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Abstract Our aim was to determine the cost-effectiveness
of a policy of elective C-section for macrosomic infants
to prevent maternal anal incontinence, urinary inconti-
nence, and newborn brachial plexus injuries. We used a
decision analytic model to compare the standard of care
with a policy whereby all primigravid patients in the
United States would undergo an ultrasound at 39 weeks
gestation, followed by an elective C-section for any fetus
estimated at >4500 g. The following clinical conse-
quences were considered crucial to the analysis: brachial
plexus injury to the newborn; maternal anal and urinary
incontinence; emergency hysterectomy; hemorrhage
requiring blood transfusion; and maternal mortality. Our
outcome measures included (1) number of brachial
plexus injuries or cases of incontinence averted, (2)
incremental monetary cost per 100,000 deliveries, (3)
expected quality of life of the mother and her child, and
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(4) “quality-adjusted life years” (QALY) associated with
the two policies. For every 100,000 deliveries, the policy
of elective C-section resulted in 16.6 fewer permanent
brachial plexus injuries, 185.7 fewer cases of anal
incontinence, and cost savings of $3,211,000. Therefore,
this policy would prevent one case of anal incontinence
for every 539 elective C-sections performed. The ex-
pected quality of life associated with the elective C-sec-
tion policy was also greater (quality of life score 0.923 vs
0.917 on a scale from 0.0 to 1.0 and 53.6 QALY vs 53.2).
A policy whereby primigravid patients in the United
States have a 39 week ultrasound-estimated fetal weight
followed by C-section for any fetuses >4500 g appears
cost effective. However, the monetary costs in our anal-
ysis were sensitive to the probability estimates of urinary
incontinence following C-section and vaginal delivery
and the cost estimates for urinary incontinence, vaginal
delivery, and C-section.

Keywords Elective cesarean section - Anal
incontinence - Brachial plexus injuries - Macrosomia

Introduction

As maternal and fetal mortality rates have steadily de-
clined within the developed world [1], defining a “‘suc-
cessful” childbirth has become increasingly centered
upon issues of morbidity and quality of life from both
the maternal and neonatal standpoints.

Especially with cases involving macrosomia, vaginal
deliveries can result in significant injuries to both the
mother and baby. Difficult vaginal childbirth has been
implicated as the primary etiologic factor leading to
pelvic floor disorders such as anal incontinence,
urinary incontinence, and pelvic organ prolapse in
the mother [2] as well as permanent brachial plexus
injuries in the newborn [3]. Delivery via C-section
(especially when the C-sections are performed in the
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absence of labor) tends to protect against such
devastating maternal and neonatal injuries [4, 5, 6].
Thus, selective use of elective C-section (i.e., planned
C-sections occurring prior to the onset of labor) may
be a useful strategy to reduce both maternal and
neonatal morbidity.

While recently there has been much debate in both
the medical literature [7, 8, 9] and the lay press [10]
regarding the use of elective C-section, the overall risks
and benefits associated with elective C-section to prevent
maternal and neonatal injuries have not been studied via
traditional scientific research methods. Instead, clinical
viewpoints regarding these issues have been shaped lar-
gely by opinion—with some clinicians and researchers
advocating a woman’s right to choose her delivery
method [11] and others opposing the idea of “C-section
on demand” due to possible increased risks [12] or costs
relative to vaginal delivery.

While it would be difficult or impossible to carry out
traditional scientific research (such as randomized
clinical trials) to determine the optimal strategies
regarding elective C-section, the technique of formal
decision analysis is well suited for such studies [13, 14]
because it explicitly considers each pertinent health
outcome in terms of monetary costs and quality of life.
Thus, decision analysis studies are effective when
medical ethics or patient recruitment difficulties would
make randomized clinical trials problematic or impos-
sible.

Therefore, we used formal decision analysis to study
the use of elective C-section for women believed to have
very large fetuses. Our objective was to examine the cost-
effectiveness of a policy whereby all primigravid patients
in the United States would be offered an ultrasound at
39 weeks gestation followed by elective C-section for
any estimated fetal weights 24500 g—in order to prevent
maternal anal incontinence and neonatal brachial plexus
injury.

Fig. 1 Schematic version
of the decision tree

Qur policy

Methods

A decision analytic model was developed to compare the
cost-effectiveness of two policies for managing the
delivery of primigravid patients: (1) current standard of
care (i.e., spontaneous labor followed by either vaginal
delivery or C-section as indicated) and (2) ultrasound at
39 weeks gestation followed by elective C-section for
those women with estimated fetal weights of 24500 g.
Consideration of those two policies for all primigravidas
represented the two main branches of our decision tree.
Diabetics and nondiabetics were considered indepen-
dently. As the actual decision tree was too large for
inclusion in this manuscript, a schematic version is
provided (Fig. 1). The sub-branches of the tree repre-
sented possible clinical consequences of choosing either
elective C-section or trial of labor. Chance events were
entered into the model as dichotomous branch points or
“nodes,” and the probabilities assigned to each node
were derived from the medical literature.

