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Abstract
Background  Interruptions are endemic in healthcare 
work environments. Yet, they can have positive effects 
in some instances and negative in others, with their 
net effect on quality of care still poorly understood. We 
aimed to distinguish beneficial and detrimental forms of 
interruptions of emergency department (ED) providers 
using patients’ perceptions of ED care as a quality 
measure.
Methods  An observational design was established. The 
study setting was an interdisciplinary ED of an academic 
tertiary referral hospital. Frequencies of interruption 
sources and contents were identified in systematic 
expert observations of ED physicians and nurses. 
Concurrently, patients rated overall quality of care, ED 
organisation, patient information and waiting times 
using a standardised survey. Associations were assessed 
with hierarchical linear models controlling for daily ED 
workload. Regression results were adjusted for multiple 
testing. Additionally, analyses were computed for ED 
physicians and nurses, separately.
Results  On 40 days, 160 expert observation sessions 
were conducted. 1418 patients were surveyed. Frequent 
interruptions initiated by patients were associated with 
higher overall quality of care and ED organisation. 
Interruptions relating to coordination activities were 
associated with improved ratings of ED waiting times. 
However, interruptions containing information on 
previous cases were associated with inferior ratings of ED 
organisation. Specifically for nurses, overall interruptions 
were associated with superior patient reports of waiting 
time.
Conclusions  Provider interruptions were differentially 
associated with patient perceptions of care. Whereas 
coordination-related and patient-initiated interruptions 
were beneficial to patient-perceived efficiency of 
ED operations, interruptions due to case-irrelevant 
communication were related to inferior patient ratings 
of ED organisation. The design of resilient healthcare 
systems requires a thorough consideration of beneficial 
and harmful effects of interruptions on providers’ 
workflows and patient safety.

Introduction
Workflow interruptions are endemic 
in clinical environments.1 Yet, ‘inter-
rupt-driven’2 emergency departments 

(EDs) are particularly affected settings to 
study the manifold effects of disrupted 
workflows on provider and care 
outcomes.3–7 EDs are complex socio-
technical systems that are repeatedly 
identified as error-prone environments.5 
Suboptimal ED patient care is attributed 
to adverse work system factors.8 9 Among 
these, provider interruptions receive 
broad attention due to their role in patient 
safety and quality of care.10–12 Emergency 
physicians and nurses attend to multiple 
patients in an uncertain and time-crit-
ical care setting with high coordination 
demands.4 Past studies identified interrup-
tion frequencies in ED providers ranging 
between 5.1 and 24.9 interruptions per 
hour.2 7 12–16

Previous empirical evidence on effects 
of workflow interruptions is inconclusive 
and suggests ambivalent effects since inter-
ruptions are associated with both nega-
tive and positive outcomes.3 10 14 Adverse 
effects were postulated on the individual 
provider level, where experimental 
evidence showed negative associations 
with providers’ task completion time and 
rates, decision-making processes, length 
of care interventions and errors.7 15 17 
Nonetheless, interruptions may feature 
an intrinsic value and contribute to effec-
tive patient care and improved intra-team 
coordination.1 18 19 Potentially positive 
effects of interruptions such as time-sen-
sitive communication of high-priority 
information were suggested.3 9 18 Work-
flow interruptions foster immediate 
provider responses, timely information 
exchange, and may preserve fast and 
safe delivery of care.9 14–16 19 In order 
to develop resilient care systems and to 
implement work redesign interventions 
that preserve patient care in dynamic and 
interruptive clinical environments, we 
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need to understand how interruptions are detrimental 
or beneficial to quality of care.3 We additionally need 
a thorough consideration of how contents of interrup-
tive communication shape negative or positive effects 
for care.10

Real-time patient surveys offer valuable insights 
into the personal experience of patients and comple-
ment routine indicators of clinical, safety-related and 
disease-specific outcomes.20 21 The Institute of Medi-
cine’s influential report suggests that ‘the best window 
on the safety and quality of care is through the eyes 
of the patient’.22 Patient-centredness is thus one of 
the six cornerstones of healthcare quality. Integrating 
patients’ preferences, needs and values in care design 
and delivery is fundamental to preserve high quality. In 
order to achieve this aim, patient perspectives have to 
be systematically assessed.22 Patient ratings are a mean-
ingful and feasible alternative to capture extracts of 
care quality.23 24

