this féctor does not give a true value for thyroid
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funetion as these patients were clinically euﬁhyroid and had normal
protein~bound iodine values,

As is shown in Figure IITA the thyroids of patients with kidney
disease continued to take up radio;iodide after the 26 hour period
in marked contrast to the normal controls, who, for the most part:
had picked up their maximum amount of radio-iodide by this time

(Figure IIB). Due to the retention of radio-iodide by these indi-

viduals, as shown by decreased renal clearance rates and by high
plasma I-131 concentration at 26 hours (Tables IV & V), the thy-
rolds are presented with higher plasma levels of radio-iodide for
longer periods of time and so might be expected to continue to take
up radio-iodide. . ‘

In the 11 patients with renal dysfunction there was a sig-
nificant decrease in the thyroid radio-iodide cleéraﬁce rate and in
the AR, (Keating) (Tables IX & X). Essentially this means that
the thyroid glands of these individuals were taking up a smaller
percentage of the given dose of radio-iodide per unit time. This

can be due to two factors; that the thyroid avidity for iodine is

decreased or that this depression in clearance rate is due to
dilution of the isotope with high blood levels of stable iodide,

In the 6 patients with renal disease on whom plasma I-127

was caleulated the mean concentration was 2,2 pgm. per 100 ml.,
which was considerably higher than that found for 7 control
subjects (Table XI). There was therefore considerable dilution of

I-131 by stable iodide in the plasma of patients with kidney dys-
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function and as the thyroid picks up only a portion of the iodide
presented to it a decrease in the rate of I-131 uptake might be
expected. To determine if the depression of I-131 uptake by the
thyroid in these cases was due to 2 dilution factor the actual
amount of I-127 entering the thyroid per hour was calculated,
Table XI shows that in 6 patients with renal disease, on whom

calculations were made, the amount of I-127 that was entering the e

thyroid gland per hour was actually higher than in the control
gubjects. This increase in sitable iodidé uptake with higﬁ plasma‘
levels has been noted by Stanley ih acute experiments (39); In‘
an attempt to explain the higher values obtained for I-127 uptake
it should be noted that the protein-bound iodine estimations on
these patients were normal and there was no clinical evidence of
inereased peripheral uﬁilization of hormone, Thus the increased
uptake of stable iodide does not appear to be due to an increase

in hormone formation. The simplest explanation of this phenomenon
is that due to the high levels of circulating iodide and presumably

of inorganic iodide of the thyroid which is in equilibrium with it,

the interchangé of iodine molecules proceeds at a faster rate fol-
1owing Le Chatelier's principle, but that hormone formation goes
on at a rate governed only by the level of thyroid stimulating
hormone and unaffected by the higher blood and thyroid inorganic @ffﬁ
iodide concentrations. | |
It is cohcluded that the low thyroid I-131 clearance rates

and A.,R. found in patients with poorly functioning kidneys does
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not indicate a disturbance of hormone formation and is due tb the
dilution of the radiocactive isotope by high blood levels of stable
iodide.

Despite the marked lowering of the I-131 thyroid plasma
clearance rate in patients with renal disease it was noted thatb
the 26 hour uptake of I-13l, as measured by in vivo counts over
the thyroid gland, was only slightly lower than that nofed for
normal individuals gﬁgui-es IIA & ITB). This is explained by the
fact that there are two opposites working in this case: one, the
dilution factor tending to lower the amount of I-131 that enters
the gland and two, the retention factor which, by decreasing the
natural fall of I-131 concentration in the blood over the 26 hour
period, tends to increase the amount of I-131 that enters the
gland in this period. 1In 11 patients the 26 hour uptake ﬁas with-
in normal limits, albeit on the low side, except in one elderly
man. It has been noted by various workers that elderly people have
thyreid uptakes in the low range of normal (LO). It seems there-
" fore that the 26 hour in vivo uptaké.of I-131 in patients witﬁ
renal disease gives a figure which,-although slightly low, is the

best-indication of true thyroid funection in these individuals.




