Talk About Thrombolysis. Regular Case-Based Discussions of
Stroke Thrombolysis Improve Door-to-Needle Time by 20%
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Background: The outcome of stroke patients can be improved by a rapid initiation of
thrombolytic therapy. Here, we sought to determine whether an additional
simple but thorough case-based discussion of recent thrombolysed cases with the
entire neurologic staff can improve the door-to-needle time without changes to the
implemented stroke protocol. Methods: For every performed thrombolysis, a route
card, consisting of a timeline with 3 time points and target times, had to be com-
pleted by the attending neurologist. Times and reasons for delays were noted. All
thrombolysed cases were then reviewed in a 14-day-rhythm with the entire neuro-
logic staff. The responsible stroke consultant gave details and reasons for delays.
Possibilities to avoid delays were then discussed with the whole team. All throm-
bolyses were prospectively recorded and compared with thrombolyses of the
2 preinterventional years. The primary outcome parameter was the door-to-needle
time. Results: The door-to-needle time decreased from 37 minutes in
the preintervention period (N =154) to 28 minutes during the intervention (N =97;
P < .001). Performance was improved for residents (<6 years of neurologic training)
as well as for the specialists (>6 years of neurologic training). Improvements in the
performance of specialists were significantly greater than those of residents. Conclu-
sions: The present study demonstrates improved treatment of stroke patients by a
simple, non—time-consuming intervention that combines education with a poten-
tial increase in staff motivation. This intervention is effective in a tertiary academic
stroke center with a previously implemented sophisticated stroke protocol but
should also improve treatment delays in primary stroke centers.
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Introduction

The recanalization of occluded vessels is the best thera-
peutic option for patients in the acute phase of stroke.'*”*
Multiple studies have demonstrated substantial benefits
of tissue plasminogen activator (t-PA) within the first
hours.>® As the efficacy of t-PA declines over time, a rapid
initiation of thrombolytic therapy is of utmost impor-
tance.”"®

It is known that the door-to-needle time can be improved
by implementing a stroke protocol.”'” This also requires
staff training for an optimal protocol adherence. Most stud-
ies have investigated training effects bundled together with
other interventions to improve the acute management of
stroke patients.() 1112 However, there is no consensus on
how this training should be implemented as well as what a
reasonable compromise between time-consumption and
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effect is. Additionally, it remains unknown whether staff
training alone has an effect on an already streamlined acute
stroke management.

In the current study, we sought to determine whether an
additional, simple but steady training program for neurol-
ogy staff members can improve the door-to-needle time in
an academic stroke center with an already implemented
sophisticated stroke protocol with an average door-to-nee-
dle time of 37 minutes. The investigated staff training
model was inspired by the suggestions of the American
Heart Association.'” The intervention consisted mainly of
the introduction of a case-based review and discussion of
all performed thrombolyses by the entire neurologic staff.
All details of the thrombolyses included a timeline of 3
timesteps and written comments about delays that were
presented without anonymity. Possibilities to avoid delays
and optimize acute management were discussed by the
whole team, including senior neurologists.

We hypothesized that the repetitive discussion and iden-
tification of individual barriers will improve acute stroke
management. All thrombolyses were prospectively
recorded since the start of this intervention in January 2017
until January 2018. The effectiveness of this intervention
was evaluated by comparing door-to-needle times, as the
primary outcome parameter, with the 2 preceding years.

Methods
Intervention Design and Implementation

A training program for the neurologic staff was devel-
oped and implemented in January 2017. All neurology
staff members who participated in the acute management
of stroke patients in the emergency department were
required to attend. Sessions were scheduled every second
week. In these sessions, all thrombolyses of the 2 previous
weeks were discussed. For each thrombolysis, the physi-
cian who treated the patient was required to complete a
route card (the route card is shown in the supplementary
material). This route card was presented to and discussed
by the whole team. Special attention was given to time
delays in different steps, while possible solutions for
encountered problems were given. In each session, an
average of 4-5 thrombolyses were discussed. Sessions did
not exceed 10 minutes. The investigated staff training
model was inspired by the suggestions of the American
Heart Association."”

Primary outcome measure was the door-to-needle time.
Secondary outcome measures were door-to-imaging time,
the number of thrombolysed stroke mimics, and differen-
ces in performance improvements between residents and
specialists.

