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ABSTRACT

Background: The rate of anesthesia-related adverse events (ARAEs) is recommended for monitoring patient safety across hos-
pitals. To ensure comparability, it is adjusted for patients’ characteristics with logistic models (.e., risk adjustment). The rate
adjusted for patient-level characteristics and hospital affiliation through multilevel modeling is suggested as a better metric.
This study aims to assess a multilevel model-based rate of ARAE:s.

Methods: Data were obtained from the State Inpatient Database for New York 2008-2011. Discharge records for labor and
delivery and ARAEs were identified with International Classification of Diseases, Ninth Revision, Clinical Modification codes.
The rate of ARAE:s for each hospital during 2008-2009 was calculated using both the multilevel and the logistic modeling
approaches. Performance of the two methods was assessed with (1) interhospital variability measured by the SD of the rates;
(2) reclassification of hospitals; and (3) prediction of hospital performance in 2010-2011. Rankability of each hospital was
assessed with the multilevel model.

Results: The study involved 466,442 discharge records in 2008-2009 from 144 hospitals. The overall observed rate of ARAEs
in 2008-2009 was 4.62 per 1,000 discharges [95% CI, 4.43 to 4.82]. Compared with risk adjustment, multilevel modeling
decreased SD of ARAE rates from 4.7 to 1.3 across hospitals, reduced the proportion of hospitals classified as good performers
from 18% to 10%, and performed similarly well in predicting future ARAE rates. Twenty-six hospitals (18%) were nonrank-
able due to inadequate reliability.

Conclusion: The multilevel modeling approach could be used as an alternative to risk adjustment in monitoring obstetric

anesthesia safety across hospitals. (ANESTHESIOLOGY 2015; 122:1268-79)

N the top of the list of the 27 patient safety indicators
(PSIs) issued by the Agency for Healthcare Research
and Quality (AHRQ) in 2002 was the rate of complica- * Comparison of patient safety indicators across hospitals is
tions of anesthesia or PSI-01.*! Based on routinely collected Uetoly esee sz sebiieiisfineireshiieTe s

.. . . . regression modeling
administrative data, PSI-01 was demgned for rep orting and Multilevel modeling that takes into account both patient- and

hospital-level characteristics is suggested to be a more precise
method for this comparison

Although it is adopted by the American College of Surgeons
for hospital ranking, multilevel modeling has received little
attention in anesthesia

What This Article Tells Us That Is New

e In an analysis of nearly 500,000 labor and delivery records
from 144 hospitals in New York, multilevel modeling substan-
tially improved the reliability in the estimated rates of obstetric
anesthesia-related adverse events across hospitals compared

What We Already Know about This Topic

monitoring anesthesia safety across hospitals and for identi-
fying safety concerns and targeting areas for safety improve-
ment. Despite a long-standing culture of safety and safety
indicators in anesthesia, application of PSI-01 in anesthe-

sia research and practice has remained scarce.?” PSI-01 has
lagged behind other PSIs, with some of them being pub-
licly reported in the annual National Healthcare Quality
and National Healthcare Disparities Reports and routinely

calculated with hospitals information technology systems.

The conventional approach for calculating the rate of
adverse events and making it comparable across hospitals is
risk adjustment.® Risk adjustment takes into consideration
differences in characteristics of patients (case-mix) and types
of procedures (procedure-mix). It is based on logistic regres-

with the traditional risk-adjustment method

event) and a set of predictors describing the case- and pro-
cedure-mixes. Recent research indicates that, to produce a
more precise estimate that takes into consideration corre-
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sion models that express the relationship between the binary lations of patients within hospitals (clustering), the rate of

outcome (i.e., the patient did or did not have an adverse =~ adverse events should be further adjusted for the hospital
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identifier (i.e., patients’ hospital affiliation) through multi-
level modeling.”” In surgery, adjustment based on multilevel
models has been demonstrated to increase the precision of
the estimated rate of adverse outcomes and to significantly
change ranking of hospitals that may also change the pri-
ority targets for safety measures.”? Furthermore, multilevel
models quantify the level of confidence one can have in the
estimated rate of adverse events for each hospital with rank-
ability.!®!"" Rankability identifies hospitals that should not
be included in league tables or be identified as nonrankable
in league tables. Finally, multilevel model-based adjustment
may provide a better prediction for future patients than
risk adjustment.’>'* Multilevel-based adjustment is now
adopted by the American College of Surgeons in monitor-
ing adverse outcomes after surgery across hospitals but has
received little attention in anesthesia.!>!¢

Each year, over 50 million surgical procedures are per-
formed in the United States; of them, about 8% are related
to labor and delivery.: The median cost of anesthesia-related
adverse events (ARAEs) in obstetrics is nearly twice compared
with other anesthesia specialties.!”"!® Despite the decrease in
anesthesia-related mortality and severe morbidity during
the last two decades, the cost of obstetric anesthesia-related
complications has not significantly decreased.'®! Currently,
ARAE:s occur in about one out of every 200 parturients.?
This figure may be increasing owing to the increased rate
of cesarean section and parturients’ request for analgesics
during labor.?*? This study aims therefore to develop and
assess a multilevel model-based rate of ARAEs in labor and
delivery using administrative data for monitoring obstetric
anesthesia safety across hospitals.

