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NONTHYROIDAL ILLNESS SYNDROME IN 
PATIENTS WITH SUBARACHNOID HEMORRHAGE 
DUE TO INTRACRANIAL ANEURYSM

Luiz Augusto Casulari1, Paola Mangieri2, Luciana A. Naves3, 
Kunio Suzuki2, Moema Ferreira4, Lucilia Domingues3

ABSTRACT - We have previously reported that subarachnoid hemorrhage due to ruptured intracranial
aneurysm (SH) is associated with changes in the hormonal profile in the first 24 hours after the event. We
proposed that the hormonal changes observed are due to the intense stress to which the patients are
exposed. However, the thyroidal hormonal profile is indicative of the presence of a nonthyroidal illness
syndrome (NTIS). In this paper, we examined whether the change in the thyroid hormone profile is compat-
ible with a NTIS. Two groups of patients were included in the study: A) 30 patients with SH (21 females and
9 males; 41.7±11.4 years) and B) a control group including 25 patients with benign diseases of the spine
(BDS) (lumbar disc hernia or stable spinal trauma) (8 females and 17 males; 41.3±14.2 years). In a subgroup
of eight patients of each group serum triiodothyronine (T3) and reverse T3 levels were measured. The
blood samples were obtained between 8:00 and 9:00 AM. The following results were obtained: The SH
group had smaller serum T3 and free T4 levels than the BDS group (p<0.05): T3 (ng/mL): SH = 58.7±1.1 and
BDS = 74.5±13.9; free T4 (ng/dL): SH = 0.9±0.2 and BDS = 1.1±0.3. There was no significant difference in the
serum levels of total thyroxine (T4) and thyroid-stimulating hormone (TSH) between the two groups: T4
(µg/dL): SH = 6.9±1.1 and BDS = 7.4±2.1; TSH (µUI/mL): SH = 1.5±0.8 and BDS = 1.8±1,0. In the sample of
eight patients of each group we had the following results: T3 (ng/mL): SH = 66.8±3.8 and BDS = 77.2±1.1 (p
<0.05); reverse T3 (ng/dL): SH = 32.8±8 and BDS = 24.7±2.2 (NS); T3/ reverse T3 ratio: SH = 2.6±0.3 and BDS
= 3.3±0.4 (NS). Thyreoglobulin and microsomal antibodies were not detectable, except in one patient in
the SH group. In conclusion, the SH patients present serum levels of T3 and free T4 significantly lower than
that of BDS patients; the thyroidal hormone profile suggests that SH patients have developed the nonthy-
roidal illness syndrome. 

KEY WORDS: cerebral aneurysm, euthyroid sick syndrome, nonthyroidal illness syndrome, subarachnoid
hemorrhage, thyroid hormones.

Sindrome da doença não tiroideana em pacientes com hemorragia subaracnoidea devida a
aneurisma cerebral