Patient experiences are multidimensional and emerge 
from provider–patient communication, provider skills 
and interaction, as well as the physical environment.21 
Provider interruptions could thus interfere with the 
patient experience on different levels during ED care 
and ultimately affect satisfaction, care experience and 
treatment adherence.21 23 Using patient experience as 
a proxy for ED care quality, we aimed to explore asso-
ciations between provider interruptions, differentiated 
into sources and content, and patient-perceived care 
outcomes. We further sought to examine role-related 
differences in these associations for ED physicians and 
nurses, respectively.

Methods
Study design and setting
An observational design was established applying 
day-level matched data of expert observation sessions 
of ED providers, patient evaluations of care and ED 
register data. The study setting is a 24-hour adult ED 
of an academic tertiary referral hospital with an annual 
volume of over 80 000 patients. The ED is organ-
ised into three sections according to patient’s chief 
complaints: 10 bays for non-surgical patients, five bays 
for surgical patients, two resuscitation bays, and an 
observation and clinical decision unit with 24 beds. It 
is regularly staffed with physicians from internal medi-
cine, trauma surgery and neurology, as well as further 
specialists on call. Data stem from a larger interven-
tion project on ED work factors, provider well-being 
and quality of care.

Procedure and selection of ED providers and patients
Data collection was completed in February 2017. Before 
start, a stratified sampling procedure was established 
that ensured random and equal allocation of obser-
vation sessions across ED sections, professions and 
days of the week (including Saturdays and Sundays). 
On-site data collection by a three-member study team 

took place from 10:00 to 17:00 to comprise the time 
of day with the highest patient arrival rates and thus 
highest workload for ED providers.25 Patient:staff 
ratios in EDs differ between day, evening and night 
shifts. Research on the variance of interruption rates 
during different times of the day is scarce with prelim-
inary findings pointing to non-significant differences 
across weekdays or time of the day.3 To control for the 
potential effect of varying patient:staff ratios across 
observations, an established ED workload measure 
was included in our analyses (see below).

Observation sessions of 90 min were randomly allo-
cated per day across three ED sections, that is, non-sur-
gical area, surgical area, and observation and clinical 
decision unit, and ED professions, that is, nurses and 
physicians. A higher number of nurses than physi-
cians were sampled to reflect the distribution of the 
study ED’s workforce. All senior and junior physicians 
and nurses working regularly in the ED were eligible. 
Consultants from other hospital units working occa-
sionally in the ED were not included. On observation 
days, ED providers from the respective ED section 
and profession were approached, informed about the 
study and asked for verbal consent before start. No 
personal characteristics were obtained from observed 
ED providers.

For patient surveys, all registered patients under-
going treatment in the ED on days of on-site data 
collection were eligible. Inclusion criteria were 
not restricted to literacy, language, age or illness. 
However, patients with incapability to communicate 
due to illness severity or other physical and mental 
constraints were not surveyed. In these cases, accom-
panying relatives were asked to fill out the survey by 
proxy. Due to confidentiality constraints, no personal 
characteristics were obtained from patients.

Identification of workflow interruptions
On each observation day, four observation sessions 
with ED providers were conducted. Trained observers 
applied a standardised tool that reliably captures ED 
workflow interruptions.9 26 A workflow interrup-
tion was defined as an event that resulted in provider 
distraction from the task at hand thus causing discon-
tinuation of the primary task, reallocation of atten-
tion, or task switching to the interrupting event or 
secondary task.9 26 Interruption sources were classified 
by observers according to predefined categories27 into 
interruptions by (1) patients; (2) ED colleagues of the 
same profession, for example, nurse is interrupted by 
another nurse; (3) ED colleagues of another profes-
sion, for example, nurse is interrupted by a physi-
cian; (4) telephone/beeper; (5) patient’s relatives; (6) 
technical malfunctions or missing supplies; and (7) 
information impediments or problems, for example, 
necessary information for task completion is missing 
such as unavailable patient charts. Concurrently, each 
interruption event was evaluated regarding its content, 
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that is, information referring to (1) current patient 
case at hand, (2) parallel case, (3) completed cases, 
(4) new and time-critical case, (5) coordination activ-
ities and (6) patient comfort. A detailed description 
of the observational tool with definitions and specific 
examples for each interruption category can be found 
elsewhere.27 Each observed interruption was classified 
within one source and content category, respectively. 
Accordingly, multiple classifications of one specific 
interruption event within different categories of inter-
ruption sources and contents were not allowed. All 
observers had an educational background in health-
care, experience in the clinical setting and familiarity 
with the ED context.

