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I n recent years, patient safety and quality of med-
ical care have received considerable attention
from patients, providers, and the media.1–4 Yet

adverse obstetrical events that occur in hospitals 
are not uniformly captured or reported, which reflects
in part an absence of validated obstetric-specific 
indicators of quality or patient safety. For example, 
the Commonwealth Fund’s International Working
Group on Quality Indicators, a collaboration involving
Australia, Canada, New Zealand, the United Kingdom,
and the United States, recently developed a set 
of 21 quality indicators to be used internationally.
However, not one of these indicators was related to
obstetrical care.5

The few indicators that are tracked in obstetrics are
of questionable usefulness. For example, maternal or
neonatal deaths, while clearly important to track, are 
not useful as quality indices because they occur so 
infrequently. Similarly, national organizations such as 
the Joint Commission on Accreditation of Healthcare
Organizations,6 the National Perinatal Information
Center (NPIC),7 and the Maryland Hospital Quality
Indicator Project8 have used cesarean deliveries and
vaginal birth after cesarean delivery (VBAC) rates as
measures of quality. However, recent patient demand for
elective primary cesarean deliveries9 and literature ques-
tioning the safety of both vaginal breech delivery10 and
VBAC11 have significantly changed practice and under-
mined these rates as useful quality measures. 
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Background: No nationally accepted set of quality
indicators exists in obstetrics. A set of 10 outcome meas-
ures and three quality improvement tools was developed
as part of a study evaluating the effects of teamwork 
on obstetric care in 15 institutions and > 28,000 patients.
Each outcome was assigned a severity weighting score. 

Measures: Three new obstetrical quality improve-
ment outcome tools were developed. The Adverse
Outcome Index (AOI) is the percent of deliveries with
one or more adverse events. The average AOI during the
pre-implementation data collection period of the team-
work study was 9.2% (range, 5.9%–16.6%). The Weighted
Adverse Outcome Score (WAOS) describes the adverse
event score per delivery. It is the sum of the points
assigned to cases with adverse outcomes divided by the
number of deliveries. The average WAOS for the pre-
implementation period was 3 points (range, 1.0–6.0). The
Severity Index (SI) describes the severity of the out-
comes. It is the sum of the adverse outcome scores divid-
ed by the number of deliveries with an identified adverse
outcome. The average SI for the pre-implementation peri-
od was 31 points (range, 16–49).

Discussion: The outcome measures and the AOI,
WAOS, and SI can be used to benchmark ongoing care
within and among organizations. These tools may be
useful nationally for determining quality obstetric care.
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Because of the lack of nationally recognized quality
indicators, external agencies are creating their own defi-
nitions of quality. For instance, the Leapfrog Group, a con-
sortium of private-industry health care purchasers, has
made its own definitions of quality—none of which are
related to obstetrics.12 Similarly, insurance companies are
beginning to create their own quality measures to be used
for hospital reimbursement,13 but these measures are not
necessarily validated and may have a financial bias.

In the absence of a nationally accepted set of quality
indicators for obstetrics, we set out to develop one for
use in a large multicenter trial designed to study the
effect of a teamwork training intervention in labor and
delivery units. The teamwork study was a cluster-ran-
domized prospective controlled trial involving 15 hospi-
tals, seven in the intervention arm receiving teamwork
training and eight in the control arm. There was a base-
line data collection period of two months, a three-month

training period, and a postimplementation data collec-
tion period of five months. The selection process for the
process and outcome measures for the teamwork study
was the same. The results of the teamwork trial and
development of the process measures will be presented
elsewhere.14 We describe here the development of the
outcome measures and three quality improvement (QI)
tools, preliminary benchmarks for these tools, and an
example of their use in a quality improvement project.