Materials and Methods

The study protocol was reviewed by the Institutional
Review Board of Columbia University Medical Cen-
ter and was granted exemption under the Code of Fed-
eral Regulations, Title 45, Part 46 (not human subjects
research). The study adheres to the STrengthening the
Reporting of OBservational studies in Epidemiology
(STROBE) statement.24

Study Sample

The study sample consisted of all women admitted for labor
and delivery in the State of New York between January 1,
2008, and December 31, 2011. Data for years 2008-2009
were used to develop the logistic and multilevel models and
data for years 2010-2011 to assess predictive ability of both
models. Hospital discharge record data for these women col-
lected in the de-identified New York State Inpatient Data-
base were analyzed. State Inpatient Databases (SIDs) are part
of the Healthcare Cost and Utilization Project sponsored by

1 Health United States 2013, Centers for Disease Control and
Prevention. Available at: http://www.cdc.gov/nchs/data/hus/hus13.
pdf. Accessed October 20, 2014.
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the AHRQ. SIDs capture all inpatient discharges from non-
federal acute care community hospitals in participating states
since 1988. Nonfederal community hospitals account for
85% of U.S. hospitals. For each discharge, the SID includes
patients’ demographic, economic, and outcome character-
istics, one hospital identifier, and up to 15 procedural and
25 diagnostic codes defined in the International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM). Discharges with neonatal or maternal diagnoses and
procedures identified with the neonatal-maternal code pro-
vided by the SID and female sex were first selected. Then,
discharges indicating labor and delivery were identified
with a combination of ICD-9-CM diagnosis and procedure
codes developed by Kuklina et 2/* (appendix 1). However,
Diagnosis-Related Group codes were not used in this study
since they changed during the 4-yr study period. In addi-
tion, discharges were excluded if the hospital identifier was
missing or if delivery took place in a hospital with less than
2 deliveries/year.

Outcome Measure

ARAEs were identified with a combination of ICD-9-CM
diagnosis and procedure codes developed by Cheesman and
colleagues®? (appendix 2). We also analyze the subgroup of
ARAE:; related to neuraxial anesthesia and local anesthetics
(appendix 2). This subgroup of complications was selected

owing to both its high incidence and preventability.>?°

Patient and Hospital Variables

The following demographic and delivery characteristics were
recorded directly from the SID: age, admission for delivery
during weekend, and admission type for delivery (elective or
nonelective). Other patient- and procedure-related risk fac-
tors for ARAEs were identified with ICD-9-CM diagnosis
and procedure codes (appendix 3).

Consequences of Multilevel Model-based Adjustment and
Reporting

Consequences of multilevel model-based adjustment
were assessed with (1) the interhospital variability of the
estimated rate of ARAEs; (2) the reclassification of hos-
pitals based on their outlier status; and (3) the ability of
the multilevel model developed with the 2008-2009 data
to predict future hospital performance in 2010-2011. In
addition, the confidence in the point estimate for each hos-
pital or hospital rankability was estimated with the multi-
level model.

Since the rate of ARAEs may have been influenced by
coding practice at each hospital, the relationship between the
reporting index of ICD-9-CM codes for each hospital and
the multilevel model-based rate of ARAEs was assessed. For
each hospital, the reporting index was defined as the ratio of
the sum of ICD-9-CM diagnosis (including E-codes) and
procedure codes recorded for each discharge to the number
of discharges.””
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Statistical Analysis
Results are expressed as mean + 1 SD or number (%). When
indicated, 95% CI was calculated.

The statistical analysis was performed with R version
3.0.2 (R Foundation for Statistical Computing, Austria) and
specific packages for the multilevel model (Ime4 and arm).

Development of the Logistic and Multilevel Models

A three-stage approach was used to develop the logistic and
multilevel models using data for years 2008 and 2009. The first
stage was a logistic regression model specifying each compo-
nent of the case- and procedure-mixes. The second stage was
a multilevel model including the hospital level only (“empty
model”). The third stage was a multilevel model specifying
each component of the case- and procedure-mixes as the first-
level variables and the hospital identifier as the second-level
variable. At each of the three stages, goodness of fit was assessed
with the Akaike information criterion, discrimination with the
c-index, and calibration with the Hosmer—Lemeshow test.
A lower Akaike information criterion indicates a better fit with
a difference greater than 6 indicating a strong difference.?® For
the logistic model, univariate comparisons between discharges
with and without ARAEs were made using unpaired Wilcoxon
test for quantitative variables and chi-square test or Fisher exact
test for qualitative variables. Unadjusted odds ratios were cal-
culated with univariate logistic regression. Variables with a
P value less than 0.2 in the univariate analysis were entered in
the logistic model with a backward selection using the entire
dataset for 2008-2009. For the multilevel model, hospital affil-
iation was treated as a random-effect predictor. It corresponded
to the hospital identifier with the assumption of a normally
distributed hospital intercept and a constant slope.

Interhospital Variability of the Estimated Rate of ARAEs
The risk-adjusted and multilevel model-based rates of ARAEs
for each hospital were calculated as the ratio of the observed
to the expected (O/E) rate multiplied by the observed rate
in the study sample. The expected rate was the mean of the
individual probabilities of experiencing an ARAE in that
hospital. For the risk-adjusted rate, probabilities were cal-
culated with a logistic regression model including the case-
mix and the procedure-mix as fixed-effect predictors. For the
multilevel model-based rate, probabilities were calculated
with a multilevel model including the case-mix and the pro-
cedure-mix as fixed-effect predictors (first level) and the hos-
pital identifier as a random-effect predictor (second level).
The extent to which multilevel model-based adjustment
reduced interhospital variability was assessed by the com-
parison of the SDs and skewnesses of the grand mean of the
rates (i.e., the mean of the hospitals in the sample study).

Rankability
Rankability of each hospital was calculated with the fol-

lowing formula: o~ between-hospital

b
O'Zbetween-hospital + O'zwithin—hospital
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where o indicates the variance.!®!! The between-hospital
variance corresponds to the variance of the random effect in
the multilevel model. It is sometimes described as the “sig-
nal” since it corresponds to the difference between hospitals
beyond chance. The within-hospital variance corresponds
to the variance of the random effect for each hospital. It is
sometimes described as the “statistical noise” since it cor-
responds to the within-hospital uncertainty. Rankability
ranges from O to 1. Rankability greater than 0.7 is consid-
ered as good and greater than 0.9 as excellent. As indicated
by the formula, rankability depends not only on the differ-
ence between hospitals and the measurement or sampling
error but also on the hospital volume.

