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Abstract

Objectives—Identifying stroke during a 9-1-1 call is critical to timely prehospital care.
However, emergency medical dispatchers (EMDs) recognize stroke in less than half of 9-1-1 calls,
potentially due to the words used by callers to communicate stroke signs and symptoms. We
hypothesized that callers do not typically use words and phrases considered to be classical
descriptors of stroke, such as focal neurologic deficits, but that a mixed-methods approach can
identify words and phrases commonly used by 9-1-1 callers to describe acute stroke victims.
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Methods—We performed a mixed-methods, retrospective study of 9—1-1 call audio recordings
for adult patients with confirmed stroke who were transported by ambulance in a large urban city.
Content analysis, a qualitative methodology, and computational linguistics, a quantitative
methodology, were used to identify key words and phrases used by 9-1-1 callers to describe acute
stroke victims. Because a caller’s level of emotional distress contributes to the communication
during a 9-1-1 call, the Emotional Content and Cooperation Score was scored by a
multidisciplinary team.

Results—A total of 110 9-1-1 calls, received between June and September 2013, were analyzed.
EMDs recognized stroke in 48% of calls, and the emotional state of most callers (95%) was calm.
In 77% of calls in which EMDs recognized stroke, callers specifically used the word “stroke”;
however, the word “stroke” was used in only 38% of calls. Vague, non-specific words and phrases
were used to describe stroke victims’ symptoms in 55% of calls, and 45% of callers used distractor
words and phrases suggestive of non-stroke emergencies. Focal neurologic symptoms were
described in 39% of calls. Computational linguistics identified 9 key words that were more
commonly used in calls where the EMD identified stroke. These words were concordant with
terms identified through qualitative content analysis.

Conclusions—Most 9-1-1 callers used vague, non-specific, or distractor words and phrases and
infrequently provide classic stroke descriptions during 9-1-1 calls for stroke. Both qualitative and
quantitative methodologies identified similar key words and phrases associated with accurate
EMD stroke recognition. This study suggests that tools incorporating commonly used words and
phrases could potentially improve EMD stroke recognition.

Keywords
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Prehospital Care; Emergency Medical Dispatch

Introduction

Prompt recognition, transport, and treatment of patients experiencing acute stroke is critical
to patient outcomes.1-5 The first medical contact for stroke often is with the emergency
medical dispatcher (EMD) who serves as a critical link in the stroke chain of survival by
notifying subsequent providers and providing pre-arrival instructions to callers.> Accurate
EMD and paramedic identification of stroke leads to high-priority dispatch of responding
personnel, shorter on-scene time, quicker transport of patients to stroke center hospitals, and
improved emergency department time metric quality measures for stroke.5-8 Timely stroke
care is critical for patient outcomes, as every 15 minute delay to thrombolysis results in a
4% increase in poor outcomes and most patients become ineligible for any form of
revascularization therapy six hours after symptom onset.3,4 Additionally, patients with acute
ischemic stroke from large vessel occlusion benefit from timely mechanical thrombectomy,
emphasizing the importance of prehospital identification of severe stroke and coordination
of all members of a prehospital stroke system of care.1,9-15 Currently, however, EMDs
identify stroke in fewer than half of 9-1-1 calls for acute stroke.7,16-21

Prehosp Emerg Care. Author manuscript; available in PMC 2018 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Richards et al.

Methods

Page 3

Limiting EMD protocols to classical stroke descriptors, such as focal weakness, slurred
speech, and facial droop, may not account for commonly used words and phrases used by
lay callers and may hamper stroke recognition by EMDs.22,23 Our goal was to describe the
words and phrases commonly used during 9-1-1 calls for acute stroke in a large United
States city using both qualitative and quantitative methodologies. We hypothesized that
layperson callers commonly use words and phrases that are not considered classical
descriptors of stroke, such as focal neurologic deficits, when calling 9-1-1 for victims of
acute stroke.

Study Design

We performed a retrospective, mixed methods study of 9-1-1 calls for patients with
confirmed acute stroke. Detailed field notes of each 9-1-1 call audio recording were
transcribed by research team members (CTR, SP, EM, FA), and the call duration was
recorded. In Chicago during the study period, EMDs used locally-developed dispatch
protocols that first prompt the EMD to ask the caller if the patient is conscious and breathing
normally once the nature of the emergency is determined. Next, the EMD is prompted to ask
the age and sex of the patient. If the nature of the emergency raises the possibility of stroke
for the EMD, the EMD will ask if the patient is having any stroke symptoms, specifically
slurred speech, numbness/tingling, and paralysis, as well as the time of symptom onset.
After on-scene paramedic evaluation, patients with suspected stroke are transported directly
to a primary stroke center.

