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Inter-rater reliability between paramedics
and neurologists in the assessment of severe

hemiparesis in acute stroke

Stanoveni miry shody mezi zachranari
a neurology pfi identifikaci tézké hemiparézy
u pacientl s akutni cévni mozkovou prihodou

Abstract

Aim: Pre-hospital triage by paramedics could determine which patients qualify for direct transport
to comprehensive stroke centres for mechanical thrombectomy. For triage to be successful,
paramedics have to be able to identify major neurological impairments. The aim of our study was to
determine inter-rater reliability between paramedics and stroke neurologists in identifying severe
hemiparesis in acute stroke patients. Methods: In this prospective, multicentre study, 225 paramedics
from Emergency Medical Services were taught via e-learning to distinguish between mild and
severe hemiparesis. Inter-rater agreement between paramedics and stroke specialists in evaluating
the degree of hemiparesis (National Institutes of Health Stroke Scale [NIHSS], items 5 and 6, scoring
0-2 [none or mild] vs. 3-4 [severe]) was assessed using the unweighted k index. Results: Over the
course of 10 months in 2016, 402 consecutive patients (average age 75 years) were evaluated for
the presence of hemiparesis by paramedics during pre-hospital care and by stroke neurologists
immediately after stroke centre admission. The total agreement between the paramedics and
neurologists in their evaluations of severe hemiparesis or monoparesis was moderate: k 0.43 (95%
Cl 0.36-0.50). Conclusion: We found moderate reproducibility of the identification of severe
hemiparesis in acute stroke patients when assessed by paramedics in a pre-hospital setting. Better
education for paramedics is needed before implementing a change in transport triage based on
their assessment of severity of neurological deficit.
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Souhrn

Cil: Tridéni pacientt zachranafi v prednemocnicni péci by mohlo urcit, kteff pacienti budou pfimo transportovani do komplexniho cerebrovaskuldrniho
centra k provedeni mechanické trombektomie. Aby tiidéni bylo Uspésné, zdravotnicti zachranafi musi byt schopni identifikovat zavazné neurologické
postizeni. Cilem nasf studie bylo stanovit miru shody inter-rater reability mezi zéchranafi a neurology — specialisty na CMP, pfi identifikaci tézké
hemiparézy u pacientd s akutni CMP. Metodika: V prospektivni multicentrické studii bylo vyuzito elektronické formy vyuky u 225 zachranart
Zdravotnické zachranné sluzby tak, aby byli schopni rozlisit lehkou a téZkou hemiparézu. Ke stanovenf miry shody mezi zachranafi a neurology —
specialisty na CMP v hodnocenf stupné zavaznosti hemiparézy (National Institutes of Health Stroke Scale [NIHSS], body 5 a 6, skére 0-2 [zddna nebo
lehkd] vs. 3-4 [tézkd)) byl vyuzit nevazany index k. Vysledky: BEhem 10 mésicl v roce 2016 bylo v pfednemocni¢ni neodkladné péci zdravotnickymi
zachranari vysetfeno na piitomnost hemiparézy 402 pacientd (prdmérny vek 75 let), ktefi byli souc¢asné ihned po pfijeti do iktového centra vysetieni
také neurology - specialisty na CMP. Celkové shoda mezi zachranafi a neurology pfi hodnocenf tézké hemiparézy nebo monoparézy byla mirna:
k 0,43 (95% Cl 0,36-0,50). Zdvér: V hodnoceni zachranaill v prednemocni¢ni neodkladné péci byla zjisténa mirna reprodukovatelnost identifikace
té7ké hemiparézy u pacientl s akutni CMP. Pfed zavedenim zmén ve smérovani na zékladé posouzeni zdvaznosti neurologického deficitu je zapotrebi

lepsiho systému vzdélavani pro zachranare.

Introduction

Mechanical thrombectomy (MT) signifi-
cantly reduces disability in acute stroke pa-
tients with large vessel occlusion (LVO)
stroke [1] and the time to MT is a very impor-
tant factor for a good clinical outcome [2].

The recommendation of Mayank Goyal
et al divides patients into three categories.
They defined patients who benefit from di-
rect transport to the comprehensive stroke
centre (CSC) for MT despite the distance to
the centre [3].

The delay of secondary transfer from a pri-
mary stroke centre to a CSC is a major fac-
tor limiting the use of MT in acute ischae-
mic stroke [4]. Recently, several studies have
demonstrated a strong correlation between
stroke deficit severity and the presence of
LVO in acute ischaemic stroke patients [5-7].

Based on this evidence, it has been sug-
gested that patients with severe neurologi-
cal deficit who are suspected of having an
LVO stroke should be transported directly to
a CSCfor MT [891.

