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Abstract
Objectives—Administrative data have been used to compare carotid endarterectomy (CEA) and
carotid artery stenting (CAS). However, there are limitations in defining symptom status, CMS
high-risk status, as well as complications. Therefore, we did a direct comparison between
administrative data and physician chart review as well as between data collected for the National
Surgical Quality Improvement Program (NSQIP) and physician chart review for CEA and CAS.

Methods—We performed an outcomes analysis on all CEA and CAS procedures from 2005–
2011. We obtained ICD-9 diagnosis codes from hospital discharge records regarding symptom
status, high-risk status, and perioperative stroke. We also obtained data on all CEA patients
submitted to NSQIP over the same time period. A physician then performed a chart review of the
same patients to determine symptom status, high-risk status, and perioperative strokes and the
results were compared.

Results—We identified 1342 patients who underwent CEA or CAS between 2005–2011 and 392
patients who underwent CEA that were submitted to NSQIP. Administrative data identified fewer
symptomatic patients (17.0% vs. 34.0%), fewer physiologic high-risk patients (9.3% vs. 23.0%),
fewer anatomic high-risk patients (0% vs. 15.2%), and a similar proportion of perioperative
strokes (1.9% vs. 2.0%). However, administrative data identified 8 false positive and 9 false
negative perioperative strokes. NSQIP data identified more symptomatic patients compared to
chart review (44.1% vs. 30.3%), fewer physiologic high-risk patients (13.0% vs. 18.6%), fewer
anatomic high-risk patients (0% vs. 6.6%), and a similar proportion of perioperative strokes (1.5%
vs. 1.8%, only 1 false negative stroke and no false positives).

Conclusions—Administrative data are unreliable for determining symptom status, high-risk
status, and perioperative stroke and should not be used to analyze CEA and CAS. NSQIP data do
not adequately identify high-risk patients, but do accurately identify perioperative strokes and to a
lesser degree, symptom status.
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Introduction
Administrative data have been utilized to compare carotid endarterectomy (CEA) and
stenting (CAS) 1–3. Large databases populated with administrative data are valuable research
tools. However, the accuracy of administrative data in determining pre-existing disease,
symptom status, high-risk status, and perioperative complications has been questioned 4.
Studies utilizing the Nationwide Inpatient Sample report that 90%–97% of the patients
undergoing carotid revascularization are asymptomatic 1–3 while multicenter studies and
retrospective reviews report that only 56%–72% of patients are asymptomatic 5–8. ICD-9
codes (International Classification of Diseases) are nonspecific and imprecise. They do not
specify the extent of disease within a diagnosis (e.g. class III–IV congestive heart failure
[CHF]), do not provide laterality of disease, and lack the temporal timing of onset. These
limitations with ICD-9 codes limit the ability to distinguish preexisting disease from new
disease and perioperative complications.

Other large datasets that utilize clinical data, such as the National Surgical Quality
Improvement Program (NSQIP), may provide a more accurate measurement of symptom
status, high-risk status, and perioperative complications. NSQIP is not reliant on hospital
coders. Trained clinical nurse reviewers input data prospectively. However, the current
iteration of NSQIP does not have procedure specific comorbidities or complications. For
example, a history of transient ischemic attack (TIA) or stroke are obtained but may have
occurred more than 6 months before surgery or may have been contralateral to the carotid
undergoing treatment. Similarly, there is no measure of disease severity. The ability to
accurately determine symptom status and high-risk status with NSQIP has not been studied.
The purpose of this study is to determine the accuracy with which administrative data and
NSQIP data capture symptom status, high-risk status, and perioperative complications as
compared to chart review by a trained physician.

Methods
Patients

We obtained hospital administrative discharge data on all patients undergoing CEA or CAS
from January 1, 2005 to December 31, 2011 at our institution. Patients were identified using
ICD-9 procedure codes for CEA (38.12) or CAS (00.63). We also identified all patients
undergoing CEA at our institution that were submitted to NSQIP. We used our institution’s
administrative discharge data and prospectively collected clinical data submitted to NSQIP,
to determine symptom status, high-risk status, and perioperative stroke and compared these
results to physician chart review. This study was approved by the Institutional Review
Board at Beth Israel Deaconess Medical Center and Harvard Medical School.

