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OBSTETRICS

Third- and fourth-degree perineal lacerations:
defining high-risk clinical clusters
Emily F. Hamilton, MD; Samuel Smith, MD; Lin Yang, MSc; Philip Warrick, PhD; Antonio Ciampi, PhD
OBJECTIVE: Statistical methods that measure the independent contribu-
tion of individual factors for third-/fourth-degree perineal laceration (TFPL)
fall short when the clinician is faced with a combination of factors. Our ob-
jective was to demonstrate how a statistical technique, classification and
regression trees (CART), can identify high-risk clinical clusters.

STUDY DESIGN: We performed multivariable logistic regression, and
CART analysis on data from 25,150 term vaginal births.

RESULTS: Multivariable analyses found strong associations with the
use of episiotomy, forceps, vacuum, nulliparity, and birthweight. CART

ranked episiotomy, operative delivery, and birthweight as the more dis-
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grouped patients with
See Journal Club, page 366
criminating factors and defined distinct risk groups with TFPL rates that
ranged from 0-100%. For example, without episiotomy, the rate of
TFPL was 2.2%. In the presence of an episiotomy, forceps, and birth-
weight of �3634 g, the rate of TFPL was 68.9%.

CONCLUSION: CART showed that certain combinations held low risk,
where as other combinations carried extreme risk, which clarified how
choices on delivery options can markedly affect the rate of TFPL for spe-
cific mothers.
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A considerable challenge that faces all
obstetricians involves distilling the

myriad of published reports to choose
the best tests and treatments for our pa-
tients. In addition to an ever-growing
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number of randomized clinical trials to
consider, the increasing prevalence of
high-quality observational studies and
abundant metaanalyses add to the clini-
cian’s task.1,2

When the conditions of a certain study
are similar to our clinical circumstances,
we might expect to obtain similar results
over the course of many patients. Al-
though this is important from an overall
healthcare perspective, clinicians are of-
ten left with 2 problems. Sometimes the
particular patient before us is not similar
to the average patient and generalizing
the study results to her particular situa-
tion is unsatisfactory. Furthermore, an
odds ratio (OR) for one factor vs another
does not communicate the prime piece
of information for which our patient
asks, namely, what is the actual rate of
complication that she may expect to ex-
perience. The objective of this report was
to demonstrate results from a statistical
method that can help with these 2 prob-
lems with the use of the well-understood
issue of third- and fourth-degree peri-
neal laceration (TFPL).

Many years ago, Koss and Feinstein3

noted that clinicians in practice often

certain signs and
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symptoms and made decisions based on
these groups, rather than relying solely
on arithmetic scores representing the
whole population. They were among the
first in clinical epidemiology to use clas-
sification and regression trees (CARTs)
to consolidate similar subgroups of pa-
tients and provide their specific risks.3-5

Since then, CARTs have been used ex-
tensively in this area.6-8 It should be

oted that the acronym CART is used in
everal contexts with different meanings:
ometimes as an abbreviation for the
eminal book by Breiman et al,9 and

other times as the name of proprietary
software that is based on the same book.
We use CART here as an abbreviation for
the general tree-growing method.

CARTs, which also are described as re-
cursive partitioning methods, are statis-
tical methods that examine a dataset to
find the best variables and associated
cutoff points to group the data into those
with and without the outcome in ques-
tion. Factors that are both frequent and
discriminating rise in importance and
result in groupings that bear resem-
blance and relevance to everyday clinical
practice. From all variables under con-
sideration CART selects the single factor
that best separates the groups with and

without the problem to form the first
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branch point or node. Once the first
node has been formed, the same proce-
dure is applied to each “child” node,
which finds the next most discriminating
factor, hence the term recursive. At each
junction, CART also searches for the op-
timal cutoff point if that variable is con-
tinuous. Splitting stops when the statis-
tical process determines no further
discriminating advantage with any of the
remaining factors. Contrary to multi-
variable logistic regression analysis,
where the goal is to isolate the indepen-

ent effect of specific factors, in CART
here is no attempt to identify inde-
endence, rather the goal is to define
nd rank the most predictive clinical
roupings.
CART applications are developing in a
ide range of clinical situations, such as

he prediction of outcomes with obesity,
diagnosis of Alzheimer’s disease, the

rediction of cardiovascular disease, and
he identification of subgroups with dif-
erent risks in epidemiologic investiga-
ions.10-17 Examples of applications in

TABLE 1
Characteristics of the study group

Variable

Maternal age, yc

...................................................................................................................

