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Abstract
Background

Low serum T3 level is considered as a strong predictor of mortalities and poor prognosis in critical care
patients. Few reports, however, focus on neurocritical patients. The application of hormone replacement
therapy (HRT) in neurocritical patients with low T3 syndrome also remains controversial. We studied the
role of low T3 state as a predictor in neurocritical patients and presented our experience of HRT from a
single-center perspective.

Methods

From January 2012 to October 2018, a total of 32 neurocritical patients with low T3 syndrome were
admitted to the neuro-intensive care unit (NICU) of Peking Union Medical College Hospital. Among them,
18 (56.25%) patients received HRT (HRT group) since the diagnosis of low T3 syndrome, while the other
14 (43.75%) patients did not (non-HRT group). We collected the clinical baseline and laboratory data of
all the patients and conducted follow-up from 3 to 72 months. Overall survival was assessed by the
Kaplan-Meier curve and compared by the log-rank test. Univariate and multivariate regression analysis
was applied to estimate the prognostic power of HRT for mortality. We also performed the Mann-Whitney
U test or t-test to assess the in�uence of HRT on the �nal neurological function.

Results

The cohort consists of 32 patients, with an average Glasgow Coma Scale (GCS) of 6.41 (HRT=6.44±3.14,
non-HRT=6.36±2.06). The neurocritical events include postoperative complications (n=18), traumatic
brain injury (n=8), and spontaneous intracerebral hemorrhage (n=6). A total of 15 (46.87%) deaths were
recorded (HRT=7, non-HRT=8). In the HRT group, the low T3 situation in 5 patients (33.3%) was corrected
and 10 (66.7%) were not. It turns out that the overall survival rate of the non-HRT group was signi�cantly
lower than that of the HRT group (P=0.034, 16.445 vs. 47.470 months). The non-HRT group has 3.322
times the mortality risk of the HRT group, according to univariate regression analysis, while the
multivariate regression analysis showed no signi�cant difference in mortality risk between the two
groups (P=0.087, HR=0.340 95%CI 0.099-1.172). There was no signi�cant difference in the short and
long-term effects of HRT on neurological function (short-term GCS P=0.587, long-term GCS P=0.419, long-
term GOS P=0.419).

Conclusion

Low T3 syndrome can signi�cantly in�uence the prognosis of neurocritical patients. Therefore much
attention should be paid to the changes in serum T3 level during treatment. Although it is unclear to what
extent can HRT improve the short or long-term outcome of neurological function, it can signi�cantly
bene�t the survival of neurocritical patients.
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1 Introduction
Low T3 syndrome has been described in the critical patients but without a prior history of thyroid disease.
The most common manifestations include low triiodothyronine (T3) level, average or low thyroid-
stimulating hormone (TSH) level and increased reverse triiodothyronine (rT3) level.

Many studies have shown that a low T3 level was an independent predictor of poor prognosis in
neurocritical patients1 − 3, and low T3 syndrome can in�uence various systems. For example, some
studies found a rapid fall in serum T3 and T4 levels within 15 to 30 minutes after the initiation of cardiac
bypass surgery and that change could last for days4. There is a strong positive correlation between low
serum T3 and poor prognosis in patients with end-stage renal diseases5. Similarly, low T3 level is also a
valid predictor of disease outcome in patients in intensive care units3, 6. Patients with severe neurological
diseases often have more complications and higher mortality rates, for which low T3 state is also an
important prognostic indicator, as supported by plenty of evidence. Lieberman et al. found that the
thyroid function of 87% of individuals with severe traumatic brain injury fell below the mid-normal value7.
Many reports also showed that low T3 syndrome is one of the indicators of poor prognosis for cerebral
infarction patients1, 8. Their �ndings indicated the participation of central hypothyroidism in the most
critical patients and it might be related to disturbance of thyroid hormone metabolism. Low T3 syndrome
is common in patients with brain tumors and is positively correlated with shorter survival of glioma
patients9. Despite the above, whether the thyroid hormone abnormalities are a physiological adaptation
or a pathological change, is still debated10, 11. Whether these changes are pathologic or physiologic and
whether hormone replacement therapy (HRT) can bene�t such patients, require further research. Here we
aim to summarize the clinical features and outcomes of neurocritical patients with a low T3 level.

