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Abstract 

Background Workflow interruptions in pharmacies contribute to dispensing errors, a high-priority issue in patient 
safety, but have rarely been studied from a systemic perspective partly because of the limitations of the conventional 
reductionistic approach. This study aims to identify a mechanism for the occurrence of interruptions in a hospital 
pharmacy and find interventional points using a synthetic approach based on resilience engineering and systems 
thinking, and assess implemented measures for reducing them.

Methods At a Japanese university hospital, we gathered information about performance adjustments of pharmacists 
in the inpatient medication dispensing unit for oral and topical medicines (IMDU-OT) and nurses in the inpatient 
wards (IPWs) in the medication dispensing and delivery process. Data about the workload and workforce of phar-
macists were collected from hospital information systems. Telephone inquiries and counter services in the IMDU-OT, 
the primary sources of interruptions to pharmacists’ work, were documented. The feedback structure between the 
IMDU-OT and the IPWs was analyzed using a causal loop diagram to identify interventional points. The numbers of 
telephone calls and counter services were measured cross-sectionally before (February 2017) and four months after 
implementing measures (July 2020).

Results This study found that interruptions are a systemic problem emerging from the adaptive behavior of phar-
macists and nurses to their work constraints, such as short staffing of pharmacists, which limited the frequency of 
medication deliveries to IPWs, and lack of information about the medication dispensing status for nurses. Measures 
for mitigating cross-system performance adjustments—a medication dispensing tracking system for nurses, request-
based extra medication delivery, and pass boxes for earlier pick-up of medicines—were introduced. Following their 
implementation, the daily median number of telephone calls and counter services was significantly reduced (43 to 18 
and 55 to 15, respectively), resulting in a 60% reduction in the total number of interruptions.

Conclusion This study found interruptions in the hospital pharmacy as a systemic problem that can be reduced 
by mitigating difficulties being compensated for by clinicians’ cross-system performance adjustments. Our findings 
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suggest that a synthetic approach can be effective for solving complex problems and have implications for methodo-
logical guidance for Safety-II in practice.

Keywords Interruptions, Hospital pharmacy, Patient safety, Performance adjustment, Adaptive behavior, Resilience 
engineering, Systems thinking, Synthetic approach, Systemic problem, Safety-II

Introduction
Work interruptions and distractions are significant 
contributors to dispensing errors in hospital pharma-
cies, along with high workloads, low staffing levels, 
mix-up of look-alike/sound-alike drugs, lack of experi-
ence, and urgent deadlines/hurrying of tasks [1]. A high 
frequency of interruptions has been reported, ranging 
from every 2 to 6 min [2–4], making this a high-prior-
ity issue in patient safety. Telephone calls are the prom-
inent interruption sources for inpatient pharmacies 
[2–4], and nurse inquiries about the prescription status 
accounting for a substantial part of the interruptions 
[5]. Human behaviors that might produce interruptions 
have been rarely studied, partly because conventional 
patient safety, reacting to incidents, and using a reduc-
tionistic approach and a linear causal model, fail to cap-
ture the dynamic nature of human behavior in adapting 
to given conditions to accomplish work [6–9]. Recog-
nition of healthcare systems as complex adaptive sys-
tems has attracted the interest of healthcare providers 
and researchers toward a synthetic approach to solving 
complex problems [10, 11]. Both resilience engineer-
ing and systems thinking are theories for a synthetic 
approach to understanding systems’ behavior emerg-
ing from human interactions. Resilience engineering, 
a new paradigm in safety management, provides a per-
spective on how people work adaptively through per-
formance adjustments in an environment with changes 
and constraints to achieve their goals [12]. Systems 
thinking helps develop a causal model of systems’ inter-
actions with feedback loops [13]. However, there is no 
study about how complex problems such as interrup-
tions in health care systems can be solved using a syn-
thetic approach.

Through daily patient safety activities, we recog-
nized that pharmacists in our university hospital 
experienced frequent interruptions during their dis-
pensing work for inpatients owing to telephone calls 
from nurses in inpatient wards and counter services 
for urgent provisions of dispensed medicines to  staff 
in the inpatient ward. This study aimed to identify a 
mechanism for these kinds of interruptions in a hos-
pital pharmacy to find improvement measures using a 
synthetic approach and assess the effect of the imple-
mented measures in reducing interruptions.

Methods
Study setting
The study setting was the inpatient medication dispens-
ing unit for oral and topical medicines (IMDU-OT) in 
the Pharmacy Department of Osaka University Hospi-
tal (OUH) (1,086 beds) in Japan. The workforce in the 
IMDU-OT has been insufficient because many phar-
macists have become engaged in medication guidance 
for inpatients and mixing anticancer drugs, which were 
incentivized by the national payment scheme. Medica-
tion dispensing processes in the IMDU-OT comprise 
three major steps: 1) retrieval of the prescription data 
from electronic patient record systems, checking of 
prescriptions, and preparation of the prescribed medi-
cines (preparations); 2) independent checks of prepared 
medications (independent double-checks); 3) setup of 
scheduled deliveries (deliveries). Five or six pharmacists 
operated the IMDU-OT during the day shift, including 
only a few experienced pharmacists eligible for double-
checking. Owing to regulations, pharmacy technicians or 
assistants were unavailable in Japanese pharmacies until 
April 2020.

