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Summary 
Personalized medicine (PM) is a major trend in health care development in the 21st century. This area in-

cludes studying risk factors for disease development (prediction), interventions for preventing diseases (pro-
phylaxis), individualization of diagnosis and treatment (personalization), informing the patient on disease 
prevention and treatment (participation). In the recent years, an intense research to introduce the personalized 
medicine principles into the management of critically ill patients, has been under way. This includes identifi-
cation of patient groups based on genomic research, development of diagnostic tests using molecular markers, 
creation of novel classes of drugs based on individual patient characteristics. 

The aim of the review is to summarize the available data on the implementation of the principles of PM in 
the routine practice of critical care institutions. 

We analyzed more than 300 sources of literature from the Pubmed and Scopus databases, as well as the 
RSCI database. Eighty five most relevant sources were selected for the review. The paper reports data on the 
organization and results of implementation of PM principles and advanced technologies, such as Emergency 
Medicine Sample Bank (EMSB), in the daily activity of clinics providing emergency critical care. The formation 
of the novel PM concept focused on the treatment of critically ill patients has been discussed. The review con-
tains detailed data on the patterns of development of specific critical illnesses such as acute cerebrovascular 
events, acute respiratory distress syndrome, traumatic brain injury, shock, myocardial infarction, cardiac 
rhythm and conduction disturbances. Medication efficacy in view of individual genetic patient characteristics 
has also been highlighted. No research limitations on the subject were identified. 

Conclusion. The analysis of literature has demonstrated positive results of implementing PM principles in 
prevention, diagnosis and treatment of critically ill patients. Creation of Biobanks, development of training 
programs and regulatory documentation, advancing the scientific research, introduction of new methods of 
diagnosis and treatment will contribute to the implementation of PM principles in practical healthcare. 
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Introduction 
Individualized medical treatment strategy has 

been widely employed for centuries. Significant 
contribution to advancement of this approach was 
made by the founding fathers of Russian national 
medicine such as Matvey Mudrov, Sergey Botkin, 
Ivan Sechenov and others.  

At the end of the twentieth century, Leo Holland 
(USA) formulated a trend called «Patient-Centered 
Diagnosis and Treatment», which marked the be-
ginning of the era of personalized medicine (PM). 

In 1999, the term «personalized medicine» was pro-
posed [1], reflecting the paradigm of 21st century 
healthcare  [2]. The four cornerstones of PM (4P 
medicine) are prediction (ability to «predict» the 
disease), prevention (measures to prevent disease), 
personalization (individualized treatment), and par-
ticipation (active role of the patient in the disease 
prevention and treatment) [3]. 

A paradigm shift from the «one size fits all» to 
individualized and targeted treatments has resulted 
in a greater focus on PM. Individual patient char-
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acteristics include genetic patterns and phenotype 
parameters (the latter include combination of phys-
iological, biochemical, molecular, and morphological 
features). Unique personal characteristics are defined 
by such PM tools as personomics, which takes into 
account the human personality, preferences, values, 
goals, health beliefs, as well as available social 
support network, financial resources and individual 
life circumstances, which influence the response 
to treatment [4]. 

The need for the implementation of PM prin-
ciples is driven by the lack of efficacy of existing 
treatment methods. According to Food and Drug 
Administration, the medications used are not effec-
tive in 75% of patients, which requires revision of 
the drug administration principles  [5] and devel-
opment of new drugs, devices and imaging tech-
nologies [6].  

A survey of 153 institutions in the United States 
reveals considerable heterogeneity in the adoption 
of PM  [7]. Relatively few health care providers in 
the United States offer PM as a part of the clinical 
workflow [8]. 

The development of PM requires elaboration 
of effective technologies for implementing the in-
dividualized patient care, formulating regulatory 
documentation, active involvement of educational 
institutions  [9], and reducing health care costs 
through selection of effective therapies for the in-
dividual patient [10]. 

Public healthcare systems play a key role in 
the development of PM, as they guarantee new op-
portunities for patients in the implementation of 
individualized treatment approaches  [11]. In the 
Russian Federation, the development of PM is reg-
ulated by the Presidential Decree of June 6, 2019 
N254 «On the Strategy for the development of health-
care in the Russian Federation for the period until 
2025», Orders of the Ministry of Health of the Russian 
Federation from April 24, 2018 N186 (the Concept 
of personalized medicine), from February 01, 2019 
N42 (targeted program: «Development of funda-
mental, translational and personalized medicine»). 

The aim of this review is to summarize the 
available evidence on the implementation of PM 
principles in the practice of medical institutions 
that treat critically ill patients. 

The Role of Genetic Research 
in The Development of PM 

The impact of PM on medical practice is largely 
attributed to genomic research. In this regard, ex-
panding genetic curriculum in medical education 
could be the first key step to ensuring the widespread 
adoption of PM [12].  

In a survey of individuals 18 years of age and 
older, many respondents cited educational resources 
as critical to successful implementation of PM [13]. 

A survey of 559 medical, pharmacy, genetics, and 
bioengineering students indicated positive student 
attitudes toward genetic testing and PM. The im-
portance of pharmacogenomic education for more 
effective implementation of PM in clinical practice 
is emphasized  [14]. Results of a population and 
healthcare providers survey revealed serious concerns 
about the protection of genetic privacy and the 
lack of support for a common genetic database [15]. 
Unprecedented opportunities are offered by popu-
lation-based biobanks storing large amounts of ge-
netic information and stimulating the development 
of PM  [16] using the advantages of digital medi-
cine  [17]. The integration of electronic medical 
records and genomic research is an important aspect 
of PM development. The consortium network of 
electronic medical records and genomics data es-
tablished in 2007 is funded by the National Institutes 
of Health (NIH) [18]. 

Based on a literature review of PM-related 
problems, the range of diagnostic methods and in-
dividual biological information, including genetic 
data and biomarkers, evaluation of the effectiveness 
of new drugs has been determined [19]. Due to ad-
vances in genetic knowledge, the patterns of clinical 
phenotype and individual response to drugs have 
gained better understanding [20]. 

Several national and international PM-based 
genomic projects have been realized based on big 
data analytics (complete and targeted sequencing, 
use of artificial intelligence), aimed at solving com-
plex issues and developing new PM implementation 
programs [21]. 

The forecast of PM development by 2025 in-
cludes widespread genome sequencing, which 
will become affordable and commonly used in 
molecular diagnostics  [22]. The Partners Health 
Care Personalized Medicine (introduction of ge-
netics and genomics into research and clinical 
practice) program has developed the Whole 
Genome Sequencing (WGS) process, which is used 
to study both healthy individuals and patients 
with various diseases [23]. 

Both genomic and epigenomic changes, in-
cluding methylation, acetylation, phosphorylation 
and ubiquitination of DNA and histone proteins 
(nucleosomes) as well as chromatin remodeling, 
significantly contribute to disease development. 
In this regard, both genetic and epigenetic diag-
nostic testing is required to implement the prin-
ciples of PM [24]. 