2 Methods

2.1 Patient Population and Setting
A retrospective review was performed on the medical records of patients admitted to the neurosurgery
department of Peking Union Medical College Hospital between January 2012 and October 2018. We
collected data from 1201 patients with triiodothyronine lower than the ordinary level and eliminated those
with primary thyroid diseases. Totally 32 neurocritical patients with low T3 levels were included in the
cohort, among which 18 received HRT and 14 did not. The HRT received contains a daily dose of 100 ug
of oral levothyroxine sodium tablet starting right after the diagnosis of low T3 states (treatment course:
18 days, median range: 5.75-30 days, 25-75th percentile). All patients were followed up through phone
consultation for 3 months to 6 years. Table 1 summarizes the diagnosis and comorbidities of patients.
The cohort was 50% male (median age = 46, 38–54 years, 25-75th percentile) and 50% female (median
age = 56, 46.7–74 years, 25-75th percentile). In terms of neurocritical events, 18 cases of postoperative
complications including intracranial hemorrhage (n = 3), subarachnoid hemorrhage (n = 2), cerebral
infarction (n = 4), acute hydrocephalus (n = 3), central nervous system infection (n = 4) and severe cerebral
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edema (n = 5), were recorded, and eight cases of severe traumatic brain injury as well as six spontaneous
intracerebral hemorrhage were diagnosed. During the progression of diseases, infection of the central
nervous system (n = 14), pulmonary infection (n = 22) and heart failure (n = 8) also emerged.
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Table 1
Clinical diagnoses of patients

Clinical diagnoses of patients Number of patients

Cerebral
Operation related complication*

18

Traumatic brain injury 8

Spontaneous intracerebral hemorrhage 6

CNS infection 14

Subarachnoid hemorrhage 3

Ischemic stroke 1

Hydrocephalus 4

Hyponatremia 1

Central diabetes insipidus 4

Central pontine myelinolysis 1

Respiratory  

Pulmonary infection 22

Pulmonary embolism 1

Respiratory failure 4

Cardiovascular  

Heart failure 8

Malignancy arrhythmia 5

High blood pressure 11

Intestinal  

Gastrointestinal bleeding 1

Urinary tract  

Urinary tract infection 4

Acute kidney injury 5

One patient can have more than one diagnosis, so the sum exceeds the absolute number of patients.
*18 cases of postoperative complications include intracranial hemorrhage (n = 3), subarachnoid
hemorrhage (n = 2), cerebral infarction (n = 4), acute hydrocephalus (n = 3), central nervous system
infection (n = 4) and severe cerebral edema (n = 5). End-stage of death cases are often combined with
multiple organ dysfunction.
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Clinical diagnoses of patients Number of patients

Endocrine  

Type 2 diabetes 7

Blood system  

Bacteremia 1

Chronic myeloid leukemia 1

One patient can have more than one diagnosis, so the sum exceeds the absolute number of patients.
*18 cases of postoperative complications include intracranial hemorrhage (n = 3), subarachnoid
hemorrhage (n = 2), cerebral infarction (n = 4), acute hydrocephalus (n = 3), central nervous system
infection (n = 4) and severe cerebral edema (n = 5). End-stage of death cases are often combined with
multiple organ dysfunction.

2.2 Data Collection
Data of all the patients with low T3 syndrome, which were adequately followed up, were analyzed. We
recorded demographic information (name, gender, age, etc.), primary or secondary neurocritical events
and their complications, and past disease history (e.g., cardiovascular diseases and infectious diseases).
Total cortisol level test, liver function test, renal function test, complete blood cell analysis, coagulation
function test and myocardial enzyme test were conducted using fasting blood samples to help evaluate
the condition and progression of disease. We only took data from critical conditions into account if
multiple test results exist. GCS at different stages were obtained from the medical records. Glasgow
Outcome Scale (GOS) and the last GCS were obtained from follow-up.