Maternal height, cmc

...................................................................................................................

Body mass index, kg/m2c

...................................................................................................................

Birthweight, gc

...................................................................................................................

Second stage, minc

...................................................................................................................

Nulliparity, n (%)
...................................................................................................................

Maternal diabetes mellitus or hypertension
or thyroid disease, n (%)
...................................................................................................................

Labor induction, n (%)
...................................................................................................................

Labor augmentation with oxytocin, n (%)
...................................................................................................................

Epidural, n (%)
...................................................................................................................

Forceps, n (%)
...................................................................................................................

Vacuum, n (%)
...................................................................................................................

Midwife delivered, n (%)
...................................................................................................................

Episiotomy, n (%)
...................................................................................................................

Fetal heart rate described as “concerning”, n
...................................................................................................................

Third-/fourth-degree perineal laceration, n (%
...................................................................................................................
a n � 14,458; b n � 10,692; c Data are given as mean � S

Hamilton. Third-/fourth-degree perineal laceration. Am
bstetrics include assessment of elec-
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ronic fetal monitoring tracings, predic-
ion of outcomes of low birthweight ba-
ies, or antenatal risk assessment.18-22

In this study, we have examined a well-
understood clinical problem, TFPL, first
with the use of a standard multivariable
logistic regression analysis to assess inde-
pendent risk factors and then with the
use of CART to determine the most dis-
criminating clinical risk groups and their
associated risks.

MATERIALS AND METHODS
This project was deemed to qualify for
exempt status by the MedStar Research
Institute institutional review board. The
retrospective analysis was performed on
data from women with vaginal births
and live singleton, cephalic-presenting
babies at a gestational age of �37 weeks
and delivering between January 1, 2004,
and December 31, 2008, at 1 of 4 acute
care, teaching and research hospitals of
Medstar Health System, which is a not-
for-profit regional health care system.

Partially complete
dataseta

Records wit
present, n (%

26.6 � 6.2 14,426
.........................................................................................................................

164.0 � 7.4 7449
.........................................................................................................................

31.2 � 6.2 7203
.........................................................................................................................

3435 � 348 14,115
.........................................................................................................................

62.0 � 86.3 4423
.........................................................................................................................

4906 (33.9) 14,458
.........................................................................................................................

1475 (10.2) 14,458

.........................................................................................................................

5531 (38.3) 14,458
.........................................................................................................................

7031 (48.6) 14,458
.........................................................................................................................

8605 (59.5) 14,458
.........................................................................................................................

73 (0.5) 14,458
.........................................................................................................................

1203 (8.3) 14,458
.........................................................................................................................

325 (2.3) 14,302
.........................................................................................................................

1269 (8.8) 14,458
.........................................................................................................................

1736 (12) 14,458
.........................................................................................................................

411 (2.8) 14,458
.........................................................................................................................

stet Gynecol 2011.
The hospitals with obstetrics services are
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in the Baltimore-Washington, DC corri-
dor, and consist of 1 university hospital
and 2 academic community teaching
hospitals with level 3B or C neonatal in-
tensive care units, and 1 academic com-
munity teaching hospital with a level 2
neonatal intensive care unit. Three of the
4 hospitals serve as regional referral
centers.

Data were extracted from 25,150 re-
cords with PeriBirth software (PeriGen,
Princeton, NJ), an intelligent electronic
medical record and decision support ap-
plication introduced during this period.
We selected 16 study variables that were
based on risk factors described in the lit-
erature (Table 1).23,24

The multivariate analysis was confined
to the 10,692 records in which study
variables were 100% complete in each
record.

Although the other 14,458 records
were missing data in �1 fields, they had a
high degree of completeness for all but 3
variables. body mass index, height, and
second-stage duration were available

ta Entirely complete
datasetb P value

26.3 � 6.3 � .001
..................................................................................................................