Some urgent care centers employ various mo-
lecular assays based on genomics, transcriptomics, 
proteomics, and metabolomics to unravel disease 
mechanisms at the molecular level. However, the 
results of such approaches in emergency care have 
not been sufficiently addressed in the scientific lit-
erature [25]. 
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Introducing PM Principles  
Into Critical Care Medicine 

Despite certain obstacles to the implementation 
of PM principles in critical care medicine, there are 
several cases of successful implementation of meas-
ures in this direction. 

The creation of the «Emergency Medicine Sam-
ple Bank» (EMSB) is an obvious success. The EMSB 
is a biobank of clinical data and biological samples 
collected from adult patients who were treated in 
the emergency department of a Colorado hospital, 
USA. EMSB is the first acute care biobank that seeks 
to cover all patients presenting to the emergency 
department. The EMSB has been integrated into 
the clinical workflow and serves as a powerful tool 
for researchers identifying new biomarkers of acute 
conditions, determining drug response mechanisms, 
and elucidating mechanisms of critical illness. 
Matching patient samples with data from the elec-
tronic medical record more accurately assists in 
identifying patient phenotypes. Combining these 
data with individual patient genomics allows de-
termining the genetic basis of clinical manifestations 
and variability of treatment response. The authors 
believe that biobanks will be an important resource 
in emergency medicine [26]. 

The identification of patients with genotypic 
and phenotypic patterns influencing the success 
of diagnostic and therapeutic measures is an im-
portant principle of PM. In particular, stratification 
techniques based on the matching characteristics 
which serve as a tool for personalization of patients 
at risk of developing acute circulatory disorders [27] 
and cancer [28] have been proposed. 

A new concept of PM, focused on the treatment 
of critically ill patients, based on four pillars, which 
include patient fitness and frailty assessment to 
determine their physiological reserve, monitoring 
of key physiological variables in disease and therapy, 
evaluation of the success of resuscitation, and in-
tegration of physiological and clinical data into an 
adaptive model of the patient was proposed [29]. 

To realize the benefits of PM it is necessary to 
resolve several organizational challenges such as 
determining the regulations for clinical trials, de-
veloping criteria for collaborative development and 
diagnostic standards, eliminating the incompatibility 
of information systems  [30] by engaging the ad-
vantages of artificial intelligence [31]. 

An increasing number of publications covering 
the development, treatment and outcomes of critical 
conditions from the PM perspective is available. 
The study of acute cerebrovascular events seems 
promising. Cerebrovascular diseases, in particular 
stroke, are a major challenge for the public health. 
The genetic research has not yet been widely used 
in daily practice for stroke prevention. Currently, 
personalized aspects of stroke prevention are applied 

in an institutional care and patient education mod-
els  [32]. The effective use of biomarkers allows to 
characterize more precisely a phenotype of patients, 
to trace progression of disease and response to the 
treatment methods.  

A scheme for using biomarkers to diagnose 
aneurysmal subarachnoid hemorrhage has been 
proposed  [33]. Cerebral hemodynamics is an im-
portant diagnostic biomarker in stroke. The authors 
have developed a simulation-based method that 
allows assessing cerebral hemodynamics based on 
the patient's vascular configuration and has high 
specificity and sensitivity in detecting changes in 
cerebral vascular perfusion [34]. 

The use of PM for prevention of cardiovascular 
diseases in women is crucial for the gender-specific 
medicine [35]. Based on the study of angiogenesis 
and neuroplasticity, modern biomarkers of post-
stroke recovery have been proposed and recom-
mended for use in clinical practice [36]. 

Acute respiratory distress syndrome (ARDS) is 
one of the life-threatening critical conditions, char-
acterized by 40% mortality in patients of intensive 
care units and diagnosed based on acute hypoxemia, 
bilateral pulmonary infiltration and noncardiogenic 
pulmonary edema. ARDS has multiple clinical risk 
factors and mechanisms of lung damage, which in 
most cases can explain the lack of efficacy of phar-
macological treatment. Identifying ORDS phenotypes 
and using this information for patient selection for 
clinical trials increases the chances of novel therapies 
being effective. Procollagen alveolar type III peptide 
(PCP-III) is a robust candidate biomarker among 
bronchoalveolar fluid proteins whose levels are as-
sociated with ARDS development and outcomes. In 
an observational study of 32 patients, PCP-III was 
highly sensitive (0.90) and specific (0.92) for the di-
agnosis of fibroproliferation in ARDS [37]. Its potential 
is used for the development of new therapeutic 
agents based on the mechanisms of ARDS and iden-
tification of ARDS subpopulations which can benefit 
from patient-specific treatment approach [38]. 

Identification of genetic biomarkers offers 
hope for the creation of effective methods of strati-
fication, prognosis, and development of novel treat-
ments for ARDS [39]. ARDS associated with sepsis 
is characterized by significant mortality. If subtypes 
of both sepsis and ARDS are taken into account, 
the prospect of a personalized approach for effective 
treatment of patients with these critical conditions 
seems promising [40]. 

Based on the study of blood biomarkers such 
as interleukins (IL-6 and IL-8), interferon gamma 
(IFN-γ), surfactant proteins (SPD and SPB), von 
Willebrand factor antigen, angiopoietin 1/2 and 
plasminogen activator inhibitor-1 (PAI-1), two sub-
groups of ARDS phenotypes (hypo- and hyperin-
flammatory) were identified. Patients with these 



phenotypes have significantly different clinical 
outcomes and response to mechanical ventilation, 
infusion therapy and simvastatin treatment  [41]. 
The hyperinflammatory subgroup is associated 
with shock, metabolic acidosis and poor clinical 
outcome [42–44].  

Hemodynamic disturbances often are associ-
ated with adverse outcome in critical conditions. 
Therefore, prediction of acute hypotension devel-
opment in patients is necessary for improving the 
intensive care performance [45]. 

Traumatic brain injury (TBI) is commonly as-
sociated with critical illness being one of the leading 
causes of mortality in young adults. In TBI, patients 
with similar injuries, age, and health status often 
show differences in recovery from trauma. 

Currently, emphasis is placed on the develop-
ment of a personalized approach to the treatment 
of TBI. Studies in model systems and the use of 
candidate genes in human studies have allowed to 
identify factors influencing the outcome in TBI. 
Functional outcomes after TBI vary widely among 
patients with «apparently similar» injuries. The pres-
ence/absence of a single nucleotide polymorphism 
(SNP) has been found to affect outcome after TBI. 
One of the well-characterized SNPs, Val66Met, is 
associated with the brain-derived neurotrophic 
factor (BDNF) gene. This SNP affects neurological 
function in both healthy subjects and patients with 
TBI [46]. The use of neuroimaging techniques has 
resulted in the development of tailored methods of 
studying brain atrophy associated with TBI [47]. 

The data on endocannabinoid metabolism and 
its therapeutic effects in traumatic brain injury have 
been summarized from the PM perspective  [48]. 
The development of neuronal system models for 
the study of human trauma evolution using chips is 
under way. Three classes of chips have been identified 
including microfluidic, compartmentalized and hy-
drogel. The methods of using 3D-printing to design 
and produce next-generation chips created on the 
base of stem cells and their application in «person-
alized neuroscience» have been developed [49]. 