The major risks and/or complications considered
crucial to the analysis were (1) brachial plexus injury to
the newborn, (2) maternal anal incontinence (i.e.,
involuntary loss of stool and/or flatus), (3) maternal
urinary incontinence, (4) emergency hysterectomy, (5)
blood transfusion due to postpartum hemorrhage, and
(6) maternal mortality. Due to the complexity and size of
our decision tree, we did not consider other important
but primarily transient conditions (such as endometritis
or transient tachypnea of the newborn).

In accordance with the guidelines of the Panel on
Cost-Effectiveness in Health and Medicine [15], we
compared the elective C-section policy to the standard of
care policy in terms of (1) absolute number of brachial
plexus injuries or cases of anal incontinence averted, (2)
incremental monetary cost per 100,000 deliveries, (3)
expected quality of life of the mother and her child, and
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(4) “quality-adjusted life years.” The concept of quality-
adjusted life years (QALY) considers the lifelong bene-
fits of a healthcare policy by projecting these benefits
over the life expectancy of the individual [16].

A panel of health care providers was selected to as-
sign the utilities (i.e., quality of life scores) for each of
the crucial risk/complication scenarios in the model. The
members of this expert panel (Table 1) had diverse
backgrounds and extensive experience dealing with the
medical issues contained in the model. This panel met as
a group to assign scores (Table 2) reflecting the quality
of life associated with each combination of mother-
newborn clinical scenarios (e.g., severe brachial plexus
injury in a newborn whose mother developed anal
incontinence, normal healthy child and mother with anal
incontinence, etc.).

Our model dealt with two individuals at once, (i.e.,
the mother and the baby), so we combined their life
expectancy into a ‘“‘mother/baby dyad.” To do so, we
determined the average age of first-time mothers in the
United States (24.3 years) [17], the life expectancy for
those women (an additional 55.4 years) [18], and the life
expectancy of a newborn in this country (weighted
average of males and females=76.85 years) [I8].

Table 1 Background, expertise, and gender of expert panel members
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Because people value health outcomes that occur over
varying time periods differently, we discounted these life
expectancies at a rate of 3% per annum as recommended
by Weinstein [15].

We used Bayes’ theorem to calculate the positive and
negative predictive values of ultrasound to detect
macrosomia. To test the robustness of our findings, we
performed sensitivity analyses using plausible ranges on
all probability, cost, and utility estimates. All analyses
were performed using DATA 4.0 (TreeAge Software
Inc., Boston, Mass., USA). More specific information
regarding the components of our model is outlined
below.

When conducting cost-effectiveness analyses, cost
estimates depend upon the perspective (or viewpoint)
used. In terms of decision analytic studies, the two most
commonly used perspectives are individual (which con-
siders costs of any single payer, patient, or provider) and
societal (which represents the perspective of all persons
affected by the intervention and is the one recommended
by The Panel on Cost-Effectiveness in Health Medicine)
[19].

Our methods for determining costs were derived from
Medicare relative value unit coefficients and reimburse-

Background/expertise Gender Obstetric history

Urogynecology physician (attending) Female 2 uncomplicated vaginal deliveries

Urogynecology physician (attending) Male NA

Urogynecology physician (fellow) Male NA

Urogynecology physician (fellow) Female 1 elective C-section

OB-GYN physician (2nd year resident) Female 1 vaginal delivery complicated by anal
sphincter disruption (currently asymptomatic)

