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Objective This study investigated the hospital diagnoses and characteristics of uncooperative 
prehospital patients suspected of acute stroke who could not undergo a prehospital stroke screen-
ing test (PHSST).

Methods This retrospective observational study was conducted at a single academic hospital 
with a regional stroke center. We analyzed three scenario-based prehospital stroke screening 
performances using the final hospital diagnoses: (1) a conservative approach only in patients 
who underwent the PHSST, (2) a real-world approach that considered all uncooperative patients 
as screening positive, and (3) a contrapositive approach that all uncooperative patients were 
considered as negative.

Results Of the 2,836 emergency medical services (EMS)-transported adult patients who met the 
prehospital criteria for suspicion of acute stroke, 486 (17.1%) were uncooperative, and 570 (20.1%) 
had a confirmed final diagnosis of acute stroke. The diagnosis in the uncooperative group did 
not differ from that in the cooperative group (22.0% vs. 19.7%, P=0.246). The diagnostic per-
formances of the PHSST in the conservative approach were as follows: 79.5% sensitivity (95% 
confidence interval [CI], 75.5%–83.1%), 90.2% specificity (95% CI, 88.8%–91.6%), and 0.849 
area under the receiver operating characteristic curve (AUC; 95% CI, 0.829–0.868). The sensitiv-
ity and specificity were 83.3% (95% CI, 80.0%–86.3%) and 75.2% (95% CI, 73.3%–76.9%), re-
spectively, in the real-world approach and 64.6% (95% CI, 60.5%–68.5%) and 91.9% (95% CI, 
90.7%–93.0%), respectively, in the contrapositive approach. No significant difference was evi-
dent in the AUC between the real-world approach and the contrapositive approach (0.792 [95% 
CI, 0.775–0.810] vs. 0.782 [95% CI, 0.762–0.803], P>0.05).

Conclusion We found overestimation (false positive) and underestimation (false negative) in the 
uncooperative group depending on the scenario-based EMS stroke screening policy for uncoop-
erative prehospital patients suspected of acute stroke.
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INTRODUCTION

Stroke is a leading cause of disability and death worldwide and is 
clinically described as a neurological deficit resulting from an in-
farction in the central nervous system (brain, spinal cord, and ret-
inal cell death) that was caused by ischemia or hemorrhage (isch-
emic or hemorrhagic stroke, respectively) [1]. Approximately 795,000 
individuals in the United States experience a stroke each year; of 
these, 87% are ischemic strokes, and 185,000 are recurrent strokes 
[2]. In Korea, approximately 105,000 people experience a new or 
recurrent stroke annually, and 76.3% of those are ischemic strokes 
[3]. In 2019, the Global Burden of Diseases, Injuries, and Risk Fac-
tors Study showed that stroke was the second most common cause 
of disability-adjusted life years in the 50 to 74 and >75 years 
age groups [4]. With its high prevalence and tremendous burden 
on society, prevention, diagnosis, treatment, and rehabilitation of 
stroke survivors are essential parts of the public health agenda 
[5,6].

Stroke is a time-sensitive emergency, and emergency medical 
services (EMS) transport up to 70% of patients with stroke [7,8]. 
To achieve optimal outcomes in patients with stroke, it is crucial 
to minimize the interval from symptom onset to definitive treat-
ment to restore blood flow to the stroke-affected tissue [9,10]. 
The EMS is the first point of contact in the prehospital phase of 
the stroke chain [11]. Therefore, rapid EMS activation and ambu-
lance transport are recommended for patients with suspected 
stroke [12,13]. As a continuous process to reduce prehospital and 
in-hospital delays for acute stroke, this recommendation carries 
the advantage of allowing stroke screening and identification to 
be performed by the EMS providers even before hospital arrival 
[14].

Many prehospital stroke screening tools have been developed 

What is already known
Patients suspected of acute stroke can be medically unstable and uncooperative, and early stroke recognition in such 
patients is challenging in the prehospital setting. However, little is known about the prehospital evaluations of uncoop-
erative patients suspected of acute stroke.

What is new in the current study
The final diagnosis of acute stroke in the uncooperative group did not differ significantly from that in the cooperative 
group (22.0% vs. 19.7%, P=0.246). We provide quantitative evidence of overestimation (false positive) and underesti-
mation (false negative) in the uncooperative group depending on the emergency medical services stroke screening poli-
cy. In addition, prehospital factors (seizure at presentation, medical history of malignancy, clear onset of first abnormal 
time, systolic blood pressure <90 mmHg, and absence of motor weakness of the upper extremities) were significantly 
associated with stroke mimics in the uncooperative group.

to support the rapid and accurate recognition of stroke by EMS 
providers during their first contact. In fact, the use of prehospital 
stroke screening tools by EMS providers during their initial triage 
of patients with symptoms of stroke has been recommended in-
ternationally, with a positive screening result indicating a high 
suspicion of stroke that calls for urgent specialized assessments 
[15,16]. 

