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ABSTRACT

Background: The National Anesthesia Clinical Outcomes Registry collects demographic and outcome data from anesthesia
cases, with the goal of improving safety and quality across the specialty. The authors present a preliminary analysis of the
National Anesthesia Clinical Outcomes Registry database focusing on the rates of and associations with perioperative mortal-
ity (within 48 h of anesthesia induction).

Methods: The authors retrospectively analyzed 2,948,842 cases performed between January 1, 2010, and May 31, 2014.
Cases without procedure information and vaginal deliveries were excluded. Mortality and other outcomes were reported by
the anesthesia provider. Hierarchical logistic regression was performed on cases with complete information for patient age
group, sex, American Society of Anesthesiologists physical status, emergency case status, time of day, and surgery type, control-
ling for random effects within anesthesia practices.

Results: The final analysis included 2,866,141 cases and 944 deaths (crude mortality rate, 33 per 100,000). Increasing Ameri-
can Society of Anesthesiologists physical status, emergency case status, cases beginning between 4:00 v and 6:59 am, and
patient age less than 1 yr or greater than or equal to 65 yr were independently associated with higher perioperative mortality.
A post hoc subgroup analysis of 279,154 patients limited to 22 elective case types, post hoc models incorporating either more
granular estimate of surgical risk or work relative value units, and a post hoc propensity score—matched cohort confirmed the

association with time of day.

Conclusions: Several factors were associated with increased perioperative mortality. A case start time after 4:00 pm was associ-
ated with an adjusted odds ratio of 1.64 (95% CI, 1.22 to 2.21) for perioperative death, which suggests a potentially modifi-
able target for perioperative risk reduction. Limitations of this study include nonstandardized mortality reporting and limited

ability to adjust for missing data. (ANESTHESIOLOGY 2015; 123:00-00)

P ERIOPERATIVE mortality has decreased by an order
of magnitude in the past 5 decades in high-income What We Already Know about This Topic

countries, despite a population increasingly burdened with e Factors predicting postoperative mortality across broad surgi-
severe comorbidities.! Anesthesiology as a specialty was cal populations remain poorly characterized
identified in the 1999 Institute of Medicine publication * The authors evaluated nearly three milion cases in the Na-
10 Err is Human: Building a Safer Health Care System as tional Anesthesia Clinical Qutcomes Registry
a model for creation and dissemination of patient safety What This Article Tells Us That Is New
improvements.” Process and patient care improvement * As might be expected, mortality rates were higher in patients
efforts to mitigate the causes of preventable perioperative with high American Society of Anesthesiologists physical sta-
mortality and morbidity, such as malignant hyperther- tus, having emergency surgery, and younger than 1 or older
mia, airway or intubation misadventures, and undetected . AT 6,5 r ' .
hypoxia, have succeeded in making these relatively rare PM—even after adiustment for other known confounding factors
causes of harm.

The development of large epidemiologic data sets
has facilitated the investigation of such low-incidence  to improve the quality of anesthesia care, and has been col-
events. Recognizing the need for a database focused on  lecting deidentified billing and electronic health record data
anesthesia-related outcomes, the American Society of Anes-  from anesthesia practices in the United States since 2010.
thesiologists created the Anesthesia Quality Institute (AQI)  Participation in NACOR is voluntary, although participants
in 2009. Among its other patient safety initiatives, the AQI are required to contribute a minimum administrative data

oversees the National Anesthesia Clinical Outcomes Registry ~ set for each case. At the time of writing this article, NACOR
(NACOR). NACOR is a nonprofit data repository created contained almost 30 million anesthesia cases from nearly
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500 distinct practices at more than 2,500 facilities. A sub-
set of practices contributes data on perioperative outcomes;
at the time of writing this article, 16% of the cases in the
NACOR data set contained outcomes data.

The capabilities and limitations of NACOR’s outcomes
data set have only begun to be described in the peer-reviewed
literature.> Herein, we perform an exploratory retrospec-
tive cohort study of perioperative mortality events, defined
as death within 48 hhiiucﬂ%anesthesm, and other
perioperative complications documented in the first 4 yr of
NACOR case collection. Our intent was to identify factors

associated with perioperative mortality available in the mini-

mum data set collected by NACOR.

Materials and Methods

The structure and data management and validation of
NACOR are briefly described in the appendix and have been
described by Liau ez /.

Study Design

This study is a retrospective analysis of a cohort of cases in a
large quality-focused data set. This article has been structured
according to the STrengthening the Reporting of OBserva-
tional studies in Epidemology (STROBE) recommendations
for reporting of cohort studies.*

Human Studies Committee Approval. The NACOR data set
is itself deidentified. The human studies committee of the
University of California, San Francisco (San Francisco, Cali-
fornia) approved this study and waived the requirement for
informed consent.

