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Objective This study evaluated whether emergency medical service (EMS) use was associated with
early arrival and admission for definitive care among intracerebral hemorrhage (ICH) patients.

Methods Patients with ICH were enrolled from 29 hospitals between November 2007 and De-
cember 2012, excluding those patients with subarachnoid hemorrhage, traumatic ICH, and
missing information. The patients were divided into four groups based on visit type to the defini-
tive hospital emergency department (ED): direct visit by EMS (EMS-direct), direct visit without
EMS (non-EMS-direct), transferred from a primary hospital by EMS (EMS-transfer), and trans-
ferred from a primary hospital without EMS (non-EMS-transfer). The outcomes were the propor-
tions of participants within early (<1 hr) definitive hospital ED arrival from symptom onset
(pS2ED) and those within early (<4 hr) admission from symptom onset (pS2AD). Adjusted odds
ratios were calculated to determine the association between EMS use and outcomes with and
without inter-hospital transfer.

Results A total of 6,564 patients were enrolled. The adjusted odds ratios (95% confidence inter-
vals) for pS2ED were 22.95 (17.73-29.72), 1.11 (0.67-1.84), and 7.95 (6.04-10.46) and those for
pS2AD were 5.56 (4.70-6.56), 0.96 (0.71-1.30), and 2.35 (1.94-2.84) for the EMS-direct, EMS-
transfer, and non-EMS-direct groups compared with the non-EMS-transfer group, respectively.
Through the interaction model, EMS use was significantly associated with early arrival and ad-
mission among direct visiting patients but not with transferred patients.

Conclusion EMS use was significantly associated with shorter time intervals from symptom on-
set to arrival and admission at a definitive care hospital. However, the effect disappeared when
patients were transferred from a primary hospital.
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What is already known

Capsule
Summary

rected treatment of intracerebral hemorrhage.

What is new in the current study

Advance notice by the emergency medical service significantly shortens the time to computed tomography scanning in
the emergency department. Emergency medical service use is a strong driving force for the early diagnosis and goal-di-

This study evaluated how emergency medical service use influences the arrival and admission time of patients with in-
tracerebral hemorrhage to a definitive care hospital. We used patient arrival and admission times as surrogate markers
for the time to final management, which ultimately lead to favorable outcomes.

INTRODUCTION

Worldwide, the overall age-standardized incidence of stroke
among people over 55 years old ranges from 4.2 to 11.7 per 1,000
person-years. The proportion of primary intracerebral hemorrhage
(ICH) among total stroke patients ranges from 6.5% to 19.6% and
is associated with high mortality rates. The overall case-fatality
within one month is higher for patients with ICH (42%) and sub-
arachnoid hemorrhage (32%) than for those with ischemic stroke
(16%)." Therefore, more studies on ICH are needed from a public
health standpoint. In Korea, death following stroke accounts for
approximately one of every 10 deaths. The annual stroke mortality
rate in 2010 was 53.2 per 100,000 people. According to Korean
hospital registry studies, the 90-day mortality rate was 3% to 7%
for ischemic stroke and 17% for ICH. Younger people were more
often affected by ICH than older individuals were, and the ICH
mortality rates among those younger than 55 years of age were
41.2% and 27.3% for men and women, respectively.”

The guidelines for management of ICH are subdivided into di-
agnosis, management, rehabilitation, and prevention of recur-
rence. These guidelines offer a framework for the early diagnosis
and the goal-directed treatment of patients with ICH.** Many
centers have developed critical pathways for the treatment of
acute ischemic stroke. These pathways might facilitate more effi-
cient, standardized, and integrated management of stroke pa-
tients.® Although screening tools exist for the early diagnosis of
stroke at a prehospital stage, this effort is principally targeted at
ischemic strokes. Few centers have ICH management protocols,
even at the emergency department (ED) stage. According to evi-
dence based on the ICH guidelines, the objective of medical care
in prehospital settings is to provide resuscitative support and
transport for critical patients, obtain a focused history of symp-
tom onset (or the time the patient was last normal), and provide
advanced notice to the ED of the impending arrival of a potential

Clin Exp Emerg Med 2017;4(3):168-177

stroke patient so that critical pathways can be initiated and con-
sulting services can be alerted. Advance notice by emergency
medical services (EMSs) significantly shortens the time to begin
computed tomography (CT) scanning in the ED.*® Thus, EMS use
is a strong driving force for the early goal-directed diagnosis and
treatment of ICH.

We hypothesized that EMS use would shorten the time to final
management among patients with ICH and ultimately lead to fa-
vorable outcomes. The purpose of this study was to evaluate how
EMS use influences the arrival and admission time of patients
with ICH to a definitive care hospital.

