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Purpose: The main goals of this mixed-methods systematic review are to identify what types of intraoperative stressors for operating 
room personnel have been reported in collected studies and examine the characteristics of each intraoperative stressor.
Methods: With a systematic literature search, we retrieved empirical studies examining intraoperative stress published between 2010 
and 2020. To synthesize findings, we applied two approaches. First, a textual narrative synthesis was employed to summarize key 
study information of the selected studies by focusing on surgical platforms and study participants. Second, a thematic synthesis was 
employed to identify and characterize intraoperative stressors and their subtypes.
Results: Ninety-four studies were included in the review. Regarding the surgical platforms, the selected studies mainly focused on 
minimally invasive surgery and few studies examined issues around robotic surgery. Most studies examined intra-operative stress from 
surgeons’ perspectives but rarely considered other clinical personnel such as nurses and anesthetists. Among seven identified stressors, 
technical factors were the most frequently examined followed by individual, operating room environmental, interpersonal, temporal, 
patient, and organizational factors.
Conclusion: By presenting stressors as multifaceted elements affecting collaboration and interaction between multidisciplinary team 
members in the operating room, we discuss the potential interactions between stressors which should be further investigated to build 
a safe and efficient environment for operating room personnel.
Keywords: intraoperative stressors, team dynamics, communication and teamwork in health care, medical devices and technologies

Introduction
In the operating room (OR), a team ecosystem is built based on the interaction and collaboration between various OR 
professionals including the main surgeon, assistant surgeons, scrub nurses, circulating nurses, anesthesiologists, and 
technicians. Under the high-risk and high-demand situations in the OR, all the multi-professional team members do their 
best to pursue a common goal: patient safety.1,2 While there are various sources that create challenges for the team 
members, many researchers have focused on intraoperative stress for the OR team members.3–5 Lazarus and Folkman6 

define stress as “a particular relationship between the person and the environment” (p.19). In other words, stress leads to 
psychophysiological changes which are not only provoked by external stimuli from environments but also by individual 
characteristics.6,7 Stress is generally perceived as an inhibitor of optimal performance that would deter one’s decision- 
making and cause human errors.8,9 However, in accordance with the Yerkes–Dodson law,10 moderate amounts of 
tolerable stress are considered beneficial and may contribute to a heightened perceptual performance, better concentra
tion, and improved alertness during surgery.11,12 Likewise, either in a positive or negative way, the stress levels of the 
team members affect individual and collective performance in the OR.2,4,12,13 Therefore, it is fundamental to identify 
what factors induce the OR team members’ acute stress during surgery (ie, the intraoperative period14).
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Intraoperative Stressors
Previous studies have employed various perspectives to understand stress-inducing factors (from here on referred to as 
“stressors”) during surgery. Some researchers have focused on external stressors that are created from OR environments 
such as auditory noise, surgical tools, and the layout of the OR.15–17 For instance, Pluyter et al18 specified the external 
stressors into two categories: social (eg, music, external staff, phone calls, case-irrelevant talk in the OR) and 
technological distractions (eg, a non-optimal laparoscopic navigation). These external stressors are referred to “workflow 
distractions/disruptions”, “interruptions”, or “operating room distractions and interruptions (ORDIs)”.8,19–21 Others have 
focused on individuals’ characteristics (eg, role, expertise, personality),4,22,23 which are similar to internal stressors that 
Lazarus and Folkman6 studied. Particularly, when the previous studies looked into which stressors affect individuals in 
the OR, they focused on the roles of OR personnel and mainly investigated stressors from surgeons’ perspectives.24,25 

This is because the surgeon is the main operator who leads surgery and directly interacts with various devices and tools to 
perform surgery. However, a surgical operation is not done by one person. It is teamwork. The surgeon needs to be 
supported by all members in the OR to accomplish the most desirable outcome. For example, scrub nurses pass surgical 
instruments to the surgeon at the right time. Circulating nurses manage all activities outside the sterile field in which the 
surgeon and scrub nurses cannot directly manage. Anesthesiologists and nurse anesthetists monitor the patients’ vital 
signs to provide safe anesthesia care during surgery.26,27 In sum, the interaction and collaboration between these various 
team members is fundamental to perform surgery and provide optimal patient care.28,29 Therefore, it is important to 
investigate stressors from various OR professionals’ perspectives.30

Beyond understanding the team dynamics in the OR, one also needs to consider surgical technology as another 
stressor for OR personnel. Whenever new surgical platforms are introduced for better patient recovery and surgical 
outcome, OR team members need to adjust to a new work environment in the OR quickly and efficiently.31,32 For 
example, minimally invasive surgery has been preferred to open surgery in terms of patients’ recovery. However, it 
brings technical challenges that surgeons need to learn and overcome, such as the limited range of motions and fulcrum 
effect.33,34 New surgical technologies also create a new form of socio-technical process in the OR (eg, communication, 
teamwork, coordination).32,35,36 In the case of tele-operated robotic surgery, a robot physically replaces a surgeon and 
reconfigures the operating room where both distributed and collocated teamwork are required.24,37 Therefore, new 
technologies introduced for the benefit of patients or OR personnel can be another stressor during surgery.31,38,39

Understanding definitions and types of possible stressors in the OR would help to improve awareness of clinical 
personnel and administrators regarding potential sources of intraoperative stress and assist them with mitigating adverse 
effects of the stressors on surgical performance and outcomes through training, intervention, and administrative practices. 
Moreover, human factors researchers and practitioners can examine how the new interventions would affect the existing 
stressors and what should be proactively evaluated to minimize the potential sources of stress that could be triggered by 
new interventions in the OR.31 This systematic approach will contribute to designing usable, safe, and effective 
interventions in the OR, which would be beneficial to all OR team members and patients in the long run.40 While 
there have been several systematic review papers related to intraoperative stress, they did not fully reflect on the complex 
OR environments where multiple OR professionals are exposed to various stressors. Two reviews41,42 interpreted 
stressors only from surgeons’ perspectives. Catanzarite et al42 particularly focused on what stressors cause physical 
stress during surgery. Other reviews were more interested in the link between intraoperative stressors and surgical 
performance.21,43,44 On the other hand, Chrouser et al4 demonstrated how emotional, physiological, and behavioral 
responses to stressors can affect individual and collective performance and surgical outcomes. While they presented 
a conceptual framework for intraoperative stress, they did not specify what characteristics of stressors were employed to 
examine intraoperative stress for OR personnel.

Research Goals and Questions
In this work, using the concept of stress,6 we particularly focus on identifying factors causing acute stress for OR 
personnel during surgery. We define these factors as intraoperative stressors. The main goals of this mixed-methods 
systematic review are to (1) identify intraoperative stressors for OR personnel that were reported in the previous literature 
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and (2) examine the characteristics of each stressor. For intraoperative stressors, we do not aim to demonstrate or rank 
stressors in terms of their stress-inducing effects but to cover all possible intraoperative stressors reported in previous 
literature regardless of their statistical significance. To be more precise, we conduct a mixed-methods systematic 
review45,46 to address the following research questions:

1. How the collected studies have defined problems related to intraoperative stress regarding surgical platforms and 
study participants

2. What types of stressors have been reported in collected studies and what subtypes of stressors were employed to 
examine intraoperative stress for OR personnel, and

3. What should be further investigated to build a safe and efficient environment for OR personnel.

The last research question is not answered in Results, but is instead employed to articulate a research gap that we found 
in our analysis and to discuss future research directions in Discussion.

Study Selection
In this section, we describe how we collected and selected studies for the mixed-methods systematic review. We firstly 
address the definition of stress in this paper to clarify our research scope. Then, we present how we apply the definition to 
collect and screen papers.

Working Definition of Stress
Various terminologies (eg, mental workload, ergonomics, strain, or musculoskeletal pain) are often used interchangeably 
with stress.4 These terminologies particularly focus on the characteristics of stress-inducing effects in either cognitive or 
physical ways. However, as noted by Lazarus and Folkman6 and Giannakakis et al,47 stress is a more comprehensive 
term. The nature of stress involves psychological, physiological, and behavioral processes which is caused by internal 
and external stimulus from demanding environments. By using the term “stress” as the main search keyword, we aim to 
collect earlier studies that mentioned “stress” and identify a broad scope of stressors for OR personnel during surgery. To 
clearly refer to stress that OR professionals experience during surgery, we use a more specific term: “intraoperative 
stress”.14 In other words, we only consider acute stress that individuals experience during a specific period of time— 
surgery,48,49 but not chronic stress. Therefore, in this work, we use the term stressors to describe factors inducing acute 
stress for OR personnel.