Hospital administrative discharge data
We identified patients undergoing CEA or CAS. Patients having coronary artery bypass
(CABG) (36.11–36.16) or cardiac valve repair (35.X) during the same hospitalization were
identified. All ICD-9 diagnosis codes associated with each patient’s discharge record were
reviewed to determine symptom status and physiologic and anatomic high-risk status.
Physiologic high-risk variables include age >80 years, CHF Class III/IV, left ventricular
ejection fraction (LVEF) <30%, unstable angina, myocardial infarction (MI) within 30 days,
severe lung disease (forced expiratory volume in 1 second <30% of predicted or home
oxygen), hemodialysis, and CABG or valve repair within 30 days. Anatomic high-risk
variables include contralateral laryngeal nerve palsy, restenosis after prior CEA, radiation
therapy to the neck, a high lesion, prior neck surgery, and contralateral internal carotid artery
occlusion. Patients were considered symptomatic if they had ICD-9 codes for TIA (435.X,
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781.4, V12.54), amaurosis fugax/retinal vascular occlusion (362.3X, 368.12), or stroke
(433.11, 433.31, 433.91, 434.01, 434.11, 434.91). Patients without any of these diagnosis
codes were considered asymptomatic. As has been previously reported, ICD-9 diagnosis
codes were used to identify comorbid conditions that would qualify the patient for CMS
physiologic high-risk status 3 (Table 1). Patients without these conditions were considered
non-high risk. Perioperative strokes were identified using ICD-9 code 997.02 (iatrogenic
cerebrovascular infarction or hemorrhage).

Prospectively collected NSQIP data
NSQIP is a national multi-institutional, risk-adjusted, prospectively collected clinical
database created to facilitate quality control review of outcomes. The registry collects
information on demographics, comorbidities, intraoperative information, and 30-day
perioperative outcomes. Specially trained clinical nurse reviewers, trained by the ACS, input
data at each participating institution using standardized definitions. We obtained a list of all
patients undergoing CEA at our institution whose data were submitted to NSQIP. We
calculated the proportion of patients that were symptomatic, physiologic and anatomic high-
risk, and those with perioperative strokes. Physiologic high-risk variables utilized in NSQIP
include age >80 years, active CHF, MI within 6 months, angina within 1 month, and
hemodialysis 9. Patients were considered symptomatic if they had a history of TIA or stroke.

Physician chart review
One of the study authors (R.B.) performed a thorough chart review of the same patients
identified using hospital administrative data and the patients submitted to NSQIP. The senior
author clarified all questions encountered during chart review. Symptom status, physiologic
and anatomic high-risk status, and perioperative strokes were identified. Symptomatic was
defined as ipsilateral carotid territory TIA or stroke within 6 months of their carotid
procedure. Discrepancies in the identification of symptom status, high-risk status, and
perioperative strokes were identified and recorded. The majority of patients were not
examined by a neurologist unless there was a suspicion for a perioperative stroke or if they
were enrolled in a clinical trial requiring neurologic evaluation.

Defining high-risk variables
CMS has specific criteria defining high-risk for CEA 10. When performing chart review, all
CMS guidelines were adhered to when identifying both physiologic and anatomic high-risk
patients. However, ICD-9 coding lacks the level of detail and specificity outlined by CMS.
Furthermore, there are no ICD-9 codes for anatomic high-risk variables so these were unable
to be assessed with administrative data. NSQIP has specific definitions of comorbidities that
differ from CMS 11 and lacks anatomic details. Table 1 lists high-risk variables (physiologic
and anatomic) and how they are identified and defined by CMS, administrative data, and
NSQIP respectively.

