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ABSTRACT 
Aim: This study aimed to evaluate the impact of preoperative imaging-guided anesthesia planning on postoperative recovery 

in critically ill patients undergoing major surgery. By integrating imaging modalities into anesthesia management, we 
assessed improvements in intraoperative stability, postoperative recovery, and overall patient outcomes. Materials and 

Methods: A prospective study was conducted at a tertiary care hospital, enrolling 100 critically ill patients (ASA III–IV) 

scheduled for major surgery. Patients were divided into two groups: the imaging-guided group (n = 50), where anesthesia 

planning was based on preoperative imaging findings, and the standard care group (n = 50), where conventional preoperative 
assessments guided anesthesia. Imaging modalities included CT, MRI, and ultrasound, used for airway evaluation, vascular 

access planning, and cardiac function assessment. Postoperative recovery parameters, including time to extubation, pain 

scores, pulmonary complications, ICU length of stay, and 30-day morbidity and mortality rates, were analyzed. Results: 

Preoperative imaging significantly influenced anesthesia planning, resulting in increased use of regional anesthesia (40% vs.  
20%, p = 0.02) and improved hemodynamic stability. The imaging-guided group exhibited faster extubation times (4.5 ± 1.2 

hours vs. 6.8 ± 1.6 hours, p = 0.001), lower pain scores (VAS: 3.2 ± 1.1 vs. 4.5 ± 1.3, p = 0.005), and a reduced incidence of 

pulmonary complications (10% vs. 22%, p = 0.03). ICU stays were significantly shorter in the imaging-guided group (5.2 ± 

2.1 days vs. 7.4 ± 2.5 days, p = 0.004), and 30-day morbidity rates were lower (18% vs. 30%, p = 0.04). While 30-day 
mortality was lower in the imaging-guided group (6% vs. 12%), this difference was not statistically significant (p = 0.12). 

Conclusion: Preoperative imaging-guided anesthesia planning enhances patient outcomes by improving airway 

management, optimizing anesthesia strategies, and reducing postoperative complications. This approach leads to faster 

recovery, shorter ICU stays, and lower morbidity rates, demonstrating its potential as a valuable tool in perioperative 
management for critically ill patients. 

Keywords: Preoperative imaging, anesthesia planning, postoperative recovery, critically ill patients, regional anesthesia. 
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INTRODUCTION 
In modern surgical practice, critically ill patients 

present a unique challenge due to their complex 

medical conditions, increased vulnerability to 

perioperative complications, and high risk of 

postoperative morbidity and mortality. Anesthesia 

management plays a critical role in ensuring surgical 

success, optimizing physiological stability, and 

minimizing postoperative complications in these 

patients. Traditional anesthesia planning often relies 

on preoperative clinical assessment and generalized 

protocols. However, recent advancements in medical 
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imaging have introduced a new paradigm—

preoperative imaging-guided anesthesia planning—

which offers a more individualized and data-driven 

approach to perioperative care.1Preoperative imaging 

techniques, such as ultrasound, computed tomography 

(CT), and magnetic resonance imaging (MRI), 

provide detailed anatomical and functional insights 

that can guide anesthetic strategies tailored to each 
patient's physiological and pathological conditions. 

These imaging modalities help identify airway 

anomalies, vascular integrity, organ function, and 

potential complications that may influence anesthesia 

management. As a result, anesthesiologists can make 

informed decisions regarding airway management, 

regional anesthesia suitability, hemodynamic 

monitoring, and perioperative fluid management. By 

incorporating imaging-guided anesthesia planning 

into the preoperative workflow, clinicians aim to 

enhance patient safety, optimize intraoperative 

stability, and promote faster postoperative 

recovery.2One of the key benefits of preoperative 

imaging in anesthesia planning is the ability to assess 

and predict potential airway difficulties. Airway 

complications are among the most common and life-

threatening challenges in critically ill patients, 
especially those with structural abnormalities, obesity, 

or respiratory compromise. Imaging techniques such 

as ultrasound and CT scans provide precise airway 

measurements, allowing anesthesiologists to 

anticipate and prepare for difficult intubations, choose 

the most appropriate airway devices, and reduce the 

risk of perioperative airway trauma. This proactive 

approach minimizes the incidence of failed intubation, 

hypoxia, and other airway-related complications, 

which can significantly impact postoperative 

recovery.3Beyond airway management, preoperative 

imaging plays a crucial role in determining the 

suitability of regional anesthesia techniques, 

particularly in patients with coexisting conditions 

such as coagulopathies, neurological disorders, or 

spinal abnormalities. Ultrasound-guided regional 

anesthesia has revolutionized perioperative pain 
management by improving the accuracy of nerve 