Developing the Quality Measures
Consensus Development Conferences
To select quality measures, we held consensus develop-
ment conferences in June 2001 and April 2002. In prepar-
ing for them, research personnel reviewed current
obstetric measures from the Joint Commission,6 the
American College of Obstetricians and Gynecologists
(ACOG), the Agency for Healthcare Research and
Quality (AHRQ),15 NPIC,7 and the Maryland Hospital
Quality Indicator Project8 to identify potential outcome
and process measures. Table 1 (left) lists the measures
existing in 2001 from these organizations. In addition,
the quality indicators used as part of the departmental QI
efforts from Beth Israel Deaconess Medical Center
(Boston) were incorporated into an initial set of poten-
tial mea-sures and compiled for discussion by partici-
pants at the first consensus conferences. 

Participants in the consensus conferences included
nursing, obstetric, and anesthesia leaders from each of
the hospitals (see Acknowledgments) involved in the
research project and representatives from ACOG; the
American Society of Anesthesiology; the Association of
Women’s Health Obstetric and Neonatal Nurses; the
Society for Obstetric Anesthesia and Perinatology; the
Armed Forces Institute of Pathology; the U.S. Navy
Bureau of Medicine and Surgery; the Office of the
Surgeon General, U.S. Army; and TRICARE Management
Activity (the U.S. military health system). 

First Consensus Conference. In June 2001, we
reviewed the potential measures and identified addition-
al candidate measures. All participants were encouraged
to suggest potential measures based on supportive evi-
dence of existing literature. Additional suggested meas-
ures could be sent anonymously via e-mail after
conclusion of the conference.

Table 1. National Quality Indicators, 2001

National
Organization

Quality Indicators

Joint Commission 
on Accreditation 
of Healthcare
Organizations

Vaginal birth after cesarean
section for patients with previ-
ous cesarean section

Inpatient neonatal mortality 

Third- or fourth-degree 
perineal lacerations

Maryland Hospital
Quality Indicator
Project

Cesarean section rates

Readmission rates

National Perinatal
Information Center

Cesarean section rates

Vaginal birth after cesarean
section rate

Operative vaginal delivery rate

Uterine rupture

Length of stay

Readmission rate

Obstetrical quality
measures—birth trauma

Agency for Healthcare
Research and Quality 

None

American College of
Obstetricians and
Gynecologists 

None
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Second Consensus Conference. In preparation for
the second conference, research personnel reviewed rel-
evant literature for each of the candidate measures.
Each measure was also assigned dimensions of quality
on the basis of definitions from the Institute of
Medicine’s Quality Chasm report.4 Table 2 (right) lists
these dimensions and their definitions. 

The following criteria were applied to each measure: 
1. Was there literature support or consensus that the
indicator was a measure of quality? 
2. Could the measure be universally applied to different
practice environments?
3. Could the measure be precisely defined? 
4. Was the frequency or severity of enough significance
to be included?
5. Was the measure obtainable with a reasonable
amount of effort?
6. Would improved teamwork likely impact the measure? 

We used literature review and the Beth Israel
Deaconess Medical Center computerized quality assur-
ance database to estimate the frequency of each of the
measures for potential inclusion. Using this process,
the proposed candidate measures were reduced to a
final list of outcome and process measures. A work-
book with precise definitions for each measure was
then created. 

We recognized that the frequency of each outcome
measure was likely to be very low. Thus, the outcome
measures were combined into an Adverse Outcome
Index (AOI):

The AOI (a percentage) is defined as the number of

deliveries complicated by one or more of the identified

outcomes divided by the total number of deliveries. For

example, if hypothetical Hospital X performed 1,000

deliveries in a year and had 93 deliveries in which the

mother or infant experienced one or more of the identi-

fied outcomes, the AOI would be 9.3%. 

Additional Measures
Although the AOI provides a measure of frequency 

of deliveries with adverse events, it does not measure
the severity of these outcomes. Following the second
consensus conference, a scoring system was created 
to measure severity of outcomes. The outcome measures
in the AOI were submitted to the ACOG Quality

Improvement and Patient Safety Committee (QuIPS).
Using a consensus process, QuIPS assigned a weighted
score to each measure that represented the severity of
the outcome. It was predetermined that the sum of the
scores of all other outcomes could not be greater than
the score for a maternal death. The individual scores for
the 10 outcomes are listed in Table 3 (page 500). 