METHODS

Study design and participants

This multicenter observational study series used information ob-
tained from a database from the ED-based cardiovascular surveil-
lance project for acute myocardial infarction (AMI) and acute
stroke in Korea supported by the Korea Centers for Disease Con-
trol and Prevention. Data were collected from 29 hospitals in Ko-
rea between November 1, 2007 and December 31, 2012. During
the study period, 9,399 and 45,424 patients with AMIs and acute
stroke were registered, respectively. The target diseases of this
study were non-ST elevation AMI and ST-elevation AMI, acute
ischemic stroke, acute hemorrhagic stroke, and subarachnoid
hemorrhage.

The target diagnosis in this study was non-traumatic ICH
based on the international diagnosis code (161.0 to 161.9) at hos-
pital discharge. Patients who met the following criteria were ex-
cluded: younger than 18 years of age, hemorrhagic conversion
after fibrinolysis therapy, arrival at the ED more than seven days
after symptom onset, unknown information regarding EMS use
and inter-hospital transfer, discharge from the ED without defini-
tive care, and ED stay longer than 24 hours before admission.
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Data collection

Eligible patients were enrolled in the study beginning at the ED
visit. The following factors were determined pre-event and post-
discharge: demographics (sex and age), socioeconomic variables
(residence by urbanization level,” education level, occupation, and
insurance status), behavioral variables (smoking status, alcohol
consumption, and exercise), co-morbidities (diabetes, hyperten-
sion, dyslipidemia, chronic kidney disease, chronic heart disease,
and cerebrovascular disease), time variables (season, week, and
time of the event), clinical presentation, chief complaints (mental
status change, weakness, sensory change, gait disturbance, dizzi-
ness, cardiac arrest, headache and others), hospital diagnosis (pri-
mary ICH or secondary ICH), operation and embolization, hospital
mortality, and disability using the modified Rankin Scale (0=no
symptoms, 1=no significant disability, 2=slight disability, 3=
moderate disability, 4=moderately severe disability, 5=severe
disability, 6=dead). The physician in the ED obtained basic infor-
mation from medical records, and the attending neurosurgeon or
neurologist recorded the discharge summary.

The information was collected at admission and study co-in-
vestigators collected basic information for each variable, using a
designed case report registry. After primary data collection, the
study coordinators of each hospital reviewed the registry, cor-
rected erroneous information, and uploaded the information to
the web-based registry system operated by the Korea Centers for
Disease Control and Prevention. The data quality management
process detected errors, provided feedback to each participating
ED, and revised the information. Monthly data quality manage-
ment meetings and discussions were performed in order to main-
tain data quality.

The independent variables were the type of ED arrival by EMS
use and inter-hospital transfer. We divided the patients into four
groups based on the use of EMS and inter-hospital transfer: di-
rect visit by EMS (EMS-direct), direct visit without EMS (non-
EMS-direct), transferred from a primary hospital by EMS (EMS-
transfer), and transferred from a primary hospital without EMS
(non-EMS-transfer).

Outcome measures

The outcomes were the proportion of participants with a time in-
terval within one hour from symptom onset to ED arrival at the
definitive care hospital (S2ED) and those with a time interval of
within four hours from symptom onset to admission to the defin-
itive care hospital (S2AD). We used four hours as the cut-off for
the time to provide definitive care based on pathophysiological
status.® Mechanical disruption of the neurons and glia is initiated
after one hour, and a secondary cascade of injury after ICH is me-
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diated by the products of coagulation and hemoglobin break-
down, particularly thrombin, which activates microglia within
four hours after injury. Activated microglia release products that
induce the breakdown of the blood-brain barrier, vasogenic ede-
ma, and the apoptosis of neurons and glia. We hypothesized that
S2ED within one hour and S2AD within four hours are clinically
important for preventing additional injury after ICH.

Ethics statement

The study was reviewed and approved by institutional review
board in Seoul National University Hospital (h-1012-134-346).
The informed consent was waived.

Statistical analyses

A multivariate logistic regression was performed to calculate the
effect size of the type of arrival classified by EMS and inter-hos-
pital transfer. We developed three models: 1) model 1, adjusted
for sex and age; 2) model 2, adjusted for sex, age, socioeconomic
factors (e.g., urbanization, education level, occupation, and insur-
ance), behavioral factors (exercise, smoking status, and alcohol
consumption), and chronic comorbidities (diabetes, hypertension,
dyslipidemia, chronic kidney disease, chronic heart disease, and
cerebrovascular disease); and 3) model 3, adjusted for sex, age,
socioeconomic factors, behavioral factors, chronic comorbidities,
time variables (season, week, and time of event), clinical presen-
tation symptoms (mental status change, weakness, sensory
change, gait disturbance, dizziness, cardiac arrest, headache, and
other symptoms), and the type of ICH (primary, secondary, and
unknown). We performed an interaction model analysis to test
the interhospital transfer effect for each EMS utilization group.
We calculated the adjusted odds ratios (AORs) and 95% confi-
dence intervals (Cls) from the above models in order to measure
the effect size.