Setting, Locations, Dates, and Study Size. NACOR is a
national repository for administrative, clinical, and quality-
focused data from practices in the United States that provide
anesthesia care. Data from practices’ billing, clinical, or quality
data documentation systems are imported directly viz custom-
ized programming routines. Practices are expected to contrib-
ute at least a minimum data set of approximately 20 elements
per case. More detailed clinical or quality data are contrib-
uted by a subset of practices. All U.S. anesthesia practices are
eligible to participate. Case collection began on January 1,
2010; the data set used here includes the convenience sample
of all cases containing outcomes data uploaded to NACOR
between inception of the database and May 31, 2014.
Exclusion Criteria. Cases from practices not reporting out-
comes data were not eligible for this study. Further, we
excluded cases where the procedure code and anesthesia
codes were not reported and there was no documented anes-
thesia type or it was documented as “other,” because there
was not enough information to make conclusions about
contributing risk factors in those cases. Because of the essen-
tial differences in which analgesia provided by an anesthe-
sia provider for vaginal delivery is billed, we excluded those
cases.

Variables. Because of varying degrees of practice par-
ticipation, data completeness varied among practices.
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Mortality and Adverse Outcomes from NACOR

Therefore, we focused on analyses using the variables typi-
cally provided to NACOR as a part of the minimum data
set. These include practice/facility factors (U.S. region,
Medicare-defined facility type), patient factors (age, sex,
American Society of Anesthesiologists physical status
[ASAPS], emergency, or elective case), and procedural
factors (surgical and anesthesia Current Procedural Ter-
minology (CPT) codes, principal anesthesia type, U.S.
Agency for Healthcare Research and Quality’s Clinical
Classifications Software code, case start time, case dura-
tion). The full list of variables in the minimum data set
available in the NACOR participant user file is available
through the AQI.>

Patient ages were grouped into categories according to

the predetermined age ranges defined by AQI (see table
2). Because some practices did not differentiate between
ASAPS 1 and ASAPS 2 patients, they were grouped together
for analysis. Surgery type was determined from anesthesia
CPT code, which was the most complete variable that pro-
vided information about the surgical procedure; if this was
missing, the American Society of Anesthesiologists cross-
walk code (derived from surgical CPT) was used. Proce-
dure start time was grouped according to the definitions
suggested by Kelz e 2/.° Emergency case status was derived
from provider reporting. Cases were also considered emer-
gent if any of the four surgical CPT codes potentially listed
for an individual case indicated an emergent surgical proce-
dure (CPT code 99140). Because very few cases were docu-
mented as “elective,” we assumed a case was nonemergent
if an ASA physical status had been documented without
emergency case (“E”) modifier or surgical CPT code indi-
cating emergency.
Outcome Definitions. Perioperative outcomes are listed in
NACOR’s document Outcomes of Anesthesia: Core Mea-
sures.” Briefly, these outcome definitions represent consen-
sus recommendations formalized on May 11, 2013 and
developed jointly between the AQI and the Multicenter
Perioperative Outcomes Group. Reporting of individual
events is typically the responsibility of the anesthesia pro-
vider. A significant (i.e., reportable) event was generally
considered to be one that was unanticipated and required
active intervention.

Mortality was defined as death within 48h of induc-
tion and was typically reported by the anesthesia pro-
vider. NACOR does not collect time of death; mortality is
reported as a Boolean variable (i.e., present or not present)
without further details on temporal relationship to surgery.
Other outcomes are further defined in a document available

through the AQL®

Statistical Analysis

Basic descriptive statistics were calculated for the data set,
and univariate comparisons were performed with chi-square
test for categorical values and a # test for age as a continuous
measure (z.c., when comparing excluded and included cases).
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PERIOPERATIVE MEDICINE

Primary Statistical Model. The primary analytic strategy was
a hierarchical mixed-effects model, with adjustment for ran-
dom effects by anesthesia practice, and by facility (within
anesthesia practice). All predictors from univariate analyses
were entered into a logistic regression model, with the excep-
tion of facility type and region, which were not included
because of varying penetrance of NACOR participation and
consequent unequal representation of certain regions and/or
facility types. The primary analysis did not adjust for missing
data because of the paucity of complete variables that could
be used to impute missing values; cases with missing data
for one or more variables of interest were excluded from the
regression models.