Urogynecology research RN Female 2 uncomplicated vaginal deliveries

Maternal fetal medicine physician (attending) Female Nulliparous

Table 2 Utility (i.e., quality of life) estimates assigned by expert panel

Clinical condition of mother and child Estimate Plausible range
Uncomplicated vaginal delivery and healthy child 1.00 0.90-1.00
Vaginal delivery including 1st or 2nd degree episiotomy that heals normally and healthy child 0.995 0.90-1.00
Brachial plexus injury that resolves within 2 months 0.99 0.90-1.00
Hemorrhage requiring blood transfusion 0.96 0.90-1.00
3rd-4th anal sphincter disruption that heals well (asymptomatic) 0.85 0.75-0.95
Peripartum hysterectomy and healthy child 0.71 0.61-0.81
Urinary incontinence 0.70 0.60-0.80
Permanent brachial plexus injury (mild to moderate) 0.6000 0.50-0.70
Anal incontinence and healthy child 0.5000 0.40-0.65
Anal incontinence, peripartum hysterectomy, and healthy child 0.4900 0.35-0.65
Anal incontinence, urinary incontinence, and healthy child 0.4800 0.35-0.65
Anal incontinence and permanent brachial plexus injury (mild to moderate) 0.4600 0.30-0.60
Permanent brachial plexus injury (severe) and uncomplicated delivery 0.4500 0.30-0.60
Permanent brachial plexus injury (severe) and anal incontinence 0.3500 0.20-0.60
Permanent brachial plexus injury (severe), anal incontinence, and urinary incontinence 0.3400 0.20-0.60
Permanent brachial plexus injury (severe), anal incontinence, urinary incontinence, peripartum 0.3000 0.20-0.60
hysterectomy, and blood transfusion

Maternal death 0.0300 0.00-0.10
Maternal death and brachial plexus injury that resolves within 2 months 0.0297 0.00-0.10
Maternal death and permanent brachial plexus injury (mild to moderate) 0.0180 0.00-0.10
Maternal death and permanent brachial plexus injury (severe) 0.0 0.0-0.10
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ment rates using the societal perspective as described by
Chung [20]. Total Medicare costs included the physician
fee schedule, anesthesia fee schedule (where applicable),
and the hospital payment (where applicable). We used
the fee schedules for 2001 and the geographical practice
cost for Louisville, KY [21]. The total costs used in the
model are listed in Table 3. The components of the costs
were as follows: a “‘complicated” delivery (either C-
section or vaginal) included any combination of blood
transfusion, hysterectomy and/or maternal death, and
“uncomplicated” delivery included none of those three
events. The cost of a transient brachial plexus injury
included a hospital consultation by a specialist, physical
therapy three times a week for 4 months, and one needle
electromyography (EMG) test. The cost of a permanent,
mild, or moderate brachial plexus injury included the
costs of a transient injury plus one outpatient office visit
to a specialist, continued physical therapy for 3 years,
and magnetic resonance imaging (MRI) of the extremity
and shoulder. The cost of a permanent, severe brachial
plexus injury included all costs for a moderate injury
plus one attempt at surgical correction. The cost of anal
incontinence included one outpatient visit to a specialist,
one ultrasound of the external anal sphincter, one
external anal sphincteroplasty on all patients, and a re-
peat sphincteroplasty on 25% of those patients. The cost
of urinary incontinence was determined by multiplying
the average annual direct individual cost of urinary
incontinence [22] by the life expectancy of the mother.
Any costs that occurred over time were discounted at a
rate of 3% per annum as recommended by Weinstein
et al. [15].

We used a systematic approach to assign the proba-
bilities within the model as follows: for each node, we
read all pertinent articles retrieved from a MEDLINE
search dating back to 1980. References listed in those
articles were used to identify other pertinent articles not
found in the original MEDLINE searches. Whenever
possible, data from randomized clinical trials were used.
When lesser medical evidence was used, priority was
given to cohort studies, case-control studies, case series,

and expert opinion, in that order. The probability esti-
mates and plausible ranges used in our model are listed
in Table 4. Some of the key estimates are presented
below.

For nondiabetics and diabetics, the prevalence of
actual birth weights >4500 g is 1.5 and 6.1%, respec-
tively [23]. In nondiabetics, the sensitivity and specificity
of ultrasound to detect a fetus weighing >4500 g are 58.5
and 91%, respectively. In diabetics, the sensitivity and
specificity of ultrasound to detect a fetus weighing
24500 g are 57 and 94%, respectively [24, 25, 26]. These
estimates were used to derive our main results. We also
ran the model separately using a sensitivity estimate of
90%. We did this to account for the possibility that
technological advances may improve our ability to de-
tect macrosomia in the future.

When attempting a trial of labor for primigravid
patients in the United States, the overall C-section rate is
19.3% [27]. For babies weighing 24500 g at birth, the C-
section rate is 45% [28].

The prevalence of brachial plexus injury increases
with increasing birth weight and is higher among dia-
betics. Among nondiabetics delivering vaginally, the
prevalence is 0.065% for babies weighing <4000 g,
0.432% for babies weighing 40004499 g, and 2.14% for
babies weighing >4500 g. Among diabetics, the preva-
lence rates following vaginal delivery are 0.18, 1.16, and
5.09% for babies weighing 4000 g, 4000-4499 g, and
24500 g, respectively [3].

