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ABSTRACT

Personalized anesthesia, especially for cardiovascular patients, emerges as a promising strategy to minimize risks
and optimize doses in high-risk surgeries. Genetic variability between individuals affects the response to
anesthetic agents, which implies the need to adapt doses according to the patient's genetic profile. This study
reviews recent scientific evidence on pharmacogenomics applied to cardiovascular anaesthesia, identifying key
genes and biomarkers that allow for the adjustment of anaesthetic strategies. Through an experimental design,
the efficacy of a personalized methodology compared to standard approaches was evaluated, highlighting the
reduction of perioperative complications and improving outcomes in postoperative management.

Keywords: Personalized anesthesia, pharmacogenomics, cardiovascular surgery, optimal dose, risk mitigation,
pharmacogenetics.

INTRODUCTION

Anesthesia is a crucial component in the management of cardiovascular surgeries, characterized by their high
risk due to the complexity of the patients and the invasive nature of the procedures (Miller, Zhou, & Smith,
2023). Patients with cardiovascular disease often have comorbidities and increased sensitivity to the effects of
anesthetics, which requires precise dose management to minimize perioperative complications (Johnson & Lee,
2022). In this context, the personalization of anesthesia, using the patient's genetic profile, has emerged as a
promising strategy to improve the efficacy of anesthetic treatment and reduce the associated risks.
Pharmacogenomics is a branch of medicine that analyzes how genetic variations influence a patient's response
to specific drugs, allowing for individualized dose adaptation and drug selection (Turner, Green, & O'Neill,
2021). In the field of anesthesiology, recent research has identified several genes that influence the response to
common anesthetics. Genes such as CYP2D6, which is involved in the metabolism of analgesics and
anesthetics, and RYR1, linked to susceptibility to malignant hyperthermia, are critical in the individual response
to anesthetic drugs (Kim, Parker, & Walters, 2021).

The adaptation of anesthesia based on genetic profiling is presented as an effective tool to deal with
perioperative complications in patients with cardiovascular risk. Recent literature highlights that a personalized
anesthesia strategy based on pharmacogenomics could decrease the incidence of complications such as
arrhythmias, hypotension, and thrombotic events, which are common risk factors in cardiovascular surgery
(Roberts, Martinez, & Chen, 2023). This scientific evidence suggests that, through genetic analysis prior to the
surgical procedure, drugs and their doses can be adjusted in a way that optimizes the results, allowing safe and
effective anesthetic management (Johnson & Lee, 2022).

In addition to the clinical benefits, the implementation of a personalized anesthetic approach represents an
opportunity to improve health system costs, as it would reduce prolonged hospitalizations and postoperative
emergency interventions (Turner et al., 2021). Recent studies also suggest that this approach can have a positive
impact on postoperative recovery, as patients receive doses adapted to their genetic profile, which minimizes
side effects and accelerates the recovery process (Miller et al., 2023).

Consequently, this article explores the basis and applications of pharmacogenomics in the field of
cardiovascular anesthesia, with a focus on how personalization strategies can improve safety in high-risk
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surgeries. Through a review of recent studies and an experimental analysis, it is intended to demonstrate the
relevance of this strategy in current clinical practice, providing evidence on its impact on the reduction of
complications and the optimization of anesthetic protocols (Kim et al., 2021; Roberts et al., 2023; Turner et al.,
2021).

Theoretical Framework

Personalization of anesthesia based on the patient's genetic profile has proven to be a viable strategy to reduce
complications in high-risk surgeries, especially in patients with cardiovascular conditions. This practice, framed
in the field of pharmacogenomics, has gained relevance due to the variability in the response to anesthetic drugs,
which depends largely on genetic factors (Johnson & Lee, 2022). In this sense, the identification of specific
genetic variants allows the doses and types of anesthetics to be personalized, thus minimizing the risk of adverse
reactions and increasing the efficacy of the treatment (Turner, Green, & O'Neill, 2021).

Key Genes and Biomarkers in Anesthesia Personalization

Among the genes that have shown a significant impact on the response to anesthesia, CYP2D6 and RYR1 stand
out. The CYP2D6 gene is responsible for metabolizing numerous drugs, including several anesthetic and
analgesic agents, and its variants can lead to rapid, normal, or slow metabolization, which affects the anesthetic
response (Kim, Parker, & Walters, 2021). On the other hand, the RYR1 gene is associated with susceptibility to
malignant hyperthermia, a potentially lethal anesthetic complication (Miller, Zhou, & Smith, 2023).

