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1. Introduction

The treatment of severe depression remains a major challenge 
in the field of psychiatry. Treatment resistance is defined as 
limited or no clinical response after two consequent attempts 
for antidepressant therapy over the course of two months [1]. 
There is still a missing consensual definition adopted globally 
in the professional community.

At the same time, resistance to psychological therapy and/ 
or combined pharmacological and psychological treatment 
should also be considered, which, however, has not been 
properly investigated and defined. The functional MRI (fMRI) 
markers of treatment resistance have been addressed in most 
recent review by Katoula [2].

Typically, the assessment of pharmacological treatment in 
medicine is guided by triangulation of data that emerge from 
three (and sometimes four) sources of inquiry: clinical assess-
ment, molecular laboratory tests in blood samples, imaging 
diagnostics, and sometimes electrophysiological tests (like 
ECG and EEG) [3]. For example, the normalization of ECG and 
EEG is adopted as critical parameters to direct the pharmaco-
logical treatment in cardiology and neurology.

Unlike other medical specialties, psychiatry does not triangu-
late (or quadriangulate) its clinical assessments over biomarkers, 
which reflect the causal structure and pathogenetic mechanisms 
of disease [4]. Instead, it focuses on the dynamics of the score 
exclusively from clinical scales that actually construct diagnostic 
criteria and serve as theranostic targets.

Various methods have been proposed to select and moni-
tor treatment response in psychiatry. The mainstream 
approach has been the administration of observer-based rat-
ing scales, or interviews. Those typically comprise 8–12 items 
formulated as questions or statements, with the responses 
usually estimated on a 5-point Likert scale. The most common 
instruments in clinical psychopharmacology of depression are 
Montgomery-Asberg Depression Rating Scale and Hamilton 
Depression Rating Scale. There exists controversial assumption 
that the assessment based on the observer’s interpretation is 
‘objective.’ However, it remains by all means ‘subjective,’ sim-
ply formulated in third-person perspective [5].

By contrast, nominally ‘subjective’ self-evaluation scales 
have been developed, which practically repeat the same psy-
chological content, however, from first-person perspective, i.e. 
from the point of view of the patient [6]. Among the widely 
adopted self-assessment scales, one may consider the Beck 
Depression Inventory (BDI), Zung Depression Inventory, and 
Von Zerssen Depression Scale (DS). While BDI has been devel-
oped exclusively to monitor the psychological treatment by 
means of cognitive behavioral therapy (CBT) in terms of the 
dynamics in the so-called ‘dysfunctional’ thoughts, trans-
formed into items from the scale, the Von Zerssen DS was 
delivered to monitor the antidepressant treatment response in 
medical settings [6].

All those tests capture eight major symptoms (in first- 
person narratives) or signs (in third-person assessment of the 
observer) of depression: dysthymia; pessimistic thoughts; cog-
nitive dysfunctions; apathy and lack of motivation; anhedonia; 
decreased appetite; sleep disturbances; suicide ideation. The 
reduction of the score on those scales with 25–30% is con-
sidered as usual therapeutic target [7].

However, most of the treatment strategies in psychiatry as 
a medical discipline imply biological methods, such as phar-
macotherapy, transcranial magnetic stimulation, transcranial 
direct current stimulation, electroconvulsive therapy, among 
others. The mechanisms of action of those methods are direc-
ted at the causal and pathogenic factors of disease, which lay 
in the domain of natural sciences, whereas the clinical assess-
ment rests in the domain of the subjective narratives. This 
discrepancy is known also as ‘explanatory gap’ [8].

2. Conclusion

The studies of underpinning biological mechanisms of disease 
and their respective signatures in terms of biomarkers have been 
separated from clinical diagnostic assessment, which as a rule is 
the primary step performed in order to select a patient for the 
given intervention. This is another major confound in psychiatry 
as medical discipline, because clinical classifications are based 
exclusively on interviews and have failed to incorporate biomar-
kers so far [4,5].
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While fMRI may be a useful diagnostic marker for future 
classification of affective disorders, including depression, there 
is still limited convincing evidence that it can be used to track 
response to treatment at this current time.