SUMMARY

In the cases of kidney disease studied there was retention
of a given dose of radio-iodide. This was demonstrated by a
diminished renal clearance rate for radio-iodide, diminished
R.E.R. and hS hour excretion, and by an increase in fhe 26 hour
plasma level of the isotope. This retention of radio-iodide was
brought about not only by a decrease in the amount filtered, but
also by an increase in the percentage of filtered radiofiodide
reabsorbed by the kidney tubules. Possibly the low salt diet of
some of these patients contributed to the retention of radio-
iodide by decreasing the glomerular filtration rate and increas-
ing the amount of radio-iodide reabsorbed by the tubuleé.

Pefcent iodide reabsorption by the normal kidney tubules
was less than that for sodium and chloride but appreaches it in
renal failure, Percent iodide reabsorption by thé_kidney tubules
increases in renal failure, whereas sodium-and probably chloride
reabsorption decfeases with kidney failure.

Radio~iodide continued to be taken up by the thjroid glands
of patients with renal disease for periods of three days or more.,
This was in marked contrast to the control group, the majority of
whom ceased to increase their thyroid radio-iodide after 26 hours.

The thyroid clearance rate of I-131 and A.Re was signifi-
cantly decreased in patients with kidney disease. However, the

thyroids of these same patients, although clearing less plasma
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of I-131l, were shown to be exchanging stable iodine with the plasma
at a faster rate than the control group. Thus thyroid clearance
rates of I-131l, as a measure of thyroid functioﬁ in patients with
renal disease, give a false impression of decreased thyroid activ-
ity. The 26 hour thyroid in vivo count was concluded to give a
' figure which although somewhat low is probably the best indication

of thyroid function in patients with renal failure.




TABLE XIII

RENAL T-131 CLEARANCE

38
CONTROL SUBJECTS PATIENTS IN HEART FATLURE
Cases mle/min, Cases ml,./min,
M.N. 37.1 A.J. l90h
AP, 30.7 ' S5.G. 27.3
HE.C. 26.2 WM. 22,2
J.J‘ 25.6 ’ T.H. 6.6
E.C. 25.6 AD. 6.1
A.R. 32.9 T WG 20.1 ,
‘ _ p<L.01
S.Co 21‘-02 ’ T.T- . 12.6
C.N. 4 h709
WQP. 37‘0
J.H. ' 40.0
G.F- m,'.h'
D.S. 29.2
. Mean 33.h4 Mean 16.3
& S,E, *2.3 : & S.E. » *3,0
TABLE XIV
26 HOUR I-131 PLASMA CONCENTRATION
" CONTROL - SUBJECTS PATTENTS IN HEART FATLURE |
Cases % dose/100 ml. Cases % dose/100 ml.
‘Plasma ‘plasma
S.C. 031 AJd. +063
CuNe : 023 S.G. <061
WePa +032 WM, 052
J.Ha 0029 T.H. ¢086 ' p( +O1
G.F. 0021 A.D. ' .1,46
D.S. ‘ .OZLL W.G. ) .113
T.T. .Osl
Mean 027 Mean 082

& S.E,  *.0006 & S.E. -~ *,0lk



CHAPTER V

RESULTS PERTAINING TO PATIENTS IN

CONGESTIVE HEART FAILURE

It was found impossible to obbtain acecurate urine collections
outside the clearance period because of the illness of the patients
concerned. These patients however were excreting a tracer dose of
T-131 more slowly than the control subjects as is shown by the de-
creased clearance of I-131 and the increased mean plasma I-131 level
‘at 26 hours (Tables XITI & XIV).

In contrast to the overall retention of I-131 noted for the
patients with congestive heart failure it is shown in Table XV that
the peréent of the I~-13l load reabsorbed by the kidney tubules was
dsignificantly less than for the control individuals,

As has been noted in renal disease, the tubular reabsorption
of sodium for patients with congestive heart failure digressed from
the control value in a direction oppoéite to that for iodide |
(Tables XIX & V).

The accumu;ation of I-131l by the thyroid glands of patients
with heart disease proceeded at a slowef rate than thé control
group. It was noted however that whilé in the control group the
thyroid accumulation curve had flattened at 26 hours, in patients
with congestive heart failure there was a steady rise up to Th

hours in most cases (Figure IV).




FIGURE IV
I-131 THYROID UPTAKE CURVES FOR PATIENTS WITH HEART FAILURE
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Corresponding to the flattened thyroid uptake curve pre-~
viously noted for pabtients with congestive heart failure it is seen
that the mean thyroid plasma clearance and the thyroid A.R. (Keating)
ére both less than that noted for the control group (Table XVI).
-This decrease however is in no way as markeq as that noted for
patients with renal failure (Tables IX & X).