Table 1: presents a summary of the main genes related to the response to anesthetics and their clinical

implications.
Gene Function Clinical Implications Reference
CYP2D6 | Metabolizes analgesics and | Variability in response to anesthetic | Kim, Parker, & Walters,
anesthetics drugs 2021
RYR1 Regulation of calcium in the | Susceptibility to malignant | Miller, Zhou, & Smith,
muscle hyperthermia 2023
COMT Catecholamine metabolism Influence on stress response and | Turner, Green, & O'Neill,
analgesia 2021
UGT1A1 | Opioid Metabolism Effects on postoperative analgesia | Roberts, Martinez, &
and recovery Chen, 2023

Variability in Anesthetic Response

The presence of genetic polymorphisms in patients generates variability in the response to anesthetics. For
example, patients with reduced CYP2D6 activity may experience prolonged effects of anesthetics and are at
increased risk of adverse reactions due to the accumulation of the drug in the body (Roberts, Martinez, & Chen,
2023). This underscores the importance of personalized dose selection to improve clinical outcomes and
minimize the risk of adverse events.

In particular, the COMTgene has been linked to catecholamine metabolism, affecting both analgesia and stress
response during high-risk surgical procedures (Turner et al., 2021). In patients with specific COMT variants,
anesthetics may generate a more intense response, implying the need for adjustments in anesthetic management.

Benefits of Personalized Genome-Based Anesthesia

Implementing personalized anesthesia based on pharmacogenomics not only improves patient safety, but also
reduces care costs by minimizing complications and speeding up postoperative recovery. Johnson and Lee
(2022) highlight that patients with anesthesia adapted to their genetic profile have lower rates of prolonged
hospitalization and emergency interventions, which results in significant savings for the health system.

Table 2: shows recent studies that have evaluated the benefits of personalized anesthesia compared to standard

approaches.

| am a student Method Results Reference
Johnson and Lee | Comparative (Custom | 30% reduction in perioperative | Johnson &
(2022) vs Standard) complications Lee, 2022

Kim, Parker, & | Experimental Personalized dose reduced adverse effects | Kim et al.,
Walters (2021) in high-risk patients 2021

Roberts, Martinez, | Quasi-experimental Decreased prolonged hospitalization and | Roberts et al.,
& Chen (2023) improved recovery 2023

Turner, Green, & | Systematic review Lower incidence of malignant hyperthermia | Turner et al.,
O'Neill (2021) in patients with genetic adjustment 2021
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These studies demonstrate the effectiveness of personalized genome-based anesthesia as an innovative strategy
in the perioperative management of cardiovascular patients. Through personalization based on genetic profiles,
pharmacogenomic anesthesia reduces the risk of side effects and allows for safer and more effective treatment in
high-risk surgeries.

METHODOLOGY

This study was designed as a quasi-experimental investigation to evaluate the efficacy of a personalized
anesthesia strategy based on genetic profiling versus a conventional anesthetic approach in patients at
cardiovascular risk. The methodology included the analysis of the genetic profile of each patient, the
administration of anesthesia adapted according to genetic variations, and the comparison of perioperative and
postoperative outcomes in both groups (Johnson & Lee, 2022).

Study Design
The study was carried out in a high-complexity hospital, involving a sample of 100 patients over 50 years of age
diagnosed with cardiovascular disease and scheduled for high-risk surgery. Thepatientsweredivided into two
groups:

1. Experimental Group (n = 50): Patients who received personalized anesthesia based on their genetic

profile.

2. Control group (n = 50): Patients who received conventional anesthesia without genetic adaptation.

Table 1: summarizes the characteristics of the sample of patients in each group.

Variable Experimental Group | Control Group
Average age (years) 65.4 + 8.3 64.8+7.9
Gender (Men/Women) 30/20 32/18

Presence of hypertension 84% 82%

Diabetes mellitus 30% 28%

Previous surgical interventions | 40% 42%

Procedure

1. Genetic analysis: Patients in the experimental group underwent pharmacogenomics tests to identify
variants in genes relevant to the anesthetic response, such as CYP2D6, RYR1 and COMT. This analysis
was carried out using next-generation sequencing techniques, which allow accurate and rapid results to be
obtained (Kim, Parker, & Walters, 2021).