To establish inter-rater agreement, a stepwise proce-
dure was applied.28 First, observers underwent six 
non-systematic, pilot observation sessions on site 
to become familiar with the facility and observa-
tion tool and to discuss its application with a senior 
expert observer. Second, pairwise observations of ED 
providers were conducted to test for reliability in terms 
of interobserver agreement as well as to ensure cali-
bration across all three observers. Overall, 20 pairwise 
observations were conducted (sum: 24 hours 41 min, 
278 captured interruptions). The resulting kappa coef-
ficient for sources of interruptions was 0.65 as well 
as 0.53 for interruption content. Both metrics indicate 
substantial inter-rater agreement and good reliability, 
given high-paced and complex ED workflows.26

Patient perceptions of ED care
Patients were approached by study team members 
after their first consultation with an ED physician. 
After receiving study information and providing verbal 
consent, patients were asked to fill in the survey. On 
request, assistance was offered by study team members. 
A standardised survey instrument was applied, which 
reliably captures patient-perceived ED care (Munich 
Patient Inventory, see online appendix for survey 
items).9 Additional versions in English, Russian and 
Turkish language were available. Four major aspects 
of patient-perceived care were assessed: (1) patient 
information (two items, Cronbach’s α=0.77), (2) ED 
organisation (two items, α=0.49) and (3) waiting time 
(three items, α=0.71). Patients responded in a five-
point format indicating better care with higher scores. 
Additionally, one question with a six-point response 
format asked patients for their (4) general satisfaction 
with ED care using school grades from 1=excellent to 
6=unsatisfactory (“Overall, how do you evaluate care 
in this ED?”).

Confirmatory factor analyses were conducted to 
scrutinise psychometric properties of the patient 
survey.29 Fit indices were compared for two models 
to identify the factor structure best fitting the data, 
that is, χ2, root mean square error of approximation 
(RMSEA), comparative fit index (CFI) and Tuck-
er-Lewis index (TLI). A one-factor model representing 

one general patient satisfaction factor including 
all seven items (χ²(df)=304.35(14), p<0.001, 
RMSEA=0.12, CFI=0.89, TLI=0.78) was tested 
against the assumed three-factor model including 
distinct scales for patient information, ED organisa-
tion and waiting time (χ²(df)=107.58(11), p<0.001, 
RMSEA=0.08, CFI=0.96, TLI=0.91). Fit indices 
showed superior fit of the proposed three-factor struc-
ture (∆χ²(df)=196.77(3), p<0.001). Hence, analyses 
confirmed factorial validity and psychometric feasi-
bility of our patient survey tool.29

Register data on daily ED workload
Crowding may confound patient evaluations of 
ED care.30 To control for potential influences of 
providers’ patient load, patients’ acuity (Emergency 
Severity Index: ESI Score) and available staffing, 
relevant numbers were extracted from ED adminis-
trative records and staff rosters. Thereof, an adjusted 
measure of the Emergency Department Work Index 
was compiled to represent mean overall and profes-
sion-specific workload for each observation day.9

Data analyses
Hourly rates for overall and for all individual inter-
ruption sources and contents were calculated for 
each observation session and then averaged across 
four sessions to obtain mean rates for each of the 40 
observation days. Differences in interruption rates 
between ED physicians and nurses were conducted as 
supplementary analyses. Unpaired t-tests were applied 
without prior hypotheses on direction or size of differ-
ences between professions and adjustment for multiple 
testing was performed (Holm-Bonferroni sequential 
correction procedure).31

