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Реферат

АКТУАЛЬНОСТЬ: Тяжесть состояния пациента, потре-
бовавшая проведения экстракорпоральной мембранной 
оксигенации (ЭКМО), и наблюдаемые при этом измене-
ния в системе гипофиз —  щитовидная железа (снижение 
уровня свободного тироксина (св. Т4) и трийодтиронина 
(св. Т3), низконормальный или сниженный уровень тирео-
тропного гормона (ТТГ)) могут быть рассмотрены как от-
сутствие резервов организма вследствие развившегося 
критического состояния. ЦЕЛЬ ИССЛЕДОВАНИЯ: Анализ 
изменений уров ней ТТГ, св. Т3, св. Т4 в плазме крови в пе-
риод проведения ЭКМО, при отлучении от ЭКМО/смерти 
на ЭКМО. МАТЕРИАЛЫ И МЕТОДЫ: Проспективное на-
блюдательное исследование было выполнено в отделении 
реанимации (47 пациентов на ЭКМО). Оценка уровня ТТГ, 
св. Т3, св. Т4 проводилась: в день инициации ЭКМО (С0), 
на первые (С1) и далее каждые вторые сутки (С3–С5–С7–
С9) до момента завершения ЭКМО. РЕЗУЛЬТАТЫ: В день 
подключения к ЭКМО (С0) и каждые вторые сутки медиа-
на уровня св. Т4 составила между выжившими и умершими 
пациентами С0 (15,5–12,9; р = 0,03); С1 (14,9–11,7; р = 0,03); 
С3 (12,7–11,7; р = 0,05); С11 (19–11,7; р = 0,02) и последние 
сутки наблюдения (16,6–11,8; р = 0,009) соответствен-
но. Уровень св. Т3 С5 (3,1–1,9; р = 0,002); С11 (3,7–2,5; 
р = 0,05); последние сутки наблюдения (3,1–2; р = 0,001) 
соответственно. В последние сутки проведения ЭКМО 
 между выжившими и умершими пациентами наблюдались: 
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Abstract

INTRODUCTION: The severity of the patient’s condition 
that required ECMO and the changes observed in the pitu-
itary —  thyroid system (decreased T4 and T3 levels, low-nor-
mal or decreased TSH level) can be considered as a lack of body 
reserves due to the developed critical illness. OBJECTIVES: 
Study changes of TSH, T3, T4 levels during the ECMO  
procedure, during weaning/death on ECMO. MATERIALS 
AND METHODS: The prospective observational study was 
performed in intensive care unit (47 patients on ECMO). 
After connecting ECMO (D0), (D1-D3-D5-D7-D9), and un-
til the completion of ECMO, assessment of TSH, FT4, FT3 lev-
els was carried out. OBJECTIVE: Analysis of changes in thy-
roid hormone (TSH), free thyroxine (FT4), free triiodothyronine 
(FT3) levels in blood plasma during ECMO, at ECMO wean-
ing/death on ECMO. RESULTS: On the day of ECMO (D 0) 
and every second day, median FT4 levels were D0 (p = 0.03); 
D1 (p = 0.03); D3 (p = 0.05), D11 (p = 0.02) and last obser-
vation day (p = 0.009) between surviving and dying pa-
tients respectively. T3 level D5 (3.1–1.9; p = 0.002); D11 (3.7–
2.5; p = 0.05), last day of follow-up (3.1–2; p = 0.001), re-
spectively. On the last day of ECMO between the survived 
and non-survived patients there were the following: differenc-
es in TSH levels; negative correlation of lactate levels, SOFA 
score and FT3, TSH, FT4. The analysis of the ROC-curve (low 
levels of FT3, FT4, TSH in plasma in patients on the last day 
of ECMO) indicates a prognostically unfavorable  outcome. 
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 различия в уровне ТТГ; статистически значимая обрат-
ная взаимосвязь уров ней лактата, балльной оценки шка-
лы SOFA и св. Т3, ТТГ, св. Т4. На основании анализа ROC-
кривой низкий уровень св. Т3, св. Т4, ТТГ в плазме крови 
в последние сутки проведения ЭКМО указывает на про-
гностически неб лагоприятный исход. ВЫВОДЫ: Момент 
инициации подключения ЭКМО расценивается как по-
дострая фаза критического состояния. Наряду с высо-
ким уровнем лактата в плазме крови и высокой балльной 
оценкой шкалы SOFA снижение уровня св. Т3, св. Т4 и ТТГ 
у пациентов коррелирует с летальным исходом. Низкий 
уровень ТТГ, св. Т4, св. Т3 может рассматриваться как пре-
диктор неб лагоприятного исхода в момент отлучения/ 
смерти на ЭКМО.