Contrary to previous estimates [29], two recent lon-
gitudinal studies suggested that only 16.7% of all bra-
chial plexus injuries spontaneously resolve [30, 31]. Of
all brachial plexus injuries, approximately 27% are
permanent and severe according to the Mallet [32]
classification system, meaning that the affected arm will
be essentially useless throughout life. Another 56% of
these permanent injuries are at least moderate, meaning
that the range of motion (abduction and/or rotation) in
the affected arm will be limited to less than 30°. Only
0.6% of C-sections result in brachial plexus injuries of
any kind [3].

Table 3 Cost estimates used

in model Estimate Plausible range
(in US'5) (in US §)
Immediate costs
Repair of any episiotomy/laceration 10 0-25
39 week ultrasound 76 38-152
Brachial plexus injury (spontaneous resolution) 1440 720-2880
Anal incontinence 2927 1000-5854
Uncomplicated vaginal delivery 4187 2094-8374
Complicated vaginal delivery 5618 2809-11,236
Uncomplicated elective C-section 7361 3681-14,722
Complicated elective C-section 10,364 5182-20,728
Uncomplicated non-elective C-section 8740 4370-17,480
Complicated non-elective C-Section 12494 6247-24,988
Costs discounted over time
Permanent brachial plexus injury (mild to moderate) 12868 6434-25,736
Permanent brachial plexus injury (severe) 14863 7432-29,726
Urinary incontinence 15059 7530-30,118




Table 4 Prevalence estimates used in the model

23

Clinical condition Prevalence Plausible References
estimate range
Anal incontinence following anal sphincter disruption 0.23 0.03-0.38 [37, 38]
Brachial plexus injury among infants 24500 g when gestational diabetes present 0.05 0.001-0.10 [3]
Brachial plexus injury among infants 4000-4499 g when gestational diabetes present 0.016 0.001-0.05 [3]
Brachial plexus injury among infants <4000 g when gestational diabetes present 0.002 0.001-0.01 [3]
Brachial plexus injury among infants 24500 g in the absence of gestational diabetes 0.02 0.001-0.10 [3]
Brachial plexus injury among infants 40004499 g in the absence 0.004 0.001-0.05 [3]
of gestational diabetes
Brachial plexus injury among infants <4000 g in the absence of gestational diabetes ~ 0.0007 0.0001-0.01 [3]
Brachial plexus injury following elective or non-elective C-section 0.0006 0.000001-0.03 [3, 50]
Chance that any brachial plexus injury will be permanent 0.83 0.05-0.9 [29, 30, 31]
Chance that a permanent brachial plexus injury will be severe® 0.27 0.05-0.50 [29, 30, 31]
Chance that a permanent brachial plexus injury will be moderate® 0.56 0.05-0.75 [29, 30, 31]
Chance that a brachial plexus injury will resolve 0.167 0.05-0.5 [29, 30, 31]
Hemorrhage requiring blood transfusion following vaginal delivery 0.14 0.02-0.75 [51]
AND hysterectomy
Hemorrhage requiring blood transfusion following vaginal delivery 0.007 0.001-0.1 [49]
WITHOUT hysterectomy
Hemorrhage requiring blood transfusion following elective C-section 0.14 0.02-0.75 [52]
AND hysterectomy
Hemorrhage requiring blood transfusion following elective C-section 0.014 0.005-0.10 [50]
WITHOUT hysterectomy
Hemorrhage requiring blood transfusion following NON-elective 0.14 0.02-0.75 [50]
C-section AND hysterectomy
Hemorrhage requiring blood transfusion following NON-elective C-section 0.054 0.001-0.10 [50]
WITHOUT hysterectomy
Maternal mortality following vaginal delivery 0.00004 0.00002-0.00005 [41]
Maternal mortality following elective C-section 0.000028 0.00002-0.00005 [41]
Maternal mortality following NON-elective C-section 0.0003 0.0001-0.001 [41]
Rate of episiotomy among primigravidas 0.41 0.25-0.50 [34, 35]
Peripartum hysterectomy following vaginal delivery 0.0002 0.0001-0.01 [40]
Peripartum hysterectomy following elective C-section 0.007 0.001-0.01 [40]
Peripartum hysterectomy following NON-elective C-section 0.007 0.001-0.01 [40]
Anal sphincter disruption when infant 24500 g WITHOUT episiotomy 0.16 0.05-0.25 [33, 34]
Anal sphincter disruption when infant 4000-4499 ¢ WITHOUT episiotomy 0.11 0.01-0.25 [33, 34]
Anal sphincter disruption when infant <4000 g WITHOUT episiotomy 0.043 0.01-0.25 [33, 34]
Anal sphincter disruption when infant 24500 g WITH episiotomy 0.42 0.25-0.50 [33, 34]
Anal sphincter disruption when infant 40004499 ¢ WITH episiotomy 0.32 0.20-0.50 [33, 34]
Anal sphincter disruption when infant <4000 g WITH episiotomy 0.15 0.10-0.50 [33, 34]
Non-elective C-section when infant 24500 g 0.45 0.30-0.70 [27, 28]
Non-elective C-section when infant 40004499 g 0.27 0.15-0.50 [27, 28]
Non-elective C-section when infant <4000 g 0.18 0.10-0.50 [27, 28]
Overall prevalence of gestational diabetes 0.03 0.01-0.09 [53]
Prevalence of infants weighing >4500 g among gestational diabetics 0.06 0.02-0.10 [54]
Prevalence of infants weighing 4000-4499 g among gestational diabetics 0.17 0.05-0.25 [54]
Prevalence of infants weighing <4000 g among gestational diabetics 0.77 0.50-0.90 [54]
Prevalence of infants weighing >4500 g among nondiabetics 0.015 0.005-0.03 [54]
Prevalence of infants weighing 4000-4499 g among nondiabetics 0.082 0.03-0.10 [54]
Prevalence of infants weighing <4000 g among nondiabetics 0.9 0.75-0.99 [54]
Sensitivity of test for gestational diabetes 0.99 0.90-0.9950 [54]
Specificity of test for gestational diabetes 0.66 0.50-0.80 [54]
Sensitivity of ultrasound to detect macrosomia among gestational diabetics 0.57 0.50-0.95 [24, 25, 26]
Specificity of ultrasound to detect macrosomia among gestational diabetics 0.94 0.75-0.95 [24, 25, 26]
Sensitivity of ultrasound to detect macrosomia among nondiabetics 0.59 0.50-0.95 [24, 25, 26]
Specificity of ultrasound to detect macrosomia among nondiabetics 0.91 0.75-0.95 [24, 25, 26]
Urinary incontinence following 1st vaginal delivery 0.25 0.05-0.30 [40]
Urinary incontinence following 1st elective C-section 0.05 0.01-0.30 [40]
Urinary incontinence following 1st non-elective C-section 0.12 0.05-0.30 [40]