2. Administration of Personalized Anesthesia: Based on the genetic results, the anesthetic team adjusted
the dosage and selection of drugs for patients in the experimental group. For example, those with slow-
metabolizing variants in CYP2D6 received reduced doses of certain anesthetics, while the use of specific
anesthetic agents was avoided in patients with genetic susceptibility to malignant hyperthermia (Miller,
Zhou, & Smith, 2023).

3. Administration of Conventional Anesthesia: Patients in the control group received standard anesthesia
without adjustments based on their genetic profile. Drug selection and dosing were performed according to
general protocols for cardiovascular surgery, without consideration of genetic variability (Turner, Green, &
O'Neill, 2021).

Measured Variables

Several outcome variables were evaluated to compare the efficacy of personalized versus conventional
anesthesia. The variables were classified as perioperative and postoperative, and were measured according to
clinical standards. Table 2 presents the main variables measured and their operational definition.

Variable Description Moment of Measurement

Perioperative Adverse events during surgery (e.g., | Duringtheprocedure

complications arrhythmias)

Total Anesthetic Dose Total amount administered in mg/kg Duringsurgery

Recovery time Time to full postoperative stabilization Immediatepostoperative

Adverse reactions Adverse effects reported up to 24 hours | Immediate and
postoperative delayedpostoperative

Prolonged Need for hospitalization longer than 5 days Duringthepostoperativeperiod

hospitalization
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Statistical analysis

Specialized statistical software was used to analyze the data. The results were processed using Student's t-tests
for continuous variables and the chi-square test for categorical variables. In addition, logistic regression models
were employed to assess the association between personalized anesthesia and the likelihood of perioperative
complications (Johnson & Lee, 2022). A p-< value of 0.05 was considered statistically significant.

Table 3: shows a summary of the statistical techniques used in the analysis of each variable.

Variable Analysis Technique Level of Significance
Perioperative complications | Chi-square test p <0.05
Total Anesthetic Dose Student's t-test p <0.05
Recovery time Student's t-test p <0.05
Adverse reactions Chi-square test p <0.05
Prolonged hospitalization Logistic Regression Models | p <0.05

Ethical Procedures

The study was approved by the hospital's ethics committee and informed consent was obtained from all
participants. The confidentiality of the data and respect for the rights of the patients were guaranteed throughout
the study.

Results

The results of this study showed a significant improvement in patients who received personalized anesthesia
based on their genetic profile compared to those who received conventional anesthesia. Key findings in terms of
perioperative complications, total anesthetic dose, recovery time and prolonged hospitalisation, as well as the
incidence of adverse reactions are presented below.

Perioperative Complications

It was found that patients in the experimental group (personalized anesthesia) experienced a significantly lower
rate of perioperative complications compared to the control group. The complications observed included
arrhythmias, hypotension, and thrombotic events, with the incidence of events in the experimental group being
12%, while in the control group it was 30% (p < 0.05) (Johnson & Lee, 2022).

Complication Experimental Group (n =50) | Control Group (n =50) | P value
Arrhythmias 4 (8%) 10 (20%) 0.03
Hypotension 2 (4%) 5 (10%) 0.05
Thrombotic events 0 (0%) 4 (8%) 0.04
Total Complications | 6 (12%) 15 (30%0) <0.05

The results indicate a significant reduction in complications, suggesting that pharmacogenomics-based
anesthesia personalization is effective in mitigating risks in high-risk cardiovascular surgeries (Miller, Zhou, &
Smith, 2023).

Total Anesthetic Dose

The total dose of anesthetic administered in the experimental group was, on average, 20% lower than in the
control group. This reduction in dose was due to the identification of slow and ultrafast metabolizers, allowing
for precise adjustment of the amount of anesthetic needed. The experimental group required an average of 5.2
mg/kg of anesthetic, while the control group needed 6.5 mg/kg (p < 0.05) (Kim, Parker, & Walters, 2021).

Group Average Total Dose (mg/kg) | Standard deviation | P value
Experimental | 5.2 1.3 <0.05
Control 6.5 1.5 <0.05

These results confirm that personalized anesthesia allows for a significant reduction in the amount of drug used,
which is especially relevant for minimizing side effects and toxicity in cardiovascular patients (Roberts,
Martinez, & Chen, 2023).

Postoperative Recovery Time
Recovery time to complete stabilization was significantly shorter in the experimental group. On average,
patients in the experimental group required 1.8 days to achieve a stable recovery, while the control group
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required 2.6 days (p < 0.01). This shorter recovery time suggests that personalization of anesthesia reduces
complications and accelerates the return to hemodynamic stability (Turner, Green, & O'Neill, 2021).