КЛЮЧЕВЫЕ СЛОВА: гипотиреоз, тиреотропин, тирео-
идные гормоны, тироксин, трийодтиронин, экстра-
корпоральная мембранная оксигенация
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CONCLUSIONS: The moment of ECMO connection ini-
tiation is regarded as subacute phase critical illness. Along 
with a high level of plasma lactate and high score of SOFA 
scale, the level of decrease in FT3, FT4 and TSH in patients 
correlates with the lethal outcome. Low levels of TSH, FT4, 
and FT3 may be considered as a predictor of adverse outcome 
at the time of weaning/death on ECMO.
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Introduction

Against the background of the development of multiple 
protection neuroimmunoendocrine responses, a systemic 
inflammatory response syndrome is  formed when  a  crit-
ical illness occurs. The  trigger mechanism for  the  devel-
opment of  systemic inflammatory response syndrome 
in  critical illness is  an increase of  the  level of  damage- 
associated molecular patterns and/or an increase of the level 
of pathogen- associated molecular patterns [1, 2]. The neu-
roimmunoendocrine response in critical illness is  shaped 

by integrating influx of information from the vagus nerve, 
peripheral cytokine interactions with receptors in the area 
of circumventricular organs, brain vessels and local cytokine 
formation within the central nervous system [3–5]. The cir-
cumventricular organs are  specialized structures located 
along the midline of the brain along ventricles III and IV [3, 
6, 7]. These brain structures have lack of  the blood- brain 
barrier and  they  are  “windows to  the  blood circulation 
system” allowing molecules such as proteins, peptide hor-
mones, cytokines, and lipopolysaccharides to penetrate rel-
atively freely into brain tissue. Thus, neurons and glial cells 

 K Published online: 31.01.2023  K Дата онлайн-публикации: 31.01.2023
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(microglia and astrocytes) located in the circumventricular 
organs have access to macromolecules. Some of the organs 
surrounding the ventricles of the brain have neuronal con-
tacts with groups of hypothalamic nuclei that regulate ho-
meostasis [3].

Regardless of the reasons of hospitalization in intensive 
care units, the stress response of the neuroendocrine system 
proceeds within the framework of a biphasic model —  acute 
and chronic phases [8].

The neuroendocrine system is able in the acute phase 
of the critical illness to turn the vector of the body’s energy 
expenditures to such processes as gluconeogenesis, lipoly-
sis, proteolysis, in order to overcome the prohibitive needs 
of the body. At the same time, anabolic processes are shifted 
to the recovery period. 

70 % of  patients in  the  acute phase of  critical illness 
of various etiologies observed abnormal metabolism of thy-
roid hormones (total and free triiodothyronine (T3) and thy-
roxine (T4)), increasing reverse T3 and inhibition of thyro-
tropin (TSH). That  is, TSH and  T4 levels remain within 
reference values, while T3 levels decrease already in the first 
hours of critical illness [8]. This is associated with the abili-
ty of interleukin 1β, interleukin-6 and tumor necrosis fac-
tor α to mimic acute stress- induced changes in the pituitary 
gland; with increased levels of reversible T3; decreased pe-
ripheral conversion of T4 to T3; changes in the levels of pro-
teins binding thyroid hormones; changes in thyroid receptor 
sensitivity. This phenomenon is called euthyroid pathology 
syndrome [9].

In case of non-recovery of vital functions within several 
days and the development of multiple organ failure syndrome 
there is a transition from the acute phase to the chronic phase 
of  critical illness [8]. The  transition from  one phase to  an-
other is based on: increasing systemic level of proinflamma-
tory cytokines; tissue hypoxia; dysoxia; hypoxic- ischemic 
brain damage; pathological permeability of  capillary en-
dothelial cells that form the blood- brain barrier. Therefore, 
there is an excessive penetration into the brain of proinflam-
matory mediators and  other neurotoxic molecules, such 
as  urea [10]. Circulating proinflammatory cytokines, such 
as interleukin 1, interleukin-6 and tumor necrosis factor α, 
penetrate through the blood- brain barrier damaging the nu-
clei of the limbic, hypothalamic and noradrenergic systems, 
leading to impaired neuroendocrine response [11].