blocks, reducing reliance on systemic opioids, and 

enhancing postoperative pain control. In critically ill 

patients, effective pain management is vital for 

reducing stress responses, maintaining hemodynamic 

stability, and preventing postoperative complications 

such as delirium, respiratory depression, and 

prolonged mechanical ventilation. Imaging-guided 

anesthesia planning facilitates safer and more 

effective regional anesthesia techniques, contributing 

to improved recovery outcomes.4 Another significant 

advantage of preoperative imaging in anesthesia 

planning is its role in hemodynamic optimization. 

Critically ill patients often have compromised 

cardiovascular function due to underlying conditions 

such as sepsis, heart failure, or shock. Preoperative 

imaging, particularly echocardiography, provides 

essential information on cardiac function, volume 

status, and vascular access. This allows 

anesthesiologists to tailor intraoperative 

hemodynamic management, optimize fluid 

administration, and prevent perioperative 

hemodynamic instability. Improved cardiovascular 

stability during surgery translates into reduced 

postoperative complications such as acute kidney 

injury, myocardial infarction, and prolonged intensive 
care unit (ICU) stays.5Furthermore, preoperative 

imaging assists in identifying pre-existing organ 

dysfunction, which may influence anesthetic drug 

selection and dosing strategies. For example, patients 

with impaired renal or hepatic function require careful 

titration of anesthetic agents to avoid drug 

accumulation and toxicity. Imaging studies such as 

renal ultrasound and liver elastography provide 

valuable insights into organ function, allowing 

anesthesiologists to adjust their pharmacologic 

approach accordingly. This individualized anesthesia 

planning reduces the risk of perioperative adverse 

drug reactions and promotes faster postoperative 

recovery.The impact of imaging-guided anesthesia 

planning extends beyond intraoperative management, 

significantly influencing postoperative outcomes. One 

of the primary goals of anesthesia care is to facilitate 
early recovery and reduce postoperative 

complications, particularly in critically ill patients 

who are already at an increased risk of prolonged 

hospital stays, infections, and organ dysfunction. By 

optimizing perioperative strategies based on 

preoperative imaging findings, clinicians can enhance 

postoperative pain control, reduce opioid 

consumption, and promote early mobilization. These 

factors collectively contribute to a shorter ICU length 

of stay, reduced incidence of postoperative delirium, 

and improved overall patient outcomes.6Despite the 

clear advantages of preoperative imaging-guided 

anesthesia planning, its implementation in routine 

clinical practice requires overcoming several 

challenges. Access to advanced imaging modalities, 

integration into perioperative workflows, and the need 

for specialized training among anesthesiologists are 
some of the barriers that need to be addressed. 

Additionally, the cost-effectiveness of widespread 

imaging use in anesthesia planning must be evaluated 

to ensure its feasibility in resource-limited settings.  

 

MATERIALS AND METHODS 
This prospective study was conducted at tertiary care 

hospital.  A total of 100 critically ill patients 

scheduled for major surgery were enrolled. The 

inclusion criteria were: (1) patients aged ≥18 years, 

(2) classified as ASA (American Society of 

Anesthesiologists) physical status III or IV, and (3) 

requiring preoperative imaging for anesthesia 

planning. Exclusion criteria included: (1) emergent 

surgeries where preoperative imaging was not 

feasible, (2) known contraindications to anesthesia 

techniques under evaluation, and (3) refusal to 
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participate. Written informed consent was obtained 

from all patients or their legal representatives. 

 

Preoperative Imaging-Guided Anesthesia Planning 
All patients underwent preoperative imaging based on 

their clinical condition, including computed 

tomography (CT), magnetic resonance imaging 

(MRI), or ultrasound (US). The imaging modality was 
selected according to the anticipated anesthetic 

challenges, such as difficult airway assessment, 

cardiac function evaluation, and vascular access 

planning. Anesthesia teams utilized imaging data to 

optimize perioperative management strategies, 

including regional anesthesia selection, airway 

management techniques, and hemodynamic 

monitoring approaches. 

 

Anesthetic Protocols 
Patients were divided into two groups: 

 Imaging-Guided Group (n = 50):Anesthesia 

plans were tailored based on preoperative 

imaging findings. 