This severity scoring system was designed for use in
two ways, which will be illustrated using the hypotheti-
cal Hospital X with 93 adverse outcomes in 1,000 deliv-
eries in a year:

First, taking the sum of the adverse outcome scores of

all events and dividing by the total number of deliveries

determines a Weighted Adverse Outcome Score

(WAOS). If Hospital X had 93 deliveries with adverse

events, the sum of the scores of these adverse events

would be divided by the 1,000 deliveries. This allows one

to assess the overall significance of adverse events on

the unit. Second, the Severity Index (SI) is calculated by
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Source:  Institute of Medicine: Crossing the Quality Chasm: A New Health
System for the 21st Century. Washington, D.C.: National Academy Press,
2001.

Table 2. Institute of Medicine Dimensions 
of Quality

Dimension Definition
Safe Avoiding injury to patients from the care

that is intended to help them
Effective Providing services based on scientific

knowledge to all who could benefit and
refraining from providing services to those
not likely to benefit (avoiding under use
and overuse, respectively)

Patient
Centered

Providing care that is respectful of and
responsive to individual patient prefer-
ences, needs, and values and ensuring that
patient values guide all clinical decisions

Timely Reducing waits and sometimes harmful
delays for both those who receive care and
those who give care

Efficient Avoiding waste, including waste of equip-
ment, supplies, ideas, and energy

Equitable Providing care that does not vary in quality
because of personal characteristics such as
gender, ethnicity, geographic location, and
socioeconomic status
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taking the same sum of scores and dividing by the num-

ber of deliveries complicated by one or more adverse

events. For hypothetical Hospital X, the sum of the

adverse outcome scores would be divided by 93 for the

number of adverse events. The SI measures the average

severity of each delivery with an adverse event. 

Data Collection
We employed two data collection techniques to

determine the usability of the measures. First, the 15
hospitals in the teamwork study used a standardized
data collection form for each delivery during a 10-
month period (an 8-week pre-implementation baseline,
a 3-month intervention period, and a 5-month post-
implementation data collection). Labor and delivery
personnel completed the data entry concurrently. In
addition, each site had a data coordinator, who ensured
data accuracy and completeness. AOI, WAOS, and SI
data presented here are only from the 8-week pre-imple-
mentation period of the study. 

Second, we asked NPIC to determine the AOI, WAOS,
and SI for their participating hospitals using discharge
coding information. We compared the data derived from

NPIC with our own prospec-
tively collected data to assess
the accuracy of the NPIC col-
lection technique. We also used
the composite NPIC data to
define the range of the three QI
tools.

In addition, the department
of obstetrics and gynecology,
Beth Israel Deaconess Medical
Center (Boston), experienced
a major adverse sentinel event
in 2000, which led to several QI
efforts and the decision to par-
ticipate as the lead hospital in
the teamwork trial. This event
and the QI changes have been
described elsewhere.16 We ret-
rospectively reviewed the AOI,
WAOS, and SI at Beth Israel
Deaconness Medical Center
(Boston) before and after these

changes to demonstrate how these tools could be used
to track the results of these changes.

Results
Consensus Conferences
During the two consensus conferences, 47 potential
process and outcome measures were identified.
Applying the 6 criteria described above, the final set of
10 outcome and 12 process measures was determined.
The 10 outcome measures, their designated IOM dimen-
sions of quality, and the ACOG consensus weighted
scores are listed in Table 3. Table 4 (page 501) summa-
rizes how the scoring system might be used to determine
the WAOS and SI for the hypothetical Hospital X with
1,000 deliveries and an AOI of 9.3%. 