Definition of Hospitals’ Outlier Status and Reclassification
Hospitals were divided into three groups based on their
outlier status with risk and multilevel model-based adjust-
ment methods and reclassification tables buile. Hospital
outliers were defined according to the American College
of Surgeons’ National Surgical Quality Improvement Pro-
gram criteria.!>1¢

For risk adjustment, outlier definition used the hospi-
tal O/E ratio. O/E ratio was calculated as the ratio of the
observed to the expected rate in the hospital as described
in the section “Interhospital Variability of the Estimated
Rate of ARAEs,” but without including the constant term
observed rate in the study sample. Definitions of outliers
were as follows: high outlier or bad performer if O/E was
greater than 1 with its 95% CI not including 1, low outlier
or good performer if O/E was less than 1 with its 95% CI
not including 1, and as expected or average performer if the
95% CI of O/E included 1. The lower and upper limits of
the 95% CI of O/E was calculated as LL (or UL)/E, where
LL (or UL) was the lower (or upper) limit of the CI of a Pois-
son distribution for the observed number of cases in the hos-
pital and E the expected numbers of ARAEs in the hospital.

For multilevel model-based adjustment, outlier defini-
tion used the hospital odds ratio calculated directly from
the multilevel model as the exponential of the random
effect for each hospital estimated in the multilevel model.
The definitions of high outlier, low outlier, or as expected
were identical to the ones used for risk adjustment. The
95% CI of the hospital odds ratio was calculated as +1.96
standard error, where the standard error was estimated in
the multilevel model.

Prediction of Future Hospital Performance

The prediction of future performance for hospitals present both
in 2008-2009 and 2010-2011 was based on hospital outlier
status based on risk adjustment and multilevel model-based
adjustment in 2008-2009. It was assessed in two ways: (1) the
adjusted odds ratio of ARAE:s for the high- and average-outlier
status relative to the low-outlier status and (2) the proportion
of between-hospital variance in ARAE rates in 2010-2011
explained by hospital outlier status in 2008-2009.%*° To
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calculate the adjusted odds ratio, two logistic regression mod-
els were developed for patients admitted in 2010-2011 with
the occurrence of ARAEs as the dependent variable and the
previously identified patient- and procedure-level risk factors
in 2010-2011 and the 2008-2009 outlier status as indepen-
dent variables. The first model used the outlier status based on
risk adjustment and the second model used the outlier status
based on multilevel model-based adjustment. If the adjusted
odds ratio was significantly greater than 1 for the high- and
average-outlier status, then past hospital performance did pre-
dict future hospital performance. To calculate the proportion
of between-hospital variance in ARAE rates in 2010-2011
explained by hospital outlier status in 2008-2009, three mul-
tilevel models were developed with the occurrence of ARAEs
as the dependent variable. The first model used patient- and
procedure-level risk factors previously identified as the first-
level variables (fixed effect) and the hospital identifier as the
second-level variable (random effect) for the years 2010-2011.
In the two other models, the hospital outlier status in 2008—
2009 based on either the logistic or the multilevel model was
added to the set of the first-level variables. The proportion
of variation in subsequent ARAE rates explained by hospital
outlier status was calculated by the percent reduction in the
between-hospital variance between the multilevel model with-
out the hospital outlier status and the multilevel model with
the hospital outlier status.

Reporting Index and Multilevel Model-based Rate

For each hospital, the association between the reporting
index of ICD-9-CM codes and the multilevel model-based
rate of ARAEs was assessed with the Pearson correlation
coeflicient. Comparison of the reporting index across hospi-
tals was based on the Kruskal-Wallis test.

Sensitivity Analysis

A sensitivity analysis was performed using the subset of hos-
pitals with a rankability greater than 0.7 regarding perfor-
mance of the multilevel model, between-hospital variability
in ARAE: rate, and prediction of future hospital performance.

Results

During the years 2008-2009, 466,442 discharges in 144 hos-
pitals met the inclusion and exclusion criteria for labor and
delivery and were included in the analysis (fig. 1). At least one
ARAE was recorded in 2,156 discharges, yielding an observed
rate in the study sample of 4.62 per 1,000 discharges (95%
CI, 4.43 to 4.82). At least one ARAE related to neuraxial
anesthesia and local anesthetics was recorded in 1,746 dis-

charges (3.74/1,000; 95% CI, 3.57 to 3.92) (appendix 2).

Development of the Logistic and Multilevel Models

Seven risk factors for ARAEs were identified in the logistic
model using data for years 2008—2009: age, obesity, pulmonary
hypertension, cardiac valvular disease, asthma, cesarean delivery,
and postpartum hemorrhage (tables 1 and 2). The ¢-index of
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SID data for New York from
2008 to 2009
5,291,288 discharges

l—»{ 4,484,922 discharges excluded ‘

806,366 discharges with female
sex and NEOMAT code
indicating maternal and/or
foetal diagnoses or procedures

l—>’ 323,201 discharges excluded ‘

483,165 discharges with
inclusion criteria

l 483 discharges excluded ‘

482,682 discharges without
exclusion criteria

L

466,442 discharges with
hospital identifier and more
than 2 deliveries/year in 144

hospitals

16,240 discharges excluded

Fig. 1. Selection of the study sample. NEOMAT = neonatal-
maternal code; SID = State Inpatient Database.

the model was 0.60 (0.58-0.61), and the Hosmer—Lemeshow
test P value was 0.28 (appendix 4). The results from univariate
analysis, multivariate logistic regression, and multilevel model-
ing for ARAEs related to neuraxial anesthesia and local anes-
thetics are presented respectively in appendices 5-7.