Nonetheless, some advances have been made for inclusion 
of fMRI as a potential tool to select and monitor treatment 
response in depression. Those are presented in the expert 
opinion to follow.

3. Expert opinion

The key findings in the field concern introduction of phar-
maco-magnetic resonance imaging (pMRI) [8].

pMRI is a complex approach for selective application of 
neuroimaging to inform drug choice and monitoring of treat-
ment effect of medications targeting processes in the central 
nervous system. In psychiatry, and more specifically in affec-
tive disorders, it is used to determine brain networks that 
construct the hypothetical neural mechanisms of depression 
and their dynamics in the course of anti-depressive treat-
ment [9].

Those networks may be identified on structural or func-
tional level, the latter being investigated at rest or during 
active conditions processing, a.k.a. task-related fMRI.

Resting-state fMRI is a method that captures the sponta-
neous fluctuation of the blood oxygenation level-dependent 
(BOLD) signal from the brain distributed networks.

Two types of connectivity across neural networks have 
been identified: effective and functional. Effective connectivity 
[10] is studied in terms of dynamic causal modeling, which 
penetrates into the direction and causal influence of the con-
nections: inhibitory, excitatory, and self-inhibitory. Our studies 
revealed that aberrant connectivity of insula and orbitofrontal 
cortex accounts for the diagnosis of severe mental disorders, 
including depression. Functional connectivity [11], on the 
other hand, represents different order relations within and 
across networks without causal inference about the nature of 
the connection. Most recently, we have demonstrated that 
node centrality and node strength of the full functional con-
nectivity matrix accounts for 92% prediction of the clinical 
diagnosis [11]. In the near future, it may provide further 
insights and guidelines in the selection of antidepressant 
therapy [12].

It may well be applied to monitor the treatment response, 
besides other laboratory techniques, such as quantitative EEG, 
to inform the treatment of depression [13], which is one key 
potential in the field.

Task-related fMRI has been applied to assess the dynamics 
of the therapeutic response in mental disorders [14], especially 
for CBT of obsessive-compulsive disorder.

One key weakness in the field is the interpretability of the 
results from task-related fMRI due to their limited generaliz-
ability. That is entailed from the large-scale intra- and inter- 
individual variability of the BOLD signal under very heteroge-
neous stimuli, which are usually designed specifically for 
laboratory settings. Those comprise either cognitive tasks, 
emotional images (pictures), or behavioral tasks. The latter 
most often include money incentive delay (MID) or similar

tasks. Sometimes, cognitive and affective stimuli are combined 
as well. Another key weakness is that the field research is often 
driven by theoretical assumptions. However, the non-linear 
complexity of both mental and nervous processes 
undermines many of those theoretical assumptions [15].

The critical issue, however, is that all those stimuli, with few 
exceptions, are not adopted from clinical diagnostic practice 
and therefore the results from fMRI studies cannot be trans-
lated back to clinical reasoning and decision-making [3,7].

This challenge has been recently addressed by a novel 
approach that can combine clinical self-evaluation scales and 
fMRI is one experiment. In that approach, the stimuli represent 
items (statements or questions) from diagnostic self- 
assessment test, such as the aforementioned Depression 
Scale. The latter conditions are contrasted in block design 
with resting state, on the one hand, and with diagnostically 
neutral items, on the other hand (statements from general 
interests scale). The subjects can see all items projected on 
an LCD screen or via goggles and provide their responses with 
a four-button response pad, where every button is corre-
sponding to certain level of agreement with the statement 
as expressed in the original Likert scale. We contrast the 
responses to diagnostic and to neutral items between patients 
with different diagnoses and healthy controls and thereby 
define the specific networks modulated by diagnostic condi-
tions [15,16].

That concept is defined on theoretical level as trans- 
disciplinary validation. The rationale behind that definition is 
two-fold. In the first instance, the clinical scales, which belong 
to the disciplinary domain of the ideographic (subjective nar-
rative) knowledge, are validated with a method from another, 
independent, nomothetic, or explanatory disciplinary system 
(in this case, fMRI). In the second instance, there is applied the 
assumption about translation across the two domains, which 
is prerequisite for bridging the explanatory gap in psychia-
try [7,15].

