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Background and PurposezzProcess improvement (PI) is an approach for enhancing the existing
quality improvement process by making changes while keeping the existing process. We have
shown that implementation of a stroke code program using a computerized physician order entry
system is effective in reducing the in-hospital time delay to thrombolysis in acute stroke patients.
We investigated whether implementation of this PI could further reduce the time delays by continuous improvement of the existing process.
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MethodszzAfter determining a key indicator [time interval from emergency department (ED) arrival to intravenous (IV) thrombolysis] and conducting data analysis, the target time from ED arrival to IV thrombolysis in acute stroke patients was set at 40 min. The key indicator was monitored continuously at a weekly stroke conference. The possible reasons for the delay were determined
in cases for which IV thrombolysis was not administered within the target time and, where possible, the problems were corrected. The time intervals from ED arrival to the various evaluation steps
and treatment before and after implementation of the PI were compared.
ResultszzThe median time interval from ED arrival to IV thrombolysis in acute stroke patients
was significantly reduced after implementation of the PI (from 63.5 to 45 min, p=0.001). The variation in the time interval was also reduced. A reduction in the evaluation time intervals was
achieved after the PI [from 23 to 17 min for computed tomography scanning (p=0.003) and from
35 to 29 min for complete blood counts (p=0.006)].
ConclusionszzPI is effective for continuous improvement of the existing process by reducing the
time delays between ED arrival and IV thrombolysis in acute stroke patients.
J Clin Neurol 2014;10(4):328-333
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sue plasminogen activator (rt-PA) is effective if started within 4.5 hours after symptom onset in ischemic stroke patients.1
An earlier administration of rt-PA is associated with a greater
benefit of thrombolytic treatment,2 highlighting the need for
rapid assessment in the treatment of stroke patients. However, only a small proportion of stroke patients actually receive
thrombolytic therapy within the therapeutic window.3 Previous studies have shown that many of the patients who were
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eligible for thrombolysis did not receive thrombolytic treatment due to in-hospital delays, despite their arrival at the hospital emergency department (ED) within the therapeutic time
window.4-7
One of the important elements associated with an increased
use of thrombolytics for ischemic stroke is reducing the time
interval from ED arrival to initiation of rt-PA. Previous studies have indicated that several types of intervention might be
effective for shortening that time interval.8-11 We developed a
stroke code program based on the computerized physician
order entry (CPOE) system using a quality improvement approach. We have demonstrated previously that this system
can reduce the time interval from hospital arrival to thrombolysis and increases the number of patients treated with thrombolysis.12 We have also shown that this program can be successfully implemented in various hospital settings.13
The time interval from hospital arrival to the thrombolytic
treatment in acute stroke patients may be further reduced by
a series of actions designed to improve the existing process.
Process improvement (PI) is an approach for improving existing quality improvement processes by making changes
while keeping the existing process. The PI approach is different from the quality improvement approach in that it involves regular and continuous monitoring of key indicators
over time, while quality improvement is stopped after completing the improvement steps.
The purpose of this study was to determine the effect of the
PI approach on the time from the arrival at the ED to the initiation of IV thrombolytic treatment in acute stroke patients.

Methods
Preexisting CPOE-based stroke code program

Beginning in June 2004, a quality improvement approach was
used to develop a stroke code program based on the CPOE

system, called Brain salvage through Emergent Stroke Therapy (BEST), to reduce the in-hospital time delays from ED arrival to thrombolytic treatment in acute ischemic stroke. The
CPOE system is a hospital information technology system
that improves the operation of a stroke team by facilitating
rapid communication among team members and providing
immediate access to information. Briefly, the BEST program
uses a CPOE system for activation, communication, notification, entering of predetermined order sets, providing protocols, deactivation, and obtaining time data for various evaluation steps. The features of the BEST program have been
described in detail previously.12,13

The PI approach

The PI activity was implemented from January 2007, and included four steps: identify, analyze, develop, and test and implement. The aim of the ‘identify’ step is to identify the core
process that will be the focus and to determine the associated
indicators. In the ‘analyze’ step, the data are analyzed to determine where the problems exist within the identified process,
and the ‘develop’ step involves developing solutions that make
changes while not extensively altering the existing process.
The ‘test and implement’ step uses tools such as Plan-DoStudy-Act cycles, six-sigma, or lean strategies, which involve
a ‘trials-and-learning’ approach.14
The PI steps used in this study are shown in Fig. 1. The key
indicator of our PI approach was the time from ED arrival to
IV thrombolysis. The data regarding the time intervals from
ED arrival to various evaluations and IV thrombolysis in acute
stroke patients between June 2004 and December 2006 were
analyzed after implementation of the BEST program. The
median time interval from ED arrival to IV thrombolysis was
about 63 min. We developed two processes to improve the existing process and reduce the time from ED arrival to IV
thrombolysis. First, the target time from ED arrival to IV
Identify