Sometimes, performing a prehospital stroke screening test 
(PHSST) is impossible because the patient suspected of having an 
acute stroke is uncooperative or medically unstable in the field. 
At present, the consensus under the Korean EMS policy is that 
uncooperative prehospital patients suspected to have acute 
stroke who cannot undergo a PHSST are considered to have a 
high stroke risk. However, studies of uncooperative prehospital 
patients suspected to have acute stroke are lacking, and prehos-
pital evaluation performance is uncertain.

In this study, we investigated the final hospital diagnoses and 
characteristics of uncooperative prehospital patients suspected to 
have acute stroke who were transported by the EMS and unable 
to undergo a PHSST. Our secondary objective was to evaluate the 
scenario-based real-world performance of the current Korean 
EMS stroke screening policy for uncooperative prehospital pa-
tients suspected to have acute stroke. 

METHODS 

Ethics statements
This study was approved by the Institutional Review Board of Jeju 
National University Hospital (No. 2021-07-013). Informed con-
sent was waived due to the retrospective nature of the study.
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Study design
This retrospective cross-sectional observational study was con-
ducted at a single academic hospital from January 2015 to De-
cember 2019 to investigate the final hospital diagnoses and 
characteristics of uncooperative prehospital patients suspected to 
have acute stroke who were transported by the EMS and unable 
to undergo a PHSST. 

Study setting
This retrospective observational study was conducted at the sin-
gle academic hospital possessing the only regional comprehen-
sive stroke center (CSC) on Jeju Island, which has a population of 
approximately 670,000 citizens and an area of 1,833.2 km2. The 
prehospital EMS system on Jeju Island is a government-operated 
fire-based system with a mostly single-tiered intermediate ser-
vice level. It comprises a single centralized dispatch center, 29 
ambulances, and approximately 130 EMS providers. It possesses 
six emergency medical institutions (receiving facilities) and one 
CSC, which provides in-hospital services for acute stroke patients 
on Jeju Island. 

The Korean EMS protocol for patients with suspected acute 
stroke follows the national EMS standards, which were based on 
the American Heart Association and the American Stroke Associ-
ation recommendations for triage, treatment, transport, and doc-
umentation during the study period [17]. Under this protocol, the 
prehospital criteria for suspicion of acute stroke are non-trau-
matic patients older than 15 years with any of the following 
structured chief complaint codes: headache, dizziness, altered 
mental status, seizure, convulsion, syncope, motor weakness, sen-
sory change, or other findings indicative of acute stroke. If a pa-
tient meets the prehospital criteria for a suspected acute stroke, 
EMS providers collect important information (apparent onset, last 
normal time, and first abnormal time [FAT]) and determine the 
Cincinnati Prehospital Stroke Scale (CPSS) as the PHSST. If the re-
sult of the CPSS is positive, the patient is classified as an EMS-
assessed acute stroke case. All EMS-assessed acute stroke cases 
must be transported to the nearest CSC after prehospital notifi-
cation. 

If it is not possible to perform CPSS in a patient who is unco-
operative or medically unstable, the patient is classified as an 
EMS-assessed acute stroke case.

Data sources
Using EMS run sheets, EMS stroke registries, and hospital medical 
records from January 2015 to December 2019 as the data sources, 
we created a merged database for EMS-suspected acute stroke 
patients by manually linking the prehospital and hospital-phase 

data for each patient. The EMS stroke registry, which was devel-
oped by the National Fire Agency in 2012, has been used for pa-
tients with suspected acute stroke on Jeju Island since 2015. In 
this registry system, the EMS provider is required to record the 
EMS run sheets, which contain basic but comprehensive informa-
tion for all patients who are transferred by EMS ambulance, with 
additional mandatory records for all patients who meet the pre-
hospital criteria for suspicion of acute stroke. To merge individual 
patient records from the EMS run sheets, EMS stroke registry, and 
hospital medical records, we reviewed the common identifiers 
(EMS call time, emergency department [ED] arrival time, sex, and 
age) and the context.

Study population
Only adult patients who met the prehospital criteria for suspicion 
of acute stroke, were transported by the EMS to our ED and were 
registered in the EMS stroke registry between January 2015 and 
December 2019 were eligible for this study. Within that eligible 
population, patients for whom the EMS-assessed acute stroke 
case status or final clinical outcomes could not be determined 
from the EMS stroke registry or hospital record were excluded 
from the final analysis. The analyzed population contained par-
ticipants aged 18 years or older at the time of the incident with-
out other exclusion criteria and was divided into cooperative and 
uncooperative groups. 

Variables and measurements
We compiled and categorized the demographic and clinical infor-
mation of the participants at both the prehospital and hospital 
phases: age, sex, chief complaint on EMS arrival (dizziness, al-
tered mental status, seizure/convulsion, loss of consciousness, 
motor weakness, headache, dysarthria, facial palsy, and other), 
FAT (clear or unclear), activity at onset (work, sleeping, daily ac-
tivities, and other), medical comorbidities (yes or no), prehospital 
mental status (alert, verbal, painful, and unresponsive), blood glu-
cose test (performed or not), results of CPSS test (positive or neg-
ative), level of EMS provider (nurse, emergency medical techni-
cian [EMT]-intermediate, EMT-basic), ED disposition (discharge, 
admission, interhospital transfer, or death), and hospital diagnosis 
codes.

