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To What Extent Should Quality of Care Decisions Be Based
on Health Outcomes Data?

Application to Carotid Endarterectomy

Gregory Samsa, PhD; Eugene Z. Oddone, MD; Ronnie Horner, PhD; Jennifer Daley, MD;
William Henderson, PhD; David B. Matchar, MD

Background and Purpose—Most quality improvement methods implicitly assume that facilities with high complication
rates are likely to have substandard processes of care, a stable characteristic that, in the absence of intervention, will
persist over time. We assessed the extent to which this holds true for carotid endarterectomy.

Methods—Using data from the Department of Veterans Affairs National Surgical Quality Improvement Project, we
classified facilities on the basis of 30-day complications of carotid endarterectomy (stroke, myocardial infarction, death)
during 1994 to 1995 (period 1, n�3389) and then compared these groups of facilities for complication rates during 1996
to 1997 (period 2, n�4453).

Results—Despite wide variation in facility-specific complication rates, the correlation between rates in periods 1 and 2 was
low (Spearman correlation coefficient, 0.04; P�0.01) Facility-specific rates did not show greater correlation when we
examined only facilities with higher volumes patients in different clinical categories (asymptomatic, transient ischemic
attack, stroke). Comorbid illness profiles were similar between the 2 time periods.

Conclusions—Most of the facility-specific differences in complication rates in period 1 were not maintained into period
2. Many apparent quality improvement problems may not be as large as they first appear, especially when based on few
complications per facility. The inability, in practice, to estimate complication rates at a high degree of precision is a
fundamental difficulty for clinical policy making regarding procedures with complication rates such as carotid
endarterectomy. (Stroke. 2002;33:2944-2949.)
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For patients with high-grade carotid stenosis, the most
important factor in the decision of whether to perform

carotid endarterectomy (CEA) is the rate of major surgical
complications.1 This risk depends on patient factors, surgeon
factors, hospital- and other system-of-care–related factors,
and unexplained factors, the last category often
predominating.

Recognizing that sufficiently low complication rates are
central to the ultimate effectiveness of CEA, a typical
hospital-level quality improvement (QI) initiative might
choose to compare surgeons and/or to compare the hospital as
a whole against an external benchmark. Because most sur-
geons perform relatively few procedures, the assessment is
usually made at the level of the hospital. Depending on
available data, the comparison of the hospital-wide compli-
cation rate to the external benchmark might first be made on
raw (unadjusted) rates and then followed up through the use

of risk-adjusted rates that take case-mix into account. Be-
cause most variation in complication rates is unexplained, the
impact of risk adjustment is often small; in this case, adjusted
and unadjusted analyses will yield similar conclusions.

When the perspective of a healthcare system is taken, the
usual procedure is to calculate complication rates for each
facility and then to base decisions concerning QI on these
observed rates. Indeed, Luft and colleagues2 championed this
line of investigation in their landmark article documenting the
association between surgical volume and operative mortality.
One variant on this procedure is to focus on only the “best”
(ie, those with the lowest complication rates) and the “worst”
(ie, those with the highest complication rates) hospitals.
Teams of experts might be sent to both sets of facilities under
the assumption that when process of care at the “best”
facilities differs from those at the “worst,” changes should be
made at the latter based on the former. Another variation is to
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intervene at all facilities at which the rates are above a certain
cut point, which is often based on a published practice
guideline or other evidence.

Critical to the above thinking is the assumption that
facilities with high complication rates are likely to have a
substandard process of care and that this substandard process
of care is a stable characteristic that, in the absence of
intervention, will persist over time. On the other hand, if
observed differences in complication rates are based mostly
on statistical variation (ie, “random noise”), then the compli-
cation rates in subsequent time periods will tend to regress to
the group mean, thus reducing and perhaps even eliminating
the need for intervention.3 Indeed, in this case, the presumed
benefits of intervention will be overstated, and classification
of facilities as “having a potential quality problem” is, at best,
a needless distraction.

With the above in mind, we analyzed data from a prospec-
tive cohort of patients undergoing CEA within Department of
Veterans Affairs (VA) medical centers and asked this ques-
tion: To what degree do hospitals with high rates of CEA
complications during 1 time period also have high rates of
complications in a subsequent time period?

