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AbstrAct
Background Performance in the operating room 
is an important determinant of surgical safety. Flow 
disruptions (FDs) represent system- related performance 
problems that affect the efficiency of the surgical team 
and have been associated with a risk to patient safety. 
Despite the growing evidence base on FDs, a systematic 
synthesis has not yet been published.
Objective Our aim was to identify, evaluate and 
summarise the evidence on relationships between 
intraoperative FD events and provider, surgical process 
and patient outcomes.
Methods We systematically searched databases 
MEDLINE, Embase and PsycINFO (last update: September 
2019). Two reviewers independently screened the 
resulting studies at the title/abstract and full text stage 
in duplicate, and all inconsistencies were resolved 
through discussion. We assessed the risk of bias of 
included studies using established and validated tools. 
We summarised effects from included studies through 
a narrative synthesis, stratified based on predefined 
surgical outcome categories, including surgical process, 
provider and patient outcomes.
Results We screened a total of 20 481 studies. 38 
studies were found to be eligible. Included studies were 
highly heterogeneous in terms of methodology, medical 
specialty and context. Across studies, 20.5% of operating 
time was attributed to FDs. Various other process, patient 
and provider outcomes were reported. Most studies 
reported negative or non- significant associations of FDs 
with surgical outcomes.
Conclusion Apart from the identified relationship 
of FDs with procedure duration, the evidence base 
concerning the impact of FDs on provider, surgical 
process and patient outcomes is limited and 
heterogeneous. We further provide recommendations 
concerning use of methods, relevant outcomes and 
avenues for future research on associated effects of FDs 
in surgery.

IntroductIon
Technical and organisational innovations 
have turned operating rooms (ORs) into 
highly complex and challenging working 
environments.1 OR teams face multiple 
tasks simultaneously with high cognitive 

and technical demands.2 Due to these and 
other challenges, the complex structure 
of OR work can lead to medical errors 
and suboptimal care.3 Even minor decre-
ments in OR team performance or small 
changes in the intraoperative environ-
ment can have consequences for surgical 
safety and patient outcomes.4 OR system 
design efforts seek to identify preventable 
surgical errors and to improve intraoper-
ative safety.5

Surgical ‘flow disruptions’ (FDs) repre-
sent a key challenge to OR team perfor-
mance. Such events have been described 
as ‘deviations of the natural progression 
of the operative procedure’.6 7 They 
represent mismatches between the work 
demands and the configuration of the 
system to support the work, and range 
from interruptions (such as phone or 
beeper calls), to unexpected patient 
conditions or malfunctions of technical 
equipment. These small events poten-
tially divert members of the surgical team 
from their primary task, increase cogni-
tive workload and, as a result, may create 
a more serious, potentially harmful, situ-
ation.1 8 9 Other industrial sectors, such 
as driving and aviation, have success-
fully addressed the challenges of distrac-
tions and task interferences, through 
conducting in- depth investigations and 
implementing tailored solutions.4 10

For the development of effective miti-
gation strategies and OR system inter-
ventions, a systematic assessment and 
thorough evaluation of the sequelae of 
FDs in ORs is necessary. The actual effects 
of FDs on the surgery itself, on providers 
and patient care are manifold.11 Previous 
investigations found that FDs lead to 
higher stress levels, fatigue12 and expand 
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procedure time, for example, in cardiac surgery, about 
7% of operating time was associated with FD events.13 
Other studies reported larger delays up to 20%.14 15 
This considerable prolongation of the operating time 
results in substantially increased costs.16 As current 
research suggests that different types of FDs may have 
specific effects—some are harmful, others beneficial 
and some essential for a seamless surgical workflow—
detailed classification and systematic aggregation is 
essential.11

Despite the growing interest and literature on 
surgical FDs, there is, to the best of our knowledge, 
no systematic review that synthesises the current 
research base and considers the diversity of poten-
tial effects. In contrast to previous reviews,6 11 our 
review further sought to encompass the broad spec-
trum of potential consequences as well as to system-
atically appraise the methodological quality of the 
study base. Establishing strong evidence provides a 
base for improving working conditions for the entire 
surgical team, optimising surgical safety and reducing 
intraoperative costs.6 Identification of sociotechnical 
factors that potentially moderate the impact of FD 
events should contribute to safer surgical perfor-
mance. Since the goal is not to eliminate all disrup-
tions,9 we need to know specific consequences and 
influencing factors of individual FD events in order 
to implement specific intraoperative interventions 
and effective surgical training.