The final multilevel dataset nested individual patient 
evaluations within the respective 40 observation days. 
Two-level mixed-effects linear regression models 
were used.32 Associations between observed interrup-
tion rates and patient-perceived care were modelled, 
accounting for clustering of patient evaluations within 
a day.32 First, associations between overall interruption 
rates and four care outcomes were analysed. Subse-
quently, associations between interruption rates from 
different sources and contents and care outcomes were 
calculated. Again, results were adjusted for multiple 
testing.31 Unadjusted (crude) and adjusted (for daily 
workload) regression estimates are reported with 95% 
CIs. Finally, the same procedure was repeated sepa-
rately in physician and nurse samples. All statistical 
analyses were conducted with SPSS V.24.0 (IBM).

Results
A total of 160 observation sessions were conducted: 
99 with nurses (61.9%) and 61 with physicians 
(38.1%). All approached ED providers consented to 
be observed, except two nurses and one physician. 
Reasons for non-participation were not surveyed. 
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Table 1  Rates of emergency department (ED) providers’ 
interruption sources and content

Mean rate (SD)

Overall interruptions 8.70 (4.92)
Interruption sources (interruptions caused…)
 � by patients 0.92 (1.19)
 � by ED colleagues of the same profession 2.55 (2.39)
 � by ED colleagues of another profession 2.47 (2.13)
 � by telephone/beeper 1.79 (1.52)
 � by patient’s relatives 0.24 (0.49)
 � by technical malfunctions or missing supplies 0.42 (0.63)
 � by information impediments or problems 0.31 (0.60)
Interruption contents (interruption event related…)
 � to current case 1.82 (2.08)
 � to parallel case 2.86 (2.79)
 � to completed cases 0.79 (1.01)
 � to new (time-critical) cases 0.16 (0.45)
 � to coordination activities 1.92 (1.98)
 � to patient comfort 0.27 (0.56)
Mean rate: interruptions per hour; n=160 observation sessions.

Table 2  Daily emergency department (ED) workload data and 
patient perceptions of ED care

Range Mean (SD)

Control variables
Overall patient no/day 89–171 120.23 (17.37)
 � ESI1 patients 0–4 0.90 (0.96)
 � ESI2 patients 2–36 15.95 (9.38)
 � ESI3 patients 37–100 66.27 (17.87)
 � ESI4 patients 2–43 17.87 (13.00)
 � ESI5 patients 0–14 3.70 (4.05)
Provider staffing levels/day 20.36–35.24 27.52 (3.20)
Daily ED workload* 8.09–15.41 11.21 (1.58)
Outcome: patients’ perceptions of ED care
Overall quality of care 1–6 4.69 (1.08)
ED organisation 1–5 3.36 (1.14)
Patient information 1–5 4.05 (1.06)
Waiting time 1–5 3.63 (1.13)
Scale range for overall quality of care (school grade, inversely coded): 
1=very bad to 6=very good; scale range for other patient survey scales: 
1=no, not at all to 5=yes, very much.
*Adjusted Emergency Department Work Index.
ESI, Emergency Severity Index.

Overall observation time was 240 hours and 42 min 
(mean duration of observation sessions: 1 hour 30 min 
15 s). Fifty-five observations (34.4%) were conducted 
in the non-surgical section, 52 (32.5%) in the surgical 
section and 53 (33.1%) in the observation unit.

Interruption rates
Mean hourly interruption rates per day are presented 
in table 1. ED providers were most frequently inter-
rupted by colleagues from the same (mean, M=2.55 
interruptions per hour; SD 2.39) or another profession 
(M=2.47; SD 2.13) or by telephone/beeper (M=1.79; 
SD 1.52). Contents of interruptions referred most 
frequently to information on parallel cases (M=2.86; 
SD 2.79), to coordination activities (M=1.92; SD 
1.98) and to current cases (M=1.82; SD 2.08).

We additionally compared interruption rates between 
ED professions (cf., table E-1 in online supplementary 
material 1). After adjusting for multiple testing, only 
one difference remained significant: nurses were more 
often interrupted due to patient comfort issues than 
physicians.

