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Purpose: To investigate the correlation and prognostic significance of low triiodothyronine (T3) syndrome and norepinephrine dosage
in patients with sepsis and septic shock.
Methods: This single-center, retrospective, cohort study enrolled 169 patients with sepsis and septic shock that were admitted to the
intensive care unit of First Hospital of Nanchang, Nanchang, China from June 2017 to July 2019. All included patients were followed
up for 28 days or died, whichever was earlier. Patients with free T3 (FT3) of <3.1 pmol/L were considered with low T3 syndrome. The
correlation and prognostic significance of the FT3 and maximum dosage of norepinephrine (MDN) within 72 h, as well as other
clinical indicators, were analyzed by using correlation analysis, principal component analysis, receiver operating characteristic curve,
Youden index, and logistic regression.
Results: A total of 138 patients were allocated to the low T3 group. FT3 inversely correlated with the Sequential Organ Failure
Assessment (SOFA) score within 24 h, fluid resuscitation volume within 24 h, and lactic acid levels, and positively correlated with the
mean arterial pressure. The critical values of age, SOFA, and MDN for predicting the 28-day mortality were 79.5 years, 8.5 points, and
0.61 µg/kg/min, respectively. The mortality of the low T3 and normal T3 groups was similar. Considering the MDN of 0.61 µg/kg/min
as the cutoff value, the mortality between the two groups was significantly different.
Conclusion: Among patients with sepsis and septic shock, FT3 was inversely correlated with the disease severity. An MDN ≥ 0.61
µg/kg/min within 72 h may be an important prognostic indicator.
Keywords: euthyroid sick syndromes, low T3 syndrome, non-thyroidal illness syndrome, norepinephrine, sepsis, septic shock

Introduction
Low triiodothyronine (T3) syndrome (LTS), also known as euthyroid sick syndrome or non-thyroid illness syndrome, is
characterized by changes in serum levels of thyroid hormone in patients with normal baseline thyroid function and is
usually caused by acute stress conditions, such as injury, surgery, various infectious diseases, and acute myocardial
infarction.1 The main feature of this syndrome is a decreased free T3 (FT3) level, while the thyroid-stimulating hormone
(TSH) level remains within the reference range. Considering that the thyroid hormone finely modulates energy
metabolism, LTS appears to be an adaptive process to counterbalance catabolism during illness.2 However, research
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results from several studies do not agree with the above point of view.3–5 Critically ill patients with LTS, who were
characterized by increasing consumption and imbalanced immunity during the acute phase, usually have longer intensive
care unit (ICU) stay and higher mortality.6 In addition, a study demonstrated the important role of FT3 in recognizing
susceptibility and degrees of debilitation among elderly patients.7 However, the effect of LTS on patient morbidity
remains unclear.

Sepsis and septic shock are complex disease processes involving life-threatening organ dysfunction, which is induced
by a dysregulated host response to infection. These disease processes remain associated with considerably high mortality
despite the administration of bundle therapy within 1 h of admission, which includes antibiotics and fluid resuscitation.8

In bundle therapy, norepinephrine is the prioritized agent if a vasopressor is needed to treat septic shock. The
norepinephrine dosage must be adjusted according to the patient’s presenting condition so that the mean arterial pressure
(MAP) can be increased to more than 65 mm Hg. A previous study showed the difference in the 28-day mortality
between the high-dosage norepinephrine group (≥ 416 µg/kg/week) and the low-dosage norepinephrine group (< 416 µg/
kg/week) was not significant.9 The cut-off value of the grouping was 416 μg/kg/week, that is, 0.04 µg/kg/min. Although
there was no uniform standard for grouping patients in the clinic, the dosage of 0.04 µg/kg/min was too small.10 On the
contrary, another study showed that a maximum dosage of norepinephrine, which was ≥ 0.6 µg/kg/min, was notably
associated with 7-day mortality in patients with septic shock.11 Although the duration of mortality studied was different
between the two reports, the correlation between the norepinephrine dosage and prognosis in patients with septic shock
remains unclear.

To date, the correlation between sepsis and FT3, as well as the prognostic value of norepinephrine dosage in patients
with septic shock needs better clarity.12 Therefore, this current study aimed to investigate the correlation and prognostic
significance of LTS and norepinephrine dosage in patients with sepsis and septic shock.