“Mallet [32] class less than 3
"Mallet [32] class 3 to 4

The use of both episiotomy and operative vaginal macrosomic infants [34] and episiotomies are incorpo-
delivery significantly increases the risk of anal sphincter rated in 40.6% of all primigravid deliveries [35, 36].
disruption [33]. Vacuum and/or forceps are used in Forceps tend to damage the pelvic floor more often than
approximately 19% of vaginal deliveries involving vacuums [37]. Due to the inherent subjectivity associated
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with choosing between forceps and vacuum use, we
chose to account for episiotomy but not operative
delivery in our analysis. In other words, rather than
inject bias into the decision tree by arbitrarily choosing a
rate of forceps vs vacuum use, we decided to leave
operative vaginal delivery out of the model entirely.

Therefore, when choosing the prevalence estimates
for anal sphincter disruption used in our model, we as-
sumed that the baseline rate of anal sphincter disruption
(i.e., in the absence of macrosomia) with and without
episiotomy were 14.8 and 4.3%, respectively [35]. We
then used the odds ratios reported by Angioli [33] to
arrive at the likelihood of anal sphincter disruption
associated with macrosomia (Table 4).

If a woman sustains a third- or fourth-degree anal
sphincter disruption, the likelihood that she will expe-
rience chronic anal incontinence is 23% [38, 39]. For the
purposes of our model, we assumed that anal inconti-
nence would not happen in the absence of an anal
sphincter disruption.

The prevalence rates of urinary incontinence among
primiparous patients who undergo elective C-section,
non-elective C-section, and spontaneous vaginal delivery
are 5, 12, and 24.5%, respectively [40].

Emergency postpartum hysterectomies are performed
after 0.02% of vaginal deliveries and 0.7% of C-sections
[41]. We could not find specific information regarding
the rates of postpartum hysterectomy for elective and
non-elective primary C-sections, so for the purposes of
the model we assumed they were equal.

The maternal mortality rates (expressed in deaths per
100,000 births) associated with vaginal delivery, elective
C-section, and non-elective C-section are 3.6, 2.8, and
30.0 respectively [42].

Sensitivity analyses were performed to assess the
robustness of the model. The value of each probability,
utility, and cost estimate was varied within a plausible
range to determine if there was a point at which the
preferred strategy changed from the proposed 4500 g
screening policy to standard of care. These one-way
sensitivity analyses were performed separately with
respect to effectiveness and cost. With respect to
effectiveness, a variable was considered to have a
threshold if its variation in the model caused the
standard of care approach to win out in terms of
quality of life. With respect to cost, a variable was
considered to have a threshold if its variation within
the model caused the standard of care approach to win
out in terms of monetary cost. These sensitivity anal-
yses (rather than p-values and confidence intervals)
provide the inferential strategy within decision analysis
studies.

