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Introduction

Traditionally, surgical outcomes have been attributed to indi-
vidual surgeon factors such as experience, training, and gender, as 
well as contextual elements like case volume and complexity. 
More recently, the importance of nontechnical skills such as 
situational awareness, teamwork, and decision-making has been 
increasingly recognized. Although factors like cognitive load and 
time pressure 1 have been studied, the specific cognitive processes 
that underlie and connect these elements―how surgeons syn-
thesize information, weigh risks, and adapt in real time―remain 
poorly defined. A deeper understanding of these mental mecha-
nisms is essential to advancing surgical care. This scoping review 

synthesizes existing cognitive frameworks in surgical decision-
making to inform interventions aimed at improving surgical ed-
ucation and intraoperative performance.

Methods

This scoping review adhered to the Preferred Reporting Items 
for Systematic reviews and Meta-Analyses extension for scoping 
reviews guidelines. 2

Search strategy

A systematic search was developed in collaboration with an 
information specialist. The searches were conducted on 2 July

2024 across 6 databases (PubMed, Embase, Scopus, Cochrane, Web 
of Science, and CINAHL). The strategy targeted "intraoperative" 
and "decision making" concepts (Table). No time or language re-
strictions were applied.

Study selection

Two independent reviewers screened titles, abstracts, and full 
texts against predefined criteria. Disagreements were resolved by 
the senior authors. Studies across all surgical subspecialties and 
training levels were included. Studies focusing on procedure-
specific algorithms, decision support systems, and nonprimary 
literature (eg, case reports) were excluded. The Preferred Report-
ing Items for Systematic reviews and Meta-Analyses flow diagram 

details the screening results (Figure).

Data extraction and synthesis

A structured data-extraction chart was used. After full-text 
review, 3 reviewers independently identified key themes. Final 
themes were determined through iterative discussions and 
consensus among all authors.

Results

Of 5,501 identified records, 19 articles (2003—2021) were 
included. Five major themes were identified (Table), with some 
studies contributing to multiple themes.
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Cognitive processing models

Decision-making was described as a cyclic process of data 
acquisition, processing through pattern recognition and mental 
modeling, and subsequent action. Frameworks distinguished be-
tween intuitive (fast, experience-based), rule-based (protocol-
driven), and analytical (deliberate) modes of thinking, with 
surgeons fluidly shifting between them on the basis of case 
complexity and familiarity. Expertise influences these processes; 
experts use richer mental imagery to anticipate complications, 
whereas novices rely more on descriptive rules. Comprehensive 
models incorporate phases like perception, attention, decision-
making, and memory (storing experiences for future reference), 
highlighting how stress and nonroutine situations can trigger a 
shift from intuitive to deliberate reasoning.

Essential skills and competencies

Specific cognitive skills influence how surgeons respond to 
intraoperative challenges. A 3-phase model of error management 
outlined the cognitive demands of error prevention (anticipating 
potential issues before they arise, using previous knowledge of 
potential pitfalls and cognitive skills to anticipate novel chal-
lenges), recognition (diagnosing and assessing the source of a 
problem when it occurs), and rescue (implementing corrective 
action). Advanced cognitive competencies―such as pattern 
recognition, threat and risk perception, forward planning, and 
real-time strategy adjustment―evolve with expertise. Training 
methods like cognitive task analysis were shown to bridge tech-
nical and cognitive domains, improving metacognitive awareness 
and adaptability.

Balancing internal and external factors

Decision-making is influenced by patient-specific, procedural, 
and interpersonal factors. Surgeons subconsciously weigh 
competing priorities such as patient safety, protocol adherence, 
and institutional norms. These influences were categorized as 
"avowed" (explicit, eg, optimal outcome), "unavowed" (implicit, 
eg, balancing teaching with efficiency), and "disavowed" (down-
played, eg, reputational or financial concerns). In teaching hospi-
tals, for example, surgeons balance the unavowed need for 
resident education with the avowed goal of patient safety.

Context-dependent decision-making

Surgical judgment is highly influenced by context. The concept 
of “slowing down when you should” reflects transitions from 

automatic to deliberate decision-making. This can be proactive (on 
the basis of anticipated challenges) or situational (in response to 
unexpected findings). The latter demands greater cognitive effort. 
Help-seeking in complex situations is also context-dependent, 
driven by both explicit technical needs and tacit motives such as 
seeking moral support or political cover for major plan changes. 
Cultural barriers like concerns over autonomy or reputation may 
delay necessary help-seeking.