Data Management and Statistical Analysis

All required information that was entered into the sta-
tistical analysis was taken from the hospital electronic
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documentation system. Particularly, the time from arrival
of the patient to the start of imaging as well as the door-
to-needle time were taken from the electronic documenta-
tion system and not from the route card to avoid any bias
and maximize comparability between pre- and post-
intervention periods. However, from the route card, we
extracted the following information: time from start of
imaging to image review by neurologist and radiologist;
and time from image review to start of thrombolysis.
This information was not accessible from the preceding
years and was therefore not entered into the statistical
analysis but instead was accessed for informative value.
We further determined whether thrombolysis was per-
formed by a neurology specialist or neurology resident.

We included all patients who received thrombolytic
therapy from 2015 to 2017. The single exclusion criterion
was a documented decision against thrombolytic therapy
that was reversed due to a worsening of symptoms within
the hospital. The rationale for this exclusion criterion is
that the door-to-needle time for these patients did not
depend on the acute stroke management and stroke pro-
tocols. All data were prospectively collected during the
year 2017 and compared with retrospectively collected
data from the years 2015 and 2016.

Quantitative data were described using mean and stan-
dard deviation. Qualitative data were described using
absolute and relative frequencies. Comparison of age was
performed using Student's ¢ test. Since all other quantita-
tive data were presumably non-normally distributed,
group differences were accessed by using Wilcoxon rank-
sum tests. Comparisons of qualitative data were per-
formed by using Fisher's exact test.

Results

During the survey (2015-2017), 2108 patients with ische-
mic stroke were admitted primarily to the University Hos-
pital of Jena. 259 (12.3%) of these stroke patients were
treated with t-PA. Eight patients were excluded because of
a thrombolysis due to secondary worsening of symptoms
after a documented initial decision against thrombolytic
therapy. The resulting study group consisted of 251
patients. Seventy-three were thrombolysed in the year
2015, 81 in 2016, and 97 in 2017. Patient characteristics are
shown in Table 1. None of the patient characteristics
showed a significant difference between the preinterven-
tion period and intervention period.

The mean door-to-needle time decreased significantly
by 8.8 minutes, from 37.1 + 23.0 minutes in the
preintervention period to 28.3 & 14.3 minutes in the inter-
vention period (P =.001). A significant decrease was also
found for the door-to-imaging time from 15.0 £ 9.5
minutes in the preintervention period to 102 + 7.7
minutes in the intervention period (P < .001). The
decreased imaging-to-needle time of 3.6 minutes was not
nonsignificant (P =.73).
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Table 1. Baseline demographic and resident characteristics for thrombolysed patients

Preintervention period Intervention period P value
2015 2016 2017 pre vs post

Characteristic

N 73 81 97

Female (N) 44% (32) 49% (40) 51% (49) .56
Age = SD 73.4+£12.7 70.6 + 12.8 732+ 128 75
NIHSS £ SD 10.0+6.6 10.2 £ 5.7 11.6+7.3 .19
CHA,DS,VASc £+ SD 2.7+1.6 28+£1.5 30+ 1.5 .09
Dementia (N) 12 % (9) 9% (7) 8% (8) .57
Malignant tumor (N) 5% (4) 2% (2) 4% (4) .92
Peripheral arterial disease (N) 8 % (6) 5% (4) 5% (5) .66
Renal insufficiency (N) 8 % (6) 9% (7) 15% (15) .09
Congestive heart failure (N) 14% (10) 16% (13) 22% (21) 17
Hypertension (N) T4% (54) 75% (61) 79% (77) .40
Diabetes (N) 30% (22) 21% (17) 29% (28) .54
Coronary artery disease (N) 16% (12) 4% (3) 12% (12) S1
Deep venous thrombosis (N) 3% (2) 1% (1) 5% (5) .16
Pulmonary embolism (N) 3% (2) 2% (2) 6% (6) .16
Adipositas (N) 4% (3) 5% (4) 8% (8) 23
Prior stroke (N) 12% (9) 15% (12) 10% (10) 44
Treated by resident (N) 57% (42) 60% (49) 54% (52) 43
Treated by specialist (N) 43% (31) 40% (32) 46% (45) 43

=+ SD, standard deviation; N, number of patients.