- The mean fasting plasma I-127 concentration in the 6 patients
with congestive heart failure was 0.2l pem. per 100 ml. as compared
£o.0.17 pemn. pef 100 ml. for 7 control subjects (Table XVII).

The mean rate of I-127 exchange by the thyroid was 1.08}m§n.
per hour for the 7 control individuals as éompared to 0.70 jgme per

hour for 6 patients with congestive heart failure.




REABSORPTION OF FILTERED I-13l

'CONTROI, SUBJECTS

Cases
Jede
H.C.
A.P.

AR,
E.C.
S.C.
C.N.
W.P.
J.H.
G.F.
D.S.

Mean

& SE.

Percent
8045
7547
63.2
7647
73eht
7642
66.5
7.5
70.6
707
7Tk

7249
* 1.5

TABLE XV

PATTENTS IN HEART FAILURE

Cases
A.J.

S.G‘

.WQMQ C

T.H.
A‘D.
W.G.

T.T.

Mean

& S.E.

Percent
63.0
539
57.5
71.0
6041
70,0
7643

p £.05




TABLE XVI

THYROID CLEARANCE OF I-131
and
ACCUMULATTION RATE (KEATTING)

CONTROL SUBJECTS

Cases

Jede
H.C.
A.P.
M.N.
AR,
E.C.
S.Ce
C.N.
W.P.
J.H.
GeFe

D.S.
Mean

& SeE,

L min,
35.8
8.l
640
11.5
Teb
3.3
15.1
19.2

k.2

PATTENTS IN HEART FAILURE

ALR. Cases
#/hr.

5.6 AJd.
3.7 S.G.
1.9 WM.
2.5 T.H.
3.7 A.D.
3.1 W.G.
5.3 T.T.
9.5

2.7

he7

2.9

L6 .
he2 Mean
*+.6 . & S,E.

TABLE XVII

TeCe

ml./min.

L0
Te7
8.1
3ok
2.9
Lo 7
10,0

FASTING PLASMA T-127 CONCENTRATION
and
THYROID I-127 UPTAKE RATE

CONTROL SUBJECTS

Cases I-127 I-127
CONCe uptake
pem./100 ml, pgm./br
A.Ra 0.06 0.28.
S.C. 0015 0.10
C.N. 0.09 1,00
W.P. 0426 0.6k
J.H. 0,01 0489
G.F. 0038 2025
D.S. 0.21 B ’ 1.07
Mean 0,17 1.08
& S.E. +.005 .23

A.R,
%/hr.
1.2
2.0
2.3

1,0

0.8

1.3
2.1

' PATTENTS IN HEART FAILURE

Cases

A.J.
S.G.
T.H.
A.D.
W.Ge
- TuTs

Mean
‘& S.H.

I-127 I-127
conce. uptake
pgn./100 ml. pgie/hr,
022 «52
27 1.2l
0)4-5 Py AN
12 25
.18 .05
. .21 1.26
o2l « 70
+.,005 +.18

12

T.Ce
p < +05

A.R.
P < «01

I-127 Concen-
tration '

P)’;3

- I-127 Uptake
P2 |
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CHAPTER VI

.DISCUSSION OF RESULTS PERTAINING TO PATIENTS IN

CONGESTIVE HEART FAILURE

The collection of urine over the clearance period wés an
accurate measure of kidney oubput as.shown by the close agreement
of figures obtained for the percentage tubular reabsorption by the
conventional method and by the method deseribed by Platt (32),
which as stated above deals only with concentrations and théfefore
rules out errors of urine collection (Table XX).

The decreasea renal clearaﬁce of I-131 npted for the 7
patients with congestive heart failure (Table XIII) correlated
fairly weli with their respective endogenous creatinine clearance
ratés (R=¢85) (Figure ITII). As the percent reabsorption of the
iodide load to the tubules is on.the average less than normal
(Table XV))it would appear that the decreased excretion of I-131
in congestive heart failure is due largely to decreased filtration,

It has been shown that in normal dogs on low sodium chloride
intake and hence conserving salt tubular reabsorption of iodide
is almost complete (35). It is intéresting to note that patients
with congestive heart failure who are involuntarily conserving
salt have decreased rather than increased tubular reabsorption of
iodide.» '

There is a slower excretion of the administered tracer




TABLE XVIII

I-131 CONCENTRATION AT li HOURS

CONTROL SUBJECTS

Cases
G.F.