Elective Subgroup Sensitivity Analysis. To further investi-
gate the association between time of day and perioperative
mortality, we examined the association in a post hoc sensi-
tivity analysis intended to reduce the impact of emergency
procedures that were not coded as such. Given the substan-
tially smaller sample size, hierarchical mixed-effects mod-
eling failed to converge, and instead a logistic regression
with variances adjusted for clustering by practice was used.
After excluding known emergency procedures and ASAPS 5
patients, we limited the population to adult patients with a
Clinical Classifications Software code suggesting an elective
procedure, following the method suggested by Sessler ez a/.’
We also excluded cases with a start time before 6:00 am or
after 11:00 pu, similar to the study by Kelz ez 4/.° This lim-
ited the population to 308,047 cases with 38 deaths. Because
of this substantially smaller population, we removed surgery
type from the model. The variables entered into the logistic
regression model were otherwise the same as for the primary
model, with variance adjusted for clustering by practice.
Risk Quantification Index Sensitivity Analysis. A second
post hoc sensitivity analysis was performed to adjust, with
better granularity, for mortality risk using the Risk Quanti-
fication Index (RQI) published by Dalton et 2/.'° The RQI
uses a population-based measurement of procedure-specific
mortality risk associated with the particular surgical CPT
code, in combination with patient’s age and ASAPS, and has
shown excellent discrimination.!®!! Tt can be calculated only
for those CPT codes that are matched to a mortality risk
estimate; thus, RQI was added into the logistic regression
model for patients in whom the RQI could be calculated.
Most notably, this excluded obstetric and ocular cases from
this subgroup analysis. Patients younger than 18 yr were also
excluded, because this index was derived in adults. As with the
elective subgroup, the relatively smaller sample size resulted
in nonconvergence of attempted hierarchical modeling, so
a logistic regression with variance adjusted for clustering by
practice was used. There was no significant collinearity with
age or ASAPS, thus those variables were retained.

Work Relative Value Units Sensitivity Analysis. A third posz
hoc sensitivity analysis adjusted for Medicare physician work
relative value units (RVUs), a standardized measure of the
time, expertise, and skill required for a physician to perform
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a given procedure. Surgical CPT codes were linked to RVUs
using a cross-talk from the Centers for Medicare & Medic-
aid Services Physician Fee Schedule (January 2014 release).
Covariates entered into the hierarchical mixed-effects model
were the same as for the primary statistical model, with the
addition of work RVUs as a continuous covariate.
Propensity Score Sensitivity Analysis. The final post hoc
sensitivity analysis used propensity scores to estimate the
impact of late case starts. “Late” cases were defined as those
beginning between 4:00 pm and 10:59 rm, and “day” cases
began between 7:00 am and 3:59 pm. Cases occurring outside
those hours, patients younger than 18 yr, ASAPS 5 patients,
and emergency cases were excluded. A propensity score to
predict likelihood of being scheduled as a “late” case was
created using logistic regression with variance adjusted for
clustering within practices, adjusting for age, sex, ASAPS,
facility type, and location (to account for differing practice
patterns). Although the logistic model predicted “day” or
“late” assignment significantly better than chance, the area
under the receiver operator characteristic curve was 0.625,
consistent with relatively random assignment to “day” or
“late” as would be expected if assignment was a result of
scheduling convenience. We then performed 1:1 matching
of “day” cases to “late” cases, with exact matching for ASA
crosswalk code and within a caliper distance of 0.01 for the
logistic probability model. In this way, we rigorously con-
trolled for a case mixture that potentially varies with time.
Because there were far more “day” cases than “late” cases, the
sort order of the data markedly affected propensity match-
ing and the rate of mortality events in the matched “day”
patients. Accordingly, a modified bootstrapping approach
was taken, in which the “day” patients were randomly sorted
and propensity matching was run; this was performed 500
times, and the mean and SD for the number of deaths in the
“day” cases after 500 replications was reported.

A Pvalue less than 0.05 was considered to indicate statisti-
cal significance. All statistical tests were two tailed. Statistical
analyses were performed using Stata/MP 13.1 (StataCorp,
USA). The hierarchical mixed-effects logistic regression was
performed with the Stata meqrlogir command, and logistic
regression with variance adjusted for clustering within prac-
tices was accomplished with the Stata /ogit command. Pro-
pensity matching used the Stata psmatch2 command.

Results
Study Population

After exclusions for cases with missing data for both surgi-
cal and anesthesia procedure types and vaginal deliveries,
the final data set included 2,866,141 cases and 944 deaths
within 48 h of induction of anesthesia (fig. 1).

Included records are compared with excluded records in
table 1. Excluded records were more likely to have missing
data for ASAPS. Excluded patients were younger, represented
more females than males, and had a higher proportion of
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Entire NACOR dataset:
18,487,093 cases

No outcome data available:
15,538,251 cases (84.0%)

g

QOutcome eligible:
2,948,842 cases

Missing critical data about surgical/anesthesia

procedure: 17,383 cases (0.59%)

—>

Y

Analgesia for vaginal delivery: 65,318 cases (2.22%)

Incomplete data (cases may have
2,866,141 cases (97.2% of :':"”e “t"a“t °"°5rf:z:;)(m -

i~ ase start time: o,

outcome eligible cases) ia technique: 421 567 (55.4%)
‘b Surgery type: 287,794 (37.8%)
ASAPS: 140,937 (18.5%)

Procedure urgency: 136,782 (17.9%)
Age: 32,413 (4.3%)
Sex: 26,673 (3.5%)

Total: 761,143 (100%)

Final dataset:
el

Complete data for logistic
regression: 2,104,998 cases
(73.4% of final dataset)

Fig. 1. Patient flow diagram. ASAPS = American Society of
Anesthesiologists physical status; NACOR = National Anes-
thesia Clinical Outcomes Registry.

neuraxial anesthesia, reflecting the 65,318 episodes of anal-
gesia for vaginal delivery that were excluded. Excluded cases
were also less likely to have been coded as emergent and were
less likely to have had a case start time between 7:00 am and
3:59 rm. There were also significant differences in region and
facility type among included versus excluded records; these
differences were attributable to large practices, which domi-
nated the region and/or facility type and had missing data
effectively requiring elimination of the practice or facility
from the final data set. The included records were from 60
practices, which provided anesthesia care at 197 facilities.