Our systematic review aims to provide a compre-
hensive synthesis of the evidence on the association 
between intraoperative FDs and surgical outcomes. 
Apart from synthesising the current evidence base, 
we also seek to identify gaps in the current litera-
ture, from both a surgical and a methodological 
perspective.

Methods
We conducted the systematic review in line with the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses17 and MOOSE Guidelines for Meta- 
Analyses and Systematic Reviews of Observational 
Studies.18 We also consulted the Reporting Guide-
line for Synthesis without Meta- Analysis to ensure 
quality and transparency in reporting.19 We developed 
a review protocol a priori, which included a detailed 
plan of steps, definitions of relevant constructs, eligi-
bility criteria and data extraction procedures. This 
protocol was registered on 9 January 2019 (Inter-
national prospective register of systematic reviews, 
PROSPERO, Nr. CRD42019120968).

definition of Fds
We define surgical FDs as ‘unexpected events causing 
a break in the natural progression of the operation’.7 20 
Visitors, unavailable or broken surgical equipment or 
training activities could be examples of typical FDs.21 
These include both temporary withdrawals of provider 

attention away from a primary (eg, dissection) to a 
secondary task (eg, answering a phone call), as well 
as actual breaks in task activity.22 We excluded all 
scheduled activities such as consulting or completing 
checklists as well as preplanned surgical interventions. 
Continuous distractions or persistent stressors such 
as background noise, time pressure or fatigue were 
excluded, as they do not necessarily cause an imme-
diate break in workflow.

definition of ‘surgical outcomes’
To capture all potentially relevant consequences of 
FDs, we included three different categories of intraop-
erative or postoperative outcomes: (1) surgical process 
outcomes (eg, duration of surgery and surgical perfor-
mance), (2) team and provider outcomes (eg, work-
load and stress) and (3) patient outcomes (eg, infection 
rates, mortality and readmissions).

search strategy and eligibility criteria
We searched MEDLINE (via PubMed), Embase, 
Google Scholar and PsycINFO (last updated search: 25 
September 2019). Our search strategy included three 
key concepts: (A) ‘operating room’ (ie, setting), (B) 
‘flow disruptions’ (ie, independent variable) and (C) 
‘surgical outcome’ (ie, dependent variable). For each of 
these concepts, we created an individual search block 
by combining all synonyms using the Boolean operator 
‘OR’. The individual blocks were then combined using 
‘AND’ (see online supplemental digital content 1). 
Additionally, we checked the references of all included 
studies for further relevant studies.

We applied the following criteria for the inclusion/
exclusion of studies in our systematic review:
1. Setting: all studies must have assessed the main intraop-

erative phase of surgeries inside the OR. Investigations 
of surgical procedures outside ORs (eg, ambulatory in-
terventions) or non- surgical procedures inside ORs were 
excluded.

2. Constructs of interest: a quantitative association between 
surgical FDs and surgical outcomes (see above) must 
have been measured and reported.

3. Original studies: only studies providing original, empiri-
cal and metric data were considered. Narrative literature 
research and systematic reviews were excluded.

4. Study design and methods: eligible were experimental 
studies (eg, randomised controlled trials (RCTs), clus-
ter RCTs and non- RCTs, quasiexperimental studies (eg, 
controlled before- after studies and interrupted time 
series studies) and observational studies (eg, cohort 
studies, case–control studies and cross- sectional stud-
ies). (Expert) opinions, statements, case reports and 
case series were excluded; we did not apply any further 
restrictions concerning assessment methods for identi-
fication of FDs.

5. Availability: articles must be available in either English 
or German and must have been published in peer- 
reviewed journals between 1 January 2000 and 25 
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September 2019. We considered this time period since 
we aimed to capture the evidence for the ‘modern’ OR 
environment and account for the significant technolog-
ical and equipment changes that occurred in the past 
two decades.