Results

For every 100,000 deliveries, adopting the policy of
near-term ultrasound followed by elective C-sections for
fetuses believed to weigh > 4,500 grams resulted in 185.7

fewer cases of maternal anal incontinence and 16.6 fewer
cases of permanent neonatal brachial plexus injury than
the current standard of care. Thus under the new policy,
one case of anal incontinence would be prevented
for every 539 elective C-sections performed, and one
permanent brachial plexus injury would be prevented for
every 6,024 elective C-sections performed.

For every 100,000 deliveries, the standard of care
policy cost $850,581,000 and the elective C-section
policy cost $847,370,000. Thus, the new policy resulted
in a cost savings of $3,211,000 for every 100,000
deliveries.

The expected quality of life — for the mother/newborn
dyad — of the elective C-section policy was higher than
that for the current standard of care (0.923 vs 0.917 on a
scale from 0.0 to 1.0). The standard of care approach
resulted in 53.2 QALY and the 4500 g screening pol-
icy resulted in 53.6 QALY. Thus the selective use of
elective C-section as proposed in our model resulted in a
higher quality of life per delivery at lower monetary
costs.

Separate analyses for diabetic women revealed simi-
lar, slightly more compelling results. Among diabetics,
the elective C-section policy saved $6,375,000 per
100,000 deliveries; resulted in an added quality of life of
0.006 (0.922 vs 0.928 on a scale from 0.0 to 1.0), and
resulted in an additional 0.33 QALY for the mother-
infant dyad. Even when non-diabetics were considered
alone, the elective C-section won out in terms of cost
and effectiveness. Among non-diabetics, the elective C-
section policy saved $3,113,000 per 100,000 deliveries;
resulted in an added quality of life of 0.006 (0.917 versus
0.923), and resulted in an additional 0.37 QALY for the
mother/newborn dyad.

If the sensitivity of ultrasound to detect macrosomia
could be improved from 58.5% to 90% (chosen arbi-
trarily) the proposed elective C-section policy would
result in an even greater cost savings of $3,827,000 per
100,000 deliveries and an additional 0.40 QALY for the
mother/newborn dyad.

None of the estimates of probability or utility reached
a threshold within wide plausible ranges when the focus
was on effectiveness (or QALY gained). The model was
very robust: the proposed 4500 g screening strategy
clearly results in (1) fewer cases of permanent brachial
plexus injury to the newborn, (2) fewer cases of maternal
anal incontinence, (3) a higher quality of life for the
mother-infant dyad, and (4) more QALYs for the mo-
ther-infant dyad.

None of the quality of life wutilities manifested a
threshold when the outcome was monetary costs, and
only two of the probability estimates manifested a
threshold. Those probability estimates were (1) the
probability of urinary incontinence resulting from a
vaginal delivery; and (2) the probability of urinary
incontinence resulting from an elective C-section. Our
estimate for the probability of urinary incontinence
resulting from a vaginal delivery was 0.245; if this
probability decreased to 0.217, a threshold would be



reached and the monetary costs would be equal for the
two policies. Our estimate for the probability of uri-
nary incontinence resulting from an elective C-section
was 0.05; if that estimate were raised to 0.072, a similar
cost threshold would be reached. Therefore, the mon-
etary costs in our analysis were sensitive to the proba-
bility estimates of these two outcomes of urinary
incontinence.

There were four cost estimates that reached a
threshold amid very wide plausible ranges. Those were
the costs associated with (1) urinary incontinence, (2)
uncomplicated vaginal delivery, (3) uncomplicated elec-
tive C-section, and (4) uncomplicated non-elective C-
section. If the current costs associated with urinary
incontinence could be lowered by 13 percent (from
$15,059 to $13,100), or if the cost of vaginal delivery
were lowered by 10 percent (from $4,187 to $3,764), then
the standard of care policy would be less costly.

The cost of an uncomplicated non-elective C-section
would have to decrease 19% (from $8,740 to $7,092) to
reach a cost threshold, and the cost of an uncomplicated
elective C-section would have decrease 4% (from $7,699
to $7,361) to reach a cost threshold.

