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BACKGROUND: The most common consequence of the radical treatment of breast cancer is postmastectomy syn-
drome — a complex of changes in the lymph circulatory system, central and peripheral nervous system, skeletal and 
muscular apparatus, that significantly reduce the quality of life and working capacity of women. In recent years, special 
attention has been paid to the study of psycho-emotional disorders in this group of patients. A promising method for pre-
clinical diagnosis of anxiety and depressive disorders in patients with postmastectomy syndrome may be positron emission 
computed tomography with fluorine-18 labeled glucose — 2(18F)-fluoro-2-deoxy-D-glucose, which makes it possible to 
deduce typical patterns of changes in glucose metabolism in cerebral structures in various depressive and anxiety states. 

AIM: The purpose of this study is to study the relationship between brain metabolism and psycho-emotional status 
in patients with postmastectomy syndrome. 

MATERIALS AND METHODS: In our work, the sample consisted of 28 patients who underwent radical treatment for 
breast cancer, who underwent an assessment of the psycho-emotional state using the State-Trait Anxiety Inventory and 
Zung scales for self-assessment of depression. Positron emission tomography was also performed with 18-fluorodeoxy-
glucose. 

RESULTS: The study revealed that 71% of patients showed an increased level of anxiety, and 64% showed signs 
of depression. Positron emission tomography data revealed the following areas of hypometabolism in patients with 
anxiety-depressive disorders: parietal cortex, inferior parietal lobule, precuneus, superior temporal gyrus, prefrontal 
cortex, and posterior cingulate cortex. 

CONCLUSION: Thus, typical zones of changes in glucose metabolism in patients with psycho-emotional disorders have 
been identified, which makes it possible to improve the accuracy of diagnosing these conditions, as well as to develop the 
most effective ways to prevent and treat them.
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Актуальность. Наиболее частым последствием радикального лечения рака молочной железы является пост-
мастэктомический синдром — совокупность изменений со стороны лимфоциркуляторного русла, центральной и пе-
риферической нервной системы, скелетно-мышечного аппарата, существенно нарушающих повседневную активность 
и трудоспособность женщин. В последние годы особое внимание уделяется изучению психоэмоциональных наруше-
ний в данной группе пациенток. Перспективным методом для доклинической диагностики тревожно-депрессивных 
расстройств у пациенток с постмастэктомическим синдромом может стать позитронно-эмиссионная компьютерная то-
мография с меченной фтором-18 глюкозой — 2(18F)-фтор-2-дезокси-Д-глюкоза, позволяющая обнаружить типичные 
паттерны изменения метаболизма глюкозы в церебральных структурах при различных депрессивных и тревожных 
состояниях. 

Целью данного исследования является изучение взаимосвязи метаболизма головного мозга и психоэмоциональ-
ного статуса у пациенток с постмастэктомическим синдромом. 

Материалы и методы. В нашей работе выборка составила 28 пациенток, перенесших радикальное лечение 
рака молочной железы, которым была выполнена оценка психоэмоционального состояния с использованием шкал 
Спилбергера–Ханина и Цунга для самооценки депрессии, а также позитронно-эмиссионная томография с 18-фтордез-
оксиглюкозой. 

Результаты. Выявлено, что 71 % пациенток демонстрировали повышенный уровень тревоги, у 64 % наблюдались 
признаки депрессии. Позитронно-эмиссионная томография выявила следующие области гипометаболизма у пациен-
ток с тревожно-депрессивными нарушениями: теменная кора, нижняя теменная долька, прекунеус, верхняя височная 
извилина, префронтальная кора, задняя поясная кора. 

Заключение. Таким образом, выявлены типичные зоны изменения метаболизма глюкозы у пациенток с психо-
эмоциональными нарушениями, что позволяет повысить точность диагностики данных состояний, а также разработать 
наиболее эффективные пути их профилактики и лечения.

Ключевые слова: депрессия; метаболизм головного мозга; постмастэктомический синдром; прогнозирование; ПЭТ; 
тревога.
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BACKGROUND
The high prevalence and severe disabling conse-

quences of radical breast cancer (BC) treatment repre-
sent a significant medical and social problem and make 
the study of this pathology urgent. One consequence is 
postmastectomy pain syndrome (PMPS), which occurs in 
>80% of patients [1].