Materials and Methods
Study Population
This single-center, retrospective, cohort study enrolled consecutive patients with sepsis and septic shock that were
admitted to the ICU of the First Hospital of Nanchang, Nanchang, Jiangxi Province, China between June 2017 and
July 2019. The follow-up duration was 28 days or until the death of the patient, whichever was earlier.

Inclusion criteria for eligible patients were as follows: (i) age ≥ 18 years; (ii) diagnosis of sepsis and septic shock; (iii) serum
level of thyroid hormonewithin the first 24 h after ICU admission; (iv) administration of norepinephrine as the initial vasopressor.
Exclusion criteria were as follows: (i) primary thyroid disease; (ii) autoimmune disease; (iii) malignant tumor; (iv) pregnancy;
(v) recent intake of drugs, such as amiodarone, carbamazepine, lithium, phenytoin, heparin, interferons, and interleukins, or
submission to chemotherapy that could affect thyroid metabolism. Patients with suspected infection whose Sequential Organ
Failure Assessment (SOFA) score ≥ 2 can be diagnosed with sepsis.8 Septic shock was diagnosed if the level of serum lactic acid
was more than 2 mmol/L or vasopressor was needed to maintain MAP ≥ 65 mm Hg after adequate fluid resuscitation.8

Patient Evaluation
The thyroid hormone levels were evaluated during the first 24 h of ICU admission and measured in all patients via
chemiluminescent immunoassay. In compliance with a previous study,13 the reference ranges for the thyroid hormones
were as follows: TSH, 0.27–4.2 µIU/mL; FT3, 3.1–6.8 pmol/L; and free T4 (FT4), 12–22 pmol/L. According to the level
of FT3, all included patients were divided into two groups: the low T3 group (FT3 < 3.1 pmol/L) and the normal group
(TSH, FT3, and FT4 were all normal).

Demographic data included age, sex, and underlying diseases (comorbidities included in the Charlson Comorbidity
Index,14 any condition that may affect thyroid hormone levels, coronary artery disease, and hypertension). The following
clinical data were obtained from the electronic medical records of the included patients: infection diagnosis, initial vital
signs (heart rate [HR], respiratory rate [RR], MAP, and body temperature) at the time of ICU admission, indicators within
the first 24 h (thyroid hormone levels [TSH, FT3, FT4], SOFA score,15 procalcitonin [PCT], and fluid resuscitation
volume), lactic acid levels at the time of ICU admission and the second 24 h, the maximum dosage of norepinephrine
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(MDN) within 72 h in patients with septic shock, microbiological results and adjunctive treatment (erythrocyte infusion 3
days before admission and 3 days after admission, noninvasive mechanical ventilation [NMV], duration of invasive
mechanical ventilation [IMV], and continuous renal replace treatment [CRRT]). Referring to the methods of previous
studies,11,16 the MDN within 72 h was calculated by dividing the total dosage in 72 h by the actual body weight and the
number of minutes of norepinephrine use.

Patients that progressed to experience septic shock were initiated on norepinephrine therapy at a dosage of 0.01 µg/kg/min.
Following the 2016 Surviving Sepsis Guidelines,17 the norepinephrine dosage can be titrated up to 35–90 µg/min to increase
the MAP above 65 mm Hg. Otherwise, another vasopressor was administrated by the treating team.

A sample from the infected site was collected from each patient within 3 days for bacteriological cultures, such as sputum
of deep part or endotracheal intubation internal from patients with a respiratory infection, or ascites collected via abdominal
paracentesis from patients with intra-abdominal infection. SOFAwas the main score recommended by Sepsis 3.0,8 including
respiration, coagulation, liver, renal, cardiovascular, and central nervous system. Each system ranges from 0 (normal) to 4 (the
most abnormal). The worst value within 24 h of each system was used for grading. The total score was the sum of the six
system scores, ranging from 0 to 24.18 As for mechanical ventilation, the patients that only received NMV via a face mask
through treatment procession were classified as NMVand those that received IMV via an endotracheal tube or tracheostomy
cannula were classified as IMVregardless of whether they received NMV before and after IMV. The number of cases of NMV
and IMV was calculated respectively and the duration of IMV was calculated in hours. Missing data were replaced with the
adjacent data.19