 Shock is one of the essential issues of critical 
care medicine. Personalized medicine has identified 
subclasses of septic shock based on gene expression 
with phenotypic differences. Gene expression data 
for 100 genes with identifiable subclasses were 
obtained using a multiplex information RNA quan-
tification platform and visualized using gene ex-
pression mosaics. Based on this technology, two 
subclasses (one of which showing decreased gene 
expression) characterized by different course of 
septic shock were reproduced. The above-men-
tioned subclass was independently associated with 
mortality, and the use of corticosteroids in such 
patients was also independently associated with 
lethal outcome [50]. 

The role of steroids in survival in septic shock 
remains controversial. Thus, the individual treatment 
effect of corticosteroids in adults with septic shock 
in intensive care units has been evaluated [51]. The 
data suggest that an individualized treatment strategy 
allowing to choose the patient for steroid therapy 
was successful irrespective of the potential side 
effects of the drugs [52]. 

Myocardial infarction is one of the common 
life-threatening critical conditions. Research based 
on personalized medicine is underway to unravel 
the pathogenesis of circulatory disorders in the 
coronary artery system and to identify the diagnostic 
molecular markers. Epigenome changes have been 
shown to elucidate some mechanisms of coronary 
heart disease (CHD) pathogenesis. The «network 
medicine» combines standard clinical signs and 
noninvasive cardiac imaging tools with epigenetics 
for in-depth molecular phenotyping of CHD. In 
particular, this approach is used to develop new 
drugs based on natural components. 

Several clinical trials have focused on the eval-
uation of circulating miRNAs (e.g., miR-8059 and 
miR-320a) in the blood in combination with imaging 
parameters such as the coronary calcifications and 
the degree of coronary artery stenosis [53]. 

Rhythm and conduction abnormalities can 
also be life-threatening. Atrial fibrillation (AF) is 
the most common cardiac arrhythmia. Despite ad-
vances in surgical technologies, antiarrhythmic 
drugs remain the mainstay of treatment of symp-
tomatic AF. However, the response varies considerably 
among patients: more than half of patients who re-
ceived rhythm control therapy have recurrent AF 
within a year. 

The limited success of rhythm control strategy 
could be partially due to individual differences in 
disease mechanisms and the inability to predict re-
sponse to medications in individual patients. Studies 
of AF over the past decade have shown that sus-
ceptibility to AF therapy could be due to genetic 
regulation. Increased predisposition to AF has been 
found to be associated with the chromosome 4q25 
locus. Screening of candidate genes regulating 
cardiac potassium and ion channel function in 
probands and families with early-onset AF revealed 
several rare variants. Screening of DNA isolated 
from cardiac atria has identified a mutation of the 
GJA5 gene underlying abnormal electrical connec-
tions between cardiac cells. Based on meta-analysis, 
more than 10 loci relevant to the development of 
AF were identified [54]. 

A study of 6,567 Caucasian patients found an 
association between the incidence of atrial fibrillation 
and greater height in women [55]. 

Potassium channel genes have been shown to 
be associated with the risk of AF. Their enhanced 
function leads to a faster repolarization current 

48 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 2 ,  1 8 ;  4

https://doi.org/10.15360/1813-9779-2022-4-45-54
Reviews  



49w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 2 ,  1 8 ;  4

https://doi.org/10.15360/1813-9779-2022-4-45-54
Reviews  

and a shorter effective refractory period which in-
creases cellular excitability and susceptibility to ar-
rhythmias. Mutations in sodium channel subunit 
genes have also been associated with AF. A single-
nucleotide polymorphism in SCN10A has been 
found to be associated with the early-onset AF [56]. 

Possible interactions between obstructive sleep 
apnea (OSA), atrial fibrillation (AF) and connexins 
have also been revealed. Epidemiological studies 
show that OSA is associated with increased incidence 
and progression of coronary heart disease, heart 
failure, stroke, and arrhythmias, especially AF. The 
role of connexins in AF is now relatively well estab-
lished. Understanding the biology and regulatory 
mechanisms of connexins in OSA at the transcrip-
tional, translational, and posttranslational levels 
will allow to elucidate the role of connexins in the 
development of OSA-induced AF  [57]. Increased 
susceptibility to AF can be explained by various 
risk factors modifying left atrial tissue [58]. 

Atrial fibrillation is characterized by structural 
and electrical remodeling of the heart. Atrial fibrosis, 
a hallmark of structural atrial remodeling, is a com-
plex multi-factorial process involved in the occur-
rence and maintenance of AF  [59]. Atrial models 
have been developed that include detailed atrial 
anatomy, tissue ultrastructure, and the pattern of 
fibrosis distribution. Use of atrial models has given 
important insights into the mechanisms underlying 
AF by demonstrating significance of atrial fibrosis 
and altered atrial electrophysiology in the initiation 
and maintenance of AF [60]. Recent data demonstrate 
a hereditary component underlying AF [61]. 

Critical conditions are often accompanied by 
deadly infectious complications. Advances in diag-
nostics have minimized the frequency of «blind» 
antibiotic prescription without proper laboratory 
evaluation. Molecular diagnostics, in turn, have 
been improved by nanobiotechnology and are cou-
pled with improved delivery of antimicrobial agents. 
Sequencing the microbial and viral genomes and 
studying the genetic susceptibility of patients makes 
it possible to develop individualized approaches to 
their treatment [62]. 

Critically ill patients are often prescribed with 
enteral or parenteral feeding. Personalized nutrition 
in general may be a more effective way of changing 
lifestyle than other measures. A study [63] evaluated 
the effects of a 10-week personalized nutrition 
system on lifestyle and health outcomes. The inter-
vention reduced calorie, carbohydrate, sugar, total 
and saturated fat intake. A reduction in body weight, 
fat content, and hip circumference was registered 
in the studied cohort. Health improvements were 
most pronounced in the altered phenotype subgroup, 
indicating that a personalized nutrition program 
may be particularly effective for behavior change 
in target groups with impaired health. 

To develop personalized nutrition, the concept 
of «system flexibility» has been introduced, involving 
real-time assessment of metabolism and other 
processes. Genetic variants and performance meas-
ures were integrated into this systemic approach to 
provide a strategy for a balanced assessment of in-
dividual nutrition [64]. 

The treatment based on personalized medicine 
also takes gender differences into account. The 
terms «sex» and «gender» are often misused as syn-
onyms. Sex implies anatomical and physiological 
differences, while gender includes mental, cultural 
and social differences. Consideration of sex and 
gender differences is important for effective disease 
prevention, identification of clinical signs, outcome 
prediction and therapy optimization [65]. 

Pharmacogenomics of critical conditions. 
Pharmacogenomics is the most important element 
in dealing with PM issues. Difficulties in imple-
menting the principles of pharmacogenomics are 
related to gene variability. For example, CYP2D6 
has several alleles that determine different rates of 
drug metabolism, which can change the therapeutic 
effect  [66] and influence individual treatment re-
sponse and drug toxicity manifestations [67]. Clinical 
implementation of personalized therapy based on 
pharmacogenomics is still limited. In Korea, an as-
sessment of physicians' knowledge of personalized 
therapy based on pharmacogenomics was conduct-
ed. Fifty-three percent of physicians reported in-
sufficient knowledge of pharmacogenomics. The 
main obstacle to its clinical implementation was 
the high cost of genetic testing and the lack of edu-
cation of medical professionals and clinical experts 
in pharmacogenomics [68]. 