Interhospital Variability of the Estimated Rate of ARAEs
The grand mean of the risk-adjusted ARAE rate for the 144
hospitals was 5.29 per 1,000 deliveries, whereas the grand
mean of the multlevel model-based rate was 4.38 per
1,000 deliveries. Compared with risk adjustment, multilevel
model-based adjustment reduced both the SD from 4.68 to
1.35 and the skewness from 2.08 to -1.05 of the distribution
of the estimated rates across the 144 hospitals. Multilevel-
based adjustment tended to shrink estimated individual hos-
pital ARAE rates toward the grand mean of all hospitals. The
magnitude of shrinkage increased as the hospital volume of
deliveries decreased (fig. 2).

Rankability

The mean rankability of ARAE rates for the 144 hospitals
was 0.81+0.11. One hundred eighteen hospitals (81.9%)
had a rankability greater than 0.7. The rankability increased
with the hospital volume of deliveries (fig. 3). The mean
volume of deliveries for the 26 hospitals with reliability less
than or equal to 0.7 was 254.

Reclassification of Hospitals Based on Outlier Status

Eleven of the 26 low-outlier hospitals (42.3%) identified
with risk adjustment were reclassified as as-expected outlier
with multilevel model-based adjustment (table 3). Six of the
93 as-expected outlier hospitals (6.4%) identified with risk
adjustment were reclassified as high outlier with multilevel
model-based adjustment. With multilevel model-based
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Table 1. Univariate Analysis of Risk Factors for Anesthesia-related Adverse Events, New York, 2008-2009

No Adverse Event

Adverse Event

N = 464,286 N =2,156 P Value Odds Ratio [95% Cl]
Maternal characteristics
Age, yr < 0.0001
<19 31,823 (6.85%) 100 (4.64%) 0.72 [0.58-0.88]
20-29 217,020 (46.74%) 952 (44.16%) Ref
30-39 195,957 (42.21%) 1,013 (46.99%) 1.18[1.08-1.29]
>40 19,486 (4.20%) 91 (4.22%) 1.06 [0.86-1.32]
Obesity 9,465 (2.04%) 86 (3.99%) < 0.0001 2.00 [1.61-2.48]
Pulmonary hypertension 95 (0.02%) 3(0.14%) 0.01 6.81[2.16-21.5]
Cardiac valvular disease 2,570 (0.55%) 24 (1.11%) 0.0008 2.02 [1.35-3.03]
Congenital heart disease 329 (0.07%) 1 (0.05%) 1 0.65 [0.09-4.66]
Chronic ischemic heart disease 84 (0.02%) 0 (0.00%) 1 NA
Chronic congestive heart failure 10 (0.002%) 0 (0.000%) 1 NA
Preexisting hypertension 7,826 (45%) 45 (2.09%) 0.17 1.24 [0.92-1.67]
Severe preeclampsia or eclampsia 6,372 (1.37%) 48 (2.23%) 0.001 1.64 [1.23-2.18]
Preexisting diabetes mellitus 3,636 (0.78%) 18 (0.83%) 0.71 1.07 [0.67-1.70]
Sickle cell disease 1,008 (0.22%) 6 (0.28%) 0.48 1.28 [0.57-2.86]
Systemic lupus erythematosus 576 (0.12%) 3(0.14%) 0.75 1.12 [0.36-3.49]
Human immunodeficiency infection 980 (0.21%) 2 (0.09%) 0.34 0.44 [0.11-1.76]
Drug abuse 4,846 (1.04%) 16 (0.74%) 0.21 0.71 [0.43-1.16]
Alcohol abuse 393 (393%) 3(0.14%) 0.62 1.64 [0.53-5.13]
Chronic renal disease 994 (0.21%) 7 (0.32%) 0.24 1.52 [0.72-3.20]
Asthma 17,837 (3.84%) 110 (5.10%) 0.003 1.35[1.11-1.63]
Obstetrical characteristics
Multiple gestation 10,065 (2.17%) 74 (3.43%) < 0.0001 1.60 [1.27-2.02]
Previous cesarean delivery 74,513 (16.05%) 509 (23.61%) < 0.0001 1.62 [1.46-1.79]
Delivery characteristics
Cesarean section 160,684 (34.61%) 1,085 (50.32%) < 0.0001 1.91 [1.76-2.08]
Antepartum hemorrhage 8,250 (1.78%) 50 (2.32%) 0.069 1.31[0.99-1.74]
Postpartum hemorrhage 10,100 (2.18%) 61 (2.83%) 0.045 1.31 [1.01-1.69]
Admission during weekend 94,277 (20.31%) 445 (20.64%) 0.72 1.02 [0.92-1.13]
Nonelective admission type 216,454 (46.76%) 934 (43.42%) 0.002 0.87 [0.80-0.95]

Results are expressed as number (%). For the variable admission type, 1,388 discharges had missing values.

NA = not available; Ref = reference.

Table 2. Multivariate Analysis of Risk Factors for Anesthesia-
related Adverse Events, New York, 2008-2009

P Value Odds Ratio [95% ClI]
Maternal characteristics
Age, yr
<19 0.006 0.75[0.61-0.92]
20-29 Ref Ref
30-39 0.032 1.10 [1.01-1.21]
>40 0.44 0.92 [0.74-1.14]
Obesity < 0.0001 1.66 [1.33-2.06]
Pulmonary hypertension 0.018 4.08 [1.27-13.11]
Cardiac valvular disease 0.0064 1.77 [1.17-2.67]
Asthma 0.021 1.26 [1.03-1.52]
Delivery characteristics
Cesarean section < 0.0001 1.85 [1.69-2.01]
Postpartum hemorrhage 0.025 1.34 [1.04-1.73]

Variables with a P value < 0.2 in the univariate analysis (n = 13) are entered
in a logistic regression with backward selection using the entire dataset
2008-2009. The c-index of the model is 0.60 [0.58-0.61], and the Hosmer—
Lemeshow test P value is 0.28.

