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Objective: We assessed the effectiveness of a new standardized nursing cooperation workflow
in patients with acute ischemic stroke (AIS) to reduce stroke thrombolysis delays.

Patients and methods: AIS patients receiving conventional thrombolysis treatment from
March to September 2015 were included in the control group, referred to as TO. The intervention
group, referred to as T1 group, consisted of AIS patients receiving a new standardized nursing
cooperation workflow for intravenous thrombolysis (IVT) at the emergency department of
Shanghai East Hospital (Shanghai, People’s Republic of China) from October 2015 to March
2016. Information was collected on the following therapeutic techniques used: application or not
of thrombolysis, computed tomography (CT) time, and door-to-needle (DTN) time. A nursing
coordinator who helped patients fulfill the medical examinations and diagnosis was appointed
to T1 group. In addition, a nurse was sent immediately from the stroke unit to the emergency
department to aid the thrombolysis treatment.

Results: The average value of the door-to-CT initiation time was 38.67+5.21 min in the TO
group, whereas it was 14.39+4.35 min in the T1 group; the average values of CT completion-
to-needle time were 55.0614.82 and 30.26+3.66 min; the average values of DTN time were
100.43+6.05 and 55.6843.62 min, respectively; thrombolysis time was improved from 12.8%
(88/689) in the TO group to 32.5% (231/712) in the T1 group (all P<<0.01). In addition, the new
standardized nursing cooperation workflow decreased the National Institutes of Health Stroke
Scale (NIHSS) scores at 24 h (P<<0.01) (TO: prethrombolysis, 6.9713.98; 24 h postthrombolysis,
3.331£2.09; 2 weeks postthrombolysis, 2.25+1.01 and T1: prethrombolysis, 7.00+3.89; 24 h
postthrombolysis, 2.601+1.66; 2 weeks postthrombolysis, 2.21£1.02).

Conclusion: The new standardized nursing cooperation workflow reduced stroke thrombolysis
delays in patients with AIS.

Keywords: standardization, nursing, intravenous thrombolysis, door-to-needle time, stroke
thrombolysis delay

Introduction
In China, stroke has been the leading cause of death among all diseases.! According
to a report by the Chinese National Stroke Registry (CNSR; 2011),2 strokes occurred
in >7 million Chinese suffered in 2011, and ~65% of them were characterized by
ischemia. Rising trends have been observed in the morbidity and mortality of stroke,
which causes a heavy burden to the national health care system.>

Approved by the State Food and Drug Administration of the American Heart
Association in 2013, intravenous thrombolysis (IVT) with recombinant tissue
plasminogen activators (rtPA) is one of the effective treatments for acute ischemic
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stroke (AIS).® Importantly, administration of thrombolysis
is recommended within 1 h, ie, door-to-needle (DTN)
time =60 min.>"® Therefore, inhospital delays diminish the
therapeutic effectiveness of IVT in AIS patients.’ Indeed, in
China, <22% of all AIS patients are sent to hospital within 3 h,
of whom only 1.6% could be treated by IVT after screening
tests.!” The delay in DTN time in hospitals was mainly caused
by decision-making by the clinicians and laboratory tests.?

A nursing workflow consists of many organizational
steps, which are indispensable for achieving excellent
evidence-based patient care provided by nurses to patients
with stroke.!! Unfortunately, this workflow has always been
neglected in Chinese stroke patients.'>!* The implementation
of a multilevel strategy, including nursing staff and measures
for reducing stroke thrombolysis delays in the emergency
department, is required for the hospitals throughout China.
In this study, we compared the effectiveness of a newly
established and standardized nursing cooperation workflow
in stroke thrombolysis with that of the conventional nursing
cooperation workflow.