The primary outcome indicator was the 28-day mortality, which was described as death occurring at any time from
ICU admission to day 28, irrespective of whether the death occurred in ICU, in-hospital, or out of the hospital.20

Statistical Analysis
All statistical analyses were performed using the IBM® SPSS Statistics for Windows, Version 23.0 (IBM Corp., Armonk,
NY, USA). The Kolmogorov–Smirnov test was used to analyze whether the variables were by the normal distribution.
Continuous normally distributed variables, expressed as mean ± standard deviation (SD), were compared using the
Student’s t-test. Continuous variables that were not normally distributed, expressed as the median and interquartile range
(IQR), were compared using the nonparametric test. Count variables, reported as numbers and percentages, were
compared using the χ2-test or Fisher’s exact test. Correlation coefficients were used to summarize the correlation
between the variables. A P-value < 0.05 was considered statistically significant. Pearson’s correlation analysis was
conducted if the data were of normal distribution. Spearman correlation analysis was performed if the data were not
normally distributed. Kendall’s correlation analysis was used to analyze count variables. The correlation strength was
determined according to the r-value, which was expressed as follows: 0.00–0.09, negligible correlation; 0.10–0.39, weak
correlation; 0.40–0.69, moderate correlation; 0.70–0.89, strong correlation; and 0.90–1.00, very strong correlation.21

Positive numbers indicated a positive correlation, whereas negative numbers indicated an inverse correlation.
The principal component analysis (PCA) was used to identify the major contributing factors among clinical

parameters of the included patients. Based on PCA, the diagnostic efficiency of the screened parameters was computed
through the area under the receiver operating characteristic (ROC) curve. The cut-off, sensitivity, and specificity values
were established through the ROC curve. The cut-off value was dependent on the Youden index, which is the sum of the
sensitivity and specificity minus one. After completing these two steps, the prognostic value for mortality of the
remaining meaningful indicators was assessed using the Kaplan–Meier method and multivariate Cox regression analysis.

Results
Baseline and Clinical Data
A total of 169 patients were included during the indicated period, and the flow diagram of case selection was shown in
Figure 1. According to the level of FT3, 138 patients were allocated to the low T3 group (FT3 < 3.1 pmol/L) and 31 patients to
the normal T3 group (normal FT3). The incidence of LTS was 81.7% (138 of 169 patients). The baseline demographic and
clinical characteristics for the two groups were presented in Table 1. The most common infection was a respiratory infection
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(139 of 169 patients; 82.25%), followed by gastrointestinal and biliary infections (20 of 169 patients; 11.83%). According to
the results of ascites culture, the 5 patients with severe acute pancreatitis (2.96%) had infection-related complications. There
was a significant difference in the level of FT3 between the two groups (P < 0.001). Among these data, the FT3 values from 4
patients and the PCT values from 3 patients were missing, which were replaced by the nearest values of 3 days before ICU
admission.

As is shown in Table 2, all of the treatment-associated clinical indicators were not statistically different between the
two groups. A total of 41 of 169 patients (24.26%) had an Acinetobacter baumannii infection. Of the 169 patients, 82
were diagnosed with septic shock and were treated with vasopressors. Only 16 of 169 patients (9.47%) needed NMV,
whereas 111 of 169 patients (65.68%) required IMV. The 28-day mortality was higher in the normal T3 group than in the
low T3 group, but the difference was not statistically significant.

Correlation and Prognostic Value of FT3 and MDN
The correlation between FT3, MDN, and other indicators was shown in Table 3. The association between FT3 and MDN
was not significant (r=−0.022, P=0.698). The level of FT3 was inversely correlated with SOFA, fluid resuscitation
volume, lactic acid levels at the time of ICU admission, and lactic acid levels at the second 24 h; and positively correlated
with MAP. However, the r-values for these associations were < 0.39, which implied weak correlations. MDN was
positively correlated with SOFA, PCT, HR, the lactic acid levels at the time of ICU admission, and lactic acid levels at
the second 24 h; and inversely correlated with survival days and MAP. Except for the moderate correlation between
MDN and SOFA, the other correlations were weak.