Ref = reference.

Anesthesiology 2015; 122:1268-79

adjustment, the proportion of low outliers decreased from
18.0% to 10.4% and the proportion of high outliers
increased from 17.4% to 21.6%.

Prediction of Future Hospital Performance

One hundred thirty-nine hospitals were present during both
the 2008-2009 and 2020-2011 periods in the SID. During
the 2010-2011 period, 453,617 discharges were analyzed
and at least one ARAE of any type was recorded in 2,133
discharges, yielding an observed rate of 4.70 per 1,000 dis-
charges (95% CI, 4.50 to 4.90). At least one ARAE related
to neuraxial anesthesia and local anesthetics was recorded in
1,755 discharges (3.87/1,000; 95% CI, 3.69 to 4.05).

The adjusted odds ratios of experiencing an ARAE for a
patient admitted during 2010-2011 in a high and average
outlier status relative to a low outlier based on the logistic
model in 2008—2009 were 1.84 (95% CI, 1.63 to 2.08) and
3.34 (95% CI, 2.93 to 3.81), respectively (table 4). The out-

lier status explained 47.1% of the between-hospital variance
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Fig. 2. (A) Relationship between the number of deliveries and the risk-adjusted rate of any type of anesthesia-related adverse
events (ARAEs). The dashed horizontal lines represent the grand mean or the mean of ARAEs rates across the 144 hospitals
in the study sample. The filled red points indicate hospitals with a rankability <0.7 or nonrankable hospitals. (B) Relationship
between the number of deliveries and the multilevel model-based rate of any type of ARAEs. Adjustment with multilevel model
tends to shrink estimated individual hospital ARAE rates toward the grand mean.

in the subsequent ARAE:s rates. The adjusted odds ratio and
proportion of variance explained were similar for outlier sta-
tus based on the multilevel model.

Reporting Index and Multilevel Model-based Rate of ARAEs
The mean reporting index of ICD-9-CM codes for hos-
pitals was 6.7 +3.0 codes per discharge, with a significant
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Fig. 3. Relationship between the number of deliveries and the
rankability for any type of anesthesia-related adverse events. The
filled red points indicate hospitals with rankability <0.7. The mean
volume of delivery for the 26 hospitals with rankability <0.7 is 254.
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difference across hospitals (2 < 0.0001). No significant asso-
ciation was observed between the reporting index and the
multilevel model-based rate of any type of ARAEs (r=0.11;
95% CI, -0.06 to 0.27) and between the reporting index
and the multilevel model-based rate of neuraxial and local
anesthetics of ARAEs (= 0.11; 95% CI, -0.05 to 0.27).

Sensitivity Analysis

Diagnostic statistics of the logistic regression model and the
multilevel model changed little after excluding the 26 hos-
pitals with rankability less than or equal to 0.7. As expected,
excluding the 26 hospitals with rankability less than or equal
to 0.7 decreased the interhospital variability and increased
the proportion of between-hospital variance explained by
hospital outlier status in both the logistic regression model
and the multilevel model.

Discussion

Results of this study indicate that compared with risk adjust-
ment, multilevel model-based adjustment considerably
reduces the between-hospital variability in ARAE rates,
leads to reclassification of hospitals, and identifies nonrank-
able hospitals. The predictive validity of the two adjustment
methods, however, is similar.

The most striking result of the multilevel model-based
adjustment was the reduction in the between-hospital vari-
ability in ARAE rates. This phenomenon is also known as
shrinkage toward the grand mean. When the number of
deliveries is low in a given hospital, the estimated rate of
adverse events can be very unreliable. Multilevel models
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Table 3. Hospital Reclassification Table Based on Outlier Status for Any Type of Anesthesia-related Adverse Events with Risk

Adjustment and Multilevel Model-based Adjustment

Outlier Status with Multilevel Model-based Adjustment

Outlier Status with

Risk Adjustment Low Outliers As Expected High Outliers Total
Low outliers 15 11 0 26 (18.0%)
As expected 0 87 6 93 (64.6%)
High outliers 0 0 25 25 (17.4%)
Total 15 (10.4%) 98 (68.0%) 31 (21.6%) 144 (100.0%)

combine the limited information from the particular hos-
pital with the information from all hospitals in the study
sample to produce a more robust estimate of the rate in
this particular hospital. Multilevel-based adjustment with
the multilevel model tends therefore to shrink estimated
individual hospital ARAE rates toward the grand mean,
which is the mean of ARAE rates across all hospitals in the
study sample.!® The magnitude of shrinkage increases as the
hospital volume of deliveries decreases. One limitation of
shrinkage, which is also the source of controversies about
the multilevel model-based adjustment method, is that low-
volume hospitals can be credited with average performance.
However, the level of confidence in the shrunk estimate for
each hospital and the ability to compare this hospital with
other hospitals can be assessed with the rankability of each
hospital.’* A rankability greater than 0.7 is considered as
good and is suggested as the threshold to include one hos-
pital in league table.®!! In the current study, 26 hospitals
(18.1%) had rankability less than 0.7 and corresponded to
low-volume hospitals. These hospitals should therefore not
be compared with other hospitals or should be identified as
nonrankable in league tables. However, all the hospitals in
the study sample had a reliability greater than 0.5, which
is sometimes used to define a “fair” rankability. This is very
different from surgery where rankability is lower (i.e., less
than 0.5) owing to a high number of very low case volume
hospitals, raising concern about the validity of reporting

and comparing surgical outcomes across hospitals.”10:31:32

Table 4. Adjusted Odds Ratio of ARAEs for the High-

and Average-outlier Status Relative to the Low-outlier Status
in 2010-2011 Based on Hospital Outliers Status in 2008-2009
and Proportion of Between-hospital Variance in ARAE Rates in
2010-2011 Explained by Hospital Outlier Status in 2008-2009