2.3 Laboratory Measurements
All tests were conducted in the same laboratory using standard methods. The laboratory department of
Peking Union Medical College Hospital has established its reference range. Serum fT3 (normal range:
1.80–4.10 pg/ml), T3 (normal range: 0.66–1.92 ng/ml), fT4 (normal range: 0.81–1.89 ng/dl), T4 (normal
range: 4.30–12.50 ug/dl) and TSH (normal range: 0.38–4.34 µlU/ml) levels were measured by enzyme-
linked immunosorbent assay (ELISA) from samples collected under critical conditions.

2.4 Statistical Analysis
Data analysis was performed using IBM SPSS 24.0 Statistical Software (SPSS Inc., Chicago, IL, United
States). The Kolmogorov-Smirnov test was used to determine the distribution of continuous variables.
For data of a non-normal distribution, results were presented as median and range and were compared
using the Mann-Whitney U test. For normally distributed data, results were reported as mean ± SD and
were compared by t-test. Survival curves of HRT were calculated by the Kaplan-Meier method and
differences in survival were estimated using the log-rank test. The differences were considered to be
statistically signi�cant when P < 0.05. We also performed a Cox proportional hazards model, determined
relative risks for mortality using univariate and multivariate Cox regression analysis, and presented as
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hazard ratio (HR; 95% Cl). Covariates tested in the Cox model were gender, age, BMI, fT3, GCS and HRT.
Variables were included in the multivariate analysis if they had a P-value < 0.05 in the univariate analysis
or if the factors were regarded as clinically important confounders. When two-tailed P < 0.05, the results
were considered to be statistically signi�cant.

3 Results

3.1 Patients and Management
A total of 16,830 patients attended the neurosurgery department of Peking Union Medical College
Hospital and completed the thyroid function test during January 2012 and October 2019. Out of the
16,830 patients, 1201 (7.13%) of them had lower-than-normal free triiodothyronine levels. Among them,
we excluded 343 (28.56%) outpatients and another 826 (68.77%) patients were also excluded due to the
absence of neurocritical events during hospitalization. Eventually, we admitted 32 (2.67%) patients into
the cohort of this study and none of them had primary thyroid diseases or were taking medications that
could affect thyroid hormones. The median age of all the subjects was 53 years (range 41.25-64, 25-75th
percentile) and the cohort was 50% male and 50% female. All patients had a GCS no more than 11 during
neurocritical events. The top 3 neurocritical events are postoperative complications (3 intracranial
hemorrhage, 2 subarachnoid hemorrhages, 4 cerebral infarction, 3 acute hydrocephalus, 4 central nervous
system infection and 5 severe cerebral edema), traumatic brain injury (n = 8), and spontaneous
intracerebral hemorrhage (n = 6) (Fig. 1). Of the patients, 68.75% had pulmonary disease (22 cases of
pulmonary infection, 1 pulmonary embolism and 4 respiratory failure) and 34.37% had cardiovascular
disease (8 cases of heart failure, 5 malignant arrhythmias and 11 hypertension). We summarized the
diagnosis information in Table 1.

3.2 Lab Test Findings and Outcomes
The baseline data and lab �ndings are as shown in Table 2. The HRT group had a median age of
46 years and that of the non-HRT group is 54 years. There was no signi�cant statistical difference
between the age of both groups (P = 0.059), nor between gender (P = 0.164) and between BMI (P = 0.319).
All the subjects had average free triiodothyronine (fT3), free thyroxine (fT4), T3, T4, and TSH of
1.38 pg/ml, 0.94 ng/ml, 0.411 ng/ml, 4.58 µg/dl, and 0.47 µlU/ml, respectively. Twenty-two (52%)
patients had lower-than-normal fT4 levels, and 14 (33.3%) patients had a normal TSH level. The non-HRT
group had a higher median total cortisol concentration (9.75 µg/dl) than the HRT group (4.66 µg/dl), but
with no statistical difference (P = 0.253). All 32 patients presented a median GCS at 6 (HRT = 5.5, non-
HRT = 6) with no statistical difference between two groups either (P = 0.722). The mean GCS reached
8.50 ± 0.73 (HRT = 8.17 ± 1.07, non-HRT = 8.93 ± 0.98, P = 0.587) when they were discharged. In the follow-
up period, the mean GCS of all patients was 8.56 ± 0.97 (HRT = 9.33 ± 1.28, non-HRT = 7.57 ± 1.49, P = 
0.419). 14 (43.8%) patients encountered infection of central nervous system (HRT = 10 or 55.55%, non-
HRT = 4 or 28.57%). There was a total of 15 (46.9%, HRT = 7 or 38.88%, non-HRT = 8 or 57.14%) death in
our study.
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Table 2
Baseline data