The clinical picture of PMPS is represented by lym-
phocirculatory disorders, chronic pain syndrome, psycho-
emotional disorders, restricted mobility in the shoulder 
joint on the side with surgical intervention, and cerebro-
vascular disorders. Among psycho-emotional disorders 
in women with PMPS, depressive and anxiety symp-
toms are the most common. PMPS has a pronounced 
negative effect on the daily activities and performance 
of women and reduces their quality of life [2]. A trau-
matic life experience, such as undergoing radical treat-
ment of PMPS, is accompanied by agitation, insomnia, 
appetite loss, anxiety about death, generalized anxiety, 
and decreased mood. The above symptoms gradually 
disappear; however, in 25%–70% of women, anxiety and 
depression persist many years after treatment [3–5]. 
Remote chronic pain is diagnosed in 20%–60% of wom-
en treated for early-stage RA [6–7]. According to the 
International Association for the Study of Pain, pain as 
a psychosomatic sensation is an unpleasant sensory and 
emotional experience associated with actual or potential 
tissue damage or described in terms of such damage. 
Chronic pain is defined as maladaptive, lacking biological 
value, persisting beyond the expected healing period, not 
amenable to conventional treatment, and lasting >6 months. 
Recurrence is a specific feature of chronic pain, and anxi-
ety and depression play important roles in its perception. 
The presence of chronic pain in women who underwent 
mastectomy is associated with anxiety and depressive 
symptoms [3, 7]. Psycho-emotional disorders lead to the 
patient’s limitation or rejection of the previous lifestyle, 
physical activity, and interests.

Studies of patients with depression using fluorine-
18glucose-labeled positron emission computed to-
mography (18F-FDG PET/CT) have revealed metabolic 
abnormalities in some specific brain regions, including 
the prefrontal, temporal, cingulate cortex, striatum, pre-
cuneus, and hippocampus [8–10]. These changes are 
explained by the hypothesis suggesting the presence of 
limbic–cortical–striatal–pallidal–thalamic connections in 
the brain. The disruption of the connections along with 
the dysfunction of the above-described brain areas can 
lead to the development of depression. The frontal lobe 
plays an important role in attention, perception, planning 
ability, goal-directed behavior, working memory, and ex-
ecutive function. Disturbances in this area can be respon-
sible for the development of the majority of the symp-
toms of depression. Alterations in frontal lobe function 

likely underlie depression and are also closely associated 
with symptoms of major depressive disorder (MDD) [11]. 
The anterior cingulate cortex and corpus striatum are 
major components of the limbic system that play an 
important role in episodic memory functioning, emotion 
processing, and cognition. Most studies in patients with 
MDD have found hypometabolism in the striatum and an-
terior cingulate; however, data from the literature are 
often contradictory [11–14].

Current evidence suggests that patients with high 
anxiety levels have metabolic changes in the prefrontal 
cortex bilaterally (hypometabolism in most studies), hip-
pocampus, caudate nucleus, shell (hypometabolism on 
the left), and amygdala (usually hypermetabolism). Other 
metabolic changes identified include hypometabolism in 
the orbitofrontal cortex, anterior cingulate cortex, and hy-
permetabolism in the insula (predominantly on the right) 
[15–17].

Thus, 18F-FDG PET/CT showed high sensitivity in 
detecting anxiety–depressive disorders and allowed the 
identification of metabolic mechanisms of their devel-
opment. In addition, this method has great potential as 
a method of the preclinical diagnosis of psycho-emotion-
al disorders.

Identification of the pathogenetic mechanisms and 
predictors of the development of psycho-emotional dis-
orders in patients with the postmastectomy syndrome 
will make it possible to form strategies for the prevention 
and treatment of clinically significant anxiety and depres-
sion, which will allow for the reduction of the disabling 
consequences of BC treatment.

Thus, this study aimed to investigate the relationship 
between brain metabolism and cognitive impairment, 
psycho-emotional status, and quality of life in patients 
with postmastectomy syndrome.

MATERIALS AND METHODS
An open single-center study recruited 28 patients with 

postmastectomy syndrome who had previously under-
gone radical treatment for breast malignancy. The inclu-
sion criteria were as follows: age 25–50 years (mean 
age, 45.8 years ± 3 months), history of radical treatment 
of BC (mastectomy, radiation, and/or chemotherapy), 
comprehensive examination to exclude metastasis, and 
continued tumor growth. The exclusion criteria were 
as follows: history of acute cerebral circulatory failure, 
myocardial infarction, craniocerebral trauma, advanced 
oncologic diseases, decompensation of chronic diseases, 
and psychiatric diseases. Most patients underwent radical 
Madden mastectomy (n = 22), sectoral resection (n = 4), 
and breast reconstruction (n = 2). Complex treatment 
(surgery, radiation, and chemotherapy) of BC was per-
formed in 5 patients, a combination of surgical treatment 
and chemotherapy in 19, and a combination of radiation 
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Table 1. Number and proportion of patients with psycho-emotional disorders

Patient group under 
study Anxiety Depression Combination of anxiety and depression

Number of patients 20 18 10

% of total 71 64 36

therapy and surgical intervention in 4. According to TNM 
classification of cancer stages, stage I (T1N0M0) was 
detected in 4 patients, IIA (T2N0M0) in 15, IIB (T2N1M0) 
in 3, IIIA (T0N2M0) in 4, and IIIB (T4N2M0) in 2.

The psycho-emotional state was assessed by col-
lecting anamnesis (complaints during questioning) using 
Spielberger–Hanin and Zung scales for the self-assess-
ment of depression.