Research team members (CTR, SP, EM, FA) also scored the Emotional Content and
Cooperation Score (ECCS) by consensus. The ECCS is a five-point scale from 1 (“normal
conversational speech”) to 5 (“uncontrollable, hysterical”) that describes the level of
emotional distress of 9-1-1 callers,24,25 and research team members were trained in the
application of the ECCS. The research team members listened to the audio recordings as a
group with the goal of achieving consensus in determining the ECCS. Actual audio-
recordings for this analysis were used, rather than the field notes, because some aspects of
the “emotion” of the call can be missed on transcription (e.g., tone of voice, background
noise, crying). If initial scores differed amongst the members, the call was re-played for the
group and discussed until consensus on ECCS was reached.

Study Population and Setting

Patients older than 18 years of age who arrived by ambulance to one of eight primary stroke
centers in Chicago with confirmed acute ischemic stroke (AlS), from June through
November 2013, were identified through the Get With The Guidelines-Stroke registry. The
corresponding 9-1-1 call was matched for each patient who was diagnosed with stroke at the
receiving stroke center.

Analytical Methods

A qualitative analysis, using content analysis, was performed on the field notes of the 9-1-1
calls, using an a priori codebook. The code for “focal neurologic symptoms” was defined as
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clear neurologic deficits consistent with classic stroke syndromes, such as arm weakness,
facial droop, and slurred speech. The code for “vague, non-specific symptoms” included
words and phrases that were not stroke-specific but consistent with stroke syndromes, such
as “cannot walk” and “nausea.” “Distractors” were defined as words or phrases suggestive of
non-stroke emergencies (e.g., “can’t breathe”).

A quantitative analysis, using computational linguistics, was performed by assessing the
frequency of each word in 9-1-1 calls with EMD-recognized stroke compared to the
frequency of each word in 9-1-1 calls without EMD-recognized stroke. EMD recognition of
stroke was defined as the EMD assigning “stroke patient” for “incident type” at the time of
ambulance dispatch. A Welch’s t-test was applied to calculate the difference of word
frequency,

/Ns _fw, n/N
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where fand f, . represent the number of appearances of word w in calls with and
without EMD-recognized stroke, respectively, and N, and N, represent the total word counts

of calls with and without EMD-recognized stroke, respectively.26 Assuming an equal
variance, the degree of freedom was roughly proportional to the total number of words
N, + N,. Each word in a call was analyzed as an independent sample which resulted in all

degrees of freedom >1000, and, therefore, a normal approximation was used. The analysis
was repeated by extracting key phrases (e.g. “chest pain” and “had a stroke”) using the key
phrases as a unit of analysis. A p-value of <0.05 using the 7 values was considered

significant.

Human Subjects Review

Results

The study was reviewed and approved as an exempt protocol by the Northwestern University
Institutional Review Board (STU00202203).

We analyzed 110 audio recordings. Median call duration was 61 (interquartile range 47-81)
seconds with an average of 89.3 words per call. Six of 110 calls (5%) were from medical
facilities (e.g., clinic or nursing home). EMDs correctly identified stroke in 53/110 (48%) of
calls.

Content analysis revealed that vague, non-specific words and phrases (e.g., “She’s confused
and distressed™) were used to describe stroke by 60/110 (55%) of callers, and distractor
terms, suggestive of non-stroke emergencies (e.g., “I think he’s having a heart attack™), were
used in 49/110 (45%) of calls. In 43/110 (39%) of calls, the caller described focal neurologic
deficits (e.g., “Right arm’s not lifting™). Only 42/110 (38%) of callers used the word
“stroke”; however, in 41 of 53 (77%) calls with accurate EMD recognition of stroke, the
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caller used the word “stroke.” Symptom onset time was communicated in only 5/110 (5%)
of calls.

