OPEN

Factors associated with delay in carotid endarterectomy
for patients with symptomatic severe internal carotid artery
stenosis: a case—control study

Daniel Meyer BSc, Erwin Karreman PhD, David Kopriva MDCM

Background: The Canadian Best Practice Recommendations for Stroke Care (2008 update) recommend that patients with neuro-
logic symptoms secondary to severe internal carotid artery stenosis undergo carotid endarterectomy within 14 days of symptom
onset to prevent stroke. The purpose of this study was to identify patient and system factors associated with meeting, or failing to
meet, the guideline.

Methods: In this case—control study, potential study participants were identified through an electronic search of the Discharge
Abstract Database. We reviewed the charts of patients who presented to our centre with neurologic symptoms ipsilateral to internal
carotid artery stenosis of 70%—-99% and underwent carotid endarterectomy in our centre between Jan. 1, 2009, and Dec. 31, 2014.
We performed logistic regression analysis to identify factors associated with meeting, or failing to meet, the guideline.

Results: Of the 412 patients who underwent carotid endarterectomy during the study period, 219 met the inclusion criteria. Sixty-
seven patients (30.6%) met the 14-day guideline. Thirty (14.2%) of the 212 patients who could be classified as case or control
subjects did not access the health care system within 14 days. Once in the health care system, failure to meet the guideline was
associated with a presentation of amaurosis fugax (odds ratio [OR] 0.22, 95% confidence interval [CI] 0.05-0.96 compared to
completed minor stroke) and presentation to a nonemergency outpatient setting (OR 9.08, 95% Cl 2.51-32.80 compared to emer-
gency department).

Interpretation: Improvements in meeting the goal of carotid endarterectomy within 14 days of symptom onset for severe internal
carotid artery stenosis should be directed at patient and system factors. A system for rapid diagnosis and referral of symptomatic
patients to an appropriate surgeon should be established.

arotid atherosclerosis is an important cause of stroke,!

which is a major cause of disability and death in Can-

ada.? The standard of care for patients with symptom-
atic ipsilateral severe (70%—99%) internal carotid artery steno-
sis includes carotid endarterectomy plus best medical
therapy.’” Early after the first neurologic event, the patient is
at high risk for further events.%” The risk of major stroke fol-
lowing transient ischemic attack or minor stroke is as high as
20%-30%, and the risk of harm increases with delays in defin-
itive treatment.®®’ This evidence forms the basis for surgical
guidelines in the Canadian Best Practice Recommendations
for Stroke Care (2008 update), which recommend that patients
with symptomatic severe internal carotid artery stenosis should
undergo carotid endarterectomy within 14 days of the index
neurologic event to reduce the risk of major stroke.'

Despite evidence that early carotid endarterectomy following
an index event reduces the risk of stroke significantly, less than
half of patients presenting with symptomatic severe internal
carotid artery stenosis have carotid endarterectomy performed
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within the recommended 14-day time frame.!"""* We conducted
a study to determine the proportion of patients at our centre
who have met the Canadian Best Practice Recommendations for
Stroke Care and to define the factors associated with meeting,
or failing to meet, the recommended care guideline.

Setting
All carotid endarterectomy procedures in our referral area of
450 000 people in Saskatchewan and Manitoba were performed
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at the Regina General Hospital by 3 vascular surgeons who
used a common electronic medical record. No surgeons apart
from those in this study performed carotid endarterectomy.
Carotid stenting was not performed in our centre. For patients
presenting with symptoms of transient ischemic attack, initial
assessment was performed by primary care physicians in outpa-
tent clinics or in an emergency department setting. Patients
then followed divergent paths through the health care system,
with some undergoing radiologic tests and others undergoing
consultations with specialists before a referral was made for
consideration of carotid endarterectomy (Figure 1).

Design, participants and data collection

This case—control study involved patients who underwent
carotid endarterectomy between Jan. 1, 2009, and Dec. 31,
2014. We identified potential study participants through an
electronic search of the Discharge Abstract Database using
International Statistical Classification of Diseases and Related
Health Problems, 10th revision, Canada (ICD-10-CA) codes
1.JE.57.* and 1.JE.87.* to identify all patients who underwent
carotid surgery during the study period. We abstracted data
for all study participants from the vascular surgeons’ elec-
tronic medical record. Each patient’s age, sex and location of
residence were recorded. The type of neurologic event was
categorized as motor, phasic or sensory transient ischemic
attack, amaurosis fugax or completed minor stroke. We
recorded the location and date of the initial contact with a
health care practitioner, all investigations performed, all refer-
rals sent by the first and each subsequent practitioner, the
dates of surgical consultation and subsequent surgery.