Previously, the  data obtained on  the  neuroendocrine 
system in the acute period of critical illness in the form of ca-
tabolism against the background of sepsis and septic shock 
were extrapolated without changes, to  the  chronic phase 
of  critical illness. Currently, endocrine parameters moni-
toring data are becoming more available, and they are very 
different from those observed in the first few hours or days 
after the onset of critical illness [12].

In the chronic phase of critical illness, there is a decrease 
in  thyroid hormone levels, and  a  lack of  TSH response, 
manifested by a low-normal or reduced plasma TSH con-
centration. These changes in the pituitary- thyroid system 

are associated with high disease severity and an increased 
risk of death [13].

Whether changes in  levels of  TSH, FT3 and  FT4 in 
the  chronic phase of  critical illness can be considered 
as an adaptation mechanism, or it is necessary to consider 
these changes as neuroendocrine dysfunction or depletion 
of the neuroendocrine system is an open question to date.

Treatment of critical illness and multiple organ failure 
syndrome due to different causes is the main task of mod-
ern intensive care. Various methods of treatment are used 
in intensive care, including methods characterized by high 
aggressiveness. Extracorporeal membrane oxygenation 
(ECMO) is  a  temporary highly aggressive method of  life 
support in  critical illness, primarily used in  the  develop-
ment of  severe respiratory and/or  heart failure. ECMO 
is  not an independent therapeutic measure, but  only an 
organ replacement measure, giving time to maintain ade-
quate blood circulation, oxygenation of organs and tissues, 
and conducting pathogenetically sound therapy aimed to re-
store the damaged organ or system [14]. At the same time, 
ECMO has an independent additional negative impact 
on the functioning of organs and systems through the de-
velopment of a cascade of inflammatory reactions (coagu-
lopathy, increased levels of cytokines, complement system, 
endothelial dysfunction) when the blood comes in contact 
with the artificial circulatory circuit [15].

The  severity of  the  patient’s condition, requiring, 
in  addition to  pharmacotherapy and  mechanical ventila-
tion, highly aggressive ECMO treatment and, the observed 
changes in the pituitary- thyroid system (reduced levels of T4 
and T3, low-normal or reduced levels of TSH), can be con-
sidered as irreversible changes in the neuroendocrine sys-
tem.

To date, there are no data on changes in the pituitary- 
thyroid system in adult patients during ECMO.

Objectives. The  purpose of  our study was to  ana-
lyze the changes in plasma levels of TSH, free T4, free T3 
during ECMO, at ECMO weaning/death on ECMO.

Materials and methods

Forty-seven patients requiring ECMO were includ-
ed in  a  prospective observational single- center study. 
Connection to ECMO occurred both at the stage of the pri-
mary hospital, with subsequent transportation to the ECMO 
center, and in the intensive care unit at the ECMO center, 
where their further treatment was performed.

Inclusion criteria: patients older than 18 years 
for  ECMO. Exclusion criteria: age less than 18 years, 
pregnancy, brain death, use of  synthetic glucocorticoids. 
The patients were monitored during ECMO in the  inten-
sive care unit of State Scientific Center of A. I. Burnazyan 
Federal Medical Biophysical Center of the Federal Medical 
and Biological Agency. 
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The follow-up period of the patients started from the mo-
ment of  ECMO connection and  was kept until  weaning 
from ECMO/death on ECMO. Demographic characteristics 
were represented by  descriptive statistics. The  anamnesis 
was collected according to the medical records, and the mo-
ment of connection and duration of ventilatory ventilation 
before ECMO were recorded. Clinical and neurological ex-
amination included assessment of  the  patient’s condition 
according to  the  following scales: The  Acute Physiology 
and Chronic Health Evaluation (APACHE II), the Sequential 
Organ Failure Assessment (SOFA).

Criteria for  initiation of  veno-venous ECMO: respi-
ratory index < 50 mmHg for > 3 hours; respiratory in-
dex < 80 mmHg for > 6 hours; arterial blood pH < 7.25 
with hypercapnia > 60 mmHg for > 6 hours amid increased 
respiratory rate up to 35 times per minute [16–18].

In the heart failure (decrease of cardiac index < 2 l/min/
m2 despite the use and ineffectiveness of vasopressor/ino-
tropic doses) [19]. In order to maintain blood circulation 
in refractory cardiogenic shock, veno-arterial ECMO (VA 
ECMO) was used [20, 21].