Statistical analysis
We calculated the proportion of patients who were considered symptomatic, physiologic
high-risk, anatomic high-risk, and who experienced a perioperative stroke by administrative
data and NSQIP data respectively and then compared them to physician chart review of the
same patients. We then calculated the sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and kappa coefficient of the ability of
administrative data and NSQIP data to properly identify symptom status, high-risk status,
and perioperative strokes as compared to chart review (Figure 1 shows the 2×2 table used to
calculate the sensitivity, specificity, PPV, and NPV). Sensitivity measures the accuracy of
identifying a variable (i.e. symptomatic, high-risk) as being present in patients in whom it
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truly is present. Specificity measures the accuracy of identifying a variable as being absent
in patients who do not have the variable. PPV measures the proportion of patients identified
as having a variable that truly have the variable. NPV measures the proportion of patients
identified as not having a variable that truly do not have that variable. Kappa is a measure of
agreement beyond chance between two databases or methods of identifying data. Kappa
values >0.75 indicate excellent agreement, 0.40–0.75 fair to good agreement, and values
<0.4 poor agreement. All statistical tests were performed using STATA 12 software
(StataCorp, College Station, TX).

Results
Administrative data identified 1342 patients who underwent carotid revascularization (1055
CEA and 287 CAS) at our institution from 2005–2011. We identified 392 CEA patients
submitted to NSQIP, all of whom were included in the 1055 CEA patients identified by
administrative data. A chart review was then performed of the 1342 patients identified with
administrative data and the 392 patients submitted to NSQIP to make direct comparisons to
each method (Figure 2).

Comparison of administrative data and physician chart review
Comparing administrative data to chart review, administrative data identified fewer
symptomatic patients (17.0% vs. 34.0%), fewer physiologic high-risk patients (9.3% vs.
23.0%), fewer anatomic high-risk patients (0% vs. 15.2%), and a similar proportion of
perioperative strokes (1.9% vs. 2.0%). When examining individual high-risk variables,
administrative data overestimated recent MI, CHF, hemodialysis, and severe pulmonary
disease while underestimating unstable angina, LVEF <30%, and CABG/valve repair (Table
2). Administrative data are unable to identify anatomic high-risk variables using ICD-9
codes.

Symptom status—Administrative data identified 228 symptomatic patients while chart
review identified 456. However, there was poor overlap. Of 228 symptomatic patients
identified by administrative data, only 167 were truly symptomatic. This means that 289 of
the 456 symptomatic patients identified by chart review were misclassified as being
asymptomatic by administrative data. The sensitivity of administrative data for determining
symptom status is 36.6%, specificity 93.1%, PPV 73.2%, and NPV 74.1%. The kappa is
0.34 indicating poor agreement between administrative data and chart review (Table 3).

High-risk status—Administrative data identified 125 physiologic high-risk patients while
chart review identified 308. Only 60 of the 125 were truly physiologic high-risk leaving 248
of the 308 misclassified by administrative data as being non-high risk. The sensitivity of
administrative data for determining high-risk status is 19.5%, specificity 93.7%, PPV 48.0%,
and NPV 79.6%. The kappa is 0.17 indicating poor agreement between administrative data
and chart review. There was also poor concordance with the individual high-risk variables
with the exception of age >80 years and CABG/valve repair. (Table 3) The kappa for age
>80 and CABG/valve repair is 1.00 and 0.78 respectively, indicating excellent agreement.
The kappa for the other high-risk variables ranges from −0.03 to 0.11 indicating poor
agreement.

Perioperative stroke—Administrative data identified 26 perioperative strokes while chart
review identified 27. Of the 26 strokes identified by administrative data, 18 were true
perioperative strokes and 8 were false positive identifications. Nine perioperative strokes
were missed entirely by administrative data. Table 4 lists the explanations for the 8 false
positive and 9 false negative perioperative strokes identified by administrative data. The
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sensitivity of administrative data for determining perioperative strokes is 66.7%, specificity
99.4%, PPV 69.2%, and NPV 99.3%. The kappa is 0.67 indicating fair to good agreement
with chart review (Table 3).

Comparison of NSQIP data and physician chart review
When comparing NSQIP to chart review, NSQIP identified more symptomatic patients
(44.1% vs. 30.3%), fewer physiologic high-risk patients (13.0% vs. 18.6%), fewer anatomic
high-risk patients (0% vs. 6.6%), and a similar proportion of perioperative strokes (1.5% vs.
1.8%). When examining individual high-risk variables, NSQIP overestimated recent MI,
unstable angina, CHF, and severe pulmonary disease while underestimating LVEF <30%
and hemodialysis. (Table 5) There was complete agreement in identifying patients >80 years
and those who underwent CABG/valve repair. NSQIP is unable to identify anatomic high-
risk variables.