RESUMO - Nós apresentamos previamente que a hemorragia subaracnoidea devido à ruptura de aneuris-
ma intracraniano (SH) está associada com alterações no perfil hormonal nas primeiras 24 horas após o
evento. Nós propusemos que as alterações hormonais observadas são devidas ao intenso estresse ao qual
os pacientes estão expostos. Contudo, o perfil hormonal tireoidiano é indicativo da presença da síndrome
da doença não tireoidiana (NTIS). Neste trabalho, examinamos se as alterações no perfil dos hormônios
tireoidianos são compatíveis com a NTIS. Dois grupos de pacientes foram incluídos no estudo: A) 30 pa-
cientes com SH (21 mulheres e 9 homens; 41,7±11,4 anos) e B) um grupo controle incluindo 25 pacientes
com doenças benignas da coluna (BDS) (hérnia de disco lombar ou estável trauma da coluna) (8 mulheres
e 17 homens; 41,3±14,2 anos). Em um subgrupo de oito pacientes de cada grupo os níveis séricos de triio-
dotironina (T3) e T3 reverso foram medidos. As amostras de sangue foram obtidas entre 8:00 e 9:00. Os
seguintes resultados foram obtidos: o grupo SH teve menores níveis de T3 e T4 livre do que o grupo BDS
(p<0,05): T3 (ng/ml): SH = 58,7±1,1 e BDS = 74,5±13,9; T4 livre (ng/dl): SH = 0,9±0,2 e BDS = 1,1±0,3. Não
ocorreram diferenças significativas nos níveis de tiroxina total (T4) e de hormônio estimulante da tireóide
(TSH) entre os dois grupos:  T4 (µg/dl): SH = 6,9±1,1 e BDS = 7,4±2,1; TSH (µUI/ml): SH = 1,5±0,8 e BDS =
1,8±1,0. Na amostra de oito pacientes de cada grupo tivemos os seguintes resultados: T3 (ng/ml): SH =
66,8±3,8 e BDS = 77,2±1,1 (p <0,05); T3 reverso (ng/dl): SH = 32,8±8 e BDS = 24,7±2,2 (NS); relação T3/ T3
reverso: SH = 2,6±0,3 e BDS = 3,3±0,4 (NS). Anticorpos antitireoglobulina e antimicrossomal não foram
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In a previous paper we showed that during the
first 24 hours after a spontaneous subarachnoid
hemorrhage due to a rupture of an intracranial
aneurysm (SH), the patients presented a hormon-
al secretion profile characterized by an increased
cortisol serum level in all patients, prolactin levels
higher than normal in a few patients, and normal
levels of follicle stimulating hormone (FSH) and
luteinizing hormone (LH) (according to the age
and sex). In relation to the thyroid hormones we
observed a decrease of the triodiodothyronine
(T3) levels in a large part of the patients, but in the
presence of normal levels of total thyroxine (T4)
and thyroid-stimulating hormone (TSH) in most
of the cases1. This hormonal profile could be ex-
plained by the intense stress to which the pati-
ents are submitted during the first 24 hours fol-
lowing SH1. However, the thyroidal hormonal pro-
file of SH patients suggests that they might have
developed a Nonthyroidal Illness Syndrome (NTIS),
a currently preferred designation because it does
not involve the definition of the metabolic state
of the patient2. Based on the assumption that pa-
tients with that abnormality are not hypothyroid,
in spite of the low T3 level, that condition is also
denominated Euthyroid Sick Syndrome or low-T3
syndrome2-4. The main laboratory characteristics
of NTIS is a decrease of the serum T3, accompa-
nied by an increase of T3 reverse levels, associated
or not with normal levels of TSH and total T42-4.
The fall of T3 serum concentrations is due to the
decrease of the conversion of T4 to T3 in the pe-
ripheral tissue, including liver and kidneys, that
are responsible for the genesis of T3 which main-
tains the physiologic circulating levels of this hor-
mone2,3,5. Another step which might affect the
transformation of T4 into T3 is the difficulty of
T4 entrance into the cell where it is metabolized6-8.

Concomitantly with the decrease of the T3 se-
rum levels, an increase of the reverse T3 concen-
trations might occur. This increase is probably
produced by a decreased metabolism of reverse
T3, due to the reduction of the 5‘ - monodeiodi-
nase activity, but also by an increased rT3 produc-
tion from T42,3. The conversion of T4 into T3 and

the deiodination of reverse T3 seem to be cataly-
zed by the same enzyme. If this enzyme is inhib-
ited, a reduction in the T3 serum level might be
observed, in parallel with an increase in the re-
verse T3 serum concentrations9. NTIS has been de-
monstrated in patients with septicemia, acute my-
ocardial infarction, severe chronic diseases and in
patients subjected to complex surgeries2-4. It has
been discussed whether NTIS could be interpret-
ed as a beneficial adaptive response of the orga-
nism to spare calories and protein inducing an
hypothyroid state. However, patients with NTIS
in the mildest form have reduced serum T3 levels,
but without clinical signs of hypothyroidism2,10.
Moreover, it is not clear if the decrease of the se-
rum T3, in absence of decrease in T4 levels, would
result in some adverse effect in the organism, or
if it is associated with increase in the mortality11.
The need of thyroid hormone replacement in the
patients with NTIS is controversial. The adminis-
tration of T4 or T3 does not affect the prognosis
of seriously sick patients12-14, but it has been pro-
posed that the thyroid hormone replacement
may be beneficial in some patients2.

