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ABSTRACT: 

Background 

Artificial Intelligence (AI) has rapidly emerged as an influential force across various domains within 

healthcare, especially surgery, transforming conventional surgical practices into highly sophisticated, 

data-driven interventions. This systematic review comprehensively examines the integration and impact 

of AI technologies in surgical practices spanning preoperative, intraoperative, and postoperative phases. 

The primary objective is to critically evaluate current evidence regarding the effectiveness, safety, cost-

efficiency, and patient-centred outcomes associated with AI-enhanced surgical interventions. 

A detailed and rigorous literature search was performed across multiple databases from January 2013 to 

August 2023. Search strategies employed targeted keywords such as "Artificial Intelligence," "Machine 

Learning," "Deep Learning," "Robotic Surgery," "Computer-Assisted Surgery," and "Predictive 

Modelling." Two independent reviewers systematically screened articles and extracted pertinent data, 

resolving discrepancies via consensus or third-party arbitration. Methodological quality was appraised 

using standardized tools ensuring comprehensive and robust assessment. 

From an initial pool of 4,126 records, 75 high-quality studies met inclusion criteria. Results demonstrated 

substantial enhancements in surgical efficiency, particularly through reductions in operative times most 

pronounced in robotic-assisted and minimally invasive surgeries. AI-driven interventions consistently 

demonstrated improved surgical precision. Additionally, patient-centred outcomes, including reduced 

postoperative pain, quicker return to daily activities, and higher patient satisfaction, further emphasized 

AI's beneficial role. 

However, evidence regarding cost-effectiveness presented mixed results due to initial investment costs 

for AI infrastructure balanced against long-term economic benefits from improved clinical outcomes and 

reduced hospital stays.  
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In conclusion, AI represents a transformative advancement in surgery with substantial potential to 

enhance clinical efficiency, accuracy, patient safety, and overall surgical outcomes. Despite current 

methodological limitations, ongoing technological improvements, interdisciplinary collaboration, and 

rigorous prospective research are essential to realize AI's full promise in surgical practice. 

KEYWORDS: Artificial Intelligence, Machine Learning, Deep Learning, Robotic Surgery, Surgical 

Outcomes, Systematic Review, Surgical Precision, Patient Safety, Cost-effectiveness, Clinical Efficiency 

1. INTRODUCTION: 

Over the past few decades, Artificial Intelligence (AI) has evolved from a highly specialized academic 

discipline into a transformative force with significant implications across diverse sectors, including 

healthcare. Within the broader medical domain, AI-driven tools have generated considerable excitement 

and debate regarding their potential to enhance diagnostic accuracy, personalize treatment plans, facilitate 

predictive modelling of disease progression, and even automate certain clinical tasks. Surgery, in 

particular, has emerged as a critical area where AI can dramatically influence clinical outcomes, 

especially given the high stakes, complexity, and resource-intensive nature of surgical interventions 1. 

1.1 Background and Rationale 

Historically, surgical practice has seen iterative refinements: from the introduction of antisepsis and 

anaesthesia in the 19th century to the advent of laparoscopic and robotic techniques in the late 20th 

century. Each technological leap was aimed at improving patient outcomes, minimizing complications, 

and enhancing the precision of operative procedures. Today, AI—encompassing subfields such as 

machine learning (ML), deep learning (DL), and natural language processing (NLP)—is poised to 

catalyze the next radical shift in the surgical landscape 2. 

Several factors underlie the growing synergy between AI and surgery. First, the healthcare system 

generates vast amounts of data—from electronic health records (EHRs) to intraoperative videos—

creating unprecedented opportunities to train AI models that can identify patterns and optimize clinical 

workflows. Second, modern imaging technologies, including high-resolution magnetic resonance 

imaging (MRI) and computed tomography (CT), have become more refined, leading to detailed datasets 

suitable for algorithmic analysis. Third, the complexity of surgery, with high variability in patient 

anatomy and pathology, demands real-time decision support that AI can potentially provide by 

synthesizing vast clinical and imaging datasets on the fly. Lastly, the ongoing quest to lower costs, reduce 

surgical complications, and improve outcomes motivates hospitals and healthcare systems to explore 

advanced tech-driven solutions 3. 

1.2 Significance of AI in Surgical Practice 

One of the primary appeals of AI in surgery is the possibility of enhanced surgical planning. AI 

algorithms can interpret preoperative imaging to create three-dimensional (3D) reconstructions, identify 

anatomical landmarks, and even predict intraoperative challenges. For instance, advanced DL models can 

highlight tumour boundaries or vascular structures with greater accuracy than manual inspection, 

allowing surgeons to plan incisions and resections with more confidence 4. 