The progress in our investigations over the past six years 
has demonstrated that there exist different patterns of activa-
tion in the brain during items responses to diagnostic and 
neutral items from the relevant scales. That was confirmed on 
direct comparison with statistical parametric mapping (SPM) 
analysis of the activations with two samples t-test when com-
pared patients with major depressive episode to healthy con-
trols in terms of establishing sensitivity [15]. Further, the 
paradigm was complemented with paranoid items, and con-
trasts between patients with MDD and schizophrenia was 
established in terms of specificity [17].

Moreover, the BOLD signal is modulated in different ways on 
the level of group independent components analysis dependent 
on the diagnostic scale and the diagnostic group [17].

Further convergence of clinical and neuroimaging methods 
was validated by means of multivariate linear method. In that 
methodological framework, three modalities of magnetic reso-
nance tomography are mapped together to produce multi-
variate signal: structural, functional resting state, and 
functional task-related MRI. In the first place, this approach 
has been applied to enhance the diagnostic precision on 
psychiatry by means of semi-unsupervised machine learning, 
which account for both clinical loadings and MRI biological
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signatures of disease [18,19]. However, the same may be 
implemented into transformative data-driven model to inform 
drug choice and therapeutic monitoring as far as it incorpo-
rates a state-dependent clinical measure of depression (that is, 
sub-scale from paranoid-depressive scale).

From practical perspective, that would imply that the 
D-S (respectively PD-S) may be applied as a proxy-measure 
of the brain circuitry, thereby bridging the clinical assessment 
with the underlying mechanisms of disease.

The views expressed above are not uniformly accepted in the 
field. They present just one possible perspective, which takes into 
account some limitations, such as the ongoing replication crisis 
in the field [20], which restrains the application of task-related 
fMRI for stable prediction of the treatment response and its use 
for robust comparisons of different treatment strategies in terms 
of monitoring and outcome in neuropsychiatry.

Another global limitation that affects all fMRI studies, both 
resting state and task related, is the critical lack of standar-
dized universal normative whole brain atlas in neuroimaging, 
based on large-scale samples.

It is clear now that reproducible MRI requires thousands of 
involved subjects [20]. Such a target apparently is out of reach for 
the purpose of selection and monitoring of therapy that require 
complex longitudinal designs and extraordinary effort. 
Furthermore, it is not the case with most of the previous inves-
tigations [21] as well as with our studies. However, Arnone [21] 
has summarized 31 research publications with sample sizes, 
which are comparable to our imaging studies. Treatment 
response has been determined using common fMRI tasks, 
which represent affective images (like emotional pictures or sad 
faces), cognitive tasks (like Sternberg and Stroop tasks), or self- 
judgment conditions, with consistent findings concerning hyper-
activation of the amygdala and ventral components of anterior 
cingulate cortex, which predict treatment response. In effect, 
those tasks may well be regarded as projective tests and trans-
lated into clinical practice as proxy-measures of the brain activity 
to inform biological treatment strategies. In these ways, the 
therapy will be informed and eventually guided by evidence, 
which reflects the pharmacodynamics nature of depression, and 
its clinical correlates at the same time, which is the ultimate goal 
of the field.

In order to get closer to such goal, the field has to adopt 
more clinically relevant tests as fMRI tasks and/or translate 
findings with newly designed specific fMRI paradigms back 
to clinical reality as indirect measures of brain activity.

Funding

This research was funded by and the author is affiliated with the ‘Strategic 
Research and Innovation Program for the Development of MU – PLOVDIV– 
(SRIPD-MUP),’ creation of a network of research higher schools, National 
plan for recovery and sustainability, financed by the European Union – 
NextGenerationEU. 

Declaration of interest
The authors have no other relevant affiliations or financial involvement 
with any organization or entity with a financial interest in or financial 
conflict with the subject matter or materials discussed in the manuscript 
apart from those disclosed.

Reviewer disclosures
Peer reviewers on this manuscript have no relevant financial or other 
relationships to disclose.

ORCID
Drozdstoy S. Stoyanov http://orcid.org/0000-0002-9975-3680

References

Papers of special note have been highlighted as either of interest (•) 
or of considerable interest (••) to readers.