164.0 � 7.4 .96
..................................................................................................................

31.0 � 6.1 .09
..................................................................................................................

3300 � 431 �. 001
..................................................................................................................

63.2 � 70 .382
..................................................................................................................

5127 (47.9) � .001
..................................................................................................................

1217 (11.4) .003

..................................................................................................................

4377 (40.9) � .001
..................................................................................................................

5700 (53.3) � .001
..................................................................................................................

8165 (76.4) � .001
..................................................................................................................

79 (0.7) .020
..................................................................................................................

1043 (9.8) � .001
..................................................................................................................

314 (2.9) .001
..................................................................................................................

1251 (11.7) � .001
..................................................................................................................

1149 (10.7) .002
..................................................................................................................

471 (4.4) � .001
..................................................................................................................
h da
)

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

(%)
......... .........

)
......... .........

D.
in 31-52% of these records. Birth-
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weight, maternal age, and midwifery/
physician presence at delivery were
complete in 98%. The remaining 10
variables were complete in 100% of
these partial records.

CARTs could use some records with
partial data because these records con-
tained data on most variables. In addi-
tion, CART uses a technique that is based
on local multiple imputations to handle
missing data and to reduce bias. The
number of records that contributed at
each CART node is indicated within pa-
rentheses in the Figure. The characteris-
tics of the study group with respect to the
16 variables are summarized in Table 1.

We subjected both the total 25,150 da-
aset that included partially incomplete
ecords (14,458) and the records with
omplete data (10,692) to univariate
nalysis for the 16 variables that are
hown in Table 2. The variable “hospi-
al” was included to provide an opportu-
ity to see whether there were additional
nmeasured factors within each institu-

FIGURE
CART analysis shows the hierarchy
of perineal laceration, and number

2.2%
(of 22630)

No Episiotomy

1.7%
(of 11544)

8.9%
(of 2025)

2nd Stage
>116.5 

2nd Stage
<116.5

10.0%
(of 1867)

No forc

7.8%
(of 761)

2nd Stage
<90.5

17
(o

2nd Stage
>90.5

13.3%
(of 226)

BMI
>26.7

D

G

C

BMI, body mass index; CART, classification and regression tree; w

Hamilton. Third-/fourth-degree perineal laceration. Am J O
ion that were associated with TFPL.
The multivariable analysis was con-
ucted with only the complete dataset.
any of the 16 variables are interrelated;

o minimize any bias by excluding a fac-
or, we included all 16 variables in the

ultivariable analysis.
All data analyses were performed us-

ng the R Software Package (version
.10.1; The R Foundation for Statistical
omputing). The CART analysis, in par-

icular, relied on the R package “rpart”;
his is based on the work by Breiman et
l9 and obtains a tree by pruning a large
ree according to the 1-SE rule.

RESULTS
Univariate analysis of both the total da-
taset and complete datasets showed very
similar relative risks (Table 2). All rela-
tive risks from the total dataset fell with
95% confidence interval of the relative
risks that were calculated in the complete
dataset except for second-stage duration,
where the difference was small and in the

factors, the percentage
records at each node

3.5%
(of 25150)

15.2%
(of 2520)

Episiotomy

11.1%
(of 1927)

No vacuum

51.7%
(of 60)

Forceps

Birth wt.
<3634g

Birth wt.
>3634g

0.0%
(of 15)

68.9%
(of 45))

28.8%
(of 73)

BMI
<26.7

A

B

F

H

J

L

eight.

Gynecol 2011.
same positive direction.
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Table 3 provides a summary of the re-
sults of the multivariate analysis and shows
the 10 factors that reached statistical signif-
icance for independent association with
TFPL. Among the potentially modifiable
variables, forceps lead the list, followed by
use of episiotomy and vacuum.

Of note, the hospital where the birth
occurred no longer showed any associa-
tion with TFPL. That is, once the mater-
nal, fetal, and clinician variables were
considered, the hospital of birth had no
effect on the rate of TFPL.

