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Abstract: Precision anesthesia represents an emerging paradigm in perioperative medicine that integrates 
patient-specific physiological, pharmacological, genetic, and real-time monitoring data to optimize anesthetic 
management and improve surgical outcomes. Traditional anesthesia approaches often rely on standardized 
protocols that may not adequately account for individual variability in drug response, cardiovascular function, 
and perioperative risk factors. Precision anesthesia seeks to overcome these limitations through individualized 
anesthetic dosing, advanced hemodynamic monitoring, goal-directed therapy, artificial intelligence-assisted 
decision support, and multimodal perioperative care strategies. This review evaluates the impact of precision 
anesthesia protocols on intraoperative hemodynamic stability and postoperative recovery outcomes. Evidence 
from recent clinical studies indicates that personalized anesthesia management can reduce episodes of 
intraoperative hypotension, hypertension, tachycardia, and hemodynamic fluctuations, thereby minimizing the 
risk of organ hypoperfusion and postoperative complications. Advanced monitoring technologies, including 
processed electroencephalography, cardiac output monitoring, and predictive analytics, enable anesthesiologists 
to tailor anesthetic depth and fluid management according to individual patient requirements. Furthermore, 
precision anesthesia protocols have been associated with improved recovery profiles, reduced postoperative pain, 
lower incidence of postoperative nausea and vomiting, shorter hospital stays, and enhanced patient satisfaction. 
The integration of pharmacogenomics, machine learning algorithms, and real-time clinical decision support 
systems further enhances the ability to predict anesthetic responses and optimize perioperative care. Despite 
promising outcomes, challenges related to implementation costs, technological complexity, data integration, and 
clinician training remain barriers to widespread adoption. Precision anesthesia has the potential to transform 
perioperative care by improving patient safety, enhancing recovery, and supporting personalized medicine 
approaches in modern anesthesiology. 
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1. Introduction 
Precision anesthesia is an evolving approach in perioperative medicine that seeks to adapt anesthetic management 
to the individual characteristics and physiological requirements of each patient. Conventional anesthetic practice 
commonly relies on established dosing ranges and standardized management strategies; however, substantial 
variation exists in patients’ responses to anesthetic drugs, fluid administration, vasopressors, and surgical stress. 
Differences in age, cardiovascular reserve, comorbidities, medication use, physiological status, and surgical 
characteristics can therefore influence intraoperative and postoperative outcomes [1], [2]. 
Maintenance of cardiovascular stability is a fundamental objective of safe anesthesia. Intraoperative disturbances 
such as hypotension, hypertension, tachycardia, and inadequate tissue perfusion may occur during induction, 
maintenance of anesthesia, surgical stimulation, blood loss, or changes in intravascular volume. Sessler and 
Saugel emphasized the importance of intraoperative hemodynamic management and the potential relationship 
between hemodynamic disturbances and postoperative outcomes [4]. Individualized monitoring and timely 
intervention may therefore be important for minimizing avoidable physiological instability. 
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The concept of personalized hemodynamic management has developed alongside advances in monitoring 
technology. Rather than applying identical blood-pressure and fluid-management strategies to every patient, 
individualized approaches seek to account for baseline physiological characteristics and dynamic changes 
occurring during surgery. Saugel et al. described personalized hemodynamic management as an approach in 
which cardiovascular support is adjusted according to the patient's individual physiological condition and 
treatment response [5]. 
Goal-directed hemodynamic therapy represents one important component of precision anesthesia. It uses 
physiological information to guide fluid therapy, vasoactive medication, and cardiovascular support according to 
predefined therapeutic objectives. Joosten and Saugel highlighted the importance of goal-directed approaches 
for optimizing perioperative hemodynamic management, particularly in patients at increased risk of complications 
[6]. Such strategies are intended to avoid both inadequate tissue perfusion and unnecessary fluid administration. 
Evidence from perioperative studies has demonstrated the potential value of individualized blood-pressure 
management. Futier et al. investigated individualized blood-pressure management during noncardiac surgery and 
demonstrated the clinical relevance of maintaining arterial pressure within an individualized range. Their work 
contributed to the growing evidence that intraoperative blood-pressure management should consider the patient's 
baseline pressure and individual risk rather than relying exclusively on a universal threshold [8]. 
Intraoperative hypotension has received particular attention because even relatively brief periods of inadequate 
arterial pressure may be associated with impaired organ perfusion. Maheshwari et al. reported an association 
between intraoperative hypotension and postoperative outcomes, emphasizing the importance of recognizing and 
managing hypotensive episodes during surgery [22]. These findings have contributed to increased interest in 
predictive monitoring and early intervention. 
Technological developments have expanded the ability of anesthesiologists to obtain continuous physiological 
information. Cardiac output monitoring, processed electroencephalography, arterial waveform analysis, and other 
monitoring technologies can provide information that may assist in adjusting anesthetic depth, cardiovascular 
support, and fluid therapy. Hashimoto et al. further described the expanding role of artificial intelligence in 
anesthesiology, including its potential application to monitoring, prediction, and clinical decision support [3]. 
Machine-learning approaches have been investigated particularly for the prediction of intraoperative hypotension. 
Hatib et al. developed an algorithm based on arterial pressure waveform analysis to identify patterns associated 
with impending hypotension [10]. Similarly, Wijnberge et al. evaluated a machine-learning-derived early-
warning system for intraoperative hypotension, demonstrating the growing interest in predictive rather than purely 
reactive hemodynamic management [9]. 
Precision anesthesia also extends beyond intraoperative hemodynamics to postoperative recovery. Modern 
perioperative care increasingly emphasizes early recovery, effective pain control, minimization of postoperative 
nausea and vomiting, early mobilization, and reduction of avoidable hospital stay. The principles of Enhanced 
Recovery After Surgery (ERAS) integrate anesthetic management with surgical and postoperative interventions 
to improve the overall recovery pathway [12], [13]. 
Anesthetic depth is another area in which individualized management may influence recovery. Processed 
electroencephalographic monitoring can provide information about the patient's response to anesthetic 
administration and may assist in avoiding unnecessarily deep anesthesia. Leslie et al. examined recovery 
outcomes associated with depth-of-anesthesia monitoring, contributing to the broader discussion regarding 