Patients and methods

Patients

A total of 1,401 patients participated in this study. From
March to September 2015, 689 patients were included in the
TO group, but only 88 of them received thrombolysis in the
recommended 1-h time window due to the time wasted in
administration of the conventional of thrombolytic therapy.
From October 2015 to March 2016, 712 patients were
included in the T1 group, and 231 of them finally received
thrombolysis in the desired time window. AIS patients were
diagnosed according to the National Guideline of Diagnosis
and Treatment of AIS, and the diagnosis was confirmed by
computed tomography (CT)."

The AIS patients in the TO group received a traditional
nursing cooperation workflow for thrombolysis treatment in
the same department from January 2014 to December 2014.
The AIS patients in the T1 group received a new standardized
nursing cooperation workflow for IVT with rtPA in the emer-
gency department of Shanghai East Hospital (Shanghai, Peo-
ple’s Republic of China) from March 2015 to March 2016.

The information collected in both groups included
thrombolysis rate, reach time, CT time, door-to-CT initiation
time, CT completion-to-needle time, and DTN time. The
study protocol was approved by the ethical committee of
Shanghai East Hospital (Shanghai, People’s Republic of
China). Written informed consent was signed by all patients
or their family members prior to enrollment.

The key points of T1 group were a nursing coordinator
appointed to help fulfill all medical examinations and
diagnosis, and a nurse was sent immediately from the stroke
unit to the emergency department to aid in the thrombolysis
treatment.

Inclusion and exclusion criteria

AIS patients were diagnosed according to the National
Guideline of Diagnosis and Treatment of AIS with confir-
mation by CT." General inclusion criteria were as follows:
1) patients aged from 18 to 80 years, 2) patients meeting the
criteria of AIS and the diagnosis being confirmed by cranial
CT, 3) persistent symptoms of brain injury >30 min, and
4) informed consent of patients or families.

AIS patients treated with IVT therapy were eligible if
they fulfilled the following criteria: 1) patients could receive
the therapy within 4.5 h from symptom onset and 2) patients
with National Institutes of Health Stroke Scale (NIHSS) score
from 4 to 25 points.

Exclusion criteria were as follows: 1) patients misdi-
agnosed with AIS and 2) patients already admitted in our
hospital. Medical records were checked according to the
same inclusion and exclusion criteria for obtaining detailed
information.

Newly standardized and traditional

nursing cooperation workflow

Traditional nursing cooperation workflow

(the nursing workflow in a collaborative effort

to provide care for patients)

When AIS patients arrived at the emergency department
of our hospital, the traditional nursing cooperation work-
flow for patients in the TO group was characterized by the
following features: 1) the patient was triaged by an emer-
gency assessor on the basis of symptoms, such as dizziness
and hemiplegia, and was then transferred to the emergency
stroke specialist in the emergency department; 2) the stroke
specialist assessed the condition of the patient according
to the NIHSS scale, and an emergency nurse opened the
“green passage” and helped the patient during the imaging
examination, electrocardiogram (ECG), blood tests, and
other necessary preparation procedures; 3) patients were
examined by CT to confirm the diagnosis and exclude the
presence of hemorrhagic cerebrovascular diseases and
were then transferred to the stroke unit in another building;
and 4) after the patient arrived at the stroke unit, a nurse
of the unit began the preparation for the treatment of IVT
with rtPA.
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New standardized nursing cooperation workflow (an
interdisciplinary protocol to enhance communication
and expediency)

When AIS patients arrived at our emergency department,
a new standardized nursing cooperation workflow was
performed for the patients in T1 (Figure 1). The steps were as
follows: 1) the patient was triaged by an emergency assessor
on the basis of symptoms, such as dizziness and hemiplegia,
and was then transferred to the emergency stroke specialist
doctor in the emergency department; 2) a stroke specialist
determined the score of the patient according to the NIHSS
scale, and a designated nurse in the Emergency Room coor-
dinated the following workflow: opening of the green passage
to shorten the waiting time of the patient and helping the
patient to undergo imaging examination, ECG, and blood tests
immediately upon arrival in the emergency room; furthermore,
the patient was diagnosed with CT to exclude the presence of
hemorrhagic cerebrovascular diseases; 3) as soon as AIS diag-
nosis was confirmed, a nurse in the stoke unit was informed
about the “cooperation during emergency thrombolysis”; the
nurse immediately brought a first-aid thrombolysis kit into
the special thrombolysis room in the emergency department
(within 5 min); and (4) the AIS patient was transferred to the
special thrombolysis room, and the doctor and the “emergency
thrombolysis cooperating nurse” together administered rtPA
for the treatment of the patient with IVT (Figure 1).