The proportion of patients with a door-to-needle time of
less than 30 minutes (53% versus 68%) and less than 20
(19% versus 35%) minutes significantly increased (see
Table 2 and Fig 1 for details).

The proportion of thrombolyses performed by a special-
ist versus a resident did not change during the survey.
Both groups showed a significantly decreased door-to-
needle time. The door-to-needle time decreased by 10.8

minutes for patients treated by specialists, while a
decrease of 6.3 minutes was found for treatments per-
formed by residents.

In the preintervention period, there was no difference in
the door-to-needle time between specialists and residents
(36.4 + 28.0 versus 37.6 £+ 18.9; P = .82), while in the inter-
vention period, we found a significant difference with
lower door-to-needle times for specialists compared to

Table 2. Outcome parameters

Preintervention period Intervention period P value
2015 2016 2017 pre vs post
Characteristic
N 73 81 97
Symptom-to-door time + SD 73.4+£127 70.6£12.8 73.2+12.8 .81
Door-to-imaging time £ SD 155+738 142 £10.5 102 +£7.7 <.001
Imaging start-to-viewing = SD 6.8+5.8
Image viewing-to-needle time £+ SD 11.3+79
Door-to-needle time £+ SD 37.5+£235 36.7+227 283+ 143 <.001
Symptom-to-door time + SD 734+ 127  70.6 +12.8 732+ 12.8 75
DTN time <15 min (N) 11% (8) 12% (10) 17% (16) 344
DTN time <20 min (N) 16% (12) 21% (17) 35% (34) .007
DTN time <30 min (N) 52% (38) 53% (43) 68% (66) .025
DTN time <60 min (N) 88% (64) 91% (74) 97% (94) 074
Door-to-needle time for patients treated by residents £ SD 38.5+19.6 37.2+18.5 30.8 £ 14.5 .019
Door-to-needle time for patients treated by specialists = SD 36.7+28.4 36.0+28.1 254+ 13.7 .026
Stroke mimic (N) 1% (1) 7% (6) 4% (4) 74
Favorable outcome
(mRS <2) (N) 59% (43) 57% (46) 65% (63) .26

All times are in minutes; = SD, standard deviation; N, number of patients.
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Figure 1. Distribution of door-to-needle time intervals according to the preintervention period (upper part) and intervention period (lower part). (Color version

of figure is available online.)

residents (25.4 £ 13.7 versus 30.8 & 14.5; P =.008; Fig 2).
No significant difference was found for the symptom-to-
door time (P = .84). We found no significant difference for
a favorable outcome at the time of discharge. In the prein-
tervention period, 58% of patients showed a favorable
outcome (MRS <2 at the time of discharge), while 65%
showed a favorable outcome during the intervention
period (P=.26). Additionally, no significant difference
was found for the treatment of stroke mimics, with 5% in
both the preintervention and intervention period
(P =.083).

From our experiences of the case-based discussions dur-
ing the intervention as well as from the delay-reasons
noted in the thrombolysis protocols, there are some repeti-
tive problems encountered that prevented a timely start of
the imaging (see Table 3 for key discussion points).

Discussion

In the current study, we investigated the effects of neu-
rological staff training on the hyperacute management of
stroke patients. The main finding was a significantly

Improvement in door-to-needle time
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Figure 2. Impact of the current intervention on door-to-needle times (DNT) depending on treatment by a neurologic resident (year 1-6 of neurologic training) or
neurologic specialist (>6 years of neurologic training). (A), Median DNT in minutes and standard deviation for the preinterventional- and interventional period.
(B), Intervention-associated changes in DNT depending on treatment by a neurologic resident (black column) or neurologic specialist (gray column).
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Table 3. Key discussion points

1 door-to-imaging and imaging-to-thrombolysis procedures

2 balancing “swift or sure” in clinical examination

3 challenges in taking the medical history (eg, aphasia or neglect)

4 indication and contraindication of t-PA

5 evidence-based balancing of individual risks and benefits in the presence of relative contraindications

6 effective communication in the emergency department

7 handling of difficult agitated patients

t-PA, tissue plasminogen activator.