Characteristics Total patients
(n = 32)

HRT
(n = 18)

Non-HRT
(n = 14)

Demographic characteristics      

Age-years* 53(41.25-64) 46(37.75–58.75) 54(49-75.25)

Male sex (%) 50(n = 16) 38.8(n = 7) 64.28(n = 9)

BMI (kg/m2) 24.20 ± 0.59 24.72 ± 0.74 23.53 ± 0.76

Thyroid hormones      

fT3(pg/ml) 1.46 ± 0.04 1.44 ± 0.06 1.49 ± 0.05

fT4(ng/ml) 1.04 ± 0.16 1.11 ± 0.28 0.95 ± 0.09

T3(ng/ml) 0.40 ± 0.02 0.36 ± 0.03 0.45 ± 0.04

T4(µg/dl) 4.72 ± 0.43 3.75 ± 0.40 5.90 ± 0.71

TSH(µIU/ml) 1.12 ± 0.37 0.97 ± 0.52 1.33 ± 0.53

Laboratory �ndings      

Blood cortisol(ug/dl)* 4.83(1.54–15.86) 4.66(1.32–12.04) 9.75(2.10-22.24)

Blood sugar (mmol/l) 9.95 ± 0.79 10.18 ± 1.11 9.66 ± 1.16

Albumin(g/l) 30.69 ± 0.88 31.39 ± 1.37 29.79 ± 0.97

Hemoglobin(g/l) 90.75 ± 3.27 92.61 ± 4.18 88.36 ± 5.32

White blood cell(× 109)* 15.86(12.93–20.54) 17.66(13.09–21.32) 13.71(10.10-17.36)

Fibrinogen(g/l) 3.98 ± 0.36 3.51 ± 0.48 4.59 ± 0.53

Clinical �ndings      

GCS* 6(5-8.75) 5.50(3.75–10.25) 6(5–8)

GCS at discharge 8.50 ± 0.73 8.17 ± 1.07 8.93 ± 0.98

GCS (follow-up) 8.56 ± 0.97 9.33 ± 1.28 7.57 ± 1.49

GOS (follow-up) 2.75 ± 0.31 3.00 ± 0.41 2.43 ± 0.47

CNS infection (%) 43.8(n = 14) 55.55(n = 10) 28.57(n = 4)

Survival outcome(death%) 46.9(n = 15) 38.88(n = 7) 57.14(n = 8)

*For data following non-normal distribution, results were expressed as median and range (median,
25–75th percentile). For data following a normal distribution, results were expressed as mean ± SD.
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3.3 Thyroid Function after Oral Administration of
Levothyroxine Sodium
Before receiving HRT (100 µg oral levothyroxine sodium daily), all patients were in accordance with
typical low T3 syndrome manifestation, with serum fT3 levels lower than normal range. Fifteen patients
in the HRT group were re-tested for thyroid function after treatment. The median time of the second test
was 9 days (8–15 days, 25-75th percentile) after oral administration of levothyroxine sodium. Five
(33.3%) of them regained normal fT3 level (mean = 2.29 ± 0.12) while the other 10 (66.7%) still has an
abnormally low level of fT3 (mean = 1.39 ± 0.08). We compared the second results of fT3 (1.69 ± 0.51),
fT4 (1.00 ± 0.29) and TSH (1.14 ± 2.96) from HRT group with baseline data (1.41 ± 0.06, 1.15 ± 0.34, and
1.13 ± 0.62, respectively) using paired-samples t-test and found no statistical difference between them (P 
= 0.146, P = 0.671, P = 0.978).