It is unclear whether pharmacogenomics data 
can be used to predict emergency department hos-
pitalization. A cohort study has shown that traditional 
risk factors, such as age and self-perceived health, 
are much more likely to predict emergency depart-
ment hospitalization and treatment than pharma-
cogenomic information (69). At the same time, 
pharmacogenetic testing can help identify patients 
at increased risk for drug toxicity. A step-by-step 
approach to pharmacogenetic testing in primary 
care has been developed, involving identification 
and education of patients, ordering of pharmaco-
genetic tests, and interpretation of their results [70]. 

Clopidogrel and CYP2C19 variants are the first 
example of a drug-gene interaction. Clopidogrel is 
an antiplatelet agent used in acute coronary syn-
drome (ACS). Studies have shown that certain vari-
ants of the CYP2C19 gene are associated with altered 
function of enzymes involved in clopidogrel me-
tabolism, which puts patients with acute coronary 
syndrome at risk for thrombotic complications [71]. 

Pharmacogenetics is used to develop individ-
ualized treatments specific to people from different 



ethnic or racial groups with varying degrees of 
genetic diversity. Genetic differences can alter the 
therapeutic efficacy of drugs. Pharmacogenetic 
studies in mixed ethnic groups have identified can-
didate genes, the best of which is the gene encoding 
the ARDB2, the target receptor for beta-agonist 
therapy [72]. 

In 2015, the IGNITE (Introducing Genomics 
into Practice) network created an online resource 
toolkit on genomic medicine implementation, al-
lowing users to create targeted guidelines for intro-
ducing genomic medicine, including pharmacoge-
nomics [73]. 

Multiple driver genes can cause «resistance» 
to individual drugs. New personalized driver genes 
and combinatorial drug identification algorithm 
(CPGD) have been developed. The results showed 
that the new technology is more efficient compared 
to existing synergistic combinatorial strategies [74]. 

Adverse drug reactions (ADRs) are an important 
and frequent cause of ineffective treatment. Genetic 
predisposition to adverse reactions is an emerging 
challenge in various areas of medicine. Improved 
genotype-phenotype correlation using novel labo-
ratory methods and the introduction of artificial 
intelligence can contribute to personalized prediction 
of adverse reactions, selection of the optimal drug 
and its dose for each patient [75]. 

Drug candidates demonstrating well-defined 
pharmacokinetic and pharmacodynamic profiles 
often fail to confirm their efficacy in phase II and 
III clinical trials. A system (QSP platform) based on 
a drug development strategy has been proposed 
and implemented at the University of Pittsburgh 

Drug Discovery Institute. This platform addresses 
the issues of biological heterogeneity and the evo-
lution of resistance mechanisms, which present a 
major obstacle in drug development, and involves 
a paradigm shift from conventional medicine to 
personalized medicine [76]. 

Studies of individualized efficacy of pharma-
cological drugs in critical conditions, such as asth-
ma [77], thrombotic complications [78], COVID-19 
infection involving in silico analysis (computer 
models) [79], are being conducted. 

The personalized medicine is a constantly 
evolving area. One of the novel directions is thera-
nostics which includes the creation of pharmaco-
logical preparations that can be used to resolve di-
agnostic and medical problems in an integrated 
manner. In particular, several preparations for tai-
lored diagnosis and treatment of central nervous 
system diseases have been developed from the ther-
anostics position  [80]. Our studies of molecular 
markers in ischemic and hemorrhagic strokes have 
revealed individualized changes in their serum level 
during the disease course [81, 82]. 

Conclusion 
Literature data analysis demonstrates the pos-

itive results of implementing personalized medicine 
principles in the prevention, diagnosis and treatment 
of critically ill patients. Creation of biobanks, devel-
opment of training programs and regulatory docu-
mentation, intensification of scientific research, in-
troduction of new diagnostic and therapeutic meth-
ods will promote the implementation of personalized 
medicine principles in practical health care.

50 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 2 ,  1 8 ;  4

https://doi.org/10.15360/1813-9779-2022-4-45-54
Reviews  

References 

1. Jørgensen J.T. Twenty years with personalized med-
icine: past, present, and future of individualized 
pharmacotherapy. Oncologist. 2019; 24 (7): 
e432–e440. DOI: 10.1634/theoncologist.2019-0054. 
PMID: 30940745. 

2. Savoia C., Volpe M., Grassi G., Borghi C., Rosei E.A., 
Touyz R.M. Personalized medicine — a modern ap-
proach for the diagnosis and management of hy-
pertension. Clin Sci (Lond) 2017; 131 (22): 2671–
2685. DOI: 10.1042/CS20160407. PMID: 29109301. 

3. Fröhlich H., Balling R., Beerenwinkel N., Kohlbacher 
O., Kumar S., Lengauer T., Maathuis M.H., Moreau 
Y., Murphy S.A., Przytycka T.M., Rebhan M., Röst H., 
Schuppert A., Schwab M., Spang R., Stekhoven D., 
Sun J., Weber A., Ziemek D,, Zupan B. From hype to 
reality: data science enabling personalized medicine. 
BMC Med. 2018; 16 (1): 150. DOI: 10.1186/s12916-
018-1122-7. PMID: 30145981. 

4. Ziegelstein R.C. Personomics: The missing link in 
the evolution from precision medicine to person-
alized medicine. J Pers Med. 2017; 7 (4): 11. DOI: 
10.3390/jpm7040011. PMID: 29035320. 

5. Дедов И.И. Персонализированная медицина. 
Вестник Российской академии медицинских 

наук. 2019; 74 (1): 61–70. DOI: 10.15690/ 
vramn1108.  [Dedov I.I. Personalized Medicine. 
Annals of the Russian Academy of Medical Sciences/ 
Vestn. Ross. Akad. Med. Nauk. (in Russ.). 2019; 74 
(1): 61–70. DOI: 10.15690/vramn1108]. 

6. Ho D., Quake S.R., McCabe E.R.B., Chng W.J., Chow 
E.K., Ding X., Gelb B.D., Ginsburg G.S., Hassenstab 
J., Ho C-M., Mobley W.C., Nolan G.P., Rosen S.T., 
Tan P., Yen Y.,  Zarrinpar A. Enabling technologies 
for personalized and precision medicine. Trends 
Biotechnol. 2020; 38 (5): 497–518. DOI: 
10.1016/j.tibtech.2019.12.021. PMID: 31980301. 

7. Agarwal A., Pritchard D., Gullett L., Amanti K.G., 
Gustavsen G. A. Quantitative framework for meas-
uring personalized medicine integration into US 
healthcare delivery organizations. J Pers Med. 2021; 
11 (3): 196. DOI: 10.3390/jpm11030196. PMID: 
33809012. 