Methods
Data Source
This is a secondary analysis of data compiled by the VA National
Surgical Quality Improvement Program (NSQIP) regarding patients
who underwent CEA. Briefly, the NSQIP is an ongoing, prospective,
observational study of outcomes of major surgery performed at 132
VA medical centers. This report focuses on CEA only. For all
operations, including CEA, a standard data set was generated. In
particular, trained nurse-reviewers collected preoperative data (eg,
preoperative assessment, sociodemographic characteristics, clinical
characteristics) both directly and through the VA’s computer system.
Interoperative data (eg, CPT-4 codes, operative times, blood trans-
fusions) were collected through the computer system and then
verified by the operating surgeon. The reviewer entered the Interna-
tional Classification of Disease–9-CM code for the postoperative
diagnosis, and followed up the patient for 30 days postoperatively.
Hospital-based follow-up included daily rounding, attending confer-
ences, and interviewing surgical house staff and the nurse-
epidemiologist regarding possible nosocomial infections and other
complications. The reviewer called the patient 30 days after the
procedure and interviewed the patient or family member if the
patient was unable to communicate, as appropriate.

The NSQIP follows various surgical procedures, and its data
collection protocol is not specific to CEA. In particular, the standard
data set does not contain some variables that would have been
helpful in predicting outcome of CEA, eg, carotid stenosis and
information concerning the timing of any prior stroke. Also, there
was no requirement for a comprehensive examination by a neurol-
ogist either before or after the surgery, implying that those strokes—
presumably minor—that would have become known only after such
an examination may have been missed.

Additional details pertaining to NSQIP design and methodology
are reported elsewhere.4–9 We included data from 1994 to 1997 and
limited the analysis to facilities performing procedures throughout
this period. If a patient underwent �1 CEA during this time, we
selected the first.

Outcome
The primary outcome was major complications of CEA within 30
days after surgery, defined to include any or all of stroke, myocardial
infarction, and death (regardless of cause). Because complication
rates were relatively low, we did not analyze any of the above

components of the overall complication rate separately. As second-
ary outcomes, we also report the presence of any complication (most
commonly pneumonia, prolonged intubation, reintubation in the
postoperative period, urinary tract infection, and cardiac arrest), as
well as procedure-related return to the operating room.

Statistical Analysis
The research question asked whether facilities with high complica-
tion rates during 1 period also had higher complication rates in a
subsequent period. Accordingly, we divided the data set by year,
with period 1 consisting of 1994 to 1995 and period 2 consisting of
1996 to 1997. We then formed a data array with 1 record per facility,
having for each period the number of patients at risk, the number of
patients with complications, and the observed complication rate. The
primary predictor variable was observed complication rate during
period 1; the primary outcome variable was observed complication
rate during period 2.

The main analysis grouped the facilities according to complication
rate during period 1 and then used a �2 test to compare the
complication rates in period 2. The period 1 groupings were selected
as 0%, �0% to 3% (denoted as 0% to 3%), �3% to 5% (denoted as
3% to 5%), �5% to 7% (denoted as 5% to 7%), and �7%; these
groupings correspond to various clinically relevant cut points given
in the literature (eg, 3%, 5%, and 7%) and allow comparison of
facilities with very low rates (0%) with those with very high rates
(�7%).

Statistical comparisons were made with a 1-df Mantel-Haenszel �2

test (comparing the complication rates in period 2, accounting for the
ordinality of the period 1–based facility groupings) and a Spearman
correlation coefficient (quantifying the magnitude of this associa-
tion). As a technical point, it should be noted that our primary
interest was in the absolute magnitude of the differences between the
groups in period 2, not necessarily in the probability value that
compares these rates. In particular, this probability value tests the
null hypothesis that there is no difference whatsoever in outcome
rates (ie, that all the variation in period 2 is due the effects of “noise”
at time 1). Our interest was not in the question of whether none of the
variation in complication rates during period 2 is predictable from
the rates in period 1 (this being assessed by the above probability
value) but how much of the variation in period 2 is predictable (this
being assessed by the analyses described above).

Results
The number of unique patient records available for analysis
was 7842: 3389 during 1994 to 1995 and 4453 during 1996 to
1997. Table 1 presents characteristics of the patients. Most
were older white men. Patients with previous history of
stroke, previous history of transient ischemic attack, and no
recorded history of cerebrovascular symptoms were all well
represented.

Table 1 also presents aggregate data on CEA complica-
tions. Considering the primary outcome of stroke, myocardial
infarction, or death, the complication rate decreased from
3.9% during 1994 to 1995 to 3.3% during 1996 to 1997.
Secondary complications decreased by �50%.