Distribution of Missing Data

Missing data for the six primary variables of interest (patient
age, sex, ASA physical status and emergency case status,
primary anesthesia type, case start time, and surgery type)
varied substantially by practice. The distribution of missing
data by practice is shown in figure 2. The median percent of
cases with missing data, by practice, was 6.0% (interquartile
range, 0.7 to 73.0%). A single practice that did not report
operative start times contributed 472,353 cases, comprising
62.1% of the cases in this study with incomplete data.

Rates of Perioperative Mortality

‘The unadjusted rate of perioperative mortality within 48 h of
indm remained reasonably constant over
the studied period (fig. 3). Raw rates of perioperative death
and unadjusted odds ratios, by variables of interest, are given
in table 2. The highest raw death rates were seen in ASAPS
4 and 5 patients, emergent surgeries, and patients younger
than 1 yr.

The distribution of cases and deaths according to
patient age is shown in figure 4A; patients younger than 1
yr were disproportionately represented among the deaths.
Figure 4B depicts the distribution of cases and deaths
according to the operative start time and demonstrates
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Mortality and Adverse Outcomes from NACOR

an increased raw mortality rate for case start times before
7:00 am or after 3:59 rm.

Hierarchical mixed-effects logistic regression analysis was
performed for cases for which the data were complete. Age
less than 1 or more than or equal to 65 yr; ASAPS 3, 4, or 5;
and case start time after 4:00 pm were significantly and inde-
pendently associated with perioperative mortality (table 2).

Subgroup Analyses

Several post hoc sensitivity analyses were performed to further
explore the association between case start time and periop-
erative mortality. For the first sensitivity analysis, we further
limited the cohort to patients undergoing 1 of 24 elec-
tive case types starting between 6:00 am and 10:59 rm and
excluded emergent cases, ASAPS 5 patients, and children.
By using logistic regression with clustering by practice and
adjusting for sex, age, ASAPS, and surgery type, a significant
independent association between mortality and a start time
after 6:00 pm was again demonstrated with odds ratio of 3.98
(95% CI, 1.54 to 10.3, P = 0.004). There was no signifi-
cant increase in mortality in this subgroup for cases starting
between 4:00 pm and 5:59 pm (table 3), although the point
estimate was consistent with findings from the whole data
set—adjusted model.

The second post hoc sensitivity analysis incorporated the
RQI as a highly discriminative measure of adult surgical
mortality risk. RQI could be calculated for only 867,186
patients. After casewise deletion for other missing variables
in the clustered logistic regression, this subgroup analysis
was performed on 715,540 patients. Point estimates for
mortality risk associated with after-hours operative start
times were substantially similar to the whole cohort, non—
risk-adjusted model, although the Cls were wider (table 3).

The final post hoc sensitivity analysis linked 2,144,320
patients with a value for work RVUs, in an attempt to adjust
for surgical complexity with greater granularity. Of these
patients, 1,738,246 had complete data for the other vari-
ables of interest and were included in the hierarchical mixed-
effects model, which confirmed the association between
perioperative mortality and after-hours start times (table 3).

Post Hoc Propensity-matched Cohort

This post hoc subgroup analysis excluded emergency cases,
ASAPS 5 patients, and children and used propensity match-
ing to approximate “random” assignment to day-start (7:00
AM to 3:59 pm) versus late to start (4:00 pm to 10:59 pm) case
times. Propensity matching was performed within a cohort
of 1,500,479 cases, 7.2% of which began between 4:00 rm
and 10:59 rm. Because the number of deaths in the matched
day—start cases markedly varied depending on sort order, the
propensity match was run 500 times. There were 37 deaths
in the cohort of cases starting after 4:00 rm and 25.5+3.9
deaths in the matched cases (95% CI, 17.9 to 33.1) starting
between 7:00 am and 3:59 pm.