6. Where duplicate reports of the same study or cohort 
where identified, the most up- to- date or information- 
rich version was included.

study selection
One author (AK) initially removed all duplicate 
reports. Subsequently, two assessors (AK and MW) 
independently screened all titles and abstracts. Subse-
quently, for those titles and abstracts deemed poten-
tially relevant, these two assessors screened the full 
texts. Where full texts were not available online, 
authors were contacted. Reasons for exclusion were 
documented for each study at this stage of the selec-
tion process. Finally, all articles considered eligible 
were included. Any conflicts were resolved by discus-
sion until consensus was reached. This also applies to 
inconsistencies during the following steps.

data extraction
Two authors (MW and AK) independently extracted 
data for each included study by using a previously 
developed data sheet (see online supplemental digital 
content 2). The following data were extracted: 
authors, year of publication, title, country of origin, 
aim of the study, type of hospital/institution/depart-
ment, setting, study design, sample characteristics, 
task or procedure characteristics, measures, FDs, 
surgical outcomes and size of quantitative associa-
tions between FDs and surgical outcomes. If data 
were not available in the publication, the respective 
field was marked with ‘not reported’. Corresponding 
authors were contacted and asked for missing data 
to be sent. Although we did not receive additional 
data from all authors who were contacted, our calcu-
lations include some unpublished data that we were 
provided with at our request.

risk of bias assessment
Two authors (MW and AK) independently assessed the 
risk of bias of included studies using established tools 
for risk of bias assessments: for RCTs, we applied the 
Cochrane Collaboration Risk of Bias (RoB 2) tool,23 
as recommended by the updated Cochrane Handbook 
for Systematic Reviews of Interventions.24 In using 
this instrument, the assessor obtains a small, medium 
or high risk for bias for each assessed quality domain. 
Since all included RCTs used a cross- over design, we 
used the specific version for cross- over studies of the 
tool. For non- randomised studies (NRSs), we applied 
the Methodological Index for Non- Randomized 
Studies.25 This tool enables a quality rating of included 

studies on a scale of 0–16 points (ie, high scores indi-
cate low risk of bias).

data synthesis
We planned a priori to conduct a meta- analysis where 
studies were sufficiently homogeneous to justify 
doing so. However, due to the substantial hetero-
geneity of included studies as well as missing data 
for certain outcomes, we were unable to do so. We 
summarised all outcomes through a narrative and 
graphical summary.26 This summary was structured 
according to our predefined surgical outcome cate-
gories (ie, process, provider and patient outcomes). 
Our graphical synthesis involved the creation of two 
types of figures. First, for procedure duration, given 
that reported measures were fairly comparable across 
studies, we created an effect plot, summarising the 
proportion of the surgery procedure consisting of FDs. 
We considered calculating a weighted proportion for 
each study; however, given that SD was not reported 
in the majority of studies and that the range for the 
number of cases was relatively small, we calculated 
and reported an unweighted mean (‘mean of means‘) 
across studies. Second, for all other outcomes, we 
created a bubble plot for summarising the investigated 
associations of FDs with provider, process and patient 
outcomes, arranging studies based on direction of 
effect. For a clearer overview and better structure, we 
clustered the outcomes of each study into meaningful 
outcome categories.

results
eligible studies
A total of 20 481 articles were identified through 
database and hand searching. After duplicates were 
removed, we screened titles and abstracts of 13 355 
articles. We subsequently reviewed the full texts of 
114 articles. A further 76 articles were excluded (see 
figure 1). Finally, we included a total of 38 studies in 
our review.

study characteristics
Included studies were highly heterogeneous in 
terms of both methodological approaches and study 
constructs. This arose through study design, measure-
ment methods, setting, study participants and statis-
tical analyses. In terms of investigated constructs, 
different definitions of FD variables and associated 
outcome constructs were applied (see table 1). As FDs 
encompass a potentially broad range of events that 
have been described in a number of ways, we gathered 
information on how the included studies defined and 
measured FD events (see table 1’s column ‘Operation-
alisation of FDs’).