 Standard Care Group (n = 50):Anesthesia was 

administered based on conventional preoperative 

assessments without imaging guidance. 
All patients received standard intraoperative 

monitoring, including electrocardiography (ECG), 

pulse oximetry, non-invasive or invasive blood 

pressure monitoring, capnography, and temperature 

monitoring. General anesthesia was induced using 

propofol, fentanyl, and rocuronium, followed by 

maintenance with sevoflurane or total intravenous 

anesthesia (TIVA). In select cases, regional anesthesia 

techniques (e.g., epidural, spinal, or ultrasound-guided 

nerve blocks) were incorporated based on imaging 

findings. 

 

Postoperative Recovery and Outcome Assessment 
Postoperative recovery parameters were assessed in 

the intensive care unit (ICU) to evaluate the impact of 

preoperative imaging-guided anesthesia planning on 

patient outcomes. The primary recovery indicators 
included time to extubation, measured in hours, as a 

key determinant of early postoperative respiratory 

function. Pain levels were assessed using the Visual 

Analog Scale (VAS) to compare postoperative 

analgesia effectiveness between the study groups. 

Additionally, the incidence of postoperative 

pulmonary complications, such as pneumonia and 

respiratory distress, was monitored to determine the 

impact of anesthesia strategies on respiratory 

outcomes. Hemodynamic stability was evaluated 

based on the occurrence of hypotension and the 

requirement for vasopressor support, reflecting the 

overall cardiovascular resilience of the patients. The 

length of ICU stay, recorded in days, served as an 

indicator of postoperative recovery speed and overall 

patient stability. Furthermore, 30-day postoperative 

morbidity and mortality rates were analyzed to assess 
long-term outcomes and the overall safety of the 

anesthesia approach. These parameters collectively 

provided a comprehensive evaluation of postoperative 

recovery in critically ill patients. 

 

Statistical Analysis 
Data were analyzed using SPSS 22.0 Version. 

Continuous variables were expressed as mean ± 

standard deviation (SD) and compared using the 
Student’s t-test or Mann-Whitney U test. Categorical 

variables were presented as frequencies (%) and 

analyzed using the chi-square or Fisher’s exact test. A 

p-value <0.05 was considered statistically significant. 

 

RESULTS  
The results of this study provide a comprehensive 

comparison between the imaging-guided anesthesia 

planning group and the standard care group in 

critically ill patients undergoing major surgery.  

 

Demographic and Clinical Characteristics (Table 

1) 
The demographic and clinical characteristics of both 

groups were similar, ensuring comparability. The 

mean age in the imaging-guided group was 62.5 ± 8.1 

years, while the standard care group had a mean age 
of 63.2 ± 7.9 years, with no statistically significant 

difference (p = 0.72). The gender distribution was also 

comparable, with 60% males in the imaging-guided 

group and 58% males in the standard care group (p = 

0.85). Regarding the severity of illness, 70% of 

patients in the imaging-guided group were classified 

as ASA III, compared to 72% in the standard care 

group (p = 0.78), while 30% and 28% of patients, 

respectively, were ASA IV (p = 0.66). These results 

confirm that both groups were well-matched in terms 

of baseline characteristics, eliminating confounding 

effects related to age, gender, or ASA classification. 

 

Preoperative Imaging Modalities Used (Table 2) 
The study found that 100% of patients in the standard 

care group did not undergo preoperative imaging, as 

expected, whereas in the imaging-guided group, 
different imaging modalities were used based on 

clinical indications. Computed Tomography (CT) was 

utilized in 40% of patients, Magnetic Resonance 

Imaging (MRI) in 30%, and Ultrasound (US) in 30%. 

These imaging modalities were used to assess airway 

anatomy, vascular access, and cardiac function, aiding 

in the selection of anesthetic strategies tailored to 

individual patient needs. Since preoperative imaging 

was not used in the standard care group, statistical 

comparisons (p-values) were not applicable for this 

table. 

 

Anesthesia and Intraoperative Management (Table 

3) 
Anesthesia and intraoperative management strategies 

were significantly influenced by preoperative 

imaging. The use of regional anesthesia was notably 

higher in the imaging-guided group (40% vs. 20%, p 
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= 0.02), indicating that imaging facilitated the 

identification of suitable anatomical landmarks for 

nerve blocks or neuraxial techniques. The mean 

intraoperative blood pressure (BP) was slightly higher 

in the imaging-guided group (85.2 ± 10.4 mmHg vs. 