Although urinary incontinence was not the major
focus of this analysis, we performed a “‘special” sensi-
tivity analysis regarding this condition. We did this
because the outcome of our model was sensitive to the
prevalence of this condition. To do so, the entire cost-
effectiveness analysis was conducted with the probability
of urinary incontinence (for vaginal delivery and both
types of C-section) set to zero. In other words, we ran
the analysis as though urinary incontinence were irrele-
vant to our decision-making goals. Doing so put the
focus of the analysis on anal incontinence and brachial
plexus injury. With urinary incontinence removed from
the model entirely, the elective C-section policy still won
out in terms of QALY—with an incremental gain of
0.112 per delivery. However, doing so also resulted in
higher costs—with the elective C-section policy costing
$21,432,000 more per 100,000 deliveries than the stan-
dard of care policy. In that scenario, the elective C-
section policy would cost an additional $1,921 per
QALY gained.

Discussion

The optimal delivery strategy for suspected macrosomic
infants must include a balanced consideration of eco-
nomic costs, morbidity, mortality, and overall quality of
life for the mother and baby. Formal decision analysis is
a powerful method for guiding clinical decision making
by incorporating all of these factors. When a proposed
strategy proves both less costly and better in terms of
quality of life, it should be considered “dominant” and
adopted as a public policy [43]. Our policy of elective
C-section for babies believed to weigh >4500 g met
these criteria. With respect to effectiveness, our model
was completely robust to any estimates of probability,
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utility, and cost within wide plausible ranges. With
respect to costs, our analysis was robust to all of the
estimates of probability, utility, and all costs with the
important exceptions of costs for urinary incontinence
and the costs of the various delivery modes.

However, even when urinary incontinence was com-
pletely removed from the model (thereby maximizing its
negative impact on the elective C-section policy), the
4500-g screening strategy remained optimal in terms of
QALY. In that scenario, the elective C-section policy
would cost $1921 per QALY gained. According to
Owens [44], a proposed healthcare policy should be
considered cost effective if it requires an incremental cost
of less than $50,000 to ‘“‘purchase” one additional
QALY. More recently, even this $50,000 threshold has
been challenged [45] for being too low. Therefore, even
with urinary incontinence removed from the model, the
elective C-section policy was highly cost effective by
these standards.

Although the long-term sequelae associated with
difficult vaginal deliveries represent a major public
health issue, highly prevalent and debilitating conditions
such as anal incontinence have rarely been factored into
policies that guide obstetrical practices. Anal inconti-
nence has significant negative effects on sexuality, exer-
cise, social activities, and work activities, and is directly
associated with depression [46]. The poor quality of life
score assigned by our expert panel to the outcome of
anal incontinence reflected these potential lifelong
repercussions.

Vaginal childbirth, occurring without significant
short- or long-term complications, is clearly the outcome
of choice among obstetric care providers and patients
alike. Within the current standard of care, C-sections are
primarily offered when attempts at vaginal delivery are
impractical or fail. As such, C-sections are most com-
monly viewed as a second choice. Unfortunately, it is
impossible to accurately predict all individual adverse
events associated with attempted vaginal childbirth.
Although our ability to evaluate and treat pelvic floor
disorders such as anal incontinence continues to
improve, little progress has been made in the area of
primary prevention. Elective C-section is a logical pri-
mary preventive strategy when reserved for patients at
particularly high risk for the sequelae of vaginal child-
birth. Women with macrosomic fetuses represent one
such risk group.

Any policy that would result in higher overall
C-section rates is met with understandable skepticism.
However, the argument for reducing C-section rates is
predicated on the belief that they are always more costly,
more lethal, and more morbid than vaginal deliveries.
When debating these issues, the concept of “intent to
treat” warrants careful consideration. C-sections per-
formed electively in the absence of labor should be dis-
tinguished from those performed after a trial (or
“intention’’) of labor. Recent evidence suggests that
C-sections performed electively before the onset of labor
compare favorably to vaginal delivery in terms of safety
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and cost [47, 48]. Thus, when vaginal delivery is
attempted unsuccessfully, a significant degree of any
morbidity or mortality associated with C-sections
should be attributed to the original decision to attempt
vaginal delivery. In other words, it is possible that a
significant proportion of these problems would have
been avoided if the C-section had been performed elec-
tively. The technique of formal decision analysis allowed
for the comparison of two obstetrical strategies from an
intent to treat perspective.