1. McIntyre RS, Alsuwaidan M, Baune BT, et al. Treatment-resistant 
depression: definition, prevalence, detection, management, and 
investigational interventions. World Psychiatry. 2023;22 
(3):394–412. doi: 10.1002/wps.21120

2. Kotoula V, Evans JW, Punturieri C, et al. Functional MRI markers for 
treatment-resistant depression: insights and challenges. Prog Brain 
Res. 2023;278:117–148. doi: 10.1016/bs.pbr.2023.04.001

3. Stoyanov DS, Stieglitz R-D, Lenz C, et al. The translational validation 
as novel approach to intergration of neuroscience and psychiatry. 
In: Stoyanov D, Stiegliltz RD, editors. New developments in clinical 
psychology research. NY: Nova Science Publishers: 2015. p. 
196–208.

4. Stoyanov DS, Borgwardt SJ, Varga S. Translational validity across 
neuroscience and psychiatry. Oxford: Oxford University Press; 2014; 
p. 128–145. 

•• This book chapter sets the background for better understand-
ing of cross-disciplinary validity, translation and validation of 
clinical assessment tools in psychiatry by means of functional 
neuroimaging technologies.

5. Di Nicola V, Stoyanov D, Di Nicola V et al. Psychiatric nosology 
revisited: at the crossroads of psychology and medicine. Psychiatr 
Crisis: At The Crossroads Social Sci Humanit Neurosci. Cham: 
Springer Nature; 2021. p. 31–41.

6. Möller HJ, Von Zerssen D. Self-rating procedures in the evaluation 
of antidepressants: review of the literature and results of our 
studies. Psychopathology. 1995;28(6):291–306. doi: 10.1159/ 
000284941

7. Stoyanov D, Machamer P, Schaffner KF. In quest for scientific psy-
chiatry: toward bridging the explanatory gap. Philosophy, Psychiatry, 
Psychol. 2013;20(3):261–273. doi: 10.1353/ppp.2013.0041

8. Aryutova K, Stoyanov D. Pharmaco-magnetic resonance as a tool 
for monitoring the medication-related effects in the brain may 
provide potential biomarkers for psychotic disorders. Int J Mol 
Sci. 2021;22(17):9309. 

•• In this article, the authors explain from a pragmatic perspec-
tive how pharmaco-magnetic resonance may be implemented 
as a potential tool in the monitoring of the treatment response 
in psychiatry.

9. Aryutova K, Stoyanov DS, Kandilarova S, et al. Clinical use of 
neurophysiological biomarkers and self-assessment scales to pre-
dict and monitor treatment response for psychotic and affective 
disorders. Curr Pharm Des. 2021;27(39):4039–4048. doi: 10.2174/ 
1381612827666210406151447 

•• This paper provides further insight into the possibility to bring 
together evidence from clinical self-assessment scales and var-
ious imaging bio-markers in order to predict and monitor 
treatment response.

10. Kandilarova S, Stoyanov D*, Aryutova K, Paunova R, Mantarkov M, 
Mitrev I, Todeva-Radneva A and Specht K. Effective connectivity 
between the orbitofrontal cortex and the precuneus differentiates 
major psychiatric disorders: results from a transdiagnostic spectral 
DCM study. CNS Neurol Disord - Drug Targets. 2023;22 2 
(2):180–190. doi: 10.2174/1871527320666210917142815

11. Stoyanov D, Khorev V, Paunova R, et al. Resting-state functional 
connectivity impairment in patients with Major Depressive Episode.

EXPERT REVIEW OF NEUROTHERAPEUTICS 3

https://doi.org/10.1002/wps.21120
https://doi.org/10.1016/bs.pbr.2023.04.001
https://doi.org/10.1159/000284941
https://doi.org/10.1159/000284941
https://doi.org/10.1353/ppp.2013.0041
https://doi.org/10.2174/1381612827666210406151447
https://doi.org/10.2174/1381612827666210406151447
https://doi.org/10.2174/1871527320666210917142815


Int J Environ Res Public Health. 2022;19(21):14045. doi: 10.3390/ 
ijerph192114045

12. Li J, Chen J, Kong W, et al. Abnormal core functional connectivity on the 
pathology of MDD and antidepressant treatment: a systematic review. 
J Affective Disorders. 2022;296:622–634. doi: 10.1016/j.jad.2021.09.074

13. Dichter GS, Gibbs D, Smoski MJ. A systematic review of relations 
between resting-state functional-MRI and treatment response in 
major depressive disorder. J Affective Disorders. 2015;172(2015):8–17. 