Outliers Status Outliers Status
Based on Based on Multilevel
Risk-adjusted Rate Model-based Rate

Adjusted odds ratio [95% ClI]
Low outlier status Ref Ref

Average outlier 1.84 [1.63-2.08] 1.72 [1.49-2.00]
status

High outlier status

Proportion of variance
explained

3.34 [2.93-3.81]
471%

3.20 [2.76-3.71]
41.4%

ARAE = anesthesia-related adverse event; Ref = reference.
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In addition to the reduction in the between-hospital vari-
ability, multilevel based-adjustment resulted in a significant
reclassification in hospital outliers ranking. More specifically,
it increased the proportion of bad performers, which may
allow a more efficient targeting of hospitals that may benefit
the most from further investigation.

Compared with logistic regression models, multilevel
models have been suggested to improve the prediction for
individual hospitals of the rate of adverse outcomes in a
subsequent time period based on models developed using
data from an earlier time period.'? Using different metrics
to assess future prediction (median absolute difference, root
median square error, and percentage of hospitals whose pre-
dicted ARAE rates are within 95% Cls of the observed rates),
the improvement in prediction was reported in mortality
after uncommon surgical procedures.'>'4 The improvement
was less for mortality after more common surgical proce-
dures or for mortality in trauma patients. With metrics to
assess performance identical to the ones used in the current
study (adjusted odds ratio, proportion of between-hospital
variance explained by hospital outlier status), no significant
improvement in prediction of mortality among trauma
patients was observed with multilevel models compared with
logistic model.?® In the current study, the risk of experienc-
ing an ARAE for a patient admitted during 2010-2011 in a
high and average outlier status was 1.8 and 3.3 times the risk
in a low outlier status. The estimated odds ratios associated
with outlier status were similar between logistic regression
and multilevel-based models. Our results are consistent with
previous reports and suggest that multilevel modeling does
not seem to improve future prediction of ARAE rates within
hospitals compared with logistic modeling.!>!43° However,
we do not think the performance of predictive validity within
the same individual hospitals over time is a diagnostic statis-
tic directly relevant to the purpose of our study. In essence,
hospital ranking on anesthesia safety is the comparison of
performance across hospitals at a given time point (i.e., a
cross-sectional comparison) rather than the forecast of future
performance within the same hospitals. In addition, changes
can be observed over time such as the number of hospitals
included or individual hospital performance, making the
multilevel developed on a previous time period no longer
valid for a next time period. In other words, comparison of
hospitals should probably be based on a regularly updated
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multilevel model that takes into consideration these possible
changes.

The definitions and coding practice of adverse events at
different hospitals may raise concerns about the use of indi-
cators based on administrative data for routine surveillance.
First, as previously reported in the literature, the definition
of adverse events is complex and somewhat subjective com-
pared with other clear-cut outcomes such as death.>> How-
ever, the marked decrease in anesthesia-related mortality and
severe morbidity in obstetric anesthesia over the last 20 yr
precludes the use of most severe outcomes to assess anesthe-
sia safety at the hospital level.2! Second, adverse events may
be recorded inconsistently across hospitals. The lack of asso-
ciation between the reporting index and the rate of ARAEs
suggests that the pattern of coding may have little influence
on the validity of our study results. These concerns should
not be viewed as a limitation of this type of indicators based
on administrative data but rather considered as an incen-
tive to improve medical record documentation and accuracy
of coding. The alternative options to administrative data are
prospective registries such as the National Anesthesia Out-
comes Registry or the Society for Obstetric Anesthesia and
Perinatalogy Serious Complication Repository.2®343>, They
may ensure a more homogeneous definition of ARAEs and
a more consistent recording across hospitals. However, rely-
ing on these data systems usually poses a significant delay
between data collection, analysis, risk identification, and
development of interventions, making it difficult to imple-
ment timely safety improvement measures. Moreover, the
rarity of adverse events in obstetric anesthesia with an inci-
dence rate of 5/1,000 may preclude their comprehensive
capture and sufficient statistical power if the volume of the
gathered data is not large enough, as recently illustrated with
the Society for Obstetric Anesthesia and Perinatology's Seri-
ous Complication Repository project.?® Finally, creating and
maintaining quality registries requires a significant amount
of financial resources, which may threaten the long-term via-
bility of these specialty data systems.?® Assessing and moni-
toring anesthesia safety must consider the tradeoff between
the perceived higher credibility of prospectively gathered
clinical data and the low-cost and readily available adminis-
trative data. In that sense, the administrative-data approach
and the prospective registry—data approach should be viewed
as complementary means to the same end.