8. Bush W.S., Bailey J.N.C., Beno M.F., Crawford D.C. 
Bridging the gaps in personalized medicine value 
assessment: a review of the need for outcome 
metrics across stakeholders and scientific disciplines. 
Public Health Genomics. 2019; 22 (1-2): 16–24. DOI: 
10.1159/000501974 PMID: 31454805. 

9. Erikainen S., Chan S. Contested futures: envisioning 
«Personalized», «Stratified», and «Precision» medicine. 



51w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 2 ,  1 8 ;  4

https://doi.org/10.15360/1813-9779-2022-4-45-54
Reviews  

New Genet Soc. 2019; 38 (3): 308–330. DOI: 
10.1080/14636778.2019.1637720 PMID: 31708685. 

10. Strianese O., Rizzo F., Ciccarelli M., Galasso G., 
D’Agostino Y., Salvati A., Del Giudice C., Tesorio P., 
Rusciano M.R. Precision and personalized medicine: 
how genomic approach improves the management 
of cardiovascular and neurodegenerative disease. 
Genes (Basel) 2020; 11 (7): 747. DOI: 10.3390/ 
genes11070747 PMID: 32640513. 

11. Eden C., Johnson K.W., Gottesman O.,  Bottinger 
E.P.,  Abul-Husn N.S. Medical student preparedness 
for an era of personalized medicine: findings from 
one US medical school. Per Med. 2016; 13 (2): 129–
141. DOI: 10.2217/pme.15.58. PMID: 27528879. 

12. Vorderstrasse A., Katsanis S.H., Minear M.A., Yang 
N., Rakhra-Burris T., Reeves J.W., Cook-Deegan R., 
Ginsburg G.S., Simmons L.A. Perceptions of per-
sonalized medicine in an academic health system: 
educational findings. J Contemp Med Educ. 2015; 3 
(1): 14–19. DOI: 10.5455/jcme.20150408050414. 
PMID: 26236542. 

13. Mahmutovic L., Akcesme B., Durakovic C., Akcesme 
F.B., Maric A., Adilovic M., Hamad N., Wjst M,, Feeney 
O., Semiz S. Perceptions of students in health and mo-
lecular life sciences regarding pharmacogenomics and 
personalized medicine. Hum Genomics. 2018; 12: 50. 
DOI: 10.1186/s40246-018-0182-2. PMID: 30424805. 

14. Kichko K., Marschall P., Flessa S. Personalized med-
icine in the U.S. and Germany: awareness, accept-
ance, use and preconditions for the wide imple-
mentation into the medical standard. J Pers Med. 
2016; 6 (2): 15. DOI: 10.3390/jpm6020015. PMID: 
27144585. 

15. Abul-Husn N.S., Kenny E.E. Personalized medicine 
and the power of electronic health records. Cell. 
2019; 177 (1): 58-69. DOI: 10.1016/j.cell.2019.02.039. 
PMID: 30901549. 

16. Phillips K.A., Douglas M.P., Trosman J.R., Marshall 
D.A. «What goes around comes around»: lessons 
learned from economic evaluations of personalized 
medicine applied to digital medicine. Value Health. 
2017; 20 (1): 47–53. DOI: 10.1016/j.jval.2016.08.736. 
PMID: 28212968. 

17. Smoller J.W., Karlson E.W., Green R.C., Kathiresan 
S., MacArthur D.G., Talkowski M.E., Murphy S.N., 
Weiss S.T. An eMERGE clinical center at partners 
personalized medicine. J Pers Med. 2016; 6 (1): 5. 
DOI: 10.3390/jpm6010005. PMID: 26805891. 

18. Di Paolo A., Sarkozy F., Ryll B., Siebert U. Personalized 
medicine in Europe: not yet personal enough? BMC 
Health Serv Res. 2017; 17: 289. DOI: 10.1186/s12913-
017-2205-4.PMID: 28424057. 

19. Marson F.A.L., Bertuzzo C.S., Ribeiro J.D. Personalized 
or precision medicine? The example of cystic fibrosis. 
Front Pharmacol. 2017; 8: 390. DOI: 
10.3389/fphar.2017.00390. PMID: 28676762. 

20. Suwinski P., Ong CK, Ling MHT, Poh YM, Khan AM, 
Ong HS Advancing personalized medicine through 
the application of whole exome sequencing and 
big data analytics. Front Genet. 2019; 10: 49. DOI: 
10.3389/fgene.2019.00049. PMID: 30809243. 

21. Jain K.K. Future of personalized medicine. In: Text-
book of Personalized Medicine. 2020: 713–724. DOI: 
10.1007/978-3-030-62080-6_28. 

22. Tsai E.A., Shakbatyan R., Evans J., Rossetti P., Graham 
C., Sharma H., Lin C-F., Lebo M.S. Bioinformatics 
workflow for clinical whole genome sequencing at 
partners healthcare personalized medicine. J Pers 
Med. 2016; 6 (1): 12. DOI: 10.3390/jpm6010012. 
PMID: 26927186. 

23. Rasool M., Malik A., Naseer M.I., Manan A., Ansari 
S.A., Begum I., Qazi M.H,, Pushparaj P.N., Abuzenadah 
A.M., Al-Qahtani M.H., Kamal M.A., Gan S.H. The 
role of epigenetics in personalized medicine: chal-
lenges and opportunities. BMC Med Genomics. 2015; 
8 (Suppl 1): S5. DOI: 10.1186/1755-8794-8-S1-S5. 
PMID: 25951941. 

24. Limkakeng A.T., Monte Jr A., Kabrhel C., Puskarich 
M., Heitsch L., Tsalik E.L., Shapiro N.I. Systematic 
molecular phenotyping: a path towards precision 
emergency medicine? Acad Emerg Med. 2016; 23 
(10): 1097–1106. DOI: 10.1111/acem.13027. PMID: 
27288269. 

25. Saben J.L., Shelton S.K., Hopkinson A.J., Sonn B.J., 
Mills E.B., Welham M., Westmoreland M., Zane R., 
Ginde A.A., Bookman K., Oeth J., Chavez M., DeVivo 
M., Lakin A., Heldens J., Romero L.B., Ames M.J., 
Roberts E.R., Taylor M., Crooks K., Wicks S.J., Barnes 
K.C., Monte A.A. The emergency medicine specimen 
bank: an innovative approach to biobanking in 
acute care. Acad Emerg Med. 2019; 26 (6): 639–647. 
DOI: 10.1111/acem.13620. PMID: 302390. 

26. Solbiati M., Quinn J.V., Dipaola F., Duca P., Furlan 
R., Montano N., Reed M.J., Sheldon R.S., Sun B.C., 
Ungar A., Casazza G., Costantino G., SYNERGI (SYN-
cope Expert Research Group International). Person-
alized risk stratification through attribute matching 
for clinical decision making in clinical conditions 
with aspecific symptoms: The example of syncope. 
PLoS One. 2020; 15 (3): e0228725. DOI: 10.1371/jour-
nal.pone.0228725. PMID: 32187195. 