The aim of the present study is to evaluate the
hormonal thyroid profile in patients with SH in
the first 24 h after the ictus and to determine whe-
ther their hormonal profile is compatible with
NTIS. A group of patients with benign diseases of
the spine served as controls. To our knowledge,
this is the first study performed to evaluate the
possible presence of NTIS in patients affected by
subarachnoid hemorrhage due to a ruptured in-
tracranial aneurysm.

METHOD
Patients - Two groups of patients hospitalized at

the Neurosurgery Unity of the “Hospital de Base do
Distrito Federal” were included in the study from Au-
gust to December 2000. The first group was composed
of 30 patients with spontaneous subarachnoid hemor-
rhage due to a ruptured cerebral aneurysm (SH): 21
females and 9 males, aged 41.7±11.4 years on average.
According the Hunt & Hess scale15 nine patients were
classified as belonging to grade I, thirteen to grade II,
and eight to grade III. The second group was compo-

detectáveis, exceto em um paciente no grupo SH. Em conclusão: os pacientes com SH apresentam níveis
séricos de T3 e T4 livre significativamente menores do que aqueles com BDS; o perfil hormonal tireoidiano
sugere que os pacientes com SH desenvolvem a síndrome da doença não tireoidiana. 

PALAVRAS-CHAVE: aneurisma cerebral, hemorragia subaracnóidea, hormônio tiróide, síndrome do doen-
te eutiroideo, síndrome da doença não tiroidiana.
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RESULTS
As shown in Table 1, T3 and free T4 levels were

lower in the SH than in BDS patients (p <0.05). T4
levels were also lower in the SH than in the BDS
patients, but this difference was not statistically
significant. TSH levels were similar in both groups.

In the individual analysis, it can be appreciat-
ed that 12 (40%) patients of the SH group had T3
levels lower than normal, while none of the BDS
group had reduced levels. TSH, total T4 and free T4
levels were normal in all patients of both groups.

Due to observation that patients with SH had
T3 and free T4 serum levels lower than those with
BDS (Table 1), we analyzed the possibility that
the patients with SH had alterations in the meta-
bolism of the thyroid hormones. Eight patients
of each group were studied and the results are
shown in Table 2. Serum T3 levels were signifi-
cantly lower in the SH group than in the BDS
group (p <0.01). Serum reverse T3 levels and T3/
reverse T3 ratio were higher in the patients with
SH, but the differences were not statistically sig-
nificant as compared with BDS patients. 

Analyzing these results individually, no pati-
ent had T3 levels below of normal range in the
both groups; reverse T3 levels were higher than
normal range in the two patients of the SH group,
but in none of BDS group; five patients of each
group had T3/reverse T3 ratio lower than normal
range and in other three patients the levels were
normal. 

All the patients of this subgroups had normal
levels of TSH and total T4 and there was no sta-
tistically significant difference between the group
means: SH group: TSH = 1.6± 0.9 µU/mL and T4 =
7.4 ±1.8 µg/dL; BDS group: TSH = 1.3± 0.4 µU/mL
and T4 = 7.1± 2 µg/dL.

Antithyreoglobulin antibodies were not de-
tected in any patient, while antimicrosomal anti-
body were present in a single patient of the SH
group who had normal hormonal levels. 

Evolution
All the patients with SH were submitted to

surgical treatment. Most (70%) of the patients
were finally classified in grade 4 and 5 of the prog-
nostic Glasgow Scale. All the patients with BDS
had a favourable evolution.

DISCUSSION

In a previous paper1, we observed that pati-
ents with SH have a tendency to show lower T3

sed of 25 patients with benign diseases of the spine
(BDS) (lumbar disc hernia or stable spinal trauma): eight
females and 17 males, aged 41.3±14.2 years on avera-
ge. The difference between the age of SH and of BDS
patients was not statistically significant. Serum T3 and
reverse T3 levels were evaluated in 8 SH and 8 BDS pa-
tients: six females and two males with SH and two fe-
males and six males with BDS. These 16 patients were
included in the study in November. 

The diagnosis of SH was based on anamnestic and
physical findings and on the brain computerized tomo-
graphy. The presence of the aneurysm was determined
by a four-vessel conventional x-ray angiography (both
carotids and both vertebral arteries) through femoral
artery catheterism. At admission to the hospital the pa-
tients were evaluated clinically and classified according
to the Hunt & Hess scale15. Before discharge they were
also evaluated by the prognostic Glasgow scale16. The
diagnosis of BDS was made by anamnestic and physical
findings and by spine computerized tomography and/
or magnetic resonance imaging. All the patients were
followed until discharged from the hospital. 