3.4 Effects of Hormone Replacement Therapy

3.4.1 Survival Prognostic Relevance of Low T3
Eighteen patients (HRT group) received oral administration of levothyroxine sodium (100 µg per day,
treatment course median is 18 days, range 5.75-30 days, 25-75th percentile). All 32 patients were
followed up for 3 to 72 months. We compared the median overall survival of patients in the HRT group (n 
= 18) with that of the non-HRT group (n = 14). Kaplan-Meier method and Cox regression survival analysis
were used to calculate the mortality rate at 72 months of follow-up. The median survival of the HRT
group was 47.470 months, which is signi�cantly longer than that of the non-HRT group (median 16.445
months, P = 0.034). Figure 2 shows the Kaplan-Meier curves. In univariate regression analysis, HRT still
made statistical differences, where the non-HRT group had 3.322 times the mortality risk of the HRT
group (P = 0.043, HR = 0.301, 95%Cl, 0.094–0.964), shown as Fig. 3. Though the multivariate analysis,
which includes age and GCS, indicated no statistical difference between the mortality risk of both groups,
the hazard ratio (0.340) between both groups can still be considered as a signi�cant in�uencer of
prognosis (Fig. 4).

3.4.2 Neurological Prognostic Relevance of Low T3
We compared the GCS at discharge and GCS and GOS at the last follow-up session between the HRT
group (n = 18) and the non-HRT group (n = 14). The mean GCS score of the HRT patients at discharge was
8.17 ± 1.07 and the non-HRT ones recorded 8.93 ± 0.98. The t-test showed there was no signi�cant
statistical difference in short-term neurological outcomes between the two groups (P = 0.615). The mean
GCS score at the last follow-up of the HRT patients was 9.33 ± 1.28 and the non-HRT was 7.57 ± 1.49.
There was still no statistical difference between the two groups (P = 0.419). The mean GOS at the last
follow-up of the two groups was 3.00 ± 0.41 and 2.43 ± 0.47, with no statistical difference, con�rmed by t-
test. (Fig. 5)
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4 Discussion
Reichlin and Protnay et al. had found that the thyroid hormone levels dropped in some critical patients
without thyroid diseases back in the 1970s. Then, in 1982, Leonard Wartofsky and Bunnan from
Washington Hospital proposed the concept of low T3 syndrome12. The low T3 syndrome is a disorder in
thyroid hormone metabolism under various stress states, most commonly with the reduction in
triiodothyronine as early as 24 hours after onset13. The primary mechanism behind the change is the
inhibition of 5'-deiodinase. Usually, the free T4 level is among the normal range but could slightly exceed
the limits. We observed a decline in T3 in our cohort at an average of 10 days after neurocritical events,
and half of the subjects showed normal T4 levels. 5'-deiodinase activation induces the conversion of T4
into serum reverse triiodothyronine (rT3), which usually elevates in non-thyroid disease. However, many
studies con�rmed that the increase of rT3 could not accurately distinguish non-thyroid disease from
hypothyroidism14.

The low T3 state was regarded as an independent predictor of mortalities in critical patients, especially
for critical events and heart failure caused by any incidences15. Low T3 level, cardiac risk factors and
mortality are strictly related16. The abnormal thyroid hormone levels were in companion with the failure
of other systems or organs. According to a study on hormones in patients with end-stage renal disease
undergoing hemodialysis, 44.3% of all 167 subjects had low T3 syndrome, which is also associated with
mortalities of 6 months and 12 months (P = 0.007)5. The liver is involved in the conversion of
tetraiodothyronine (T4) into triiodothyronine (T3), and patients with liver cirrhosis often had thyroid
hormone abnormalities. A study demonstrated that nearly 67% of liver cirrhosis patients in intensive care
units (ICU) had low T3 syndrome, and fT3 and fT4 levels may be used as predictors of mortality in such
critical patients17. Wehmann et al. found that the incidence of low T3 syndrome in hematological
malignancies was 54%18. Wawrzyńskaet al. tested thyroid hormone concentration in severe respiratory
failure patients in ICU and found that low T3 syndrome seems to be related to the decrease of PO2. Dying
patients can have the lowest total T3 level, while the increase of TT3 serum concentration closely
correlates with the improvement of the clinical state of patients12. Low fT3 levels have been interpreted
as a physiological response aimed to reduce energy expenditure and minimize protein catabolism.
Therefore, low T3 syndrome can be usually found in patients with malnutrition, fasting, and energy
restrictions. A survival analysis of 669 hemodialysis patients with low T3 syndrome showed that
nutritional status might serve as a “bridge” between low T3 levels and mortality. They also reported that
age, cholesterol, and serum albumin concentration could be related to the extent of T3 level decline in
different patients19. Therefore, low fT3 levels might also be an indicator of disease progression.