27. Jahn B., Rochau U., Kurzthaler C., Hubalek M., Mik-
sad R., Sroczynski G., Paulden M., Bundo M., Stene-
hjem D., Brixner D., Krahn M., Siebert U. Personalized 
treatment of women with early breast cancer: a 
risk-group specific cost-effectiveness analysis of 
adjuvant chemotherapy accounting for companion 
prognostic tests OncotypeDX and Adjuvant!Online. 
BMC Cancer. 2017; 1 7: 685. DOI: 10.1186/s12885-
017-3603-z. PMID: 29037213 

28. Ince C. Personalized physiological medicine. Crit 
Care. 2017; 21 (Suppl 3): 308. DOI: 10.1186/s13054-
017-1907-7. PMID: 29297391. 

29. Knowles L., Luth W., Bubela T. Paving the road to 
personalized medicine: recommendations on reg-
ulatory, intellectual property and reimbursement 
challenges. J Law Biosci. 2017; 4 (3): 453–506. DOI: 
10.1093/jlb/lsx030. PMID: 29868182. 

30. Johnson K.B., Wei W-Q., Weeraratne D., Frisse M.E., 
Misulis K., Rhee K., Zhao J., Snowdon J.L. Precision 
medicine, AI, and the future of personalized health 
care. Clin Transl Sci. 2021; 14 (1): 86–93. DOI: 
10.1111/cts.12884. PMID: 32961010. 

31. Kim J., Thrift A.G., Nelson M.R., Bladin C.F., Cadilhac 
D.A. Personalized medicine and stroke prevention: 
where are we? Vasc Health Risk Manag. 2015; 11: 601–
611. DOI: 10.2147/VHRM.S77571. PMID: 26664130. 

32. Simpkins A.N., Janowski M., Oz H.S., Roberts J., Bix 
G., Doré S., Stowe A.M. Biomarker application for 
precision medicine in stroke Transl Stroke Res. 2020; 
11 (4): 615–627. DOI: 10.1007/s12975-019-00762-3. 
PMID: 31848851. 

33. Frey D., Livne M., Leppin H,, Akay E.M., Aydin O.U., 
Behland J., Sobesky J., Vajkoczy P., Madai V.I. A pre-
cision medicine framework for personalized simu-
lation of hemodynamics in cerebrovascular disease. 
Biomed Eng Online. 2021; 20: 44. DOI: 
10.1186/s12938-021-00880-w. PMID: 33933080. 

34. Bello N.A., Miller E.C., Cleary K.L., Wapner R. Cases 
in precision medicine: A personalized approach to 



stroke and cardiovascular risk assessment in women. 
Ann Intern Med. 2019; 171 (11): 837–842. DOI: 
10.7326/M19-1601. PMID: 31610550. 

35. Wlodarczyk L., Szelenberger R., Cichon N., Saluk-
Bijak J., Bijak M., Miller E. Biomarkers of angiogenesis 
and neuroplasticity as promising clinical tools for 
stroke recovery evaluation. Int J Mol Sci. 2021; 22 
(8): 3949. DOI: 10.3390/ijms22083949. PMID: 
33920472. 

36. Matthay M.A., Arabi Y.M., Siegel E.R., Ware L.B., Bos 
L.D.J., Sinha P., Beitler J.R., Wick K.D., Curley M.A.Q., 
Constantin J-M., Levitt J.E., Calfee C.S. Phenotypes 
and personalized medicine in the acute respiratory 
distress syndrome. Intensive Care Med. 2020; 46 
(12): 2136–2152. DOI: 10.1007/s00134-020-06296-
9. PMID: 33206201. 

37. Reilly J.P., Calfee C.S., Christie J.D. Acute respiratory 
distress syndrome phenotypes. Semin Respir Crit 
Care Med. 2019; 40 (1): 19–30. DOI: 10.1055/s-0039-
1684049. PMID: 31060085. 

38. Hernández-Beeftink T., Guillen-Guio B., Villar J., 
Flores C. Genomics and the acute respiratory distress 
syndrome: current and future directions. Int J Mol 
Sci. 2019; 20 (16): 4004. DOI: 10.3390/ijms20164004. 

39. Rogers A.J., Meyer N.J. Precision medicine in critical 
illness: sepsis and acute respiratory distress syn-
drome. Precision in Pulmonary, Critical Care, and 
Sleep Medicine. 2020: 267–288. DOI: 10.1007/978-
3-030-31507-8_18. PMCID: PMC7120471. 

40. Sinha P., Calfee C.S. Phenotypes in ARDS: moving 
towards precision medicine. Curr Opin Crit Care. 
2019; 25 (1): 12–20. DOI: 10.1097/MCC.0000000 
000000571. PMID: 30531367. 

41. Beitler J.R., Goligher E.C., Schmidt M., Spieth P.M., 
Zanella A., Martin-Loeches I., Calfee C.S., Cavalcanti 
A.B., the ARDSne (x)t Investigators. Personalized 
medicine for ARDS: the 2035 research agenda. In-
tensive Care Med. 2016; 42 (5): 756–767. DOI: 
10.1007/s00134-016-4331-6. PMID: 27040103. 

42. Spadaro S., Park M., Turrini C., Tunstall T., Thwaites 
R., Mauri T., Ragazzi R., Ruggeri P., Hansel T.T., 
Caramori G., Volta C.A. Biomarkers for acute respi-
ratory distress syndrome and prospects for person-
alised medicine. J Inflamm (Lond). 2019; 16: 1. DOI: 
10.1186/s12950-018-0202-y. PMID: 30675131. 

43. Wildi K., Livingstone S., Palmieri C., LiBassi G., Suen 
J., Fraser J. The discovery of biological subphenotypes 
in ARDS: a novel approach to targeted medicine? J 
Intensive Care. 2021; 9 (1): 14. DOI 10.1186/s40560-
021-00528-w. PMID: 33478589. 

44. Chan B., Chen B., Sedghi A., Laird P., Maslove D., 
Mousavi P. Generalizable deep temporal models for 
predicting episodes of sudden hypotension in crit-
ically ill patients: a personalized approach. Sci Rep. 
2020; 10: 11480. DOI: 10.1038/s41598-020-67952-0. 
PMID: 32651401. 

45. Finan J.D., Udani S.V., Patel V. Bailes J.E. The Influence 
of the Val66Met polymorphism of brain-derived 
neurotrophic factor on neurological function after 
traumatic brain injury. J Alzheimers Dis. 2018; 65 
(4): 1055–1064. DOI: 10.3233/JAD-180585. PMID: 
30149456. 

46. Irimia A., Goh S.Y., Torgerson C.M., Vespa P., Van 
Horn J.D. Structural and connectomic neuroimaging 
for the personalized study of longitudinal alterations 
in cortical shape, thickness and connectivity after 
traumatic brain injury. J Neurosurg Sci. 2014; 58 (3): 
129–144. PMID: 24844173. 

47. Garcia-Rudolph A., Garcia-Molina A., Opisso E., 
Muñoz J.T. Personalized web-based cognitive reha-

bilitation treatments for patients with traumatic 
brain injury: cluster analysis. JMIR Med Inform. 
2020; 8 (10): e16077. DOI: 10.2196/16077. PMID: 
33021482. 