In order to maintain blood circulation in refractory car-
diogenic shock (systolic blood pressure below 90 mmHg 
and  signs of  severe organ hypoperfusion —  disorders 
of mental functioning, water diuresis below 30 ml/hr, cold 
feet or  hands, pulmonary edema, use and  ineffectiveness 
of inotropes, vasodilators, intra- aortic balloon counterpul-
sation) we used veno-arterial ECMO [19, 20].

When arterial blood saturation is above 95 %, carbon 
dioxide tension is less than 50 mmHg, oxygen fraction lev-
el is not more than 50 % and the performance of veno-ar-
terial ECMO is close to the cardiac output of the patient, 
there was a transition to the basic algorithm of patient wean-
ing from ECMO [21].

Weaning from  veno-arterial ECMO was based 
on the following parameters: patient status assessment, dos-
es of inotropic and vasopressor support, resolution of organ 
dysfunction, respiratory index > 100 mmHg [22].

Blood sampling was performed after  connection 
to ECMO —  day zero (D0), then the first, third, fifth, sev-
enth days (D1, D3, D5, D7) and further on every second day 
until weaning/death on ECMO. The pituitary- thyroid sys-
tem (TSH, free T3 (FT3) and free T4 (FT4)) was evaluated 
by immunochemiluminescent and immunochemical meth-
ods. The time of blood sampling for TSH, FT4, and FT3 on 
D0 depended on  the  time of  connection to  ECMO. 
Subsequent blood sampling from the central venous cathe-
ter was performed until 8:00 a. m.

As part of the study, it was decided to focus on the ex-
isting reference values of TSH, FT3 and FT4 in blood plas-
ma. When  statistically significant results were obtained, 
the identified differences were indicated within the limits 
of the reference values.

The following were monitored in ECMO patients: satu-
ration, partial pressure of oxygen and carbon dioxide, plas-
ma lactate level, serum or plasma electrolyte concentrations, 

acid-base balance. Blood sampling to  monitor the  above 
parameters was performed from 4 places: from the cannu-
la; after the oxygenator; from the central venous catheter; 
and from the patient’s arterial blood.

The  ethical committee of  the  State Scientific Center 
of  A. I. Burnazyan Federal Medical Biophysical Center 
of the Federal Medical and Biological Agency (protocol № 9 
dated April 25, 2016) approved this study.

Statistical analysis

Statistical data processing was performed using IBM SPSS 
Statistics. Descriptive statistics methods (Me —  median, Q1 —  
first quartile, and Q3 —  third quartile) were used to evaluate 
the study groups. The reliability of the data was determined 
by nonparametric criteria. Intra-group correlation was assessed 
by  Spearman rank correlation coefficient (rs). Significance 
of  differences between  two unrelated groups was assessed 
by Mann—Whitney test (U). Wilcoxon criterion (W) was used 
to estimate parameter change over time for two related sam-
ples. Diagnostic significance of identified intergroup differences 
was compared using ROC curves, with sensitivity and specific-
ity calculations. The critical level of significance for null hy-
pothesis testing was ≤ 0.05.

Results

Patient Characteristics

Forty-seven patients were included in  the  study 
(Table 1). Indications for ECMO were determined as acute 
respiratory failure without correction by artificial ventila-
tion —  40 (85 %); acute cardiovascular failure refractory 
to any other therapy (circulatory failure) —  7 (15 %).

The cause of acute respiratory dysfunction: respiratory 
distress syndrome —  40 patients (85 %). Cause of cardiogen-
ic shock: myocarditis —  3 patients (7 %); acute myocardial 
infarction —  2 patients (4 %); cardiac arrest —  2 patients 
(4 %).

Patients who died after weaning from ECMO or died 
on  ECMO —  29/47 (62 %). Cause of  death: septic shock, 
22/29 (75.9 %); pulmonary embolism, 2/29 (6.9 %); cardio-
genic shock, 3/29 (10.3 %); hemorrhagic complications —  
1/29 (3.45 %); brain death, 1/29 (3.45 %).

“ECMO weaning” is a procedure in which the ECMO 
system is removed due to restoration of lung gas exchange 
and/or cardiac function. Subsequently, these patients could 
have survived or died at any stage after ECMO weaning. We 
have indicated the fatal outcome during ECMO as “death 
on ECMO”.

Before connection to BB ECMO, the oxygenation in-
dex against the background of 100 % oxygen in the inhaled 
gas mixture was less than 0.8. During veno-venous ECMO, 
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we achieved the following target values of the arterial blood 
gas composition of the patient: oxygen tension greater than 
60 mmHg; carbon dioxide tension = 45 mmHg; satura-
tion = greater than 82; SpVO2 greater than 65 %.