The hospital diagnoses for the participants were obtained from 
the electronic medical records (EMR) and were based on the 
World Health Organization’s International Classification of Dis-
eases 10th Revision (ICD-10) diagnosis codes [18,19].

Main variables for diagnostic testing
The EMS-assessed stroke recognition is a binary item determined 
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by the results of the CPSS, which evaluates the presence of facial 
palsy, asymmetric arm weakness, and speech abnormalities. If any 
of the three items were marked positive, the EMS-assessed stroke 
recognition was positive.
 The true diagnosis of the participants was considered the final 
hospital diagnosis. Therefore, we categorized three dichotomous 
indicators of acute stroke using the final hospital diagnosis ICD-
10 codes: hemorrhagic stroke (ICD-10 diagnosis codes, I60.0–I62.9), 
ischemic stroke (ICD-10 diagnosis codes, I63.0–I63.9), and all 
strokes (ICD-10 diagnosis codes, I60.0–I64) [19].

We then evaluated the alternative diagnoses of patients in the 
uncooperative group whose final diagnoses did not contain ICD-
10 codes for acute stroke. Two researchers independently re-
viewed the medical records and confirmed all final hospital diag-
noses. The validated alternative diagnoses of the nonstroke pa-
tients in the uncooperative group were summarized based on a 
portion of their ICD codes (a single letter followed by the two 
digits that precede the period).

Statistical analysis
Descriptive statistics are presented as frequencies and percentag-
es for categorical variables and means with standard deviations 

for continuous variables. Descriptive analyses between the coop-
erative and uncooperative groups were used to compare baseline 
demographic and clinical characteristics variables using Student 
t-test, chi-square test, or Fisher exact test as appropriate for the 
distribution. The performance (sensitivity, specificity, positive and 
negative likelihood ratios, positive predictive value [PPV], and 
negative predictive value [NPV]) of the EMS-assessed stroke rec-
ognition was evaluated for each of three scenarios using the final 
hospital diagnosis as the gold standard. 

The first scenario used a conservative approach that calculated 
performance statistics only in patients who underwent the PHSST 
and excluded the uncooperative group. The second scenario used 
a real-world approach that considered all uncooperative patients 
as positive for EMS-assessed stroke recognition in calculating the 
performance statistics. The third scenario used a contrapositive 
approach, wherein all uncooperative patients were considered 
negative for EMS-assessed stroke recognition. We calculated the 
PPV and NPV with a stroke prevalence of 3% and compared the 
EMS stroke recognition performance in all three scenarios using 
the area under the receiver operating characteristic curve (AUC) [3].
 To examine the prehospital factors associated with false-posi-
tive results in the uncooperative group, we performed univariate 

Fig. 1. Flow diagram of patient enrollment. EMS, emergency medical services; ED, emergency department; CPSS, Cincinnati Prehospital Stroke Scale. 
a)Inconsistent total due to overlapping cases.

486 CPSS not performed2,350 CPSS performed

552 Positive 
1,798 Negative 

2,350 Cooperative group 
(82.9%)

486 Uncooperative group 
(17.1%)

41,002 Total EMS transported patients  
in the investigator’s ED 

(Jan 1, 2015 to Dec 31, 2019)

3,205 Eligible population (prehospital criteria  
for suspicion of acute stroke patients

37,797  Excluded (not meeting the prehospital criteria  
for suspicion of acute stroke)

369 Excludeda)

      55 Age <18 years old or undetermined 
     117  Undetermined EMS-assessed acute stroke case 

from EMS stroke registry 
     203 Undetermined final outcome from hospital record
     174 Error of EMS-to-hospital data linkage 2,836 Analyzing population
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and multivariate logistic regressions adjusted for age and sex. All 
statistical analyses were performed using Stata ver. 17.0 (Stata 
Corp), with a two-tailed test and a statistical significance level of 
<0.05.

RESULTS

Study flow
Among the 41,002 EMS-transferred patients who visited our ED 
during the study period, 3,205 met the prehospital criteria for 
suspicion of acute stroke and were registered in the EMS stroke 
registry. Of that eligible population, 369 patients were excluded 
for the following reasons with overlapping cases: 55 were young-
er than 18 years or their age was undetermined, 117 were unde-
termined EMS-assessed acute stroke cases from the EMS stroke 
registry, 203 had undetermined final clinical outcomes in the hos-
pital records, and 174 had EMS-to-hospital data linkage errors. 
The final analyzed population of 2,836 participants contained 486 
uncooperative patients (17.1%) and 2,350 cooperative patients 
(82.9%) (Fig. 1).