JeHe
WePo
C.N,
S.Ce
A.R.
E.C.
Jede
H.C.
AP,
M.N.
D.S.

Mean
& SOEO

9 dos
157

$196
«38L
.188
o3hk

e

«386

«6L3

a5

«250
275
155
.285

028)-1
.0l

PATTENTS IN HEART FAILURE
Cases % dose
W.G‘ 027)4‘
A‘D. ’ 0205
T.He 220
woMc 0260 :
S.G. «288 .
A.Jo .318
T.T. 0232 P>.5
Mean 0257
& S.E. +.,015

TABLE XIX

REABSORPTION OF FILTERED CHLORIDE AND SODIUM

CONTROL SUBJECTS

Cases
AQR.
G.F.

D.S‘

Chloride
99.1
980h

995

Sodium

%
99.8

99.1
99.7

PATTENTS
Cases

A.D.
W.Ge

T.T.

IN HEART FATLURE
Chloride Sodium

9?.7 | 9§.9
99.0 - 9942
99.2 9945
99.6 9947
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dose of I-131 in patients in congestive heart failure than in the

control subjects. The degree of this retention of a given dose of
I-131 is éhown by a decreased renal clearance rate and by an ele;
vation of the 26 hour plasma concentration of I-131l (Tablés XIIT &
XIiv). As might be expected this retention of I-131 resulted in a
steady increment in the thyroid uﬁtake past fhe usual asymptote at
26 hours and in most cases the thyroid uptake did not reach its
maximum level until 7l hours after the administration of the dose
(Figure IV).

The thyroid plasma clearance rates and A.R. (Keating) for
the patients in congestive heart failure were lower than those of
the control subjects (Table XVI). These cardiac patients were
clinically euthyroid and this was confirmed in ail but 2 cases by
normal protein-bound iodine estimations (Table II). Two patients,
T.H. and A.D. had protein-bound iodine levels that were below nor-
mal, Both of these patieﬁts had low plasma albumin concentrations
(3.5 mgme per 100 ml. and.3.2 mgme per 100 ml,) which would tend
to lower protein-bound iodine levels (22), It is possible that
hydraemia might play a part in the concéntration of protein-bound
jodine in the plasma as both these patients were markedly oedema-
tqus.-vThus if we consider that these patients are clinically and
'biocheﬁically eﬁthyroid the decrease in the thyroid plasma clearance
could only be explained on a dilution of the tracer dose by high
Qlood levels of 1-127 or that the tracer dose is distributed

through the large volume of oedema fluid. It is possible that a




TABLE XX

TS

SHOWING AGREEMENT BETWEEN TWO METHODS OF CALCULATING % REABSORPTION

CONTROL SUBJECTS PATTENTS WITH RENAL DISEASE PATIENTS IN HEART FAILURE
Cases Platt Conven*bionai Cases | Platt Conventional Cases Platt Conventional
AP, 63.2 63.1 M. 906 90,6 Ad.  63.0 63.1
HoCo  75.7 75.6 F.B.  9L.2 91.1 S.G. 5349 53.8
J.J. 80,5 80,7 H.A.  90.L | 9047 W.M.  '57.5 57+6
E.C. 3.k 73.5 EM.  93.0 9342 T.H. 71,0 70,9
AR, 7647 7645 M.Be 9940 90,6 A.D.  60.5 604kt
S.C. 76,2 6.3 BeS. 66k 6T7.L W.G. 70,0 70.0
C.Ne 6645 66.7 AH.  BLS9 82,0 LI, 7643 7643
W.P.  T1.5 TL.3 HA.  T2.7 72.L
J.H. 70.6 T0.7 C.S. 98.6 98.2
G.F. 70.7 7042 CEJP. 80,0 80,0