Search Strategy
Using the PRISMA methodology,50 we selected three databases: PubMed, Scopus, and ACM Library (see Figure 1). 
With these databases, we included research papers that explored intraoperative stress from various perspectives such as 
clinical research, social science, and computer science. The last search was conducted in February 2021, and we limited 
our search to studies published from 2010 to 2020. This was to differentiate our work from previous review papers that 
had focused on similar topics in the operating room (ie, distraction,21 surgical stress effects4) and had included papers 
published before 2016. To narrow down our research interests, we created search queries using combinations of three 
elements: topic, research contexts, and participants (see Appendix). With these elements, we retrieved the literature that 
has investigated the intraoperative stress of clinical personnel.

First, we used the term “stress” as our main search keyword. Second, to collect papers examining stress “in the 
operating room”, we applied keywords describing the study environments such as “surgery”, “operating room”, “operating 
theater”, and “surgical procedure”. Lastly, we applied keywords to include papers investigating intraoperative stress from 
“various stakeholders in the OR”. For instance, “surgeon”, “resident”, “trainee”, “intern”, “nurse”, “anesthetist”, “surgical 
team”, “medical personnel”, and “clinical personnel” were added to the search terms. Additional search limits were applied 
to collect papers published in English. Using the combinations of these three keyword elements, we initially searched 
papers from PubMed and Scopus by using the [TITLE-ABS] function which searches for a set of keywords within the titles 
and abstracts. While we reviewed the titles of retrieved papers, we noted that there were not many papers examining 
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intraoperative stress from technological perspectives. Therefore, we selected ACM Digital Library as an additional database 
to collect papers in computing fields. We performed another round of literature search in ACM Digital Library with the 
same search queries. As search functions in ACM Digital Library are different from those of PubMed and Scopus, we 
applied the [ABS] search function that looks for a set of keywords only within the abstracts.

Screening
We conduct a mixed-methods systematic review45,46 to address the full range of intraoperative stressors that have been 
reported in both experimental and non-experimental research. In this regard, this review paper does not aim to 
demonstrate significant effects of the intraoperative stressors. With this purpose, we performed four phases of screening 
to identify empirical studies reporting intraoperative stressors.

In the first phase, to perform an efficient initial screening process,51 the first author screened the titles of retrieved 
papers and excluded papers that were not related to intraoperative stress of clinical personnel. Therefore, we excluded 
studies reporting patients or caregivers stress as well as examining stress of clinical personnel outside the OR. Also, 
studies using the term “stress” in different contexts such as mechanical stress of tissues52 and stress urinary 
incontinence53 were excluded. If a paper did not clarify its study goals regarding intraoperative stress in its title, we 
left them for the next round of screening. After applying the initial screening criteria and removing duplicates from three 
databases, 645 papers were retrieved.

While conducting the first phase, the first author developed the following inclusion and exclusion criteria to derive the 
final set of literature included in this review. The inclusion and exclusion criteria were built by considering three different 
perspectives: formats of papers, the main focus of papers, and research methods used in papers. First, in terms of formats, 
we only included empirical research written in English but excluded pilot studies, essay, and protocols. Second, we 
focused on the main topic of papers. In terms of the definition of stress, only studies on acute stress of clinical personnel 
during surgery or surgical training were included. Therefore, we excluded papers investigating chronic stress (eg, 
burnout, depression, occupational stress). Furthermore, we excluded papers that did not clearly describe the relevance 
of their studies to intraoperative stress. For example, if a study only measured the clinical personnel’s satisfaction with 
surgical tools or interventions (without analyzing stress), it was excluded. Lastly, we only included papers that considered 

Figure 1 Flow diagram of how articles were searched, selected, and evaluated for inclusion of this mixed-methods systematic review.
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human factors and performed user studies to investigate intraoperative stress in an operating room. Therefore, algo
rithmic or simulation studies that did not include human participants were excluded.

In the second phase, the first author screened titles of the 645 retrieved papers using these three criteria and derived 
a total of 226 papers. Before going to the third phase, the first author excluded five papers which were unavailable in the 
full text. In the third phase, the first author reviewed the abstracts of 226 papers by applying the inclusion and exclusion 
criteria and selected 103 papers for the last round of screening. In the fourth phase, the first and second authors 
independently screened full texts of 103 papers with the inclusion and exclusion criteria. During the screening process, 
the researchers excluded nine papers that focused on occupational stress or job satisfaction (n = 2),54,55 events outside the 
OR (n = 4),56–59 or, did not include clinical personnel as their participants (n = 3).60–62 If there was any disagreement 
between the researchers, they had discussions and made final decisions. After four phases of screening, 94 articles were 
included in the final review.

Analysis
Two different approaches were taken to explore 94 selected studies. First, we delved into the key study information of 
selected studies followed by a textual narrative synthesis.63 We summarized how each study defined a problem space 
related to intraoperative stress (eg, surgical platforms and study participants). Then, we conducted a thematic synthesis64 

and identified intraoperative stressors that were examined in each study.

Study Characteristics
To categorize the included studies with surgical perspectives, three rounds of analysis were conducted. Initially, the first 
author reviewed the included studies and labelled surgical procedures if a study specified the procedures. After the first 
round of coding, the first author noted that the levels of specificity of surgical procedures were varied across the studies 
and the list of them did not give any concrete information. Therefore, the first author discussed with the third author who 
specialized in surgery to categorize the studies and ensure the clinical validity. While there were many other ways to 
categorize the included studies with surgical perspectives such as planned or emergency surgery and daytime or after- 
hour surgery, the first and third authors decided to categorize the studies into three groups depending on surgical 
platforms that were considered in the studies: open, laparoscopic, and robot-assisted surgery. This is because previous 
studies on surgical teams suggested that team behaviors and dynamics are different between open, laparoscopic, and 
robotic surgery.45,65 Moreover, the categories indicate the surgical practices utilized across a wide range of operations 
from open to robot-assisted surgery.66,67 Open surgery requires a large incision for reaching the surgical site which is 
a major cause of postoperative pains and wound infections. Surgeons developed new ways to complete the surgical 
procedures through small incisions. A special visualization device, the endoscope, was invented in the 1980s which could 
be inserted to the patient’s body via these small incisions. Together with the use of long-shaft tools, surgeons were able to 
fulfill surgical goals with minimal trauma to the patients. When performed in the abdominal area, this type of minimally 
invasive procedure was often called laparoscopic procedure and it was recognized as an evolution of surgical 
technology.66 While patients prefer to accept laparoscopic surgery rather than open surgery due to less trauma and fast 
recovery, surgeons encounter more technical difficulties in performing laparoscopic procedures. The challenges came 
from the poor image qualities, loss of depth perception, difficulties in manipulation of the long instruments, and 
misalignment between image and manipulation.68–70 Earlier studies reported that surgeons undertaking laparoscopic 
procedures experienced a higher level of stress than performing open procedures.29,71 To target these drawbacks, robotic 
surgical platforms were developed which provided a 3D view of the surgical field and allowed surgeons to enhance their 
precision in manipulation.70,72 Therefore, in this review, we examined stressors in the OR and compared them over the 
open, laparoscopic, and robotic surgical approaches, aiming to investigate how researchers defined problems related to 
intraoperative stress regarding different surgical platforms.

Additionally, we categorized the included studies based on study participants. This categorization demonstrated how 
the existing literature defined the problem related to intraoperative stress from the perspective of various OR profes
sionals. First, we reviewed the included studies based on the consideration of four professional sub-teams in the OR: 
a surgical team (eg, primary surgeons, assistant surgeons), a nursing team (eg, circulating nurses, scrub nurses), an 
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anesthetic team (eg, anesthesiologists and anesthetic assistants), and a technician team. Therefore, we first labelled what 
types of OR professionals (eg, surgeons, OR nurses, anesthesiologists) were considered in the studies. Then, we focused 
on whether studies investigated intraoperative stress from the individual (ie, a single OR professional) or team (ie, a team 
of OR professionals) perspectives. In sum, each paper was coded with two dimensions, surgical platforms and study 
participants.

Thematic Synthesis
Before conducting a thematic synthesis,64 we first analyzed the types of research designs employed in the selected 
studies. This approach was taken to figure out how stressors were incorporated in each study. As a result, we identified 10 
exploratory (11%), 9 descriptive (10%), 69 experimental (73%), and 6 mixed-methods (6%) studies. In the case of six 
mixed-methods research studies,15,73–77 the authors employed both exploratory and experimental research approaches to 
identify sources of distractions in the OR through observations and to examine the effect of stressors on surgical 
outcomes. Likewise, depending on research designs applied in each study, the intraoperative stressors were mentioned in 
different sections of each article. Therefore, we used the research design of each study as an analytical lens to identify 
intraoperative stressors. For example, in the case of exploratory research articles investigating stressors through 
observations or interviews, we focused on the methodologies and findings sections because preliminary themes were 
presented in the methodologies section and new emerging themes derived from observation and interview were described 
in the findings section. For descriptive research articles, we looked into the methodologies section where survey items 
were presented. Additionally, in experimental research articles that examined the effects of stressors, we particularly 
focused on the methodologies section where the authors clarified experimental contexts. We identified stressors by 
checking independent variables that were applied to induce the intraoperative stress and control variables that were 
predefined to build experimental contexts. As the main goal of this mixed-methods systematic review paper is to identify 
intraoperative stressors, we incorporated all stressors that were considered in the included studies regardless of their 
statistical significance.