The patient’s baseline severity score (APACHE II) was 
higher in non-survivors. The age of patients who non-sur-
vived was higher than that of patients who survived. The du-
ration of mechanical ventilation before ECMO was connect-
ed did not differ between  the  survivor and  non-survivor 
groups. On the day of weaning/death on ECMO, the SOFA 
score was higher in non-survives. A  longer stay in the  in-
tensive care unit was observed in patients with a favorable 
outcome.

There  was no statistically significant difference be-
tween the patients who survived and those who died de-
pending on the duration of ventilation before ECMO ini-
tiation.

Arterial blood lactate levels on  the  day of  ECMO 
connection were not statistically significantly different 
in  the  groups of  surviving and  non-survivor patients. 
Total lactate level on the day of ECMO connection was 2.9 

(2.2–4.4) mmol/l. On the day of weaning/death on ECMO, 
the lactate level was higher in non-survives patients.

The pituitary- thyroid system

A comparative analysis of the plasma levels of FT4 at dif-
ferent time points in the groups of surviving and non-sur-
vives patients (Fig. 1). Plasma FT4 levels were lower 
in non-survives patients at D0, D1, D3, D11 and at the last 
day of follow-up. The reference values of FT4 level (12–22 
pmol/l).

A comparative analysis of the plasma levels of FT3 at dif-
ferent time intervals in the groups of surviving and non-sur-
vives patients (Me; Q1; Q3) was performed (Fig. 2). Plasma 
levels of FT3 were lower in non-survivor patients at D5, D11 
and the last day of follow-up. The reference values of FT3 
level (3.1–6.8 pmol/l).

Differences in  plasma TSH levels of  non-survives 
and surviving patients during ECMO were observed only 
on the day of weaning/death on ECMO (Table 2). TSH nor-
mal values are 0.5 to 5.0 mIU/L.

Table 1.  General characteristics of patients who survived and non-survived on ECMO 

Parameters Survivors, n = 18 
(38.3 %)

Non-survivors, n = 29 
(61.7 %)

p

Age, age, Ме (Q1; Q3) 40.5 (32; 46) 50 (35; 60) 0.039

Sex, male/female 29/19 —

BMI, kg/m2 27.6 (24.1; 28) 26.4 (25.7; 30.7) 0.56

SOFA on day of weaning/death on ECMO 8 (5; 10.5) 12 (12; 16) 0.001

SOFA on day of ECMO connection 9 (5.7; 12) 12 (8.5; 13) 0.18

APACHE II on the day of ECMO 19.5 (18.7; 22) 24 (20; 31) 0.01

From the moment of connection to the mechanical ventilation 
before connecting to ECMO, day

3 (1; 6) 3 (1; 4) 0.5

Intensive care unit, day 17 (14.2; 25.2) 15 (5.5; 19.5) 0.034

Duration of ECMO, day 7.5 (5.7; 10) 8 (5; 15.5) 0.594

Duration of the targeted temperature management, 24 hours 2 (2; 3) 3 (3; 9) 0.049

Level of lactate in arterial blood on the day of connection to ECMO 
(mmol/l)

2.8 (2.1; 4.4) 3 (2.2; 4.6) 0.9

Arterial blood lactate level at day of weaning/death on ECMO 
(mmol/l)

0.9 (0.6; 1.2) 3.8 (2.1; 7) 0.001

Veno-venous ECMO 16 24 —

Veno-arterial ECMO 2 5 —

Diseases that led to the development of a critical condition and transfer to ECMO:

pneumonia 16 24 —

myocarditis 1 —

cardiac arrest complicating myocardial infarction 2 4 —
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Fig. 1.  The figure shows: the level of free T4 in dynamics in the groups of survivors and non-survived patients during ECMO; values of Me, Q1; 
Q3; reference values of the level of free T4. Marked day (D) of observation with a significance level (p) and number of non-survived/
surviving patients. Solid line —  survivors, dotted line —  deceased

Table 2.  The table shows: TSH level in dynamics in the groups of survived and non-survived patients during ECMO; Me, Q1; Q3 values; Days 
(D) of observation with significance level (p) are marked. The number of surviving/non-survived  patients (n) is shown in parentheses 