In PCA, the Kaiser–Meyer–Olkin test coefficient was 0.599 and the P-value for Bartlett’s test was < 0.001, which
suggested that the principal components could be extracted from the research data. First, five principal components with an
Eigenvalue of > 1 were calculated. Secondly, seven original indicators with a load capacity of > 0.7 in the five principal

Figure 1 Flow diagram of case selection.
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components were selected: age, SOFA, PCT, FT3, lactic acid level at the second 24 h, MDN and CRRT. Thirdly, the ROC
curve was constructed for these seven indicators. The results indicated that only age, SOFA, and MDN yielded prognostic
values, as shown in Figure 2 and Table 4. Fourthly, the Kaplan–Meier survival analysis was conducted based on specific
prognostic risks. For FT3, the difference remained non-significant between the two groups (P = 0.620). Considering the cut-
off value of MDN as 0.61 µg/kg/min, all the patients were categorized into either the ≥ 0.61 µg/kg/min group (n = 34) or the
< 0.61 µg/kg/min group (n = 135). There was a significant difference in the survival rate between the two groups (P = 0.006).
Finally, the multivariate COX regression model analysis, after adjusting for age, SOFA, and FT3, demonstrated that MDN
was still a significant independent predictor of mortality (P = 0.006), as shown in Figure 3.

Discussion
In this retrospective study, we analyzed 169 patients with sepsis and septic shock admitted to ICU. The result showed that
FT3 inversely correlated with the SOFA score, fluid resuscitation volume, and lactic acid levels, and positively correlated
with the MAP. The mortality of the low T3 and normal T3 groups was similar. MDN ≥ 0.61 µg/kg/min within 72 h may
be used as an important index to judge the prognosis of patients with septic shock.

The primary function of FT3 is to regulate body metabolism and facilitate growth and development. The levels of
FT3 can be modified in critically ill patients with disease progression, resulting in LTS that is closely related to poor
prognosis and long-term mortality.22 In a previous study, 35 of the 114 patients receiving long-term hemodialysis had

Table 1 Baseline Characteristics and Clinical Data of the Two Groups

Variable Overall (n=169) Low T3 Group (n=138) Normal Group
(n=31)

P-value

Age, years, median (IQR) 74 (64–83) 75 (63–83) 73 (66–79) 0.721

Sex, male, No (%) 76 (44.97) 60 (43.48) 16 (51.61) 0.411

Infection diagnosis, No (%)

Respiratory infection 139 (82.25) 111 (80.43) 28 (90.32) 0.297

Gastrointestinal and biliary infection 20 (11.83) 18 (13.04) 2 (6.45) 0.537

Peripancreatic infection 5 (2.96) 4 (2.90) 1 (3.23) >0.99

Others or unknown 5 (2.96) 4 (2.90) 1 (3.23) >0.99

Initial vital signs

HR, mean ± SD, /min 104.38±28.30 103.52±28.60 108.23±27.05 0.405

RR, median (IQR), /min 25 (18–30) 25 (18–30) 25 (18–30) 0.598

MAP, median (IQR), mmHg 74.33 (64.67–85.50) 72 (64.25–84.84) 79.33 (68.33–87.67) 0.152

Temperature, median (IQR), °C 36.5 (36.1–37.0) 36.5 (36.1–37.0) 36.5 (36.1–37.5) 0.481

SOFA, mean ± SD 9.25±3.678 9.37±3.76 8.74±3.31 0.392

PCT, median (IQR), ng/mL 1.04 (0.28–7.41) 1.04 (0.28–7.53) 0.88 (0.24–7.67) 0.833

FT3, median (IQR), pmol/L 2.36 (1.66–3.01) 2.05 (1.56–2.62) 3.61 (3.30–4.44) <0.001