individualized anesthetic administration [15]. 
The emerging concept of precision medicine has also introduced interest in pharmacogenomics and individual 
variability in drug response. Genetic differences can influence drug metabolism, pharmacodynamics, and 
susceptibility to adverse effects. Relling and Evans described pharmacogenomics as an important component of 
personalized medicine, although routine genetic-guided anesthetic dosing remains an area requiring further 
clinical investigation [17]. 
Despite these developments, precision anesthesia is not simply a technological replacement for conventional 
anesthetic practice. Its successful implementation requires integration of clinical judgment, physiological 
monitoring, patient characteristics, surgical factors, and appropriate therapeutic interventions. Edwards and 
Grocott emphasized the broader concept of precision perioperative medicine, in which individualized decision-
making extends throughout the perioperative period rather than being restricted to the operating room [23]. 
Therefore, evaluating precision anesthesia requires consideration of both intraoperative and postoperative 
outcomes. Hemodynamic stability, anesthetic depth, fluid and vasoactive therapy, postoperative pain, nausea and 
vomiting, recovery quality, complications, and hospital stay are relevant indicators for assessing its potential 
clinical value. The present review examines the impact of precision anesthesia protocols on intraoperative 
hemodynamic stability and recovery outcomes, with emphasis on individualized hemodynamic management, 
advanced monitoring, goal-directed therapy, and integrated perioperative care. 
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2. Literature Review 
Nunes et al. discussed precision medicine in anesthesiology and emphasized the importance of tailoring 
perioperative management to individual patient characteristics rather than relying exclusively on standardized 
approaches. Their review highlighted the growing contribution of individualized monitoring, pharmacological 
considerations, and patient-specific physiological assessment to contemporary anesthetic practice. The authors 
also identified the need for further clinical research before many emerging precision approaches can become 
routine components of anesthesia care [16]. 
Ackland et al. examined the concept of perioperative precision medicine and emphasized that individualized care 
requires integration of patient characteristics, physiological information, surgical factors, and perioperative risk. 
Their work supports the development of approaches in which monitoring and treatment decisions are adapted 
dynamically to individual patients throughout the perioperative period [19]. 
Sessler and Saugel emphasized that intraoperative hemodynamic management has an important role in 
preventing physiological disturbances that may contribute to postoperative complications. Their work highlighted 
the clinical importance of recognizing hypotension and other hemodynamic abnormalities and responding 
appropriately rather than allowing prolonged physiological instability during surgery [4]. 
Saugel et al. described personalized hemodynamic management as an approach that considers individual 
physiological characteristics when selecting cardiovascular interventions. Their work supports the use of patient-
specific targets and dynamic assessment rather than applying identical hemodynamic strategies to all surgical 
patients [5]. 
Joosten and Saugel discussed goal-directed hemodynamic therapy as a strategy for optimizing cardiovascular 
function during the perioperative period. The approach uses physiological measurements to guide fluid and 
vasoactive therapy according to defined treatment objectives. Their work indicates that individualized 
hemodynamic management may be particularly relevant for patients at increased risk of perioperative 
cardiovascular instability [6]. 
Pearse et al. evaluated a perioperative cardiac-output-guided hemodynamic therapy algorithm and provided 
evidence supporting the use of individualized cardiovascular monitoring and treatment during major surgery. 
Their findings contributed to the evidence base for goal-directed perioperative therapy and demonstrated the 
potential value of using physiological information to guide treatment decisions [7]. 
Futier et al. investigated individualized blood-pressure management during surgery and demonstrated the 
importance of maintaining arterial pressure according to patient-specific considerations. Their findings 
strengthened the rationale for individualized blood-pressure targets and contributed to the broader movement 
toward precision hemodynamic management in surgical patients [8]. 
Maheshwari et al. examined the association between intraoperative hypotension and postoperative outcomes and 
reported that exposure to hypotension during surgery was associated with adverse postoperative outcomes. Their 
findings highlight the importance of continuous blood-pressure assessment and prompt management of clinically 
significant hypotension during anesthesia [22]. 
Hatib et al. developed a machine-learning algorithm based on arterial pressure waveform analysis to predict 
impending intraoperative hypotension. Their work demonstrated the potential for predictive systems to identify 
hemodynamic deterioration before conventional blood-pressure thresholds are reached, creating opportunities for 
earlier clinical intervention [10]. 
Wijnberge et al. investigated a machine-learning-derived early-warning system for intraoperative hypotension. 
Their study contributed to the growing evidence that predictive analytics may assist anesthesiologists in 
anticipating hemodynamic instability and potentially shifting management from reactive intervention toward 
earlier preventive action [9]. 
Myles et al. investigated the relationship between bispectral index monitoring and long-term survival, 
contributing to the evidence concerning processed electroencephalographic monitoring during anesthesia. Their 
work helped stimulate continued research into whether individualized control of anesthetic depth could influence 
perioperative outcomes [14]. 
Leslie et al. evaluated recovery outcomes associated with depth-of-anesthesia monitoring and reported findings 
relevant to postoperative recovery following anesthesia. Their work supports continued consideration of 
anesthetic depth as one component of individualized intraoperative management [15]. 
Relling and Evans described pharmacogenomics as a major component of personalized medicine and explained 
how genetic differences can influence drug response. In anesthesiology, pharmacogenomic information has 
potential relevance to variability in drug metabolism and response, although clinical application remains an 
emerging area rather than a universally established component of routine anesthesia practice [17]. 
Gan et al. discussed Enhanced Recovery After Surgery pathways and emphasized the integration of anesthetic, 
surgical, analgesic, nutritional, and postoperative interventions to facilitate recovery. Their work demonstrates 
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that improved postoperative outcomes depend on coordinated perioperative management rather than 
intraoperative anesthesia alone [12]. 
Kehlet introduced the multimodal approach to postoperative recovery, emphasizing reduction of surgical stress 
and coordinated management of pain, nausea, mobilization, nutrition, and other factors influencing recovery. This 
concept provides an important foundation for modern individualized perioperative care and complements 
precision approaches to anesthesia [13]. 
 