•Core process: the BEST program (CPOE-based code stroke program)
•Key indicator: time intervals from ED arrival to IV thrombolysis
↓
Analyze
•Analysis of time interval data after the BEST program implementation
↓
Develop

Fig. 1. The process improvement step
designed to reduce the time delay from
arrival at the emergency department
(ED) to intravenous (IV) thrombolysis.
BEST: Brain salvage through Emergent
Stroke Therapy, CPOE: computerized
physician order entry.

•Setting the target time from ED arrival to IV thrombolysis at 40 minutes
•Regular monitoring of various time intervals from ED arrival to evaluations and IV thrombolysis at weekly
stroke conference
↓
Test and implement
•Trials-and-learning cycles of documentation for any deviation from the goal with reasons of time delay
•Making changes by fixing problems
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thrombolysis was set at 40 min based on analyses of median
time intervals from hospital arrival to completion of computed tomography (CT) scanning (22 min) and complete blood
count (34 min), which are essential steps before rt-PA treatment. Second, the performance of the stroke team was monitored regularly at a weekly stroke conference by reviewing the
time intervals between ED arrival and notification to a neurologist, CT scanning, receipt of complete blood count or prothrombin time/activated partial thromboplastin time results,
and the administration of IV rt-PA. The CPOE system was
used for acquiring time data for activation of the BEST program, receipt of blood samples in the laboratory, reporting of
blood tests, and initiation of a brain CT scan. The ‘test and
implement’ step of the PI was achieved by identifying the possible reasons for the delay in those cases for which the time
interval from ED arrival to IV thrombolysis was longer than
the target time of 40 min, determining whether the reasons/
problems were correctable at the weekly stroke conference,
and by attempting (where possible) to correct those problems.

Efficacy of the PI approach

The patients who visited the ED and were treated with IV
thrombolysis within the 3-hour time window were eligible
for this study. Patients who developed ischemic stroke during
hospitalization and those who were transferred with the results of imaging studies from other hospitals were excluded.
The effect of the PI was assessed by comparing time intervals from the ED arrival to various steps in the evaluation and
treatment of patients who received IV thrombolysis during the
1.5 years before implementation of the PI (pre-PI group) and
1.5 years after implementation of the PI (post-PI group). The
steps in the evaluation and treatment of the patients included
the notification to a neurologist, CT scan, complete blood count
or prothrombin time/activated partial thromboplastin results,
and the initiation of IV rt-PA injection.
The prospectively collected reasons for time delays in the
post-PI group were summarized in order to identify the potential barriers that contribute to a time interval of longer than
40 min from the ED arrival of a patient with acute stroke to
IV thrombolysis. This study was approved by the Institutional Review Board of Severance Hospital, Yonsei University
Health System.

Statistical analysis

Categorical variables were compared between the pre-PI and
post-PI groups using Pearson’s χ2 test. Continuous variables
including the time intervals were compared using the MannWhitney U test and are expressed as median [interquartile
range (IQR)] values. The cutoff for statistical significance was
set at p<0.05. SPSS for Windows (version 18.0, SPSS Inc.,

330

J Clin Neurol 2014;10(4):328-333

Chicago, IL, USA) was used for statistical analysis.

Results
Baseline characteristics

Totals of 888 and 799 patients with cerebral infarction were
admitted to the Neurology Department via the ED during the
1.5 years pre-PI and 1.5 years post-PI, respectively, of which
39 (4.4%) and 63 (7.9%) received IV rt-PA (p=0.003). In the
pre-PI group, 28 (71.8%) of the 39 patients were men and the
median age was 68 years (IQR, 56–75 years). In the post-PI
group, 41 patients (65.1%) were men and the median age was
69 years (IQR, 57–77 years). The interval between onset to
door time did not differ significantly between the two groups
[44 min (IQR, 30–80 min) in the pre-PI group vs. 56 min
(IQR, 30–90 min) in the post-PI group, p=0.310]. The initial
stroke severity, which was determined using the National Institutes of Health Stroke Scale (NIHSS) score, also did not
differ between the groups. The median NIHSS scores in the
pre-PI and post-PI groups were 13 (IQR, 9–19) and 16 (IQR,
12.25–20), respectively (p=0.125).