The anxiety level was assessed using the Spielberg-
er–Hanin State-Trait Anxiety Inventory scale, which is an 
informative way to self-assess anxiety level at the mo-
ment (reactive anxiety as a state) and personality anxiety 
(a stable characteristic of a person) [18]. Depression was 
assessed using the Zung scale, which has high sensitiv-
ity and specificity for the self-assessment of depression, 
while assessing the degree of depressive disorder in pa-
tients, and is used for depression screening [19].

18F-FDG PET/CT was performed to study the state of 
brain tissue metabolism. According to the degree of drug 
accumulation in the brain tissue, this method allows for 
identifying zones with normal metabolism, hypometabo-
lism, and hypermetabolism, which allows the evaluation 
of the functional state of different parts of the brain.

Statistical analysis was performed using comparative 
analysis in the Statistica 10.0 program with the evalua-
tion of nonparametric methods (Fisher’s exact criterion).

The study was performed in compliance with the prin-
ciples of the Declaration of Helsinki of the World Medi-
cal Association and approved by the Ethical Committee 
of the Almazov National Medical Research Center of the 
Russian Ministry of Health (conclusion dated 31.10.2019). 
All patients received an explanation of the purpose of the 
study, and all of them gave informed consent.

RESULTS
According to the results of questionnaires, 20 out 

of 28 (71%) patients showed high anxiety levels and 18 
out of 28 (64%) had signs of depression. A combination 
of anxious and depressive changes was detected in 10 
(36%) patients (Table 1).

Among patients with anxiety (n = 20), 14 (50% of 
all patients and 70% of patients with high anxiety) had 
hypometabolism in the parietal cortex, and 13 (46% 
of all patients and 65% of patients with high anxi-
ety) had hypometabolism in the inferior parietal lobule 
(9 in both hemispheres and 4 in the left hemisphere). 

Hypometabolism in the precuneus was detected in 5 pa-
tients (3 on the right and 2 on both sides, which was 
18% of all patients and 25% of patients with high anxiety 
levels). Hypometabolism in the superior temporal gyrus 
was detected in 4 patients (3 on the left and 1 bilaterally, 
which was 14% of all patients and 20% of patients with 
high anxiety levels). Hypometabolism in the prefrontal 
cortex was detected bilaterally in 2 patients, which was 
7% of all patients and 10% of patients with high anxi-
ety levels. Hypometabolism in the posterior cingulate 
cortex was detected in 2 patients, which was 7% of all 
patients and 10% of patients with high anxiety levels 
(Table 2).

Among patients with depression (n = 18), 13 (46% of 
all patients and 72% of patients with depression) have 
hypometabolism in the parietal cortex (9 bilaterally and 4 
on the left); among them, hypometabolism in the inferior 
parietal lobule was found in 11 (8 bilaterally and 3 on the 
left, representing 39% of all patients and 61% of patients 
with depression). Hypometabolism in the precuneus was 
detected in 6 patients (2 bilaterally and 4 on the right), 
representing 21% of all patients and 33% of patients 
with depression. Hypometabolism in the superior tempo-
ral gyrus was detected in 6 patients (4 on the left and 2 bi-
laterally), which was 21% of all patients and 33% of those 
with depression. Hypometabolism in the prefrontal cortex 
was detected in 4 patients (2 on the right, 1 bilaterally, 
and 1 on the left), which was 14% of all patients and 22% 
of those with depression. Hypometabolism in the posteri-
or cingulate cortex was detected in 3 patients, which was 
11% of all patients and 17% of patients with depression 
(Table 3).

When comparing the frequency of metabolic zone 
changes in patients with depression and anxiety using 
Fisher’s exact test, no statistically significant differenc-
es were found (p > 0.05). The lack of differences when 
comparing groups can be explained by small quantitative 
sampling.

DISCUSSION
The results revealed a high frequency of hypome-

tabolism in the parietal cortex in patients with depres-
sion (50%) and anxiety (46%), particularly the inferior 
parietal lobe, accounting for 46% and 39%, respectively. 
The inferior parietal lobe is a hetero-modal conver-
gence zone of different brain neuronal networks that 
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Table 2. Zones of hypometabolism in patients with high anxiety levels

Area of altered 
metabolism

Number 
of patients

% of total number 
of patients

% of patients 
with anxiety

Dark crust 14 50 70 

Inferior parietal lobe 13 46 65 

Precuneus 5 18 25 

Upper temporal gyrus 4 14 20 

Prefrontal cortex 2 7 10 

Posterior cingulate cortex 2 7 10 

Table 3. Zones of hypometabolism in patients with depression

Area of altered 
metabolism

Number 
of patients

% of total number 
of patients

% of patients 
with depression

Dark crust 13 46 72 

Inferior parietal lobe 11 39 61 

Precuneus 6 21 33 

Upper temporal gyrus 6 21 33 

Prefrontal cortex 4 14 22 

Posterior cingulate cortex 3 11 17 

play a central role in the realization of key cogni-
tive operations at different levels of the neural pro-
cessing hierarchy. These cognitive functions include 
lower- (spatial attention) and higher-level processes 
that are of greater importance in humans, such as se-
mantic memory and social interaction. Changes in the 
metabolism of this brain region are not highly specific. 
Hypometabolism in this area in patients with depres-
sion and anxiety may reflect impaired social function-
ing, creating difficulties in understanding and interacting 
with others.