We did not use distinct predetermined
cutoffs for the continuous variables. In this
method, the OR for TFPL between 2 spe-
cific levels of a continuous variable was
given by the OR for that variable raised to
the power of the difference, that is OR �,
where � was the difference between the 2
specific levels. For example, the OR for 2
situations in which 1 baby weighs 500 g
more than another is given by OR for
birthweight: 1.002, raised to 500, or

28.3%
(of 593)

Vacuum

27.4%
(of 581)

Birth wt.
<4312g

Birth wt.
>4312g

17.9%
(of 151)

Maternal age
<21.5

Maternal age
>21.5

30.7%
(of 430)

29.8%
(of 252)

51.4%
(of 37)

2nd Stage
>231.5 

2nd Stage
<231.5

100.0%
(of 7)

I

E

M

K

of
of

eps

.0%
f 371

t, w

bstet
1.002500 or 2.72.
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The Figure shows the results from the
CART analysis. The following descriptions
highlight certain positions on these
branches to illustrate key aspects of CART.

The tree begins at position A; the rate of
TFPL was 3.5% in the entire study
population.

Position B shows that the use of epi-
siotomy was the single most discriminat-
ing factor. In the absence of episiotomy,
the rate of TFPL was 2.2 %; whereas in
the presence of an episiotomy, the rate
rose to 15.2%. It is important to point
out that the use of episiotomy reflects a
host of conditions and preferences that
are known to the delivering clinician and
include some conditions and preferences
that are not covered explicitly in this
analysis. For example, the state of the fe-
tal heart rate at that moment and nulli-

TABLE 2
Variables that were examined by u
ratios, and 95% CI for third- /fourth

Variable

Episiotomy
...................................................................................................................

Maternal age
...................................................................................................................

Maternal height
...................................................................................................................

Body mass index
...................................................................................................................

Birthweight
...................................................................................................................

Second stage
...................................................................................................................

Labor augmentation with oxytocin
...................................................................................................................

Labor induction
...................................................................................................................

Epidural
...................................................................................................................

Midwife delivered
...................................................................................................................

Maternal diabetes mellitus or hypertension or
...................................................................................................................

Nulliparity
...................................................................................................................

Fetal heart rate described as “concerning”
...................................................................................................................

Forceps
...................................................................................................................

Vacuum
...................................................................................................................

Hospital
..........................................................................................................

2 vs 1
..........................................................................................................

3 vs 1
..........................................................................................................

4 vs 1
...................................................................................................................

CI, confidence interval.
a Statistical significance, P � .05.

Hamilton. Third-/fourth-degree perineal laceration. Am
parity are 2 of many considerations that
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could influence clinicians to do an epi-
siotomy. The CART technique was not
given information about the current fe-
tal heart rate, but it did have access to
parity information. It is certainly plausi-
ble that both may have influenced the
clinical decision to do an episiotomy.
However, with respect to the task of most
efficiently partitioning the study group
into those with and without TFPL based
on the 16 selected variables, the presence
or absence of episiotomy was the most
discriminating factor. In the absence of
an episiotomy, the only other factor that
provided additional discrimination with
respect to TFPL was the duration of sec-
ond stage (positions C and D).

Following down the branch “with epi-
siotomy,” the next most discriminating
factor was the use of vacuum, which was

ariate analysis, the relative risk
egree perineal laceration

Univariate analysis relat

25,150 subjects, includin
records with incomplete

7.91 (6.87–9.10)a
.........................................................................................................................

1.028 (1.017–1.039)a
.........................................................................................................................

0.983 (0.973–0.993)a
.........................................................................................................................

0.965 (0.951–0.979)a
.........................................................................................................................

1.001 (1.0007–1.00103)
.........................................................................................................................

1.006 (1.0055–1.007)a
.........................................................................................................................

1.40 (1.23–1.61)a
.........................................................................................................................

1.07 (0.94–1.23)
.........................................................................................................................

1.27 (1.09–1.47)a
.........................................................................................................................

0.042 (0.0059–0.298)a
.........................................................................................................................

roid disease 1.13 (0.92–1.39)
.........................................................................................................................

6.11 (5.18–7.21)a
.........................................................................................................................

0.92 (0.74–1.14)
.........................................................................................................................

17.07 (12.19–23.91)a
.........................................................................................................................

6.25 (5.50–7.23)a
.........................................................................................................................