This study has several limitations. First, it was conducted
in New York and included only 144 hospitals. The number
of community hospitals in the United States is about 5,000,
and the analysis performed on this limited sample may not be
generalizable to all the hospitals in the United States. Second,
obstetric patients are usually healthy with little comorbidity.
The results may therefore not apply to different patient popu-
lations and anesthetic specialties, such as cardiac or vascular
anesthesia where the weight of the case- and procedure-mixes
is probably higher. Third, the definition of ARAEs was based
on a combination of ICD-9-CM codes, and the ICD-10-CM
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is expected to be introduced soon. However, Li ez /> demon-
strated that ARAEs can also be identified with ICD-10-CM
codes. Fourth, the AHRQ definitions of PSIs and the defi-
nition of ARAEs used in this study are very heterogeneous
and nonspecific as they include complications of varying
severity. Use of a more specific indicator, such as the one for
ARAE: related to neuraxial anesthesia and local anesthetics,
may allow identification of frequent and preventable adverse
events that may benefit the most from safety measures.?®

In conclusion, the multilevel modeling approach allows
us to assess the rankability of the study hospitals while
providing similarly accurate estimate of the risk of obstet-
ric ARAEs as the conventional risk-adjustment method.
Therefore, the multilevel modeling approach could serve as a
practical alternative to the risk-adjustment method in moni-
toring obstetric anesthesia safety across hospitals.
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Appendix 1. International Classification of Diseases, Ninth
Revision, Clinical Modification Codes for Identifying Labor and
Delivery-related Discharges

Inclusion criteria
ICD-9-CM diagnosis codes

Outcome of delivery V27.0-V27.9

Normal delivery 650
ICD-9-CM procedure codes

Forceps, vacuum, and breech extraction 72.0-72.9

Internal and combined version and 73.22

extraction

Other manually assisted deliveries 73.59

Episiotomy 73.6

Cesarean delivery 74.0-74.2,74.4,74.9

Exclusion criteria
ICD-9-CM diagnosis codes

Ectopic or molar pregnancy 630.x-633.x

Pregnancy with abortive outcome 634.x—-639.x
ICD-9-CM procedure codes

Abortion 69.01, 69.51, 75.0

ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical
Modification.

Appendix 2. International Classification of Diseases, Ninth Revision, Clinical Modification Codes for Identifying Anesthesia-related
Adverse Events and Number (%) Recorded for the Years 2008-2009 in New York
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ICD-9-CM Codes Count %
1. Systemic adverse events 1,903 44.27
1-1. Adverse events related to the administration of anesthetic or 1,898 4415
other sedation in labor and delivery
Pulmonary complication 668.0 59 1.37
Cardiac complications 668.1 50 1.16
Central nervous system complications 668.2 21 0.49
Other complications of anesthesia or other sedation 668.8 1,738 40.43
Unspecified complication of anesthesia and other sedation 668.9 30 0.70
1-2. Adverse events related to the administration of anesthetic 5 0.12
without specification of the location
Malignant hyperthermia due to anesthesia 995.86 1 0.02
Hypothermia due to anesthesia 995.89 4 0.09
Endotracheal tube wrongly placed during anesthetic procedure E876.3 0 0.00
Certain adverse effects not elsewhere classified: shock due to 995.4 0 0.00
anesthesia in which the correct substance was properly adminis-
tered
2. Adverse events related to neuraxial anesthesia 2,369 55.11
Headache following lumbar puncture* 349.0 1,565 36.40
Abscess of spinal cord: epidural, extradural, subdural* 3241 0 0.00
Spinal blood patch* 03.95 (procedure) 742 17.26
Poisoning and adverse effects by spinal anesthetics* 968.7, E938.7 62 1.44
3. Adverse events related to anesthetic drugs 27 0.63
Poisoning and adverse effects by halothane 968.1, E938.1 0 0.00
Poisoning and adverse effects by other gaseous anesthetics 968.2, E938.2 0 0.00
Poisoning and adverse effects by intravenous anesthetics 968.3, E938.3 1 0.02
Poisoning and adverse effects by other and unspecified general 968.4, E938.4, E855.1 9 0.21
anesthetics
Poisoning and adverse effects by local anesthetics* 968.5, 968.9, E855.2, E938.5, 14 0.33
E938.6, E938.9
Other and unspecified adverse effect of drug, medicinal and 995.22 3 0.07
biological substance (due) to correct medicinal substance prop-
erly administered: unspecified adverse effect of anesthesia
Total 4,299 100.00

* Events included in the model for neuraxial anesthesia and local anesthetics anesthesia-related adverse events.
ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.
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Appendix 3. International Classification of Diseases, Ninth Revision, Clinical Modification Codes to Define Patient- and Procedure-
related Risk Factors for Anesthesia-related Adverse Events
Characteristics ICD-9-CM Code
Maternal
Obesity 278.0x, 649.1x,V85.3, V85.4

Pulmonary hypertension
Cardiac valvular disease
Congenital heart disease
Chronic ischemic heart disease
Chronic congestive heart failure
Preexisting hypertension
Severe preeclampsia/eclampsia
Preexisting diabetes mellitus
Sickle cell disease

Systemic lupus erythematosus

Human immunodeficiency infection

Drug abuse

Alcohol abuse
Asthma

Chronic renal disease

Obstetrical

Multiple gestation
Previous cesarean delivery
Delivery

Cesarean section (procedure code)

Antepartum hemorrhage
Postpartum hemorrhage

416.0x, 416.8x, 416.9x
394.x-397 .x, 424.x
745.0x-747.4x, 648.5x

412.x-414.x

428.22, 428.23, 428.32, 428.33, 428.42, 428.43
401.x-405.x, 642.0x-642.2x, 642.7x

6

42.5x, 642.6x

250.x, 648.0x

2

82.4x, 282.6x
710.0x
042.x, V08.x

304.x, 305.2x-305.9x, 648.3x
291.xx, 303.xx, 305.0x

493.x

581.x-583.x, 585.x, 587.x, 588.x, 646.2x

V27.2-V27.8, 651.x

654.2x

74.0-74.2,74.4,74.9

641.xx
666.xx

ICD-9-CM =

International Classification of Diseases, Ninth Revision, Clinical Modification.