Selection of a professional emergency
thrombolysis coordinator and a
cooperating nurse and establishment of a

first-aid thrombolysis kit

The key components of the new standardized nursing coop-
eration workflow are the professional emergency thromboly-
sis coordinator and the cooperating nurse. The coordinator
was an emergency department nurse who was required to
have good communication skills and high problem-solving
ability. The most important task of the coordinator was to
arrange immediately a CT examination and to provide the
cooperating nurse with information on time. Importantly,
the cooperating nurse was selected from the stroke unit and
was required to have a minimum of 5-year work experience.
Nurses in these two positions had studied and were trained
in neurological treatment theory and practice and possessed
relevant nursing skills, specialized in the therapy of IVT with
rtPA in emergency stroke patients.

The emergency thrombolysis cooperating nurse continu-
ally assessed and recorded the status of the patients every
15 min during the thrombolysis treatment, including 1) any
bleeding at the puncture site or other vascular lesions; 2) pres-
ence of symptoms, such as disturbance of consciousness,
headache, dysphasia, and hemiplegia; 3) other bleeding
signs, such as gum bleeding and pharyngeal bleeding; 4) any
change of vital signs, especially of blood pressure (systolic

Coordinator
involved

neurology

Emergency department of

---------

4

Emergency department
on the first floor

ysis room |

The building of
inpatient department

An emergency
thrombolysis

cooperative nurse
in stroke unit on
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Figure | A new standardized emergency department IVT with rtPA nursing cooperation workflow from descent from the ambulance until entrance into the emergency

medical unit (T1).

Abbreviations: CT, computed tomography; IVT, intravenous thrombolysis; rtPA, recombinant tissue plasminogen activators.
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pressure =200 mmHg or diastolic pressure =110 mmHg;
patient could take antihypertensive drugs by prescription but
should avoid hypotension after medicine taken and maintain
normal cerebral perfusion pressure by avoiding hypotension
and cerebral retraction); and 5) the rate of recurrent infarction,
including symptoms, such as disturbance of consciousness,
dysphagia, dysphasia, and hemiplegia.

Another major element in IVT with rtPA treatment in the
emergency department is the first-aid thrombolysis kit. In our
study, the kit was managed by a special staff member so that
the immediate application of the reagents was guaranteed.
These measures are supposed to save time for the therapy
once the designated nurse receives the order and arrives at
the special thrombolysis unit.

The first-aid thrombolysis kit used in our investigation
included 1) two bottles of rtPA (Actilyse® [Alteplase]);
2) two syringes of 60, 20, and 5 mL; 3) one indwelling
needle of 22 and 24 G; 4) intravenous transfusion supplies;
5) weight conversion table; 6) thrombolysis record book;
7) the guidance for the use of the first-aid thrombolysis kit that
included a staft schedule table, instructions on the procedure
of handover and the administration of thrombolytic drugs,
and description of the methods for weight conversion.

Data collection and analyses

All data were collected from medical records by nursing staff
and included the following clinical information: the time of
arrival, triage, diagnosis, onset-to-needle (OTN) time, and CT;
demographics; and NIHSS scores. Three time periods,
including door-to-CT initiation time, CT completion-to-
needle time, and DTN time, were calculated.