Baseline demographics 
The demographic and clinical characteristics of the uncooperative 
and cooperative groups are shown in Table 1. Of the 2,836 EMS-
transported adult patients who met the prehospital criteria for 
suspicion of acute stroke, 570 (20.1%) had a confirmed final di-
agnosis of ischemic or hemorrhagic stroke; only the final diagno-
sis of hemorrhagic stroke was significantly higher in the uncoop-
erative group than in the cooperative group (10.5% vs. 5.3%, 
P<0.001). The mean age of the participants in the uncooperative 
group was significantly higher (69.8±17.5 years vs. 63.7±17.5 
years, P<0.001). However, the proportions of female patients and 
medical comorbidities, except diabetes and stroke, were similar in 
the two groups. Clinical characteristics, such as the chief com-
plaint at EMS arrival, FAT, and ED disposition, differed between 
the groups. The chief complaint of altered mental status (78.0% 
vs. 14.7%) was the most common complaint in the uncoopera-
tive group, whereas dizziness (43.6% vs. 1.9%) was the most 
common complaint in the cooperative group. In the uncoopera-
tive group, the FAT was more often unclear (37.9% vs. 18.7%, 
P<0.001), and symptoms were more likely to occur during sleep 
(21.6% vs. 14.5%, P<0.001).

Accuracy analysis for each of the three scenarios
The sensitivity, specificity, positive and negative likelihood ratios, 
PPV, NPV, and AUCs for each of the three scenarios are summa-
rized in Table 2. Among the 2,350 patients in the cooperative 

Table 1. Baseline characteristics of EMS-transferred patients with sus-
pected acute stroke    

Characteristic
Total

(n=2,836)
Uncooperative

(n=486)
Cooperative
(n=2,350)

P-value

Age (yr) 64.8±17.7 69.8±17.5 63.7±17.5 <0.001

<45 402 (14.2) 48 (9.9) 354 (15.1) 0.003

Female sex 1,381 (48.7) 250 (51.4) 1,131 (48.1) 0.184

Chief complaint at EMS arrival <0.001

Dizziness 1,034 (36.5) 9 (1.9) 1,025 (43.6)

Altered mental status 725 (25.6) 379 (78.0) 346 (14.7)

Seizure 273 (9.6) 50 (10.3) 223 (9.5)

Loss of consciousness 173 (6.1) 18 (3.7) 155 (6.6)

Weakness

Upper extremity 254 (9.0) 8 (1.7) 246 (10.5)

Lower extremity 60 (2.1) 2 (0.4) 58 (2.5)

Headache 107 (3.8) 5 (1.0) 102 (4.3)

Dysarthria 102 (3.6) 6 (1.2) 96 (4.1)

Facial palsy 60 (2.1) 2 (0.4) 58 (2.5)

Other 47 (1.7) 7 (1.4) 40 (1.7)

First abnormal time <0.001

Clear 2,212 (78.0) 302 (62.1) 1,910 (81.3)

Unclear 624 (22.0) 184 (37.9) 440 (18.7)

Activity at onset <0.001

On duty 85 (3.0) 11 (2.3) 74 (3.1)

Sleeping 446 (15.7) 105 (21.6) 341 (14.5)

Daily activity 2,100 (74.1) 329 (67.7) 1,771 (75.4)

Other activity 205 (7.2) 41 (8.4) 164 (7.0)

Medical history 

Hypertension 1,089 (38.4) 174 (35.8) 915 (38.9) 0.196

Diabetes 591 (20.8) 118 (24.3) 473 (20.1) 0.040

Stroke 407 (14.4) 94 (19.3) 313 (13.3) 0.001

Cardiovascular disease 298 (10.5) 40 (8.2) 258 (11.0) 0.072

Malignancy 200 (7.1) 43 (8.9) 157 (6.7) 0.089

Blood glucose test (yes) 1,793 (63.2) 382 (78.6) 1,411 (60.0) <0.001

CPSS (positive)

Facial palsy 296 (12.6) NA 296 (12.6) NA

Arm weakness 472 (20.1) NA 472 (20.1) NA

Dysarthria 417 (17.7) NA 417 (17.7) NA

Level of the EMS crew 0.964

Nurse 959 (33.8) 163 (33.5) 796 (33.8)

EMT-intermediate 1,833 (64.6) 316 (65.0) 1,517 (64.6)

EMT-basic 44 (1.6) 7 (1.4) 37 (1.6)

ED disposition <0.001

Discharge 1,536 (54.2) 116 (23.9) 1,420 (60.4)

Admission 1,235 (43.5) 342 (70.4) 893 (38.0)

Interhospital transfer 50 (1.8) 20 (4.1) 30 (1.3)

Death 15 (0.5) 8 (1.6) 7 (0.3)