Dispensed oral and topical medicines are delivered 
to 24 inpatient wards using automatic transport equip-
ment four times per day at 10:00, 14:00, 16:00, and 20:00. 
When dispensed medicines are needed earlier than regu-
lar delivery times, nurses from the inpatient wards call 
the IMDU-OT and pick up the medications at the ser-
vice counter in the IMDU-OT. The IMDU-OT receives 
telephone inquiries related to the dispensing processes 
of oral and topical medicines as well as injectables from 
all hospital areas and provides counter services for all 
urgently needed medicines for inpatients. Pharmacists in 
the IMDU-OT must respond to phone calls and counter 
services, even during dispensing processes.

Targeted problems
When the Department of Clinical Quality Management 
(DCQM) of OUH interviewed several pharmacists about 
hazardous factors for medication dispensing incidents as 
part of its daily safety activities, the chronic problems of 
frequent workflow interruptions and low staffing in the 
IMDU-OT were recognized. Pharmacists indicated that 
the predominant causes of interruptions were telephone 
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inquiries from nurses in inpatient wards and their coun-
ter services in the IMDU-OT for urgently providing 
dispensed medicines to staff in inpatient wards. The 
pharmacy department had asked nurses in inpatient 
wards to reduce calls, but the situation never improved.

To reduce interruptions during dispensing of medi-
cines due to telephone inquiries and counter services for 
inpatients, the DCQM convened the project team that 
comprised healthcare professionals involved in the medi-
cation processes and patient safety, including physicians, 
nurses, pharmacist leaders in the IMDU and other units, 
the director and vice directors of the pharmacy depart-
ment, and the DCQM’s multi-professional members. 
According to a suggestion from pharmacists of the pro-
ject team, the operational process for oral and topical 
medicines was selected as an improvement target rather 
than injectables because the dispensing and delivery sys-
tem of injectables for inpatients was more complicated 
due to the involvement of an outsourcing contrac-
tor and having different operational rules. The project 
was launched to reduce interruptions due to telephone 
inquiries and counter services related to dispensing oral 
and topical medicines for inpatients.

Study phases and their components
This project had two phases. In phase 1, which started 
in February 2017, we captured the  performance adjust-
ments of pharmacists in the IMDU-OT and nurses in 
inpatient wards in medication dispensing and delivery 
processes, identified a mechanism for the occurrence of 
interruptions and interventional points, and developed 
an interventional scheme for improvement. In phase 2, 
we implemented the intervention in daily operations and 
assessed the outcome of the changed practice.

Phase 1
Capturing performance adjustments in everyday clinical 
work
Based on the analysis principle of "breadth-before-depth" 
in resilience engineering [12], we examined how the lim-
ited number of pharmacists in the IMDU-OT (one sys-
tem) adjusted their performance in medication dispensing 
and delivery processes to provide medications to inpa-
tients on time as per physician orders, focusing on inter-
action with nurses in inpatient wards (the other system).

To collect information on performance adjustments 
of pharmacists and nurses and their reasons, we inter-
viewed several pharmacists, including the project mem-
bers,  observing their work in the IMDU-OT. Questions 
included how to accomplish dispensing work under limited 
workforce and time and the frequency and reasons for 

telephone inquiries and counter services. The inter-
view with pharmacists indicated staffing support for 
dispensing from other units, the limited frequency of 
medication deliveries to inpatient wards, little informa-
tion about individual performance adjustments, and no 
recording system for telephone inquiries and counter 
services. We extracted workload data related to medica-
tion dispensing from the hospital information systems 
and obtained the workforce data of pharmacists from 
their work schedules. Workload data included the num-
ber of prescriptions dispensed and the number of reci-
pes in the prescriptions independently double-checked 
by each pharmacist from January 1, 2017, to December 
31, 2017.

The data on the frequency and contents of phone calls 
received and pick-up counter services provided in the 
IMDU-OT were recorded by the DCQM’s pharmacist 
using a structured sheet, who responded to all of them 
during business hours of the five weekdays from Febru-
ary 21 to 27, 2017. In addition, we also asked nurses of 
the project members to provide context for their behav-
ior regarding telephone inquiries and the use of pick-up 
services.

Identifying a mechanism for interruptions and interventional 
points
We analyzed the  interactions between the two systems 
of the IMDU-OT and inpatient wards using a causal loop 
diagram, a qualitative tool used in systems thinking to 
visualize feedback among systems [13]. Drawing a causal 
loop diagram requires information about gaps between 
desired and actual conditions in the system and human 
or systems behaviors adjusted to such gaps, which were 
obtained in the first component of phase 1. The pre-
pared diagram was used to identify a mechanism for the 
emergence of a systemic problem through interactions 
between different systems and interventional points to 
interdependent systems for a fundamental solution.