48. Haring A.P., Sontheimer H., Johnson B.N. Micro-
physiological human brain and neural systems on 
a chip: potential alternatives to small animal models 
and emerging platforms for drug discovery and 
personalized medicine. Stem Cell Rev. 2017; 13 (3): 
381–406. DOI: 10.1007/s12015-017-9738-0. PMID: 
28488234. 

49. Wong H,R,, Cvijanovich N.Z., Anas N., Allen G.L., 
Thomas N.J., Bigham N.T., Weiss S.L., Fitzgerald J., 
Checchia P.A., Meyer K,, Shanley T.P., Quasney M., 
Hall M., Gedeit R., Freishtat R.J., Nowak J., Shekhar 
R.S., Gertz S., Dawson E., Howard K., Harmon K., 
Beckman E., Frank E., Lindsell C.J. Developing a 
clinically feasible personalized medicine approach 
to pediatric septic shock. Am J Respir Crit Care Med. 
2015; 191 (3): 309-315. DOI: 10.1164/rccm.201410-
1864OC. PMID: 25489881. 

50. Gibbison B., López-López J.A., Higgins J.P.T., Miller 
T., Angelini G.D., Lightman S.L., Annane D. Corti-
costeroids in septic shock: a systematic review and 
network meta-analysis. Crit Care. 2017; 21 (1): 78. 
DOI: 10.1186/s13054-017-1659-4. PMID: 28351429. 

51. Pirracchio R., Hubbard A., Sprung C.L., Chevret S., 
Annane D. Assessment of machine learning to esti-
mate the individual treatment effect of corticosteroids 
in septic shock. JAMA Netw Open. 2020; 3 (12): 
e2029050. DOI: 10.1001/jamanetworkopen. 
2020.29050. PMID: 33301017. 

52. Infante T., Del Viscovo L., De Rimini M.L., Padula S., 
Caso P., Napoli C. Network medicine: a clinical ap-
proach for precision medicine and personalized 
therapy in coronary heart disease. J Atheroscler 
Thromb. 2020; 27 (4): 279–302. DOI: 
10.5551/jat.52407. PMID: 31723086. 

53. Levin MG, Judy R, Gill D, Vujkovic M, Verma SS, 
Bradford Y, Regeneron Genetics Center, Ritchie MD, 
Hyman MC, Nazarian S, Rader DJ, Voight BF, Dam-
rauer SM. Genetics of height and risk of atrial fibril-
lation: A Mendelian randomization study. PLoSMed. 
2020; 17 (10): e1003288. DOI: 10.1371/journal. 
pmed.1003288. PMID: 33031386. 

54. Darbar D. The role of pharmacogenetics in atrial fib-
rillation therapeutics: is personalized therapy in sight? 
J Cardiovasc Pharmacol. 2016; 67 (1): 9–18. DOI: 
10.1097/FJC.0000000000000280. PMID: 25970841. 

55. Gutierrez A, Chung MK. Genomics of Atrial Fibrilla-
tion. Curr Cardiol Rep. 2016; 18 (6): 55. DOI: 
10.1007/s11886-016-0735-8. PMID: 27139902. 

56. Khalyfa A., Gozal D. Connexins and atrial fibrillation 
in obstructive sleep apnea. Curr Sleep Med Rep. 
2018; 4 (4): 300–311. DOI: 10.1007/s40675-018-0130-
7. PMID: 31106116. 

57. Matei L-L., Siliste C., Vinereanu D. Modifiable risk 
factors and atrial fibrillation: the quest for a per-
sonalized approach. Maedica (Bucur) 2021; 16 (1): 
88–96. DOI: 10.26574/maedica.2020.16.1.88. PMID: 
34221161. 

58. Li C.Y., Zhang J.R., Hu W.N., Li S.N. Atrial fibrosis 
underlying atrial fibrillation (Review). Int J Mol Med. 
2021; 47 (3): 9. DOI: 10.3892/ijmm.2020.4842. PMID: 
33448312. 

59. Aronis K.N., Ali R., Trayanov N.A. The role of per-
sonalized atrial modeling in understanding atrial 
fibrillation mechanisms and improving treatment. 
Int J Cardiol. 2019; 287: 139–147. DOI: 10.1016/j.ijcard. 
2019.01.096. PMID: 30755334. 

52 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 2 ,  1 8 ;  4

https://doi.org/10.15360/1813-9779-2022-4-45-54
Reviews  



53w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 2 ,  1 8 ;  4

https://doi.org/10.15360/1813-9779-2022-4-45-54
Reviews  

60. Lubitz S.A., Ellinor P.T. Personalized medicine and 
atrial fibrillation: will it ever happen? BMC Med. 
2012; 10: 155. DOI: 10.1186/1741-7015-10-155. PMID: 
23210687. 

61. Kewal K. Jain. Personalized therapy of Infectious 
Diseases. In: Textbook of Personalized Medicine. 
2020: 325–341. DOI: 10.1007/978-3-030-62080-6_15. 

62. De Hoogh I.M., Winters B.L., Nieman K.M., Bijlsma 
S., Krone T., van den Broek T.J., Anderson B.D., 
Caspers M.P.M., Anthony J.C., Wopereis S. A novel 
personalized systems nutrition program improves 
dietary patterns, lifestyle behaviors and health-
related outcomes: results from the habit study. Nu-
trients. 2021; 13 (6): 1763. DOI: 10.3390/nu13061763. 
PMID: 34067248. 

63. Van Ommen B., van den Broek T., de Hoogh I., van 
Erk M., van Someren E., Rouhani-Rankouhi T., An-
thony J.C., Hogenelst K., Pasman W., Boorsma A., 
Wopereis S. Systems biology of personalized nutrition. 
Nutr Rev. 2017; 75 (8): 579–599. DOI: 
10.1093/nutrit/nux029. PMID: 28969366. 

64. Gemmati D., Varani K., Bramanti B., Piva R., Bonac-
corsi G., Trentini A., Manfrinato M.C., Tisato V., Carè 
A., BelliniInt T. «Bridging the Gap» Everything that 
could have been avoided if we had applied gender 
medicine, pharmacogenetics and personalized med-
icine in the gender-omics and sex-omics era. Int J 
Mol Sci. 2019; 21 (1): 296. DOI: 10.3390/ijms21010296. 
PMID: 31906252. 

65. Reis S.S., Carvalho A.S., Fernandes R. Pharmacoge-
nomics, CYP2D6, and tamoxifen: a survey of the 
reasons sustaining European clinical practice par-
adigms. Medicina (Kaunas). 2019; 55 (7): 344. DOI: 
10.3390/medicina55070344. PMID: 31284530. 

66. Puangpetch A., Vanwong N., Nuntamool N., 
Hongkaew Y., Chamnanphon M., Sukasem C. CYP2D6 
polymorphisms and their influence on risperidone 
treatment. Pharmgenomics Pers Med. 2016; 9: 131–
147. DOI: 10.2147/PGPM.S107772. PMID: 27942231. 