Whitlock et al.
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Table 1. Comparison between Included and Excluded Patients, after Removing Patients from Practices that Did Not Report

Perioperative Outcomes

Variable Included (n = 2,866,141) Excluded (n = 82,701) P Value
Patient age
Mean + SD 49.5+22.0 33.3+14.6 <0.001
Missing 32,413 (1.1) 824 (1.0)
Patient sex
Male 1,196,414 (41.7) 7,503 (9.1) <0.001
Female 1,643,054 (57.3) 74,472 (90.1)
Missing 26,673 (0.9) 726 (0.9)
ASA physical status
1or2 1,740,144 (60.7) 63,963 (77.3) <0.001
3 799,232 (27.9) 5,824 (7.0)
4 181,182 (6.3) 698 (0.8)
5 4,646 (0.2) 9 (<0.1)
Missing 140,937 (4.9) 12,207 (14.8)
Procedure urgency
Emergent 82,324 (2.9) 1,212 (1.5) <0.001
Nonemergent 37,334 (1.3) 5,072 (6.1)
Assumed nonemergent* 2,609,701 (91.1) 64,417 (77.9)
Missing 136,782 (4.8) 12,000 (14.5)
Primary anesthesia technique
General 1,715,425 (59.9) 164 (0.2) <0.001
Neuraxial 204,857 (7.2) 34,628 (41.9)
Regional 36,746 (1.3) 934 (1.1)
Monitored anesthesia care 486,551 (17.0) 88 (0.1)
Sedation 1 (<0.1) 0
Local 23 (<0.1) 0
Other 971 (<0.1) 52 (<0.1)
Missing 421,567 (14.7) 46,835 (56.6)
Surgery type
Extremity 552,902 (19.3) 0 <0.001
Head/spine 329,178 (11.5) 50 (<0.1)
Neck/thorax 373,438 (13.0) 11 (<0.1)
Abdomen/pelvis 966,942 (33.7) 197 (0.2)
Obstetric 162,443 (5.7) 65,190 (78.8)
Radiological 74,520 (2.6) 11 (<0.1)
Eye 118,924 (4.2) 0
Missing 287,794 (10.0) 17,242 (20.9)
Case start time
7:00 AM-3:59 PMm 2,075,621 (72.4) 41,638 (50.4) <0.001
4:00 Pm-5:59 Pm 117,055 (4.1) 5,234 (6.3)
6:00 PM—10:59 Pm 85,989 (3.0) 11,740 (14.2)
11:00 PM—6:59 Am 70,606 (2.5) 19,689 (23.8)
Missing 516,870 (18.0) 4,400 (5.3)
Region
Northeast 786,018 (27.4) 39,553 (47.8) <0.001
Midwest 681,729 (23.8) 3,540 (4.3)
South 1,170,498 (40.8) 33,676 (40.7)
West 227,896 (8.0) 5,932 (7.2)
Facility type
University hospital 402,033 (14.0) 20,776 (25.1) <0.001
Community hospital, >500 beds 490,267 (17.1) 12,399 (15.0)
Community hospital, 100-500 beds 1,175,915 (41.0) 25,884 (31.3)
Community hospital, <100 beds 79,834 (2.8) 683 (0.8)
Attached surgical center 72,985 (2.6) 34 (<0.1)
Freestanding surgical center 121,453 (4.2) 83 (0.1)
Surgeon office 1,424 (<0.1) 0
Unknown/other 522,230 (18.2) 22,842 (27.6)
Mortality 944 (0.03) 4 (<0.01) <0.001

Data are represented as mean + SD or n (%). Patient ages were compared with a t test; all other comparisons were performed with chi-square test.
* These cases had a documented ASA physical status with a missing value for the emergency case modifier. They were assumed to be elective cases.

ASA = American Society of Anesthesiologists.
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each month was variable.

Nonmortality Outcomes

The most common outcomes concurrently documented
in patients who died within 48h of induction of anesthe-
sia were major or minor hemodynamic instability (35.0%),
major or minor respiratory complications (8.1%) including
airway/intubation complications (1.7%), upgrade of care
(4.2%), and resuscitation (2.8%).

Discussion

This is an early report of outcomes data available in the
NACOR data set, which was created by the ASA for the
reporting of quality metrics and anesthesia-related peri-
operative outcomes. We confirmed several known associa-
tions between perioperative mortality and patient age, ASA
WW We also demon-
strate that, in this data set, operative start time is associated
with perioperative 48-h mortality after a limited degree of
adjustment for comorbidity, with higher risk of death in

surgical cases starting after 6:00 pm. This association was con-
firmed in several post hoc sensitivity analyses and a post hoc
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propensity-matched cohort and offers a potentially modifi-
able target for perioperative risk reduction.

The overall 48-h mortality rate of 33 per 100,000 anes-
thetics is lower than the unadjusted perioperative mortality
rate of 89 per 100,000 for high—human development index
countries derived from an impressive recent meta-analysis.!
This likely reflects differences in reporting, as practices in
NACOR may be reporting deaths ranging from intraopera-
tive only to up to 48h postoperatively, depending on data
collection methods at individual participating practices.
Some of the studies included in the Lancet report included
deaths up to 30 days postoperatively (although the majority
of studies focused on the first 7 days after surgery). The lower
mortality rate in NACOR may also reflect underreporting or
other limitations of the data set itself.