Table 2 groups facilities according to complication rate in
period 1. Comparing the facilities with 0%, 0% to 3%, 3% to
5%, 5% to 7%, and �7% complication rates during period 1
shows that the complication rates during period 2 were 2.4%,
2.8%, 3.5%, 3.9%, and 4.5%, respectively. Facilities grouped
according to complication rates in period 1 displayed much
less variation in complication rates in period 2. The compli-
cation rates in period 2 showed a statistically significant
ordinal trend (P�0.01), but the magnitude of this trend was
modest (Spearman correlation coefficient, 0.04).
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We then examined whether the above finding could plau-
sibly be attributed to facilities with a small volume of
patients. Table 2 repeats the analysis after exclusion of the 31
facilities with �20 procedures during period 1. The relation-
ship between complication rates in periods 1 and 2 was no
stronger than before (P�0.05; Spearman correlation, 0.02).

We then examined whether the above finding could plau-
sibly be attributed to symptom status. Table 2 repeats the
analysis after disaggregating the data according to history of
cerebrovascular symptoms. In all 3 clinical symptom catego-
ries, the relationship between complication rates in periods 1
and 2 was no stronger than before (P�0.05; Spearman
correlation, 0.02 to 0.05).

Table 3 reports information about case-mix during the 2
study periods. When facilities were separated into categories
based on complication rate in period 1, significant differences
in case-mix characteristics were apparent; eg, facilities with
high complication rates during period 1 had fewer white
patients and more patients with diabetes. These differences in
case-mix, however, remained similar across the 2 time
periods.

Discussion
We observed a noteworthy amount of variation in complica-
tion rates. For example, although �12% of facilities reported
period 1 complication rates �7%, 31 of the 94 facilities had
no complications at all. Although there was some tendency

for facilities with high complication rates in period 1 to report
relatively high complication rates in period 2 (Spearman
correlation, 0.04), most of the differences in complication
rates in period 1 were not maintained over time.

Several previous studies have documented important vari-
ations in complication rates for CEA, including variation by
facility characteristics such as the volume of procedures.10–12

Implicit in the interpretation of facility-to-facility variation is
the assumption that complication rates are reasonably stable
within individual facilities. Our findings call into question
this assumption of stability.

This basic result has a number of possible explanations.
First, noting that our analysis uses unadjusted complication
rates, these differences might be due to case-mix. However,
the conclusions of a case-mix–adjusted analysis will be
similar as long as case-mix is not strongly predictive of

TABLE 1. Demographic Characteristics, Clinical
Characteristics, and Complications From CEA

1994–1995
(n�3389)

1996–1997
(n�4453)

Age (mean), y 67.3 (7.7) 67.7 (8.1)

Male, % 98.4 98.5

Race, %

White 92.4 90.4

Black 4.8 5.5

Other 2.8 4.0

History, %

None 36.0 39.3

TIA 26.1 31.3

Stroke 37.9 29.3

Diabetes, % 15.3 17.9

Renal failure, % 0.2 0.8

COPD, % 17.0 16.7

CHF, % 1.5 2.5

Primary outcome, n (%)

Stroke, MI, death 136 (3.92) 148 (3.28)

Death 43 (1.27) 46 (1.03)

Stroke 70 (2.07) 89 (2.00)

MI 39 (1.15) 33 (0.74)

Secondary outcome, n (%)

Any 288 (8.50) 211 (4.74)

Related return to operating room 144 (4.25) 170 (3.82)

TIA indicates transient ischemic attack; COPD, chronic obstructive pulmo-
nary disease; CHF, congestive heart failure; and MI, myocardial infarction.

TABLE 2. CEA Complication Rates Grouped According to
Facility Rates in Period 1

1994–1995 Group 1994–1995 Rate, % (n) 1996–1997 Rate, % (n)

Overall*

0% 0 (0/537) 2.4 (25/1027)

0–3% 2.2 (22/1016) 2.8 (31/1101)

3–5% 4.0 (34/844) 3.5 (34/972)

5–7% 6.2 (36/578) 3.9 (33/843)

�7% 9.9 (41/373) 4.5 (23/510)

Excluding facilities with �20 procedures during 1994–1995†

0% 0 (0/335) 3.1 (13/425)

0–3% 2.2 (22/1016) 2.8 (31/1101)

3–5% 4.0 (34/844) 3.5 (34/972)

5–7% 6.3 (32/510) 4.0 (26/653)

�7% 9.4 (33/352) 4.0 (15/377)

Patients with no history of cerebrovascular symptoms‡

0% 0 (0/193) 1.7 (8/470)

0–3% 1.0 (4/401) 2.1 (11/535)

3–5% 2.7 (8/297) 1.7 (6/353)