Final diagnosis (stroke)a) 570 (20.1) 107 (22.0) 463 (19.7) 0.246

Ischemic stroke 402 (14.2) 59 (12.1) 343 (14.6) 0.158

Hemorrhagic stroke 176 (6.2) 51 (10.5) 125 (5.3) <0.001

Values are presented as mean±standard deviation or number (%).
EMS, emergency medical services; CPSS, Cincinnati Prehospital Stroke Scale; NA, 
not applicable; EMT, emergency medical technician; ED, emergency department. 
a)Eight patients were diagnosed with both ischemic and hemorrhagic strokes con-
currently.
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group (who underwent the CPSS), 552 (23.5%) were positive for 
one of the three CPSS items (presence of facial palsy, asymmetric 
arm weakness, and speech abnormalities) in the first scenario 
(conservative approach). The overall diagnostic performance sta-
tistics for the EMS-assessed stroke cases were as follows: 79.5% 
sensitivity (95% confidence interval [CI], 75.5%–83.1%), 90.2% 
specificity (95% CI, 88.8%–91.6%), and 0.849 AUC (95% CI, 
0.829–0.868).

Among the 2,836 participants in the second (real-world appro-
ach) and third (contrapositive approach) scenarios, 1,038 (36.6%) 
and 552 participants (19.5%), respectively, were deemed to be 
positive EMS-assessed stroke cases. The sensitivity and specificity 
of EMS-assessed stroke cases were 83.3% (95% CI, 80.0%–86.3%) 
and 75.2% (95% CI, 73.3%–76.9%), respectively, in the second 
scenario and 64.6% (95% CI, 60.5%–68.5%) and 91.9% (95% CI, 
90.7%–93.0%), respectively, in the third scenario. No significant 
difference was evident in the AUC between the second and third 
scenarios (0.792 [95% CI, 0.775–0.810] vs. 0.782 [95% CI, 0.762–
0.803], P>0.05).

Prehospital factors associated with false-positive results 
for acute stroke in the uncooperative group
The prehospital factors that were associated with false-positive 
results for acute stroke in the uncooperative group are summa-
rized in Table 3. Multivariate logistic regression revealed that sei-
zure at EMS arrival (adjusted odds ratio [aOR], 3.27; 95% CI, 1.13–
9.44), malignancy as a comorbidity (aOR, 4.36; 95% CI, 1.31–14.50), 
clear onset of FAT (aOR, 2.33; 95% CI, 1.50–3.61), and systolic 
blood pressure (SBP) <90 mmHg (aOR, 15.89; 95% CI, 2.16–117.07) 
were significantly associated with increased false-positive results 
for acute stroke after adjustment for age and sex. In contrast, weak-

Table 2. Performance analysis of EMS-assessed stroke recognition for three scenarios

Parameter
Scenario 1 (conservative approach) Scenario 2 (real-world approach) Scenario 3 (contrapositive approach)

Positive Negative Total Positive Negative Total Positive Negative Total

Stroke 368 95 463 475 95 570 368 202 570

Stroke mimic 184 1,703 1,887 563 1,703 2,266 184 2,082 2,266

Total 552 1,798 2,350 1,038 1,798 2,836 552 2,284 2,836

Test characteristic

Sensitivity (%) 79.5 (75.5–83.1) 83.3 (80.0–86.3) 64.6 (60.5–68.5)

Specificity (%) 90.2 (88.8–91.6) 75.2 (73.3–76.9) 91.9 (90.7–93.0)

Positive likelihood ratio 8.15 (7.05–9.42) 3.35 (3.09–3.64) 7.95 (6.83–9.25)

Negative likelihood ratio 0.227 (0.190–0.272) 0.222 (0.184–0.267) 0.386 (0.345–0.431)

Positive predictive value (%) 20.1 (17.9–22.6) 9.4 (8.7–10.1) 19.7 (17.4–22.2)

Negative predictive value (%) 99.3 (99.2–99.4) 99.3 (99.2–99.4) 98.8 (98.7–98.9)

AUC 0.849 (0.829–0.868) 0.792 (0.775–0.810) 0.782 (0.762–0.803)

Values are presented as number or odds ratio (95% confidence interval).
EMS, emergency medical services; AUC, area under the receiver operating characteristic curve.

Table 3. Prehospital factors associated with stroke mimic in the unco-
operative group  

False-positive acute stroke
Odds ratio  
(95% CI)

Adjusted odds ratioa) 
(95% CI)

Age (yr) 0.99 (0.98–1.00) -

Male sex 1.05 (0.68–1.61) -

Chief complaint at EMS arrival

Dizziness 2.29 (0.28–18.48) 2.16 (0.27–17.61)

Altered mental status 1.10 (0.66–1.84) 1.18 (0.70–1.98)

Seizure 3.56 (1.25–10.12) 3.27 (1.13–9.44)

Loss of consciousness 0.73 (0.25–2.08) 0.74 (0.26–2.12)

Weakness

Upper extremity 0.09 (0.02–0.45) 0.10 (0.02–0.49)

Lower extremity 0.28 (0.02–4.52) 0.29 (0.02–4.67)

Headache 0.18 (0.03–1.12) 0.17 (0.03–1.05)