RESULTS

A total of 9,766 candidates visited participating hospitals during
the study period (Fig. 1). Of these patients, 511 were excluded
from participation for symptom onset more than seven days prior
to presentation; 395 patients were excluded because no record
existed of EMS use; 38 patients were excluded because hemor-
rhagic stroke occurred after thrombolysis for ischemic stroke; 103
patients were excluded because they were younger than 18 years
of age; 1,787 patients were excluded because they were dis-
charged or transferred to another hospital from the ED without
definitive care; and 103 patients were excluded because the peri-
od between symptom onset and admission was more than one
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9,766 Eligible patients

v
6,564 Enrolled patients

CEEM

2,834 Excluded patients
103 Age under 18 years
511 Symptom onset: longer than seven days
—————» 395 Unknown information on EMS use
38 Hemorrhagic conversion after fibrinolysis
1,787 Discharge or transfer from emergency department
103 Length of stay at emergency department longer than 24 hours

{ I

2,481 EMS-direct 487 EMS-transfer

1,572 Non-EMS-direct

!

2,024 Non-EMS-transfer

Fig. 1. Patient flow. EMS, emergency medical services; EMS-direct, direct visit by EMS; non-EMS-direct, direct visit without EMS; EMS-transfer, transferred
from a primary hospital by EMS; non-EMS-transfer, transferred from a primary hospital without EMS.

day due to administrative reasons or overcrowding. Finally, a total
of 6,564 patients were enrolled in the study. Of these patients,
2,968 used EMS (EMS group) and 3,596 did not (non-EMS group);
2,481 patients in the EMS group visited the definitive care hospi-
tal directly (EMS-direct group) and 487 patients visited a primary
hospital with EMS first and were then transferred to the defini-
tive care hospital ED for additional evaluation and management
(EMS-transfer group). Of the 3,596 patients who did not use
EMS, 1,572 visited the definitive care hospital directly (non-EMS-
direct); the remaining 2,024 patients visited the primary hospital
and were then transferred for additional evaluation and manage-
ment (non-EMS-transfer group).

Table 1 shows the baseline characteristics of the sample. De-
mographic findings differed significantly across the groups. Table
2 presents the clinical presentations and outcomes. The EMS-di-
rect and EMS-transfer groups had higher incidences of critical
clinical conditions, including higher rates of mental status chang-
es (52.4% and 65.1%, respectively) and cardiac arrest (0.9% and
0.2%, respectively), whereas the non-EMS-direct and non-EMS-
transfer groups showed less severe conditions, such as sensory
changes (17.9% and 15.1%, respectively) and dizziness (15.5%
and 15.2%, respectively). Disability at discharge by modified
Rankin Scale was much higher among the EMS groups than
among the non-EMS groups. The hospital mortality rate ranged
from approximately 18.0% to 18.5% within each EMS group but
ranged from 7.1% to 10.6% within the non-EMS groups.

Table 3 shows that S2ED and S2AD were much shorter for the
EMS-direct group than for the other groups. The proportion of
the EMS-direct group with S2ED within one hour was 45.7%,
whereas the proportions of the EMS-transfer, non-EMS-direct,
and non-EMS-transfer groups were 4.3%, 21.1%, and 3.5%, re-
spectively. The proportion of the EMS-direct group with S2AD
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was 44.5%, whereas the proportions of the EMS-transfer, non-
EMS-direct, and non-EMS-transfer groups were 13.3%, 22.2%,
and 11.8%, respectively.

Table 4 shows the AORs from each model (adjusted for poten-
tial confounders). The AORs (95% Cls) in model 3, which was ad-
justed for the greatest number of confounding variables, were
significantly higher for the EMS-direct and non-EMS direct groups
than for the non-EMS-transfer group: 5.56 (4.70 to 6.56) and
2.35 (1.94 to 2.84) for S2AD and 22.95 (17.73 to 29.72) and 7.95
(6.04 to 10.46) for S2ED, respectively. However, the EMS-transfer
group did not show differences in S2AD or S2ED.

Table 5 shows that the effect of EMS use significantly differed
with regard to inter-hospital transfer. The AORs (95% Cls) from
the interaction model showed a significant effect among patients
who did not undergo inter-hospital transfer: 2.36 (2.03 to 2.76)
for S2AD and 2.89 (2.47 to 3.38) for S2ED. However, EMS use did
not have a significant effect in the inter-hospital transfer groups:
0.96 (0.71 to 3.05) for S2AD and 1.11 (0.67 to 1.84) for S2ED.