Group Average Recovery Time (days) | Standard deviation | P value
Experimental | 1.8 0.7 <0.01
Control 2.6 1.0 <0.01

These findings suggest that the use of genetically adapted anesthesia not only improves perioperative stability,
but also facilitates faster postoperative recovery.

Adverse Reactions

The experimental group showed a lower incidence of anesthetic-related adverse reactions compared to the
control group. In the experimental group, only 10% of patients reported mild side effects such as nausea and
dizziness, while in the control group 24% experienced adverse effects, including cases of confusion and
agitation (p < 0.05) (Johnson & Lee, 2022).

Adverse Reaction Experimental Group (n =50) | Control Group (n =50) | P value
Nausea and dizziness 4 (8%) 9 (18%) 0.04
Confusion 1 (2%) 3 (6%) 0.05
Agitation 0 (0%) 2 (4%) 0.05
Total Adverse Reactions | 5 (10%0) 12 (24%) <0.05

The data reflect a significant improvement in treatment tolerance in the experimental group, showing that
genetic personalization in the administration of anesthesia minimizes side effects.

Prolonged Hospitalization

Finally, the duration of hospitalization was shorter in the experimental group. Only 10% of patients in this group
required a stay longer than 5 days, compared to 22% in the control group (p < 0.05). This suggests that
personalized anesthesia not only improves recovery, but also reduces the need for prolonged care and,
consequently, hospital costs (Miller et al., 2023).

Group Extended Stay (> 5 days) | P value
Experimental | 5 (10%) <0.05
Control 11 (22%) <0.05

Summary of Results

The results demonstrate that personalized genome-based anesthesia offers significant benefits in terms of
reduced complications, anesthetic dose, recovery time, and side effects. This supports the implementation of a
pharmacogenomic approach in the anaesthesia of high-risk cardiovascular patients.

CONCLUSIONS

This study provides significant evidence that personalization of anesthesia based on the patient's genetic profile
is an effective strategy to improve clinical outcomes in high-risk cardiovascular surgeries. The implementation
of pharmacogenomic anesthesia allows the doses and types of anesthetics to be adjusted based on individual
genetic variants, resulting in a reduction in perioperative complications, a shorter recovery time, and a decrease
in the need for prolonged hospitalization (Johnson & Lee, 2022).

The reduction of perioperative complications in the experimental group suggests that anesthetic personalization
can mitigate specific risks, such as arrhythmias and thrombotic events, which are usually common in this type of
patient (Miller, Zhou, & Smith, 2023). This confirms the importance of considering genetic variability in
anesthetic management, especially in patients with cardiovascular conditions, who are particularly sensitive to
the effects of anesthetic drugs (Kim, Parker, & Walters, 2021). Pharmacogenomics allows for more precise
selection and dosing of anesthetic agents, optimizing surgical outcomes and contributing to safer anesthesia.
Another key finding of this study is the reduction in the total dose of anesthetics in the experimental group,
which minimizes the patient's exposure to potential toxic and adverse effects. This is particularly relevant in
high-risk patients, as a lower dose translates into less impact on critical organs and a better postoperative
recovery profile (Roberts, Martinez, & Chen, 2023). These results confirm that personalized anesthesia, by
reducing the amount of drug needed, not only improves therapeutic efficacy but also decreases side effects,
benefiting the patient's experience during and after the procedure.

In addition, the data from this study support that recovery is faster and more effective when genetically adapted
anesthesia is used. The reduced recovery time and lower incidence of adverse reactions in the experimental
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group highlight the ability of pharmacogenomics to contribute to a more stable perioperative experience and
improved hemodynamic recovery (Turner, Green, & O'Neill, 2021). This, in turn, has an impact on the efficient
use of hospital resources, as patients require less intensive care and fewer days of hospitalization, which
represents an advantage for both the health system and patients.

In general terms, the implementation of personalized anesthesia protocols in cardiovascular patients could mean
an important change in clinical practice, promoting precision medicine that improves safety and surgical
outcomes (Miller et al., 2023). The benefits demonstrated in this study justify the need to continue researching
and developing specific clinical guidelines for the personalization of anesthesia, thus promoting safer
anesthesiology oriented to the individual characteristics of each patient (Johnson & Lee, 2022).
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