3. Methodology 
Study Design and Patient Selection 
The study was structured as a comparative clinical model to assess the potential influence of precision anesthesia 
on intraoperative hemodynamic stability and postoperative recovery. Adult patients undergoing elective non-
cardiac surgery under general anesthesia were considered. Patients undergoing emergency procedures, cardiac 
surgery, or procedures without adequate perioperative monitoring were excluded. The methodology was 
developed around published evidence evaluating individualized blood-pressure management, goal-directed 
hemodynamic therapy, and computer-assisted hemodynamic optimization [26], [28], [33]. 
The model included 120 patients, divided equally into a precision anesthesia group and a standard anesthesia 
group. Baseline characteristics were kept broadly comparable between the groups to permit meaningful 
comparison of perioperative outcomes. 
 
Preoperative and Intraoperative Assessment 
Preoperative assessment included age, sex, body mass index, baseline blood pressure, heart rate, ASA physical 
status, hypertension, diabetes, cardiovascular disease, and other clinically relevant comorbidities. Individualized 
blood-pressure targets were derived from the patient's baseline physiological characteristics. The concept of using 
patient-specific blood-pressure targets has been investigated in randomized clinical studies and more recent 
personalized perioperative blood-pressure research [26], [35]. 
During surgery, blood pressure, heart rate, oxygen saturation, anesthetic depth where clinically indicated, fluid 
administration, and vasoactive medication use were monitored. Hemodynamic interventions were adjusted 
according to the patient's physiological response rather than using an identical intervention strategy for every 
patient. 
 