D.S. 77011- 770)4 E.V'. 8009 8009
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consideréble amount of the I-131l has entered the oedema fluid at

the time thyroid plasma clearance rates were measured; i.e. i hours
after the administration of the dose., If this were so the plasma
concentration of I-131 at this time should be lower than normal
but as is shown in Table XVIII this was not the case. As can be
seen in Table XVII the inorganic plasma iodide level is elevated
somewhat and therefore dilution of the tracer dose with I-127 does.
oceurs Howevér it 'can be seen that this dilution does not explain
all of the depression of I-131 thyroid clearance for the amount of
I-127 that is calculated as entering the thyroid perAhour is some-
what lesé than normal (Table XVII), However as the fasting plasma
I-127 is somewhat higher than for theicontrol individuals, the
interchange of iodine molecules between the plasma and thyroid
would be at a faster rate following Le Chatelier's principile even
though thyroid fuﬁction remained the sanme. Theréfore as the rate
of I-127 exchange between plasma and thyroid was actually somewhat
less than normal (Table XVII) it is safe to say that thyroid
function was diminished in these individuals. This would be
corroboratedvby thé low normal protein-bound iodine levels in
most patients (Table II). As the mean age of these individuals is
69.l (Table II), one might expect some degree of thyroid hypo-
function which is a nbémal finding in olé age according to
Perlmutter and Riggs (LO). |
Tt is realized in this small series of 7 caseé it would be

presumptuous to State that one test or another was the more accurate
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test of thyroid funetion in patients with congestive heart failure

but it is felt that the I-127‘thyroid uptake rate will offset the
dilution artefact and will give the most reliable expression of
thyroid function in these individuals. However as this test is
rather time-consuming it is felt that if it is re’aiized that the
26 hour in vive thyroid uptake will be somewhaﬁ low because of
dilution artefact this estimation will give a good representation

of true thyroid function.




SUMMARY

In the 7 patients studied while in congestive heart failure
due to various heart pathology it was noted that there was reten-—
tion of a given dose of radio-iodide. This was demonstrated by a
diminished renal clearance of I-131 and by an increase in the 26
hour plasma concentration of the isotope. However it was noted
that the percentage tubular reabsorption of I-131 was less than that
for the control subjects and that the retention of T-131 was due
solely to a decrease in the filtration rate. In normal dogs on
low salt diets and therefore retaining sodium and chloride the
tubular reabsorption of‘iodide'is almost complete, whereas in
patients in congestive heart failure who are also retaining salt
tubular reabsorption of I-13l is less than normal,

In patients with heaft failure the thyroid uptake of I-131
continued to rise until the second or third day after the admin-
istration of the dose in marked contrast to the control subjects,

The thyroid plasma clearance rates and A. R, for patients
in congestive heart failure were below the accepted range for
normal subjects. This was explained partly as an artefact due to
" dilution of the I-131 with high plasma inorganic iodide concentra-

tions. waever it was thought that these patients showed sdme
.degree of thyroid hypofunction because the calculated stable iodide
thyroid uptake was less than normal., This was explained not on the

heart disease but rather on the age of the patients concerned,
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Supporting the suggestion of thyroid hypofunction was the low mean .

protein-bound iodine concentrations which, however, might be due

to low plasma albumin in some cases and to hydraemia in others,




CHAPTER VII

GENERAL DISCUSSION PERTAINING
TO PATIENTS WITH RENAL DISEASE AND

TO PATIENTS IN CONGESTIVE HEART FAILURE

As heart disease and kidney disease have certain things in
common in respect to the abnormal handling of a tracer dose of |
radio-iodide it was thought that a discussion of the similarity
and differences in the manner in which radio-iodide is metabolized
in patients with these two diseases was indictaed.

It can be seen from Tables IV & XIII that although the
kidney radio-icdide clearance rate is depressed in both of these
groups the degree of depression is much more marked in patients
with renal disease. Géncomitant with this is the more marked de-~
pression of glomerular filtration raté in patients with renal
disease (Tables I & III). As the‘plasma concentration of I-131 at
the time of study was roughly the same in both groups the amount
of I-131 filtered per unit time was considerably less in the 'renal!
groupe Hoﬁever as has been noted previously, patients with fenal‘
disease feabsorbed a greater percentage of the tubular load than
the céntrolvgroup,vwhereas patients with congestive heart failure
reabsorbed less. Therefore two factors tend to widen the gap be-
tween the radio-iodide clearance rates for patients with renal