Quantitative analysis using computational linguistics identified key words and phrases
associated with EMD recognition of stroke that were similar to those identified through
qualitative content analysis. Caller use of the word “stroke” was most strongly associated
with EMD recognition of stroke (p<0.0005). Similarly, the phrases “having a stroke”
(p<0.0005) and “had a stroke” (p=0.001) were also associated with EMD recognition of
stroke. Other words used by callers during calls with EMD-recognized stroke included
words associated with classic descriptions of stroke: “face” (p=0.017), “mouth” (p=0.007),
“slurred” (p=0.004), and “side” (p=0.011). “Twisted,” as a lay descriptor for facial
weakness, was also more common in calls with EMD-recognized stroke (p=0.007). The use
of the non-specific word “think” (p<0.0005) suggests a degree of uncertainty on the caller’s
behalf about the patient’s clinical condition (Table 1).

The EMD dispatch protocol used during the study period prompts EMDs to ask all callers if
the patient is “awake” and “breathing normally.” The word “awake” (p=0.004) and the
phrase “awake and breathing” (p=0.014) were more commonly used by callers in which
EMDs recognized stroke. The words and phrases used by EMDs during calls with EMD-
recognized stroke included “side” (p=0.001), “slurred” (p=0.001), “speech” (p=0.004),
“slurred speech” (0.013), and “mouth” (p=0.051 (Table 2).

Most (71/110, 65%) callers used normal conversational speech patterns (ECCS=1), and
33/110 (30%) of callers were anxious but cooperative (ECCS=2). No callers were so
emotional that they were unable to be directed by the EMD (ECCS=5).

Discussion

We found that the majority of lay callers use vague words and phrases not specific to stroke
to describe acute stroke victims during 9-1-1 calls. Additionally, many callers used words
and phrases suggestive of non-stroke emergencies, which may hinder EMD stroke
recognition. Focal neurologic signs and symptoms were infrequently described by callers,
but these classic descriptors were more commonly associated with EMD recognition of
stroke. Fewer than 2 in 5 callers used the word “stroke” despite use of this word being
associated with accurate EMD stroke identification, a finding consistent with prior studies.
21,27 These findings suggest that, in order for EMDs to recognize stroke, caller descriptions
of symptoms characteristic of stroke syndromes with preserved mental status (i.e., “slurred
speech” and “awake [and breathing]”) are critical. However, callers more commonly used
vague and non-specific descriptors of stroke during 9-1-1 calls. Lastly, most callers were
calm during 9-1-1 calls. This calmness not only suggests that callers may not recognize the
time-sensitive nature of acute stroke but also suggests potential opportunities for EMD-
directed pre-arrival stroke assessments with callers.

Early identification of stroke is critical to improving stroke outcomes.® Stroke recognition by
EMDs can result in notifying responding paramedics and timelier stroke care.7,8,22
Additionally, early, accurate identification of stroke is important to prehospital stroke
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systems of care that triage patients with suspected large vessel occlusions (LVO) to
comprehensive stroke centers.14,15 With evidence demonstrating that rapid reperfusion
improves outcome, recent emphasis has been placed on the prehospital screening for LVO.
11,14,15 Prehospital LVO screening tools have been validated, mobile stroke unit programs
have been developed, and transport by helicopter emergency medical services to CSCs have
been investigated.15,28-37 Identifying patients with suspected stroke during the 9-1-1 call
carries the potential to improve on-scene detection and the “downstream” deployment of
appropriate resources to the screen, particularly in systems where response and transport
times are greater than recommended guidelines.38

Currently, EMD recognition of acute stroke is suboptimal, and, similar to this investigation
where EMD stroke detection was 48%, most prior studies have reported EMD stroke
recognition less than 50% though with a range between 31%-80%.7,16-21,39 One key
barrier may be the words and phrases used by 9-1-1 callers. A prior study of emergency
calls for stroke, conducted in the ethnically and linguistically homogenous region of North
West England, found that only 25% of callers conveyed a concern for stroke and even fewer
described focal neurologic deficits.22,23,27 Our results confirm these prior findings for a
diverse, urban population in the United States.

Both qualitative and quantitative methods were used to identify key words and phrases used
in 9-1-1 calls for acute stroke. Computational linguistics has been applied in other settings
but, to our knowledge, never to analyze healthcare communication. This successful
application of a novel methodological approach provides preliminary proof of concept data
for further application of computational linguistics in health services research, specifically
emergency care research. For example, a novel extension of this work would be to
implement algorithms into enhanced decision support tools for EMDs to detect words and
phrases associated with a high probability of stroke.