Precision Anesthesia Intervention 
The precision anesthesia pathway incorporated individualized blood-pressure management, early identification of 
hypotension, targeted fluid administration, and titration of vasoactive medication. Computer-assisted decision 
support and predictive hemodynamic information were considered where available. Previous randomized 
evidence indicates that computer-assisted individualized management can reduce intraoperative hypotension [28], 
[33]. 
Predictive monitoring was also considered as a component of the precision pathway. Machine-learning systems 
have been investigated for identifying impending intraoperative hypotension before conventional clinical 
recognition, providing an opportunity for earlier intervention [27], [36], [38]. 
 
Outcome Measures 
The primary outcome was intraoperative hemodynamic stability, evaluated through the occurrence, frequency, 
and duration of clinically significant hypotension. Secondary intraoperative outcomes included hypertension, 
tachycardia, vasopressor requirement, and fluid administration. 
Postoperative outcomes included post-anesthesia care unit (PACU) duration, postoperative pain, rescue analgesic 
requirement, postoperative nausea and vomiting, unplanned ICU admission, postoperative organ dysfunction, and 
hospital stay. 
These outcomes were selected because intraoperative hypotension has been associated with postoperative adverse 
outcomes, while individualized blood-pressure strategies have been evaluated specifically for their potential to 
reduce postoperative organ dysfunction [26], [30], [31]. 
 

4. Study Population And Baseline Clinical Profile 
For the simulated clinical model, 120 adult patients undergoing elective non-cardiac surgery under general 
anesthesia were considered. Sixty patients were assigned to the precision anesthesia group and 60 to the standard 
anesthesia group. 
The modeled population was designed to represent patients with moderate perioperative risk, including individuals 
with hypertension, diabetes mellitus, and cardiovascular comorbidities. The inclusion of such patients reflects the 
populations studied in published trials of individualized hemodynamic management [26], [28], [35]. 
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Table 1. Baseline Characteristics of the Study Population 

Parameter Precision Anesthesia (n=60) Standard Anesthesia (n=60) 
Mean age (years) 57.4 ± 11.2 56.8 ± 10.9 
Male 34 (56.7%) 35 (58.3%) 
Female 26 (43.3%) 25 (41.7%) 
Mean BMI (kg/m²) 27.1 ± 3.8 27.4 ± 4.1 
Hypertension 23 (38.3%) 24 (40.0%) 
Diabetes mellitus 17 (28.3%) 16 (26.7%) 
Cardiovascular disease 8 (13.3%) 7 (11.7%) 
ASA II 43 (71.7%) 42 (70.0%) 
ASA III 17 (28.3%) 18 (30.0%) 

The two groups were intentionally modeled with similar baseline characteristics. In the INPRESS randomized 
trial, patients undergoing major surgery were similarly compared according to individualized versus standard 
blood-pressure management [26]. More recent work has also demonstrated the feasibility of establishing 
individualized perioperative blood-pressure targets using preoperative measurements [35]. 
 
Precision Anesthesia Protocol 
The precision anesthesia protocol was designed around maintaining blood pressure within a patient-specific 
physiological range. Instead of applying the same blood-pressure threshold to every patient, the management 
strategy considered the patient's baseline pressure and clinical risk. 
Futier et al. used an individualized strategy targeting systolic blood pressure within approximately 10% of the 
patient's normal resting value and reported lower postoperative organ dysfunction compared with standard 
management [26]. More recent personalized blood-pressure research has explored the use of preoperative 
nighttime blood-pressure measurements to establish individualized intraoperative MAP targets [35]. 
 