Symptom status—NSQIP identified 173 symptomatic patients while chart review
identified 119. Of the 173 patients identified by NSQIP, 109 were truly symptomatic. This
means that 10 of the 119 symptomatic patients identified by chart review were misclassified
as being asymptomatic using NSQIP. The sensitivity of NSQIP for determining
symptomatic status is 91.6%, specificity 76.6%, PPV 63.0%, and NPV 95.4%. The kappa of
NSQIP is 0.60 indicating fair to good agreement between NSQIP and chart review (Table
6).

High-risk status—NSQIP identified 51 physiologic high-risk patients while chart review
identified 73. Only 10 of the 51 were truly physiologic high-risk patients leaving 63 of the
73 misclassified by NSQIP as being non-high risk. The sensitivity of NSQIP for determining
high-risk status is 13.7%, specificity 98.4%, PPV 58.3%, and NPV 82.6%. The kappa of
NSQIP is 0.01 indicating poor agreement between NSQIP and chart review. There was also
poor concordance with the individual high-risk variables with the exception of age >80
years, hemodialysis, and CABG/valve repair (kappa of 1.00, 0.75, and 1.00 respectively
indicating excellent agreement). (Table 6) The kappa for the other high-risk variables ranges
from −0.01 to 0.21 indicating poor agreement.

Perioperative stroke—NSQIP identified 6 perioperative strokes while chart review
identified 7. There was 1 false negative stroke and 0 false positives with NSQIP. This1
missed perioperative stroke was simply not captured by the person responsible for NSQIP
data input. The sensitivity of NSQIP for determining perioperative stroke is 85.7%,
specificity 100%, PPV 100%, and NPV 99.7%. The kappa of NSQIP is 0.92 indicating
excellent agreement with chart review (Table 6).

Discussion
Many studies have used administrative data to study patients undergoing CEA or CAS 1–3.
The benefit of these databases is their large sample size, while the downside is their reliance
on ICD-9 hospital discharge coding. With this study we sought to examine the accuracy of
ICD-9 coding as compared to chart review and we have found poor concordance between
administrative and clinical data. Administrative data are poor at determining symptom status
and high-risk status. While perioperative stroke rates were similar between administrative
data and chart review, administrative data identified the wrong patients and had poor
accuracy. NSQIP data were also poor at determining high-risk status, but were accurate for
determination of perioperative strokes and to a lesser extent symptom status.
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Our study is the first to examine the accuracy of identifying symptom status and physiologic
high-risk status with administrative data. Recently, the validity of prior studies utilizing
administrative data to compare outcomes after CEA and CAS has been questioned 4. Our
results validate this question as we have found that administrative data cannot accurately
determine symptom status. ICD-9 codes lack the specificity needed to accurately determine
the extent and severity of a patient’s comorbid condition, lack laterality of disease, and lack
the temporal timing of onset. Because of this lack of detail, the use of ICD-9 codes to
determine high-risk status may overestimate certain individual high-risk variables such as
class III/IV CHF, recent MI, severe pulmonary disease, and hemodialysis. For example,
when examining the rate of recent MI, administrative data identified 174 patients while chart
review identified 9. This discrepancy is due to the lack of specificity and timing of ICD-9
codes. ICD-9 diagnosis code 412 is used for myocardial infarction. However, it does not
specify timing of the MI (within the past 30 days or remote). Chart review was able to
determine that only 9 patients had a MI within 30 days of their carotid procedure.
Furthermore, there are no ICD-9 codes available to estimate anatomic high-risk status.