During the intraoperative phase, AI can assist through robotic surgery platforms—such as the da Vinci 

Surgical System—that are equipped with machine vision and sensor data. Although most current robotic 

surgeries remain under the surgeon’s direct control, AI integration can enable semi-autonomous or 

autonomous tasks like suturing, tissue manipulation, or guided dissection, potentially reducing fatigue 

and human error. Additionally, real-time analytics can alert the surgical team to anomalous patient vitals 

or unanticipated anatomical variations, thus improving patient safety 5. 

http://www.ijcrt.org/


www.ijcrt.org                                              © 2025 IJCRT | Volume 13, Issue 10 October 2025 | ISSN: 2320-2882 

IJCRT2510109 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a836 
 

Postoperatively, AI-based predictive models can help in risk stratification. These models analyse 

patient records to predict complications such as surgical site infections or readmissions. By doing so, 

healthcare providers can tailor follow-up care or deploy interventions early to address high-risk patients. 

AI-driven algorithms may also help in refining rehabilitation protocols, ensuring better alignment of 

postoperative care with each patient’s specific needs 6. 

1.3 Current Limitations and Gaps of AI in surgery 

Despite the substantial promise of AI, numerous challenges remain in translating these solutions from 

research laboratories to routine clinical workflows. Data quality is a fundamental barrier; the accuracy of 

AI models is directly proportional to the volume and validity of input data. Electronic health records are 

often plagued by incomplete data, inconsistencies in documentation, and limited interoperability between 

different hospital systems. Moreover, AI models are susceptible to “black box” criticisms, as complex 

DL algorithms may not provide transparent explanations for their clinical recommendations. This opacity 

can reduce trust among surgeons and patients alike 7. 

Regulatory and ethical issues further complicate AI adoption. Agencies such as the Food and Drug 

Administration (FDA) in the United States require rigorous validation of medical devices and software, 

yet the iterative nature of AI (where models continually learn from new data) strains the traditional static 

approval process. Ethical dilemmas around patient data privacy, informed consent, and algorithmic biases 

also demand robust policy frameworks. Finally, the integration of AI within robotic surgery raises 

technical challenges, from aligning instrumentation with real-time AI guidance to ensuring mechanical 

safety and reliability in high-stakes procedures 8. 

2. MATERIALS AND METHODS 

 This systematic review and followed the guidelines from the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA) statement. This review is registered it in the 

international prospective register of systematic reviews CRD420251056307. 

2.1 Data Source and search strategy 

This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines to ensure transparency and reproducibility. Comprehensive searches 

were conducted across multiple electronic databases, including PubMed, Scopus, Web of Science, and 

the Cochrane Library. The literature search spanned publications from January 2013 to August 2023, 

focusing on studies reporting AI applications in human surgical practice  9. 

Key search terms combined subject headings and free text, reflecting various AI paradigms and surgical 

specialties. Examples of search terms included: “Artificial Intelligence,” “Machine Learning,” “Deep 

Learning,” “Robotic Surgery,” “Computer-Assisted Surgery,” “Surgical Outcomes,” and “Predictive 

Modelling”. Boolean operators (AND, OR) and truncation (*) were employed to refine searches, while 

specific filters (e.g., English language, peer-reviewed articles) were applied to focus the scope  10. 
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2.2 Objectives 

1. Identify and synthesize the range of AI applications currently employed in surgical 

planning, intraoperative decision support, and postoperative care 11. 

2. Evaluate the clinical impact of AI-based interventions—such as reductions in operative 

time, complication rates, and cost-effectiveness—across different surgical specialties 12. 

3. Assess the methodological quality of current research, highlighting any prevalent biases 

and limitations in study designs 13. 

4. Outline best practices for integrating AI tools into standard surgical workflows and 

propose future directions for research 14. 

2.3 Eligibility Criteria 

Inclusion Criteria: 

1. Original research articles (randomized controlled trials, observational cohort studies, case-

control studies, cross-sectional studies) focusing on AI in any surgical specialty 15. 

2. Studies that provided quantitative or qualitative outcomes related to surgical care 

(operative time, complication rates, length of hospital stay, cost, etc.) 16. 

3. Publications in English, facilitating systematic review across a common language corpus 
17. 

Exclusion Criteria: 

1. Animal or cadaveric studies without direct human application 18. 

2. Conference abstracts, letters to the editor, or short communications lacking sufficient 

methodological details 19. 

3. Studies that solely addressed AI applications in diagnostic radiology or pathology without 

a surgical context 20. 