Developing an intervention scheme in a synthetic manner
The project team developed an intervention scheme 
based on a safety management strategy in resilience engi-
neering where performance adjustment should be man-
aged and dampened if it looks like it is going in the wrong 
direction [12]. Specific measures to mitigate performance 
adjustments across systems between the IMDU-OT and 
inpatient wards identified in the causal loop diagram 
were examined. We adopted a policy that the interven-
tion would not increase the workload of pharmacists 
in the IMDU-OT, nor create an additional burden for 
nurses and staff in inpatient wards.
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Phase 2
Implementing the intervention in daily operations
Based on the findings of phase 1, the project team pro-
posed three improvement measures for reducing inter-
ruptions in the IMDU-OT to the hospital patient safety 
committee and obtained permission for implementation.

Assessing the outcome of changed practices
A before-and-after study design was used to measure 
the overall effect of the intervention on interruptions in 
the IMDU-OT. Two outcome indicators were measured: 
the number of telephone inquiries about oral and topical 
medicines by their reasons and the number of counter 
services by type of medicine. They were measured during 
phase 1 (February 21 to 27, 2017) and four months after 
implementing all three components using the data docu-
mented by pharmacists for five consecutive weekdays 
(July 27 to 31, 2020). During the same period, utilization 
data of the medication dispensing tracking system and 
the extra delivery system were extracted from the hos-
pital information systems, and those of pass boxes were 
extracted from telephone request records.

Statistical Analysis
In phase 1, the box and whisker plots were used to display 
variation in the number of recipes independently double-
checked by each pharmacist per day. In phase 2, Mann–
Whitney U test was used to compare the differences in 
the number of telephone inquiries about oral and topi-
cal medicines and the number of counter services before 
and after the intervention. A two-sided P value less than 
0.05 was considered statistically significant. We utilized 
the false discovery rate (FDR) control method and set 
5% FDR [14], which would be acceptable against poten-
tial false positives, as addressing an issue of multiple tests 
when comparing for contents of telephone inquiries and 
counter services. Data were analyzed with JMP® Pro 15.0 
for Windows (SAS Institute Inc., Cary, NC, USA).

Results
Phase 1
Performance adjustments of pharmacists and nurses
In the project’s first phase, we identified three types of 
performance adjustments for the  timely completion of 
medication dispensing by the limited workforce in the 
pharmacy department. Figure  1 shows that more phar-
macists were engaged in dispensing medicines of pre-
scriptions (up to 13 pharmacists) than those assigned in 
the IMDU-OT (6 pharmacists) to dispense 999 prescrip-
tions. The pharmacy department had routinely adopted 
the staffing support system for the IMDU-OT from its 
other units, which was scheduled in advance, considering 
workload concentrations in the IMDU-OT.

Figure 2 shows that the number of double-checked rec-
ipes for oral and topical medicines varied among phar-
macists. They were mainly categorized into two groups: 
one with higher medians, larger interquartile ranges 
(IQRs), and longer upper whiskers with greater highest 
values or outliers (pharmacists A, B, C, D, E, F, G, N) and 
the other with lower medians, smaller IQRs and shorter 
upper whiskers with smaller highest values or outliers 
(the rest of the pharmacists). Specific pharmacists with 
longer clinical experiences, including pharmacists A, B, 
and N, who were a leader of the IMDU and subleaders 
of the IMDU-OT and IMDU for injections, respectively, 
conducted larger volumes of double-checks according 
to their workload. The pharmacy department also deter-
mined the frequency of scheduled medication deliveries 
only four times a day because medication delivery-related 
tasks required pharmacists’ workforce.

Table  1 shows the total number of telephone inquir-
ies and counter services handled in the IMDU-OT dur-
ing business hours for five consecutive days. The overall 
telephone calls received in the IMDU-OT was an average 
of 139 per day-shift (103 from inpatient wards, consisting 
of 42 for oral or topical medicines and 61 for injections, 
31 from outpatient departments, and 5 from others). The 
main reasons for nurses’ phone calls to the IMDU-OT 
were requests for earlier dispensing and use of counter 
services for earlier receipts (58%), inquiries about medi-
cation dispensing and delivery status (25%), and requests 
for earlier-than-scheduled delivery using automatic 
transport equipment (9%). The total number of counter 
services was 49 times per day-shift (13 for oral or topi-
cal medicines, 19 for injectables, and 17 for others). Phar-
macists were interrupted by answering phone calls every 
3.5  min, providing counter services every 9.8  min, and 
both together every 2.6 min.