This study included patients who presented with carotid
territory neurologic dysfunction ipsilateral to internal carotid
artery stenosis that was identified on preoperative imaging to
be causing 70%-99% stenosis as described in the North
American Symptomatic Carotid Endarterectomy Trial.?
Patients were also eligible for inclusion if preoperative imaging
was reported with an appropriate descriptor such as “severe”
or if they met ultrasonography velocity criteria for severe

carotid stenosis.!* We excluded patients who presented with
asymptomatic carotid artery stenosis or moderate symptomatic
stenosis (50%—-69%), underwent concurrent noncarotid sur-
gery (e.g., cardiac), experienced the index neurologic event in
hospital, had a severe, disabling stroke requiring neurologic
recovery before surgery or underwent unrelated carotid artery
surgery such as carotid body tumour resection, plication of a
kinked carotid artery or repair of carotid aneurysmal disease.

Participants were categorized for analysis as control subjects
if they received surgery within 14 days of the neurologic event
and as case subjects if they failed to receive surgery within this
time frame. The 14-day criterion reflected the Canadian Best
Practice Recommendations for Stroke Care in effect during
the study period.!® Although these practice guidelines have
been updated with shorter treatment targets," the 2008 guide-
lines were in effect for the entire period of this study.

The total duration from the index event to surgery was
divided into 3 periods defined as “wait 0,” “wait 1” and
“wait 2” (Figure 1), similar to methodology used elsewhere.'®
Wait 0 is the time from the neurologic event until the
patient’s first contact with the health care system, wait 1 is the
time between first contact and the surgical assessment, and
wait 2 encompasses the time between the surgical assessment

and surgery.

Statistical analysis

This study included 219 cases. Power calculations indicated
that a sample of 82 cases was required to detect a 30% differ-
ence in mean time from neurologic event to surgery, with
80% probability and 95% confidence intervals. Our study is
therefore well powered to identify factors associated with
delays in care delivery. We estimated missing data elements
by multiple imputation.

Our data showed nonparametric distribution and unequal
variance (Welch ¢ test, Mann—Whitney test). We used the
Pearson ¥’ test and the Fisher exact test to compare categori-
cal variables. Logistic regression analysis compared the contri-
bution of treating surgeon and patient age, sex, place of
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Figure 1: Duration of pathway from index event to carotid endarterectomy.
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residence, clinical setting at presentation and index neurologic
event to differentiate between case and control subjects. We
performed hierarchical logistic regression in 2 blocks. In the
first block, the effect of the surgeon was considered. We chose
the surgeon with the most cases as the base category to which
the other surgeons were compared. In the second block, we
compared patient age, sex, place of residence, clinical setting
of presentation and index neurologic symptom. For compari-
son of index neurologic symptoms, we compared completed
minor stroke with motor transient ischemic attack and amau-
rosis fugax.

We considered p values < 0.05 statistically significant. We
conducted statistical testing using SPSS version 22 (IBM
Corporation).

Ethics approval

This study was approved by the Regina Qu’Appelle Health
Region and the University of Saskatchewan research ethics
boards through a harmonized review process. The require-
ment for individual informed consent was waived.

A total of 412 patients underwent carotid endarterectomy
during the study period, of whom 219 met the inclusion crite-
ria (Figure 2). Demographic and clinical information for the
study population is shown in Table 1. The date of the index
neurologic event could not be determined for 7 patients, who,
therefore, could not be categorized as case or control subjects.

OPEN

Sixty-seven participants (30.6%) underwent carotid endar-
terectomy within 14 days of the index neurologic event. The
median time from the index event to surgery was 28.5 days
(interquartile range 12-28.5-79 d, mean 77.1 d). The median
duration of wait 0, wait 1 and wait 2 was 0 days (mean 23 d),
8.5 days (mean 34 d) and 7 days (mean 9 d), respectively. For
patients who presented to a nonemergency outpatient clinic,
the median duration of wait 0 was 4 days, with a median of
47 additional days undl surgery. For those who presented to
an emergency department, the median duration of wait 0 was
0 days, with a median of 12 days until surgery.