disease and batients with heart failure.
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In an attempt to explain tbe increased I-131l tubular re-
absorption in renal disease and the decreased I-131 tubular re-
absorption in heart failure the following hypothesis is presented.
As has been shown by Platt in a fairly large séries there is a
decrease in the percent reabsorption of the sodium tubular load
in patients with renal failure (32). This has been confirmed in
2 patients with renal failure in this series (Table VII). There
also appears to be a similar trend with chlorides in thése 2
patients (Table VII). It has been noted by various workers that
in congestive heart failure there is retention of‘sodium and chlor-
ide and that this is brought about largely by an increase in the
percent reabsorption by the kidney tubules (11, L2). In contrast
to this it is noted in this series thai in renal disease a greater
than normal percentage of I-131 is reabsorbed whereas in heart
failure a less than normal percentage is reabsorbed (Tables VI & XV).
In order to explain this it is proposed that iodide, sodium and
.chloride are héndled by the same portions of the tubular apparatuse.
Tn renal failure the tubules for some reasoh, possibly a deficiency
of mineralo-corticoids or an excess of chloruetic activity of the
posterior pituitary reabsorb less of the filtered sodium and chlor-
ide than normal. Therefore less tubular work, in respect to these
electrolytes, is expended. This work decrease then results in an
_increase in the available tubular energy in respect to iodide and
therefore results in increased iodide reabsorption. Likewise in

heart failure more tubular energy is fequired to reabsorb the
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larger amounts of sodium and chloride resuliing in less energy
being available for iodide reabsorpﬁion. It is realized of course
that this hypothesis only holds if sodium or at any rate chloride .
and iodide are handled by the same portions of the tubular system
and thét chloride and sodium plus iodide reabsorption always
' ta#es'that portion of the tubular apparatus to a maximum. It is
very interesting in this regard that 2 patients, B.S. and H;A.
who had severe>renal disease but who were also in congestive heart
failure at the time of study and therefore retaining salt, reab-
sorbed 67% and 72% of the tubular iodide load both of which are
below thevmean vaiue for normal subjects and far less than that
noted for patients in renal failure alone (Table VI). One of
these.patients-H.A, was shown to be reabséfbinngQ% of the
tubular sodium load, h

The mean 26‘hour plasma concentration of I-13l for patients
with heart failure was less than that for patients with renal -
disease (Tables V & XIV)., This is a reflection, at least in part,
of the decreased retention of I-l3l by patients with heart failure
‘as shown by radio-iodide»clearance rates as compared to patients
with renal disease (Tables IV & XITI). Although it has been stated
that at l; hours after the administration of the dose of I-13l there
was little evidence that any large amount of the isotope had entered
the cedema fluid in patients with heart failure it is a distinct
possibility that the lower 26 hour radio-iodide plasma concentrations

noted for patients with heart failure might be partly due to loss
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of I-131 into oedema fluid. Hydraemia of the circulation blood,
as is claimed by various workers, might also play a part in the
1owerv26 hour plasma concentration of I-131 in patients with
heart. failure,

The thyroid plasma clearance rates of I-13l are consider-
. ably less for the group of patients with renal failure than for
the group in congestive heart failure (Tables IX & XVI)., However
the dilution artefact is much greater for patients with renal
disease than for'those in heart failufe as shown by the plasma
Igl27 concentration (Tables XTI & XVII). It might be expected then
that the calculated I-127 uptake by the thyroids of each group would.
be similar. As is shown in Tables XI & XVII thiS«was nof the case
but rather patients with renal disease, because of their high
plasma I-127 concentration, picked up greater than normal amounts.
of I-127 whereas patients in heart failure picked up less. It has
been proposed that the reason the patients in congestive heart
:failure picked up less I-127 than normal was because of a mild
degree of thyroid hypofunction which was due, not to heart failure
per se, but to the ages of the pafients concerned (LO).