Other studies have examined the accuracy with which acute ischemic strokes are identified
with administrative data, but not in the setting of CEA. Goldstein 12 reported that only 79%
of patients with a primary discharge diagnosis indicating cerebral infarction actually had an
acute stroke and that 7% of patients with an ICD-9 code indicating the absence of cerebral
infarction actually had an acute stroke. Reker et al. 13 also showed that there is incredible
variability in which ICD-9 code is reported to indicate an acute stroke and to the accuracy
with which these codes actually represent new strokes. The rates of perioperative stroke
were similar in our study, but this is misleading. Administrative data falsely identified
patients as having a perioperative stroke and failed to identify others that did. In our study, 3
of 27 patients experienced their perioperative stroke after discharge from the hospital. Post-
discharge events are not captured with hospital discharge data and this highlights a very
important limitation of most administrative datasets. Studies have shown that in-hospital
data underestimates the true risk of perioperative stroke 5,6,14. NSQIP, however, provides
data on outcomes out to 30 days. We feel that true perioperative outcomes include 30-day
outcomes and our study highlights that administrative data underestimates the true 30-day
perioperative risk. In the setting of CEA the analysis is further complicated by the
distinction of pre-operative stroke (indicating CEA for symptomatic disease) versus a
postoperative complication, as stroke is a difficult endpoint to measure accurately with
administrative data. Mortality, however, is a hard endpoint and can be accurately determined
with administrative data 15,16.

We found NSQIP to be poor at determining high-risk status most likely due to the different
definitions NSQIP uses to define patient comorbid conditions. CMS has specific high-risk
criteria and the NSQIP definition of these differs substantially. CMS is more specific and
specifies a greater severity of disease and/or a shorter timeframe for an event to occur. Prior
studies have used NSQIP to analyze CEA. One study by Kang et al. 9 did not attempt to
determine symptom status because NSQIP does not provide laterality (of symptoms or
procedure) and only states if the patient has a history of TIA or stroke and does not provide
timing of the event. Gupta et al. 17 did stratify patients by symptom status. Similar to our
analysis they specified that a patient was symptomatic if they had a history of a prior TIA or
stroke and found a similar proportion of symptomatic patients (43.5% vs. 44.1%). This
methodology overestimates the number of symptomatic patients as the sensitivity was
91.6% but the PPV was only 63.0%. This indicates that NSQIP is more accurate at
identifying those patients who are truly symptomatic but also identifies patients in whom
stroke or TIA was likely more than 6 months before their CEA procedure or contralateral,
thus making them asymptomatic. One perioperative stroke was missed by NSQIP and no
false positive strokes were identified. NSQIP is more accurate at determining perioperative
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strokes, but remains poor at identifying high-risk patients and therefore has limited value for
comparative effectiveness of CEA and CAS. These limitations of NSQIP have prompted a
new iteration of NSQIP to be created, which is currently in use and now captures procedure
specific comorbidities and complications, which should make NSQIP a better research and
quality improvement tool in the future 18

Other large clinical databases such as the Vascular Study Group of New England (VSGNE)
and the Vascular Quality Initiative (VQI) may be better designed to accurately study CEA
and CAS. The VSGNE is a regional quality improvement registry that prospectively collects
over 140 data points 19 and specifically identifies preoperative symptom status, laterality of
disease and procedure, anatomic details, high-risk status, as well as the laterality of
perioperative strokes. This level of clinical detail makes the VSNGE and VQI valuable
research tools.

Medicare data may provide a higher level of accuracy compared to purely hospital discharge
data since the timing of prior procedures (e.g. CABG) could potentially be captured using
longitudinal data. Additionally, Medicare may be useful in determining the date of onset of
new neurologic symptoms or complications, thus potentially improving the accuracy of
determining symptom status and post-procedure strokes. However, knowledge of this timing
would not be expected to improve the inherent limitations in the ability to identify post-
procedure strokes or the severity of comorbid conditions that we identified in this analysis.

Because of the limitations associated with using administrative data, a present on admission
(POA) indicator has been developed to improve coding accuracy. The goal of the POA
indicator is to help determine if a diagnosis is a pre-existing disease, a new diagnosis, or a
complication that occurred during the hospitalization. Prior studies have shown that the
addition of a POA indicator more accurately characterized preexisting conditions from
complications 20,21. This should help in determining if a stroke is a perioperative
complication or the reason for the procedure. However, the POA indicator will not aid in
determining high-risk status, as the current ICD-9 codes are less specific than needed.
Improved education of hospital coders may improve the accuracy and reliability of
administrative data. ICD-10 codes should improve diagnostic accuracy with regards to
symptom status, high-risk status, and perioperative strokes, but the extent of this
improvement cannot be determined until ICD-10 codes are fully implemented.