The likelihood of presentation to an emergency depart-
ment covaried by symptom type. Patients with hemispheric
motor symptoms, phasic disturbance or completed minor
strokes were more likely to present to an emergency depart-
ment, whereas patients with more subtle symptoms such as
sensory disturbance or amaurosis fugax presented more often
to a nonemergency outpatient setting (Figure 3). The benefit
of presenting to the emergency department was evident
among patients with similar presentations. Among those with
amaurosis fugax, only 2/22 (9%) who presented to a non-
emergency outpatient clinic met the 14-day guideline, com-
pared to 7/10 (70%) of those who presented to the emergency
department (odds ratio [OR] 23.3, 95% confidence interval
[CI] 3.2-169.9). Among patients with minor stroke, 15/25
(60%) of those who presented to the emergency department
met the 14-day guideline, whereas neither of the 2 patients
who presented to a nonemergency outpatient clinic met the
guideline.

Search of Discharge Abstract Database for all patients
who underwent carotid surgery in Regina Qu'Appelle
Health Region from Jan. 1, 2009, to Dec. 31, 2014

Y

Identified patients who underwent carotid
surgery during study period

* Asymptomatic carotid stenosis n =72

* Moderate (50%—69%) symptomatic carotid stenosis n = 65

* Underwent concurrent surgery with carotid endarterectomy n =12
» Experienced index neurologic event while in hospital n =16

» Severe, disabling stroke requiring recovery before carotid

» Carotid procedure for nonatherosclerotic indication (carotid body
tumour, kinked artery, carotid aneurysm) n=4

n=412
—— Excluded n =193
endarterectomy n =22
v e Unable to locate data n =2

Included patients with symptomatic severe
internal carotid artery stenosis
n=219

Figure 2: Flow diagram showing selection of study participants.
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Table 1: Demographic and clinical characteristics of patients with severe internal
carotid artery stenosis who underwent carotid endarterectomy
No. (%) of patients*t
Total Case subjects Control subjects
Characteristic n=219 n=145 n=67
Male sex 139 (63.5) 90 (62.1) 44 (65.7)
Age, mean = SE; yr
Overall 721 +£0.6 719+ 0.8 729 +12
Male participants 719+ 0.8 71.0+1.0 73.9 + 1.6
Female participants 724 +0.9 73.7 £ 11 68.9 + 1.6
Lateralization of carotid
endarterectomy
Right 114 (52.0) 73 (50.3) 37 (55.2)
Left 105 (47.9) 72 (49.6) 30 (44.8)
Place of residence
Regina 88 (39.3) 54 (37.2) 32 (47.8)
Outside Regina 131 (57.5) 91 (62.8) 35 (52.2)
Index neurologic event
Motor transient ischemic 78 (35.2) 49 (33.8) 28 (41.8)
attack
Phasic transient ischemic 25 (11.4) 18 (12.4) 7 (10.4)
attack
Sensory transient ischemic 18 (7.8) 14 (9.6) 3 (4.5)
attack
Amaurosis fugax 66 (28.3) 53 (36.6) 9 (13.4)
Completed minor stroke 32 (14.2) 11 (7.6) 20 (29.8)
Note: SE = standard error.
*Except where noted otherwise.
1The date of the index neurologic event could not be determined for 7 patients, who, therefore, could not be
categorized as case or control subjects.

Wiait 0 duration was strongly associated with failing to
meet the 14-day guideline (p < 0.001). Of the 212 patients
who could be classified as case or control subjects, 30 (14.2%)
did not access health care services within 14 days of the index
neurologic event. Wait 0 also covaried with the index symp-
tom. Patients with amaurosis fugax presented to a practitioner
after a median of 3 days, whereas those with hemispheric sen-
sory symptoms presented after a median of 2 days. Those who
presented with hemispheric symptoms resulting in phasic dis-
turbance, motor deficit or completed minor stroke presented
after a median of 0 days.

The symptom constituting the index neurologic event was
associated with meeting the 14-day guideline (OR 13.4,
95% CI 4.3-41.4). Patients who presented with a completed
minor stroke were the most likely to meet the guideline, and
those who presented with amaurosis fugax or purely sensory
hemispheric symptoms were the least likely (Figure 4).