Hypometabolism in the precuneus was found pre-
dominantly in patients with depression (21% among all 
patients) and to a lesser extent in patients with anxiety 
(18%). The precuneus can be conceptualized as a brain 
region that provides access to the hippocampus for spa-
tial and related information from the parietal cortex. 
Higher functional connectivity of the precuneus with the 
lateral orbitofrontal cortex has been studied in patients 
with depression. This supports the theory that in depres-
sion the reward rejection system in the lateral orbito-
frontal cortex has a relatively enhanced interaction with 
areas that represent the inner self, including the precu-
neus, which may be associated with low self-esteem in 
patients with depression.

Another frequent finding is hypometabolism in the 
superior temporal gyrus (predominantly on the left) in 
patients with anxiety (14%) and depression (21%). In ad-
dition to the well-known function of audio information 
processing and participation in speech perception, this 
area of the cerebral cortex analyzes socially relevant 

information, being part of the “social brain” along with 
the inferior parietal lobe of the left hemisphere (e.g., de-
termining gaze direction and body language). The altered 
metabolism of this area in depression is a common find-
ing, which may be due to impaired recognition of socially 
relevant information.

Hypometabolism in the prefrontal cortex (predomi-
nantly bilateral) was observed in 7% of patients with 
anxiety and 14% with depression. The prefrontal cortex 
plays an important role in attention, perception, plan-
ning ability, goal-directed behavior, working memory, 
and executive function. Disturbances in this area may 
be responsible for the development of the majority of 
the symptoms of depression. Alterations in frontal lobe 
function may likely underlie depression and are closely 
associated with MDD symptoms, as evidenced by numer-
ous studies.

In addition to the aforementioned changes, hypome-
tabolism in the posterior cingulate cortex was noted in 
patients with anxiety and depression (7% and 11%, re-
spectively). The posterior cingulate cortex is involved in 
topographic and topokinetic memory, i.e., orientation of 
the body in space. This area also plays a role in rec-
ognizing familiar faces and surroundings. The posterior 
cingulate cortex is part of the default mode network 
(i.e., the neural network of the brain that is most active 
outside of specific tasks) and is involved in the attention 
system. This network generates slow waves and syn-
chronizes different parts of the brain (medial prefrontal 
cortex, posterior cingulate cortex, precuneus, inferior 
parietal cortex, etc.). As assumed, the disruption of the 
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synchronization between different parts of the default 
mode network and stable generation of slow waves can 
lead to affective disorders, particularly anxiety spectrum 
disorders, because of the resulting hyperactivity of the 
amygdala body [20].

Despite the lack of significant correlations in the sta-
tistical analysis, the results of this study are consistent 
with the literature data.

CONCLUSION
Thus, the use of neuropsychological testing methods, 

careful assessment of complaints, and the use of PET/CT 
to assess brain metabolism can improve the diagnostic 
accuracy of psycho-emotional disorders in patients with 
postmastectomy syndrome. The use of specialized ques-
tionnaires and examination of brain tissue metabolism will 
make it possible to diagnose preclinical psycho-emotional 
disorders early. A significant proportion of patients with 
PMPS have affective disorders. Depression and anxiety 
occupy the leading positions in prevalence. Characteristic 
changes in brain metabolism are detected in the majority 
of patients with psycho-emotional disorders. This result 

opens the possibility for early objectivized diagnosis of 
psycho-emotional disorders and is of undoubted scientific 
interest for further research. Prompt and accurate diagno-
sis is a direct path to effective treatment.

ADDITIONAL INFORMATION
Funding. The research was performed with the financial 

support of the Ministry of Science and Higher Education of the 
Russian Federation and a grant from the Ministry of Education 
and Science of the Russian Federation 075-15-2020-901 for 
the creation and development of world-class scientific centers 
(Agreement No. 075-15-2022-301 of 2022).

Conflict of interest. The authors declared no conflict of 
interest.

Ethical review. The study was performed in compliance 
with the principles of the Declaration of Helsinki of the World 
Medical Association and approved by the Ethical Committee of 
Almazov National Medical Research Center (conclusion dated 
31.10.2019).

Authors’ contribution. All authors contributed substantial-
ly to the study and article, read and approved the final version 
before publication.