Included studies were published between 2007 and 
2019 with more than the half of all studies published 
since 2016. Fifteen investigations were conducted in 
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Figure 1 PRISMA flow chart of retrieved, screened and included studies. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta- Analyses.

Europe,3 27–40 15 in the USA and Canada,7 13 14 21 22 41–50 
6 in Australia,15 51–55 1 in Asia56 and 1 in New Zealand.57 
Studies were conducted in various specialties such 
as urology, gynaecology and cardiology. Overall, 
1786 real surgical cases were observed in 31 obser-
vational studies, including open, minimally invasive 
and robotic- assisted procedures. Additionally, six 
simulation studies were conducted with 114 partici-
pants,38 41–43 46 57 and one survey study with 194 partic-
ipants.31 Subjects of interest were primarily surgeons, 
nurses and anaesthetists, across different levels of 
experience. Among real- life observational studies, 12 
obtained intraoperative data from the time patients 
were wheeled into the room until they were wheeled 
out.13 21 28 32 33 36 40 47 51 55 56 58 Nine studies evaluated 
the period from incision to closure of the patient, that 
is, ‘skin- to- skin’.14 15 27 34 35 37 39 53 54 The remaining 10 
studies selected other time periods or did not report 
the exact period.3 7 22 29 30 44 48–50 52

risk of bias of included studies
Among the four included RCTs, one study was rated as 
having ‘some concerns’42 and three were rated to be at 
‘high risk’.41 43 57 For the NRSs, quality ratings ranged 
from 5 points (highest risk of bias)49 51 to 15 points 

(lowest risk of bias)34 with an average rating of 9.29 
points (see table 1).

observed constructs of interest
Concerning FD events, almost all real- life obser-
vational studies considered nearly all types of 
FDs.3 7 13–15 21 22 27–30 32–37 39 40 44 45 47 49–55 Thus, a wide 
range of FD events such as pager calls, equipment 
malfunctions, communication issues and door openings 
was covered. One study looked exclusively at disrup-
tive cell phone calls.56 Measurements of FDs differed 
substantially: some studies examined the frequency, 
some severity or interference and some the duration of 
FD events. Therefore, comparability of prevalence, rates 
and distributions across studies is limited. FD classifica-
tion systems also differed significantly: an in- depth anal-
ysis of included classification systems and FD frequencies 
can be found elsewhere.6 Furthermore, different methods 
were used to capture FDs: in 23 studies observers were 
present in the OR,3 7 13 15 21 22 27–29 32–34 36 37 39 40 47 51 53–56 58 
7 studies used audio and video recordings14 30 35 44 48–50 
and 1 study combined both methods.52 All simulation 
studies implemented more than one single FD event. 
These included distracting questions,46 57 ringing cell 
phones,37 41 57 pager interruptions,42 43 side conversa-
tions,41 sudden noise41 or other minor events.
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Figure 2 Bubble plot for assessed associations with flow disruptions: study quality (larger bubble size indicates higher quality), p values, directions and 
types of associated outcomes (randomised controlled trials).

Concerning surgical outcomes, studies most frequently 
assessed process and provider outcomes, with only 
seven studies reporting patient outcomes.27 28 32 34 39 40 43 
Patient outcomes included intraoperative and postop-
erative complications, surgical- site infections (SSIs) 
or unspecified patient safety concerns. With regard 
to process outcomes, the duration of operating time 
attributable to FDs was most frequently recorded in 
18 studies.13–15 22 27 29 30 35 39 40 44 45 47 49–53 Further 
outcomes were errors, specific performance metrics 
(eg, instrument movement or bleedings) and costs. 
Surveyed provider outcomes were mental workload, 
teamwork, communication failures, non- technical 
skills, stress and perceived distraction.

Associations of Fds and surgical outcomes
Almost all studies identified either negative asso-
ciations or no substantial associations of FDs with 
surgical outcomes. Two studies found a positive 
correlation, where more FDs were associated with 
a better outcome (ie, shorter duration of operating 
time and reduced workload).3 21 In order to account 
for the inherent differences in risk of bias, we distin-
guish between RCTs (n=4) and NRSs (n=34) in the 
following.