On logistic regression analysis, compared to presentation
to an outpatient primary care setting, presentation to an
emergency department was associated with a much higher
chance of meeting the 14-day guideline for surgery (OR 9.08,
95% CI 2.51-32.80) (T'able 2). Patients with amaurosis fugax
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were less likely than those who presented with a completed
minor stroke to meet the 14-day guideline (OR 0.22, 95% CI
0.05-0.96).

Delayed surgery was associated with a greater number of
physicians seen before surgical referral. Control subjects saw a
mean of 1.97 practitioners, and case subjects saw a mean of
2.20 practitioners (p < 0.02). Twenty-eight patients saw 3 or
more practitioners before surgical consultation. The number
of consultants seen before surgery was not associated with the
presenting symptom (p = 0.7). The most common referral
from the first health care practitioner was to a neurologist
(84 cases). Other services included ophthalmology (12), cardi-
ology (3), internal medicine (11) and directly to vascular sur-
gery (2).

The 2 most common actions taken by physicians in both
the outpatient setting and the emergency department were
referral for carotid duplex ultrasonography and referral to a
neurologist. A median of 2 days elapsed from presentation to
completion of carotid duplex ultrasonography in the emer-
gency department, but a median of 8 days elapsed in a non-
emergency outpatient clinic setting (p < 0.001). The median
time from initial presentation to neurology consultation was



OPEN

60
,,7:7?9 Outpatient clinic
50 4 = Emergency department
80%
n=40
9 40 -
c
Q2
®
2 30 - 93%
‘6 n=25
S 83%
Z 20 | 239 n=19
20% n=15 61%
10 n=10 =11 399,
17% n=7
n=4 7%
0 : : : :
Amaurosis Motor TIA Phasic TIA Sensory TIA Completed minor
fugax stroke
Index neurologic event

Figure 3: Presentation to outpatient clinic or emergency department by index neurologic event. Data on the location of first
presentation were missing for some participants. Note: TIA = transient ischemic attack.
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Figure 4: Proportion of patients who received surgery within 14 days of neurologic event, by index neurologic event. Note:
TIA = transient ischemic attack.

0 days in the emergency department and 7.5 days in a non-
emergency outpatient clinic setting (p < 0.001).

The patient’s age, sex, place of residence (urban or rural) ~ About one-third of our patients who experienced neurologic
and city/town of first presentation were not associated with  symptoms from severe (70%—-99%) internal carotid artery ste-
meeting the 14-day guideline, nor was the surgeon to whose  nosis underwent surgery within the recommended 14 days. We
care the patient presented. The duration of wait 2 did notvary  identified several factors that were associated with meeting this
among the 3 surgeons. 14-day guideline. Delayed patient presentation was a significant
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Table 2: Hierarchical logistic regression identifying relevant factors associated
with delayed surgery (n = 135)
Explained Regression
variance coefficient
Comparison (Cox—Snell R?) + SE OR (95% ClI)
Effect of surgeon 0.05
Constant -0.72 + 0.30
Surgeon 1 -2 -0.48 +0.48 0.62 (0.24-1.59)
Surgeon 1 -3 0.72 £ 0.42 2.06 (0.90-4.71)
Effect of all other variables 0.29
Constant —-0.25 +2.08
Age —-0.01 £ 0.02 0.99 (0.94-1.04)
Sex —-0.02 + 0.46 0.98 (0.40-2.39)
City/town of residence —0.62 + 0.46 0.54 (0.22-1.31)
Clinical setting 2.21 +0.66 9.08 (2.51-32.80)
Index event 1 — 2t -1.53 £ 0.76 0.22 (0.05-0.96)
Index event 1 — 3% -0.81 £ 0.52 0.44 (0.16—1.24)
Note: Cl = confidence interval, OR = odds ratio, SE = standard error.
*The surgeon with the most cases was chosen as the base category to which the other surgeons were
compared.
tCompleted minor stroke — amaurosis fugax.
$Completed minor stroke — motor transient ischemic attack.

factor, but we could not determine from our data whether this
delay, attributable to wait 0, was because patients failed to rec-
ognize the urgency of their symptoms and present promptly for
care, or because of a lack of access to primary care services.
There is likely a component of failure by patients to recognize
the significance of minor neurologic events, as more severe
symptoms were associated with patients’ preferentially seeking
emergency care through an emergency department.