Dysarthria 0.28 (0.06–1.39) 0.26 (0.05–1.34)

Clear first abnormal time 2.26 (1.46–3.50) 2.33 (1.40–3.61)

Activity at onset 0.88 (0.61–1.26) 0.88 (0.61–1.28)

Medical history

Hypertension 0.68 (0.44–1.05) 0.72 (0.46–1.14)

Diabetes 1.52 (0.89–2.60) 1.60 (0.93–2.76)

Stroke 0.78 (0.46–1.32) 0.83 (0.49–1.42)

Cardiovascular disease 0.72 (0.35–1.50) 0.79 (0.38–1.65)

Malignancy 4.09 (1.24–13.50) 4.36 (1.31–14.50)

Prehospital mental statusb) 1.11 (0.60–2.05) 1.09 (0.59–2.02)

Prehospital vitals

Systolic blood pressure 
<90 mmHg

14.28 (1.95–104.86) 15.89 (2.16–117.07)

Body temperature >38°C 0.87 (0.38–2.00) 0.86 (0.37–1.96)

Blood glucose test check (yes) 0.58 (0.33–1.04) 0.57 (0.32–1.02)

Prehospital provider level 0.84 (0.55–1.31) 0.85 (0.55–1.31)

CI, confidence interval; EMS, emergency medical services.
a)Adjusted for age and sex. b)Alert versus nonalert.
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ness of the upper extremities (aOR, 0.10; 95% CI, 0.02–0.49) upon 
EMS arrival was associated with decreased false-positive instanc-
es. The remaining demographic and clinical factors were not sig-
nificantly associated with false-positive results for acute stroke.

Alternative diagnoses for nonstroke patients in the  
uncooperative group
Of the 486 EMS-transferred uncooperative prehospital patients 
suspected to have acute stroke, 378 (77.8%) were identified as 
false positives. The alternative diagnoses, which were classified 
clinically using the final hospital ICD diagnosis codes, are sum-
marized in Table 4. The commonly documented main categories 
of alternative diagnoses for the false-positive patients were non-
diagnosis-classified symptoms and signs (n=85, 22.5%); infec-
tious diseases of a particular system (n=66, 17.5%); mental and 
behavioral disorders (n=52, 13.8%); diabetes mellitus and meta-
bolic complications (n=35, 9.3%); injury, poisoning, and other 
effects of external causes (n=31, 8.2%); episodic and paroxysmal 
disorders of the nervous system (n=27, 7.1%); diseases of the 
liver and biliary tract (n=26, 6.9%); malignant neoplasms (n=20, 
5.3%); acute and chronic kidney failure (n=15, 4.0%); diseases 
of the circulatory system (n=11, 2.9%); and respiratory noninfec-
tious diseases (n=10, 2.6%). The five most common alternative 
diagnoses were convulsions (n=47, 12.4%); infectious diseases 
of the respiratory system, including upper respiratory infection, 
influenza, and pneumonia (n=31, 8.2%); dementia, delirium, and 
other mental disorders (n=29, 7.7%); diabetes mellitus with hy-
poglycemia (n=27, 7.1%); and nonclassified shock (n=25, 6.6%).

DISCUSSION

Patients suspected of acute stroke can be medically unstable and 
uncooperative, and early stroke recognition in such patients is 
challenging in the prehospital setting [20,21]. However, little is 
known about prehospital evaluation of uncooperative patients 
suspected of acute stroke. Furthermore, the real-world perfor-
mance of the current Korean EMS stroke screening policy for un-
cooperative prehospital patients suspected of acute stroke re-
mains unclear. Therefore, we performed this study to clarify the 
final hospital diagnoses and scenario-based real-world perfor-
mance of the current Korean EMS stroke screening policy for un-
cooperative prehospital patients suspected of acute stroke. 

Although the EMS transports up to 70% of stroke patients, the 
proportion of uncooperative stroke patients is not well estab-
lished [7,8]. In the present study, 17.1% of the patients in the 
uncooperative group met the prehospital criteria for suspected 
acute stroke. Although our data do not specify the exact propor-
tion of uncooperative patients, previous studies have shown that 
8% to 25% of stroke patients have altered mental status, which 
is similar to our result [22]. We found several significant intergroup 
differences in baseline demographic and clinical characteristics, 
including patient age, chief complaint at EMS arrival, FAT, activity 

Table 4. Alternative clinical diagnoses (based on the final hospital ICD 
diagnosis code) for nonstroke patients (false positive) in the uncoopera-
tive group

Alternative diagnoses of nonstroke (false positive) patients  
in the uncooperative group

Value 
(n=378)

Symptoms and signs (not elsewhere classified) 85 (22.5)

Convulsions (not elsewhere classified, R56) 47 (12.4)

Shock (not elsewhere classified, R58) 25 (6.6)

Syncope and collapse (R55) 13 (3.4)

Infectious diseases of a particular system 66 (17.5)

URI, influenza, and pneumonia (J00–J06, J09–J18) 31 (8.2)