Table 2. Components of the Precision Anesthesia Protocol 
Component Precision approach 
Preoperative assessment Baseline BP, HR, BMI, comorbidities and ASA status 
Blood-pressure target Individualized according to baseline physiology 
Intraoperative monitoring Continuous monitoring where clinically indicated 
Fluid therapy Guided by clinical and hemodynamic response 
Vasopressor therapy Titrated according to pressure response 
Hypotension management Early identification and correction 
Anesthetic depth Adjusted according to patient response 
Predictive monitoring Used where clinically available 
Postoperative assessment Pain, nausea, hemodynamics and recovery 

Computer-assisted individualized hemodynamic management has been shown to reduce intraoperative 
hypotension in intermediate- and high-risk surgical patients [28], [33]. Predictive systems based on machine-
learning analysis of arterial waveforms may provide additional warning before hypotension develops [27], [36], 
[38]. 
 
Intraoperative Hemodynamic Results 
The principal outcome of the model was intraoperative hemodynamic stability. The simulated results demonstrate 
a lower frequency and shorter duration of hypotension in the precision anesthesia group. 
 

Table 3. Intraoperative Hemodynamic Outcomes 
Outcome Precision Anesthesia (n=60) Standard Anesthesia (n=60) 
Patients with hypotensive episode 14 (23.3%) 29 (48.3%) 
Patients with hypertensive episode 8 (13.3%) 12 (20.0%) 
Significant tachycardia 10 (16.7%) 17 (28.3%) 
Mean duration of hypotension 3.8 ± 2.6 min 8.7 ± 4.1 min 
Time below individualized MAP target 4.1 ± 2.9 min 9.2 ± 4.5 min 
Vasopressor requirement 31 (51.7%) 39 (65.0%) 
Significant fluid bolus requirement 18 (30.0%) 27 (45.0%) 
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The modeled reduction in hypotension is consistent with findings from randomized research. In the HYPE trial, 
Wijnberge et al. found that a machine-learning-derived early-warning system combined with hemodynamic 
treatment guidance reduced the depth and duration of intraoperative hypotension compared with standard care 
[27]. The trial included elective non-cardiac surgical patients and demonstrated a lower time-weighted average of 
hypotension in the intervention group.  
Similarly, Joosten et al. reported reduced intraoperative hypotension with computer-assisted individualized 
hemodynamic management compared with conventional management [28], [33].  
The association between intraoperative hypotension and adverse postoperative outcomes has also been examined 
extensively. Wesselink et al. reviewed the available evidence and demonstrated an association between 
intraoperative hypotension and several postoperative adverse outcomes [30].  
 
Postoperative Recovery Results 
Postoperative recovery was assessed using immediate recovery and clinically relevant postoperative outcomes. 
The model considered PACU duration, pain, rescue analgesic requirement, postoperative nausea and vomiting, 
unplanned ICU admission, and prolonged hospital stay. 
 

Table 4. Postoperative Recovery Outcomes 
Outcome Precision Anesthesia (n=60) Standard Anesthesia (n=60) 
Mean PACU stay 82 ± 21 min 101 ± 28 min 
Moderate/severe postoperative pain 16 (26.7%) 24 (40.0%) 
Rescue analgesic requirement 19 (31.7%) 29 (48.3%) 
Postoperative nausea/vomiting 11 (18.3%) 18 (30.0%) 
Unplanned ICU admission 2 (3.3%) 5 (8.3%) 
Hospital stay ≥5 days 12 (20.0%) 19 (31.7%) 

The modeled recovery findings suggest a generally more favorable postoperative profile following precision 
anesthesia. However, these outcomes should not be interpreted as being caused exclusively by hemodynamic 
management. Surgical complexity, anesthetic technique, opioid exposure, analgesic management, comorbidities, 
and postoperative care can independently influence recovery. 
The strongest direct clinical evidence in this area concerns postoperative organ dysfunction rather than every 
recovery parameter listed above. Futier et al. found a lower composite rate of postoperative organ dysfunction 
with individualized blood-pressure management in high-risk surgical patients [26].  
 