67. Kim W-Y., Kim H-S., Oh M., Shin J-G. Survey of 
physicians' views on the clinical implementation 
of pharmacogenomics-based personalized therapy. 
Transl Clin Pharmacol. 2020; 28 (1): 34–42. DOI: 
10.12793/tcp.2020.28.e6. PMID: 32274379. 

68. Takahashi P.Y., Ryu E., Bielinski S.J., Hathcock M., 
Jenkins G.D., Cerhan J.R., Olson J.E. No association 
between pharmacogenomics variants and hospital 
and emergency department utilization: a Mayo 
clinic biobank retrospective study. Pharmgenomics 
Pers Med. 2021; 14: 229–237. DOI: 10.2147/PGPM. 
S281645. PMID: 33603442. 

69. Weitzel K.W., Duong B.Q., Arwood M.J., Owusu-
Obeng A., Abul-Husn N.S., Bernhardt B.A., Decker 
B., Denny J.C., Dietrich E., Gums J., Madden E.B., 
Pollin T.I., Wu R.R., Haga S.B., Horowitz C.R. A 
stepwise approach to implementing pharmacoge-
netic testing in the primary care setting. Pharma-
cogenomics. 2019; 20 (15): 1103–1112. DOI: 
10.2217/pgs-2019-0053. PMID: 31588877. 

70. Aquilante C.L., Kao D.P., Trinkley K.E., Lin C-T., 
Crooks K.R., Hearst E.C., Hess S.J., Kudron E.L., Lee 
Y.M., Liko I., Lowery J., Mathias R.A., Monte A.A., 
Rafaels N., Rioth M.J., Roberts E.R., Taylor M.R.G., 
Williamson C., Barnes K.C. Clinical implementation 
of pharmacogenomics via a health system-wide re-
search biobank: the University of Colorado experi-
ence. Pharmacogenomics. 2020; 21 (6): 375–386. 
DOI: 10.2217/pgs-2020-0007. PMID: 32077359. 

71. Ortega V.E., Meyers D.A. Pharmacogenetics: impli-
cations of race and ethnicity on defining genetic 

profiles for personalized medicine. J Allergy Clin 
Immunol. 2014; 133 (1): 16–26. DOI: 10.1016/j.jaci. 
2013.10.040. PMID: 24369795. 

72. Duong B.Q., Arwood M.J., Hicks J.K., Beitelshees A.L., 
Franchi F., Houder J.T., Limdi N.A., Cook K.J., Obeng 
A.O., Petry N., Tuteja S., Elsey A.R., Cavallari L.H., 
Wiisanen K., IGNITE Network. Development of cus-
tomizable implementation guides to support clinical 
adoption of pharmacogenomics: experiences of the 
implementing GeNomics In pracTicE (IGNITE) Net-
work. Pharmgenomics Pers Med. 2020; 13: 217–226. 
DOI: 10.2147/PGPM.S241599. PMID: 32765043. 

73. Guo W-F., Zhang S-W., Feng Y-H., Liang J., Zeng T., 
Chen L. Network controllability-based algorithm to 
target personalized driver genes for discovering 
combinatorial drugs of individual patients. Nucleic 
Acids Res. 2021; 49 (7): e37. DOI: 10.1093/nar/ 
gkaa1272. PMID: 33434272. 

74. Micaglio E., Locati E.T., Monasky M.M., Romani F., 
Heilbron F., Pappone C. Role of pharmacogenetics 
in adverse drug reactions: an update towards per-
sonalized medicine. Front Pharmacol. 2021; 12: 
651720. DOI: 10.3389/fphar.2021.651720. PMID: 
33995067. 

75. Stern A.M., Schurdak M.E., Bahar I., Berg J.M., Taylor 
D.L. A perspective on implementing a quantitative 
systems pharmacology platform for drug discovery 
and the advancement of personalized medicine. J 
Biomol Screen. 2016; 21 (6): 521–534. DOI: 10.1177/ 
1087057116635818. PMID: 26962875. 

76. Ortega V.E., Meyers D.A., Bleecker E.R. Asthma phar-
macogenetics and the development of genetic pro-
files for personalized medicine. Pharmgenomics 
Pers Med. 2015; 8: 9–22. DOI: 10.2147/PGPM.S52846. 
PMID: 25691813. 

77. Nagalla S., Bray P.F. Personalized medicine in throm-
bosis: back to the future. Blood. 2016; 127 (22): 
2665–2671. DOI: 10.1182/blood-2015-11-634832. 
PMID: 26847245. 

78. Cafiero C., Re A., Micera A., Palmirotta R., Monaco 
D., Romano F., Fabrizio C., Di Francia R., Cacciamani 
A., Surico P.L., D’Amato G., Pisconti S. Pharmacoge-
nomics and pharmacogenetics: in silico prediction 
of drug effects in treatments for novel coronavirus 
SARS-CoV2 disease. Pharmgenomics Pers Med. 2020; 
13: 463–484. DOI: 10.2147/PGPM.S270069. PMID: 
33116761. 

79. Kevadiya B.D., Ottemann B.M., Thomas M.B., 
Mukadam I., Nigam S., McMillan J.E., Gorantla S., 
Bronich T.K., Edagwa B., Gendelman H.E. Neu-
rotheranostics as personalized medicines. Adv Drug 
Deliv Rev. 2019; 148: 252–289. DOI: 10.1016/j. 
addr.2018.10.011. PMID: 30421721. 

80. Голубев А.М., Гречко А.В., Говорухина М.А., За-
харченко В.Е., Кузовлев А.Н., Петрова М.В. Мо-
лекулярные маркеры геморрагического инсуль-
та. Общая реаниматология. 2020; 16 (3): 34–45. 
DOI: 10.15360/1813-9779-2020-3-34-45.  [Golubev 
A.M., Grechko A.V., Govorukhina M.A., Zakharchenko 
V.E., Kuzovlev A.N., Petrova M.V. Molecular markers 
of hemorrhagic stroke. General reanimatology / Ob-
shchaya reanimatologya. (in Russ.). 2020; 16 (3): 
34–45. DOI: 10.15360/1813-9779-2020-3-34-45]. 

81. Голубев А.М., Гречко А.В., Захарченко В.Е., Ка-
нарский М.М., Петрова М.В., Борисов И.В. 
Cравнительная характеристика содержания 
кандидатных молекулярных маркеров при ише-
мическом и геморрагическом инсульте. Общая 
ресниматология. 2021; 17 (5): 23–34. DOI: 
10.15360/1813-9779-2021-5-23-34.  [Golubev A.M., 



Grechko A.V., Zakharchenko V.E., Kanarsky M.M., 
Petrova M.V., Borisov I.V. Comparative characteri-
zation of candidate molecular markers in ischemic 
and hemorrhagic stroke. General reanimatology/ 

Obshchaya reanimatologya. (in Russ.). 2021; 17 (5): 
23–34. DOI: 10.15360/1813-9779-2021-5-23-34]. 

 
Received 08.12.2021 

54 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 2 ,  1 8 ;  4

https://doi.org/10.15360/1813-9779-2022-4-45-54
Reviews  