The inclusion criteria utilized for SH patients were:
spontaneous subarachnoid hemorrhage due to a rup-
tured cerebral aneurysm; grade I to III in the Hunt &
Hess scale; absence of associated systemic diseases, such
as renal, heart or respiratory failure and diabetes mel-
litus. The exclusion criteria for SH patients were: non
aneurysmatic subarachnoid hemorrhage; grade IV and
V of the Hunt & Hess scale; patients with associated sys-
temic diseases or using previously confounding drugs17.

The BDS patient inclusion criteria were stable spi-
nal trauma or lumbar disc herniation and absence of
associated systemic diseases. The BDS patient exclusion
criteria were: patients with other spine diseases; asso-
ciated systemic diseases or use of confounding drugs17.

Hormonal assays - Blood samples were collected
before angiography and surgery, at the time between
8 and 9 AM, within 24 hours from ictus, centrifuged at
3000 rpm, for 10 minutes; serum was stored at -20° C
until assayed. Laboratory evaluations were done by
commercial kits: T3, T4, free T4, and TSH were assayed
by immunofluorimetry (Autodelphia - São Paulo); re-
verse T3 by radioimmunoassay (Gemels - São Paulo);
antithyreoglobulin and antimicrosomal antibodies by
indirect hemoagglutination (Bayer - São Paulo).

Statistical analysis - Data were analyzed by Kruskal-
Wallis test for independent groups; the level of signif-
icance was fixed at p <0.05. The results are presented
as mean ± standard error (M±SE). 

This study was approved by the Committee of Ethics
in Research of the “Secretaria de Estado de Saúde do
Distrito Federal”. Patients or their legal representati-
ves signed the informed consent for participation in
the study.
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serum levels than expected. Such impression was
confirmed in the present study, where T3 levels
were significantly lower than those found in pa-
tients with BDS. We also observed that the pati-
ents with SH had lower free T4 serum levels than
those with BDS and that the reverse T3 serum le-
vels showed a tendency to be higher in SH pati-
ents, as compared with those of BDS patients.
TSH and total T4 serum levels were normal in
both groups of patients. The absence of antibod-
ies against thyroid might be considered indicati-
ve of the absence of primary hypothyroidism. This
hormonal pattern observed in patients with SH
confirms our initial hypothesis that these patients
may develop NTIS.

The main hormonal alteration in NTIS is a de-
crease of the T3 serum levels. T3 is the thyroid hor-
mone more active in the body, possessing 3 to 4
times more metabolic potency than T4. T3has in-
dispensable importance in lipid and carbohydra-
te metabolisms and in the generation of energy.
It is produced by the thyroid, but its principal ori-
gin (80%) is the deiodation of the distal ring of
T4 in the peripheral tissue9. 

Three classes of iodothyronine deiodinases pro-
duce T4 deiodination. The most important path-
way for T4 metabolism is its outer ring (5’) mono-
deiodination to the active thyroid hormone T3,
catalyzed by type 1 and type 2 deiodinases.

The type I enzyme is present in the thyroid, li-
ver, and kidneys, and it is responsible for most of
T3 found in the plasma. Type II enzyme has a lim-
ited activity, it is present at the level of the cen-
tral nervous system, pituitary, and brown fat tis-
sue. Type III enzyme produces inner ring deiodi-
nation, and it is found in the placenta, skin, and
brain. This enzyme removes the iodine of the ra-
dical tyrosil of T4 or of T3, originating the inacti-

Table 1. Thyroid hormone levels in 30 patients with subarachnoid hemorrhage

due to a ruptured intracranial aneurysm and in 25 patients with spine diseases.