5. Results and Discussion  
Table 5. Overall Comparison of Precision and Standard Anesthesia 

Parameter Precision Group Standard Group Interpretation 
Hypotensive episodes Lower Higher Improved hemodynamic stability 
Duration of hypotension Shorter Longer Reduced exposure 
Tachycardia Less frequent More frequent Better cardiovascular control 
Vasopressor requirement Lower Higher More targeted intervention 
PACU duration Shorter Longer Faster immediate recovery 
Rescue analgesia Less frequent More frequent Potentially improved recovery 
PONV Less frequent More frequent Potentially improved comfort 
Unplanned ICU admission Lower Higher Potentially favorable recovery 

 
The modeled results demonstrate the expected direction of benefit from individualized hemodynamic 
management. The evidence is strongest for reducing exposure to intraoperative hypotension. Futier et al. reported 
postoperative organ dysfunction in 38.1% of patients receiving individualized management compared with 51.7% 
receiving standard management in their randomized trial [26].  
The HYPE trial similarly found a lower time-weighted average of hypotension with machine-learning-assisted 
management compared with standard care [27].  
 

Table 6. Hemodynamic and Clinical Outcome Summary 
Outcome domain Model finding Evidence interpretation 
Blood-pressure stability Improved Supported by [26], [27], [28] 
Hypotension duration Reduced Supported by [27], [28], [30] 
Individualized BP control Feasible Supported by [26], [35] 
Predictive monitoring Potentially useful Supported by [27], [36], [38] 
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Organ outcomes Potential benefit Supported by [26], [30], [31] 
Postoperative recovery Potential improvement Requires broader clinical evidence 
Hospital stay Possible reduction Should not be attributed solely to anesthesia 
Patient safety Potential improvement Requires appropriate implementation 

 
The modeled findings suggest that precision anesthesia may improve intraoperative hemodynamic stability by 
allowing anesthetic and cardiovascular interventions to be adjusted according to individual physiological 
characteristics. The most apparent benefit was a reduction in the frequency and duration of hypotensive episodes. 
The importance of preventing intraoperative hypotension is supported by a substantial body of perioperative 
research. Wesselink et al. reviewed the relationship between intraoperative hypotension and postoperative adverse 
outcomes and found that exposure to hypotension was associated with adverse postoperative outcomes across 
multiple observational studies [30]. Their review also emphasized that the exact pressure and duration thresholds 
associated with harm may vary according to patient and surgical characteristics.  
The INPRESS trial provides particularly relevant evidence for individualized blood-pressure management. Futier 
et al. compared an individualized strategy with standard blood-pressure management in high-risk patients 
undergoing major surgery. The individualized approach targeted systolic blood pressure close to the patient's 
normal resting value and resulted in a lower rate of postoperative organ dysfunction [26].  
These findings provide a clinical basis for the modeled reduction in hemodynamic instability. However, the 
simulated values should not be interpreted as reproducing the INPRESS results. The present model uses a different 
sample size and represents a hypothetical clinical population. 
The HYPE trial provides another important component of the precision anesthesia concept. Wijnberge et al. 
investigated a machine-learning-derived early-warning system designed to predict intraoperative hypotension. 
The intervention reduced the time-weighted average and duration of hypotension compared with standard care 
[27]. However, the authors emphasized that the trial was preliminary and that larger studies were needed to 
determine effects on broader patient outcomes.  
Computer-assisted individualized hemodynamic management provides a further example of how precision 
approaches can be integrated into routine anesthetic decision-making. Joosten et al. demonstrated reduced 
intraoperative hypotension with computer-assisted individualized management in intermediate- and high-risk 
surgical patients [28], [33].  
More recent evidence suggests that personalized blood-pressure targets may be feasible beyond conventional fixed 
thresholds. Bergholz et al. conducted a bicentric pilot randomized trial investigating personalized perioperative 
blood-pressure management based on preoperative nighttime blood-pressure measurements. Their study found 
that individualized target determination was feasible in the majority of enrolled patients and that personalized 
targets could differ meaningfully from a conventional MAP threshold of 65 mmHg [35].  
The clinical importance of this approach lies in recognizing that a blood pressure considered acceptable for one 
patient may represent a substantial deviation from baseline for another. Patients with chronic hypertension, 
cardiovascular disease, impaired autoregulation, or other comorbidities may therefore require individualized 
consideration. 
The relationship between hypotension prevention and postoperative organ outcomes also deserves attention. 
Futier et al. demonstrated a reduction in postoperative organ dysfunction with individualized blood-pressure 
management [26], whereas systematic reviews have demonstrated associations between intraoperative 
hypotension and adverse postoperative outcomes without establishing that every episode can be prevented or that 
every prevention strategy improves long-term outcomes [30], [31]. 
The use of predictive analytics represents an additional opportunity. Machine-learning systems may identify 
physiological patterns preceding hypotension and provide clinicians with an opportunity to intervene earlier. 
However, predictive systems should function as decision-support tools rather than autonomous treatment systems. 
Their performance may vary according to patient population, monitoring quality, surgical procedure, and clinical 
environment [27], [36], [38]. 
Recent systematic evidence also suggests that individualized blood-pressure management remains an evolving 
field. The potential effects on acute kidney injury and other postoperative outcomes require continued evaluation, 
particularly through adequately powered randomized trials [37]. 
 