The 'mothership” model might be fa-
voured in metropolitan areas, with transpor-
tation time to a CSC of less than 30-45 min
and the use of the ‘drip-and-ship’ model
when transportation times are longer [10].

Paramedics therefore have to be able to
distinguish between severe and mild stroke
during pre-hospital care. Several stroke
scales are available to make this distinction.

Severe hemiparesis and severe monopa-
resis have been demonstrated as the most
sensitive symptoms of LVO stroke [5]. There-
fore, we have implemented a simple pre-
hospital stroke scale that evaluates Face Arm
Speech Test (FAST) positive patients for the
presence or absence of severe hemiparesis
or severe monoparesis. The name of this test
is the FAST PLUS test [11].

The ability of paramedics to distin-
guish between mild and severe hemipa-
resis enables changing triage from a ‘drip-
-and-ship’ system to a ‘drip-and-ship’ or
‘mothership’ [12].

Our previous study evaluated the specifici-
ty, sensitivity, positive predictive value (PPV)
and negative predictive value (NPV) of the
FAST PLUS test as administered by paramed-
ics for LVO stroke and confirmed by CTA.
Most of the LVO stroke patients (93%) had
positive FAST PLUS test results, with a high
sensitivity of 93% (95% Cl 87-97) and NPV
(94%). The specificity was 47% (95% Cl 39—
50) and the PPV was 41% (95% Cl 35-47) [11].

The aim of our study was to identify inter-
-rater reliability (IRR) between paramedics and
stroke neurologists for the presence or ab-
sence of severe hemiparesis or monoparesis.

Methods

This multicentre, prospective cohort, obser-
vational study assesses IRR between para-
medics and stroke neurologists in neurologi-
cal assessment. ClinicalTrials.gov Identifier:
NCT03072524. The study protocol was ap-
proved by the Ethics Committee of Univer-
sity Hospital Ostrava (Ostrava, Czech Repub-
lic), approval number 82/2016. All patients
provided written informed consent to par-
ticipate in the study.

Education of paramedics

In previous practice, paramedics selected
suspected stroke patients according to
their FAST test results. For this study, para-
medics were trained via e-learning to con-
duct the FAST PLUS test. A total of 225 Emer-
gency Medical Services (EMS) paramedics
were taught via e-learning to distinguish be-
tween mild hemiparesis or monoparesis and
severe hemiparesis or monoparesis. For their

education, three video recordings were used
to demonstrate the motor deficit examina-
tion of lower and upper limbs. The first video
shows a patient with complete hemiparesis;
the National Institutes of Health Stroke Scale
(NIHSS) score was 4 for both limbs. The sec-
ond video shows a patient with severe hemi-
paresis, with an NIHSS score of 3 for both
limbs. The third video shows a patient with
mild hemiparesis, with an NIHSS score of
2 for both limbs. All paramedics had to go
through e-learning; this was verified by the
use of the paramedic’s personal password;
the e-learning was not followed by any exam.

A severe stroke is defined as a patient
with severe unilateral hemiparesis (NIHSS
3 or 4 points in items 5 and 6) or monopa-
resis (NIHSS 3 or 4 points in item 5). Such pa-
tients have been identified as FAST PLUS test
positive, because the paramedics identified
them as FAST positive and then as having se-
vere or mild hemiparesis. The results of the
FAST PLUS test are part of the Stroke Card
that paramedics use; see Fig. 1.

Eight certificated stroke neurologists
participated in our study. All of them were
trained in NIHSS examination (certified).

Study population

All consecutive suspected stroke patients
(FAST test positive) from the primary catch-
ment area of three stroke centres (637,584 in-
habitants) — University Hospital Ostrava, City
Hospital Ostrava, and Vitkovice Hospital Os-
trava — were examined by paramedics dur-
ing pre-hospital care and by stroke spe-
cialists (using the NIHSS at the emergency
stroke ward just after admission).

Data collection
We used the following data in our evalua-
tion: Stroke Card and FAST PLUS test, age,
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N
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Stroke Card EMS ELLEH | j
1500 HOSPITALS MAY 2019 iwgﬂ!{l:g: !