Two researchers independently collected the data.
Statistical analysis was conducted using the SPSS 17.0
software. The durations of the three time periods were
expressed as mean + standard deviation. Door-to-CT ini-
tiation time, CT completion-to-needle time, and DTN time
of the two groups were compared. In addition, the NIHSS
scores of the two groups were compared to evaluate the
availability of the new nursing procedure. In the cases the
data followed a normal distribution, independent samples
t-test was used to compare the independent means of the
two groups. ¥° test was conducted to compare the related
variables presented in percentage between the thrombolysis
and nonthrombolysis groups.

Results

In total, 88 of the 689 AIS patients (402 males and
287 females, aged from 45 to 86 years) were included in the
TO group and 231 of the 712 AIS patients (406 males and

Table | General information of patients in the two groups

Groups TO TI P-value
Age, years (mean * SD) 72+3.85 69+3.72 >0.05
Males, n (%) 402 (58.3) 406 (57.0) >0.05

Abbreviation: SD, standard deviation.

306 females, aged from 35 to 92 years) were enrolled in the
T1 group (Table 1).

There was no significant difference between the two
groups in the general information parameters, such as gender
and age (Table 1). As listed in Table 2, the incidences
receiving thrombolysis treatment in the T1 group were sig-
nificantly higher than those in the TO group (P<<0.01).

The door-to-CT initiation time, CT completion-to-needle
time, and DTN time of the two groups were also compared.
A total of 319 cases (control group: 88 cases; intervention
group: 231 cases) were recruited in this study. As listed in
Table 3, a significantly shorter door-to-CT initiation time,
CT completion-to-needle time, and DTN time were achieved
in the group treated with the newly standardized nursing
cooperation workflow compared to those in the control
group (P<<0.01).

We also compared the clinical outcomes between the two
groups. As listed in Table 4, the NIHSS scores before throm-
bolysis in the two groups were comparable. However, after
thrombolysis for 24 h, the newly standardized nursing coop-
eration workflow significantly decreased the NIHSS scores
(P<<0.01). Two weeks later, there were no significant differ-
ences in the two groups regarding NIHSS scores. In addition,
the rate of lost to follow-up patients and the magnetic
resonance spectrum scores (0—1) during the 3 months of the
follow-up period were comparable in the two groups.

Discussion
DTN time during the IVT treatment of AIS patients is
critically important and determines the prognosis (rec-
ommendation grade I, evidence class A).!* In developed
countries, it is possible to shorten the inhospital delay to
20 min. Nevertheless, the DTN time could be controlled
and reduced to only <60 min in the Chinese health care
system.'¢

Many health care service systems are undergoing
improvement of the therapeutic process.'”!® It is also

Table 2 The rates of receiving thrombolysis treatment in the

two groups

Groups TO TI Va P-value
Thrombolysis, cases (%) 88 (12.8) 231 (324) 6.57 0.009
Nonthrombolysis, cases (%) 601 (87.2) 481 (67.6)
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Table 3 Door-to-CT initiation, CT completion-to-needle, and
DTN times in the two groups

Time (min) TO (n=88) TI (n=231) t P-value
Door-to-CT initiation time

Minimum 16 3

Maximum 62 36

Mean + SD 38.67+5.21 14.39+4.35 21.336 <0.001
CT completion-to-needle time

Minimum 38 6

Maximum 102 62

Mean + SD 55.06+4.82 30.2613.66 16.743 <0.001
DTN time

Minimum 56 18

Maximum 175 108

Mean + SD 100.4316.05 55.68+3.62 18.144 <0.001

Note: Independent samples t-test used.
Abbreviations: CT, computed tomography; DTN, door-to-needle; SD, standard
deviation.

important to establish a multilevel implementation strategy
to reduce stroke thrombolysis delays in the emergency
departments of hospitals.'*? Nursing workflow was of
major importance during the cooperation workflow.?! There-
fore, in the present study, we explored a new standardized
nursing cooperation workflow program applied in our
hospital.