TSH, Day (D), n Survivor, Me (Q1; Q3) Non-survivor, Me (Q1; Q3) p

D0 (18/29) 0.9 (0.2; 1.9) 0.7 (0.4; 2.1) 0.93

D1 (18/25) 0.9 (0.06; 2.9) 1 (0.4; 1.7) 0.6

D3 (17/25) 1.57 (0.13; 2.9) 0.51 (0.2; 2.6) 0.93

D5 (17/22) 1.17 (0.4; 2.9) 1.1 (0.16; 1.7) 0.35

D7 (12/18) 1.18 (0.4; 2.8) 1.8 (0.3; 3.1) 0.47

D9 (4/13) 0.4 (0.2; 2.3) 1.7 (0.3; 3) 0.49

D11 (1/11) 2.5 (2.5) 1.6 (0.1; 5.5) 0.66

Day of weaning/death on ECMO (18/29) 1.2 (0.6; 2.49) 0.35 (0.08; 1.23) 0.01

A comparative analysis of plasma levels of TSH, FT3, 
and  FT4 in the  untreated and  dopamine- treated patient 
groups (38/9) on  the  day of  connection (D0) to  ECMO 
and the last day of follow-up was performed. No statistically 
significant difference was found between patients without 
and with dopamine treatment (Table 3).

Correlation analysis

There was a negative correlation of arterial blood lactate levels 
with FT3 (rs = −0.519, p = 0.001); TSH (rs = −0.529, p = 0.001); 
FT4 (rs = −0.344; p = 0.035) on weaning/death on ECMO.

A  statistically significant negative correlation was 
found on the day of weaning/death on ECMO of the SOFA 
scale score with  TSH level (rs = −0.42, p = 0.003); FT4 
(rs = −0.35, p = 0.015); FT3 (rs = −0.37, p = 0.01).

ROC curve analysis

ROC curve analysis showed that  low plasma levels 
of FT3 in patients on the day of weaning/death on ECMO 
demonstrated a sensitivity of 77 % and specificity of 93 % 
for adverse outcome (Fig. 3).
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Fig. 2.  The figure shows: the level of free T3 in dynamics in the groups of survivors and non-survived patients during ECMO; values of Me, Q1; 
Q3; reference values of the level of free T3. Marked day (D) of observation with a significance level (p), and number of non-survived/
surviving patients. Solid line —  survivors, dotted line —  deceased

Table 3.  Analysis of differences between patients with/without dopamine treatment at moment of ECMO connection initiation 
activation and on the day of weaning/death on ECMO, (Me, Q1; Q3)  

Day, (n) Without dopamine treatment, n = 38 (81 %) Dopamine, n = 9 (19 %) p

D0

TSH 0.89 (0.51; 2.55) 1.66 (0.26; 1.7) 0.8

FТ4 15.1 (11.5; 17.1) 13.6 (9.3; 15.6) 0.5

FТ3 2.64 (2.1; 3.6) 2.6 (2; 3.5) 0.7

Day of weaning/death on ECMO

TSH 0.57 (0.17; 3.12) 1.14 (0.2; 1.93) 0.8

FТ4 12.4 (11.6; 15.9) 12.8 (9.2; 16.8) 0.9

FТ3 2.1 (1.9; 3.2) 2.6 (1.8; 4.01) 0.3

ROC curve analysis showed that low plasma FT4 levels 
in patients on the day of weaning/death on ECMO demon-
strated a sensitivity of 67 % and specificity of 89 % for ad-
verse outcome (Fig. 4).

ROC curve analysis showed that low plasma TSH levels 
in patients on day of weaning/death on ECMO demonstrat-
ed sensitivity of 83 % and specificity of 69 % for adverse out-
come on ECMO (Fig. 5).
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Discussion

The  biological effect of  thyroid hormones depends 
on the coordinated functioning and interaction of all com-
ponents of the hypothalamic —  pituitary —  thyroid- target 
tissue system [9]. Thyrolyberine, secreted by hypothalam-
ic neurons through the pituitary portal system, promotes 
the  synthesis and  release of  TSH into  the  bloodstream. 

Fig. 4.  ROC curve of predicting an unfavorable outcome on the day 
of weaning/death on ECMO

Fig. 5.  ROC curve of predicting an unfavorable outcome on the day 
of weaning/death on ECMO

Fig. 3.  ROC curve of predicting an unfavorable outcome on the day 
of excommunication/death on ECMO

Both  TSH and  thyroleiberin secretion are  regulated 
by a negative feedback mechanism from T4 and T3 secreted 
by the thyroid gland. TSH release is also corrected by oth-
er hormones, including glucocorticoids and somatotropic 
hormone; it  is  suppressed by  cytokines in  the  pituitary 
and  hypothalamus [23].