Randomised controlled trials
Figure 2 shows that among the four included RCTs, 
the majority of investigated relationships revealed no 
significant association. These associations are graph-
ically depicted using a bubble plot. The size of each 
bubble refers to the quality rating of each study (ie, 
larger bubble size indicates higher quality). The 
depicted associations refer to measures of correlations, 
group comparisons and regression analyses. Only one 

study showed a significantly increased task error rate 
when participants were disrupted compared with a 
control condition.41 Others showed, for example, that 
participants made more unsafe decisions under the 
exposure to FDs.42

Non-randomised studies
With regard to the association between FDs and 
surgical process, 17 studies contributed data on the 
procedure duration, also often referred to as ‘delays’. 
Figure 3 shows that the aggregated mean percentage 
of operating time attributed to FDs across these 
studies was 20.5%.13–15 22 27 29 30 35 39 40 44 47 49–52 58 For 
most studies (n=11), no measure of variability was 
reported; a horizontal dotted line indicates this unre-
ported variability.

Further assessed associations between FDs and 
surgical outcomes were highly diverse across included 
studies (see online supplemental digital content 3). 
Although associations were quite heterogeneous, 
overall mostly negative relationships were reported 
(see figure 4).

dIscussIon
FDs are common in ORs, and they may have effects 
on surgical progress and patient safety.59 We provide 
a systematic overview of the current state of empirical 
knowledge and report the first summary statistics for 
the prolongation of surgery time associated with FDs. 
Our review adds three specific contributions to the 
current evidence base:

First, we found one particularly important associa-
tion of interest: our aggregated estimate suggests that 
on average about 20.5% of operating time is spent 
with FDs. To the best of our knowledge, our study is 
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Figure 3 Mean percentages of procedure time attributed to flow disruption events, with SD. A horizontal dotted line indicates where measure of 
variability was not reported; the vertical dotted line represents the aggregated mean percentage.

the first to provide a summary statistic for this associa-
tion, despite the diverse range of studies we reviewed. 
Even though we cannot determine the actual prolon-
gation of surgeries caused by FDs, it seems that proce-
dures with low levels of distractions tend to be shorter. 
Longer operating times mean longer working hours 
for the OR team, longer anaesthesia for the patient 
and higher costs for the hospital and should therefore 
be kept to a minimum.16 60 61 It may appear logical that 
coping with frequent FDs prolongs procedures and 
causes delays; still, potential bidirectional influences 
should also be considered in the future. It is conceiv-
able that procedure duration influences the occurrence 
of FDs, that is, likelihood that latent problems and 
inefficiencies occur with extended procedure time and 
accumulated delays.

We also observed that terminology of time- related 
outcomes was used differently across studies. Several 
studies used the term ‘delay’ to determine the proce-
dure time spent with FDs. Others separated those FDs 
that actually cause a delay from those that do not, 
whereas others completely avoided the term ‘delay’. 
Our findings suggest that the term ‘delay’ needs 
careful definition and operationalisation in observa-
tional studies. While some FDs may in fact demand 
that the primary surgeon steps away from the table 
with obviously observable time lags (eg, external 
phone calls), other frequent FDs such as ‘door open-
ings’ may not cause delays at all. Moreover, even if an 
FD causes the procedure to pause or stop, this time 
lag can potentially be compensated for afterwards; 
for example, while the sterile nurse takes care of an 

equipment failure, the two surgeons use this pause as 
an opportunity to re- evaluate surgical goals, situation 
and progress. We would therefore recommend using 
the term ‘delay’ in this context carefully. We would 
instead suggest applying the term ‘operating time 
spent with FDs’13 and only using the term ‘delay’ if a 
time lag is directly and exclusively attributable to the 
occurring FDs.