With the considerations of research designs employed in the included studies, a thematic synthesis45,64 was 
performed. Four phases were rigorously conducted to translate the existing literature about intraoperative stress of 
clinical personnel by following Pluye and Hong46’s guidance. Initially, depending on the research design employed by 
each article, the first author immersed herself into the data by delving into the methodologies and results sections. Next, 
the first author performed a free line-by-line coding in each study and identified all instances of intraoperative stressors 
regardless of their statistical significance. All codes were recorded in a spreadsheet. Moving forward, the first author 
organized the initial codes into descriptive themes by considering their similarities and differences. The first, third, and 
fourth authors reviewed the previous literature4,21,28,78 on intraoperative stressors and refined the descriptive themes. 
Lastly, to validate the themes, discussions were held among all authors. The third author, an experienced surgeon, also 
actively engaged in defining and clarifying the themes to apply the challenges in surgical practices. During the 
discussions, the authors went back and forth from initial codes to the themes. They tried to denote all stressors in the 
same abstraction level and specified the subtypes of each stressor by presenting the initial codes. After three rounds of 
discussions between authors, all authors made general agreement on the themes. Then, they denoted seven stressors for 
OR personnel during surgery and characterized each stressor with its subtypes. In Figure 2, the occurrence of each 
intraoperative stressor is presented. Since a number of studies examined or identified more than one stressor, they were 
coded with multiple stressors.

As we derived seven stressors based on the included studies that investigated intraoperative stress by conducting 
empirical research, our framework cannot cover all possible factors related to intraoperative stress which can be derived 
from non-empirical research. However, with seven identified stressors, we aimed to address how previous studies had 
defined and characterized intraoperative stressors for OR personnel. This perspective for our thematic synthesis would 
help us to further understand challenges of clinical personnel in the OR by an inductive way.
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Results
In this section, we first provide a high-level overview of reviewed papers by addressing how the studies defined problems 
regarding surgical platforms and study participants. Then, we present seven types of stressors and explain how the 
previous studies defined and examined the intraoperative stressors for OR professionals. A full list of 94 selected studies 
and results of our textual narrative synthesis and thematic synthesis can be found in https://bit.ly/3rJZg6T.

Overview of Reviewed Papers
Surgical Platforms
Among the 94 studies, 69 studies (74.19%) defined their research scope with surgical platforms (see Table 1). The 
remaining 25 studies (22.11%) did not specify what surgical platforms they focused on. Therefore, only 69 studies 
(74.19%) were considered to analyze the types of surgical platforms. Among them, 52 studies focused on a single 
surgical platform. The rest of the studies (n = 17) examined two or more surgical platforms and compared the effects of 
different types of the surgical platforms on intraoperative stress, teamwork, and surgical performance. Due to 17 papers 
considered multiple surgical platforms, the combined percentages of the occurrence of each surgical platform are larger 
than 100% in Table 1.

The minimally invasive surgery (MIS) (n = 54) was considered more often than open surgery (n = 20) in the 
included studies. Three studies15,76,91 compared the impact of open surgery and MIS on the workload of clinical 
personnel in the OR. Most of the MIS studies focused on non-robotic surgeries (eg, laparoscopic/endoscopic surgery, 
arthroscopic knee surgery) and only 13 studies particularly investigated robot-assisted surgeries. Among 54 studies 
related to MIS procedures, the laparoscopic surgery (LPS) (n = 44) was the most frequently examined surgical 
platforms in our collected studies. In addition to the traditional laparoscopic procedures, the researchers applied 
various types of laparoscopic procedures to examine the impact of different LPS procedures on surgeon’s stress and 
surgical performance (eg, robot-assisted LPS (n = 11),24,85,99,103,107–109,113,115,118,125 3D LPS (n = 1),100 and hand- 
assisted LPS (n = 1)85). We also found 10 studies that investigated how different LPS procedures would affect 
surgeon’s stress and performance. Seven studies99,107,108,113,115,118,125 examined the difference between robot-assisted 
LPS and traditional LPS. One study100 focused on the differences between 3D and 2D LPS. Moreover, two 
studies111,145 compared different surgical approaches in LPS by analyzing the impact of four-port and single incision 
procedures on a surgical team’s workload.

Figure 2 Distributions of 94 selected studies examining seven stressors in the operating room. Each bar shows the total number of studies that examined one specific 
stressor; within each bar, the different shades indicate the number of studies within the pool that employed different research designs: Black = experimental research, dark 
grey = descriptive research, light grey = exploratory research, and white = mixed-methods research.
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Study Participants
Among the 94 selected studies, we first investigated if the studies focused on a single surgical role or a group of OR 
professionals. We found that 76 studies investigated intraoperative stress by focusing on a single OR professional. The 
majority of the selected studies investigated the intraoperative stress from surgeons’ perspective (n = 71), followed by 
OR nurses (n = 4) (eg, scrub nurse, circulating nurse, and nurse anesthetist), and anesthesiologists (n = 1) (see Table 2). 
Among the four studies focusing on OR nurses, one study133 explored the nursing team as a whole, but three studies 
specified the nursing roles. For example, Mitchell et al139 only focused on scrub nurses. Two other studies25,143 applied 
the nursing roles as a between-subjects factor and compared how different nursing roles would affect the intraoperative 
stress. For example, Sonoda et al25 investigated scrub nurses and circulating nurses and Tseng and Liu143 focused on the 
circulating nurses and anesthesia nurses who work in a non-sterile field. On the other hand, 18 studies (19%) addressed 
intraoperative stress from the OR team perspective. In general, the OR team includes primary and assistant surgeons, 
trainees, OR nurses, anesthesiologists, and surgical technicians.

While one study15 explored disruptions in the OR from the whole team perspective, the other 17 studies specified 
their targeted groups based on their research scope. Specifically, five studies109,117,120,127,144 particularly focused on 
surgeons and OR nurses (ie, scrub nurse, circulating nurse, nurse anesthetist). The remaining 12 studies included all OR 
professionals. Hull et al1 categorized OR professionals into three sub-groups: a surgical team (ie, primary operating 
surgeon and assistant surgeon), a nursing team (ie, scrub nurse and circulating nurse), and an anesthetic team (ie, 

Table 1 Types of Surgical Platforms Investigated in the 94 Selected Studies

Surgical Platforms Number of 
Studies (%)

Studies

Open surgery 20 (21%) Al-Hakim (2011),15 Chandra et al (2020),79 Galati et al (2020),80 Jackson et al (2017),81 Kuhn 

et al (2013),82 Luz et al (2015),83 Manzey et al (2011),84 Marçon et al (2019),85 Naresh-Babu et al 

(2019),86 Pelikan et al (2018),24 Phitayakorn et al (2015),11 Pimentel et al (2019),87 Prichard et al 
(2012),88 Roy et al (2015),89 Ryland et al (2010),90 Wang et al (2017),91 Weigl et al (2015),76 

Weigl et al (2016),92 Wetzel et al (2010),12 and Zhu et al (2014)93

Laparoscopic surgery (LPS) 44 (46%) Alleblas et al (2016),94 Andersen et al (2012),95 Apollos et al (2015),96 Arora et al (2010a),3 

Arora et al (2011),28 Berg et al (2015),97 Conrad et al (2010),155 de’Angelis et al (2015),99 

Engelmann et al (2011),98 Feng et al (2015),100 Gao et al (2018),101 Gunawardena et al (2019),102 

Hurley et al (2015),103 Jung et al (2020),74 Khan et al (2020),104 Kim et al (2011),105 Klein et al 

(2010),106 Klein et al (2012),107 Klein et al (2014),108 Leitsmann et al (2020),109 Liang et al 

(2019),110 Lowndes et al (2014),111 Lowndes et al (2019)91, Marçon et al (2019),85 Mietzsch 
et al (2020),112 Modi et al (2018),9 Moore et al (2015),113 Nishimoto et al (2019),114 Niu et al 

(2020),115 Pelikan et al (2018),24 Pluyter et al (2010),18 Poolton et al (2011),116 Sharma et al 

(2020),117 Singh et al (2018),118 Sreekanth et al (2020),119 Stavroulis et al (2013),120 Steinhilber 
et al (2015),121 Takayasu et al (2019),122 Tung et al (2015),123 Wang et al (2017),91 Weigl et al 

(2015),76 Zhang et al (2013),124 Zihni et al (2014),125 and Zihni et al (2016)126

Robot-assisted surgery 

(RAS)

13 (14%) de’Angelis et al (2015),99 Duysburgh et al (2014),127 Hurley et al (2015),103 Klein et al (2012),107 

Klein et al (2014),108 Krüger et al (2020),128 Leitsmann et al (2020),109 Marçon et al (2019),85 

Moore et al (2015),113 Niu et al (2020),115 Pelikan et al (2018),24 Singh et al (2018),118 and Zihni 

et al (2014)125

Did not specify surgical 

platforms

25 (27%) Anton et al (2015),129 Antoniadis et al (2014),130 Aouicha et al (2021),131 Arabacı and Önler 

(2021),132 Arora et al (2010a),3 Carr et al (2020),8 Chrouser and Partin (2019),73 Engelmann 

et al (2014),98 Holmes et al (2020),133 Hull et al (2011),134 Keller et al (2020),135 Kumar et al 
(2013),26 Lee et al (2013),136 Lies and Zhang (2015),137 Marrelli et al (2014),138 Mitchell et al 

(2011),139 Muhammad et al (2019),140 Padmakumar et al (2017),141 Park et al (2017),142 Sami 

et al (2012),75 Sonoda et al (2018),25 Tseng and Liu (2017),143 Ukegjini et al (2020),17 Wheelock 
et al (2015),77 and Yamasaki et al (2016)144

Note: The total percentage is larger than 100% since 17 papers considered multiple surgical platforms.
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anesthesiologist and anesthetic assistant). On the other hand, Lowndes et al145 defined two sub-groups by considering 
whether OR team members work in a sterile field or not.