Telephone requests to pick up dispensed medicines at 
the service counter instead of waiting for regular or ear-
lier-than-scheduled deliveries inferred that the current 
frequency of regular machine-deliveries was insufficient 
for nurses to act on physicians’ medication orders. Nurse’ 
telephone inquiries about the dispensing and delivery 
status indicated their need to ascertain dispensing and 
delivery statuses but no ways to track them. Interviews 
with nurses found such needs that nurses wanted to 
know whether intended medications were under dispens-
ing and delivery or had been delivered to their wards and 
processed by other nurses when they did not find their 
patients’ medicines in a specific place in the nurse sta-
tion. These data showed that nurses’ telephone calls and 
use of counter services were their performance adjust-
ments to accomplish their work in the limited regular 
medication deliveries and the lack of information about 
dispensing and delivery status.
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Mechanism for the emergence of interruptions
The causal loop diagram shows the interactions of adap-
tive behavior of pharmacists in the IMDU-OT and 
nurses in inpatient wards (Fig. 3). To fill the gap between 
the actual workload that should be completed and the 
workload that the current workforce can complete, the 
pharmacy department employed departmental staffing 
support, individual performance enhancement, and lim-
ited medication deliveries. In inpatient wards, the phar-
macists’ cross-boundary tactic caused the gap between 
the number of medicines that should be delivered and 
the number of medicines that are regularly delivered. To 
address this gap, nurses telephoned the IMDU-OT to 
obtain necessary medicines at the service counter. The 
lack of information about medication dispensing and 
delivery statuses for nurses also created the gap between 
the number of medicines whose locations they wanted to 
know and the number of medicines whose locations they 
knew. Such adaptive behavior of nurses caused frequent 

interruptions for pharmacists’ work through phone calls 
and counter services.

Determining the interventional components
Three improvement measures were adopted to mitigate 
performance adjustments across the boundaries of the 
two different systems for reducing interruptions in the 
IMDU-OT. The first measure was the use of pass boxes 
for both oral and topical medicines and injectables for 
providing medicines to the staff of inpatient wards instead 
of pharmacists’ counter services in the IMDU-OT. The 
second one was the introduction of the medication dis-
pensing tracking system for oral and topical medicines 
integrated with electronic patient record systems without 
telephonic queries. The system displays status messages 
for every prescription of each patient, namely "currently 
dispensing," "dispensed," "sent to ward," and "in pass 
box." The third was request-based extra deliveries of dis-
pensed medicines using automatic transport equipment 

Fig. 1 Number of prescriptions to be dispensed and pharmacists engaged in dispensing. Blue lines indicate the number of prescriptions to be 
dispensed; red lines, the number of pharmacists engaged in dispensing medicines; red arrows, the delivery time
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other than the scheduled deliveries. When a nurse sends 
an empty container for the automatic transport equip-
ment located in each inpatient ward to the IMDU-OT 

between 10:00 and 16:00 on weekdays without a tele-
phone request, all medications dispensed by that time are 
delivered to the requesting ward.

Fig. 2 Distribution of daily recipes about oral and topical medicines independently double-checked by the pharmacist. Boxes indicate the IQR; 
dots, outliers; line within the box, median; crosses within the box, mean; the end of the lower whisker, minimum; the end of the upper whisker, 
maximum

Table 1 Frequencies of and reasons for telephone inquiries received in the IMDU-OT during business hours

Inpatient wards Outpatient 
departments

Others Total

Oral or topical 
medicines

Injectables

Reasons for inquiries N (%) N (%) N (%) N (%) N (%)

Requests for earlier receipts at the service counter 121 (57.9%) 155 (50.5%) 12 (7.6%) 1 (4.2%) 289 (41.5%)

Checking the dispensing and delivery status 53 (25.4%) 45 (14.7%) 3 (1.9%) 0 (0%) 101 (14.5%)

Requests for earlier-than-scheduled deliveries with 
machine transportation

19 (9.1%) 90 (29.3%) 134 (85.4%) 1 (4.2%) 244 (35.0%)

Others 16 (7.7%) 17 (5.5%) 8 (5.1%) 22 (91.6%) 63 (9.0%)

Total phone calls for five consecutive days 209 (100%) 307 (100%) 157 (100%) 24 (100%) 697 (100%)

Average phone calls per day 42 61 31 5 139
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Phase 2
Implementation of the interventional measures
The use of pass boxes started on May 15, 2017. The medi-
cation dispensing tracking system for nurses in inpatient 
wards and request-based extra medication deliveries 
were implemented together on March 16, 2020, after the 
hospital approved the budget for the medication dispens-
ing tracking system and hired a clerk for the pharmacy 
department for tasks related to the extra delivery system.

Effect of the implemented measures
Regarding the utilization of the interventional compo-
nents, the median access [IQR] to the medication dis-
pensing tracking system was 75 [51–81] times per day, 

ranging from 2 to 46 times in each inpatient ward (11 
times in the median). Extra deliveries of dispensed medi-
cines were requested 25 [24-28] times per day, ranging 
from 1 to 20 times in each inpatient ward (4 times). Pass 
boxes were used 18 [18-23] times per day.

Table 2 shows that following the intervention, the total 
number of telephone inquiries related to oral and topical 
medicines in the median [IQR] decreased significantly 
(from 43 [38–46] to 18 [18, 19] times per day, p = 0.032). 
For types of inquiries, a significant reduction was 
observed in checking medication dispensing and deliv-
ery statuses (from 10 [9-12] to 1 [1], p = 0.008). Requests 
for earlier dispensing and receiving at the service coun-
ter tended to be reduced but not significantly (from 26 

Fig. 3 Feedback structure between the IMDU-OT and the inpatient wards. S indicates that one variable moves in the same direction as the other 
variable; O indicates that one variable moves in the opposite direction; B, a balancing loop; R, a reinforcing loop; a dotted squire box, a component 
of the intervention
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[22-28] to 9 [9-13], p = 0.032). The requests for an ear-
lier-than-scheduled delivery with machine transporta-
tion were not significantly decreased. The total number 
of counter services decreased significantly (from 55 [51–
56] to 15 [15] times per day, p = 0.008). Counter services 
were used only for medicines to be stored in inpatient 
wards or narcotics, or when all pass boxes were occupied. 
The total interruptions due to answering phone calls and 
providing counter services decreased from every 2.6 to 
6.7 min.