CharlsonComorbidity Index,median (IQR) 2 (1–3) 2 (1–3) 2 (1–5) 0.266

Coronary artery disease, No (%) 39 (23.08) 30 (21.74) 9 (29.03) 0.384

Hypertension, No (%) 86 (50.89) 68 (49.28) 18 (58.06) 0.376

Abbreviations: IQR, interquartile range; HR, heart rate; SD, standard deviation; RR, respiratory rate; MAP, mean arterial pressure; SOFA, Sequential Organ Failure
Assessment; PCT, procalcitonin; FT3, free triiodothyronine.
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LTS, an incident rate of 30.7%.23 However, in the present study, 138 of the 169 patients with sepsis and septic shock had
LTS, an incident rate of 81.7%. The high incidence of LTS in this current study could be attributed to the following
reasons. First, the disease type of patients in this current study was different from those of previous studies, which
included patients with chronic kidney disease, acute myocardial infarction, or other disease types.4 The current patients
(median age > 70 years) had sepsis and septic shock, most of whom had respiratory system infection. An earlier study,
which included 66 patients (mean age 81 years) requiring emergency surgery, indicated that the incidence of LTS was

Table 2 Comparison of Treatment-Related Clinical Characteristics Between the Two Groups

Variable Overall (n=169) Low T3 Group
(n=138)

Normal Group
(n=31)

P

Fluid resuscitation volume, median (IQR), mL 2964 (2202–3950) 2992 (2231–4210) 2930 (1743–3680) 0.181

Lactate level

ICU admission, median (IQR), mmol/L 2.08 (1.28–3.42) 2.04 (1.31–3.42) 2.18 (1.22–3.62) 0.977

Second 24h, median (IQR), mmol/L 1.57 (1.07–2.15) 1.59 (1.12–2.17) 1.33 (0.94–1.91) 0.132

Erythrocyte infusion

Three days before admission, No (%) 11/169 (6.51) 9/138 (6.52) 2/31 (6.45) >0.99

Three days after admission, No (%) 44/169 (26.04) 38/138 (27.54) 6/31 (19.35) 0.497

Microbiology

Acinetobacter baumannii, No (%) 41/169 (24.26) 31/138 (22.46) 10/31 (32.26) 0.250

Klebsiella pneumoniae, No (%) 26/169 (15.38) 20/138 (14.49) 6/31 (19.35) 0.581

Pseudomonas spp., No (%) 16/169 (9.47) 14/138 (10.14) 2/31 (6.45) 0.739

Others, No (%) 19/169, (11.24) 15/138 (10.87) 4/31 (12.90) 0.755

Negative, No (%) 67/169, (39.64) 58/138 (42.03) 9/31 (29.03) 0.181

MDN in septic shock patients,median (IQR), ug/kg/min 0.53 (0.24–0.75) 0.50 (0.09–0.74) 0.63 (0.38–0.86) 0.259

MV

NMV, No (%) 16/169 (9.47) 14/138 (10.14) 2/31 (6.45) 0.739

IMV, No (%) 111/169 (65.68) 91/138 (65.94) 20/31 (64.52) 0.880

Duration, median (IQR), h 168 (83–312) 184 (91–336) 108 (68.25–186) 0.091

CRRT, No (%) 29/169 (17.16) 22/138 (15.94) 7/31 (22.58) 0.376

28-day mortality, No (%) 44 (26.04) 35 (25.36) 9 (29.03) 0.674

Abbreviations: IQR, interquartile range; ICU, intensive care unit; MDN, maximum dosage of norepinephrine; MV, mechanical ventilation; NMV, noninvasive mechanical
ventilation; IMV, invasive mechanical ventilation; CRRT, continuous renal replace treatment.

Table 3 Correlation Analysis of FT3, MDN and the Other Indicators

Variable SOFA PCT Survival Days HR MAP Fluid Volume Lac 1 Lac 2

r P r P r P r P r P r P r P r P

FT3 −0.152 0.049 −0.051 0.513 0.008 0.899 0.029 0.579 0.225 0.003 −0.192 0.012 −0.223 0.004 −0.224 0.003

MDN 0.604 <0.05 0.392 <0.05 −0.214 0.005 0.257 0.001 −0.276 <0.05 0.065 0.398 0.307 <0.05 0.314 <0.05

Abbreviations: FT3, free triiodothyronine; MDN, maximum dosage of norepinephrine; SOFA, Sequential Organ Failure Assessment; PCT, procalcitonin; HR, heart rate;
MAP, mean arterial pressure; Lac 1, lactic acid levels at the time of ICU admission; Lac 2, lactic acid levels at the second 24 hours.
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51.5% (n = 34).24 Secondly, the diagnostic criteria of LTS, which are not currently unified, varied between different
studies.25 Few studies considered a cut-off value of 2.772 pmol/L,23 whereas others considered a cut-off value of 3.234
pmol/L.4 In the present study, 3.1 pmol/L of FT3 was considered as the cut-off value.