Data Collection
Data Elements. During the entire teamwork study,

we collected data on 28,536 deliveries, of which 7,673
deliveries occurred during the pre-implementation phase.
The data collection form had 59 data fields, providing
more than 452,000 data points.  Data completeness for the
AOI was excellent; only 130 (1.7%) of deliveries during the

* ICU, intensive care unit; OR, operating room; NICU, neonatal ICU.
† The use of 2,500 grams as a cutoff birth weight for the AOI was based on the following articles, which
have used this value to identify neonates unlikely to need NICU admission simply based on weight or gesta-
tional age criteria: Rohininath T., et al.: Workload and short-term outcome of babies weighing 2,500 grams
of more at birth admitted to the pediatric unit of the Rotunda Hospital. J Matern Fetal Neonatal Med
17:130–143, Feb. 2005; Gray J.E., McCormick M.C., Richardson D.K.: Normal birth weight intensive care unit
survivors: Outcome assessment. Pediatrics 97:832–838, Jun. 1996, and Philips J.B., et al.: Characteristics,
mortality, and outcome of higher-birth weight infants who require intensive care. Am J Obstet Gynecol
149:875–879, Aug. 15, 1984.

Table 3. Adverse Outcome Index, Institute of Medicine (IOM)
Dimension, and Score of Individual Indicators*

Indicator IOM Dimension Points
Maternal death Safe 750
Intrapartum or neonatal death > 2,500g* Safe 400
Uterine rupture Safe, Effective, Timely 100
Maternal admission to ICU Safe, Effective 65
Birth trauma Safe, Effective 60
Return to OR / labor & delivery Safe, Effective 40

Admission to NICU >2,500 g & for > 24 hours† Safe, Effective 35
APGAR < 7 at 5 minutes Safe, Effective 25
Blood transfusion Safe, Effective 20
3º- or 4º-perineal tear Safe, Effective 5
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pre-implementation period
(range, 0–15.2% across the
15 institutions) had to be
excluded from calculation
because of missing or dis-
crepant data. 

AOI. The average AOI
was 9.2% (range, 5.9%–
16.6%), the average of the
WAOS was 3 (range, 1–7) for
term deliveries and 6 (range
0–34) for deliveries at less
than 37 weeks, and the aver-
age SI was 25 (range, 10–39)
for term deliveries and 75
(range, 20–297) for deliver-
ies at less than 37 weeks
(Table 3).

The AOI from the entire
study data was strongly
influenced by NICU admis-
sions and rates of third- and
fourth-degree lacerations.
These two outcomes had an
average prevalence of 4.3% and 4.7%, respectively. Thus,
a minority of patients who contributed to the AOI had
neither of these outcomes. In addition, there was incon-
sistency in the criteria for NICU admits. In part, this find-
ing was due to variations in terminology. There were 175
separate indications for admission to an NICU in the
study, but many of these were overlapping (for example,
“RDS” (respiratory distress syndrome) and “RDS,
Tachypnea” were separate indications). The study did
not have predetermined indications for NICU admission. 

Overall, NPIC gathered data on 224,661 deliveries
from 49 hospitals between July 1, 2004 and June 30, 2005.
NPIC was able to gather all 10 elements of the AOI direct-
ly from discharge coding data in 26 (53.1%) of these hos-
pitals. Blood transfusion data were missing from 13
(26.5%) hospitals, five-minute APGAR scores from 14
(28.5%), and maternal ICU admission data from 3 (6.1%).
These data can generally be obtained from billing or
other data on additional request from the medical cen-
ters. The NPIC collection process was able to identify 20
hospitals for which all 10 data elements of the AOI were

available from the past six years. This included discharge
data on more than 80,000 deliveries per year for the years
1999–2004. The AOI ranged between 4.5% and 25.8%, with
annual averages between 9% and 11.5% for the six-year
period (Figure 1, page 502). The WAOS ranged from 0.95
to 13.7, with annual averages for the 20 hospitals of
3.1–3.5 for the same years. The SI ranged from 8.5 to 59.3,
with annual averages of 29.3–34.5 (Table 5, page 503).

As in the study data, NICU admissions and perineal
lacerations accounted for a large percentage of the out-
comes. Because of concerns about variations in defini-
tions of these two measures raised by the study data, we
recalculated the three scores without NICU admissions
or perineal tears. Excluding the NICU admissions from
the 2002–2004 data decreased the average AOI and
WAOS by 22%–44.4% and 44%–47.6%, respectively.
Similarly, excluding the perineal tears decreased these
indices by 31.5%–33.3% and 3.5%–5.4%, respectively.
Excluding both decreased the AOI by 66.7%–71.6% and
the WAOS by 50.6%–54.7%; however, it increased the SI
by 69.4%–103%.
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* OR, operating room; NICU, neonatal intensive care unit; WAOS, Weighted Adverse Outcome Score; SI, severity
index. The total number of events is more than 93 because some deliveries might be complicated by more than
one event.