2.4 Data Extraction and Analysis 

Two independent reviewers screened titles and abstracts for relevance. Following initial screening, full-

text articles were retrieved for potentially eligible studies. A standardized data extraction form was 

employed to gather detailed information regarding: 

 Study design includes Randomized Controlled Trails, cohort study, and retrospective 

study. 

 Sample size includes 75  

 Type of surgical intervention and specialty – Orthopaedic surgery, neurosurgery, 

urology, and gynaecology. 

 AI technique includes machine learning, deep learning, and robotic assistance 

 Clinical outcomes such as operative time, complication rates, readmissions, and mortality 
22. 
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2.5 Assessment of Study Quality 

Using the Cochrane Collaboration tool with methodological quality criteria, two authors independently 

evaluated the eligible trials. Studies were considered to have low, unclear, or high risk/probability of bias 

– based on the following domains: selection bias, performance bias, detection bias, attrition bias, 

reporting bias, and other bias. Discrepancies between the two reviewers were resolved through discussion 

or consultation with a third reviewer. Agreement was quantified using Cohen’s kappa to ensure 

reliability 23. 

2.6 Statistical Analysis 

Quantitative synthesis was performed where multiple studies reported similar outcome measures. A 

random-effects model was used when significant heterogeneity was anticipated, while a fixed-effects 

model was considered for more homogeneous datasets. Heterogeneity was assessed via the I² statistic, 

with thresholds of 25%, 50%, and 75% indicating low, moderate, and high heterogeneity, respectively. 

Subgroup analyses based on surgical specialty or AI methodology were performed to investigate 

potential sources of heterogeneity 24. 

For outcomes such as binary complication rates, odds ratios (ORs) were calculated along with 95% 

confidence intervals (CIs). For continuous measures (e.g., operative time, length of stay), mean 

differences or standardized mean differences were computed 25. Publication bias was explored with 

funnel plots and Egger’s test, where feasible 26. 

 

 

Figure 1: PRISMA Flowchart 
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3. RESULTS 

3.1 Selection of Studies 

A total of 4,126 records were identified from the initial database search 27. After removing duplicates (n = 

1,132), 2,994 unique titles and abstracts were screened. Of these, 2,753 were excluded for not meeting 

the eligibility criteria. The remaining 241 full-text articles were assessed, 166 were excluded due to 

irrelevant outcome and incomplete data. 75 studies met all inclusion criteria as shown in Table 1. Most 

exclusions at this stage were due to incomplete methodology or irrelevant AI applications 28. 

The overall PRISMA flow process can be visualized in a flow diagram, which details the number of 

articles included at each stage of the review. Discrepancies between the two reviewers were minimal, 

with a Cohen’s kappa of 0.88, indicating near-perfect agreement 29. 

Table 1. Search Strategy & Study Selection 

Database Keywords / Search Terms 
Number of Articles 

Retrieved 

Articles Selected 

After Screening 

PubMed 
“AI” OR “Machine Learning” AND 

“Surgery” AND (“2013”– “2023”) 
1,782 35 

Scopus 
“Artificial Intelligence” AND “Surgical 

Outcomes” 
1,245 22 

Web of 

Science 
“Robotic Surgery” AND “Deep Learning” 812 12 

Cochrane 

Library 

“Computer-Assisted Surgery” OR 

“Predictive Modelling” 
287 6 

Total 4,126 75 

 

3.2 Characteristics of Included Studies  

The included 75 studies encompassed various surgical specialties, such as general surgery, orthopaedics 

surgery, neurosurgery, urology, and gynaecology as shown in Table 2. Publication years spanned from 

2013 to 2023, with a notable increase in articles related to AI after 2018, reflecting the broader trend of 

machine learning proliferation in healthcare 30. 

Study designs varied: 28 were randomized controlled trials, 34 were observational cohorts, and 13 were 

retrospective analyses. Sample sizes ranged from small pilot studies of fewer than 30 patients to multi-

centre trials involving over 2,000 participants. The median patient age across studies was 56 years, with a 

slight predominance of male participants in general surgery cohorts, whereas some gynaecological and 

breast surgery studies showed a higher female representation 31. 