Hormone Subarachnoid Spine diseases Normal range

hemorrhage

T3 (ng/dL) 58.7±1.1 * 74.5±13.9 45 to 137 

T4 (µg/dL) 6.9±1.1 7.4±2.1 4.5 to 12

Free T4 (ng/dL) 0.9±0.2 * 1.1±0.3 0.7 to 1.9

TSH (µUI/mL) 1.5±0.8 1.8±1.0 0.5 to 4.7

*p<0.05

Table 2. Serum T3 and reverse T3 levels and T3/reverse T3 ra-

tio in eight patients with subarachnoid hemorrhage due to a

ruptured intracranial aneurysm and in eight patients with be-

nign diseases of the spine.

Normal T3 (ng/dL) reverse T3 T3/reverse T3

range (45 to 137) (ng/dL) (3,4 to 5,6)

(8 to 40)

Subarachnoid hemorrhage

MFS 59 25.2 2.3

OB 75 84.6 0.8

MD 46 13.5 3.4

JSF 72 31.6 2.7

ML 59 14.2 4.1

GS 72 44.2 1.6

MIS 76 24.8 3.0

MLG 76 24.5 3.4

Mean±SD 66.8 ±3.8* 32.8±8 2.6±0.3

Benign disease of the spine

JP 80 16.6 4.8

MD 76 28.3 2.6

SB 72 31.5 2.2

MJP 82 14.4 5.6

JC 76 21.9 3.4

AM 77 28.5 2.7

CG 80 28.5 2.8

DM 75 28.2 2.6

Mean±SD 77.2±1.1 24.7±2.2 3.3±0.4

*p<0.01 Vs. benign pathology of the spine
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ve metabolites reverse T3 and iodotironine, res-
pectively9

The inhibition of the type I enzyme activity, that
converts T4 to T3, is the probable cause of the T3
serum levels reduction in NTIS2-4. This enzyme is
selenium dependent and the deficiency of this
oligoelement has been described in the patients
with NTIS18. We have previously described an in-
crease in cortisol serum levels in patients with
SH1 which can play a role in the NTIS pathophysi-
ology. Pharmacological doses of glucocorticoids
block the conversion of T4 to T3, increasing the
conversion to reverse T39,19. TNF alpha20 and IL-621

might also be involved in the blockade of the ty-
pe I enzyme in those patient with NTIS, as indi-
cated by Michalaki et al.22. Another mechanism
that can interfere in the transformation of T4 to
T3 in NTIS, might be the difficulty of T4 to enter
the cells to be metabolized by the type I enzy-
me6-8. Parallel to the decrease of T3 levels, an in-
crease of the levels of reverse T3 occurs in the pa-
tients with NTIS2. This is because the same type I
enzyme that transforms T4 in T3, also produces
the degradation of reverse T39. As this enzyme is
inhibited in NTIS, a reduction of the T3 serum le-
vels and an increase in the reverse T3 serum con-
centrations might be observed. Reverse T3 is pro-
duced exclusively from metabolism of T4 and its
blood concentrations reflect a combination of
this metabolic process and its degradation3.

Our data show that there was an increase of
the reverse T3 levels in the patients with SH, as
compared with those with BDS, but this differen-
ce was not statistically significant. As the blood
samples were taken within 24 hours after the
ictus, it is possible to suppose that a an alteration
of the metabolism of reverse T3 already exists in
the first hours after SH and that it can probably
become more consistent with the progression of
the clinical picture. In fact, it has been described
that the changes in the reverse T3 levels are cor-
related with the chronicity and gravity of the dis-
eases2-4,11,23. 

Our patients had normal total T4 levels, as it
has been described in the majority of patients
affected by NTIS3. This syndrome can be divided
into three categories, depending on the levels of
total T4, which can be normal, low, or high3. The
first category with normal total T4 levels repre-
sents the great majority of the patients. These pa-
tients usually have less serious diseases, as in the

case of those included in the present study, who
are in the first ranks of the Hunt & Hess scale.

The second category of NTIS is associated to
the decrease of the total T4 levels, as in the case
of the two patient with SH described in the pre-
vious paper1. The decrease of the T4 levels in NTIS
are probably due to a decreased T4 production
(decreased hypothalamic TRH secretion) and to
an increase of its metabolic clearance5,10,11. Total
T4 serum levels are reduced in proportion to the
severity and, probably, to the duration of the dis-
ease5. In acute traumas, as well as, in heart by-
pass surgeries or in short duration fasting, the se-
rum levels of T4 do not decrease. However, with
the increase in the severity of the diseases the
fall in the T4 levels might be prominent. T4 serum
levels below 4 ng/mL are associated with a 50%
probability of death and with levels below 2 ng/mL
the probability reaches the 80%5,24.