82.7 ± 9.8 mmHg), though this difference did not 

reach statistical significance (p = 0.09). The 

requirement for vasopressor support was lower in the 
imaging-guided group (30% vs. 42%), but the 

difference was not statistically significant (p = 0.15). 

These findings suggest that imaging-based planning 

may improve hemodynamic stability and facilitate 

better anesthetic management, potentially reducing 

the need for vasopressor support. 

 

Postoperative Recovery Outcomes (Table 4) 
Postoperative recovery parameters showed a clear 

benefit of imaging-guided anesthesia planning. The 

mean time to extubation was significantly lower in the 

imaging-guided group (4.5 ± 1.2 hours vs. 6.8 ± 1.6 

hours, p = 0.001), suggesting that optimized 

anesthesia management led to faster recovery from 

anesthesia. Pain scores, measured using the Visual 

Analog Scale (VAS), were also significantly lower in 

the imaging-guided group (3.2 ± 1.1 vs. 4.5 ± 1.3, p = 

0.005), indicating better pain control, possibly due to 

increased use of regional anesthesia. Additionally, the 

incidence of pulmonary complications, such as 

pneumonia or respiratory distress, was significantly 

lower in the imaging-guided group (10% vs. 22%, p = 

0.03). These findings suggest that preoperative 

imaging helped tailor anesthesia strategies, leading to 

improved postoperative respiratory function and pain 
management. 

 

ICU Stay and 30-Day Outcomes (Table 5) 
The imaging-guided group had significantly shorter 

ICU stays compared to the standard care group (5.2 ± 

2.1 days vs. 7.4 ± 2.5 days, p = 0.004), reflecting a 

faster overall recovery. The 30-day morbidity rate was 

also lower in the imaging-guided group (18% vs. 

30%, p = 0.04), indicating a reduced risk of 

postoperative complications. Although the 30-day 

mortality rate was lower in the imaging-guided group 

(6% vs. 12%), this difference was not statistically 

significant (p = 0.12), likely due to the small sample 

size. However, the overall trend suggests that 

preoperative imaging-guided anesthesia planning may 

contribute to better survival outcomes. 

 

Table 1: Demographic and Clinical Characteristics 

Characteristic Imaging-Guided Group (n=50) Standard Care Group (n=50) p-value 

Age (years, Mean ± SD) 62.5 ± 8.1 63.2 ± 7.9 0.72 

Male (n, %) 30 (60%) 29 (58%) 0.85 

ASA III (n, %) 35 (70%) 36 (72%) 0.78 

ASA IV (n, %) 15 (30%) 14 (28%) 0.66 

 

Table 2: Preoperative Imaging Modalities Used 

Imaging Modality Imaging-Guided 

Group (n=50) 

Standard Care 

Group (n=50) 

p-value 

Computed Tomography (CT) 20 (40%) 0 (0%) N/A 

Magnetic Resonance Imaging (MRI) 15 (30%) 0 (0%) N/A 

Ultrasound (US) 15 (30%) 0 (0%) N/A 

 

Table 3: Anesthesia and Intraoperative Management 

Parameter Imaging-Guided 

Group (n=50) 

Standard Care 

Group (n=50) 

p-value 

Regional Anesthesia Used (n, %) 20 (40%) 10 (20%) 0.02 

Mean Intraoperative BP (mmHg, Mean ± SD) 85.2 ± 10.4 82.7 ± 9.8 0.09 

Vasopressor Requirement (n, %) 15 (30%) 21 (42%) 0.15 

 

Table 4: Postoperative Recovery Outcomes 

Outcome Imaging-Guided 

Group (n=50) 

Standard Care 

Group (n=50) 

p-value 

Time to Extubation (hours, Mean ± SD) 4.5 ± 1.2 6.8 ± 1.6 0.001 

VAS Pain Score (Mean ± SD) 3.2 ± 1.1 4.5 ± 1.3 0.005 

Pulmonary Complications (n, %) 5 (10%) 11 (22%) 0.03 

 

Table 5: ICU Stay and 30-Day Outcomes 

Parameter Imaging-Guided 

Group (n=50) 

Standard Care 

Group (n=50) 

p-value 

ICU Length of Stay (days, Mean ± SD) 5.2 ± 2.1 7.4 ± 2.5 0.004 

30-day Morbidity (n, %) 9 (18%) 15 (30%) 0.04 
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30-day Mortality (n, %) 3 (6%) 6 (12%) 0.12 

 

DISCUSSION 
The findings of this study demonstrate that 
preoperative imaging-guided anesthesia planning 

significantly improves intraoperative management and 

postoperative recovery in critically ill patients 

undergoing major surgery.  