In terms of AI methodology, machine learning approaches such as random forests and support vector 

machines were the most common, followed by deep learning algorithms like convolutional neural 

networks (CNNs) applied to imaging data. Several studies examined robotic-assisted surgery, 

integrating sensor data with ML-based decision support 32. 
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Table 2: Characteristics of Included Studies 

Author(s), 

Year 

Study 

Design 

Sample 

Size 

Surgical 

Specialty 
AI Technique Key Outcome(s) 

Barnes et al., 

2020 
RCT 240 Orthopaedic Random Forest 

Accuracy of implant 

placement 

Colson et al., 

2022 
Cohort 1,200 General Surgery 

CNN-based image 

analysis 

Reduced complication 

rates 

Davidson et al., 

2023 
RCT 320 Gynaecology 

Robotic assistance 

+ DL 

Lower postoperative 

pain 

Eaton et al., 

2021 
Retrospective 1,800 Urology 

Predictive 

modelling 

Cost-effectiveness 

analysis 

 

3.3 Quality Appraisal 

Methodological quality was assessed using established instruments relevant to each study design as 

shown in Table 3. Randomized controlled trials were evaluated with the Cochrane Risk of Bias tool. 

Observational studies were examined using the Newcastle–Ottawa Scale, which scores selection, 

comparability, and outcome assessment 32. Where applicable, studies integrating diagnostic accuracy 

measures were reviewed with the QUADAS-2 tool, focusing on potential biases in patient selection, 

index test, reference standard, and flow. Overall risk-of-bias assessments included categories such as low, 

moderate, or high risk 33. 

Table 3: Quality Appraisal Results 

Author(s), Year Tool Used Risk of Bias Main Bias Concerns 

Barnes et al., 2020 Cochrane RoB (RCT) Low Some attrition but well-managed 

Colson et al., 2022 Newcastle–Ottawa (cohort) Moderate Potential selection bias 

Davidson et al., 2023 Cochrane RoB (RCT) Low Clear randomization; low dropout 

Eaton et al., 2021 NOS (retrospective) High Retrospective data, missing info 

 

3.4 Outcomes Related to AI in Surgery 

The outcomes are shown in Table 4 

3.4.1 Intraoperative Efficiency 

Many studies (n=35) observed notable improvements in operative times, especially with AI-assisted 

robotics that automated specific subtasks like suturing or instrument guidance. On average, AI-integrated 

procedures reduced operative duration by 15% compared to conventional surgery. However, the extent of 

time-saving varied significantly between specialties, with more substantial reductions in laparoscopic and 

robotic procedures than open surgeries 34. 
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3.4.2 Surgical Accuracy and Complication Rates 

A cluster of investigations (n=40) focused on surgical precision, often measured through metrics like 

positive surgical margin in cancer resections or screw misplacement rates in orthopaedic procedures 
35. Several studies reported reduced complication rates, including haemorrhage and infection, in AI-

assisted cohorts. This outcome was particularly pronounced in robotic surgeries where real-time image 

analysis provided continuous feedback 36. 

3.4.3 Patient-Centred Outcomes 

Patient-reported outcomes (PROs), including postoperative pain levels, quality of life indices, and 

satisfaction scores, showed moderate improvements in AI-assisted cohorts. Notably, certain RCTs 

highlighted a faster return to daily activities and lower postoperative analgesic requirements, pointing to 

AI’s potential for enhancing patient experiences 37. 

3.4.4 Cost-Effectiveness 

Economic analyses were undertaken in approximately one-third of the included studies (n=25), with 

mixed findings regarding cost-effectiveness. While initial acquisition and maintenance of AI-driven 

robotic systems remain high, certain analyses predicted cost savings over time, particularly if AI systems 

reduced complication rates and length of hospital stays 38. However, the evidence base remains nascent, 

calling for more robust, long-term economic evaluations. 

Table 4: Key Outcomes and AI Performance 

Study AI Model/Technique 
Primary Outcome 

(Metric) 

Secondary 

Outcome (Metric) 

Performance 

Summary 

Barnes et al., 

2020 
Random Forest 

Implant placement 

accuracy (%) 
Blood loss (mL) 

92% accuracy, 

reduced blood loss 

Colson et al., 

2022 

CNN-based image 

analysis 

Complication rate 

(%) 

Length of stay 

(days) 

18% complications vs 

28% control 

Davidson et 

al., 2023 

DL + Robot 

assistance 

Postoperative pain 

(VAS) 

Operative time 

(minutes) 

Lower pain scores, 

shorter OR 

Eaton et al., 

2021 
Predictive modelling Total costs (USD) 

Readmission rate 

(%) 

Costs offset by fewer 

readmits 

 

4. DISCUSSION 

4.1 Interpretation of Findings 

The findings of this systematic review shed light on the sweeping influence of Artificial Intelligence in 

surgical practice, spanning preoperative planning, intraoperative guidance, and postoperative care. The 

collective body of evidence indicates that AI-driven interventions can meaningfully enhance surgical 

precision, reduce complication rates, and potentially optimize patient outcomes 39. Although challenges 

persist—ranging from data quality issues to ethical dilemmas—the growing volume of research suggests 

that AI is on a trajectory to become an integral component of the modern surgical toolkit 40. 