The association between mortality and case start time
has been debated in the literature, with most large stud-
ies of unselected surgical populations reporting no asso-
ciation between time and 30-day operative mortality.®?
We are not aware of any previous studies evaluating the
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Table 2. Crude and Adjusted Odds for Mortality

Unadjusted OR

Adjusted OR*

Crude Rate (95% Cl), (95% Cl),

Variable Deaths/Total per 100,000 Cases n = 2,866,141 n=2,104,998
Patient age group (yr)

<1 42/47,388 89 5.08 (3.62-7.12) 4.09 (2.38-7.05)

1-18 34/244,609 14 0.80 (0.55-1.15) 0.89 (0.48-1.68)

19-49 169/968,502 17 Ref Ref

50-64 233/768,154 30 1.74 (1.43-2.12) 1.25 (0.94-1.65)

65-79 296/613,728 48 2.76 (2.29-3.34) 1.84 (1.40-2.43)

>80 144/191,347 75 4.32 (3.45-5.39) 2.23 (1.62-3.08)
Patient sex

Female 418/1,643,054 25 Ref Ref

Male 526/1,196,414 44 1.73 (1.52-1.97) 0.93 (0.78-1.12)
ASA physical status

1or2 116/1,740,144 7 Ref Ref

3 150/799,232 19 2.82 (2.21-3.59) 2.15(1.61-2.87)

4 367/181,182 203 30.4 (24.7-37.5) 14.2 (10.7-18.9)

5 271/4,646 5,833 929 (743-1160) 204 (144-289)
Procedure urgency

Nonemergent 737/2,647,035 28 Ref Ref

Emergent 177/82,234 215 7.74 (6.56-9.12) 2.70 (2.07-3.52)
Case start time

7:00 AM—3:59 Pm 364/2,075,621 18 Ref Ref

4:00 pm—5:59 Pm 59/117,055 50 2.88 (2.18-3.79) 1.64 (1.22-2.21)

6:00 PM—10:59 Pm 74/85,989 86 4.91 (3.82-6.31) 1.69 (1.26-2.28)

11:00 PM—6:59 AM 62/70,606 88 5.01 (3.82-6.56) 1.97 (1.43-2.70)
Surgery type

Extremity 102/552,902 18 Ref Ref

Head/spine 62/329,116 19 1.02 (0.74-1.40) 0.79 (0.5-1.18)

Thorax/neck 201/373,438 54 2.92 (2.30-3.70) 1.29 (0.96-1.74)

Abdomen/pelvis 382/966,942 40 2.14 (1.72-2.66) 1.58 (1.20-2.08)

Obstetric 6/162,443 4 0.20 (0.09-0.46) 0.51 (0.20-1.32)

Radiological 38/74,520 51 2.77 (1.90-4.01) 0.99 (0.62-1.58)

Eye 3/118,921 3 0.14 (0.04-0.43) 0.22 (0.07-0.72)
Primary anesthesia technique

General 823/1,715,425 48

Neuraxial 17/204,857 8

Regional 0/36,746 0

Monitored anesthesia care 28/486,551 6

Sedation or local 0/24 0

Other 0/971 0
Facility type

University hospital 104/402,033 26

Community hospital, >500 beds 377/490,267 77

Community hospital, 100-500 beds 304/1,175,915 26

Community hospital, <100 beds 28/79,834 35

Attached surgical center 0/72,985 0

Freestanding surgical center 1/121,453 1

Surgeon office 0/1,424 0

Unknown/other 130/522,230 25
Total 944/2,866,141 33

Statistically significant comparisons are indicated in bold text. Numbers may not sum to “total” because of missing data.
* Adjusted odds ratio for whole data set model reflects hierarchical mixed-effects model for mortality with patient age group, sex, ASA physical status,

emergency case status, time of day, and procedure region as fixed effects and practice and facility (within practice) as random effects.
ASA = American Society of Anesthesiologists; OR = odds ratio; Ref = reference category.

anesthetic-related adverse events,'® perhaps as a result of
provider fatigue (reviewed by Warltier ez a/.'%), care transi-
tions, or other factors.

impact of operative start time on 48-h mortality. There

is a known association between later operative start time

and perioperative complications®!?

and, specifically,
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Fig. 4. Histograms of total cases (colored bars) and deaths (gray bars). (A) Histogram by patient age. Patients of 90 yr or older
were grouped as “90” in compliance with restrictions on protected health information. (B) Histogram by case start time. There
was a preponderance of deaths after-hours, compared with the number of cases performed.