This study is limited in the use of data from a single city, Chicago, Illinois. Despite the
diverse racial-ethnic background of the city’s population, the findings may not be
generalizable to other urban settings in the United States with different EMD protocols and
linguistic heritages of its population. While prehospital metrics, such as on-scene time and
demographic characteristics of callers, were not available for this analysis, future studies
should attempt to gather these data to investigate the influence of words used during 9-1-1
calls to assess the representativeness of the data regarding prehospital care and treatment
delays. Additionally, the demographic characteristics of the 9-1-1 caller and EMD, such as
race, gender, and level of health literacy were not recorded or not knowable. These
demographic characteristics of callers and subsequent interaction with EMDs may influence
stroke detection by EMDs and can be investigated in further studies. Lastly, only 9-1-1 calls
for patients with confirmed AIS were included for analysis, and future studies can apply
similar methodology to other stroke types (e.g., hemorrhagic stroke) and stroke mimics.
Furthermore, future studies can use the methodology described here to investigate ways of
incorporating highly predictive words used by laypersons into EMD screens to prompt
EMDs to consider stroke during the first point of medical contact during the 9-1-1 call. In
future studies, real-time machine learning could be implemented to analyze callers’ words
and phrases and prompt EMDs to consider specific conditions, such as stroke.
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Conclusions

The EMD-caller interaction is a critical link in the stroke chain of survival, and optimizing
stroke recognition during 9-1-1 calls could improve stroke outcomes. Our mixed methods
approach suggests that layperson callers use words and phrases that are not considered
classical descriptors of stroke when calling 9-1-1 for victims of acute stroke. With current
technology, adaptation of 9—1-1 dispatch protocols to incorporate the key words and phrases
used by callers for stroke victims could assist EMDs in recognizing words and phrases
associated with acute stroke to improve stroke detection at the point of first medical contact
during the 9-1-1 call.
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Number and percentage of 9-1-1 calls for confirmed acute stroke containing specific words and phrases used
by the 9-1-1 caller that are significantly associated with emergency medical dispatcher identification of stroke.

Word/Phrase Used by the | EMD Recognized | EMD Unrecognized a
9-1-1 Caller Stroke (n=53) Stroke (n=57) p-value
Stroke 43 (81.1%) 1(1.8%) <0.0005
Think 28 (52.8%) 4(7.0%) <0.0005
Having a stroke 21 (39.6%) 1(1.8%) <0.0005
Had a stroke 10 (18.9%) 0 (0%) 0.001
Slurred 12 (22.6%) 2 (3.5%) 0.004
Awake 9 (17.0%) 1 (1.8%) 0.006
Mouth 6 (11.3%) 0 (0%) 0.007
Twisted 6 (11.3%) 0 (0%) 0.007
Side 17 (32.1%) 6 (10.5%) 0.011
Face 7 (13.2%) 1 (1.8%) 0.017
Awake and breathing 4 (7.5%) 0 (0%) 0.023

EMD: emergency medical dispatcher.

a\NeIch’s t test used as test of significance.26

Prehosp Emerg Care. Author manuscript; available in PMC 2018 November 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Richards et al.

Table 2.

Page 12

Number and percentage of 9-1-1 calls for confirmed acute stroke containing specific words and phrases used
by emergency medical dispatchers (EMD) that are significantly associated with EMD identification of stroke.

Word/Phrase Used by the | EMD Recognized | EMD Unrecognized a
EMD Stroke (n=53) Stroke (n=57) p-value
Stroke 23 (43.4%) 0 (0%) <0.0005
Side 10 (18.9%) 0 (0%) 0.001
Slurred 9 (17.0%) 0 (0%) 0.001
Had a stroke 8 (15.1%) 0 (0%) 0.002
Speech 7 (13.2%) 0 (0%) 0.004
Awake 27 (50.9%) 11 (19.3%) 0.004
Sitting 10 (18.9%) 2 (3.5%) 0.010
Slurred speech 5 (9.4%) 0 (0%) 0.013
Awake and breathing 13 (24.5%) 4 (7.0%) 0.014
Down 19 (35.8%) 9 (15.8%) 0.028
Mouth 5 (9.4%) 1(1.8%) 0.051

EMD: emergency medical dispatcher.

a\NeIch’s t test used as test of significance.26
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