Discussion
This study found that interruptions to pharmacists’ work 
due to telephone inquiries and counter services were a 
systemic problem that emerged from the adaptive behav-
ior of pharmacists and nurses to the work constraints 
such as short staffing, limited frequency of medication 
deliveries, and lack of information about the medication 
dispensing status. The measures for mitigating cross-sys-
tem performance adjustments—specifically, the medica-
tion dispensing tracking system, additional medication 
deliveries, and the use of pass boxes—reduced interrup-
tions by 60%. The information flow (of the dispensing sta-
tus), the rules (for obtaining medicines earlier), and the 
feedback loops (between the two systems) that we inter-
vened have been effective leverage points to change the 
system’s behavior [15]. The medication dispensing track-
ing system reduces interruptions by nurses’ phone calls 
in a hospital pharmacy [16].

The strengths of this study are as follows. First, to the 
best of our knowledge, this is the first study to determine 
how interruptions in a hospital pharmacy were caused 
and mitigated from a systemic perspective. Second, this 
study demonstrates the methodological guidance for 

implementing the theories of a synthetic approach into 
safety management practices. In practicing Safety-II 
based on resilience engineering, concrete ways of learn-
ing from everyday clinical work, analytical tools for 
identifying systemic problems, and the scientific evi-
dence for its effectiveness have been challenging [17]. 
We illustrated how to learn from work-as-done where 
performance is continually being adjusted, to analyze 
the non-linear effect of interactions between the differ-
ent systems with a dynamic thinking tool, and to iden-
tify effective measures for reconciling work-as-imagined, 
defined as work that should be performed according to 
plans or rules, and work-as-done [12].

The study results illuminate hidden risks of clinicians’ 
performance adjustments that enable the law of stretched 
systems and the law of fluency [18]. Among the three 
adaptive tactics for extending the capacity for maneuver 
in the IMDU-OT, extending the capacities of individual 
pharmacists was reported as a first-order problem solving 
to increasing demand [19] and has a possibility of falling 
into unacceptable performance [20], such as the crimi-
nal case of a medication error [21]. Creating constraints 
to other systems, which is a typical pattern of adapting 
to the shortfall in capacity for maneuver [22], may cause 
additional problems in the interrelated systems through a 
mechanism of the fallacy of composition or a problematic 
pattern of systems behavior called “shifting the burden” 
[23, 24]. The study indicates that solving a systemic prob-
lem requires looking into interrelated systems widely, not 
a single system locally. Reciprocity, which benefits both 
pharmacists and nurses, is also essential in determining 
improvement measures to extend the adaptive capacity of 
interconnected systems [25, 26].

Our study had several limitations. First, the study 
is conducted in a single Japanese university hospital, 

Table 2 Change in daily telephone inquiries and counter services by the implemented measures

a,b  denote statistical significance at P<.013 and P<.017, respectively 

Before After
Sources of interruptions Median (IQR) Median (IQR) P Value FDR-adjusted P Value

Telephone inquiries

  Total 43 (38–46) 18 (18–19) .032

    Requests for earlier receipts at the service counter 26 (22–28) 9 (9–13) .032

    Checking the dispensing and delivery status 10 (9–12) 1 (1–1) .008a

    Requests for earlier-than-scheduled deliveries with machine 
transportation

4 (3–4) 1 (1–3) .151

    Others 3 (3–4) 4 (4–6) .548

Counter services

  Total 55 (51–56) 15 (15–15) .008

    Topical and oral medicines 19 (18–22) 2 (2–3) .008b

    Injectable medicines 14 (12–14) 1 (1–2) .008b

    Others 17 (15–19) 12 (12–13) .095
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and so may limit the generalizability of the study find-
ings. Yet the literature found commonalities in causes 
or sources of interruptions in other hospital pharma-
cies with ours [2–5]. A more important aspect of this 
study is the process of identifying a systemic problem 
and effective improvement measures unique to the 
context using a synthetic approach. Second, the daily 
prescription shown in Fig.  1 may not represent the 
regular working situation in the IMDU-OT because it 
was based on work performance data from one day in 
August 2017. This could limit the generalizability of the 
study findings. However, the number of prescriptions 
handled that day (999) was within the normal range 
(within mean plus 2 standard deviations, SD), consid-
ering the prescription data from all business days in 
2017 [daily mean (SD): 859 (94)]. In addition, the staff-
ing support scheme for the IMDU-OT on that day fol-
lowed a  typical patterns based on the time and day of 
the week. Thus, those would minimize this limitation. 
Third, the study targeted interruptions regarding oral 
and topical medicines only, leaving other significant 
sources of interruptions to pharmacists untouched 
(e.g., telephone inquiries about injectables for inpatient 
wards and novice pharmacists’ requests for guidance 
from skilled pharmacists). Fourth, the study did not 
assess the long-term effect of the intervention because 
data collection over time became unperformable due to 
the deteriorating situation of the COVID-19 pandemic. 
As of now, at least, the utilization data of the machin-
ery extra delivery system has been at a similar level as 
the immediate post-intervention, and telephone inquir-
ies about the dispensing status have remained a few, 
according to pharmacists’ recognition.