REFERENCES
1. Lovelace DL, McDaniel LR, Golden D. Long-Term Effects of 
Breast Cancer Surgery, Treatment, and Survivor Care. J Midwifery 
Womens Health. 2019;64(6):713–724. DOI: 10.1111/jmwh.13012.
2. Shah C, Arthur D, Riutta J, et al. Breast-cancer related lymph-
edema: A review of procedure-specific incidence rates, clinical as-
sessment aids, treatment paradigms, and risk reduction. Breast 
Journal. 2012;18(4):357–361. DOI: 10.1111/j.1524–4741.2012.01252.x
3. Tsaras K, Papathanasiou IV, Mitsi D, et al. Assessment of De-
pression and Anxiety in Breast Cancer Patients: Prevalence and As-
sociated Factors. Asian Pac J Cancer Prev. 2018;19(6):1661–1669. 
DOI: 10.22034/apjcp.2018.19.6.1661
4. Yi JC, Syrjala KL. Anxiety and Depression in Can-
cer Survivors. Med Clin North Am. 2017;101(6):1099–1113. 
DOI: 10.1016/j.mcna.2017.06.005
5. Crane TE, Badger TA, Sikorskii A, et al. Trajectories of Depression 
and Anxiety in Latina Breast Cancer Survivors. Oncol Nurs Forum. 
2019;46(2):217–227. DOI: 10.1188/19.ONF.217-227
6. Gong Y, Tan Q, Qin Q, et al. Prevalence of postmastectomy 
pain syndrome and associated risk factors: A large single-insti-
tution cohort study. Medicine (Baltimore). 2020;99(20): e19834. 
DOI: 10.1097/MD.0000000000019834
7. Jensen MP, Chang HY, Lai YH, et al. Pain in long-term breast 
cancer survivors: frequency, severity, and impact. Pain Med. 
2010;11(7):1099–1106. DOI: 10.1111/j.1526-4637.2010.00880.x
8. Liu Z, Xu C, Xu Y, et al. Decreased regional homogeneity in insula 
and cerebellum: A resting-state fMRI study in patients with major 
depression and subjects at high risk for major depression. Psychiatry 
Res. 2010;182(3):211–215. DOI: 10.1016/j.pscychresns.2010.03.004
9. Fitzgerald PB, Laird AR, Maller J, Daskalakis ZJ. A meta-analytic 
study of changes in brain activation in depression. Hum Brain Mapp. 
2008;29:683–695. DOI: 10.1002/hbm.20426

10. Guo WB, Sun XL, Liu L, et al.. Disrupted regional homogeneity 
in treatment-resistant depression: A resting-state fMRI study. Prog 
Neuropsychopharmacol Biol Psychiatry. 2011;35:1297–1302.
11. Kennedy SH, Evans KR, Krüger S, et al. Changes in regional brain 
glucose metabolism measured with positron emission tomography 
after paroxetine treatment of major depression. Am J Psychiatry. 
2001;158:899–905. DOI: 10.1176/appi.ajp.158.6.899
12. Mayberg HS, Brannan SK, Tekell JL, et al. Regional metabolic 
effects of fluoxetine in major depression: Serial changes and re-
lationship to clinical response. Biol Psychiatry. 2000;48:830–843. 
DOI: 10.1016/s0006-3223(00)01036-2
13. 13.De Asis JM, Silbersweig DA, Pan H, et al. Neuroimaging stud-
ies of fronto-limbic dysfunction in geriatric depression. Clin Neurosci 
Res. 2003;2:324–330. DOI: 10.1016/s1566-2772(03)00009-4
14. Fu C, Zhang H, Xuan A, et al. A combined study of 18F-FDG PET-CT 
and fMRI for assessing resting cerebral function in patients with 
major depressive disorder. Exp Ther Med. 2018;16(3):1873–1881. 
DOI: 10.3892/etm.2018.6434
15. Horti AG, Naik R, Foss CA, et al. PET imaging of microg-
lia by targeting macrophage colony-stimulating factor 1 recep-
tor (CSF1R). Proc Natl Acad Sci USA. 2019;116(5):1686–1691. 
DOI: 10.1073/pnas.1812155116
16. Li J, Ouyang W. Application of PET Imaging in the Brain Regions of 
the Emotional Control Loop in Patients with Generalized Anxiety Dis-
order. J Healthc Eng. 2021;2021:4505227. DOI: 10.1155/2021/4505227
17. Wu JC, Buchsbaum MS, Hershey TG, et al. PET in general-
ized anxiety disorder. Biol Psychiatry. 1991;29(12):1181–1199. 
DOI: 10.1016/0006-3223(91)90326-h
18. Shah NN, Schwandt ML, Hobden B, et al. The validity of the 
state-trait anxiety inventory and the brief scale for anxiety in an in-
patient sample with alcohol use disorder. Addiction. 2021;116(11): 
3055–3068. DOI: 10.1111/add.15516



405

DOi: https://doi.org/10.17816/rmmar111887 

ORigiNAl ARTiClEs
Russian Military Medical 

Academy ReportsVol. 41 (4) 2022

19. Passik SD, Kirsh KL, Donaghy KB, et al.An attempt to employ the 
Zung Self-Rating Depression Scale as a “lab test” to trigger follow-up in 
ambulatory oncology clinics: criterion validity and detection. J Pain Symp-
tom Manage. 2001;21(4):273–281. DOI: 10.1016/s0885-3924(00)00264-5