Appendix 4. Performance of the Logistic and Multilevel Models for Anesthesia-related Adverse Events, New York, 2008-2009

Model
Levels
Metrics

Akaike information criterion
c-index

Hosmer-Lemeshow test P value

Logistic model

Patient level

27,227

0.60 [0.58-0.61]

0.28

Multilevel model
Patient and hospital levels

26,671
0.69 [0.68-0.71]
0.35

Appendix 5. Univariate Analysis of Risk Factors for Adverse Events Related to Neuraxial Anesthesia and Local Anesthetics,
New York, 2008-2009

No Adverse Event

Adverse Events

Anesthesiology 2015; 122:1268-79
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N = 464,696 N = 1,746 P Value Odds Ratio [95% Cl]
Maternal characteristics
Age, yr < 0.0001
<19 31,845 (6.85%) 78 (4.47%) 0.69 [0.55-0.87]
20-29 217,203 (46.74%) 769 (44.04%) Ref
30-39 196,144 (42.21%) 826 (47.31%) 1.19[1.08-1.31]
>40 19,504 (4.20%) 73 (4.18%) 1.06 [0.83-1.34]
Obesity 9, 486 (2.04%) 65 (3.72%) < 0.0001 1.86 [1.45-2.38]
Pulmonary hypertension 97 (0.02%) 1 (0.06%) 0.31 2.74 [0.38-19.69]
Cardiac valvular disease 2,578 (0.55%) 6 (0.92%) 0.06 1.66 [1.01-2.72]
Congenital heart disease 329 (0.07%) 1 (0.06%) 1 0.81[0.11-5.76]
Chronic ischemic heart disease 84 (0.018%) 0 (0.000%) 1 NA
Chronic congestive heart failure 0 (0.002%) 0 (0.000%) 1 NA
Preexisting hypertension 7, 837 (1.69%) 34 (1.95%) 0.45 1.16 [0.82-1.63]
Severe preeclampsia or eclampsia 6,389 (1.37%) 31 (1.78%) 0.18 1.3[0.91-1.85]
(Continued)
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Appendix 5. Continued

No Adverse Event

Adverse Events

N = 464,696 N = 1,746 P Value Odds Ratio [95% ClI]
Preexisting diabetes mellitus 3,641 (0.78%) 13 (0.74%) 0.96 0.95 [0.55-1.64]
Sickle cell disease 1,010 (0.22%) 4 (0.23%) 1 1.05[0.39-2.82]
Systemic lupus erythematosus 576 (0.12%) 3(0.17%) 0.48 1.39 [0.45-4.32]
Human immunodeficiency infec- 980 (0.21%) 2 (0.11%) 0.60 0.54 [0.14-2.17]
tion
Drug abuse 4,847 (1.04%) 15 (0.86%) 0.52 0.82 [0.49-1.37]
Alcohol abuse 393 (0.08%) 3(0.17%) 0.19 2.03[0.65-6.34]
Chronic renal disease 996 (0.21%) 5 (0.29%) 0.43 1.34 [0.55-3.22]
Asthma 17,856 (3.84%) 91 (5.21%) 0.004 1.38 [1.11-1.70]
Obstetrical characteristics
Multiple gestation 10,074 (2.17%) 65 (3.72%) < 0.0001 1.74 [1.36-2.24]
Previous cesarean delivery 74,605 (16.05%) 417 (23.88%) < 0.0001 1.64 [1.47-1.83]
Delivery characteristics
Cesarean section 160,914 (34.63%) 855 (48.97%) < 0.0001 1.81 [1.65-1.99]
Antepartum hemorrhage 8,260 (1.78%) 40 (2.29%) 0.13 1.30 [0.95-1.77]
Postpartum hemorrhage 10,117 (2.18%) 44 (2.52%) 0.36 1.16 [0.86-1.57]
Admission during weekend 94,366 (20.31%) 356 (20.39%) 0.95 1.01 [0.89-1.13]
Nonelective admission type 216,641 (46.76%) 747 (42.91%) 0.001 0.86 [0.78-0.94]

Results are expressed as number (%). For the variable admission type, 1,388 discharges had missing values.

NA = not available; Ref = reference.

Appendix 6. Multivariate Analysis of Risk Factors for Adverse Events Related to Neuraxial Anesthesia and Local Anesthetics,

New York, 2008-2009

Odds Ratio [95% ClI] P Value
Maternal characteristics
Age, yr
<19 0.73 [0.58-0.93] 0.009
20-29 Ref Ref
30-39 1.11 [1.00-1.23] 0.04
>40 0.91[0.72-1.16] 0.46
Obesity 1.56 [1.21-2.00] 0.0006
Asthma 1.31 [1.06-1.61] 0.01
Obstetrical characteristics
Multiple gestation 1.40 [1.09-1.80] 0.009
Previous cesarean delivery 1.17 [1.03-1.33] 0.02
Delivery characteristics
Cesarean section 1.62 [1.45-1.81] < 0.0001

Variables with a P value < 0.2 in the univariate analysis (n = 11) are entered in a logistic regression with backward selection using the entire dataset 2008—
2009. The c-index of the model is 0.59 [0.58-0.60], and the Hosmer-Lemeshow test P value is 0.03.

Ref = reference.
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Appendix 7. Performance of the Logistic and Multilevel Models for Adverse Events Related to Neuraxial Anesthesia and Local

Anesthetics, New York, 2008-2009

Model

Levels

Metrics
Akaike information criterion
c-index
Hosmer-Lemeshow test P value

Logistic model
Patient level

22,820

0.59 [0.58-0.60]

0.03

Multilevel model
Patient and hospital levels

22,349
0.70 [0.68-0.71]
0.03

Anesthesiology 2015; 122:1268-79

1279

Copyright © 2015, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc.

J. Guglielminotti and G. Li

Unauthorized reproduction of this article is prohibited.