Efficacy of the PI approach on reducing the
time intervals

The median time from ED arrival to IV thrombolysis was significantly shorter in the post-PI group (45 min) than the prePI group (63.5 min, p=0.001). We further analyzed the time
intervals at 6-month intervals. The median values of time intervals from ED arrival to IV thrombolysis divided into
6-month periods of July to December 2005, January to June
2006, July to December 2006, January to June 2007, July to
December 2007, and January to June 2008 were 66, 52, 65,
52, 45, and 42 min, respectively. A run chart showed that the
variation in time from ED arrival to IV thrombolysis was not
reduced immediately after implementation of the PI, but that
after the trials-and-learning period, the variation was substantially reduced (Fig. 2). The time intervals from ED arrival to
the various evaluation steps were significantly shortened in
the post-PI group. The median time intervals to the notification to a neurologist, the CT scan, the complete blood count
results, and the prothrombin time/activated partial thromboplastin time results were reduced from 12 to 7 min (p=0.001),
from 23 to 17 min (p=0.003), from 35 to 29 min (p=0.006),
and from 51 to 45 min (p=0.004), respectively (Table 1).
The proportion of patients who underwent thrombolytic
treatment within 40 min was higher in the post-PI group (20/63
patients, 31.7%) than in the pre-PI group (5/39 patients, 12.8%)
(p=0.031). The number of patients who underwent IV thrombolysis within 60 min was also higher in the post-PI group
(48/63 patients, 76.2%) than in the pre-PI group (18/39 pa-
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Fig. 2. A run chart showing time interval
from arrival at the emergency department to intravenous thrombolysis in
each acute stroke patient over time. rtPA: recombinant tissue plasminogen
activator.
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Table 1. Comparison of the time intervals from arrival at the emergency department to various evaluation steps and thrombolytic
treatment among acute stroke patients
Pre-PI group

Post-PI group

(n=39)

(n=63)
7.0 (3–12)

p
0.001

Jul–Dec
2006

Jan–Jun
2007

Jul–Dec
2007

Jan–Jun
2008

Table 2. Reasons for delays longer than 40 min from hospital arrival to thrombolytic therapy during the period after implementation of the process improvement
Reason for delay

Frequency

Indecision of family members

13 (25.0)

Prolonged CT scanning time

10 (19.2)

Door to NL

12.0 (7–18)

Door to CT

23.0 (16–28.75)

17.0 (9–22.25)

0.003

Poor cooperation from the patients

4 (7.7)

Door to CBC

35.0 (28–50)

29.0 (22–36)

0.006

Presence of another patient who

4 (7.7)

Door to PT/PTT

51.0 (44–64)

45.0 (38–52)

0.004

Door to rt-PA

63.5 (48.75–74)

45.0 (39–60)

0.001

Data are median (interquartile range) times, in minutes.
CBC: complete blood count, CT: computed tomography, NL:
notification to a neurologist, PI: process improvement, PT: prothrombin time, PTT: partial thromboplastin time, rt-PA: recombinant tissue plasminogen activator.

tients, 46.2%) (p=0.002).

Reasons for in-hospital delays

Ten reasons were identified for a delay longer than 40 min
from ED arrival to IV thrombolysis in 43 acute stroke patients
(Table 2), including indecision of family members, the need to
confirm the prothrombin time results due to a previous history
of anticoagulation, a prolonged CT scanning time due to poor
patient cooperation, unavailability of the CT room due to ongoing scanning of another patient, a new CT technician with
insufficient knowledge of the stroke code program, delayed
notification to a neurologist due to misdiagnosis of the thrombolysis candidates at triage, the need to control high blood
pressure, and delayed laboratory tests due to the technician’s
lack of awareness of the stroke code program. In eight cases
we were unable to determine specific reasons why IV thrombolysis was started later than 40 min after their ED arrival.