Table 4. Hypothetical Calculation for a Hospital with 1,000 Deliveries
and 93 Complicated by an Adverse Event*

Outcome Number Points/
Event

Total Points
for Event

Maternal death 0 750 0
Intrapartum or neonatal death >2,500g 1 400 400
Uterine rupture 2 100 200
Maternal admission to ICU 3 65 195
Birth trauma 5 60 300
Return to OR / labor and delivery 5 40 200
Admission to NICU > 2,500g and for > 24 hours 8 35 280
APGAR < 7 at 5 minutes 12 25 300
Blood transfusion 15 20 300
3º- or 4º-perineal tear 70 5 350
Total deliveries with event 93
Total Points 2,525
WAOS
(Total points/all deliveries)

2,525/1,000
= 2.53

SI
(total points/deliveries with event)

2,525/93
= 27.15
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We were able to obtain AOI data from both our own
database and NPIC for the years 1999–2004. In addition,
we had our internal data from 2005. We found a decrease
in all three parameters after the implementation of the
QI projects and the team training process. Specifically,
the AOI decreased 17.2%, from a 3-year average of 5.8%
in 1999–2001 to 4.8% in 2003–2005 (Figure 2, page 504).
The WAOS and SI for each year demonstrated similar
decreases. The AOI determined from the NPIC data was
very close to our internal, prospectively gathered results,
with most years being within 2% to 7% margin of error.
The largest difference between the NPIC data and ours
occurred in 2004 when the NPIC data was 11.5% less
than ours. The accuracy of the NPIC data for the WAOS
and SI demonstrated similar results. At our institution,
the AOI minus NICU admits and lacerations decreased
32% from a 3-year average of 1.49% in 1999–2001 to 1.0% 
in 2003–2005. Notably, deliveries of less than 37 weeks
gestation showed a 41% decrease in the AOI for the same
periods (Figure 2).

Discussion
To improve quality of care, health care workers must
first be able to clearly define and measure quality.
Cesarean section and VBAC rate are currently the most
universally accepted quality indicators in obstetrics.6–8

The use of these measures is driven by a desire to
decrease cost and maternal morbidity associated with

cesarean delivery and because they are clearly defined
and easily collectable measures. Recent data questioning
the safety of both vaginal breech delivery and VBAC
delivery and the rising demand for elective primary
cesarean section have affected these measures.9–11 Payers
are also applying their own measures of quality, which
often relate more to the cost of care than to the quality
of care provided.13 Such measures are important to pay-
ers of health care, but consumers and health care
providers are more interested in and are better served by
measures of care that assess the frequency of important
outcomes. Such measures would be particularly impor-
tant if they could discriminate among good, average, and
below-average quality of care. This ability to measure the
quality of care could assist consumers in making health
care decisions and providers in focusing performance
improvement efforts. We have developed a set of indica-
tors, with clinical significance that can be easily and suc-
cessfully measured and could be used to benchmark
quality in labor and delivery units.

Others have attempted to develop quality measures in
obstetrics. Waterstone and colleagues studied the pre-
dictors of severe obstetric morbidity.15 The outcomes
studied included maternal hemorrhage, severe pre-
eclampsia, sepsis, eclampsia, the syndrome of hemolysis
elevated liver enzymes and low platelets (HELLP), and
uterine rupture. They found that 588 (1.2%) of 48,865
patients in 19 maternity wards studied from March 1,
1997 to February 28, 1998, suffered one of these events
during obstetric care. The authors did not describe their
measure selection process, except to state that they
chose outcomes that were clinically based and routinely
measurable. Although these outcomes are certainly
important, this narrow list of adverse maternal events
does not include any adverse neonatal outcomes.
Furthermore, the low prevalence makes studying the
impact of QI efforts difficult. The AOI is a broader defi-
nition of adverse maternal events and includes signifi-
cant adverse neonatal events. The average AOI rate of
9.2% is more likely to allow statistical analysis of
improvement efforts.