As stated earlier, administrative data have well known limitations. NSQIP is a clinical
database, however, it is expensive and voluntary. NSQIP only captures a random selection
of all CEAs performed at an institution and does not collect data on CAS. The preoperative
characteristics and postoperative complications collected are not procedure specific, NSQIP
has definitions of comorbid conditions that differ from CMS, and it does not capture
anatomic high-risk criteria. NSQIP does specify a history of TIA or stroke but provides no
details on the timing or laterality.

Physician chart review is susceptible to limitations as well. Despite thorough review,
information can be overlooked and missed entirely. The accuracy of chart review is reliant
upon complete and accurate documentation within the chart. Minor periprocedural strokes
may be missed by the clinician or not entered into the medical record. As this is a
retrospective review, not all patients were evaluated by a neurologist or had neuroimaging.
The true “gold standard” for accurately determining comorbidities and complications is
uncertain. However, we feel that physician chart review is the most accurate method
available for retrospective analysis. Clearly, further comparisons will be needed to monitor
the progress of each of these systems and the relative value of each for answering various
clinical questions.
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Conclusions
Administrative data are poor at determining symptom status, high-risk status, and accurately
detecting perioperative strokes after CEA and CAS. This is in large part due to the lack of
specificity with ICD-9 diagnosis codes as they fail to provide information on the severity,
laterality, and temporal onset of disease. However, while NSQIP does not adequately
identify high-risk patients, it is more accurate at determining perioperative strokes and to a
lesser degree, symptom status. The new iteration of NSQIP, as it captures procedure specific
comorbid conditions and complications, will make this an even more robust database in the
future.
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Figure 1.
2×2 table used to calculate sensitivity, specificity, positive predictive value, and negative
predictive value.
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Figure 2.
Flow diagram depicting all patients captured by administrative data, NSQIP data, and
physician chart review.
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Table 2

Comparison of outcomes analysis using administrative data and physician chart review in 1342 patients who
underwent CEA or CAS between 2005 and 2011

Administrative Data Physician chart review

n % n %

Symptomatic 228 17.0% 456 34.0%

Physiologic High Risk 125 9.3% 308 23.0%

 Age > 80 years 265 19.7% 265 19.7%

 Recent MI 174 13.0% 9 0.7%

 Unstable angina 1 0.0% 16 1.2%

 CHF class III or IV 125 9.3% 10 0.7%

 LVEF < 30% . . 35 2.6%

 Hemodialysis 108 8.0% 13 1.0%

 Severe pulmonary disease* 250 18.6% 15 1.1%

 CABG/valve repair within 30 days 32 2.4% 48 3.6%

Anatomic High Risk . . 204 15.2%

 Contralateral ICA occlusion . . 82 6.1%

 Restenosis after CEA . . 108 8.0%

 Prior neck surgery . 41 3.1%

 Contralateral laryngeal nerve palsy . . 2 0.1%

 History of neck irradiation . . 29 2.2%

 High or Low lesion . . 29 2.2%

Perioperative stroke 26 1.9% 27 2.0%

MI, myocardial infarction; CHF, congestive heart failure;

LVEF, left ventricular ejection fraction; CABG, coronary artery bypass grafting

ICA, internal carotid artery; CEA, carotid endarterectomy

*
Forced expiratory volume in 1 second < 30% of predicted or home oxygen

J Vasc Surg. Author manuscript; available in PMC 2014 August 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bensley et al. Page 14

Ta
bl

e 
3

Se
ns

iti
vi

ty
, s

pe
ci

fi
ci

ty
, p

os
iti

ve
 p

re
di

ct
iv

e 
va

lu
e,

 n
eg

at
iv

e 
pr

ed
ic

tiv
e 

va
lu

e,
 a

nd
 k

ap
pa

 o
f 

ad
m

in
is

tr
at

iv
e 

da
ta

 c
om

pa
re

d 
to

 c
ha

rt
 r

ev
ie

w
.