Preoperative imaging has been increasingly 

recognized for its role in optimizing anesthetic 

strategies. The present study found that 40% of 

patients underwent CT scans, 30% underwent MRI, 

and 30% underwent ultrasound (US) for preoperative 

evaluation. These imaging modalities facilitated 

improved airway assessment, vascular access 

planning, and cardiac function evaluation. A similar 

study by Gupta et al. (2020) reported that preoperative 

ultrasound guidance for vascular access significantly 

reduced catheter misplacement rates and improved 

first-attempt success compared to conventional 

techniques. Their study found a 40% reduction in 
catheter malposition with ultrasound guidance, 

supporting the findings of the present study, where the 

imaging-guided group showed improved 

intraoperative stability.7 

The use of regional anesthesia was significantly 

higher in the imaging-guided group in this study (40% 

vs. 20%, p = 0.02). Similar results were reported by 

Tanaka et al. (2019), who found that preoperative 

ultrasound guidance for neuraxial anesthesia 

improved block success rates and reduced 

complications.8 Their study showed a 35% increase in 

successful epidural placement with ultrasound 

guidance, aligning with the higher utilization of 

regional anesthesia in the imaging-guided group in the 

present study. The improved accuracy of regional 

anesthesia is likely responsible for the better 

postoperative pain scores observed in the imaging 

group (VAS 3.2 ± 1.1 vs. 4.5 ± 1.3, p = 0.005), 
consistent with findings by Auyong et al. (2018), who 

demonstrated that ultrasound-guided nerve blocks 

reduced postoperative pain scores by an average of 

1.5 points on the VAS scale.9 

A key outcome in this study was the shorter time to 

extubation in the imaging-guided group (4.5 ± 1.2 

hours vs. 6.8 ± 1.6 hours, p = 0.001). This result 

aligns with the study by Kheterpal et al. (2017), which 

found that preoperative imaging-guided airway 

assessment reduced unexpected difficult intubation 

events, leading to a 30% reduction in prolonged 

intubation times. The improved airway management 

strategies facilitated by imaging likely contributed to 

the faster extubation seen in the present study.10 

The incidence of postoperative pulmonary 

complications was lower in the imaging-guided group 

(10% vs. 22%, p = 0.03), which is consistent with 
findings from a study by Chin et al. (2019), who 

reported that preoperative lung ultrasound reduced 

postoperative respiratory complications by identifying 

high-risk patients for non-invasive ventilation 

strategies. Their study found a 50% reduction in 

postoperative pneumonia rates when ultrasound was 
used preoperatively, supporting the role of imaging in 

optimizing respiratory care.11 

ICU length of stay was significantly reduced in the 

imaging-guided group (5.2 ± 2.1 days vs. 7.4 ± 2.5 

days, p = 0.004). Similar results were reported by 

Perlas et al. (2018), who found that preoperative 

ultrasound-guided anesthesia techniques reduced ICU 

stays by an average of 2.5 days in critically ill 

patients. This suggests that optimized anesthesia 

strategies contribute to faster recovery and reduced 

ICU burden.12 

Postoperative morbidity was also lower in the 

imaging-guided group (18% vs. 30%, p = 0.04), a 

trend that aligns with findings by Kristensen et al. 

(2020), who demonstrated that integrating imaging 

into perioperative management reduced 30-day 

morbidity by 12% in high-risk surgical patients.13 
Although the present study did not show a statistically 

significant difference in 30-day mortality (6% vs. 

12%, p = 0.12), the trend toward reduced mortality is 

similar to findings by Nishimura et al. (2016), who 

observed a non-significant but clinically relevant 

reduction in mortality with imaging-guided anesthesia 

planning.14 

 

CONCLUSION  
In conclusion, preoperative imaging-guided anesthesia 

planning represents a significant advancement in 

perioperative care for critically ill patients. By 

providing precise anatomical and functional insights, 

it enables anesthesiologists to optimize airway 

management, regional anesthesia, and hemodynamic 

stability, ultimately reducing postoperative 

complications. This approach enhances patient safety, 

promotes faster recovery, and minimizes ICU stays. 
Despite challenges in implementation, its integration 

into clinical practice holds promise for improving 

surgical outcomes. 
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