Novicoff and colleagues found that 8,795 (80%) of
10,984 women suffered some adverse event during the
peripartum period.17 These authors studied the predic-
tors of 37 maternal and 27 neonatal adverse outcomes;

Figure 1. The AOI ranged between 4.5% and 25.8%, with

annual averages between 9% and 11.5% for the six-year

period. AOI, adverse outcome index.

AOI Scores for National Perinatal
Center Hospitals,1999–2004
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however, they did not describe the selection process for
the measures, referring to them simply as “outcomes of
interest.” Moreover, many outcomes were very similar
(for example, six different outcomes related to perineal
injury during delivery) or poorly defined (breast disorder
or epidural problem). Thus, it may be impossible to use
discharge data to study these outcomes. The real-time
collection of so many outcomes would likely be very
cumbersome. We had an excellent collection rate both in
real time and from discharge data for the 10 elements
required for the AOI, WAOS, and SI.

The use of a weighting system allows adjustment for
the severity of adverse events. Pomposelli et al. used a
similar weighting system in vascular surgery to assess
postoperative complications.18 Novicoff created a weight-
ing system for the 64 peripartum events they studied,
weighting each outcome from 1 to 100 points on either a
maternal or neonatal model.17 However, some of the out-
comes were of questionable significance; for example, a
woman who chose an elective primary cesarean section
would receive two points for this designated adverse out-
come. We chose measures that were clearly defined and
could be linked to IOM dimensions of quality.4 Also, the
fact that the ACOG Quality Improvement and Patient
Safety Committee, composed of obstetricians and nurses
knowledgeable about quality and safety measures, deter-
mined the weighting scores for our study, thus potential-
ly adds national validity to our weighting system. 

The WAOS and the SI are novel approaches for
assessing adverse outcomes. The WAOS is a measure
of the cumulative degree of adverse events in a given
institution during a period of time. Simply looking at
adverse event rates such as the AOI may not reflect 
the quality of care for a given institution. For instance,
two similar institutions may have similar AOI rates;
however, if one institution has a higher WAOS because
of a relative preponderance of high-scoring outcomes,
one might question the quality of care provided at 
that institution. Similarly, the SI allows for the mea-
surement of the average severity of each adverse 
outcome. This may be a measure of caregivers’ ability
to plan for, identify, respond to, and mitigate adverse
events. 

We believe that we have taken a significant step in
generating an easily usable and well-defined set of
obstetric outcomes and tools that can be used to meas-
ure the quality of care provided on labor and delivery
suites. Additional research is warranted to better
understand these outcomes and tools. Suggested
research might include identification of factors that
affect the rate of these outcomes. For example, the
presence of 24-hour dedicated obstetric anesthesia
coverage, hospitalist obstetric type coverage, the type
of medical insurance, the level of neonatal intensive
care, or other factors might all influence these out-
comes. Additional research might also be directed at

September 2006      Volume 32 Number 9

* AOI, adverse outcome index; WAOS, Weighted Adverse Outcome Score; SI, severity index.  
† Data from the National Perinatal Information Center.
‡ Data from first three quarters.
§ Data from term deliveries only.

Table 5. Median and Range of AOI, WAOS, and SI for Teamwork Study 
and the 20 NPIC Hospitals* 

Team Study 1999† 2000† 2001† 2002† 2003† 2004†

Number of 
deliveries

7,673 81,658 84,735 85,577 85,317 87,378 64,500‡

AOI
(range)

9.2%
(5.9%–16.6%)

11.5%
(6%–25.8%)

10.6%
(5%–24.4%)

10.0%
(4.9%–19%)

10.2%
(5.1%–16.9%)

9.0%
(4.6%–15.0%)

9.2%
(4.5%–16.7%)

WAOS
(range)

3.0
(1.0–7.0)§

3.5
(1.17–12.66)

3.34
(0.95–13.66)

3.25
(1.19–10.93)

3.3
(1.3–10.04)

3.11
(1.16–8.57)

3.11
(1.2–9.38)

SI
(range)

25
(10–39)§

34.48
(8.52–56.05)

29.29
(12.33–56.04)

31.25
(14.04–57.41)

31.99
(22.32–59.25)

32.65
(19.56–57.93)

32.1
(18.35–56.08)
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better standardization of the indications for and
descriptions of NICU admissions. This would decrease
the interhospital variability in the NICU admission
rate.