DISCUSSION

The current study found significant differences in effects accord-
ing to arrival mode (e.g., EMS and inter-hospital transfer) among
ICH patients, particularly with decreased time interval from
symptom onset to definitive care. This study also found a signifi-
cant effect when patients were directly transported via EMS to
the definitive hospital; however, there did not appear to be an
advantage when patients were transported to a primary hospital
via EMS and then transferred to the definitive hospital. The find-
ings about the effect of inter-hospital transfer among ICH pa-
tients are consistent with those of previous studies.”'® Another
recent study reported that EMS transport was associated with
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Table 1. Sample demographics

Category All EMS-direct EMS-transfer Non-EMS-direct Non-EMS-transfer
All 6,564 (100) 2,481 (100) 487 (100) 1,572 (100) 2,024 (100)
Sex
Male 3,578 (54.5) 1,368 (55.1) 284 (58.3) 850 (54.1) 1,076 (53.2)
Female 2,986 (45.5) 1,113 (44.9) 203 (41.7) 722 (45.9) 948 (46.8)
Age (yr) 60.0 (14.5) 60.8 (14.1) 60.9 (14.0) 59.4 (14.8) 59.4 (14.8)
Residence
Metropolitan 2,081 (31.7) 968 (39.0) 82 (16.8) 550 (35.0) 481 (23.8)
Urban 1,573 (24.0) 528 (21.3) 99 (20.3) 370 (23.5) 576 (28.5)
Rural 633 (9.6) 108 (4.4) 69 (14.2) 13(7.2) 343 (16.9)
Unknown 2277 (34.7) 877 (35.3) 237 (48.7) 539 (34.3) 624 (30.8)
Education level
Less than high school diploma 3,125 (47.6) 1,164 (46.9) 259 (53.2) 705 (44.8) 997 (49.3)
More than high school diploma 3,003 (45.7) 1,163 (46.9) 209 (42.9) 782 (49.7) 849 (41.9)
Unknown 436 (6.6) 154 (6.2) 19 (3.9) 85 (5.4) 178 (8.8)
Occupation
White collar 343 (5.2) 117 (4.7) 29 (6.0) 95 (6.0) 102 (5.0)
Blue collar 2,066 (31.5) 706 (28.5) 173 (35.5) 495 (31.5) 692 (34.2)
Military, student, or housewife 1,125 (17.1) 413 (16.6) 65(13.3) 293 (18.6) 354 (17.5)
None 2,534 (38.6) 1,043 (42.0) 195 (40.0) 565 (35.9) 731 (36.1)
Unknown 496 (7.6) 202 (8.1) 25(5.1) 124 (7.9) 145 (7.2)
Insurance
National health insurance 6,203 (94.5) 2,334 (94.1) 450 (92.4) 1,503 (95.6) 1,916 (94.7)
Medical aid 280 (4.3) 125 (5.0) 28 (5.7) 44 (2.8) 83 (4.1)
Unknown 81(1.2) 22 (0.9) 9(1.8) 25(1.6) 25(1.2)
Exercise
Yes 1,039 (15.8) 392 (15.8) 78 (16.0) 259 (16.5) 310 (15.3)
No 4,865 (74.1) 1,750 (70.5) 380 (78.0) 1,143 (72.7) 1,592 (78.7)
Unknown 660 (10.1) 339 (13.7) 29 (6.0) 170 (10.8) 122 (6.0)
Smoking status
Never 4,322 (65.8) 1,611 (64.9) 290 (59.5) 1,057 (67.2) 1,364 (67.4)
Current smoker 1,486 (22.6) 586 (23.6) 124 (25.5) 331 (21.1) 445 (22.0)
Quitting 756 (11.5) 284 (11.4) 73 (15.0) 184 (11.7) 215 (10.6)
Alcohol consumption
No 4,223 (64.3) 1,603 (64.6) 282 (57.9) 1,047 (66.6) 1,291 (63.8)
Current drinker 2,341 (35.7) 878 (35.4) 205 (42.1) 525 (33.4) 733 (36.2)
Season
Spring (Mar-May) 1,858 (28.3) 716 (28.9) 147 (30.2) 461 (29.3) 534 (26.4)
Summer (Jun-Aug) 1,319 (20.1) 481 (19.4) 105 (21.6) 310(19.7) 423 (20.9)
Fall (Sep-Nov) 1,634 (24.9) 608 (24.5) 110 (22.6) 376 (23.9) 540 (26.7)
Winter (Dec-Feb) 1,753 (26.7) 676 (27.2) 125 (25.7) 425 (27.0) 527 (26.0)
Visit day of week
Sunday 898 (13.7) 371 (15.0) 79 (16.2) 214 (13.6) 234 (11.6)
Monday 1,012 (15.4) 370 (14.9) 74 (15.2) 247 (15.7) 321(15.9)
Tuesday 930 (14.2) 343 (13.8) 66 (13.6) 221 (14.1) 300 (14.8)
Wednesday 924 (14.1) 348 (14.0) 66 (13.6) 212 (13.5) 298 (14.7)
Thursday 946 (14.4) 372 (15.0) 63 (12.9) 218 (13.9) 293 (14.5)
Friday 990 (15.1) 368 (14.8) 65 (13.3) 249 (15.8) 308 (15.2)
Saturday 864 (13.2) 309 (12.5) 74 (15.2) 211 (13.4) 270 (13.3)
Visit time of day
0-6:59 1,136 (17.3) 436 (17.6) 87 (17.9) 292 (18.6) 321(15.9)
7:00-12:59 2,028 (30.9) 728 (29.3) 148 (30.4) 503 (32.0) 649 (32.1)
13:00-18:59 2,046 (31.2) 751 (30.3) 141 (29.0) 473 (30.1) 681 (33.6)
19:00-23:59 1,354 (20.6) 566 (22.8) 111 (22.8) 304 (19.3) 373 (18.4)