Severe physical stressors are determinants of TSH se-
cretion regardless of thyroid hormone levels and circadian 
rhythms [24]. Thus, in  the  euthyroid syndrome develop-
ing in the acute phase of critical illness (from several min-
utes to days) —  low T3 content does not cause a compen-
satory increase in  TSH secretion. The  low concentration 
of T3 is due to a change in the vector of energy expenditures 
aimed at overcoming the prohibitive needs of the organism 
in  the acute phase of critical illness in  the  form of gluco-
neogenesis, lipolysis and  proteolysis [25, 26]. The  above- 
mentioned changes develop when  type 1 deiodinase ac-
tivity decreases or  when  type  3 deiodinase is  activated 
in the  peripheral tissues of the body [27, 28].

Continued dependence of a patient on life support de-
vices for several days or more is considered by Greet Van 
den Berghe et al. as  formation of subacute phase of criti-
cal illness, and more than 14–21 days —  as chronic phase 
of critical illness [29]. The above three- phase model of crit-
ical illness (acute, subacute, chronic phase) is  character-
ized by fluctuations of cortisol and ACTH levels in blood 
plasma. Thus, Greet Van den Berghe suggests that damage 
to the patient’s neuroendocrine system underlies the sub-
acute and  chronic phases of  critical illness. Taking this 
model as the basis, based on the data obtained in our study 
about changes in  levels of  TSH and  thyroid hormones 
during  ECMO, we observe the  transition of  the  acute 
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phase into the subacute phase of critical illness. In addition, 
the moment of initiation of the patient’s ECMO can be con-
sidered as the onset of subacute phase of critical illness.

It is the transition to the subacute phase is manifested 
by low-normal or low secretion of TSH, with decreased T4 
and  more suppressed T3, despite the  achievement of  full 
nutritional support. With  these changes in  the  pituitary- 
thyroid system, the development of central hypothyroidism 
is  most likely [30]. The  development of  central hypothy-
roidism in critical illness patients can be caused by dam-
aging effects of: peripheral and  local cytokines; hypoxia 
on hypothalamus, pituitary gland; long-term use of drugs 
for anesthesia and sedation, and, as a result, low amplitude 
of TSH level during a day, reduced thyroid activity [5, 31, 
32]. In subacute phase of critical illness, low T3 concentra-
tion is not an adaptive mechanism of the body, since the val-
ue of  acute T3 decrease is  associated with  the  severity 
of the disease and the risk of lethal outcome [33, 34].

At autopsy of  the brains of patients who died in sub-
acute and chronic phase of critical illness, the expression 
of  thyrotropin- releasing hormone (TRH) gene in  para-
ventricular nuclei was lower than that  in  those who died 
in  acute phase of  critical illness, for  example from  acute 
trauma [35]. In  addition, a  positive relationship was ob-
served between matrix ribonucleic acid expression of TRH 
and plasma concentrations of TSH and T3. At the same time, 
in surviving patients in the chronic phase of critical illness, 
an increase in the level of TSH is considered to be a good 
prognostic sign. Another explanation for  the  decrease 
in the amplitude of TSH secretion is an increase in type 2 
deiodinase activity in the hypothalamus and pituitary gland 
and, as a consequence, transformation of T4 into active T3. 
This local increase in thyroid hormones in the hypothalamus 
and pituitary gland is perceived by the central nervous sys-
tem as an excessive secretion of T4 and T3, which in turn 
suppresses both TRH and TSH activity. Therefore, the syn-
thesis and secretion of thyroid hormones decreases [36, 37]. 
That is, the central nervous system suppression of thyroid 
activity is caused by damage of TRH nuclei and increased in-
tracellular levels of thyroid hormones (T3 and T4) in the hy-
pothalamus.

Under such conditions peripheral tissues adapt to thy-
roid hormone deficiency by  increasing the number of  in-
tracellular thyroid hormone transporters, local activation 
of thyroid hormone (increase of type 2 deiodinase) and ex-
pression of  active receptor isoform genes [37, 38, 39]. 
The experimental work of S.-F. Ma et al. showed the pro-
tective role of type 2 deiodinase activation in lungs in the de-
velopment of sepsis and acute lung injury [40].