5–7% 3.3 (7/213) 2.5 (9/360)

�7% 9.5 (15/157) 3.6 (9/252)

Patients with history of TIA§

0% 0 (0/140) 3.2 (8/250)

0–3% 2.6 (7/269) 2.0 (5/244)

3–5% 4.2 (11/262) 5.8 (13/224)

5–7% 6.4 (12/186) 3.7 (7/189)

�7% 10.1 (13/129) 2.9 (3/102)

Patients with history of stroke�

0% 0 (0/203) 2.9 (9/306)

0–3% 3.2 (11/346) 4.7 (15/322)

3–5% 5.6 (15/270) 3.6 (10/282)

5–7% 9.1 (16/176) 5.6 (14/249)

�7% 10.4 (13/125) 6.8 (10/148)

*P�0.010, Mantel-Hantszel �2; Spearman correlation, 0.04.
†P�0.170, Mantel-Hantszel �2; Spearman correlation, 0.02.
‡P�0.13, Mantel-Hantszel �2; Spearman correlation, 0.03.
§P�0.56, Mantel-Hantszel �2; Spearman correlation, 0.02.
�P�0.062, Mantel-Hantszel �2; Spearman correlation, 0.05.
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outcome and/or case-mix remains similar over time. A
previous analysis of this data set found no statistically
significant relationship between case-mix and outcome.9

Also, the pattern of case-mix remained relatively stable
across facilities. Thus, whatever effect case-mix might be
having during period 1 was occurring, in roughly similar
measure, in period 2. Moreover, the patterns within clinical
state (asymptomatic, history of transient ischemic attack,
history of stroke) were similar to those overall, providing
further confidence that case-mix is an unlikely explanation.

A second possible explanation is that personnel in the
facilities that performed poorly during period 1 noticed this
and implemented various interventions to improve the quality
of care. Although such an explanation cannot be ruled out
with respect to the facilities that were initially poor perform-
ers, this does not explain why the complication rates in-
creased among those facilities with initially low rates.

A third possible explanation is that low-volume facilities
are particularly unstable from a statistical perspective and are

providing much of the “noise” that is being observed in the
complication rates. However, a reanalysis of the data exclud-
ing those facilities with low volume, ie, �20 procedures
during period 1, did not support such an explanation. Here, it
should be noted that our comments are not intended as an
addition to the now-considerable literature on the volume-
outcome relationship in CEA. Compared with this literature,
all the facilities considered here have low to moderate
volumes, and our analysis does not consider the experience of
the facility with similar procedures or the experience of the
surgeons in affiliated non-VA facilities. In any event, our
results regarding volume and outcome for CEA performed
within the VA are consistent with previous reports from the
NSQIP.9

Finally, we note that although quality improvement initia-
tives are often taken at the level of the facility, our assessment
of group-level complication rates used as its unit of analysis
not the facility but instead groups of facilities with similar