20. Northoff G, Zilio F. Temporo-spatial Theory of Conscious-
ness (TTC)  — Bridging the gap of neuronal activity and phe-
nomenal states. Behavioural Brain Research. 2022;424:113788. 
DOI: 10.1016/j.bbr.2022.113788

СпиСОК литеРатуРы
1. Lovelace D.L., McDaniel L.R., Golden D. Long-Term Effects of Breast 
Cancer Surgery, Treatment, and Survivor Care // J. Midwifery Womens 
Health. 2019. Vol. 64, No. 6. P. 713–724. DOI: 10.1111/jmwh.13012.
2. Shah C., Arthur D., Riutta J., et al. Breast-cancer related 
lymphedema: A review of procedure-specific incidence rates, 
clinical assessment aids, treatment paradigms, and risk re-
duction  // Breast Journal. 2012. Vol. 18, No. 4. P.  357–361. 
DOI: 10.1111/j.1524-4741.2012.01252.x
3. Tsaras K., Papathanasiou I.V., Mitsi D., et al. Assessment of De-
pression and Anxiety in Breast Cancer Patients: Prevalence and As-
sociated Factors // Asian Pac. J. Cancer Prev. 2018. Vol. 19, No. 6. 
P. 1661–1669. DOI: 10.22034/apjcp.2018.19.6.1661
4. Yi J.C., Syrjala K.L. Anxiety and Depression in Cancer Survi-
vors  // Med. Clin. North Am. 2017. Vol. 101, No. 6. P.  1099–1113. 
DOI: 10.1016/j.mcna.2017.06.005
5. Crane T.E., Badger T.A., Sikorskii A., et al. Trajectories 
of Depression and Anxiety in Latina Breast Cancer Survi-
vors  // Oncol. Nurs. Forum. 2019. Vol. 46, No. 2. P.  217–227. 
DOI: 10.1188/19.ONF.217-227
6. Gong Y., Tan Q., Qin Q., et al. Prevalence of postmastectomy pain 
syndrome and associated risk factors: A large single-institution co-
hort study // Medicine (Baltimore). 2020. Vol. 99, No. 20. Art. e19834. 
DOI: 10.1097/MD.0000000000019834
7. Jensen M.P., Chang H.Y., Lai Y.H., et al. Pain in long-term breast 
cancer survivors: frequency, severity, and impact // Pain Med. 2010. 
Vol. 11, No. 7. P. 1099–1106. DOI: 10.1111/j.1526–4637.2010.00880.x
8. Liu Z., Xu C., Xu Y., et al. Decreased regional homogeneity in insula 
and cerebellum: A resting-state fMRI study in patients with major de-
pression and subjects at high risk for major depression // Psychiatry Res. 
2010. Vol. 182, No. 3. P. 211–215. DOI: 10.1016/j.pscychresns.2010.03.004
9. Fitzgerald P.B., Laird A.R., Maller J., Daskalakis Z.J. A meta-ana-
lytic study of changes in brain activation in depression // Hum. Brain 
Mapp. 2008. Vol. 29. P. 683–695. DOI: 10.1002/hbm.20426
10. Guo W.B., Sun X.L., Liu L., et al.. Disrupted regional homogeneity 
in treatment-resistant depression: A resting-state fMRI study // Prog. 
Neuropsychopharmacol. Biol. Psychiatry. 2011. Vol. 35. P. 1297–1302.
11. Kennedy S.H., Evans K.R., Krüger S., et al. Changes in regional 
brain glucose metabolism measured with positron emission tomog-