There are several limitations to the set of measures
we described. First, we could not clearly demonstrate
construct validity. The use of a consensus conference is
a well recognized method for the development of quali-
ty indicators.19,20 The use of national experts and repre-
sentatives from the governing bodies of four specialties,
and strict criteria for outcome measure inclusion
assured face validity of each measure and thus of the
AOI. In addition, the WAOS and SI increased with high
risk (< 37-week gestation) pregnancy, suggesting con-
struct validity. Further construct validity is also sug-
gested by our experience. We demonstrated significant
improvements in all three assessment tools during a six-
year period in which we were actively working to
improve care through better teamwork. However, we
were unable to clearly demonstrate construct validity of
the AOI by comparing it with other measures of quality,
in part because of the fact that there are no standard
outcomes in obstetrics against which we could compare
the AOI. 

We were also limited in our ability to risk adjust, with
the exception of preterm delivery or birthweight < 2,500
grams for NICU admissions. Currently, no case-mix
adjustments are uniformly accepted in the field of

obstetrics. The ability to risk adjust can help identify
which outcomes are primarily influenced by case mix
and which might be preventable. Once we better under-
stand the factors the influence the AOI, we can better
risk adjust and compare hospitals. Clearly, NICU admis-
sions and third- and fourth-degree lacerations are much
more frequent than the other eight outcome measures.
Expected fluctuations (due to sampling variation) in the
rates of these two outcome measures could mask rela-
tively large changes in the other outcome measures in
the AOI. 

In addition, the indications for NICU admissions in
the teamwork study were extensive, repetitive, and
poorly defined. In all, there were 175 indications for
NICU admission. However, there were 39 separate cat-
egories identified for sepsis evaluation in the newborn.
This suggests not only variation in the language used to
identify NICU admission but also perhaps significant
practice variation between the institutions regarding
which newborns should go to the NICU. As NICU
admission accounted for more than 33% of the total
AOI score, the variation in practice may have influ-
enced the AOI in ways unrelated to quality of care.
Until national standards for NICU admission are creat-
ed, it may be difficult to compare the AOI among insti-
tutions, unless the AOI is calculated without the NICU
admission rate. Alternatively, a defined set of specific
diagnosis-related groups for NICU term admissions
could be used as a definition for this measure. Which
specific DRGs to include would require additional
study. In our own institution, we were able to show 
a downward trend in the average AOI without 
NICU admits and lacerations as well as in pregnancies
of < 37 weeks’ gestation pre- and postimplementation
of the teamwork initiative. The AOI is a robust 
measure and is not just a reflection of lacerations and
NICU admits. 

Finally, the measures developed for use in this study
focused on the impact of teamwork among health care
providers. Thus, other measures of quality of obstetric
care may exist that were not included. We specifically
excluded one potential measure of quality, inadvertent
injury to internal organs during cesarean delivery,
because we did not feel it would be influenced by team-
work. 

Figure 2. All three parameters decreased after the imple-

mentation of the QI projects and the team training

process. AOI, adverse outcomes index.

AOI Scores at Beth Israel Deaconess
Medical Center, Pre- and Post-

Teamwork Intervention, 1999–2005
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Conclusion
The AOI, WAOS, and SI are global measures of quality
that could be used by QI specialists or obstetric chair-
persons to determine the impact of QI efforts or even by
health or malpractice insurers to identify best providers
and best practices. Much additional work is now needed
to determine what factors influence these measures, and
which, if any, additional outcomes should be tracked. 
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