Acute pyelonephritis and urinary tract infection (N10, N39) 16 (4.2)

Other sepsis (A41) 12 (3.2)

Bacterial meningitis and encephalitis (G00, G04) 4 (1.1)

Infectious gastroenteritis and colitis (A09) 2 (0.5)

Other local infections of skin and subcutaneous tissue (L08) 1 (0.3)

Mental and behavioral disorders 52 (13.8)

Dementia, delirium, and other mental disorders (F01–F09) 29 (7.7)

Alcohol, sedative, hypnotic, or anxiolytic-related disorders (F10–F19) 18 (4.8)

Mood disorders and nonpsychotic mental disorders (F30–F48) 5 (1.3)

Diabetes mellitus and metabolic complications (E10–E13) 35 (9.3)

Diabetes mellitus with hypoglycemia 27 (7.1)

Hyperglycemic-related metabolic complications 8 (2.1)

Injury, poisoning, and other effects of external causes 31 (8.2)

Injuries to the head (S00–S09) 16 (4.2)

Poisoning and toxic effects of substances (T36–T65) 11 (2.9)

Heat-related conditions (T67–T69) 4 (1.1)

Episodic and paroxysmal disorders of the nervous systems 27 (7.1)

Epilepsy and recurrent seizures (G40) 13 (3.4)

Transient cerebral ischemic attacks and related syndromes (G45) 12 (3.2)

Migraine and other headache syndromes (G43, G44) 2 (0.5)

Diseases of the liver and biliary tract 26 (6.9)

Diseases of liver (K70–K77) 23 (6.1)

Other diseases of the biliary tract (K83) 3 (0.8)

Malignant neoplasms 20 (5.3)

Malignant neoplasms of particular systems (C00–C72) 16 (4.2)

Secondary malignant neoplasms (C76–C80) 4 (1.1)

Acute kidney failure and chronic kidney disease (N17–N19) 15 (4.0)

Diseases of the circulatory system 11 (2.9)

Cardiac arrest and dysrhythmia (I44–I49) 5 (1.3)

Heart failure (I50) 3 (0.8)

Aortic aneurysm and dissection (I71) 2 (0.5)

Acute myocardial infarction (I21) 1 (0.3)

Respiratory noninfectious diseases 10 (2.6)

Chronic lower respiratory diseases (J40–J47) 5 (1.3)

Other diseases of the pleura (J90–J94) 5 (1.3)

Values are presented as number (%).
ICD, International Classification of Disease; URI, upper respiratory infection.
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at onset, presence of blood glucose testing, and ED disposition. In 
particular, inspection of the chief complaint at EMS arrival re-
vealed that altered mental status (78.0%) was the most common 
presentation in the uncooperative group, followed by seizures 
(10.3%) and loss of consciousness (3.7%). In a study that investi-
gated patient characteristics that affect prehospital identification 
of stroke by the EMS, altered mental status was associated with a 
6.5-fold higher risk that EMS providers would miss a diagnosis of 
stroke because the PHSST could not be performed in those pa-
tients. However, no intergroup difference was observed in our 
data with regard to the prevalence of a final diagnosis of ischemic 
or hemorrhagic stroke. These findings suggest that the number of 
stroke patients in the uncooperative group cannot be ignored, and 
that a novel stroke screening approach is needed to replace the 
current conventional stroke screening methods [20,22–24].

We also evaluated the real-world performance of the current 
Korean EMS stroke screening policy using different scenarios for 
uncooperative prehospital patients suspected of acute stroke. 
EMS providers in Korea use the CPSS as the primary PHSST for 
stroke identification. A recent systematic study evaluated the di-
agnostic performance of clinical tools for stroke identification 
and reported that the CPSS distinguished between acute stroke 
and stroke mimics with 83% sensitivity, 69% specificity, 50% 
PPV, and 91% NPV [15,16]. In our results of CPSS diagnostic per-
formance in the first scenario (conservative approach), its sensi-
tivity was 79.5% (95% CI, 75.5%–83.1%), which was in the same 
range as in a previous review, whereas its 90.2% specificity (95% 
CI, 88.8%–91.6%) and 99.3% NPV (95% CI, 99.2%–99.4%) in 
our study were higher than those reported in previous reviews. 
On the other hand, the 20.1% PPV (95% CI, 17.9%–22.6%) was 
less than half of that reported previously. It is plausible that these 
results could be related to selection of the study samples. Unlike 
other studies, which included only cooperative patients from a 
convenience sample drawn from prehospital patients subjectively 
suspected of acute stroke by EMS providers, our study population 
was systematically recruited in accordance with the national EMS 
stroke protocol, which is based on structured chief complaint codes 
and mandatory standardized records [21–29]. Therefore, our study 
population is inclusive and consistent irrespective of the subjec-
tive suspicions of EMS providers.