Seven Intraoperative Stressors for or Personnel
Based on the thematic synthesis, we derived seven intraoperative stressors including Technical, Individual, Operating 
Room (OR) Environmental, Interpersonal, Temporal, Patient, and Organizational factors. In Table 3, we present the 
definitions and examples of each stressor. These stressors were identified based on how the selected studies defined or 
examined factors causing intraoperative stress but not based on their statistical significance effects on intraoperative 
stress. Therefore, in this section, we aimed to present various characteristics of intraoperative stressors. In this regard, for 
five stressors including technical, individual, OR environmental, interpersonal, and temporal factors, we further classified 
them into their subtypes. The subtypes of each stressor were used to present examples of the stressors and organize our 
findings. However, we did not define subtypes of patient and organizational factors because there were only a few studies 
that specifically described characteristics of these stressors. Figure 2 demonstrates the distributions of 94 studies across 
seven stressors. The stacked bar graph represents the proportion of studies that were conducted by four different research 
designs: experimental, descriptive, exploratory, and mixed-methods research. The types of research designs, stressors, 
and stressor subtypes that were identified in the collected studies can be found in https://bit.ly/3rJZg6T. Technical factors 
(n = 54) were the most frequently examined stressors followed by individual (n = 39), OR environmental (n = 31), 
interpersonal (n = 20), temporal (n = 20), patient (n = 9), and organizational factors (n = 1). As we noticed that some 
papers examined multiple stressors, we present Table 4 that demonstrates the number of examined stressors. However, 
we leave room for interpretation of studies employing multiple stressors. These questions will be addressed in the 
Discussion.

Table 2 Types of Participants Investigated in the 94 Selected Studies

Participants Number of 
Studies (%)

Studies

Surgeons 71 (76%) Alleblas et al (2016),94 Andersen et al (2012),95 Anton et al (2015),129 Apollos et al (2015),96 Arora et al 

(2010a),3 Arora et al (2010b),41 Arora et al (2011),28 Bakhsh et al (2019),146 Berg et al (2015),97 Carr et al 

(2020),8 Chandra et al (2020),79 Chrouser and Partin (2019),73 Conrad et al (2010),155 de’Angelis et al 
(2015),99 Engelmann et al (2011),98 Engelmann et al (2014),16 Feng et al (2015),100 Gao et al (2018),101 

Gunawardena et al (2019),102 Hurley et al (2015),103 Jackson et al (2017),81 James et al (2011),147 Jung 

et al (2020),74 Khan et al (2020),104 Klein et al (2010),106 Klein et al (2012),107 Klein et al (2014),108 

Krüger et al (2020),128 Kuhn et al (2013),82 Lee et al (2013),136 Liang et al (2019),110 Lies and Zhang 

(2015),137 Lowndes et al (2014),111 Luz et al (2015),83 Manzey et al (2011),84 Marçon et al (2019),85 

Marrelli et al (2014),138 Mietzsch et al (2020),112 Modi et al (2018),9 Moore et al (2015),113 Muhammad 
et al (2019),140 Naresh-Babu et al (2019),86 Nishimoto et al (2019),114 Niu et al (2020),115 Opie et al 

(2018),148 Park et al (2017),142 Pimentel et al (2019),87 Pluyter et al (2010),18 Poolton et al (2011),116 

Prichard et al (2012),88 Roy et al (2015),89 Ryland et al (2010),90 Sami et al (2012),75 Singh et al (2018),118 

Sreekanth et al (2020),119 Statham et al (2010),149 Steinhilber et al (2015),121 Takayasu et al (2019),122 

Theodoraki et al (2015),150 Tung et al (2015),123 Ukegjini et al (2020),17 Wang et al (2017),91 Weigl et al 

(2015),76 Weigl et al (2016),92 Wetzel et al (2010),12 Yao et al (2020),151 Yoon et al (2016),152 Zhang et al 
(2013),124 Zhu et al (2014),93 Zihni et al (2014),125 and Zihni et al (2016)126

OR nurses 4 (4%) Holmes et al (2020),133 Mitchell et al (2011),139 Sonoda et al (2018),25 and Tseng and Liu (2017)143

Anesthesiologists 1 (1%) Kumar et al (2013)26

OR Team 18 (19%) Antoniadis et al (2014),130 Aouicha et al (2021),131 Arabacı and Önler (2021),132 Duysburgh et al 

(2014),127 Galati et al (2020),80 Hull et al (2011),134 Keller et al (2020),135 Kim et al (2011),105 Leitsmann 
et al (2020),109 Lowndes et al (2019),111 Padmakumar et al (2017),141 Pelikan et al (2018),24 Phitayakorn 

et al (2015),11 Sharma et al (2020),117 Stavroulis et al (2013),120 Wheelock et al (2015),77 and Yamasaki 

et al (2016)144
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Technical Factors
Technical factors refer to the attributes of procedures that determine technical ease or difficulty in the performance of 
surgery. Therefore, technical factors include different types of surgical approaches as well as training and technological 
interventions. We identified 54 studies (57.45%) that investigated technical factors and five subtypes of technical factors 
(see Table 5). Two studies actually used the term “technical factors” to describe stressful events in the OR that arose from 
the complexity of surgical approaches.3,129 However, they did not present exact situations or tasks that caused the change 
of surgical complexity. Therefore, with the rest of the studies (n = 52), we specified how researchers employed the 
technical factors to understand and investigate intraoperative stress in various contexts. These 52 studies can be 
categorized into four subtypes based on what variables they used to define the technical factors: multi-tasking conditions 
(n = 3), surgical approaches (n = 30) (eg, surgical platforms, surgical techniques, and tasks), training interventions (n = 
3), and technological interventions (n = 17).

Table 3 Seven Intraoperative Stressors for or Personnel

Stressors Definition Examples Number of 
Studies (%)

Technical factors Procedure-related variables that determine technical 

ease or difficulty in the performance of surgery

Surgical procedures, multi-tasking conditions, 

training and technological interventions

54 (57%)

Individual factors Characteristics of OR personnel Expertise of surgeons, roles of OR personnel, 

surgical specialties, other personal properties

39 (41%)

OR environmental 
factors

Work environments for OR personnel which hinder 

maintaining a work flow

Acoustic noise, misarrangement and technical 

malfunctions of tools, operating room design

31 (33%)

Interpersonal 
factors

Characteristics of communication, interactions, and 

relationships between OR personnel

Types of communication, teaching and 

mentoring cases, OR team members’ mistakes, 
relationship issues

20 (21%)

Temporal factors Time variants in terms of performing surgeries Time constraints of performing surgery, 
operation time, surgical phases

20 (21%)

Patient factors Patient characteristics Age, sex, past surgical history, comorbidities, 
individual anatomy, health status

9 (10%)

Organizational 
factors

Organizational structure, and climate that affect 
individual’s mind-set and behaviors

Hospital protocols, surgery policies 1 (1%)

Table 4 Categorization of 94 Studies According to the Number of Examined Stressors

Stressors Number of Examined Stressors Total number of studies

1 stressor 2 stressors 3 stressors 4 stressors 5 stressors 6 stressors

Technical factors 30 (56%) 16 (30%) 4 (7%) – 3 (6%) 1 (2%) 54

Individual factors 6 (15%) 18 (46%) 8 (21%) 2 (5%) 4 (10%) 1 (3%) 39

OR environmental factors 7 (23%) 12 (39%) 5 (16%) 3 (10%) 3 (10%) 1 (3%) 31

Interpersonal factors 1 (5%) 5 (25%) 6 (30%) 3 (15%) 4 (20%) 1 (5%) 20

Temporal factors 2 (10%) 7 (35%) 5 (25%) 1 (5%) 4 (20%) 1 (5%) 20

Patient factors 1 (11%) 1 (11%) 2 (22%) 2 (22%) 2 (22%) 1 (22%) 9

Organizational factors – – – 1 (100%) – – 1
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The first group of studies (n = 3) designed a multi-tasking condition that causes surgical complications in laboratory 
settings.12,113,116 Specifically, two studies113,116 asked participants to perform case-irrelevant tasks while completing 
surgical tasks.