Table 3. Post Hoc Sensitivity Analyses Investigating the Association between Surgical Case Start Time and Perioperative Mortality

RVU-Adjusted OR
(95% Cl), n = 1,738,246

Elective Subgroup
(95% Cl), n = 279,154

RQI-Adjusted OR

Variable (95% Cl), n = 715,540

Patient age group (yr)
<1
1-18
19-49
50-64
65-79
>80

Patient sex
Female
Male

ASA physical status
1or2
3
4
5

Procedure urgency
Nonemergent
Emergent

Case start time
7:00 AM-3:59 PM
4:00 PM-5:59 Pm
6:00 PM—10:59 Pm
11:00 PM—6:59 Am

Surgery type
Extremity
Head/spine
Thorax/neck
Abdomen/pelvis
Obstetric
Radiological
Eye

n/a

Ref
2.90 (1.21-6.98)
3.65 (1.74-7.62)
1.77 (0.65-4.83)

Ref
1.01 (0.50-2.04)

Ref
1.19 (0.56-2.54)
8.75 (4.41-17.4)
n/a

n/a

Ref
1.49 (0.36-6.10)
3.98(1.54-10.3)

n/a

n/a

n/a

Ref
1.13 (0.82-1.56)
1.63 (1.20-2.22)
1.44 (0.80-2.61)

Ref
0.93 (0.72-1.21)

Ref
0.85 (0.40-1.81)
1.94 (0.67-5.62)
16.2 (3.66-71.8)

Ref
2.55(1.63-3.99)

Ref
1.54 (1.05-2.27)
1.55 (0.95-2.54)
1.93 (1.36-2.75)

Ref
0.82 (0.58-1.17)
1.39 (0.91-2.14)
1.44 (1.14-1.81)
n/a
1.54 (0.56-4.26)
n/a

3.32 (1.86-5.93)
1.01 (0.53-1.90)
Ref
1.20 (0.89-1.61)
1.76 (1.32-2.35)
2.10 (1.49-2.96)

Ref
0.92 (0.76-1.12)

Ref
2.13 (1.57-2.89)
13.2 (9.75-17.9)
172 (118-249)

Ref
2.50 (1.89-3.31)

Ref
1.72 (1.26-2.36)
1.65 (1.21-2.26)
1.64 (1.18-2.30)

Ref
0.83 (0.55-1.26)
1.18 (0.85-1.62)
1.58 (1.18-2.11)
1.36 (0.53-3.51)
0.98 (0.58-1.66)
0.24 (0.07-0.77)

Elective subgroup used logistic regression with variance adjusted for clustering by practice; reflects adjustment for age, sex, and ASA physical status; and was
performed the limited population with surgical codes suggesting a potentially elective procedure, after additional exclusion of those with ASAPS 5, emergency
cases, and cases with start times between 11:00 PM and 6:59 AM. RQI-adjusted OR used logistic regression with variance adjusted for clustering by practice;
reflects adjustment for age, sex, and ASA physical status; and additionally adjusts for RQI. RQI could not be calculated for obstetric or ocular surgical patients
or for patients younger than 18 yr. The OR associated with a one-unit change in RQl was 1.03 (1.01-1.05). RVU-adjusted OR reflects a hierarchical mixed-effects
model with practice and facility (within practice) as random effects and age, sex, ASA physical status, surgery type, and work RVU as fixed effects.

ASA = American Society of Anesthesiologists; OR = odds ratio; Ref = reference category; RQI = Risk Quantification Index; RVU = relative value units.
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In our study, the most common complications reported
concurrently in patients who died included airway com-
plications (1.7%), resuscitation (2.8%), respirato
plications (8.1%), and hemodynamic instability (35.0%).

There is evidence that “failure to rescue,” providers’ failure

com-

to detect and/or prevent a clinically significant deteriora-
tion, occurs more commonly in situations of reduced staff
availability (c.g., in hospitals with lower amounts of nurs-
ing care per patient' or higher patient-to-nurse ratios'®).
Because the majority of anesthesia care in the United States
is provided between 7:30 am and 3:30 pm,'” we would expect
fewer staff to be available to respond to emergencies after
hours, in parallel with the decreased workload. It is plau-
sible that in a large data set such as this, the subtle impact
of perioperative adverse events (which occur with greater

frequency outside elective case hours),>!2

and “failure to res-
cue” from those adverse events, on 48-h mortality rate could
be detected, whereas smaller studies have been unable to find
an association.

Our findings must be considered in the light of several
additional limitations in this data set. Data on concurrent
adverse events in patients who died may be incomplete,
if providers preferentially document the “worst” compli-
cation (i.e., mortality) and not other adverse events that
occurred with, or perhaps contributed to, the death. An
association between time of day and outcome may be
because of important confounding variables, such as emer-
gency surgery. We have attempted to exclude emergency
cases not coded as such using a post hoc elective subgroup
analysis and propensity score analysis, which largely con-
firmed the findings from the whole data set model. Sen-
sitivity analyses using two methods of controlling for
procedure-associated risk (the RQI and work RVUs) also
produced substantially similar results. NACOR does not
uniquely identify patients in the data set; there is no way to
eliminate patients who had multiple separate anesthetics.
Definition of ASAPS, entry of emergency case status, and
entry of outcomes were typically left to the individual anes-
thesia provider’s discretion; thus, these metrics likely differ
among providers. The accuracy of the other variables was
dependent on coding by practice; because NACOR dei-
dentifies its data, there was no way to spot check this data
entry for accuracy. In addition, we have no information
on the cause of death for any patient who died. Although
retrospective cohort studies in general cannot determine
causality, we additionally emphasize that we cannot specu-
late on the relative contributions of anesthetic, versus sur-
gical, versus patient-related or systems components to the
reported deaths. Furthermore, although the NACOR data
set undergoes continual refinement and error checking,
we found a large amount of missing data even within the
administrative variable set. Table 1 documents the missing
data rates, which ranged from 0.9 (patient sex) to 18.0%
(case start time) in the overall data set for the limited list
of variables that required to address our research question.