Conclusions
Our study found that interruptions in the hospital phar-
macy due to telephone inquiries by nurses and their use 
of counter services are a systemic problem that can be 
reduced by mitigating work-related difficulties that are 
compensated for by human performance adjustments. 
It also showed that a synthetic approach to safety man-
agement can be useful in finding a systemic problem 
threatening patient safety and effective interventional 
points in complex adaptive systems. Our findings have 
implications for patient safety practices and regulations. 
Healthcare organizations and patient safety experts need 
to develop proactive safety management in dynamic work 
environments, gaining insight into the risks of adver-
sity behind the  fluent performance. Healthcare regula-
tors also should promote such practices and research, 
which have been introduced into health policies in some 
countries [27, 28]. Further studies are required to vali-
date the effectiveness of a synthetic approach to solving 

interruptions and other systemic problems in different 
settings.

Abbreviations
DCQM  Department of Clinical Quality Management
FDR  False discovery rate
IMDU-OT  Inpatient medication dispensing unit for oral and topical 

medicines
IPWs  Inpatient wards
IQRs  Interquartile ranges
OUH  Osaka University Hospital

Acknowledgements
We thank Yumiko Iehira, RN, Yasuyuki Shinkai, RN, Aoi Uema, RN, PhD, 
for their assistance with data collection; Shinichi Masuda, MEng, for his 
support with systems’ performance analyses; Shin Nakajima, MD, PhD, for 
his critical review of the manuscript; and the project members of Osaka 
University Hospital for their support in describing detailed everyday clini-
cal work throughout the study.

Authors’ contributions
KN conceived the study, obtained funding, led the research, and provided 
overall supervision. TK, NK, HK, AT, SN and KN designed the study. NK, HK, AT 
and SN collected data. TK drafted the manuscript. All authors contributed to 
the data analyses and interpretation, revised the manuscript and approved 
the final version for submission.

Funding
This work was funded by Grants-in-Aid for Scientific Research (B) for 
FY2014-2017 from the Japan Society for the Promotion of Science (grant 
number:26293157).

Availability of data and materials
The data that support the findings of this study are not publicly available due 
to containing potentially identifying information of health care workers in the 
studied hospital and are available from the authors upon reasonable request 
and with permission of the hospital.

Declarations

Ethics approval and consent to participate
All experimental protocol were approved by ethics committee of Osaka 
University Hospital and all the methods were carried in accordance with 
relevant guidelines and regulations. Informed consent was obtained from all 
the participants in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Clinical Quality Management, Osaka University Hospital, 
2-15 Yamadaoka, Suita, Osaka 565-0871, Japan. 2 Department of Orthopedic 
Surgery, Graduate School of Medicine, Osaka University, 2-2 Yamadaoka, Suita, 
Osaka 565-0871, Japan. 3 Osaka A&M Law office, 7F Kitahama Exel Building, 
2-6-11, Kitahama, Chuo-Ku, Osaka 541-0041, Japan. 4 Department of Pharmacy, 
Osaka University Hospital, 2-15 Yamadaoka, Suita, Osaka 565-0871, Japan. 
5 Department of Gastroenterological Surgery, Graduate School of Medicine, 
Osaka University, 2-2 Yamadaoka, Suita, Osaka 565-0871, Japan. 6 Department 
of Obstetrics and Gynecology, Graduate School of Medicine, Osaka University, 
2-2 Yamadaoka, Suita, Osaka 565-0871, Japan. 7 Department of Quality 
and Safety in Healthcare, Yokohama City University Medical Center, 4-57, 
Urafune-Cho, Minami-Ku, Yokohama, Kanagawa 232-0024, Japan. 8 Advanced 
Critical Care and Emergency Center, Yokohama City University Medical Center, 
4-57, Urafune-Cho, Minami-Ku, Yokohama, Kanagawa 232-0024, Japan. 



Page 10 of 10Kojima et al. BMC Health Services Research          (2023) 23:331 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Received: 20 January 2023   Accepted: 27 March 2023

References
 1. Aldhwaihi K, Schifano F, Pezzolesi C, Umaru N. A systematic review of 

the nature of dispensing errors in hospital pharmacies. Integr Pharm Res 
Pract. 2016;5:1–10. https:// doi. org/ 10. 2147/ IPRP. S95733.

 2. Silver J. Interruptions in the pharmacy: Classification, root-cause, and 
frequency. http:// www. iise. org/ uploa dedfi les/ SHS/ SHS_ Confe rence/ 
Speci al_ Events/ Silve rJ_ SHS20 10. doc. Accessed 20 Jan 2023.