•• This article provides systematic overview of recent progress in 
terms of the application of resting state functional MRI in 
assessment of the treatment response for major depression.

14. Morgieve M, Gaudeau C, Clair AH, et al. P-814-Longitudinal fMRI 
assessment of cognitive and behavioral therapy for obsessive com-
pulsive disorder: are there neurobiological markers of response to 
treatment? Eur Psychiatry. 2012;27(S1):1–1. doi: 10.1016/S0924- 
9338(12)74981-7

15. Stoyanov D. Perspectives before incremental trans-disciplinary 
cross-validation of clinical self-evaluation tools and functional MRI 
in psychiatry: 10 years later. Front Psychiatry. 2022;13:999680. doi:  
10.3389/fpsyt.2022.999680 

•• This article provides a landscape summary of the possible 
translation from clinical scales and tests to functional MRI in 
psychiatry, in terms of both their convergent and discrimina-
tive validity.

16. Stoyanov D, Khorev V, Paunova R, et al. Group independent com-
ponents underpin responses to items from a depression scale. Acta 
Neuropsychiatr. 2024;36(1):9–16. doi: 10.1017/neu.2023.22

17. Stoyanov D, Paunova R, Dichev J, et al. Functional magnetic reso-
nance imaging study of group independent components under-
pinning item responses to paranoid-depressive scale. World J Clin 
Cases. 2023 Dec 26;11(36):8458–8474. doi: 10.12998/wjcc.v11.i36. 
8458

18. Stoyanov D, Kandilarova S, Paunova R, et al. Cross-validation of 
functional MRI and paranoid-depressive scale: results from multi-
variate analysis. Front Psychiatry. 2019;10:869. doi: 10.3389/fpsyt. 
2019.00869

19. Paunova R, Kandilarova S, Todeva-Radneva A, et al. Application of 
mass multivariate analysis on neuroimaging data sets for precision 
diagnostics of depression. Diagnostics. 2022;12(2):469. doi: 10. 
3390/diagnostics12020469

20. Marek S, Tervo-Clemmens B, Calabro FJ, et al. Reproducible 
brain-wide association studies require thousands of 
individuals. Nature. 2022;603(7902):654–660. doi: 10.1038/ 
s41586-022-04492-9

21. Arnone D. Functional MRI findings, pharmacological treatment in 
major depression and clinical response. Prog Neuro 
Psychopharmacol Biol Psychiatry. 2019;91(2019):28–37. doi: 10. 
1016/j.pnpbp.2018.08.004

4 D. S. STOYANOV

https://doi.org/10.3390/ijerph192114045
https://doi.org/10.3390/ijerph192114045
https://doi.org/10.1016/j.jad.2021.09.074
https://doi.org/10.1016/S0924-9338(12)74981-7
https://doi.org/10.1016/S0924-9338(12)74981-7
https://doi.org/10.3389/fpsyt.2022.999680
https://doi.org/10.3389/fpsyt.2022.999680
https://doi.org/10.1017/neu.2023.22
https://doi.org/10.12998/wjcc.v11.i36.8458
https://doi.org/10.12998/wjcc.v11.i36.8458
https://doi.org/10.3389/fpsyt.2019.00869
https://doi.org/10.3389/fpsyt.2019.00869
https://doi.org/10.3390/diagnostics12020469
https://doi.org/10.3390/diagnostics12020469
https://doi.org/10.1038/s41586-022-04492-9
https://doi.org/10.1038/s41586-022-04492-9
https://doi.org/10.1016/j.pnpbp.2018.08.004
https://doi.org/10.1016/j.pnpbp.2018.08.004

	1.  Introduction
	2.  Conclusion
	3.  Expert opinion
	Funding
	Declaration of interest
	Reviewer disclosures
	References