The second group of studies (n = 30) applied various surgical approaches by considering their surgical complications. 
They defined technical challenges by considering different aspects: surgical procedures, surgical platforms, surgical 
techniques and tasks. Ten studies particularly focused on a single surgical approach (eg, laparoscopic 
surgery,102,113,126,153 telesurgery,24,127 intracranial aneurysm procedure,87 knee arthroscopy,148 thoracoscopic pulmonary 
lobectomy,152 natural orifice transluminal endoscopic surgery147). Some of them specified technical issues related to 
surgical procedures in terms of navigation,102,147 ergonomics,126,147,152 and visualization.102,148

While the aforementioned ten studies addressed a single surgical approach to define technical factors, 20 studies 
presented at least two different surgical approaches and compared their impacts on stress and 
performance.76,81,85,89,91,93,97,99,100,103,107,108,111,115,118,125,138,142,145,151 Except one study138 categorizing surgical proce
dures depending on technical difficulty (ie, easy/intermediate/complex), the remaining 19 studies compared newly 
introduced surgical approaches with conventional surgical approaches. Twelve studies defined surgical complexity by 
categorizing surgical approaches based on operative platforms (ie, open surgery, minimally invasive surgery, 2D/3D 
laparoscopic surgery, robot-assisted surgery).76,85,91,99,100,103,107,108,115,118,125,142 Furthermore, five studies investigated 
how different surgical techniques would cause mental and physical challenges of OR team members.81,89,111,145,151 

Among them, three studies111,145,151 investigated the difference between single and multiple incision techniques in terms 
of their impact on intraoperative stress for OR team members. They reported that the single incision may provide benefits 
to patient outcomes but would rather hinder surgical workflow. Another two studies defined the technical difficulty in 
surgical task levels.93,97 For example, Berg et al97 applied two surgical tasks in laparoscopy which were composed of 

Table 5 Five Subtypes of Technical Factors Identified from 54 Studies

Subtypes of Technical Factors Number of 
Studies

Group 1. Only mentioned “technical factors” 2

Studies Anton et al (2015)129 and Arora et al (2010a)3

Group 2. Multi-tasking conditions 3

Studies Moore et al (2015),113 Poolton et al (2011),116 and Wetzel et al (2010)12

Group 3. Surgical approaches (eg, platforms, techniques, and tasks) 30

Studies Arora et al (2010b),41 Berg et al (2015),97 de’Angelis et al (2015),99 Duysburgh et al (2014),127 Feng et al 
(2015),100 Gunawardena et al (2019),102 Hurley et al (2015),103 Jackson et al (2017),81 James et al (2011),147 

Klein et al (2012),107 Klein et al (2014),108 Lowndes et al (2014),111 Lowndes et al (2019),145 Marçon et al 

(2019),85 Marrelli et al (2014),138 Moore et al (2015),113 Niu et al (2020),115 Opie et al (2018),148 Park et al 
(2017),142 Pelikan et al (2018),24 Pimentel et al (2019),87 Roy et al (2015),89 Singh et al (2018),118 Wang et al 

(2017),91 Weigl et al (2015),76 Yao et al (2020),151 Yoon et al (2016),152 Zhu et al (2014),93 Zihni et al 

(2014),125 and Zihni et al (2016)126

Group 4. Training interventions 3

Studies Bakhsh et al (2019),146 Engelmann et al (2014),16 and Khan et al (2020)104

Group 5. Technological interventions (eg, surgical instruments and posture support instruments) 17

Studies Alleblas et al (2016),94 Apollos et al (2015),96 Galati et al (2020),80 Kim et al (2011),105 Leitsmann et al 

(2020),109 Luz et al (2015),83 Manzey et al (2011),84 Naresh-Babu et al (2019),86 Nishimoto et al (2019),114 

Ryland et al (2010),90 Sreekanth et al (2020),119 Statham et al (2010),149 Steinhilber et al (2015),121 

Theodoraki et al (2015),150 Tung et al (2015),123 Ukegjini et al (2020),17 and Zhang et al (2013)124
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simple (eg, peg transfer) and complex (eg, intracorporeal) tasks, and examined the impact of heat stress on performance 
under different levels of complexity.

While the previous two groups of studies focused on technical difficulty in surgical approaches, the last two groups of 
studies developed interventions that can reduce surgical complications and alleviate OR team member pain points. Three 
studies evaluated the efficiency of new training interventions (eg, structured training,104 team-based simulation 
training,146 noise-reduction program16) by measuring surgeons’ stress and performance.

The last group of studies (n = 18) reported technological interventions (eg, surgical instruments and tools) that may 
alleviate the effect of technical challenges in the OR. Ten studies highlighted the importance of using ergonomic 
principles in the design of surgical instruments. Except two studies,86,90 eight studies focused on technical difficulty of 
laparoscopy that caused physical stress and musculoskeletal pain for surgeons. Particularly, three studies focused on 
laparoscopic tools.94,119,123 For instance, Tung et al123 and Sreekanth et al119 proposed new grip designs that would ease 
an operator’s physical discomfort and validated the efficiency of the tools by measuring stress and performance. 
Furthermore, five studies examined technological interventions that can support surgeons posture.105,114,121,124,149 One 
study124 developed an upper body digital human model to predict an ergonomic height for surgical tables. The remaining 
four studies examined the benefits of posture-support instruments for laparoscopy such as arm rests,121,149 knee rests,114 

and surgical chairs.105,149 Beyond ergonomic interventions, three studies examined other technological interventions that 
could ease stress for a surgical team by minimizing intraoperative noise17,109 and increasing visibility of surgical fields.96 

Furthermore, four studies particularly featured the importance of visual information that can support OR team members’ 
decision-making in the OR. One study80 explored the feasibility of introducing mixed-reality in the operating room. The 
remaining three studies focused on image-guided navigation systems.83,84,150

Individual Factors
Individual factors refer to attributes of OR personnel. A total of 39 studies related to the individual factors were 
identified. Four subtypes of the individual factors were identified: expertise (n = 22), roles of OR personnel (n = 15), 
specialties (n = 2), and other personal properties (n = 5) (see Table 6).

Table 6 Four Subtypes of Individual Factors Identified from 39 Studies

Subtypes of Individual Factors Number of 
Studies

Group 1. Expertise of surgeons 22

Studies Andersen et al (2012),95 Anton et al (2015),129 Arora et al (2010c),28 Bakhsh et al (2019),146 Carr et al (2020),8 

Chandra et al (2020),79 Chrouser and Partin (2019),73 Gao et al (2018),101 Gunawardena et al (2019),102 James 

et al (2011),147 Jung et al (2020),74 Khan et al (2020),104 Klein et al (2014),108 Krüger et al (2020),128, Kuhn et al 
(2013),82 Muhammad et al (2019),140 Marrelli et al (2014),138 Pluyter et al (2010),18 Prichard et al (2012),88 

Sharma et al (2020),117 Takayasu et al (2019),122 and Wetzel et al (2010),12

Group 2. Roles of OR personnel (eg, OR professional group, primary/assistant surgeon) 15

Studies Antoniadis et al (2014),130 Hull et al (2011),134 Keller et al (2020),135 Kuhn et al (2013),82 Lowndes et al 

(2019),145 Marçon et al (2019),85 Mitchell et al (2011),139 Pimentel et al (2019),87 Prichard et al (2012),88 Sharma 

et al (2020),117 Sonoda et al (2018),25 Stavroulis et al (2013),120 Tseng and Liu (2017),143 Yamasaki et al (2016),144 

and Zihni et al (2016)126

Group 3. Surgical specialties 2

Studies Keller et al (2020)135 and Weigl et al (2015)76

Group 4. Other personal properties (eg, emotional intelligence, cognitive style, personal issue) 5