Values are presented as number (%) or mean (standard deviation).

EMS, emergency medical service; EMS-direct, direct visit to the definitive hospital ED, transported by EMS; EMS-transfer, transferred after visiting a primary hospital, trans-
ported by EMS; non-EMS-direct, direct visit to the definitive hospital by non-EMS mode of transport; non-EMS-transfer, transferred after visiting a primary hospital, trans-
ported by non-EMS mode.
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Table 2. Clinical symptoms at presentation and outcomes

CEEM

Category All EMS-direct EMS-transfer Non-EMS-direct Non-EMS-transfer
All 6,564 (100) 2,481 (100) 487 (100) 1,572 (100) 2,024 (100)
Comorbidity Diabetes 1,038 (15.8) 435(17.5) 77 (15.8) 251 (16.0) 275 (13.6)
Hypertension 3,331 (50.7) 1,344 (54.2) 260 (53.4) 796 (50.6) 931 (46.0)
Dyslipidemia 254 (3.9) 98 (4.0) 26 (5.3) 69 (4.4) 61(3.0)
Chronic kidney disease 357 (5.4) 165 (6.7) 22 (4.5) 85 (5.4) 85 (4.2)
Chronic heart disease 474 (7.2) 207 (8.3) 25 (5.1) 136 (8.7) 106 (5.2)
Cerebrovascular disease 1,051 (16.0) 460 (18.5) 58 (11.9) 275 (17.5) 258 (12.7)
Clinical presentation at the ED Mental status change 2,822 (43.0) 1,301 (52.4) 317 (65.1) 347 (22.1) 857 (42.3)
Weakness 2,725 (41.5) 1,113 (44.9) 184 (37.8) 706 (44.9) 722 (35.7)
Sensory change 961 (14.6) 330 (13.3) 43 (8.8) 282 (17.9) 306 (15.1)
Gait disturbance 546 (8.3) 202 (8.1) 49 (10.1) 132 (8.4) 163 (8.1)
Dizziness 844 (12.9) 262 (10.6) 32(6.6) 243 (15.5) 307 (15.2)
Cardiac arrest 33 (0.5) 23 (0.9) 1(0.2) 2(0.1) 7(0.3)
Headache or other symptom 2,372 (36.1) 743 (29.9) 134 (27.5) 686 (43.6) 809 (40.0)
Classification Hypertensive 3,832 (58.4) 1,546 (62.3) 278 (57.1) 889 (56.6) 1,119 (55.3)
Secondary 2,000 (30.5) 641 (25.8) 131 (26.9) 515 (32.8) 713 (35.2)
Unknown 732 (11.2) 294 (11.9) 78 (16.0) 168 (10.7) 192 (9.5)
Pre-event mRS 0 4,881 (74.4) 1,872 (75.5) 383 (78.6) 1,120 (71.2) 1,506 (74.4)
1 758 (11.5) 263 (10.6) 44 (9.0) 239 (15.2) 212 (10.5)
2 360 (5.5) 135 (5.4) 20 (4.1) 101 (6.4) 104 (5.1)
3 207 (3.2) 84 (3.4) 16 (3.3) 53 (3.4) 54 (2.7)
4 172 (2.6) 55(2.2) 10 (2.1) 37 (2.4) 70 (3.5)
5 136 (2.1) 46(1.9) 10 (2.1) 12 (0.8) 68 (3.4)
Unknown 50 (0.8) 26 (1.0) 4(0.8) 10 (0.6) 0(0.5)
Post-discharge mRS? 0 589 (9.0) 147 (5.9) 21 (4.3) 212 (13.5) 209 (10.3)
1 1,134 (17.3) 306 (12.3) 66 (13.6) 389 (24.7) 373 (18.4)
2 984 (15.0) 295 (11.9) 56 (11.5) 320 (20.4) 313 (15.5)
3 688 (10.5) 264 (10.6) 50 (10.3) 177 (11.3) 197 (9.7)
4 1,154 (17.6) 502 (20.2) 76 (15.6) 199 (12.7) 377 (18.6)
5 800 (12.2) 356 (14.3) 84(17.2) 99 (6.3) 261 (12.9)
6 (death) 862 (13.1) 447 (18.0) 90 (18.5) 11 (7.1) 214 (10.6)
Unknown 353 (5.4) 164 (6.6) 44 (9.0) 65 (4.1) 80 (4.0)
Difference between post-discharge 0 800 (12.2) 211 (8.5) 31 (6.4) 264 (16.8) 294 (14.5)
mRS and pre-event mRS 1 1,086 (16.5) 318 (12.8) 73 (15.0) 347 (22.1) 348 (17.2)
2 950 (14.5) 306 (12.3) 53 (10.9) 290 (18.4) 301 (14.9)
3 726 (11.1) 290 (11.7) 47 (9.7) 177 (11.3) 212 (10.5)
4 989 (15.1) 465 (18.7) 75 (15.4) 151 (9.6) 298 (14.7)
5 665 (10.1) 305 (12.3) 74 (15.2) 87 (5.5) 199 (9.8)
Death 622 (9.5) 322(13.0) 71 (14.6) 68 (4.3) 161 (8.0)
Unknown 726 (11.1) 264 (10.6) 63 (12.9) 188 (12.0) 211 (10.4)
Outcomes Death 862 (13.1) 447 (18.0) 90 (18.5) 11 (7.1) 214 (10.6)
Survival 5,702 (86.9) 2,034 (82.0) 397 (81.5) 1,461 (92.9) 1,810 (89.4)