In summary, cases from the first 4 yr of NACOR
data collection indicate a perioperative 48-h mortality
rate of 33 per 100,000 cases. Significant associations
with perioperative mortality include age less than 1 yr
or more than or equal to 65 yr, ASAPS, emergency case
status, and operative start time after 6:00 pm. The asso-
ciation with later operative start time was robust to posz
hoc subgroup analyses and a propensity score analysis.
Although causal inference cannot be drawn from a ret-
rospective cohort study, our findings suggest a clinically
plausible, potentially modifiable risk factor for perioper-
ative mortality that merits further investigation. Because
of concerns surrounding missing data, possible residual
confounding, and nonstandardized mortality reporting,
these findings are preliminary. Improvements in practice
reporting will maximize data completeness and general-
izability and will allow further investigation of regional
and national contributors to perioperative morbidity and
mortality.
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Appendix. Structure of the National
Anesthesia Clinical Outcomes Registry

The National Anesthesia Clinical Outcomes Registry (NACOR)
electronically and automatically collects deidentified data from all
cases performed in participating practices. Incoming data undergo
several automated validity checks, which are further described
under Data Validation. The data set itself is maintained with Micro-
soft SQL Server 2008 R2 (Microsoft Corporation, USA).
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Data Entry

Through programming customized for each practice and/or
facility, standard administrative data (i.e., year and month, dura-
tion of anesthesia billing time, patient age, American Society of
Anesthesiologists physical status, procedure billing codes, etc.)
are mapped to standardized fields within the NACOR database.
Depending on the field, these data elements may be entered by
the anesthesia provider, registration staff, or billing specialists.

Beyond the standard administrative dataset, NACOR also
invites the sharing of data regarding certain patient-focused out-
comes and data from anesthesia information management sys-
tems, which may include drug administration and physiometric
data, among other items. Patient-focused outcomes are typically
entered by the anesthesia provider at the time of the postopera-
tive assessment. Data from an electronic anesthesia information
management system may be entered automatically (i.e., from auto-
mated noninvasive blood pressure cuff monitoring, pulse oxim-
etry, end-tidal carbon dioxide monitoring, ezc.) or manually (drug
names and dosages) by anesthesia providers. Once programming
and mapping of standardized fields is complete and verified, the
transfer of data from practices to NACOR is fully automated and
requires no manual abstraction.

Data Validation

Incoming data from practices is mapped into staging tables,
where a series of checks are performed to ensure source-level and
case-level data integrity.

First, the structure and format of the new data are checked to
ensure that input formats (i.e., string, integer, etc.) are appropriate
to the target fields. The data then undergo some cleaning at the indi-
vidual record level, where records missing essential data elements
are eliminated and a series of between-field logic checks ensure that
complementary fields (e.g., procedure start time and procedure end
time) do not contain mutually exclusive values. Individual values
at the case level are checked against a predetermined range of valid
values. The value distribution from the set of new cases is also com-
pared against previous data from that same practice to ensure that
the new data are consistent with the distribution of that variable
from the practice’s previous records. Inconsistencies at any step are
flagged for manual review by NACOR staff.

These cleaned and checked data are then inserted into the main
NACOR data set. Automated whole data set record validation pro-
vides reports comparing historically provided cases with newer data
submissions. This includes trend analysis by date of import into
NACOR and by date of case to interrogate gradual drift or rapid
shifts in data value ranges.

The NACOR participant user file, which is made available to
researchers, is updated on a quarterly basis, both retrospectively (as
practices contribute historical cases) and contemporaneously. Data
fields with low reliability or high heterogeneity are not released to
users in the participant user file; because those fields undergo fur-
ther refinement at the NACOR or practice level, they may become
available in future.

Whitlock et al.

zad ranradyction of this article is prohibited.


http://www.aqihq.org/files/NACOR%20PUF%20Data%20Dictionary.pdf
http://www.aqihq.org/files/NACOR%20PUF%20Data%20Dictionary.pdf
http://www.aqihq.org/files/Outcomes_of_Anesthesia_Summer_2013.pdf
http://www.aqihq.org/files/Outcomes_of_Anesthesia_Summer_2013.pdf
http://www.aqihq.org/files/data-definitions.xlsx
http://www.aqihq.org/files/data-definitions.xlsx