Studies Arora et al (2010a),3 Arora et al (2011),28 Lee et al (2013),136 Pluyter et al (2010),18 and Sami et al (2012)75
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Twenty-two studies categorized OR personnel, especially for surgeons, by considering their different levels of 
expertise. In general, medical students become attending surgeons through post-graduate training programs by beginning 
as interns and becoming residents and fellows. The different stages of the training also represent varying skills, roles, and 
responsibilities.154 In this regard, the hierarchy is the most common criteria to determine the expertise of surgeons. While 
four studies only focused on one targeted group that was composed of surgeons with the same levels of expertise (eg, 
medical students,18,73 residents,146 attending surgeons74), the rest of studies (n = 18) considered the levels of expertise to 
categorize participants for a between-subjects design. Among these 18 studies, fifteen studies determined the expertise 
levels of surgeons by considering different stages of the training program.8,12,28,79,82,88,95,101,104,108,117,122,129,140,147 For 
instance, four studies79,95,104,129 classified two groups of surgeons depending on their expertise into the trainee group (eg, 
interns, residents) and expert group (eg, consultants, senior staff surgeons) and compared the impact of interventions on 
these two groups. Rather than only considering the title of surgeons, six studies determined expertise of surgeons by 
employing additional variables such as years of experience in surgery,102,122,128,138 surgical volume,102 and the number of 
specific operating cases.102,122,128,140,147 In addition to the objective measures that define the levels of expertise, one 
study128 included surgeons’ self-estimation of their expertise in minimally invasive surgery as one of the individual 
factors. Fifteen studies particularly characterized OR personnel based on their roles in the OR. Particularly, eight studies 
examined how OR personnel in different professional groups (eg, surgical, nursing, and anesthesia teams) were affected 
by stressors.117,120,130,134,135,139,144,145 Another seven studies narrowed down their interests to one professional group. 
Specifically, two studies25,143 focused on the nursing teams and examined how stressors would impact the stress and 
performance of circulating and scrub nurses who have different roles and responsibilities. The other five studies 
examined how the surgical roles (eg, primary and assistant roles) would affect surgeons’ stress response.82,85,87,88,126

Surgical specialty of OR personnel (n = 2) was another individual subtype assessed in relation to stressful situations 
in the OR.76,135 Another five studies considered more about other personal properties like emotional intelligence,28 

cognitive styles,18 and personal problems3,75,136 as individual factors.
Besides the aforementioned studies that considered one single subtype of individual factors in their analysis, four 

studies applied multiple subtypes of individual factors to understand the intraoperative stress.82,88,117,135 One study135 

applied both surgical specialties and roles to categorize OR personnel. Two studies examined how surgical roles (ie, 
primary surgeon and assistant) would differently affect surgeon’s stress depending on surgeons’ levels of expertise.82,88 

The last study117 classified a surgical team based on expertise levels of surgeons but categorized a nursing team 
depending on their roles in their study of associations between intraoperative stress and individual factors.

Operating Room Environmental Factors
Operating room (OR) environmental factors refer to elements that are required to ensure safe and efficient running of 
operations. These factors include both physical (eg, tools, equipment, operating room layouts) and ambient environments 
(eg, noise, light, temperature) in the OR. We noted that the OR environmental factors have overlapped with intraopera
tive sources of “distractions” that the previous literature has investigated.8,19–21 However, we found that the previous 
literature also included interpersonal interactions (eg, communication between OR personnel) as sources of 
distractions8,19 which were defined as interpersonal factors in this review paper. By identifying studies considering the 
physical and ambient environments in the OR, we found 31 studies employing the OR environmental factors. The 
identified OR environmental factors can be categorized into four subtypes: acoustic noise (n = 24), misarrangement of 
surgical tools and technical malfunctions of surgical instruments (n = 7), integrated operating room design (n = 2), and 
other OR environment properties (n = 5) (see Table 7).

Acoustic noise was the most frequent subtype among OR environmental stressors among OR environmental factors 
(n = 24).3,16,17,26,74,75,77,92,98,101,109,112,113,129–132,136,137,140,141,143,144,155 We found five studies16,17,109,132,143 assessing the 
impact of intraoperative noise volume on OR personnel’s stress. On the other hand, 12 studies explored types of the 
acoustic noise that induced the OR team’s stress and even affected their surgical performance. Sources of intraoperative 
noise mentioned in these studies included phone calls, beepers, pagers, radio, and noises from surgical 
instruments.3,74,75,77,92,98,113,129–131,136,155
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Although the aforementioned acoustic noise is considered as disruptive sources that need to be prevented and 
minimized in the OR, nine studies considered music as a possible solution to relieve stress of the OR team along with 
improving surgical performance.17,101,112,136,137,140,141,143,144 While four studies examined the overall impact of music on 
stress and performance,26,101,137,140 the remaining five studies investigated how OR staff’ stress, performance, and 
preference are shaped by different volume levels17,143 and music genres (eg, pop, classic, rap).112,141,144

Beyond the acoustic ambience, seven studies15,18,74,77,117,130,131 pinpointed the misarrangement of surgical tools and 
technical malfunctions of surgical tools as the two main OR work environmental factors that impede the surgical 
workflow.

Furthermore, two studies106,120 highlighted the needs for building an integrated operating room that can minimize the 
tensions raised by new surgical platforms. They particularly focused on new working environments driven by laparo
scopy and examined the effect of an integrated operating room, equipped with movable monitors and laparoscopy racks, 
on stress106,120 and teamwork.106,120 We also found other OR environmental properties such as the number of 
people,76,77,130 illumination,15 and temperature.97

Interpersonal Factors
In the operating room, multiple people with different expertise and skills need to work together to provide an 
optimal patient care. To coordinate their work and foster an effective team collaboration, it is important to 
understand interpersonal factors that characterize relationships, interactions, and communication between people 
in the OR.156 We identified 20 studies investigating interpersonal factors. These studies pinpointed that 
a successful surgery cannot be done by individuals alone but by a team. Six studies highlighted the importance 
of working as a team in the OR by using general terms such as team, teamwork, and coordination (Arora et al, 
2010a; Bakhsh et al, 2019; Chrouser and Partin, 2019; Holmes et al, 2020; Keller et al, 2020; Sami et al, 2012). In 
addition to these cases, we identified four subtypes of interpersonal factors that described more specific contexts: 
communication (n = 9), teaching (n = 5), assistance (n = 4), and relationship (n = 2) (see Table 8).

The most frequently mentioned interpersonal factor among the collected studies was communication (n = 9). 
Three studies15,26,136 highlighted the importance of effective communication among team members. Beyond the 
effectiveness of communication, six studies8,18,74,77,130,131 observed the frequency of occurrence of case-irrelevant 
communication (CIC) and examined how CIC affects stress and teamwork. They considered CIC as one source of 

Table 7 Four Subtypes of or Environmental Factors Identified from 31 Studies

Subtypes of Individual Factors Number of 
Studies

Group 1. Acoustic noise 24

Studies Anton et al (2015),129 Antoniadis et al (2014),130 Aouicha et al (2021),131 Arabacı and Önler (2021),132 Arora 
et al (2010a),3 Conrad et al (2010),155 Engelmann et al (2011),98 Engelmann et al (2014),16 Gao et al (2018),101 

Jung et al (2020),74 Kumar et al (2013),26 Lee et al (2013),136 Leitsmann et al (2020),109 Lies and Zhang (2015),137 

Mietzsch et al (2020),112 Moore et al (2015),113 Muhammad et al (2019),140 Padmakumar et al (2017),141 Sami 
et al (2012),75 Tseng and Liu (2017),143 Ukegjini et al (2020),17 Weigl et al (2016),76 Wheelock et al (2015),77 and 

Yamasaki et al (2016)144

Group 2. Misarrangement and technical malfunctions of tools 7

Studies Antoniadis et al (2014),130 Aouicha et al (2021),131 Al-Hakim (2011),15 Jung et al (2020),74 Pluyter et al (2010),18 

Sharma et al (2020),117 and Wheelock et al (2015)77

Group 3. Operating room design 2

Studies Klein et al (2010)106 and Stavroulis et al (2013)120

Group 4. Other properties (eg, the number of people, illumination, temperature) 5

Studies Antoniadis et al (2014),130 Berg et al (2015),97 Al-Hakim (2011),15 Weigl et al (2015),76 and Wheelock et al (2015)77
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distraction in the OR. While three studies8,18,74 only focused on the type of information shared during inter
personal communication, the remaining three studies77,130,131 classified CIC depending on the initiator of the 
communication, either OR team members (ie, surgeon, anesthesiologist, nurse) or external staff.

Next, we identified five studies focusing on the interpersonal interactions in teaching and mentoring cases.74–76,88,116 While 
four studies examined the primary surgeons’ stress levels when they taught or mentored colleagues, students, or assistants 
during surgery,74–76,88 one study116 focused on trainees’ perspectives in teaching cases. Specifically, Poolton et al116 

considered interpersonal interactions during intraoperative teaching as one stressor for trainees who would experience because 
they had to be evaluated by attending surgeons. Four studies investigated how surgeon’s stress and performance were affected 
by other team members’ mistakes such as poor role understanding,73 staff mistakes,73 and poor assistance.12,129,136 Lastly, two 
studies mentioned interpersonal relationship between team members such as team familiarity73 and relationship issues 
between surgical members (eg, trainees and attending surgeons)129 as potential interpersonal stressors.

Temporal Factors
Temporal factors refer to time-level characteristics of stressful situations in the OR. We identified 20 studies examining 
temporal factors and further categorized them into three subtypes: time constraints (n = 8), operation time (n = 4), and 
surgical phases (n = 8) (see Table 9).