TABLE 3. Demographic and Clinical Characteristics by Facility Complication Rate

0% 0 –3% 3–5% 5–7% �7% P

1994 –1995

Sample size, n 537 1016 844 578 414

Age (mean), y 66.9 (7.9) 67.6 (7.7) 67.1 (7.5) 67.6 (7.7) 67.0 (7.9) 0.309

Male, % 98.3 98.1 98.7 98.6 98.1 0.845

Race

White 90.7 94.3 96.0 93.8 80.3 �0.001

Black 7.7 4.2 2.1 4.9 8.1

Other 1.5 1.5 1.9 1.2 11.5

History

None 36.0 39.5 35.8 37.0 38.2 0.035

TIA 26.1 26.5 31.6 32.3 31.4

Stroke 37.9 34.1 32.6 30.6 30.4

Diabetes 15.3 12.7 12.3 13.1 19.3 0.006

Renal failure 0.2 0.9 0.8 1.2 0.7 0.416

COPD 17.0 15.3 11.6 22.9 16.7 0.231

CHF 1.5 4.0 1.9 2.2 3.1 0.012

1996–1997

Sample size, n 1027 1101 972 843 510

Age (mean), y 67.4 (8.1) 67.4 (8.2) 67.7 (8.0) 68.3 (8.2) 68.2 (8.1) 0.042

Male, % 98.2 98.5 98.8 98.3 98.8 0.840

Race

White 90.9 93.6 92.0 89.3 81.6 �0.001

Black 7.5 3.9 3.4 5.9 8.6

Other 1.6 2.5 4.5 4.9 9.8

History

None 45.8 48.6 41.1 45.1 50.2 0.036

TIA 24.4 22.2 26.1 23.7 20.3

Stroke 29.8 29.2 32.8 31.2 29.5

Diabetes 25.7 25.8 20.0 26.3 24.9 0.007

Renal failure 0.7 0.4 0.2 0.2 1.0 0.182

COPD 16.9 16.0 16.1 19.2 12.5 0.029

CHF 1.7 3.8 1.1 2.2 4.3 �0.001

Abbreviations as in Table 1.
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complication rates. While intentionally suppressing the indi-
vidual facility as a unit of aggregation, this approach does at
least serve to avoid various statistical problems involved with
differential precision for large and small facilities, facilities
having no complications, etc, and is consistent with previous
analyses of including facilities with patient volumes that are
relatively low and variable.13 However, the Spearman corre-
lations do use the facility as their unit of analysis.

With the above in mind, we believe that the most likely
explanation of the results is regression to the mean—ie, the
tendency for groups observed to be extreme on a character-
istic to become less extreme on remeasurement. This ten-
dency becomes particularly pronounced when the measure in
question is “noisy,” ie, has a high degree of intrinsic vari-
ability. Such is the case for CEA complication rates because
sample sizes for individual facilities are small and the
standard error of a complication rate increases with decreas-
ing sample size and because absolute numbers of complica-
tions are small, thus magnifying the impact of any particular
patient having a complication.

In interpreting these data, it is important to take into
account both the strengths and weaknesses of the NSQIP
data. The primary strength, compared with a typical obser-
vational study, resides in the great attention paid to compre-
hensiveness and consistency in data collection. The primary
weakness is that the data collection protocol was not specific
to CEA. Apart from the desirability of including CEA-
specific information about such factors as degree of stenosis
in the standard NSQIP data set, a data collection protocol
focusing on CEA would likely have included comprehensive
examination of all patients by neurologists both before and
after surgery. The main implication of the data collection
protocol actually used is the possible overlooking of some
number of strokes, most likely minor, that would have
become apparent only on a comprehensive examination. This
suggests that the absolute magnitude of the complication rates
reported here may not be comparable with studies such as the
randomized trials of CEA that included such examinations.
Nevertheless, we believe these results to be internally con-
sistent, in the sense that the same data collection procedures
were applied in both time periods; thus, conclusions about the
general patterns of complication rates within and across
facilities should be unaffected.

As mentioned, the population-based NSQIP study is per-
haps most noteworthy because the prospective nature of the
data collection supports a much more comprehensive assess-
ment of both patient factors and outcomes than is the case for
a typical observational study. Within this NSQIP data set, we
found that what initially appeared to be dramatic differences
between facilities were most likely due, at least in large part,
to artifacts induced by statistical variation. From the perspec-
tive of continuous QI, our findings are a reminder that, before
attempts to intervene to improve a system are made, it is
crucial that the level of common-cause variation be under-
stood.14 Otherwise, it is seductively easy to conclude that
what is in fact common-cause variation is due to special
causes such as a substandard process of care. Thus, attempts
at intervention might not always be necessary, and resources
can sometimes be better spent by simply continuing to

observe and better understand the situation before action is
taken.

Our findings primarily illustrate 2 points. First, they serve
as a caution to policy makers that apparent QI problems may
not always be as large as they first appear, especially those
involving facilities having low to moderate patient volumes
and/or procedures with relatively low complication rates.
Second, they serve to illustrate a fundamental dilemma in
clinical policy making regarding CEA, namely, that while the
decision whether to perform a CEA depends in large part on
small absolute differences between complication rates, in
practice it is seldom the case that these complication rates can
be estimated to the degree of precision required. For example,
even though guidelines and decision analyses make a crucial
distinction between rates such as 3%, 4%, 5%, 6%, etc, it is
often the case that confidence intervals calculated from
observed data from a facility will be consistent with each of
the above rates and thus will not be sufficient to make such a
differentiation. This dilemma is not limited to CEA but also
applies to other procedures having low complication rates
(and whose appropriateness or lack thereof depends on
relatively small absolute differences in these rates).

Like many others, the perspective of quality improvement
can be very helpful when users are cognizant of its limitations
yet is considerably less effective when extended beyond its
natural sphere of application. For CEA, the level of random
variation induced by small absolute numbers of complica-
tions circumscribes this sphere of application. Recognizing
these limitations, it might be noted that in this respect QI is
perhaps not so different from the practice of medicine: The
options are to intervene immediately or to simply watch and
wait, and the challenge is to select the course of action that
leads to the most good and the least harm.
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