 3. Raimbault M, Guérin A, Caron É, Lebel D, Bussieres JF. Identifying and 
reducing distractions and interruptions in a pharmacy department. Am 
J Health Syst Pharm. 2013;70(3):188–90. https:// doi. org/ 10. 2146/ ajhp1 
20344.

 4. Newell TL, Steinmetz-Malato LL, Van Dyke DL. Applying the Toyota pro-
duction system to a hospital pharmacy. J Healthc Qual. 2011;33(2):15–22. 
https:// doi. org/ 10. 1111/j. 1945- 1474. 2010. 00104.x.

 5. Binobaid S, Almeziny M, Fan IS. Using an integrated information system 
to reduce interruptions and the number of non-relevant contacts in the 
inpatient pharmacy at tertiary hospital. Saudi Pharm J. 2017;25(5):760–9. 
https:// doi. org/ 10. 1016/j. jsps. 2016. 11. 005.

 6. Peerally MF, Carr S, Waring J, Dixon-Woods M. The problem with root 
cause analysis. BMJ Qual Saf. 2017;26(5):417–22. https:// doi. org/ 10. 1136/ 
bmjqs- 2016- 005511.

 7. Card AJ. The problem with ‘5 whys.’ BMJ Qual Saf. 2017;26(8):671–7. 
https:// doi. org/ 10. 1136/ bmjqs- 2016- 005849.

 8. Lundberg J, Rollenhagen C, Hollnagel E. What-You-Look-For-Is-What-You-
Find-The consequences of underlying accident models in eight investiga-
tion manuals. Saf Sci. 2009;47(10):1297–311. https:// doi. org/ 10. 1016/j. ssci. 
2009. 01. 004.

 9. Hollnagel E, Wears RL, Braithwaite J. From safety-I to safety-II: A white 
paper; 2015. https:// www. engla nd. nhs. uk/ signu ptosa fety/ wp- conte nt/ 
uploa ds/ sites/ 16/ 2015/ 10/ safety- 1- safety- 2- whte- papr. pdf. Accessed 20 
Jan 2023.

 10. Mahajan A, Islam SD, Schwartz MJ, Cannesson M. A hospital is not just 
a factory, but a complex adaptive system-implications for perioperative 
care. Anesth Analg. 2017;125(1):333–41. https:// doi. org/ 10. 1213/ ANE. 
00000 00000 002144.

 11. Braithwaite J. Changing how we think about healthcare improvement. 
BMJ. 2018;361:k2014. https:// doi. org/ 10. 1136/ bmj. k2014

 12. Hollnagel E. Prologue. In: Braithwaite J, Wears RL, Hollnagel E, eds. Resil-
ient Health Care: Vol 3. Reconciling work-as-imagined and work-as-done. 
Boca Raton: CRC Press 2017:xvii-xxv.Hollnagel E. Safety-I and Safety-II. 
Surrey: Ashgate; 2014.

 13. Sterman JD Business dynamics: Systems thinking and modeling for 
a complex world. New York: McGraw-Hill Education; 2000. Chapter 5, 
Causal loop diagrams;137–190.

 14. Glickmana ME, Rao SR, Schultz MR. False discovery rate control is a rec-
ommended alternative to Bonferroni-type adjustments in health studies. 
J Clin Epidemiol. 2014;67:850–7. https:// doi. org/ 10. 1016/j. jclin epi. 2014. 03. 
012.

 15. Meadows DH. Thinking in Systems. London: Earthscan; 2009. Chaper 6, 
Leverage Points-Places to Intervene in a System;145–165. https:// wtf. tw/ 
ref/ meado ws. pdf. Accessed 20 Jan 2023.

 16. Subramoney M. Reducing interruptions and reducing errors in 
the inpatientdispensary pharmacy. Health Care Inform Rev Online. 
2009;13(3):10–5.

 17. Verhagen MJ, de Vos MS, Sujan M, Hamming JF. The problem with mak-
ing Safety-II work in healthcare. BMJ Qual Saf. 2016;25:71–5. https:// doi. 
org/ 10. 1136/ bmjqs- 2021- 014396.

 18. Hoffman RR, Woods DD. Beyond Simon’s slice: Five fundamental trade-
offs that bound the performance of macrocognitive works systems. IEEE 
Intell Syst. 2011;26(6):67–71. https:// doi. org/ 10. 1109/ MIS. 2011. 97.

 19. Patterson MD, Wears RL. Resilience and precarious success. Reliab Eng 
Syst Saf. 2015;141:45–53. https:// doi. org/ 10. 1016/j. ress. 2015. 03. 014.

 20. Cook R, Rasmussen J. “Going Solid”: A model of system dynamics and 
consequences for patient safety. Qual Saf Health Care. 2005;14(2):130–4. 
https:// doi. org/ 10. 1136/ qshc. 2003. 009530.

 21. Vivian JC. Criminalization of medication errors. US Pharm. 
2009;34(11):66–8.

 22. Woods DD, Patterson ES. Patient boarding in the emergency department 
as a symptom of complexity-induced risks. In: Wears RL, Hollnagel E, 
Braithwaite J, eds. Resilient Health Care: Vol 2. The resilience of everyday 
clinical work. Surrey: Ashgate 2015:129–143.