PRIMARLEN [ YOLEITE

Patient name: | | Age: :l

Known time of symptom onset: | |

Time of symptom onset unknown

+ If the time of symptom onset is unknown, when was the patient last seen healthy: | |

« If the symptoms started during the night, when did the patient go to sleep: I ]

« When was the patient found: | [

Person o contact | |

Current medical history:
Anticoagulation therapy in last 48 hours (warfarin, heparin, fraxiparin, NoAc — Xarelto, Eliquis, Pradaxa)

[Cyes [ ne [CInia
Before the stroke was the patient self-sufficient (able to walk)

E] yes D no [:| N/A
FAST test (Face Arm Speech Test)
Speech difficulties: [] ves [J no
Facial droop: D yes D no
Arm weakness: D yes D no
Sudden appearance: [] ves [Jrno

FAST PLUS test (The severity of the neurological disorder in the limbs)

1. Paretic Arm — the limb after being extended up to 45- drops down immediately without resistance.
Each limb is tested in turn.

Left Arm [Cyes [ no
Right Arm [CJyes [J no

2. Paretic leg — the limb after being extended up to 30+ drops down immediately without resistance,
Each limb is tested in turn.
Left leg Elyes D no
Right leg [Cyes ] ne

2 x YES = HIGH PROBABILITY OF LARGE VESSEL OCCLUSION INDICATED TO ENDOVASCULAR TREATMENT

TRIAGE:

For all patients with positive FAST test up to 6 hours from the stroke symptom onset, and in parallel with severe hemiparesis (2 x yes for limb weakness)

immediately call the Comp 1sive Ci lar Centre. For the palients with suspected stroke call the closest stroke centre in the catchmenl area.
Name of

Date, time and name of EMS staff

www.casjemozek.cz

Fig. 1. Stroke card and FAST PLUS test.
Obr. 1. Iktova karta a FAST PLUS test.
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899 suspected stroke patients

v

464 patients without FAST PLUS TEST

v

435 patients with FAST PLUS test

v

33 patients without NIHSS examination

v

402 patients with FAST PLUS test and with
stroke neurologist NIHSS examination

v

266 FAST PLUS test positive patients

NIHSS - National Institutes
of Health Stroke Scale

Fig. 2. Participant flow diagram.
Obr. 2. Vyvojovy diagram tcastnikd.

gender, non-contrast CT, CTA, NIHSS score
on admission, time between paramedic and
stroke specialist examination, NIHSS for arms
and NIHSS for legs.

Statistics

For statistical analysis, Stata version 14 soft-
ware (StataCorp, College Station, TX, USA)
was used. Inter-rater agreement was as-
sessed using the unweighted k index. Agree-
ment was considered ‘poor’ at k < 0.4, 'mod-
erate’ at 0.41-0.60, 'substantial” at 0.61-0.80,
and ‘almost perfect’ at > 0.81.

Results

Over the course of 10 months in 2016,
899 suspected stroke patients were trans-
ported within 12 h of stroke onset to three
stroke centres in Ostrava, a city in the Mora-
vian-Silesian region with a catchment area of
637,584 inhabitants.

Of those suspected stroke patients,
435 patients were examined by paramed-
ics; 402 of those patients were evaluated for
the presence of hemiparesis by paramed-
ics during pre-hospital care and by stroke
neurologists immediately after stroke cen-
tre admission (Fig. 2). The baseline data and
final diagnosis are shown in Tab. 1. The av-
erage NIHSS score was 8.6 (0-33) according
to stroke neurologists just after stroke centre
admission. The time between the paramed-
ics’ and the stroke specialists’ examinations
was median 42 min (IQR 24 min).

Tab. 1. Demographic data and final
diagnosis.
No. (%)

no. of patients 435 (100)
age, median (years) 74.5
e siecrianin g
other diagnosis 56 (13)
intracranial haemorrhage 46 (11)
brain tumors 4
epileptic seizures 2
meningitis/abscess 2
previous stroke 1
migraine 1

Tab. 2. Inter-rater reliability between
paramedics and stroke neurologist
in the evaluation of hemiparesis and
monoparesis.

Neurologists

Paramedics 0 1 total
0 131 5 136
% 32.59 1.24 33.83
1 118 148 266
% 2935 3682 6617
total 249 153 402
% 6194  38.06 100.00

K (95% Cl) = 0432 (0.360-0.504)
0 means no or mild hemiparesis
1 means severe hemiparesis or hemiplegia

Out of the 402 patients who received both
evaluations, 266 (66%) had severe hemi- or
monoparesis according to the paramed-
ics’ examination (FAST PLUS positive) and
153 (38%) according to the neurologists’ ex-
amination. The total agreement between
the paramedics and neurologists in evaluat-
ing severe hemiparesis or monoparesis was
moderate, with a k value of 043 (95% Cl 0.36-
0.50) (Tab. 2). LVO was found in 124 patients
(319%). The main reason for disagreement was
the overstatement of the degree of hemipa-
resis by the paramedics in 118 patients. In five
patients, hemiparesis was underestimated.

Discussion

The evaluation of stroke severity during the
pre-hospital stage of care is very important
for triage of acute stroke patients.