Patient survey data and ED workload
Register data specified 4454 patients admitted to the 
ED during observation hours on days of on-site data 
collection. A total of 1602 patients (36.0%) were 
approached by the study team. Moreover, 184 patients 
denied study participation, resulting in a final sample 
of N=1418 (survey response rate: 88.5%) with a 
range of 16 to 51 surveyed patients per day. Reasons 
for non-participation were not surveyed. Mean daily 
workload, staffing levels and patient numbers in ESI 
categories are depicted in table  2. Patients reported 

high overall satisfaction with ED care (M=4.69; 
SD 1.08). Patient evaluations of ED organisation 
(M=3.36; SD 1.14), patient information (M=4.05; 
SD 1.06) and waiting time (M=3.63; SD 1.13) were 
average. Percentage of missing data for care outcomes 
ranged between 0.56% for ED organisation and 6.49% 
for overall quality of ED care.

Associations between provider interruptions and 
patient ratings
Using hierarchical linear regression analyses, associ-
ation estimates between ED provider interruptions 
and patient ratings were calculated (see table 3). The 
accumulated hourly rate of overall interruptions was 
positively associated with two patient outcomes: 
higher rates of workflow interruptions were related 
to superior patient perceptions of overall quality of 
ED care (adjusted estimate 0.03; 95% CI 0.01 to 
0.06) and ED waiting time (0.04; 95% CI 0.01 to 
0.07).

In the next step, we identified four statistically 
significant associations between individual interrup-
tion sources and contents with patient perceptions: 
patient interruptions were related to higher ratings of 
overall ED care (0.13; 0.05 to 0.22) and ED organi-
sation (0.19; 0.07 to 0.30). Interruptions concerning 
information on completed cases were associated with 
inferior patient ratings of ED organisation (−0.28; 
−0.44 to −0.12). However, interruptions related 
to coordination activities were associated with more 
favourable patient evaluations of waiting time (0.10; 
0.03 to 0.17).
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Role-specific associations between provider 
interruptions and patient ratings
In the last step, the above described hierarchical linear 
regression analyses were repeated separately for ED 
physicians and nurses (see tables E-2 and E-3 in online 
supplementary material 1). For nurses, after adjusting 
for nurse-specific daily workload, out of three initially 
significant associations, only patients’ evaluations of 
waiting times were significantly associated with overall 
interruptions (0.03; 0.003 to 0.05). Concerning 
source-specific and content-specific interruption rates 
and after controlling for multiple testing, interruptions 
dealing with information on current cases were related 
to inferior patient perceptions of ED organisation 
(0.13; 0.05 to 0.21) while frequent interruptions on 
parallel cases increased ratings of waiting time (0.07; 
0.02 to 0.11). After adjusting for nurse-specific daily 
workload, only interruptions concerning coordina-
tion activities were observed being related to superior 
patient ratings of waiting time (0.07; 0.02 to 0.12). 
In physicians, neither overall interruption rates nor 
individual types of interruptions were significantly 
associated with any of the four patient-perceived care 
outcomes (online supplementary material 1).

Discussion
This study offers a novel approach to distinguish nega-
tive and positive forms of provider interruptions by 
exploring their associations with patient perceptions 
of care. Positive associations between overall as well 
as source-specific and content-specific rates of ED 
provider interruptions and patient perceptions of 
overall quality of care, ED organisation and waiting 
times were identified. The following contributions 
deserve careful consideration:

Generally, previous research predominantly 
focused on adverse outcomes of interruptions such as 
provider distraction, disruption of memory processes, 
increased risks of unfinished tasks and lapses in 
patient care.1 3 10 33 Broad evidence shows that highly 
interruptive clinical work environments contribute 
to providers’ mental workload, suboptimal clinical 
performance and mitigate safety practices in health-
care delivery.1 15 34 Our findings further advocate the 
need for a nuanced understanding of potentially desir-
able as well as harmful effects of workflow interrup-
tions in highly dynamic work and collaborative care 
systems, that is, by taking into account sources and 
content of interruptive events.3 10 35 Although previous 
research suggests that any interruption of ED physi-
cians’ bedside interactions curbs patient satisfaction,36 
our results suggest that effects depend on sources and 
content of disruptive communication.