.........................................................................................................................

2.82 (2.31–3.43)a
.........................................................................................................................

1.40 (1.18–1.67)a
.........................................................................................................................

1.84 (1.52–2.23)a
.........................................................................................................................

stet Gynecol 2011.
associated with a 28.3% rate of TFPL (po-
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sition E), compared with 11.1% when de-
livery occurred without vacuum (position
F). The effect seen with use of forceps is
demonstrated at (positions G and H).

The variables birthweight and second-
stage duration appear in multiple
branches, but with different thresholds. At
each junction, CART not only searches for
the next most discriminating variable but
also for its optimal threshold if that vari-
able is continuous. For example, the
4312-g threshold for birthweight with use
ofvacuum(positionI) ismuchhigher than
the 3634 g threshold that is seen with the
use of forceps (position J). These cutoff
points must be viewed with reason by cli-
nicians. Clearly, being close to the thresh-
old is not the same as being far from it.

Some variables (nulliparity and ma-
ternal height) that have been found to be

risk (95% CI)

a
10,692 subjects, including only
records with complete data

7.16 (6.91–8.69)a
..................................................................................................................

1.035 (1.02–1.05)a
..................................................................................................................

0.987 (0.975–0.998)a
..................................................................................................................

0.971 (0.954–0.987)a
..................................................................................................................

1.001 (1.0007–1.0011)a
..................................................................................................................

1.008 (1.007–1.009)a
..................................................................................................................

1.19 (0.99–1.44)
..................................................................................................................

0.99 (0.82–1.19)
..................................................................................................................

1.13 (0.90–1.41)
..................................................................................................................

0 (0–inf)
..................................................................................................................

1.21 (0.92–1.59)
..................................................................................................................

5.84 (5.57–7.47)a
..................................................................................................................

0.92 (0.67–1.25)
..................................................................................................................

15.78 (9.97–24.98)a
..................................................................................................................

5.99 (4.89–7.31)a
..................................................................................................................

..................................................................................................................

3.11 (2.35–4.11)a
..................................................................................................................

1.57 (1.22–2.01)a
..................................................................................................................

1.90 (1.41–2.57)a
..................................................................................................................
niv
-d

ive

g
dat

......... .........

......... .........

......... .........

......... .........
a

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

thy
......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........
significant in the multiple regression
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analysis were not identified to form
nodes with the tree approach. As ex-
plained previously the role of these fac-
tors may be buried within others.

Three terminal nodes (positions K, L,
and M), also named leaves of the tree,
show extreme rates of TFPL. Position K,
which is defined by the use of vacuum
with an episiotomy and a baby who
weighs �4312 g, occurs rarely; however,
when it does happen, all mothers experi-
ence a TFPL. TFPL rates of 68.9% (posi-
tion L) and 51.3% (position M) leaves
are also excessive.

Defining leaves and their associated
complication rates demonstrates how
CART can provide useful information to
help choose if and when to do an episiot-
omy or use vacuum or forceps. For in-
stance, a clinician might notice that the
leaf that is defined by a second stage of
�116.5 minutes without an episiotomy
has a rate of TFPL of 8.9%. It may be
tempting to shorten that second stage
with an episiotomy. This would result in
a lower rate of TFPL only if the patient
with an episiotomy ends up in 2 other
leaves, a spontaneous delivery with a sec-
ond stage of �90.5 minutes where the
rate of TFPL was 7.8%, or that very rare
leaf of 15 mothers for whom delivery oc-
curs with forceps in a baby who weighs
�3634 g. All other leaves in the episiot-
omy branch have higher rates of TFPL.

COMMENT
This report demonstrates how 2 statistical
methods identify the independent risk fac-
tors and combinations of factors that are
especially hazardous for TFPL. Consistent
with past reports, multivariable analyses
indicated strong and independent associa-
tion with forceps, nulliparity, episiotomy,
vacuum, birthweight, and lesser contribu-
tions of 5 other factors.23-30 This type of
nalysis is important because clinicians
ust know which variables are true risk

actors, as opposed to those factors the ap-
arent effect of which is actually related to
nother associated condition.