Patients with dramatic index neurologic events were more
likely than those with more subtle symptoms to receive timely
surgery. One might consider 2 hypotheses to explain this
observation. First, more dramatic hemispheric motor and pha-
sic symptoms as well as index events causing a fixed neurologic
deficit that can be identified on physical examination facilitate
a more straightforward diagnostic path. Alternatively, subtler
neurologic symptoms can be harder to diagnose and may lead
to longer diagnostic paths, with a greater number of specialist
consultations before the ultimate diagnosis is reached. This
was not reflected in our data, however, because the number of
consultants did not differ based on the presenting symptom.
The health care system may simply provide speedier care, with
preferential access to diagnostic tests and consultations, to
patients with more dramatic presenting symptoms.

Our results are consistent with previous Canadian studies
showing that the guideline of 14 days between the index neu-
rologic event and carotid endarterectomy is achieved in less
than half of patients.!’>!” Both the current study and that of
Jetty and colleagues!! revealed that delayed patient presenta-
tion, diagnosis and referral are significant factors resulting in a
delay in definitive care. In both studies, patients with amauro-
sis fugax were less likely to meet the guideline, and those who
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presented to the emergency department were the most likely
to meet the guideline. Jetty and colleagues!' showed that dis-
tance from the centre providing surgery was a significant fac-
tor in prompt surgery, but our study did not. Based on the
statistical power of our study, we can exclude rurality as a
major determinant in failure to receive timely surgery in our
study population.

Previous research involving administrative data sets in
Ontario showed that patients with a transient ischemic attack
were more likely than those who experienced a stroke to meet
the 14-day guideline.!! This may reflect a strategy of delayed
surgery after stroke, used by some centres. A 1969 study on
carotid revascularization suggested higher morbidity and
mortality, including conversion of ischemic to hemorrhagic
stroke, with early carotid endarterectomy,'® but more contem-
porary work showed the greatest benefit of surgery early after
a minor neurologic event.'” We excluded from our study
patients who had a major poststroke disability that required a
period of neurologic recovery before surgery. We found that
patients who presented with a completed minor stroke were
most likely to undergo surgery within 14 days.

In a recent study by Charbonneau and colleagues,'” 39% of
patients met the 14-day guideline following implementation
of a centralized care system for cerebrovascular accidents.
Those authors reported that 25% of their patients presented
14 days or more following the index neurologic event; the
proportion in our study was 14%. As in our study, presenta-
tion to an emergency department was significantly associated
with reducing surgical delay on multivariable analysis.

Our findings are consistent with European research show-
ing that patients with ischemic stroke undergo surgery faster



than those with transient hemispheric or ocular symptoms,
that patients with amaurosis fugax are the least likely to meet
the 14-day guideline and that delayed patient presentation is
significant.”® Some investigators have hypothesized that a
“fast-track” referral system might ensure prompt treat-
ment.!"? This has been shown in a study from the United
Kingdom, in which substantial decreases in the time from
symptom to surgery were associated with the implementation
of a fast-track system.”’

Limitations

Our study was limited to a single centre experience. The ret-
rospective nature of this study is also a limiting factor. Study
inclusion was limited to patients who received carotid endar-
terectomy, and no data were available for those who may have
been candidates for surgery but died or experienced a major
stroke without surgery. In addition, the ICD-10-CA codes
used in this study have not been validated. Last, our study did
not address potentially important socioeconomic variables
that may affect a patient’s ability to attend appointments and
influence wait 0.

Conclusion

Targeted improvements might increase the proportion of
patients receiving surgery within the recommended time
frame. One such improvement should address patient recog-
nition of the severity of symptoms and the need to present
promptly to a practitioner. The Heart and Stroke Foundation
of Canada’s FAST (Face, Arms, Speech, Time) public aware-
ness campaign strives for such public education on recogniz-
ing major symptoms of stroke,?! but subtle symptoms such as
amaurosis fugax and sensory lateralizing symptoms, associated
in our study with the greatest risk of delayed treatment, are
not the focus of this campaign. The efficacy of a fast-track sys-
tem of rapid referral, consultation and investigation of
patients with appropriate focal neurologic symptoms has been
shown elsewhere, and similar processes may help reduce treat-
ment delays for patients with symptomatic severe internal
carotid artery stenosis in the Canadian setting. Reducing
treatment delays will be increasingly important, as recent
best-practice guidelines recommend surgery within 48 hours
of symptom onset in suitable patients."’
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