Discussion
The findings of this study demonstrate the efficacy of the PI
approach for continuous improvement of an existing process.

was being scanned
Insufficient knowledge of a new technician
Necessity to confirm PT results due to prior

2 (3.8)
6 (11.6)

warfarin use
Misdiagnosis of thrombolysis candidates at triage

6 (11.6)

Need to control high blood pressure

2 (3.8)

Laboratory technician not being aware the

2 (3.8)

program
Others

3 (5.8)

No records

2 (3.8)

No specific reasons

8 (15.4)

Data are n (%) values.
CT: computed tomography, PT: prothrombin time.

The PI reduced the time interval to IV thrombolysis and increased the number of patients treated with thrombolysis even
after the successful implementation of a stroke code program. After successful implementation of the CPOE-based
BEST program in our institute, the quality improvement team
was disbanded, and the stroke team was encouraged to reduce
as far as possible the time interval from ED arrival to thrombolysis during routine clinical practice. However, there was
no further reduction of the time interval from ED arrival to
thrombolysis, indeed, it tended to be slightly prolonged. Thus,
it became clear that continuous quality improvement approaches were necessary. The PI approach usually begins after implementation of a quality improvement process and is
applied over a long time period. It can achieve long-term improvements by continuous monitoring of the process and fixwww.thejcn.com
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ing problems as they arise. Our findings clearly demonstrate
the necessity of the PI approach to make long-term improvement after successful implementation of a quality improvement process.
We set the target time after we had identified the key indicator and analyzed the data. The setting of a target time may
encourage team members to act more quickly to achieve the
goal. The National Institute of Neurological Disorders and
Stroke (NINDS) recommended 60 min as the target time from
hospital arrival to drug administration. However, we set the
much faster target time of 40 min. The target time may be set
according to the situation and the needs of each institute. The
behavior of physicians is often a major factor controlling the
time limit for administering thrombolysis. The time to treatment tends to be longer when patients arrive at the ED earlier
after onset of symptoms,15,16 and hence setting a target time
to be the shortest possible may be helpful for improving the
behavior of physicians.
The key activity of the PI approach is a continuous monitoring of the process, detecting and fixing problems, and making changes. This process should be continued over a long
time period. These features are different from a typical quality
improvement approach. We monitored the recorded time intervals at a weekly stroke conference and identified the possible reasons for delays. The weekly stroke conference is a
routine clinical activity at our institute, and this makes it possible to easily and consistently monitor the data and detect
problems. This study found that the main causes of in-hospital
delays exceeding 40 min were delays in obtaining informed
consent for thrombolysis due to the indecision of family members, prolonged CT scanning time, failed triage of thrombolysis candidates, and waiting for prothrombin time results in
patients with previous use of anticoagulants; together these
causes accounted for 67.4% of delays. Although similar reasons for a delay have been found in previous studies,6,7,17,18
most of those studies only assessed reasons for delays, and not
ways of reducing them. The PI approach might be helpful for
detecting and correcting possible problems in a timely manner. For instance, at our institute there is a relatively high turnover of radiology and laboratory technicians, and this can
cause delays in performing tests due to a lack of awareness of
the stroke code program. Re-educating new technicians in a
timely manner to increase awareness of the stroke code program would ameliorate this problem. Re-education of the triage nurses and the ED staff could also be useful, since misdiagnosis of stroke at triage was one of the common reasons for
the delay to treatment in our study.
This study was subject to several limitations. First, a 1.5-year
period may not be long enough to demonstrate the efficacy
of the PI program. However, the time intervals were reduced
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consistently from the first 6 months after implementation of
the PI program, although it took time to achieve remarkable
changes in the variation of time intervals. Second, we could
neither compare the reasons for delay before and after the PI
program nor provide the changes or improvements in the specific reasons for delay after implementation of the PI program
because those reasons were documented only after the implementation of the PI program.
Our findings suggest that simply setting the target time from
ED arrival to IV thrombolysis and encouraging a stroke team
to act fast may not be sufficient to induce changes in that
team’s behavior. The NINDS recommended a target time of
60 min between hospital arrival and drug administration for
stroke patients. However, in data from the Get With the Guidelines-Stroke Program from April 2003 to September 2009,
which included 25,504 patients treated with rt-PA, only 26.6%
of patients received thrombolysis within 60 min after arrival
at the hospital,3 which also suggests that stroke team activities are necessary to make changes.
In conclusion, our findings suggest that setting a shorter
target time from hospital arrival to commencement of thrombolytic treatment for acute stroke patients and implementing
continuous monitoring and identifying and fixing problems
via the PI approach can improve the activities of the stroke
team and thereby reduce the treatment-time delays.
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