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ABSTRACT: Based on reports of hypothyroidism in intensive care unit patients, a preliminary
study was instituted in which 40 patients coming to autopsy, with no history of thyroid disease,
were studied to include gross and microscopic study of the thyroid gland and the performance of
thyroid function tests on all serum specimens submitted within seven days of death. Initial stud-
ies show that with the exception of sudden cardiac death, all of the autopsy patients showed evi-
dence of chemical hypothyroxinemia within three days preceding death without any histologic
abnormalities of the thyroid gland. Thyroid function tests were subsequently studied of dece-
dents and survivor controls matched for age, sex, disease, and stage of disease if applicable. The
findings were similar.
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Incidental reports of chemical hypothyroidism in patients in intensive care units stimu-
lated the performance of a preliminary study of thyroid function tests in seriously ill patients.
The patients included in the initial study were 40 autopsied patients with no history of thy-
roid disease. The initial study was limited to patients undergoing autopsy so that micro-
scopic analysis of thyroid tissue, which was not done in previous reports [/,2] could be
performed.

Materials and Methods

Upon receipt of an autopsy permit, any serum routinely submitted by the attending physi-
cian within the previous seven days was retrieved. It was routine policy to refrigerate all se-
rums submitted for chemical analysis and to retain these specimens for seven days. Follow-
ing retrieval, all specimens were immediately frozen and subsequently thawed for analysis.
To determine possible changes in test results due to prolonged refrigeration, the author do-
nated 15 mL of serum, which was aliquoted into eight tubes, one being frozen immediately.
The other specimens were refrigerated and one specimen was frozen each subsequent day.
The variance between the specimen frozen immediately and that frozen eight days later was
0.2 ug/dL. Serum T4 and T3 uptake were measured by standard radioimmunoassay techni-
ques and a free thyroxin index was calculated. All specimens were analyzed in duplicate and
a variance of less than 10% was required for the test value to be acceptable. Thyroid stimu-
lating hormone levels were not determined because of financial constraints: the study was
not subsidized.
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Subjects

The basic pathology of the 40 patients included idiopathic pulmonary hypertension with
cardiac failure, chronic obstructive pulmonary disease with bronchopneumonia, metastatic
undifferentiated large cell carcinoma of the lung, bronchopneumonia with sepsis, pulmo-
nary embolus, multiple myeloma, aplastic anemia, respiratory failure resulting from angio-
blastic lymphadenopathy, metastatic ductal carcinoma of the breast, perforated gastric
ulcer with peritonitis, chronic myelogenous leukemia, cholangiocarcinoma, Hodgkin’s lym-
phoma, three-week-old massive cerebrovascular accident, squamous cell carcinoma of the
esophagus (two patients), ischemic bowel disease and sepsis (two patients), squamous cell
carcinoma of the lung (two patients), pancreatic carcinoma (three patients), small cell
carcinoma of the lung (three patients), bleeding esophageal varices (three patients), and ar-
teriosclerotic heart disease (eleven patients).

Observations

The only patients in whom thyroid function tests remained normal were the patients with
“sudden” deaths such as myocardial infarction with refractory arrhythmia or pulmonary
embolus. In all other patients, whether described at autopsy as being cachectic or not, the
following trend was noted. T4 levels dropped to below normal (less than 5.0 ug/dL) at least
three days before death (Table 1). T3 uptake was higher than normal in some cases and
lower than normal in others; there was no consistent pattern correlating with the underlying
disease. All patients with an abnormally low calculated free thyroxin index also had an ab-
normally low T4 level. Sections of thyroid gland were routinely examined and no abnormali-
ties were noted. None of the thyroid glands were enlarged or showed abnormalities upon
gross examination (Table 1). This initial study suggested that in those patients whose pri-
mary disease process is not cardiovascular, there is an abnormally low T4 level at least three
days antemortem.

As a result of these findings, a second study was begun to compare survivors with dece-
dents, matching for age (within five years), sex, disease, and stage of the disease if applica-
ble. Serum was saved and frozen, as described above, from all patients placed on the seri-
ously ill roster of the hospital. The sera of another ten autopsied patients, who expired while
on the seriously ill roster, were thawed and analyzed. These were then compared to the sera
of 50 patients who were matched as above and who survived to be removed from the seriously
ill roster (Table 2). In all cases of sudden cardiovascular events, the thyroid function tests
were equivocal. But in nonsudden deaths, ail decedents became hypothyroid at least three
days before death. Three matched controls showed borderline hypothyroxinemia (between
4.7 and 5.0 pg/dL) on an individual specimen, but never on two consecutive days.

Discussion

Although these were all hospitalized patients, only two of the autopsied patients were on
dopamine (patients 31 and 46) and neither was hypothyroxinemic. None of the patients were
on anticonvulsants, penicillin, or heparin, drugs that have all been shown to alter thyroid
function tests [3-6]. Dopamine, the precursor to norepinephrine, would be expected to acti-
vate adenyl cyclase in the thyroid gland, thus enhancing the accumulation of cyclic adeno-
sine monophosphate [7], and to elevate T4 levels, but actually it lowers the T4 level [2]. A
possible explanation of the low T4 level is that the rapidity of iodination and oxidative cou-
pling of thyroid globulin is dependent on the level of glandular activity [8]. An exhausted
gland may provide inadequate opportunity to fully iodinate the thyroglobulin, but this was
not apparent in the normal histologic picture that was present.