Patients who demonstrate any signs of
stroke (FAST test positive) should then un-
dergo a second screen using a tool vali-
dated to assess stroke severity, which may
be considered in decisions for transportation
destination [9].

Our study assessed stroke severity accord-
ing to the presence of severe hemiparesis or
monoparesis (NIHSS items 5 and 6 scoring
3 or4)only.

After the paramedics were educated via
e-learning in the screening of stroke pa-
tients (FAST test) and in the presence of se-
vere mono- or hemiparesis (FAST PLUS test),
we reached moderate agreement with a k of
043 between paramedics and neurologists
in evaluating arm motor deficit or both arm
and leg motor deficit. Several stroke scales
evaluate acute stroke patients.

The FAST test evaluates three items (face
drooping, arm weakness and speech diffi-
culties); it is the most widely used scale in
pre-hospital care for predicting stroke ex-
cept LVO stroke. In a previous study, the
FAST test showed good agreement with
the physician’s assessment; the highest
prevalence was found in arm weakness
(k=0.77) [13].

The NIHSS can best identify the severity of
stroke [12]. Excellent agreement (k 0.84 and
0.88, resp.) was found between neurologists
in the NIHSS evaluation of mono- or hemipa-
resis (items 5 and 6) [14]. However, the NIHSS
is too complex and time-consuming to be
used by pre-hospital EMS.

Other studies with easier stroke scales de-
signed for paramedics evaluated the screen-
ing of stroke patients or the relation between
stroke severity and LVO stroke [15-21]. Only
three studies have evaluated stroke scales
(Rapid Arterial oCclusion Evaluation [RACE],
Cincinnati Stroke Triage Assessment Tool [
STAT] and Los Angeles Motor Scale [LAMS])
prospectively or in the field [21-24].

Our results are comparable to those of the
Cincinnati Prehospital Stroke Scale (CPSS).

The CPSS is a three-item scale which as-
sesses arm weakness, speech difficulties and
facial droop.

Kothari et al published Cincinnati Prehos-
pital Stroke Scale: Reproducibility and Valid-
ity, evaluating IRR between paramedics and
stroke specialists. In their study, 49 stroke pa-
tients were examined by paramedics at the
emergency ward, not pre-hospital. IRR in this
study ranged from k 0.85 (motor arm deficit)
to 0.39 (facial palsy) [23].
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Ferguson et al presented their evalua-
tion of IRR of the LAMS. The LAMS evaluates
three items: facial droop, arm drift and grip
strength. They reached a cumulative k of
0.83 (excellent) but only between paramed-
ics, not between paramedics and neurolo-
gists [24]. The most extensive pre-hospital
data are provided by the RACE scale. This
score validates a five-item scale (facial palsy,
arm motor function, leg motor function,
head and gaze deviation and aphasia/agno-
sia). A study of the RACE test has data from
357 patients, but inter-rater variability of the
RACE test has not been published [21].

In our study, severe hemi- or monopare-
sis was diagnosed in 266 patients by para-
medics and in 153 patients by neurologists.
LVO was found in 124 patients (31%). Of this
group of patients 115 patients were FAST
PLUS test positive, and 9 patients were FAST
PLUS test negative [11].

We evaluated the reason for this dis-
agreement according to written descrip-
tions of hemiparesis. The main reason for
disagreement was the overstatement of
the degree of hemiparesis by paramedics in
118 patients.

[tis possible that the patients’ clinical sta-
tus changed during the time between the
paramedics’ and the neurologists’ examina-
tions (median 42 min).

Paramedics overstating the degree of
hemiparesis could lead to incorrect triage of
acute stroke patients, which could delay the
start of intravenous thrombolysis treatment.
A high number of false positive patients
could cause an overloading of CSC with pa-
tients who are not suitable for MT. Therefore,
further training of paramedics is necessary,
using not only e-learning but also standard-
ized video testing and certification.

The limitations of our study

The time delay between the assessments of
the paramedics and that of the stroke phy-
sicians could lead to bias due to transient is-
chaemic attack or regressing stroke; this is
a major limitation of our study.

The paramedic training was conducted
only via the internet, without further testing
or feedback.

The accuracy, IRR and quality of the physi-
cians’ assessments were not analysed in this
study.

Conclusion

Our study found that even identifications of
typical stroke symptoms such as severe pa-
resis or hemiparesis had moderate repro-
ducibility when assessed in pre-hospital set-
tings by paramedics. Before any pre-hospital
stroke scale to triage stroke patients is im-
plemented into clinical routine care, better
educational methods should be developed
such as using standardized video testing
and certification.
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