Compared with the first scenario (conservative approach), the 
sensitivity increased slightly, and the specificity decreased mark-
edly in the second scenario (real-world approach). In contrast, the 
sensitivity decreased, and the specificity increased slightly in the 
third scenario (contrapositive approach). In a population with a 
3% prevalence of stroke, overcalls (false positives) are expected 
to increase by 16,199 persons, whereas missed strokes (false neg-

atives) would decrease by 516 persons per 100,000 population in 
the second scenario compared with the third scenario (Supple-
mentary Table 1) [3]. These findings provide quantitative evidence 
for predicting the overestimation (false positive) and underesti-
mation (false negative) effects of changing the EMS stroke 
screening policy for uncooperative patients. Therefore, although 
there is currently no consensus on optimizing the prehospital 
stroke assessment policy for uncooperative patients, it is necessary 
to compare the EMS burden of policy options based on likely over-
estimation or underestimation.

Most of the currently available prehospital screening tools are 
designed to assess the most common symptoms of acute stroke 
[15,16,30]. Therefore, they all provide prehospital responders a 
good ability to recognize positive acute stroke cases; however, 
their ability to exclude stroke mimics is not good and offers only 
modest diagnostic accuracy [16]. Therefore, this pattern of pre-
hospital diagnosis might lead to overestimation of acute stroke 
and could overburden special EMS facilities. 

The diagnostic performance for distinguishing between acute 
stroke and stroke mimics is crucial for uncooperative patients be-
cause it is very difficult to evaluate most of the prehospital screen-
ing items in this population. This situation emphasizes the need 
for an alternative approach to exclude stroke-mimicking condi-
tions in uncooperative patients. One scoring system (FABS) was 
developed to identify stroke mimics in patients with suspected 
acute stroke [16,31,32]. This scoring system is calculated based 
on six variables, with one point for each variable present (absence 
of facial droop, negative history of atrial fibrillation, age <50 years, 
systolic blood pressure <150 mmHg at presentation, history of 
seizures, and isolated sensory symptoms without weakness at 
presentation). A FABS score of ≥3 demonstrated the best overall 
diagnostic performance, with 90% sensitivity (95% CI, 86%–93%), 
91% specificity (95% CI, 88%–93%), 87% PPV (95% CI, 83%–
91%), and 93% NPV (95% CI, 90%–95%) [31].

Similar to the characteristics of the FABS scoring system, our 
study identified five prehospital factors that were associated with 
stroke mimics in the uncooperative group. Seizure at presenta-
tion, medical history of malignancy, clear onset of FAT, SBP <90 
mmHg, and absence of motor weakness of the upper extremities 
were significantly associated with stroke mimics in our logistic 
regression model after adjustment for age and sex.

Furthermore, we summarized the alternative diagnoses and the 
five most common stroke mimics in the uncooperative group. To-
gether, our findings provide important insights into the potential 
parameters needed to facilitate triage of uncooperative patients 
suspected of acute stroke in the prehospital setting and the ED.

Novel advanced technologies could be another option for opti-
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mal prehospital stroke triage, even in uncooperative patients [33–
35]. In 2019, a systematic literature review outlined the potential 
of noninvasive sensor technology for prehospital stroke diagnosis 
and provided information on 10 noninvasive external sensor de-
vices based on seven technologies (accelerometers, electroen-
cephalography, microwaves, near-infrared, radiofrequency, tran-
scranial Doppler ultrasound, and volumetric impedance phase-
shift spectroscopy) [33]. However, further studies are required to 
verify the feasibility and validation of those prehospital stroke 
screening systems.

Several limitations of our study should be considered when in-
terpreting the results. First, the principal limitation of our study is 
the difference in design of the study sample from previous stud-
ies, which we chose to minimize the subjective suspicions of EMS 
providers; in our sample, all participants who matched the chief 
complaint codes for prehospital patients suspected of acute 
stroke were used as denominators. Thus, our diagnostic perfor-
mance, especially PPV, could differ from that of other studies. 
Second, the EMS transport-to-hospital data linkage verification 
was limited, and 174 EMS-transported records were not linked to 
hospital data. The overall match rate for unique one to one EMS 
transport-to-ED visits was approximately 95%. Third, our retro-
spective study used the ICD-10 diagnostic codes from the EMR to 
establish a final diagnosis, which was affected by the complete-
ness and accuracy of the EMR. Fourth, the study population was 
obtained from a small subset of EMS operations in only one prov-
ince, limiting the generalizability of these results to other regions.

In conclusion, the final diagnosis of acute stroke in the unco-
operative group did not differ significantly from that in the coop-
erative group. Given the changes in overestimation (false positive) 
and underestimation (false negative) according to the EMS stroke 
screening policy for the uncooperative group, further research is 
needed to develop a novel stroke screening approach that is cus-
tomized for evaluation of uncooperative patients suspected of 
acute stroke.

SUPPLEMENTARY MATERIALS

Supplementary Table 1. Overestimation or underestimation ef-
fects of the emergency medical services stroke screening policy 
for the uncooperative group
Supplementary materials are available at https://doi.org/10.15441/ 
ceem.22.372.
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