Values are presented as number (%).

EMS, emergency medical service; EMS-direct, direct visit to the definitive hospital ED, transported by EMS; EMS-transfer, transferred after visiting a primary hospital, trans-
ported by EMS; non-EMS-direct, direct visit to the definitive hospital by non-EMS mode of transport; non-EMS-transfer, transferred after visiting a primary hospital, trans-

ported by non-EMS mode; ED, emergency department; mRS, modified Rankin Scale.

90 =no symptoms, 1= no significant disability, 2 = slight disability, 3=moderate disability, 4 = moderately severe disability, 5= severe disability, 6 = dead.

lower hospital mortality and disability after acute hemorrhagic
stroke according to ED length of stay." These results provide a
new and critical example of a regionalized model for improving
the performance of emergency care and saving the lives of more
patients with ICH. There is a lack of evidence that providing criti-
cally important interventions within the time limitations associ-
ated with ICH is beneficial, unlike timely fibrinolysis in ischemic
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stroke. Typically, ICH can be managed with various treatment op-
tions depending on patient characteristics and disease severity.
No definitive care timeline guidelines have been established for
patients with ICH.

Recent studies on the association between time intervals and
clinical outcomes have been conducted. The observation that
substantial ongoing bleeding in patients with ICH is linked to
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Table 3. Proportions of time interval outcomes by group

Category All EMS-direct EMS-transfer Non-EMS-direct Non-EMS-transfer
All 6,564 (100) 2,481 (100) 487 (100) 1,572 (100) 2,024 (100)
Time interval from symptom onset to ~ S2ED (min) 79 (35-368) 63 (36-183) 218 (121-625) 227 (68-1,146) 300 (145-1,254)
ED or admission <1(hr) 1,558 (23.7) 1,135 (45.7) 21 (4.3) 332(21.1) 70 (3.5)
>1 (hr) 5,006 (76.3) 1,346 (54.3) 466 (95.7) 1,240 (78.9) 1,954 (96.5)
S2AD (min) 167 (60-655) 268 (171-570) 450 (290-1,086) 537 (255-1,597) 591 (320-1,546)
<4 (hr) 1,757 (26.8) 1,105 (44.5) 65 (13.3) 349 (22.2) 238 (11.8)
>4 (hr) 4,807 (73.2) 1,376 (55.5) 422 (86.7) 1,223 (77.8) 1,786 (88.2)

Values are presented as number (%) or median (interquartile range).

EMS, emergency medical service; EMS-direct, direct visit to the definitive hospital ED, transported by EMS; EMS-transfer, transferred after visiting a primary hospital, trans-
ported by EMS; non-EMS-direct, direct visit to the definitive hospital by non-EMS mode of transport; non-EMS-transfer, transferred after visiting a primary hospital, trans-
ported by non-EMS mode; ED, emergency department; S2ED, symptom onset to arrival at ED of definitive care hospital; S2AD, symptom onset to admission to definitive
care hospital.