Limitations and adaptations of existing models

Cognitive biases limit rational decision-making. Anchoring bias 
leads to overreliance on initial information, even when later evi-
dence suggests a different course of action. Overconfidence bias, 
an overestimation of the accuracy of one's decisions, can lead to

Table
Overview of studies organized by cognitive themes, with an example of search strategy for PubMed

Example database 
search

Search string Search
date

Filters
applied

PubMed (("intraop*"[Title/Abstract] OR "Intraoperative Period"[MeSH Terms] OR "peroperat*"[Title/Abstract]) 2 July
2024

None
AND ("Decision Making"[MeSH Terms] OR "decision*"[Title/Abstract] OR "decisive*"[Title/Abstract])) 
NOT ("consensus"[MeSH Major Topic] OR "algorithms"[MeSH Major Topic] OR "practice guidelines as topic"[MeSH Major 
Topic] OR “diagnostic imaging”[MeSH Major Topic])

Themes Study title First author, yr
Cognitive processing
models

When surgeons face intraoperative challenges: A naturalistic model of surgical decision making. Cristancho
2013 3 

Thinking like an expert: Surgical decision making as a cyclical process of being aware. Cristancho 
2016 4

How do surgeons make intraoperative decisions? Flin 2007 5 

Surgeons' intraoperative decision making and risk management. Pauley 2011 6 

Intraoperative decision-making by ophthalmic surgeons. Pauley 2013 7

Toward a model of human information processing for decision-making and skill acquisition in laparoscopic colorectal 
surgery.

White 2018 8

How do pediatric neurosurgeons make intraoperative decisions? Granek 2021 9 

Essential skills and 
competencies

Preparation for challenging cases: What differentiates expert from novice surgeons? Ghaderi 2021 10 

What are the principles that guide behaviors in the operating room? Madani 2017 11 

Intraoperative decision-making: More than meets the eye. Pugh 2011 12

Balancing internal and 
external factors

Pediatric neurosurgeons' philosophical approaches to making intraoperative decisions when encountering an 
uncertainty or a complication while operating on children.

Granek 2021 13

First, do no harm. Leung 2012 14 

Justifying our decisions about surgical technique: Evidence from coaching conversations. Kanters 2018 15 

Context-dependent
decision-making

‘Slowing down when you should’: Initiators and influences of the transition from the routine to the effortful. Moulton
2010 16

The call, the save, and the threat: Understanding expert help-seeking behavior during nonroutine operative scenarios. Novick 2015 17 

Limitations of existing 
models/bias

Cognitive bias and dissonance in surgical practice. Richburg
2023 18

Estimate or calculate? How surgeons rate volumes and surfaces. Schuld 2012 19

Causes and prevention of laparoscopic bile duct injuries: Analysis of 252 cases from a human factors and cognitive 
psychology perspective.

Way 2003 20

Understanding clinical uncertainty: What is going on when experienced surgeons are not sure what to do? Cristancho 
2013 21
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preventable errors, whereas cognitive dissonance―mental 
discomfort arising from conflicting evidence or ideas―may impair 
clarity. To mitigate these biases, the Reconciliation Cycle model 
proposes 3 steps: assessing the situation, reconciling options, and 
implementing decisions. 4 These steps are bridged by 2 transitions: 
active reconciliation (immediate adjustments) and confirmatory 
reconciliation (ensuring revised plans align with observations). 
This model reframes protocol deviation not as failures, but as 
necessary adaptations.

Discussion

Surgical decision-making is influenced by the interplay be-
tween internal factors, such as cognitive load and inherent 
biases, and external factors, including patient variables, situa-
tional context, operating room dynamics, and time pressure. 
This review confirms that intraoperative decisions rely on 
balancing intuitive and analytical thinking, 1 whereas managing 
mental workload and mitigating biases like anchoring. 4 A crit-
ical differentiator is metacognition, the capacity to monitor and 
regulate one's own thought processes during surgery. This un-
derscores the need to integrate cognitive training into surgical 
education.

Curricula should explicitly teach metacognitive skills, such as 
segmenting complex procedures into discrete cognitive

components 22 and recognizing moments that require a deliberate 
"slow down" for analytical reasoning. Training under controlled 
cognitive load has been shown to improve performance, with these 
skills transferring effectively to real operative environments. 23 

Practical tools include structured checklists to counteract bias and 
team-based protocols (eg, preoperative briefings) to reduce over-
reliance on intuition.

Although the generalizability of current cognitive models re-
quires validation in real-time surgical settings, their core princi-
ples support integrating reflective practices into surgical 
workflows. Promoting a culture of continuous learning through 
regular debriefings, feedback, and critical reflection can refine 
intraoperative decision-making, enhance patient safety, and 
strengthen critical reasoning over time.
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