The incidence of sepsis and septic shock, which are important clinical challenges faced by the critical care medicine
team, is on the rise.8 Millions of patients experience sepsis and septic shock every year and more than a quarter of them
will die.26,27 Whether the change in the level of FT3 is a prognostic indicator in such patients with LTS remains
ambiguous. A previous study demonstrated that the level of FT3 at the initiation of peritoneal dialysis was a strong
independent predictor of long-term mortality for cardiovascular disease, especially sudden death.28 In contrast, in the
present study, the FT3 level did not demonstrate any correlation with the 28-day mortality, which is in accordance with
the results of another study.5 In addition, by analyzing patients with chronic kidney disease having LTS, a study observed
that a low level of FT3 was an independent predictor of mortality in a Cox regression analysis and that a low level of FT3

Figure 2 The ROC curve of age, SOFA, and MDN for predicting 28-day mortality in patients with sepsis and septic shock.
Abbreviations: ROC, receiver operating characteristic; SOFA, Sequential Organ Failure Assessment; MDN, maximum dosage of norepinephrine.

Table 4 The Area Under the Curve and the Cut-Off Value for Diagnosing Death

Variable Area Under the
Curve

Standard
Error

P-value 95% Confidence
Interval

Cut-Off
Value

Sensitivity (%) Specificity (%)

Lower
Bound

Upper
Bound

Age 0.659 0.048 0.002 0.565 0.754 79.5 56.8 72.8

SOFA 0.715 0.044 <0.001 0.628 0.802 8.5 84.1 47.2

MDN 0.618 0.052 0.020 0.515 0.721 0.61 40.9 87.2

Abbreviations: SOFA, Sequential Organ Failure Assessment; MDN, maximum dosage of norepinephrine.
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was not a significant predictor of all-cause mortality in a multivariate stepwise Cox regression analysis.23 The differences
in the above findings may be due to the different diseases of the study populations. Nevertheless, the current statistical
analysis demonstrated that FT3 was correlated with disease severity indicators such as SOFA, MAP, fluid resuscitation
volume, and the lactic acid value, although the correlation was weak. This correlation may indicate the possibility of
a poor prognosis, although further studies are needed to support this finding.

To normalize and guide the diagnosis and treatment of sepsis, the European Society of Intensive Care Medicine and
the Society of Critical Care Medicine published an updated sepsis definition, called Sepsis 3.0, in 2016.8 In this updated
version, early goal-directed therapy with norepinephrine as the preferred agent among the vasopressors for the septic
shock to maintain the MAP > 65 mm Hg was still recommended.8 However, several studies have indicated that early
goal-directed therapy did not improve the prognosis of sepsis.29 Therefore, it is important to know if the norepinephrine
dosage is associated with LTS and prognosis in patients with sepsis and septic shock. One previous study, as early as
1998, demonstrated that older patients with LTS, who required emergency surgery, had higher levels of norepinephrine.24

Based on this, we speculate that the decrease of FT3 levels in patients with LTS weakens the vasoconstriction effect of
norepinephrine. By injecting T3 into the brachial artery of healthy subjects, a subsequent study showed that FT3 could
enhance the vasoconstrictive action of norepinephrine.30 Based on this, we speculate that the decrease of FT3 levels in
patients with LTS weakens the vasoconstrictive effect of norepinephrine, resulting in more endogenous norepinephrine.
However, the present study found no significant correlation between MDN and FT3. Based on the above results and
speculations, we further speculate that the body has a mechanism to regulate the levels of FT3 and norepinephrine, that
is, when the FT3 level in patients with LTS decreases, the vasoconstriction of norepinephrine weakens and the body
produces more endogenous norepinephrine, resulting in a discretional need for exogenous norepinephrine. The above
speculation needs more research to verify.