Table 4. Multivariate logistic regression analysis for S2AD and S2ED by group, EMS use, and inter-facility transfer

Adjusted model 1 Adjusted model 2 Adjusted model 39

Outcome by group

OR 95% Cl OR 950% Cl OR 950 Cl

S2AD <4 hr EMS-direct 6.03 5.15-7.05 5.69 4.84-6.69 5.56 4.70-6.50
EMS-transfer 1.16 0.86-1.55 113 0.84-1.50 0.96 0.71-1.30
Non-EMS-direct 2.14 1.79-2.56 1.98 1.65-2.39 2.35 1.94-2.84
Non-EMS-transfer 1.00

S2ED <1 hr EMS-direct 25.02 19.43-32.21 23.40 18.11-30.20 22.95 17.73-29.72
EMS-transfer 1.30 0.79-2.15 1.23 0.74-2.03 1.1 0.67-1.84
Non-EMS-direct 7.58 5.80-9.91 7.07 5.39-9.27 7.95 6.04-10.46
Non-EMS-transfer 1.00

S2AD, symptom onset to admission to definitive care hospital; S2ED, symptom onset to arrival to emergency department of definitive care hospital; EMS, emergency medi-
cal service; OR, odds ratio; Cl, confidence interval; EMS-direct, direct visit to the definitive hospital emergency department, transported by EMS; EMS-transfer, transferred
after visiting a primary hospital, transported by EMS; non-EMS-direct, direct visit to the definitive hospital by non-EMS mode of transport; non-EMS-transfer, transferred
after visiting a primary hospital, transported by non-EMS mode.

a’Adjusted for sex and age. b]Adjusted for sex, age, and socioeconomic factors (urbanization, education level, occupation, and insurance), behavioral factors (exercise, smok-
ing status, and alcohol consumption), and chronic comorbidities (diabetes, hypertension, dyslipidemia, chronic kidney disease, chronic heart disease, and cerebrovascular
disease). “Adjusted for sex, age, and socioeconomic factors, behavioral factors, chronic comorbidity, time variables (season, week, and time of event), clinical presentation
symptoms (mental status change, weakness, sensory change, gait disturbance, dizziness, cardiac arrest, headache and other symptoms), and type of intracerebral hemor-
rhage (primary, secondary, and unknown).

neurological deterioration (particularly during the first 3 to 4 reactions cause mechanical stretching of neurons and glia, mito-

hours after onset) dramatically changed the prospects of effec- chondrial failure, and cytotoxic necrosis by four hours after inju-
ry."*22 In other words, cascades that occur during the first four
hours are related to the direct effect of the hematoma itself, and
subsequent events are related to the products released from the
hematomas. The pathological processes that occur four hours af-
ter hemorrhage are often irreversible. Therefore, initiating treat-

ment with a blood pressure-lowering agent after hospital admis-

tive ICH treatment.? This observation prompted the use of acti-
vated factor VIl among patients with spontaneous ICH within the
first hours after symptom onset.”'* This finding also renewed in-
terest in controlling blood pressure to decrease the serious effects
of ICH during the first hours after onset.”®'® The results of the
previous INTERACT2 (Patient Admission Intensive Blood Pressure

Reduction in Acute Cerebral Hemorrhage Trial 2) trial showed
improved functional outcomes with an intensive lowering of
blood pressure.'” The patients in that trial were administered a
blood-pressure-lowering agent within one hour from randomiza-
tion that could be initiated within six hours after the onset of
spontaneous ICH."® Pathophysiologically, hematomas induced by
ICH cause mechanical injury to neurons and glia, followed by
mechanical deformation that causes neurotransmitter release,
mitochondrial dysfunction, and membrane depolarization. These
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sion might be critically important® Thus, target outcomes should
be set in this study as surrogates that measure the proportion of
early hospital arrival and timely admission from symptom onset,
assuming that the definitive treatment will be started in time.
Early intervention for ICH can be divided into three categories;
bleeding control,” surgical intervention,® and control of elevated
blood pressure.* In clinical practice, however, early intervention
cannot ensure clinical improvement, despite reaching treatment
goals targeting a single physiological parameter within a reason-
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Table 5. Multivariate logistic regression analysis of the time interval
between S2AD and S2ED among patients with intracerebral hemor-
rhage by EMS use with an interaction between EMS use and inter-hos-
pital transfer

Adjusted
Outcome by group
OR 95% Cl

S2AD <4 hr 1.95 1.71-2.23

Inter-hospital transfer (-) 2.36 2.03-2.70

Inter-hospital transfer (+) 0.96 0.71-1.30
S2ED <1 hr 2.64 2.28-3.05

Inter-hospital transfer (-) 2.89 2.47-3.38

Inter-hospital transfer (+) 1.11 0.67-1.84

Adjusted model: adjusted for sex, age, and socioeconomic factors (urbanization,
education level, occupation, and insurance), behavioral factors (exercise, smoking
status, and alcohol consumption), chronic comorbidities (diabetes, hypertension,
dyslipidemia, chronic kidney disease, chronic heart disease, and cerebrovascular
disease), time variables (season, week, and time of event), clinical presentation
symptoms (mental status change, weakness, sensory change, gait disturbance,
dizziness, cardiac arrest, headache and other symptoms), type of intracerebral
hemorrhage (primary, secondary, and unknown), inter-hospital transfer, and an
interaction term between EMS use and inter-hospital transfer.