In  critical illness, the  use of  exogenous dopamine 
and dexamethasone can provoke the development of cen-
tral hypothyroidism [42, 43]. In our study, dexamethasone 
was not used according to  exclusion criteria. No differ-
ences in TSH and thyroid hormone levels were found be-
tween  the  groups receiving and  not receiving dopamine. 
This may be due to the short duration of dopamine adminis-

tration and/or the limited number of patients who received 
it in the study. According to the results of this study, patients 
who died on  ECMO and  those who died after  weaning 
from ECMO had lower FT4 levels below the reference values 
compared with those who survived. 

It  is possible that long-term use of drugs used for an-
esthesia and  sedation influences the  degree of  inhibition 
of thyroid hormones and TSH levels during critical illness 
and ECMO [3, 44].

On the day of connecting patients to ECMO there was 
a statistically significant difference in plasma T4 level (within 
the reference values) in the groups of subsequently survived 
and non-survivor patients. The FT4 level in the subsequently 
non-survivor patients was at D0 low-normal; in the survi-
vors it was significantly higher. Similar results were obtained 
in earlier studies in patients without ECMO [45].

The patients who died subsequently on the day of con-
nection to  ECMO and  at  D1, D3 had severely depressed 
plasma levels of  FT3 In  the  group of  survived patients, 
on the day of ECMO connection, plasma FT3 content was 
below the reference values, subsequently from D5 FT3 level 
increased to low-normal values. Statistically significant dif-
ferences between the groups of surviving and non-survivor 
patients were observed at D5, D11 and on the day of wean-
ing/death on ECMO.

In the group that died on ECMO or in patients who died 
subsequently, plasma levels of TSH, FT3, and FT4 were neg-
atively correlated with the SOFA score.

Throughout the  follow-up, plasma TSH levels did 
not differ in the groups of patients who survived and died 
on ECMO or in patients who subsequently died. TSH lev-
els in the non-survivor groups were statistically significantly 
lower than in the survivor group only in the last day of fol-
low-up. 

The  observed decrease in  plasma levels of  TSH, FT4 
and FT3 on the day of patient weaning from ECMO is an 
independent predictor of  adverse outcome. According 
to  R. P. Peeters et al. results, decreased levels of  TSH 
and thyroid hormones are associated with probable adverse 
outcome in severe community- acquired pneumonia [46].

Changes observed in  levels of  thyroid hormones 
and TSH, in patients in the subacute phase of critical illness 
during ECMO, indicate depletion, or irreversible damage 
to such brain structures as the noradrenergic system, hypo-
thalamus and limbic system [5], which in our study is con-
firmed by the observed negative correlation of  low levels 
of TSH, FT4, FT3 with both high lactate levels and a high 
SOFA score. Lactate is  a  surrogate marker that  is  one 
of  the  significant indicators of  generalized tissue hypox-
ia [47]. Low levels of TSH and thyroid hormones in plas-
ma and their negative correlation with arterial blood lac-
tate levels on the day of weaning/death on ECMO is a sign 
of damage to the nuclei (the central nervous system) regu-
lating the behavior of the neuroendocrine system in the crit-
ical illness. Along with  the  above, we observed recovery 
of  pituitary- thyroid system in  surviving patients; that  is, 
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we can say that, during ECMO, increases in  thyroid hor-
mone and TSH levels in the dynamics are a sign of  f avorable 
 outcome. 

In  the  format of  the  study, etiopathogenetic hetero-
geneity of groups (BB ECMO, VA ECMO) was not signif-
icant, because the formation and course of critical illness 
are typical regardless of the causes that caused them [48]. 
At the same time, the method of connection to ECMO rath-
er reflects the severity of the condition than the peculiari-
ties of the effect of its connection variants on the pituitary- 
thyroid system.

Conclusion

Within the framework of the three- phase model of criti-
cal illness (acute, subacute and chronic phases), the patient’s 
condition requiring connection to  ECMO is  considered 
as a subacute phase. This conclusion is based on the initia-
tion of connection to ECMO (from the moment of develop-
ment of critical illness until connection to ECMO); on fluc-
tuations of FT3, FT4 and plasma TSH levels in the groups 

of  survivors and  non-survivors throughout the  study; 
and  on  negative correlation of  lactate levels with  TSH, 
and with thyroid hormones in blood plasma.

Along with high arterial blood lactate levels and a high 
SOFA scale score, the degree to which FT3, FT4, and TSH 
levels decreased in patients in critical illness during ECMO 
correlated with survival prognosis.

Low plasma levels of TSH, FT3, and FT4 are indepen-
dent predictors of adverse outcome at the time of weaning/
death on ECMO.
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