raphy after paroxetine treatment of major depression // Am. J. Psy-
chiatry. 2001. Vol. 158. P. 899–905. DOI: 10.1176/appi.ajp.158.6.899
12. Mayberg H.S., Brannan S.K., Tekell J.L., et al. Regional meta-
bolic effects of fluoxetine in major depression: Serial changes and 
relationship to clinical response  // Biol. Psychiatry. 2000. Vol. 48. 
P. 830–843. DOI: 10.1016/s0006-3223(00)01036-2
13. De Asis J.M., Silbersweig D.A., Pan H., et al. Neuro-
imaging studies of fronto-limbic dysfunction in geriatric de-
pression  // Clin. Neurosci. Res. 2003. Vol. 2. P.  324–330. 
DOI: 10.1016/s1566-2772(03)00009-4
14. Fu C, Zhang H, Xuan A, et al. A combined study of 18F-FDG PET-CT 
and fMRI for assessing resting cerebral function in patients with 
major depressive disorder  // Exp. Ther. Med. 2018. Vol. 16, No. 3. 
P. 1873–1881. DOI: 10.3892/etm.2018.6434
15. Horti A.G., Naik R., Foss C.A., et al. PET imaging of microglia by 
targeting macrophage colony-stimulating factor 1 receptor (CSF1R) \\ 
Proc. Natl. Acad. Sci. U S A. 2019. Vol. 116, No. 5. P.  1686–1691. 
DOI: 10.1073/pnas.1812155116
16. Li J., Ouyang W. Application of PET Imaging in the Brain Re-
gions of the Emotional Control Loop in Patients with Generalized 
Anxiety Disorder  // J Healthc Eng. 2021. Vol. 2021. Art. 4505227. 
DOI: 10.1155/2021/4505227
17. Wu J.C., Buchsbaum M.S., Hershey T.G., et al. PET in gener-
alized anxiety disorder  // Biol. Psychiatry. 1991. Vol. 29, No. 12. 
P. 1181–1199. DOI: 10.1016/0006-3223(91)90326-h
18. Shah N.N., Schwandt M.L., Hobden B., et al. The validity of the 
state-trait anxiety inventory and the brief scale for anxiety in an in-
patient sample with alcohol use disorder // Addiction. 2021. Vol. 116, 
No. 11. P. 3055–3068. DOI: 10.1111/add.15516
19. Passik S.D., Kirsh K.L., Donaghy K.B., et al. An attempt to em-
ploy the Zung Self-Rating Depression Scale as a “lab test” to trigger 
follow-up in ambulatory oncology clinics: criterion validity and detec-
tion // J. Pain Symptom Manage. 2001. Vol. 21, No. 4. P. 273–281. 
DOI: 10.1016/s0885-3924(00)00264-5
20. Northoff G., Zilio F. Temporo-spatial Theory of Conscious-
ness (TTC)  — Bridging the gap of neuronal activity and phe-
nomenal states  // Behav. Brain Res. 2022. Vol. 424. Art. 113788. 
DOI: 10.1016/j.bbr.2022.113788

AUTHORS' INFO Об автОРах
*Albina M. Makhanova, M.D., junior research fellow; address: 
2, Akkuratova str., Saint Petersburg, 197341, Russia; 
ORCID: https://orcid.org/0000-0003-3188-1886; Scopus Author ID: 
57423725500; ResearcherId: GRX-3020-2022; eLibrary SPIN: 
5451-6934; Author ID: 1108199; e-mail: a.mahanova.a@mail.ru

*альбина Мансуровна Маханова, младший научный сотрудник; 
адрес: Россия, 197341, г. Санкт-Петербург, ул. Аккуратова, д. 2; 
ORCID: https://orcid.org/0000-0003-3188-1886; Scopus Author ID: 
57423725500; ResearcherId: GRX-3020-2022; eLibrary SPIN: 
5451-6934; Author ID: 1108199; e-mail: a.mahanova.a@mail.ru

* Corresponding author / Автор, ответственный за переписку



406

DOi: https://doi.org/10.17816/rmmar111887 

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ
Известия Российской 

Военно-медицинской академииТом 41, № 4, 2022

AUTHORS' INFO Об автОРах
Maria L. Pospelova, M.D., D.Sc (Medicine), Professor; 
ORCID: https://orcid.org/0000-0003-3553-6537; Scopus Author ID: 
57202465838; eLibrary SPIN: 1835-0074;Author ID: 650965; 
ResearcherId: ABI-4863-2020; e-mail: pospelovaml@mail.ru 

Мария львовна поспелова, докт. мед. наук, профессор; 
ORCID: https://orcid.org/0000-0003-3553-6537; Scopus Author ID: 
57202465838; eLibrary SPIN: 1835-0074;Author ID: 650965; 
ResearcherId: ABI-4863-2020; e-mail: pospelovaml@mail.ru 

Daria V. Ryzhkova, M.D., D.Sc (Medicine), Professor; 
ORCID: https://orcid.org/0000-0002-7086-9153; Scopus Author ID: 
6602541507; eLibrary SPIN: 7567-6920; Author ID: 424778; 
ResearcherId: C-5262-2018; e-mail: d_ryjkova@mail.ru

Дарья викторовна Рыжкова, докт. мед. наук, профессор; 
ORCID: https://orcid.org/0000-0002-7086-9153; Scopus Author ID: 
6602541507; eLibrary SPIN: 7567-6920; Author ID: 424778; 
ResearcherId: C-5262-2018; e-mail: d_ryjkova@mail.ru

Tatiana M. Alexeeva, M.D., D.Sc (Medicine), Professor; 
ORCID: https://orcid.org/0000-0002-4441-1165; Scopus Author ID: 
57200808136; eLibrary SPIN: 3219-2846; Author ID: 648630; 
ResearcherId: S-88062017; e-mail: atmspb@mail.ru

татьяна Михайловна алексеева, докт. мед. наук, профессор; 
ORCID: https://orcid.org/0000-0002-4441-1165; Scopus Author ID: 
57200808136; eLibrary SPIN: 3219-2846; Author ID: 648630; 
ResearcherId: S-88062017; e-mail: atmspb@mail.ru

Olga V. Fionik, M.D., D.Sc (Medicine), Professor; 
ORCID: https://orcid.org/0000-0002-9730-1226; Scopus Author ID: 
6503989626; eLibrary SPIN: 8133-4875; Author ID: 168829; 
e-mail: fvolga@mail.ru