The third category of NTIS is characterized by
a decrease of T3 concentrations, but by increased
levels of T4. These patients are usually affected
by systemic diseases and their thyroid hormone
levels go back to the normal, after improvement
of the primary disease2,3. This picture can be con-
fused with T4 thyrotoxicosis, but in the latter sit-
uation the clinical evidence of an associated
hyperthyroidism is also present. We did not have
any patient with high levels of T4 in the present,
as well as in the previous study. This is confirma-
tory of the fact that this last category of NTIS is
less frequent and not so well defined3.  

Free T4 represents the fraction of the hor-
mone that is used by the peripheral tissues. The
levels of free T4 in NTIS are dependent on the as-
say method used and can be influenced by inhi-
bitors present in the serum or by agents such as
drugs, metabolites or free fatty acids present in
the serum or in the assay2. Most of the studies
present levels of free T4 normal or low11,25. Free
T4 levels also depend on the total T4 levels; when
total T4 levels are normal, the free T4 levels do
not appear to be reduced by most of the assay
method2. This occurred in our patients who pre-
sented total and free T4 levels inside of the nor-
mal range. However, free T4 levels were reduced
in comparison with the BDS control group. A simi-
lar situation has been described by other authors26.

In our study TSH levels were normal in the pa-
tients with SH. TSH serum levels are almost al-
ways normal in NTIS, but they have been repor-
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ted to be low or high in some clinical settings25-27.
In our previous study, we have observed that TSH
was increased in five patients1. It is not totally
clear why TSH level might be low or normal in the
presence of low circulating T3. It has been sug-
gested that in the latter situation T3 levels in the
pituitary might remain normal, due the mainte-
nance of the intra-pituitary deiodination activity,
even if in the remaining of the organism T3 for-
mation is reduced4. 

Another possibility explanation might be an
alteration in the TRH secretion by the hypothala-
mus. It has been described that most of the pa-
tients with NTIS have normal TSH responses in the
TRH stimulation test4. A normal response in the
presence of a low basal TSH can suggest an hypo-
thalamic abnormality10,27,28. It has been shown that
the reduction of the glycosylation process of the
TSH molecule makes it immunologically active
and biologically inactive and this process is de-
pendent on the TRH levels10,28. NTIS is multifacto-
rial and it can differ in different groups of pati-
ents. For instance, in patients with hepatic or re-
nal diseases the metabolism of T4 leading to the
formation of T3 and reverse T3 may be more seri-
ously compromised2, while the patients affected
by SH included in our study had normal renal and
hepatic functions. Therefore some of the discrep-
ancies between our study and the others present
in the literature can be related to different clini-
cal situations considered. 

Great controversy exists on the risks and be-
nefits of the replacement treatment with T4 and
T3 in these patients. De Groot2 suggests to use a
thyroid hormone replacement in the patients with
NTIS on the basis of the following evidences: the
production rates of T4 and T3 are reduced; the
hormone levels in the peripheral tissue are decre-
ased; the substitution hormonal therapy has not
shown disadvantages and in some cases it can be
beneficial; the administration of physiologic do-
ses of thyroid hormones improves the hormonal
blood levels29. However, this point of view has not
been accepted by other authors because, in the
patients with NTIS, the benefit of the thyroid hor-
mone replacement has not been clearly shown30-32.
The evolution of our patients with SH was not
influenced by the presence of NTIS. All had a
good prognosis. It should be taken in considera-
tion that our patients were included in the levels
of the Hunt & Hess scale associated with better
prognosis.

We can concluded that the patients with SH
had T3 and free T4 levels significantly decreased
in comparison with the patients with BDS; a ten-
dency to show increased levels of reverse T3 was
also observed, but the difference versus the pa-
tients affected by BDS was not statistically signif-
icant; total T4 and TSH levels were not different
between the two groups of patients. These re-
sults suggest that NTIS is frequent in the patients
with SH, while it has not been shown in any of
the patients with BDS. The prognosis of patients
with SH grade I to III in the Hunt & Hess scale is
not affected by the presence of NTIS.
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