improved door-to-needle time. In most available studies,
staff training is one part of a more complex intervention
and mostly combined with structural changes.'>'* There
are only a few studies available that primarily focused on
staff training. For example, Haesebaert et al performed a
training program targeting emergency physicians and
nurses with videos and interactive simulation workshops.
They demonstrated a significant increase in performed
thrombolyses but no decrease in door-to-needle time''.
Another study found a decreased door-to-needle time
(from 79 minutes to 58 minutes) by implementing a struc-
tured, educational 1-time training for neurology resi-
dents.'” These interventions differ considerably from the
current intervention, as these studies have used education
and training to induce protocol changes in the manage-
ment process of stroke patients. In the current study, how-
ever, the staff training was an isolated intervention and
not combined with any changes on the management pro-
cess of stroke patients. It was also a permanent and not a
1-time intervention. Moreover, most previous studies that
included staff training in their interventions started with a
door-to-needle time beyond 60 minutes.'>'” The current
study, however, was performed at a tertiary academic
stroke center with a previously implemented sophisti-
cated stroke protocol. Except for the premixing of t-PA
(prior to the patients arrival), all measures suggested by
the Helsinki protocol were implemented in our hospi-
tal.”!® Therefore, the current intervention aimed to
improve the management of acute stroke patients while it
did not induce protocol changes. We found a significantly
improved door-to-needle time that was mainly caused by
a reduced door-to-imaging time. From our experiences,
during the time of intervention and particularly from the
case-based discussions, we suggest that the reasons for
this result included an increased protocol adherence and
improved performance in difficult cases (eg, the handling
of an agitated patient). In contrast to the door-to-imaging
time, the reduction in the imaging-to-needle time did not
reach statistical significance. The image-to-needle time
consists of the image acquisition, image viewing (together
with the radiologist), the decision making, and mixing of
t-PA. Most of the noted delays in the imaging-to-needle
time are difficult to avoid, such as an unknown symptom
onset or an unknown medication.

One of the most interesting results of the current study
was the finding that specialists improved their perfor-
mance significantly more than did residents. This finding
seems counterintuitive, as one might assume higher learn-
ing effects for staff members with little knowledge and
experience. Particularly, additional knowledge on practi-
cal stroke management and hospital-specific circumstan-
ces should have a minor effect on neurologic specialists,
as all our specialists are former residents of our hospital
and therefore well aware of hospital-specific processes.

If we further assume that residents indeed acquire more
knowledge than specialists from the current intervention,
then the stronger improvement found in specialists must
not have been caused by the knowledge domain. We
hypothesize that the nonanonymous presentation of cases
acts as an additional, extrinsic motivational factor that
improves the motivation of staff members to perform
thrombolyses as fast as possible. This is a somewhat pro-
vocative hypothesis, as one might assume that the well-
being of patients is the primary objective of all medical
staff members. However, although this may be a convinc-
ing way to think, psychologic science has clearly shown
that motivation is not a binary attribute but is instead a
continuous state that is generated not solely by intrinsic
factors.'® According to current psychological theories,
motivation for a specific activity is determined by weigh-
ing the expected benefits and expected costs of this activ-
ity.'” One could assume that intrinsic benefits are the
dominant motivational factor for medical staff members;
however, as with nearly all other mechanisms of neuronal
systems, intrinsic benefits underlie habituation.'”'® There-
fore, it is quite conceivable that the additional extrinsic
motivation induced by the nonanonymous presentation
of performance has a stronger effect on specialists than on
residents. Moreover, even if extrinsic motivation in resi-
dents and specialists is improved equally, the perfor-
mance of specialists should improve more greatly than
that of residents, as their performance prior to the current
intervention was similar; therefore, one may assume a
greater potential for improvements in specialists.

In conclusion, the present study demonstrates
improved treatment of stroke patients by a simple,
non—time-consuming intervention that combines educa-
tion with a potential increase in staff motivation. This
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intervention was demonstrated as effective in a tertiary
academic stroke center with a previously implemented
sophisticated stroke protocol and should also improve
treatment delays in primary stroke centers.

Supplementary Materials

Supplementary material associated with this article can
be found in the online version at doi:10.1016/j.jstrokecere
brovasdis.2018.12.002.
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