Our second main finding was that the current 
evidence base on the sequelae of surgical FDs is 
heterogeneous, which limits inferences concerning 
associated risks. This refers to methods applied as well 
as to surveyed constructs and outcome variables. We 
originally aimed to conduct a meta- analysis on the 
impact of intraoperative FDs. We were able to cate-
gorise eligible studies into clusters of similar outcomes 
(eg, workload, teamwork, perceived distraction, errors 
and SSIs). However, incompatibility through concep-
tual and methodological heterogeneity precluded 
conducting a meta- analysis for all outcome categories. 
Beyond our attempts at aggregation, we noted that 
there is no common definition of the construct surgical 
‘flow disruptions’; varying terminology in identified 
studies include ‘interruptions’, ‘disruptions’, ‘distur-
bances’ and ‘distractions’.6 We applied a working 
definition of FDs, but it was not always possible to 
determine whether all events considered in a particular 
study adhered to our definition. We excluded studies of 
continuous distractions from this review yet acknowl-
edge that permanent distractions (such as continuous 
noise or alarms) may impart disruptions and, subse-
quently, attentional failures or safety risks into the 
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Figure 4 Bubble plot for assessed associations with flow disruptions: study quality (larger bubble size indicates higher quality), p values, directions and 
types of associated outcomes (non- randomised studies).

OR. Moreover, FD events were operationalised and 
measured differently. Few studies merely recorded 
the incidence of FDs—some measure their duration, 
others evaluate their ‘severity’ or combine these char-
acteristics. Furthermore, some authors define specific 
FD incidents that others have not considered.

Our third main finding was that the methodolog-
ical quality of included studies was moderate to weak. 
Our quality assessment showed considerable deficien-
cies. For instance, in most studies, the sample size was 
not calculated in advance, and some studies are based 
on small sample sizes (n<15; both: surgical cases or 
staff participants). Of the RCTs, three- quarters were 
classified as potentially high risk of bias. We would 
therefore strongly recommend that future investi-
gations adhere to guidelines and recommendations 
for high- quality research. Additionally, we identified 
considerably more observational field studies (n=31) 
than controlled trials, interventions and simulation 
studies (n=6). Naturalistic studies with cross- sectional 
designs that merely rely on observing and describing 
surgical FDs (ie, where trained observers are present 

in the OR and collect FD data or rely on video- based 
records) have the advantage to capture a wide range 
of intraoperative behaviours in situ and facilitate an 
understanding of the inherent and latent complex-
ities of surgical work.62 Nevertheless, randomised 
and controlled trials generally establish higher levels 
of internal validity than cross- sectional, descriptive 
studies, which are prone to several sources of bias.63 
Although descriptive studies inside the OR will be 
needed in the future to describe the actual state and 
‘work as done’ in the OR, our results advocate for 
more high- quality studies, that is, interventions or 
naturalistic experiments on mitigating intraoperative 
FDs. Future attempts should also include study designs 
that allow for more robust inferences concerning the 
actual effects of FDs on provider, surgical as well as 
patient- reported outcomes. Simulations studies with 
manipulation of FD frequency and/or severity while 
controlling for surgeon’s skill levels could be a good 
option for randomised trials in this field.

In addition to our main findings, there are two 
other insights. First, we found that mainly adverse 
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consequences of intraoperative FDs are reported. 
Unfortunately, it is generally unclear whether poten-
tial positive effects were not investigated or whether 
they were not reported. We identified two studies that 
reported potentially positive associations with surgical 
FDs.3 21 Given this limited and inconsistent study base, 
it is premature to draw firm conclusions concerning 
potential beneficial effects of FDs in OR care systems. 
Further investigations addressing potentially favour-
able consequences of FDs would be highly desirable 
to prevent a unilateral state of research. For example, 
case- irrelevant humour during low complexity phases 
may leverage social tensions among an OR team. 
Second, as already stated elsewhere,64 there is yet no 
clear indication that FDs have a harmful impact on 
patient outcomes or safety. However, since the evidence 
base is limited and only few postoperative patient 
outcomes have been investigated to date, we strongly 
recommend further investigations concerning actual 
patient outcomes. De Leval et al.65 proposed that the 
surgical team might be resilient to the adverse effects 
and that therefore patient safety may not be compro-
mised. In the light of our overall lack of substantive 
evidence of negative effects of FDs on surgical safety 
and patient care, we cannot draw firm conclusions on 
these outcomes besides case duration. Yet, the current 
state of literature does not refute the notion that some 
FDs may have a positive impact or that OR teams 
may be resilient to the negative impact of FDs. Future 
investigations in this field should consider the mecha-
nisms of resiliency that OR teams use to prevent FDs 
from compromising patient outcomes.48 This suggests 
that surgical processes in general, and FDs in partic-
ular, are likely to exhibit properties of complex adap-
tive systems, where process–outcome relationships 
may be indirect and mediated by a range of contextual 
factors.66