Table 7. Evidence-Based Interpretation of Precision Anesthesia 
Component Potential clinical benefit Current interpretation 
Individualized BP targets Reduced hypotension 

exposure 
Supported by randomized evidence [26], [35] 
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Computer-assisted 
management 

More timely hemodynamic 
intervention 

Supported by randomized evidence [28], [33] 

Machine-learning prediction Earlier recognition of 
hypotension 

Promising; requires broader validation [27], 
[36] 

Goal-directed hemodynamic 
therapy 

Physiological optimization Supported by perioperative evidence [29] 

Hypotension prevention Potential reduction in organ 
injury 

Association and intervention evidence 
available [26], [30], [31] 

Personalized monitoring Patient-specific management Feasible but resource-dependent [35] 
Postoperative recovery Potential improvement Evidence is less uniform than for hypotension 
Hospital stay Potential reduction Multifactorial outcome 
Long-term outcomes Potential benefit Requires further large-scale trials 

Overall, precision anesthesia should not be considered a single device, algorithm, or medication strategy. It 
represents an integrated approach involving individualized physiological targets, appropriate monitoring, goal-
directed treatment, predictive decision support, and continuous clinical assessment. 
The available evidence supports the potential of precision anesthesia to reduce intraoperative hypotension and 
improve hemodynamic management. However, claims regarding mortality, postoperative complications, hospital 
stay, and long-term recovery should remain appropriately cautious until supported by larger, multicenter clinical 
trials [26], [27], [30], [36], [37]. 
 

Table 8. Key Clinical Findings from the Model 
Finding Precision Anesthesia Standard Anesthesia Clinical interpretation 
Hypotension 23.3% 48.3% Lower in precision group 
Mean hypotension duration 3.8 min 8.7 min Shorter exposure 
Significant tachycardia 16.7% 28.3% Less frequent 
PACU stay 82 min 101 min Shorter modeled recovery 
Rescue analgesia 31.7% 48.3% Lower modeled requirement 
PONV 18.3% 30.0% Lower modeled occurrence 
Unplanned ICU admission 3.3% 8.3% Lower modeled occurrence 

Interpretation: The values in Table 8 are simulated clinical values, while the published studies cited above 
provide the evidence base for the direction and clinical rationale of the comparison. They should not be described 
as results obtained from an actual hospital cohort. 
 

6. Conclusion 
Precision anesthesia represents a promising approach for improving the individualization of perioperative care by 
combining patient-specific physiological assessment, targeted hemodynamic management, continuous 
monitoring, and timely therapeutic intervention. The evidence reviewed indicates that individualized blood-
pressure management and computer-assisted hemodynamic strategies can reduce the frequency and duration of 
intraoperative hypotension in selected surgical populations. 
Maintenance of appropriate intraoperative blood pressure is particularly important because exposure to 
hypotension has been associated with postoperative adverse outcomes, including organ dysfunction and acute 
kidney injury. The use of individualized targets rather than relying solely on fixed blood-pressure thresholds may 
provide a more appropriate approach for patients with different baseline cardiovascular characteristics. 
Machine-learning-based predictive systems offer an additional opportunity to identify impending hemodynamic 
deterioration and support earlier intervention. However, current evidence remains developing, and predictive 
technologies should be considered supportive tools that complement, rather than replace, anesthesiologist clinical 
judgment. 
The potential benefits of precision anesthesia extend beyond intraoperative blood-pressure control. Individualized 
hemodynamic management may contribute to improved postoperative recovery and reduced perioperative 
complications, although recovery outcomes are influenced by numerous factors, including surgical complexity, 
analgesic management, patient comorbidities, and postoperative care. 
Overall, precision anesthesia has considerable potential to improve intraoperative hemodynamic stability, patient-
specific cardiovascular management, and perioperative safety. Future multicenter randomized studies with larger 
patient populations and clinically meaningful postoperative endpoints are required to establish its effect on acute 
kidney injury, postoperative complications, hospital stay, and long-term outcomes. 
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