The new IVT nursing cooperation workflow was designed
to shorten the waiting time of patients and the IVT team. It is
noteworthy that the new workflow management contributed
to a decrease in time for patient transfer and reduced the
waiting time of patients in the emergency department before
and after the IVT treatment. The key factors in this new
standardized nursing cooperation workflow were as follows:
1) the coordination between the multispecialty teams and
different departments was designed to reduce the delay
of the treatment during the whole process; 2) emergency
thrombolysis cooperating nurse. These specially trained
nurses worked in shifts in the stroke unit with a 24-h on call
duty to offer professional work at any time; these nurses
moved from the stroke unit to the emergency department
to avoid the transfer of the patients; 3) the thrombolysis kit,
which was established for convenient use and timely therapy.
In summary, this new nursing cooperation workflow

Table 4 Comparison of clinical outcomes in the two groups

improved the efficacy of thrombolysis mainly by promoting
the communication among different departments.

After the application of the new standardized nursing
cooperation workflow, DTN time was shortened and
hospital delays were diminished. Thrombolysis treatment
could be carried out as soon as possible. The implementa-
tion of the new standardized nursing cooperation workflow
also increased the rate of thrombolysis therapy use. The
annual work report for 2012 issued by the National Center
of Quality Improvement in Stroke Care, the Ministry of
Health, China, stated that only 17% of the patients in China
received thrombolytic therapy within 1 h from the transfer
from the ambulance, whereas 42% of the stroke patients
received thrombolytic therapy from 1 to 2 h after descent
from the ambulance.”? The median time from the arrival
of patients to the hospital to receive thrombolytic therapy
was estimated at 105 min. The findings of this report also
indicated that only 10.10% of the patients received rtPA
thrombolytic therapy within 3 h. In our study, 231 patients in
the intervention group received thrombolytic therapy within
2 h, a period which was significantly shorter than the gener-
ally required (4.5 h). Meanwhile, the thrombolysis rate was
significantly improved (from 12.8% to 32.5%) and a better
outcome was achieved compared with that of the previous
study, which accounted for 1.6% (2) and the one mentioned
in the 2012 annual work report in China.?? In addition, the
new standardized nursing cooperation workflow decreased
the NIHSS scores of the patients receiving thrombolysis
at the 24 h time point. Although the NIHSS scores at the
2-week point were comparable in the two groups, the newly
standardized nursing cooperation workflow improved the
prognosis to some extent.

There were also limitations in our study. Our results
may not be completely representative of the whole country.
Furthermore, the decrease in the inhospital delay might be
successfully applied only in specific local conditions. Long-
term effects and whether the nursing cooperation workflow
is suitable for other undeveloped countries are still not vali-
dated. This study was a retrospective, nonrandomized, “open”
type of analysis. Furthermore, because the treatments in the

Outcome indicators TO (n=88) TI (n=231) ur P-value
NIHSS scores before thrombolysis (mean * SD) 6.97+3.98 7.00+3.89 —-0.078 0.938
NIHSS scores 24 h after thrombolysis, (mean + SD) 3.33+2.09 2.60£1.66 2.952 0.004
NIHSS scores 2 weeks after thrombolysis (mean + SD) 2.25+1.01 2.21+1.02 0.331 0.741
Lost to follow-up during the 3 months, cases (%) 3(34) 8 (3.5) 0.001 0.981
mRs scores (0—1) during the 3 months, cases (%) 85 (96.5) 223 (96.8) 0.030 0.863
Note: Independent samples t-test used.

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; SD, standard deviation; mRs, magnetic resonance spectrum.
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two groups were conducted in different, nonoverlapping time
frames (2014 vs 2015), other temporal-related differences
apart from physician performance could have had an
influence.

Conclusion

The new standardized nursing cooperation workflow sig-
nificantly reduced the stroke thrombolysis delays in our
emergency department. Therefore, we recommend that health
care staff in other hospitals receive educational in-service
training, which would be beneficial for the wide application
of this new approach.

Disclosure
The authors report no conflicts of interest in this work.
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