Eight studies3,9,12,75,113,116,118,129 investigated how time constraints of performing surgery would impact surgeons’ 
stress and performance. In other words, the difficulty with time management was considered as one stressor for surgeons 
during surgery.3,75 In this regard, several terminologies such as “time pressure/temporal demand”12,116 and “lack of 
operation time”75,129 were used to describe the time constraints in the OR. Using simulated scenarios in which surgeons 
had to manage time constraints during surgery, five studies9,12,113,116,118 investigated the effect of stressful situations on 
surgical performance and stress. Among them, two studies113,118 employed temporal factors to examine whether new or 
conventional surgical platforms enabled surgeons to better manage stressful situations during surgery.

Second, four studies reported operation time or procedure duration as temporal factors that would affect stress and 
surgical performance. Weigl et al76 reported that longer surgical procedures caused more perceived stress for surgeons. 
Sonoda et al25 also considered the operation start time and anesthesia time to examine factors related to surgical nurses’ 
stress and team performance. As the duration of operation time affects mental and physical stress, Park et al142 and 

Table 8 Five Subtypes of Interpersonal Factors Identified from 20 Studies

Subtypes of Interpersonal Factors Number of 
Studies

Group 1. Only mentioned general terms to highlight a team value (eg, team, teamwork, coordination) 6

Studies Arora et al (2010a),3 Bakhsh et al (2019),146 Chrouser and Partin (2019),73 Holmes et al (2020),133 Keller et al 
(2020),135 and Sami et al (2012)75

Group 2. Communication 9

Studies Antoniadis et al (2014),130 Aouicha et al (2021),131 Carr et al (2020),8 Al-Hakim (2011),15 Kumar et al (2013),26 

Jung et al (2020),74 Lee et al (2013),136 Pluye and Hong (2014),46 and Wheelock et al (2015)77

Group 3. Teaching and mentoring 5

Studies Jung et al (2020),74 Poolton et al (2011),116 Prichard et al (2012),88 Sami et al (2012),75 and Weigl et al (2015)76

Group 4. OR team members’ mistakes (eg, poor role understanding and assistance) 4

Studies Anton et al (2015),129 Chrouser and Partin (2019),73 Lee et al (2013),136 and Wetzel et al (2010)12

Group 5. Relationship among OR personnel 2

Studies Anton et al (2015)129 and Chrouser and Partin (2019)73
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Engelmann et al98 introduced intraoperative breaks which were identified to alleviate surgeon’s stress and improve 
performance.

The last group of the studies (n = 8) used surgical phases to measure how one’s stress or performance changes over 
time.11,82,130,134,135,143,145,150 Kuhn et al82 specified 16 surgical phases by annotating all surgical tasks required to 
perform cardiac surgery and assessed physiological stress for surgeons during surgery. Tseng and Liu143 defined surgical 
phases based on specific tasks that nurses performed during surgery. However, other researchers denoted the surgical 
phases in a simpler way. Two studies analyzed the temporal patterns of episodes when OR team members experienced 
stress135 and interruptions130 by dividing the whole surgical duration into several phases. The rest of the studies referred 
to the surgical phases in a conventional way (ie, pre-operative, intraoperative, and post-operative phases) to assess 
changes in physiological stress11,145,150 and perceived stress and teamwork.134

Patient Factors
Nine studies addressed patient factors as stressors for surgeons. The patient factors refer to patient-level characteristics 
that can determine the difficulty of performing surgeries such as age,74,117 sex,74,117 Body Mass Index (BMI),74,110,117 

past surgical history,74 individual anatomy,73,74 comorbidities,74,117 and patient health status.15,92 However, not all studies 
explicitly presented a definition or example for the patient factors. Sami et al75 and Arora et al3 performed observations 
to derive patient factors as one of the stressors and referred them as “patient problems.” They defined the patient 
problems by describing situations that surgeons need to treat an unwell patient. By setting up a simulated experiment 
when surgeons must perform surgeries for high-risk patient, two studies12,92 investigated how surgeons’ coping strategies 
would facilitate their surgical performance under the stressful situation.

Other studies gave more detailed definitions of patient factors. Chrouser and Partin73 defined a patient factor as “an 
unexpected event, adverse event, difficult case, patient anatomy, surgeon concerned about patient, and high-profile 
patient.” Jung et al74 addressed a set of patient factors such as age, sex, history of previous abdominal surgery, BMI, and 
Charlson Comorbidity Index, and examined how these patient factors would affect attending surgeons’ perceived 
distractions. Liang et al110 particularly examined the impact of patient BMI on surgeon’s physical stress during 
laparoscopic surgery.

Organizational Factors
Organizational factors refer to structure, process, and climate of hospitals that would affect and shape clinical personnel’s 
attitude and behavior in the OR. In the selected studies, we only found one study15 identifying the organizational factors 
along with other stressors (eg, OR environmental, interpersonal, and patient factors). The authors examined the impact of 
preventable disruptions on operating time for minimally invasive surgery and particularly addressed organizational 
factors such as hospital protocols or surgery policies.

Table 9 Three Subtypes of Temporal Factors Identified from 20 Studies

Subtypes of Temporal Factors Number of 
Studies

Group 1. Time constraints of performing surgery 8

Studies Anton et al (2015),129 Arora et al (2010a),3 Modi et al (2018),9 Moore et al (2015),113 Poolton et al (2011),116 

Sami et al (2012),75 Singh et al (2018),118 and Wetzel et al (2010)12

Group 2. Operation time 4

Studies Engelmann et al (2011),98 Park et al (2017),142 Sonoda et al (2018),25 and Weigl et al (2015)76

Group 3. Surgical phases 8

Studies Antoniadis et al (2014),130 Hull et al (2011),134 Keller et al (2020),135 Kuhn et al (2013),82 Lowndes et al 

(2019),111 Phitayakorn et al (2015),11 Theodoraki et al (2015),150 and Tseng and Liu (2017)143
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Discussion
With 94 empirical studies examining intraoperative stress of clinical personnel, we first addressed how each study 
defined a problem space regarding surgical platforms and study participants. To cover all possible intraoperative stressors 
for OR personnel, we examine what types of the stressors have been reported in the collected studies regardless of their 
significant effects on stress. As a result, we identified seven intraoperative stressors for clinical personnel and articulated 
the characteristics of each stressor. These stressors are determined by various dimensions including technical, individual, 
interpersonal, OR environmental, temporal, patient, and organizational perspectives. Under these potential stressors, 
multi-disciplinary team members carry out individual and collective work in the OR. In other words, to pursue patient 
safety, a team ecosystem needs to adapt to challenges driven by the potential stressors.157,158 Based on the identified 
stressors and the previous literature on team dynamics,156,159 Figure 3 is presented to illustrate the team ecosystem which 
is built and managed by the complexity of interactions between the team members.

By reflecting the complex interactions between the team ecosystem and intraoperative stressors in Figure 3, we will 
discuss what should be further explored to build a safe and efficient environment for OR personnel with the following 
three questions: What types of research designs have been used to examine intraoperative stress, what should be further 
investigated to understand intraoperative stress, and how we can interpret studies examining multiple stressors.

What Types of Research Designs Have Been Used to Examine Intraoperative Stress?
Using the insight that various stressors can simultaneously affect the team ecosystem, we further analyzed the types of 
research designs researchers employed to investigate intraoperative stress. As demonstrated in Figure 2, the majority of 
the selected studies (n = 69, 73%) employed experimental designs to investigate intraoperative stress. Only 25 studies 
(27%) applied other types of research designs: 10 exploratory, 9 descriptive, and 6 mixed-methods studies. The skewed 
trend towards the experimental research was also identified when we cross-tabulated the selected studies and delved into 
the ratio of the research designs that were applied. Except for interpersonal (35%), patient (33%), and organizational 
(0%) factors, more than 50% of studies that investigated the technical (85%), individual (64%), temporal (65%), and OR 
environmental factors (52%) applied experimental research methods. With advanced technologies in healthcare systems, 

Figure 3 A team ecosystem in the operating room is created and managed by collaboration and interaction between multi-disciplinary team members who are potentially 
exposed to seven intraoperative stressors.
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the team ecosystem becomes more complex and is intertwined by various stressors. The performance of the team can no 
longer be understood by cause–effect relations which are described by linear models in experimental designs.160,161 As 
shown in Figure 3, a more holistic view is required to understand how the team ecosystem is managed and maintained by 
interactions between multi-disciplinary members who are affected by multiple stressors.162 We suggest that more 
exploratory research and mixed-method research are needed to further investigate how one stressor is shaped by another 
stressor and how the interactions between stressors affect OR team members’ performance and, thereby, the surgical 
outcomes. Such systematic understanding of stressors will contribute to building a framework that can be utilized to 
investigate and model the dynamic interactions in the OR (eg, between OR personnel, surgical approaches, and 
technologies).157

What Should Be Further Investigated to Understand Intraoperative Stress?
While reviewing the included studies, we noted under-investigated research areas that should be further explored to 
understand intraoperative stress and build a safe and efficient environment for OR personnel. In Results, we identified 
types of surgical platforms and participants investigated in the selected studies. Among 69 studies clarifying their 
research scope with surgical platforms, 54 studies focused on minimally invasive surgery (MIS). Compared to laparo
scopic surgery (n = 44), few studies (n = 13) examined issues related to intraoperative stress in robot-assisted surgery. 
These findings reflect the current trends in surgical practice where open surgery is being replaced by MIS163 and robot- 
assisted surgery is becoming popular.67 Also, it implies the importance of further investigation of robotic-assisted surgery 
which may generate new subtypes of stressors in the OR.