A second possible explanation is at the other end of the hormonal life cycle, the receptor.
T3 is more active than T4 but there are receptors for both in the chromatin of the nucleus,
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TABLE 2—Matched controfs.

Matched Control

Sequence Diagnosis Age Sex  Lowest T4, ug/dL
1 esophageal varices 47 M 6.2
2 angioblastic lymphadenopathy 38 M 7.2
3 small cell carcinoma 42 M S.7
4 chronic obstructive pulmonary disease 69 M 4.8
5 idiopathic pulmonary hypertension 29 M 8.2
6 cholangiocarcinoma 48 M 6.8
7 pancreatic carcinoma 51 M 5.8
8 arteriosclerotic heart disease 46 M 7.8
9 petforated ulcer 31 M 9.2

10 small cell carcinoma 47 M 6.1
11 ductal carcinoma 43 F 8.2
12 esophageal varices 58 M 6.8
13 arteriosclerotic heart disease 56 M 8.1
14 arteriosclerotic heart disease 42 M 9.7
15 muitiple myeloma 53 F 8.2
16 lung, large cell carcinoma 48 M 7.1
17 arteriosclerotic heart disease 68 M 8.7
18 lung, squamous carcinoma 46 M 6.1
19 pancreatic carcinoma 42 M 7.3
20 esophageal carcinoma 61 M 6.8
21 chronic myelogenous leukemia 38 M 7.1
22 arteriosclerotic heart disease 53 M 9.6
23 bronchopneumonia and sepsis 48 M 7.7
24 aplastic anemia 49 M 5.0
25 pulmonary embolus 73 M 8.2
26 arteriosclerotic heart disease 38 M 9.3
27 esophageal varices 36 M 7.2
28 arteriosclerotic heart disease 57 M 9.9
29 ischemic bowel 74 M 6.7
30 small cell carcinoma 53 M 7.1
31 arteriosclerotic heart disease 68 M 8.3
32 hodgkin’s lymphoma 28 M 4.7
33 lung, squamous carcinoma 41 M 6.2
34 arteriosclerotic heart disease 46 M 10.6
35 cerebrovascular accident 79 M 7.4
36 arteriosclerotic heart disease 68 M 6.6
37 esophageal carcinoma 57 M 7.2
38 arteriosclerotic heart disease 41 M 9.4
39 pancreatic carcinoma 47 M 5.6
40 ischemic bowel 86 M 6.2
41 arteriosclerotic heart disease 56 M 9.8
42 arteriosclerotic heart disease 57 M 8.3
43 lung, squamous carcinoma 62 M 7.1
44 lymphoma 39 M 6.2
45 small cell carcinoma 47 M 5.9
46 arteriosclerotic heart disease 53 M 8.7
47 esophageal carcinoma 63 M 7.1
48 pancreatic carcinoma 53 M 6.8
49 lung, adenocarcinoma 49 M 8.1
50 arteriosclerotic heart disease 78 M 6.4

“Expired three months later.
bExpired tive months later.
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whether the hormone is present or not [9]. Hormonal uptake by cells proceeds readily al-
though little is known about the exact mechanism. Thus, a low T4 level in the serum may re-
flect increased binding to teceptors by the less active of the two hormones, accounting for
varying and occasionally high T3 levels in the serum.

The most likely explanation is that T4 is deiodinated to T3 in extrathyroid tissue also, par-
ticularly liver and kidney, and that 80% of the daily production of T3 comes from this
source, with the remaining 20% being produced by the thyroid [10]. Thus, the dying patient
with a low T4 and high T3 may be manifesting increased liver and kidney activity in an at-
tempt to generate the more active hormone. The dying patient with a low T4 and low T3 level
may reptesent failure of the liver and kidney too. In either situation, the histologic picture of
the thyroid gland is normal, suggesting that the changes are extrathyroid.

For the forensic pathologist, the vitreous sample is useless since postmortem values of T4
in the eye are not detectable as early as 2 h following death (personal experience) even
though thyroglobulin-like material is found in normal human orbital muscle [/1]. The post-
mortem values of T4 in the serum decrease with time, although the rate is highly variable,
too unreliable for dating time of death [12]. In this study by Coe [12], an antemortem sample
was analyzed but the collection time preceding death is not mentioned. However, the T4
values for those dying of arteriosclerotic heart disease are markedly higher than for those dy-
ing of other causes. One of the conclusions reached by Coe was that although postmortem
values may be suggestive of hypothyroidism, no glandular abnormality existed. The findings
presented here indicate that although antemortem values may be suggestive of hypothyroidism,
again no glandular abnormality exists. Indeed, it is hypothyroxinemia and not hypothyroidism;
as such, it is a manifestation of chronic disease and not the cause.

Conclusion

This study indicates that hypothyroxinemia is indeed common in debilitated, chronically
ill patients such as alcoholics with bleeding varices and respiratory cripples. The forensic
pathologist must exhibit great caution before considering hypothyroidism as a cause of death
in the debilitated patient.
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