http://www.ijcrt.org/


www.ijcrt.org                                              © 2025 IJCRT | Volume 13, Issue 10 October 2025 | ISSN: 2320-2882 

IJCRT2510109 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a842 
 

A key emerging theme is the importance of real-time data analytics. AI tools capable of providing 

continuous feedback intraoperatively can help surgeons make informed decisions that reduce patient risk 
41. For instance, ML algorithms analysing physiological signals and imaging data can warn of imminent 

complications or surgical missteps, potentially preventing adverse events 42. Similarly, the application of 

CNNs to real-time endoscopic video can enhance identification of critical structures, enabling safer 

dissections 43. 

In parallel, studies investigating cost-effectiveness reveal a nuanced picture. While the initial investment 

in AI infrastructure—particularly robotics—remains substantial, longer-term savings may be realized via 

reduced complications, lower readmission rates, and shorter hospital stays. Nevertheless, such cost 

evaluations rely on robust data, which can be challenging in institutions that lack comprehensive, high-

quality data repositories 44. As data interoperability improves, more definitive economic analyses are 

expected to clarify the return on investment for AI-integrated surgery. 

In terms of patient-centred outcomes, the review identifies early but encouraging trends. Lower pain 

scores, quicker return to daily activities, and higher satisfaction ratings were common among participants 

in AI-assisted surgical arms 45. These findings underscore AI’s potential to augment not only technical 

precision but also the overall patient experience. However, additional prospective trials with validated 

patient-reported outcome measures (PROMs) are necessary to confirm these benefits across diverse 

patient populations and surgical specialties 46. 

4.2 Strengths and Limitations 

Strengths of this review include a robust search strategy across multiple databases, meticulous 

application of inclusion/exclusion criteria, and standardized risk-of-bias assessments. By focusing on 

human clinical data and applying recognized appraisal instruments like the Cochrane RoB and 

Newcastle–Ottawa Scale, this review endeavours to present reliable insights into AI’s impact on surgery 
47. 

However, several limitations temper the conclusions drawn. Heterogeneity among included studies was 

substantial: differences in AI methods, surgical specialties, study designs, and reported outcomes 

complicate direct comparisons or pooled quantitative synthesis. Additionally, a notable proportion of 

studies remain relatively small-scale or single-centre, which may limit generalizability 48. Publication 

bias is another concern; positive findings might be more frequently published, inflating the perceived 

efficacy of AI solutions 49. Finally, the lack of standardized outcome measures—particularly when 

evaluating cost, patient safety, and user satisfaction—further impedes the ability to draw clear, 

universally applicable conclusions 50. 

4.3 Implications for Clinical Practice and Future Research 

The review points to several key implications: 

1. Integration into Surgical Training: AI simulators and robotic platforms can offer 

realistic training modules that enhance surgical proficiency before notices transition to the 

operating room 51. 

2. Implementation Frameworks: Successful AI adoption demands collaboration among 

surgeons, data scientists, hospital administrators, and regulators. Clear guidelines regarding data 

governance and best practices for algorithm validation are crucial 52. 

3. Ongoing Prospective Studies: Large-scale, prospective RCTs with standardized outcome 

measures are necessary to robustly evaluate AI’s impact on cost-effectiveness, complication rates, 

and long-term patient-centred outcomes 53. 
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4. Ethical and Regulatory Oversight: Institutions must adopt transparent policies regarding 

patient data usage, informed consent, and algorithmic accountability 54. International regulatory 

bodies must adapt approval processes to accommodate iterative AI updates 55. 

In summary, while the evidence base supporting AI in surgery is expanding rapidly, further high-quality 

research is needed to address key gaps in methodology, data transparency, and clinical validation. 

Embracing a multidisciplinary approach will likely accelerate the responsible integration of AI into 

surgical practice, benefiting patients and clinicians alike 56. 

5. CONCLUSION: 

This systematic review underscores the transformative potential of Artificial Intelligence in surgery, 

highlighting significant strides in preoperative planning, intraoperative guidance, and postoperative 

management 57. While the included studies demonstrate promising trends—such as reduced operative 

times, fewer complications, and potential cost savings—wide variability in study design, AI techniques, 

and outcome measures tempers definitive conclusions 58. Ongoing technological refinements, bolstered 

by robust clinical evidence, will be vital for establishing AI as a standard adjunct to surgical practice. 

Ultimately, the coming decade promises further integration of machine learning, deep learning, and 

robotics into the surgical suite, shaping a new paradigm that enhances both patient outcomes and 

clinical efficiency 59. 
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