Neuroendocrine dysfunction (NED) is widespread in neurocritical patients. It has been reported that at
least one NED was found in 35–50% of individuals with severe traumatic brain injury7, 20, 21, and this may
be related to the disorder of the hypothalamic-pituitary-target organ axis during acute progression. Stress
is a defensive mechanism of the body to cope with the stressor to maintain the homeostasis. When under
stress, the body's three major regulatory systems, i.e., the nervous system, the endocrine system and the
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immune system, are fully activated to protect the body by responding to internal and external stress.
However, when the stress is prolonged or the homeostatic response is inadequate, this mechanism could
lead to worse clinical conditions22. Thyroid hormones play an essential role in driving development and
maintaining functions of the central nervous system (CNS)23, 24. The CNS could be impaired in thyroid
disorders such as myxedema coma and thyrotoxic crisis. Therefore, alterations in thyroid hormone levels
are often used as an explanation for some CNS dysfunctions25, 26. Low T3 syndrome also affects the
prognosis of neurological diseases such as acute stroke1, brain tumor9, 28. However, the CNS, as a
complex functional network, interplays with multiple organs. Especially in neurocritical patients, multi-
organ dysfunctions are prevalent. However, there are few clinical reports on patients with multi-system
and multi-organ dysfunctions in companion with severe low T3 states.

As the acute progression comes to an end, the thyroid hormone levels may return to normal29. Maybe it
implies that additional thyroid hormone supplements could improve the prognosis of low T3 patients. In
our study, we evaluated the effects of the oral administration of levothyroxine sodium on survival
outcomes and neurological outcomes in neurocritical patients with low-T3 syndrome. So far, several
clinical studies on thyroid hormone replacement therapy for critical patients have been launched,
focusing on topics including cardiac surgery30 − 32, malnutrition33, 34, heart failure35, 36, acute renal
failure37, premature infants with acute respiratory distress syndrome38. Unfortunately, most of them did
not �nd any signi�cant positive effects of HRT on prognosis, and no apparent harmful effects have been
found either. Some small studies still demonstrate prospects for HRT, such as T3 supplementation in
patients undergoing cardiac surgery, leading to less needs of inotropic support and better hemodynamic
parameters39. There are scarcely any reports of thyroid hormone replacement therapy improving the
prognosis of neurocritical patients with low T3 syndrome.

We divided 32 patients into 2 groups based on whether they received HRT (oral levothyroxine tablets,
100 µg). Then we performed Kaplan-Meier analysis and Cox regression analysis with 3 to 72 months
follow-up and used mortality as indicators. From the results of Kaplan-Meier analysis, overall survival
was signi�cantly inferior in non-HRT patients than in HRT patients (P = 0.034, 16.445 vs. 47.470 months).
The univariate regression analysis showed that the mortality risk in the non-HRT group was 3.322 times
higher than the HRT group (P = 0.043, HR = 0.301 95%CI 0.094–0.964). We incorporated the clinically
signi�cant variables (age and GCS) into multivariate analysis and the results showed no statistical
difference in mortality risk between HRT and non-HRT group (P = 0.087, HR = 0.340 95%CI 0.099–1.172).
Although the P-value of the multivariate regression analysis was 0.087, we still obtained a low-risk ratio
(0.340, HRT vs. non-HRT group). Thus, we believe that oral hormone supplementation played a decisive
role in improving prognosis and survival.