S2AD, symptom onset to admission to definitive care hospital; S2ED, symptom
onset to arrival to emergency department of definitive care hospital; EMS, emer-
gency medical service; OR, odds ratio; Cl, confidence interval.

able period of time.?® If patients arrive within the golden hour,
during which time there can be promising results from treatment,
then optimal therapeutic options can be provided; however, when
patients arrive later, the effectiveness of treatment care is subop-
timal, and poor outcomes can result.

Patient, prehospital, and hospital delays are the three major
reasons for delayed hospital treatment of ICH. First, individual
differences exist in recognizing the physical symptoms of ICH.
Some people recognize headaches as a trivial symptom and do
not seek medical care, whereas others worry and visit the hospi-
tal at symptom onset. Occasionally, an individual's educational
status also affects the time delay to hospital arrival. More well-
educated people have more health information. When patients
have more information regarding stroke, they are more likely to
seek medical advice. One of the most important public education
and advocacy initiatives is to encourage people to call EMS when
they experience or observe a neurological symptom. The current
study found that EMS use shortens the time to arrival at a defini-
tive care hospital. The first step to receive stroke care is to call
EMS. Many barriers prohibit individuals from calling EMS for
stroke symptoms.®® In the current study, women and people with
low education levels were commonly observed in the non-EMS
group.

Pathophysiological factors can also cause time delays in hospi-
tal arrival. Because the classic presentations of ICH are rapid-on-
set neurological deficits, decreased consciousness, and signs of
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brainstem dysfunction, patients cannot access medical help un-
less a witness is nearby. Bystander education is a critical compo-
nent to shorten the time to receiving definitive care. In particular,
family members are encouraged to call EMS when patients dis-
play neurological symptoms. In this study, the most common
symptom among the EMS-direct group was mental status
change, whereas simple sensory changes or headaches were most
common among the non-EMS group.

The second reason for the time delay occurs during the pre-
hospital stage. As listed in Table 1, S2ED and S2AD were shorter
in the EMS-direct and non-EMS-direct groups than in the EMS-
transfer and non-EMS-transfer groups. Distinguishing ischemic
stroke from ICH is difficult without CT scans, which can only be
performed in a hospital. If patients who are suspected of stroke
are transferred to a local hospital by EMS and then diagnosed
with ICH, they must then be transferred again to a definitive care
hospital. The results of the current study suggest that delaying
the recognition of ICH during the prehospital stage affects the
time interval to definitive treatment. EMS providers should regard
all stroke symptoms as ischemic strokes because there is not yet
a way for hemorrhagic stroke to be diagnosed in the field. To
shorten the time to definitive care, EMS providers are encouraged
to use the prehospital stroke scale to identify potential cases
suitable for fibrinolysis.?”"#

Finally, hospital-stage delays in brain imaging occur in over-
crowded EDs. EDs are overcrowded worldwide.”*** Overcrowding
causes delays in CT or magnetic resonance (MR) imaging, which
subsequently slow diagnosis and admission. ED overcrowding re-
quires additional evaluation and interventions. EMS providers
should give advance notice to the ED of the impending arrival of
a potential stroke patient, so that critical pathways can be initi-
ated and consulting services can be alerted. Advance notice by
the EMS significantly shortens the time to CT scanning, especially
in overcrowded EDs.*®

This study has certain limitations. The primary outcome of the
current study was arrival within 1 hour and admission within 4
hours after symptom onset. These parameters were merely surro-
gate markers and did not denote the actual beginning of defini-
tive treatment. Therefore, this discrepancy cannot reflect actual
intracranial pathophysiology.

The primary purpose of this study was to determine the rela-
tionship between EMS use and hospital arrival/admission time.
The causes of mortality and functional outcome improvements in
patients with ICH are multifactorial. Although EMS use is related
to early hospital arrival and admission, the results of the current
study do not guarantee that EMS use increases patient survival
or improves functional outcome. Additional research is needed to
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identify the relationship between EMS use and survival rates or
neurological functioning.

This study has basic statistical limitations. First, the patients
enrolled in this study do not represent the general population.
Second, we excluded patients who did not provide information
regarding their EMS use and those transferred from the ED with-
out receiving definitive care. These exclusions might create bias
with regard to the association between EMS use and timeliness
of hospital arrival or admission. Third, the multivariate logistic re-
gression was adjusted for potential confounders; however, other
confounders (e.g., EMS resources) were not measured.

In summary, EMS use can reduce the time to ED arrival and
admission at the definitive care hospital via direct transport to
definitive care among patients with hemorrhagic stroke. However,
patients who were transported to a primary hospital by EMS and
then transferred again to the definitive hospital did not benefit
from a brief time interval to definitive care.
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