Figure 3 Cumulative survival in patients with MDN ≥ 0.61 µg/kg/min (n = 34) and MDN < 0.61 µg/kg/min (n = 135).
Abbreviation: MDN, maximum dosage of norepinephrine.
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In this current study, the correlation analysis suggested that MDN was inversely correlated with survival days.
Furthermore, the ROC curve and multivariate Cox regression model analyses confirmed that the MDN was an efficient
prognostic indicator for mortality in patients with septic shock. This conclusion was in line with the results of a previous
study that evaluated 7-day mortality,11 which was different from the 28-day mortality used in the current study.
Combining the results of the previous study and this current study,11 it can be concluded that the dosage of norepi-
nephrine is a prognostic indicator of both early and late mortality and should be paid close attention to. Furthermore,
another study demonstrated that there was no difference in the 28-day mortality by performing a subgroup analysis with
a norepinephrine dosage cut-off of 0.04 µg/kg/min.9 The reason for this difference in results could be because the cut-off
value for the subgroup analysis dosage was low. In addition, MDN was positively correlated with SOFA, PCT, HR, lactic
acid levels at the time of ICU admission, and lactic acid levels at the second 24 h; and inversely correlated with MAP.
This finding indicates that MDN is closely associated with the severity of the disease and can assist in choosing an
appropriate clinical treatment.

Sepsis 3.0 emphasizes organ failure and the SOFA score is a relatively accurate scale to reflect the severity of organ
failure.31 By categorizing 448 patients with sepsis as a derivation cohort and 199 patients with sepsis as a validation cohort,
a study demonstrated that the change of SOFA at day 7 was a useful early prognostic marker of the 28-day mortality.32

A 2019 systematic review included 17 prospective and two retrospective studies.33 The review suggested that PCT might be
a promising alternative biomarker for patients with trauma and that the initial peak in PCT can serve as an early predictor of
sepsis, multi-organ failure, and mortality in the trauma population.33 In view of the importance of SOFA and PCT in
predicting the prognosis of sepsis and septic shock,34,35 they were emphasized in the present research study. Through
correlation analysis, the current study found that FT3 was inversely correlated with SOFAwithin the first 24 h and that MDN
was positively correlated with SOFA and PCT within the first 24 h. These findings can provide an important reference to
evaluate the clinical prognosis of patients with sepsis and septic shock and assist in choosing the correct norepinephrine
dosage in clinical settings. Moreover, in the present study, the area under the ROC curve of SOFAwithin the first 24 h was
0.715, which was slightly higher than that in one study and slightly lower than that in another study.36,37

Limitations
This study had several limitations. First, although the diagnostic efficiency of the three indicators (age, SOFA, and MDN)
attained statistical significance, the sensitivity and specificity were not adequately high, which could be attributed to the
small sample size, especially as there were only 31 patients in the normal T3 group. Secondly, among the 169 patients, 138
patients were allocated to the low T3 group, accounting for 81.7%, which is the inherent selection bias of the retrospective
study. Thirdly, in this study, the MDN was calculated regarding the methods of literature,11,16 but other vasopressors
dosages were not converted to the norepinephrine equivalent dosage, which was one of the limitations of this study and
needs to be applied in future studies. Consequently, since this study is a retrospective study, further, larger prospective
studies with more study participants are required to explore the correlation between LTS and norepinephrine dosage.

Conclusions
This current study demonstrated a relationship between FT3, MDN, and the disease severity indices, such as the SOFA
score, PCT, and lactate level. These findings suggest that FT3 and MDN may be considered as indices of the severity of
the disease. Importantly, MDN ≥ 0.61 µg/kg/min within 72 h may be used as an important index to judge the prognosis of
patients with septic shock.
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intensive care unit; MAP, mean arterial pressure; SOFA, Sequential Organ Failure Assessment; FT4, free T4; HR, heart
rate; RR, respiratory rate; PCT, procalcitonin; MDN, maximum dosage of norepinephrine; NMV, noninvasive mechanical
ventilation; IMV, invasive mechanical ventilation; CRRT, continuous renal replace treatment; SD, standard deviation;
IQR, interquartile range; PCA, principal component analysis; ROC, receiver operating characteristic; Lac, lactic acid.
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