With the categorization of study participants, we noted that 81% (n = 76) of the selected studies focused on a single OR 
profession, mainly surgeons (n = 71). The remaining (n = 5) articles tackled the intraoperative stress from other OR 
professionals’ perspectives (eg, OR nurses, anesthesiologists) (see Table 2). This skewed trend was also found in 39 studies 
that investigated individual factors. Among the four subtypes of individual factors (ie, clinical expertise, roles, specialties, 
and other personal properties), the expertise of OR personnel was the most frequently investigated factor; still, this subtype 
was only applied to determine surgical skill levels of surgeons. Although 38% (n = 15) of studies investigating individual 
factors considered various OR professions to define the roles of OR team members, only half of these studies (n = 8) 
investigated the intraoperative stress from the OR team perspective by considering more than one sub-OR team’s roles and 
responsibilities (eg, a surgical team, a nursing team, and an anesthetic team). The ecosystem of the operating room is not 
only built on the individual performance but also on the interactions within the OR team (Figure 3). In fact, the collective 
effort of various OR professionals is required to maintain a safe and effective care environment for patients.25,164 However, 
as we identified in Interpersonal factors, only 21% of the selected studies examined the interpersonal factors that build 
teamwork and group dynamics in the OR. This finding calls attention to further investigations on how communication, 
interactions, and relationships between people in the OR affect their intraoperative stress.

In addition to the interpersonal factors, temporal factors (21%), patient factors (10%), and organizational factors (1%) 
were the under-represented stressors. This might be because these factors are pre-defined by surgery schedules, patients, 
and hospitals and cannot be controlled in empirical studies. While the temporal and patient factors determine surgical 
complexities affecting intraoperative stress, the organizational factors shape work practices and influence how people 
collaborate with each other and interact with technological interventions in the OR.165,166 The reason for obtaining only 
one study15 addressing organizational factors may be in line with the inclusion and exclusion criteria of selecting studies. 
Specifically, we excluded studies that solely focused on OR professionals’ chronic stress (eg, burnout, well-being, 
depression) which can result from organizational factors in a long term. Moreover, the paucity of studies examining 
organizational factors is also aligned with what Tomo and De Simone167 identified in their systematic review paper. They 
also noted that a relatively low number of studies had investigated the well-being of clinical personnel using organiza
tional perspectives. The organizational characteristics are one of the critical factors reconfiguring other stressors such as 
what interventions are built in the OR (ie, technical factors), how the OR team is coordinated (ie, individual and 
interpersonal factors), and how the operating room is organized and designed (ie, OR environmental factors).168,169 In 
this regard, our results highlight the need for researchers to further investigate how the under-represented factors affect 
the team ecosystem and what should be considered to minimize intraoperative stress for clinical personnel.170
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How We Can Interpret Studies Examining Multiple Stressors
Operating room personnel are surrounded by multiple stressors that interact with each other. Therefore, beyond focusing 
on the characteristics of each stressor, the dynamic OR environments where multiple stressors exist need to be further 
investigated. While we coded stressors that were investigated in each study, more than half of the selected studies (n = 
48, 51%) employed multiple stressors to define contexts in which OR personnel experienced stress and to examine the 
impact of these stressors on surgical outcomes (see Table 4). To delineate this trend, we categorized the selected studies 
regarding the types of examined stressors and their co-occurrence. Studies employing a non-technical factor often 
combined multiple stressors to examine intraoperative stress. In fact, more than 75% of studies that investigated some 
of the six non-technical factors examined at least two stressors (individual factors: 85%, OR environmental factors: 77%, 
interpersonal factors: 95%, temporal factors: 90%, patient factors: 89%, organizational factors: 100%). On the other 
hand, only 44% of studies examining technical factors investigated multiple stressors. Given that technical factors were 
the most investigated, this finding implies that the potential tensions raised by interactions between technical factors and 
other stressors are under-explored. Given that 85% of studies examining technical factors applied experimental research 
approaches, these results might be because of the difficulty of setting up non-technical stressors as another experimental 
variable to investigate the impact of technical factors on surgical outcomes. However, we need to note that the impact of 
technical factors can be shaped by various user scenarios: who uses the intervention (individual factors), how the 
intervention affects interactions between OR personnel (interpersonal factors), and where and when the intervention is 
being used (OR environmental, organizational, temporal, and patient factors). In this regard, we delved deeper into the 54 
studies investigating technical factors among the 94 selected studies.

The subtypes of technical factors can be largely classified into two different groups depending on what causes the 
technical complexity. While the first group of 34 studies focused on surgical approaches, the second group of 20 studies 
were related to technological (n = 17) and training (n = 3) interventions developed to alleviate the OR team’s stress. With 
these two groups, we categorized 54 studies examining technical factors according to the number of stressors (see 
Table 10); for example, if the number of stressors is three, the study examined two additional stressors in addition to 
technical factors. With this categorization, we noted that the ratio of studies examining multiple stressors was much 
higher in studies examining surgical approaches (Group 1: 18 studies, 53%) than in studies investigating technological 
and training interventions (Group 2: 6 studies, 30%). Likewise, researchers carefully examined the efficiency of various 
surgical approaches by considering multiple stressors. However, in terms of examining the technological and training 
interventions, they focused on the efficiency of the interventions on the surgical outcomes (ie, only employing a technical 
factor). They less so considered how the interaction between newly introduced interventions and other non-technical 
stressors (ie, individual, OR environmental, interpersonal, temporal, patient, and organizational factors) would affect the 
team ecosystem and surgical outcomes in the end.31,38,74,171 The adverse effects led by this gap solely go to the individual 
and collective performance during surgery and could be detrimental to patient safety.45,162 Therefore, to maximize the 
benefits of the new interventions on the surgical outcomes, it is critical to understand the dynamic interactions between 
stressors in designing and developing technologies in the OR.15,74,80,172 This effort is fundamental to build a safe and 
efficient ecosystem in the OR and should be considered as a role and responsibility of human factors practitioners and 
researchers working in healthcare systems.

Table 10 Categorization of 54 Studies Examining Technical Factors According to the Number of Stressors

Number of Examined Stressors a

1 2 3 4 5 6

Group 1. 34 studies related to surgical approaches 16 11 3 – 3 1

Group 2. 20 studies related to technological and training interventions 14 5 1 – – –

Total 30 16 4 – 3 1

Notes: aIf the number of examined stressors (N) is 1, a study examines only technical factors. If N > 1, a study investigates (N-1) additional stressors along 
with technical factors.
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Conclusion
With 94 selected studies published from 2010 to 2020, we present a mixed-methods systematic review on intraoperative 
stressors. The main goals of this review are to identify intraoperative stressors that have been reported in previous literature and 
elaborate the characteristics of each stressor. To accomplish the study goals, two analysis approaches are applied. We first 
perform a textual narrative synthesis to investigate the characteristics of 94 studies in terms of surgical platforms and participants 
considered in the selected studies. The majority of the selected studies particularly investigated the intraoperative stress from 
surgeons’ perspectives while rarely addressing the other OR personnel. Also, most studies examined minimally invasive surgery, 
which is a relatively newer approach than open surgery, and investigated how surgical environments shaped by new surgical 
approaches would affect intraoperative stress. To present a broad landscape of intraoperative stressors, we conducted a thematic 
synthesis and identified seven intraoperative stressors: technical, individual, operating room environmental, interpersonal, 
temporal, patient, and organizational factors. Additionally, we examined the characteristics of each stressor by presenting 
subtypes of each stressor. By presenting stressors as multifaceted elements affecting the team ecosystem in the operating room, 
we discuss the potential interactions between stressors which should be further investigated to build a safe and efficient 
environment for OR personnel. This work brings important insights to a diverse group of stakeholders, such as clinical personnel 
who work in the OR under potential stressors, managers and directors of healthcare sectors who are in charge of maintaining 
a safe OR environment, and human factor researchers and practitioners who need to understand stressors to design and develop 
new interventions in the OR. As we conducted a mixed-methods systematic review, we did not address the significant effects of 
each stressor on intraoperative stress. To demonstrate the effects of each stressor on intraoperative stress for OR personnel, it is 
important to extend the current work by performing a meta-analysis. As a future research, seven identified stressors and their 
subtypes will be employed to conduct a meta-analysis on intraoperative stress for OR personnel.
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