It has been stated previously that in patients with renal
| failure the 26 hour thyroid uptake gives a figure which, although
low, is probably nearest to the actual thyroid function in these
individuvals., The I-127 thyroid uptake rate was shown to be high
in these individuals and was presuned to be due to the high plasma

concentration of I-127 (Table IT). It was felt that this increased
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iodine tptake by the thyroid did not result in increased output of

hormone for these patients were clinically euthyroid and their
protein-bound iodine concentrations were not high (Table I). Cor-

roborative of this is that on analysis of thyroids from 2 patients

dying in renal failure the inorganic iodine content was considerably

higher than normal but the organic iodine content was within normal

limits.

As elevation of plasmé I-127 cdncentratiqn in patients with
congestive heart failure was only slightly increased above the
-normal it was felt that the I-127 uptake rate*ﬁdﬁld give the best
- estimation ofvthyroid functién in patients with heart failure
(Table XVII)., However this estimafion has the drawback of being
time-consuming. The 26 hour thyroid uptake (Figure IV) appears to
give a fairly good approximation of thyroid function aithough the
results are on the low side probably because of dilution artefact
and in this series also because of the patients ages (L0)s It is
felt however that in ruling out hyperthyroidism in patients ﬁith
congestive heart failure this simply performed test would be ade-
quate as high results would not be expected outside of increased
thyroid function., In ruling ouf myxoedema the 26 hour thyroid
uptake should be adequate if it is kept in mind that in congestivev

heart failure this figﬁre is low even with normal thyroid function,




CHAPTER VIII

CONCLUSIONS REACHED ON THE EFFECT OF
CONGESTIVE HEART FAILURE AND RENAL DISEASE ON
THE THYROID UPTAKE AND URINARY EXCRETION OF I-131

In patients with renal disease and in patients with congestive
heart failure there is a decrease in the rate of urinary excretion
of a traéer dose of I-13l. 4dn renal dysfunetion this is brought
about by a decrease in the giomerular filtration rate and by an
inerease in the tubular reabsorptioﬁ of I-131. In congestive heart
failure, however, the decreased urinary excretion of I-131 is solely
due to a decreased filtration rate for the tubular reabsorption of
I-131 is less than normal,

While the tubular reabsorption in renal disease is greater
than normal for I-131, it is less than normal for sodium and chloride;
whereas in congestive heart failure thg tubular reabsorption for I-131
islless than normal and for sodium and chloride greater than normal.

This decreased urinary excretion resulted not only in retention
of a given dose of I-131 but also in an increase in the plasma con-
centration of stable iodide. As the decrease in urinary exeretion is
more marked in renal disease than in congestive heart'failure,'there
is a greater retention of I-131 and of its stable isotope.

In renal disease and in congestive heart failﬁfe the I—13l

thyroid uptake curve is flatter than normal but attains normal
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values at 26 hours and continues to rise, not reaching its asymp-

totic level until 2-3 days after the administration of the tracer
dose. The flattening of the I-13l thyroid uptake curve is re-
flected in a decrease in the thyroid clearance rate and accumulation
rate of I-131, In renal disease this decrease in the rate of I-131
uptake by the thyroid is due to a dilution of the radioactive isotope
bwith high plasma concentrations of stable iédide; for the calculated
stable iédide uptake is actually greater than normal. In congestive
heart féilure fhe decrease in the thyroid uptake of I-13l appears to
be due partly to dilution of the radiocactive isotope with high plasma
concentrations of stable iodide and also to some degreé of thyroid
hypofunction which is explained on the senescence of the patients
concerned rather than on heart failure.

As there is retention of iodide in renal disease and in.
congeétive heart failure the thyroid is presented with higher con-
ceﬁtrétiqns of I~131 for longer periods of time than is normal and
thereforé contihues to pick up past the 26 hour period,

There is no evidence that any of the patients with renal
‘disease had any disturbance in hormone formation. As has been
gtated, the ages of the patients with congestive heart failure are
compatible with some degree of thyroid hypofunction but there is
no evidence that heart disease per se.results in any decrease in
thyroid activity.

In patients with renal d?sease and in patients with conges-

tive heart failure the thyroid clearance rates, A.R. (Keating),
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R.EsRe (Keating), E;R.D.R. (Xeating) and the 48 houwr urinary
excretion of I-13L all give fallacious results.

The 26 hour in -vivo thyroid uptake of I-131l is a simply
) perfomed test and gives a figure which is thought to be the best
| indica,tibn of true thyroid function in patients with renal disease

and in patients with congestive heart failure,
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