We sought to �nd evidence supporting that oral hormone supplementation could improve neurological
outcomes in neurocritical patients with low serum T3. Descriptive analysis of short and long-term GCS or
GOS showed that HRT patients have superior long-term GCS and GOS than non-HRT (GCS: 9.33 ± 1.28 vs.
7.57 ± 1.49; GOS: 3.00 ± 0.41 vs. 2.43 ± 0.47). However, the t-test showed no signi�cant difference in short
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or long-term improvement in neurological functions between the two groups. Thyroid hormones
enhanced the biological response to catecholamines40, which played a vital role in maintaining the
stability of vascular volume and the function of endothelial cells. The velocity of cerebral arterial blood
�ow is often positively correlated with thyroid hormone levels in vivo41. We believe that the normal thyroid
hormone level is essential for maintaining craniocerebral hemodynamics stability. We observed an
improvement of survival in patients who received hormone supplementation. Our study, however, did not
obtain a positive result in neurological outcomes and that may result from the abysmal neurological
prognosis in neurocritical patients. Besides, neurological assessments that are more precise than GCS or
GOS could help achieve a more accurate result.

In our study, it seems that the oral hormone supplementation did not rapidly restore fT3 levels to a normal
range. Among 15 patients who were re-tested for thyroid function in the HRT group, 5 (33.3%) had been
corrected, and the other 10 (66.7%) had not. In spite of the result, we still believe that hormone
supplementation makes its contribution to correcting the low T3 state. A prospective study treated
patients with low T3 syndrome and ischemic or non-ischemic dilated cardiomyopathy with intravenous
infusion of synthetic l-T3 for 3 days (initial dose: 20 µg/m2/d) and found a rapid increase in free T3 level
as well as a signi�cant improvement in neuroendocrine pro�le and ventricular performance36. Therefore,
proper hormone administration and dosage and a dynamic fT3 concentration monitoring were
considered bene�cial for the correction of low serum T3 in critical patients. Indeed, for critical patients, or
more speci�cally, neurocritical patients, the exact relationship between the improvement of prognosis and
complete correction of low T3 states requires more research and more support from evidence-based
medicine.

5 Study Limitations
This study inevitably has some limitations. Firstly, as a retrospective research, selective bias is hard to
avoid. Secondly, the actual subjects that met the criteria of both neurocritical and low T3 levels are
insu�cient in quantity, together with complicated individual conditions as well as limited variables,
making it hardly possible to take all potential confounders into account properly. Thirdly, some patients in
the HRT group did not receive continuous and dynamic monitoring of fT3 levels, leading to incomplete
data. Also, �nally, more re�ned and accurate means of evaluation are preferred to assess the impact of
HRT on neurological outcomes better.

6 Conclusion
Our study demonstrated that hormone replacement therapy has a signi�cant impact on prognosis and
survival on neurocritical patients with low T3 syndrome but has no apparent in�uence on short or long-
term neurological outcomes. We appeal more support from evidence-based medicine to help verify the
effectiveness of HRT as a new approach to better treat neurocritical patients.
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List Of Abbreviations
ALT Alanine aminotransferase
APTT Activated partial thromboplastin time
AST Aspartate amino transferase
BMI Body Mass Index
fT3 Free triiodothyronine
fT4 Free thyroxine
GCS Glasgow coma score
GOS Glasgow prognostic score
HRT Hormone replacement therapy
NICU Neuro-intensive care unit
PT Prothrombin time
TSH Thyroid-stimulating hormone
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Figures

Figure 2

Imaging data of 3 death patients under different neurocritical events. a. Postoperative changes in
glioblastoma, brain edema in the operation area, part of the tissue bulged outward. (Postoperative
complication) b. High-density shadows were seen in the bilateral frontal, temporal, parietal lobe and
ventricles. The ambient cistern was unclear. (Severe traumatic brain injury) c. A mass-like high-density
shadow was seen in the right basal ganglia and combined with intraventricular hemorrhage.
(Spontaneous intracerebral hemorrhage)



Page 18/20

Figure 4

Kaplan-Meier plot of overall survival measured from the time of initial diagnosis of low T3 in critical
patients. Median overall survival in non-HRT patients was signi�cantly shorter than in HRT patients:
16.445 vs. 47.470 months, P =0.034.



Page 19/20

Figure 6

Univariate regression analysis showed the mortality risk in the non-HRT group was 3.322 times higher
than HRT group, P =0.043.
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Figure 8

Multivariate regression analysis showed the mortality risk in the HRT group was 0.340 times lower than
non-HRT group, P =0.087.

Figure 10

No matter the short or long-term neurological outcome, the t-test showed no signi�cant statistical
difference between the HRT group and the non-HRT group.