Ольга владимировна Фионик, докт. мед. наук, профессор; 
ORCID: https://orcid.org/0000-0002-9730-1226; Scopus Author ID: 
6503989626; eLibrary SPIN: 8133-4875; Author ID: 168829; 
e-mail: fvolga@mail.ru

Varvara V. Krasnikova, M.D., junior research fellow; 
ORCID: https://orcid.org/0000-0002-3261-8812; Scopus Author ID: 
57189012524; eLibrary SPIN: 2870-8678; Author ID: 1077706; 
ResearcherId: ABI-5158-2020; e-mail: varya.krasnikova.93@mail.ru

варвара валерьевна Красникова, младший научный сотрудник; 
ORCID: https://orcid.org/0000-0002-3261-8812; Scopus Author ID: 
57189012524; eLibrary SPIN: 2870-8678; Author ID: 1077706; 
ResearcherId: ABI-5158-2020; e-mail: varya.krasnikova.93@mail.ru

Samwel N. Tonyan, M.D., Postgraduate Student, Neurology and Psy-
chiatry Department; ORCID: https://orcid.org/0000-0002-7475-1873; 
ResearcherId: GRX-5113-2022, e-mail: samvelium@gmail.com

Самвел Николаевич тонян, аспирант кафедры неврологии 
и психиатрии; ORCID: https://orcid.org/0000-0002-7475-1873; 
ResearcherId: GRX-5113-2022, e-mail: samvelium@gmail.com

Alexandra E. Nikolaeva, M.D., laboratory assistant-researcher;  
ORCID: https://orcid.org/0000-0002-4550-1883; eLibrary SPIN: 
4103-9192; Author ID: 1014779; ResearcherId: GRX-9922-2022; 
e-mail: shura.nicolaeva@yandex

александра Эрнстовна Николаева, лаборант-исследователь; 
ORCID: https://orcid.org/0000-0002-4550-1883; eLibrary SPIN: 
4103-9192; Author ID: 1014779; ResearcherId: GRX-9922-2022; 
e-mail: shura.nicolaeva@yandex

Tatyana A. Bukkieva, M.D., Postgraduate Student 3 years of the Radia-
tion Diagnostics Dep.; ORCID: https://orcid.org/0000-0002-6779-0241; 
Scopus Author ID: 57210339683; eLibrary SPIN: 5833-3305; Author ID: 
1076926; ResearcherId: ABI-5143-2020; e-mail: tanya-book25@mail.ru 

татьяна александровна буккиева, аспирант 3 года кафедры 
лучевой диагностики; ORCID: https://orcid.org/0000-0002-6779-0241; 
Scopus Author ID: 57210339683; eLibrary SPIN: 5833-3305; Author ID: 
1076926; ResearcherId: ABI-5143-2020; e-mail: tanya-book25@mail.ru 

Egor A. Mokin, M.D., intern at the Neurology and Psychiatry 
Department; ORCID: https://orcid.org/0000-0002-8080-9955; 
Scopus Author ID: 57207300715; eLibrary SPIN: 6105-7916; 
Author ID: 1164159; ResearcherId: GRX-6715-2022; 
e-mail: mokinegor49@gmail.com

егор алексеевич Мокин, ординатор кафедры неврологии 
и психиатрии; ORCID: https://orcid.org/0000-0002-8080-9955; 
Scopus Author ID: 57207300715; eLibrary SPIN: 6105-7916; 
Author ID: 1164159; ResearcherId: GRX-6715-2022; 
e-mail: mokinegor49@gmail.com

Mark S. Voynov, M.D., 5th year student; 
ORCID: https://orcid.org/0000-0002-5765-4289; 
ResearcherId: GRS-9470-2022; e-mail: voynov.ms@gmail.com

Марк Сергеевич войнов, студент 5 курса; 
ORCID: https://orcid.org/0000-0002-5765-4289; 
ResearcherId: GRS-9470-2022; e-mail: voynov.ms@gmail.com

Matvey I. Laptev, M.D., 3rd year student; 
ORCID: https://orcid.org/ 0000-0002-6749-4661; ResearcherId: 
GRX-0569-2022; e-mail: matveylaptev2002@gmail.com

Матвей игоревич лаптев, студент 3 курса; 
ORCID: https://orcid.org/ 0000-0002-6749-4661; 
ResearcherId: GRX-0569-2022; e-mail: matveylaptev2002@gmail.com

Ekaterina E. Vyalykh, M.D., 4th year student; 
ORCID: https://orcid.org/0000-0002-8185-9807; 
ResearcherId: GRX-2816-2022; e-mail: katya071201@gmail.com

екатерина Эдуардовна вялых, студент 4 курса; 
ORCID: https://orcid.org/0000-0002-8185-9807; 
ResearcherId: GRX-2816-2022; e-mail: katya071201@gmail.com