Se
ns

it
iv

it
y

Sp
ec

if
ic

it
y

P
os

it
iv

e 
P

re
di

ct
iv

e 
V

al
ue

N
eg

at
iv

e 
P

re
di

ct
iv

e 
V

al
ue

K
ap

pa

Sy
m

pt
om

at
ic

36
.6

%
93

.1
%

73
.2

%
74

.1
%

0.
34

Ph
ys

io
lo

gi
c 

H
ig

h 
R

is
k

19
.5

%
93

.7
%

48
.0

%
79

.6
%

0.
17

 
A

ge
 >

 8
0 

ye
ar

s
10

0.
0%

10
0.

0%
10

0.
0%

10
0.

0%
1.

00

 
M

I 
w

ith
in

 3
0 

da
ys

33
.3

%
55

.4
%

1.
7%

97
.2

%
−

0.
01

 
U

ns
ta

bl
e 

an
gi

na
6.

3%
10

0.
0%

10
0.

0%
96

.2
%

0.
11

 
C

H
F 

cl
as

s 
II

I 
or

 I
V

10
.0

%
0.

4%
0.

8%
96

.6
%

−
0.

03

 
L

V
E

F 
<

 3
0%

.
.

.
.

.

 
H

em
od

ia
ly

si
s

61
.5

%
73

.6
%

7.
4%

98
.2

%
0.

08

 
Se

ve
re

 p
ul

m
on

ar
y 

di
se

as
e*

46
.7

%
35

.5
%

2.
8%

94
.4

%
−

0.
02

 
C

A
B

G
/v

al
ve

 r
ep

ai
r 

w
ith

in
 3

0 
da

ys
66

.7
%

10
0.

0%
10

0.
0%

95
.6

%
0.

78

Pe
ri

op
er

at
iv

e 
st

ro
ke

66
.7

%
99

.4
%

69
.2

%
99

.3
%

0.
67

J Vasc Surg. Author manuscript; available in PMC 2014 August 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bensley et al. Page 15

Table 4

Explanations for the 8 false positive strokes and 9 false negative strokes identified by administrative data

8 false positive perioperative strokes

 4 patients were falsely coded as having a perioperative stroke

 1 preoperative stroke was miscoded as being a postoperative stroke

 3 strokes occurred after admission to the hospital for other reasons

  One occurred after a laparoscopic cholecystectomy

  One occurred after admission to the hospital for treatment of pneumonia

  One occurred after admission to the hospital for lower extremity ischemia

9 false negative perioperative strokes

 3 were post-discharge strokes

 2 were misclassified as preoperative strokes

 4 strokes were not coded at all in the discharge data
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Table 5

Comparison of outcomes analysis using NSQIP data and physician chart review in 392 patients who
underwent CEA between 2005 and 2011

NSQIP data Physician chart review

n % n %

Symptomatic 173 44.1% 119 30.3%

Physiologic High Risk 51 13.0% 73 18.6%

 Age > 80 years 76 19.4% 76 19.4%

 Recent MI 7 1.8% 2 0.5%

 Unstable angina 8 2.0% 1 0.3%

 CHF class III or IV 3 0.8% 0 0.0%

 LVEF < 30% . . 4 1.0%

 Hemodialysis 3 0.8% 5 1.3%

 Severe pulmonary disease* 41 10.4% 4 1.0%

 CABG/valve repair within 30 days 3 0.8% 3 0.8%

Anatomic High Risk . . 26 6.6%

 Contralateral ICA occlusion . . 20 5.1%

 Restenosis after CEA . . 15 3.8%

 Prior neck surgery . . 4 1.0%

 Contralateral laryngeal nerve palsy . . 0 0.0%

 History of neck irradiation . . 2 0.5%

 High or Low lesion . . 2 0.5%

Perioperative stroke 6 1.5% 7 1.8%

MI, myocardial infarction; CHF, congestive heart failure;

LVEF, left ventricular ejection fraction; CABG, coronary artery bypass grafting

ICA, internal carotid artery; CEA, carotid endarterectomy

*
Forced expiratory volume in 1 second < 30% of predicted or home oxygen
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