Our findings suggest further exploration of role-re-
lated differences in provider interruptions of ED 
nurses and physicians. Across all forms of interrup-
tions, we merely identified one difference: nurses were 
more often interrupted due to patient comfort issues 

than physicians. Additional analyses showed that 
rates of coordination-related interruptions in nurses 
were substantially associated with patient perceptions 
of waiting times. These observations underscore the 
pivotal role of nurses in coordinating ED patient flow 
and intraprofessional and interprofessional collabora-
tion in the ED.37

Provider interruptions due to coordination were 
associated with improved patient ratings of ED waiting 
times. Frequent communication events are essential in 
maintaining ED coordination and patient flow consid-
ering inevitable intersections in ED care processes, 
for example, among professions and functional 
areas.18 Accordingly, the highest amount of observed 
interruptions originated from present ED personnel. 
Interruptions due to coordination activities mostly 
encompassed professional communication concerning 
teamwork (eg, allocation of patients), patient flow (eg, 
assignment of patients to bays or further treatment) or 
other forms of work organisation (eg, information on 
absence due to work-related activities outside the ED 
or personal breaks). Interruptions related to intrapro-
fessional and interprofessional coordination may thus 
be considered as ‘value-adding’ interruptions,1 and 
contribute to facilitating ED patient flow and short-
ening waiting times, for example, when ED providers 
immediately allocate patients to free bays or collec-
tively assign responsibilities for arriving patients.5 38 
Previous research suggested associations between time 
to first physician contact, general ED length of stay and 
increased patient satisfaction.20 Although we do not 
advocate for increasing coordination-related interrup-
tions, our finding points to the necessity of allowing 
these interactions in ED work since the resulting 
activities and mutual information exchange between 
providers might foster ED patient flow. Interventions 
addressing proactive forms of coordination activities 
within provider teams, for example, unit huddles39 or 
white boards with patient status information,40 should 
further examine whether these innovations lead to 
fewer coordination-related interruptions and if these 
approaches fit with ED unit culture, that is, if they are 
accepted and employed by ED providers.

Second, interruptions concerning information on 
previous cases were associated with inferior patient 
perceptions of ED organisation. Post hoc, one poten-
tial explanation is that frequent interruptions related 
to previous cases signify providers’ difficulties in the 
management of multiple patients and effective distri-
bution of case information. Another assumption is that 
ED provider’s mental load is stretched by additional or 
irrelevant information on previous cases which even-
tually impairs professionals’ cognitive capacity to deal 
effectively with organisation demands and to commu-
nicate and coordinate effectively.9 38 Finally, these irrel-
evant distractions may cause information overload and 
drag on the delivery of patient care through inefficient 
care practice.
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Third, frequent interruptions by patients were posi-
tively associated with patient experience of overall care 
and ED organisation. Patient-initiated interruptions 
were largely neglected in interruptions research so 
far.41 Thus, it remains unclear whether patients inter-
rupt proactively to share important information with 
healthcare providers, for example, concerning their 
medical history, or whether they interrupt as a reac-
tion to insufficient information received, for example, 
concerning missing discharge information. In our 
study, patient-initiated interruptions mostly occurred 
during direct interactions with providers, for example, 
in treatment areas. Patient interruptions referred to 
questions concerning treatment (eg, administration 
of prescribed medication at home) or organisation of 
their stay (eg, waiting times until admission to inpatient 
unit). Patient-initiated interruptions may thus increase 
patients’ knowledge about their treatment status and 
pathway through the ED. However, patient-initi-
ated interruptions may equally contribute to adverse 
organisational and provider outcomes such as delays 
in care, medication errors and mitigated provider well-
being as shown in previous studies.3 42 Thus, instead 
of exposing ED providers to more frequent patient 
interruptions, for example, by increasing visibility of 
providers through physical layout,43 future research 
should investigate information systems that assure 
comprehensive and individual patient information 
with fewer needs to disrupt providers.