CART selected episiotomy and opera-
ive delivery techniques to define its top
ranches and produced estimates of risk
hat depended on the specific combina-

ions with other factors. Moreover, it e
rovided some guidance about thresh-
lds for factors that span a continuum.
ts results were more nuanced and dem-
nstrated that it was not the mere pres-
nce or absence of a risk factor that de-
ned outcome. For example, it identified
relatively rare situation in which even

he presence of 2 major independent risk
actors (the use of forceps and episiot-
my) was associated with no TFPL and
ther situations in which the rate of
FPL was very excessive. Even if all 89
others who comprised the high-risk

eaves (positions K, L, and M) with their
xtreme rates of TFPL underwent cesar-
an delivery, there would be a negligible
mpact on the cesarean delivery rate
mong the 25,150 vaginal births.

CART analysis is valuable because its
isk leaves reflect clinical reality in situa-
ions in which the decision to perform
pisiotomy or to use operative delivery
echniques often is based on multiple in-
eracting factors (such as a long second
tage with a suspected large baby in an
lder mother with a high body mass in-
ex); it is useful to know which constel-

ations of factors portend extreme risk.
urthermore, the tree demonstrates how
isks could change depending on the ac-
ions that are taken. For example, short-

TABLE 3
Adjusted odds ratios and the 95%
analysis for factors that attained s

Variable (number with missing data)

Forceps
...................................................................................................................

Nulliparity
...................................................................................................................

Episiotomy
...................................................................................................................

Vacuum
...................................................................................................................

Maternal age
...................................................................................................................

Second stage
...................................................................................................................

Birthweight
...................................................................................................................

Body mass index
...................................................................................................................

Maternal height
...................................................................................................................

Labor augmentation with oxytocin
...................................................................................................................

CI, confidence interval.
a Statistical significance, P � .05.

Hamilton. Third-/fourth-degree perineal laceration. Am
ning the second stage with episiotomy v
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ould cause another branch to be tra-
ersed, with its own risks.
Generalization of these study results to

nother clinical practice would be ap-
ropriate if the characteristics of the
regnancies and clinicians were to match
hose described in this study. We were
nable to study all potential factors that
re associated with TFPL, such as the po-
ition of the head at the time of delivery.

ore variables would require an even
arger database to measure their effects
dequately. Nevertheless, with 25,150 re-
ords and 16 variables, clear patterns
merged in this contemporary multi-
enter study group.

Missing data presents a problem for all
tatistical methods. Overall, 91% of all
ata fields were complete, and most of
he missing data was confined to 3 pa-
ameters. Very similar relative risk calcu-
ations that were based on the complete
ata set vs the total dataset that included

ncomplete records provided reassur-
nce that incomplete data did not intro-
uce major bias.
Medical decisions have always in-

olved weighing factors, assessing op-
ions, and comparing risks to benefits.
linicians call this experience our clini-

al judgment. Other clinicians might

from the multivariable
istical significance

ultivariable analysis adjusted odds ratio
95% CI) for 10,692 subjects that included
nly records with complete dataa

0.94 (6.41–18.69)
..................................................................................................................

5.11 (3.85–6.79)
..................................................................................................................

3.73 (3.01–4.62)
..................................................................................................................

3.32 (2.63–4.19)
..................................................................................................................

1.06 (1.04–1.07)
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..................................................................................................................
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and see it as an exercise in probability
assessment. Patient safety professionals
take yet another perspective by searching
to identify the real-life constellations of
factors that consistently herald adverse
outcome. This article demonstrates how
2 statistical methods help to sort out the
independent risk factors and combina-
tions of factors that are especially
hazardous.

Although we have focused on a spe-
cific and common obstetric issue, one
can imagine easily how these statistical
techniques could be applied to other
problems, where the determinants of
outcome may include system factors
(such as levels of staffing) or clinical ac-
tions (such as delayed intervention) and
standard health parameters. One chal-
lenge for medical informatics is to distill
the mass of detailed information that is
gained from hundreds of thousands of
births and to identify these “toxic” con-
stellations. Modern intelligent electronic
medical records are then well positioned
to search for these situations going for-
ward and to warn clinicians in time so
that they can change pathways and min-
imize untoward consequences. f
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