limitations
Our first challenge was determining the inclusion of 
eligible studies based on our definition of FD events. 
Without a common consensus on what constitutes a FD, 
and with a wide range of alternative terms, it is diffi-
cult to identify all applicable investigations. Second, 
we did not search for studies published in languages 
other than English or German, and we did not search 
the grey literature. Third, we cannot rule out publica-
tion bias, and it is plausible that studies showing null 
effects or beneficial effects of FDs are under- reported. 
Furthermore, we found that some associations have 
been investigated but are not reported in the respec-
tive publications. We tried to obtain additional data 
from the authors, but these efforts were not always 
successful. Our findings need to be interpreted carefully 
since qualities and evidence levels of included studies 
differed substantially. We included both randomised 
and non- randomised studies, and shortcomings in 
methods and designs occurred across studies. Included 

studies consisted of small samples, some conducted 
retrospective data analyses and blinding (for observers 
as well as observed providers) was rarely applied.

Implications
This review provides essential implications for 
research as well as for surgical practice. First, many 
studies focused on specific outcomes without consid-
ering influencing factors. Individual relationships of 
FDs with outcomes are surveyed, yet the complexity 
and dynamics of surgical work is largely neglected. We 
recommend future investigations to apply a compre-
hensive view that considers provider and contex-
tual factors; for example, a surgeon’s skill level in 
coping with FDs, disruption handling strategies or 
organisational- level influences.67 Second, it is evident 
that teamwork and team processes play a major role 
in surgical performance and may alter the impact of 
FDs.68 ‘Team familiarity’ as well as team cognition 
factors may serve as protective factors.44 55 For this 
reason, we recommend expanding focus from indi-
vidual OR professionals to comprehensive assessments 
of the whole OR team. Third, we found that almost 
every research group used their own classification 
and evaluation systems to categorise intraoperative 
FDs. Future studies that scrutinise FDs and associated 
effects should strive for the use of validated obser-
vational tools in order to allow comparability across 
studies, procedures, settings and contexts.

Concerning implications for surgical practice, our 
results corroborate previous claims that most conse-
quences of FDs inside the OR are negative in nature. 
Thus, efforts to mitigate FDs in the OR would be 
beneficial for provider cognition and safety. Organisa-
tional, teamwork, work or process redesign interven-
tions that support a less disruptive work environment 
are highly recommended.3 33 51 So far, the greatest 
impact of FDs in the OR was reported for the oper-
ating team and its individual members (eg, for work-
load and stress outcomes). Suitable interventions 
should therefore start here. One idea is to reduce the 
effects of FDs through targeted training of providers.6 
Kolodzey et al5 recommended, in order to encourage 
team resilience, to focus interventions on the training 
of core competences such as teaching, effective team-
work and leadership. Complementary approaches 
should address organisational and external conditions 
to avoid unnecessary disruptions from outside the OR, 
such as case- irrelevant phone calls due to poor intrade-
partmental coordination and planning.

conclusIons
In the light of efforts to provide safe and efficient 
surgical care in the OR, we need an evidence- based 
understanding of the nature and potential effects of 
FDs that occur during the procedure. Our systematic 
review revealed that across all surgical disciplines a 
large proportion of operating time is associated with 
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distractions. Furthermore, we were able to demon-
strate the extent to which FDs are associated with 
intraoperative and postoperative outcomes. Despite 
the wide range of available research, we identified 
major gaps that need to be addressed in future inves-
tigations of FDs. In order to strengthen the quality 
of studies on surgical FDs as well as to improve the 
comparability of their empirical findings, we recom-
mend considering previously established definitions 
and methods. It appears that in many cases a reduction 
of FDs can be expected to have a positive effect on OR 
safety, but this hypothesis still requires some further 
elaboration and broader empirical confirmation.
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