Study limitations
Beyond general limitations of observational studies, 
several unique limitations of this study have to be 
considered. First, our findings draw on one inter-
disciplinary ED in Germany which limits generalisa-
bility. Our observations need to be replicated within 
other national healthcare systems, taking into account 
different characteristics of prehospital and intrahos-
pital emergency care. Limited sample sizes confine 
statistical power, thus, observed findings should be 
interpreted with caution with regard to profession-spe-
cific analyses as well as non-significant results. Second, 
patient perceptions are a central pillar of healthcare 
quality.21 23 24 Nonetheless, future studies concerning 
the role of interruptions should complement patient 
reports with clinical and safety outcomes of ED care.44 
One scale of our patient survey instrument showed 
medium reliability. Nonetheless, confirmatory factor 
analyses confirmed the proposed factor structure. 
Future studies in this field should apply tools that are 
psychometrically robust.45 Further, real-time patient 
surveys in the ED may be biassed because of patients’ 
concerns about anonymity, potential consequences 
for subsequent care or current incapability to respond 
adequately.30 Third, we matched interruption rates 
and patient survey results within observation days. 
Since our patient surveys were not registered with 
time stamps, an hourly assignment of patient surveys 

to the respective observed provider was not applicable, 
that is, to identify associations between interruption 
frequency and patient evaluations during particular 
provider–patient interactions.36 Fourth, although we 
controlled analyses for ED workload, we acknowledge 
that our daily approximation may not entirely reflect 
actual workload during all individual 90 min obser-
vation sessions. However, our approach to adjust for 
ED workload is novel within this literature.30 Future 
studies should further elucidate the role of patient 
load or crowding as a potentially mediating or moder-
ating factor in the relationship between provider inter-
ruptions and patient perceptions of ED care. Fifth, 
although research suggests that interruption rates do 
not differ between times of day or across weekdays 
per SE,3 our results encompass ED peak patient arrival 
times during the day, excluding conclusions about 
interruption effects on patient perceptions during 
night shifts. Sixth, another potential confounder might 
be provider characteristics, for example, perceived 
responsiveness to patient requests or provider well-
being. However, interpersonal behaviours and clini-
cians’ personality are of limited influence on patient 
perceptions of care,46 whereas occupational well-being 
of healthcare providers has a more profound effect on 
patient satisfaction.47

Lastly, consistent to similar approaches, we attributed 
interruptions to specific sources.10 35 However, we 
cannot exclude that some interruptions were mediated 
through ED personnel, for example, a patient inter-
rupts a nurse for pain medication who subsequently 
interrupts the observed physician.16 Our approach 
to classify events solely into one category does not 
take full account of potential multiple meanings and 
inherent implications of interruptive communication, 
for example, a nurse alert concerning the arrival of a 
time-critical patient does often imply subsequent coor-
dination demands.3 Our interruption measure did not 
account for the assessment of serial or nested inter-
ruptions,48 task complexities, behavioural strategies to 
deal with disruptions6 or interruption priorities. Alto-
gether, this limits causal inferences concerning poten-
tial harm of disruptive events during ED care.10 12 14

Implications for future research and ED practice
Concerning implications for practice, our findings 
suggest that ED practitioners should carefully iden-
tify unnecessary and potentially harmful provider 
interruptions, and aim to scrutinise potentially inter-
connected factors of the work environment before 
introducing interventions to manage interruptions 
in the ED.3 Instead of avoiding interruptions univer-
sally, the resilience of work systems to adverse effects 
from interruptions should be strengthened by allowing 
purposeful interruptions that promote professional 
collaboration, patient satisfaction and safe care.10 35 
Our findings advocate for further investigations on the 
profession-specific effects of interruptions, including 
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sources, contents and type of interrupted activity, 
with particular attention to role-related sequelae of 
provider functioning, patient safety, and efficiency of 
ED care.10 However, although positive effects of inter-
ruptions are postulated, research in this domain should 
be conducted in light of striving for well-balanced 
work and care systems that promote safe patient care 
and well-designed work environments for providers.

Conclusions
EDs are complex and high-paced care environments 
with significant demands for providers and patients. 
Our findings provide first empirical support for the 
assumption that coordination-related or patient-in-
itiated interruptions may be associated with benefits 
for ED care from the patient’s perspective. Notwith-
standing, to maintain high levels of patient safety and 
provider well-being, the establishment of resilient and 
well-balanced ED work systems must be prioritised.
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