 23. Kim DH. Systems archetypes I. Diagnosing systemic issues and design-
ing high-leverage interventions; 2000. https:// thesy stems think er. com/ 
wp- conte nt/ uploa ds/ 2016/ 03/ Syste ms- Arche types-I- TRSA01_ pk. pdf. 
Accessed 20 Jan 2023.

 24. Senge PM. The fifth discipline: The art & practice of the learning organiza-
tion. 1st ed. New York: Doubleday;1990. Chapter 6, Nature’s templates: 
Identifying the patterns that control events; 93–113.

 25. Woods DD. The theory of graceful extensibility: basic rules that govern 
adaptive systems. Envir Sys Decis. 2018;38:433–57. https:// doi. org/ 10. 
1007/ s10669- 018- 9708-3.

 26. Provan DJ, Woods DD, Dekker SWA, Rae AJ. Safety II professionals: How 
resilience engineering can transform safety practice. Reliab Eng Syst 
Saf. 2020;195:106740.  https:// doi. org/ 10. 1016/j. ress. 2019. 106740

 27. NHS England, NHS Improvement. The NHS patient safety strategy; 2019. 
https:// www. engla nd. nhs. uk/ wp- conte nt/ uploa ds/ 2020/ 08/ 190708_ 
Patie nt_ Safety_ Strat egy_ for_ websi te_ v4. pdf. Accessed 20 Jan 2023.

 28. Leistikow I, Bal R. Resilience and regulation, an odd couple? Con-
sequences of safety- II on governmental regulation of healthcare 
quality. BMJ Qual Saf. 2020;29:869–72. https:// doi. org/ 10. 1136/ 
bmjqs- 2019- 010610.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.2147/IPRP.S95733
http://www.iise.org/uploadedfiles/SHS/SHS_Conference/Special_Events/SilverJ_SHS2010.doc
http://www.iise.org/uploadedfiles/SHS/SHS_Conference/Special_Events/SilverJ_SHS2010.doc
https://doi.org/10.2146/ajhp120344
https://doi.org/10.2146/ajhp120344
https://doi.org/10.1111/j.1945-1474.2010.00104.x
https://doi.org/10.1016/j.jsps.2016.11.005
https://doi.org/10.1136/bmjqs-2016-005511
https://doi.org/10.1136/bmjqs-2016-005511
https://doi.org/10.1136/bmjqs-2016-005849
https://doi.org/10.1016/j.ssci.2009.01.004
https://doi.org/10.1016/j.ssci.2009.01.004
https://www.england.nhs.uk/signuptosafety/wp-content/uploads/sites/16/2015/10/safety-1-safety-2-whte-papr.pdf
https://www.england.nhs.uk/signuptosafety/wp-content/uploads/sites/16/2015/10/safety-1-safety-2-whte-papr.pdf
https://doi.org/10.1213/ANE.0000000000002144
https://doi.org/10.1213/ANE.0000000000002144
https://doi.org/10.1136/bmj.k2014
https://doi.org/10.1016/j.jclinepi.2014.03.012
https://doi.org/10.1016/j.jclinepi.2014.03.012
https://wtf.tw/ref/meadows.pdf
https://wtf.tw/ref/meadows.pdf
https://doi.org/10.1136/bmjqs-2021-014396
https://doi.org/10.1136/bmjqs-2021-014396
https://doi.org/10.1109/MIS.2011.97
https://doi.org/10.1016/j.ress.2015.03.014
https://doi.org/10.1136/qshc.2003.009530
https://thesystemsthinker.com/wp-content/uploads/2016/03/Systems-Archetypes-I-TRSA01_pk.pdf
https://thesystemsthinker.com/wp-content/uploads/2016/03/Systems-Archetypes-I-TRSA01_pk.pdf
https://doi.org/10.1007/s10669-018-9708-3
https://doi.org/10.1007/s10669-018-9708-3
https://doi.org/10.1016/j.ress.2019.106740
https://www.england.nhs.uk/wp-content/uploads/2020/08/190708_Patient_Safety_Strategy_for_website_v4.pdf
https://www.england.nhs.uk/wp-content/uploads/2020/08/190708_Patient_Safety_Strategy_for_website_v4.pdf
https://doi.org/10.1136/bmjqs-2019-010610
https://doi.org/10.1136/bmjqs-2019-010610

	Effect of improvement measures in reducing interruptions in a Japanese hospital pharmacy using a synthetic approach based on resilience engineering and systems thinking
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study setting
	Targeted problems
	Study phases and their components
	Phase 1
	Capturing performance adjustments in everyday clinical work
	Identifying a mechanism for interruptions and interventional points
	Developing an intervention scheme in a synthetic manner

	Phase 2
	Implementing the intervention in daily operations
	Assessing the outcome of changed practices

	Statistical Analysis

	Results
	Phase 1
	Performance adjustments of pharmacists and nurses
	Mechanism for the emergence of interruptions
	Determining the interventional components

	Phase 2
	Implementation of the interventional measures
	Effect of the implemented measures


	Discussion
	Conclusions
	Acknowledgements
	References