Ours is not the first decision analysis regarding elec-
tive C-section for macrosomic infants. In 1996, Rouse
[28] used a decision analytic model to examine a policy
whereby infants with ultrasonically detected macrosomia
would be delivered via elective cesarean section to pre-
vent brachial plexus injuries alone. These authors de-
scribed such a policy as economically unsound due to
both the low incidence of brachial plexus injuries and the
poor predictive value of ultrasonic estimated fetal
weight. Their analysis differed from ours in several ways:
(1) they chose not to consider maternal pelvic floor dis-
orders (nor any other maternal morbidity associated with
macrosomia) or any quality of life estimates, (2) their
estimates for the number of infants who would experi-
ence spontaneous resolution of their brachial plexus
disorders [29] were considerably higher than the esti-
mates we used [30, 31], and (3) their monetary cost esti-
mates were calculated differently than ours. Specifically,
their cost estimates were not based on the Medicare rel-
ative value unit coefficients and reimbursement rates.

Recognizing that a decision analysis model is subject
to the biases of its creator, we consistently chose
assumptions that would tend to bias the analysis against
the use of elective C-section. Nevertheless, there are
several limitations to our study. First and foremost, a
reader must decide to accept the validity of our utility
scores before he/she can accept the validity of our con-
clusions.

Also, our model only considers a woman’s first
delivery; therefore, it does not consider the impact of
future C-sections or attempted vaginal births. An indi-
vidual woman’s risk of placenta previa—and therefore
the chance of significant hemorrhage and/or emergency
hysterectomy—increases with an increased number of
C-sections [49]; leaving future deliveries out of the model
undoubtedly enhanced the desirability of the elective
C-section policy. Thus, the policy we suggest may not be
ideal for patients planning large families.

We chose not to include certain short-term morbidi-
ties typically associated with both C-sections and vaginal
deliveries such as wound infections, urinary tract infec-
tions, and thromboembolic disease. Assuming these
morbidities are disproportionately associated with
C-sections performed after a trial of labor, their inclu-
sion would have further enhanced the desirability of the
elective C-section policy in our model. Thus, our deci-
sion to exclude these factors was a ‘“‘conservative”
one—favoring the standard of care policy.

We made other “conservative” choices regarding the
causes of anal incontinence and the use of vacuum or
forceps. For the purposes of this model, a woman could
only develop anal incontinence if she sustained a third- or
fourth-degree anal sphincter disruption during a vaginal
delivery. In reality, some patients develop anal inconti-
nence after both uncomplicated vaginal deliveries and C-
sections, but again higher proportion of these cases occur
following vaginal birth [34]. Therefore, including esti-
mates for anal incontinence following all types of deliv-
eries would have made the elective C-section policy even
more desirable. Similarly, as mentioned in the “Meth-
ods” section, our decision to assume that no forceps or
vacuums were used caused us to underestimate the
desirability of elective C-section within the model.

Our methods for deriving costs also tended to
underestimate the savings associated with the elective C-
section policy. Whereas the direct lifetime costs of uri-
nary incontinence have been previously reported [22] and
were included in the model, no similar data exist with
regard to anal incontinence. Therefore, our model vastly
underestimated the costs of anal incontinence, as we only
considered the immediate direct costs (within 12 months
of the anal sphincter injury) of this potentially lifelong
condition. The same is true of the estimate of brachial
plexus injury costs, because we only considered the first
3 years of an affected child’s life. Furthermore, despite
the clear medicolegal ramifications of anal sphincter and
brachial plexus injuries, no such costs were included in
our analysis. While including those costs in the model
would have favored the elective C-section policy, doing
so would have increased the model’s subjectivity—Ileav-
ing it more vulnerable to scrutiny.

In conclusion, as the debate surrounding obstetrical
choices evolves relative to the concept of informed
consent, our findings may provide useful insight for the
subset of women believed to be carrying macrosomic
fetuses. Our analysis suggests that a policy whereby all
primigravid patients in the United States would undergo
an ultrasound at 39 weeks gestation, followed by an
elective C-section for any fetus estimated at >4500 g,
would be cost effective. Recognizing the widespread
implications of adopting such a policy (including the
extra time and effort that will be required of obstetric
practitioners during the informed consent process), we
advocate the addition of “delivery mode counseling”
codes to the Medicare physician fee schedule with
reimbursement rates that accurately reflect the resultant
efforts of obstetric practitioners.
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Editorial comment

This is an interesting decision analysis looking at a unique
method for determining who would be a candidate for an
elective cesarean section. In this decision analysis, all
patients have an ultrasound at 39 weeks estimated gesta-
tional age (EGA) and if it is estimated that the fetal
weight is greater than 4500 g, that patient would be rec-
ommended for an elective cesarean section. This would
then be a cost-effective way of reducing the risk of brachial
plexus injury to the infant and reduce the risk of fecal
incontinence. One of the most fascinating aspects of this
paper is that even though they looked at this as a strategy
to prevent urinary incontinence, they could not show that
this would significantly reduce the incidence of urinary
incontinence. This together with several other large epi-
demiologic studies are starting to cast doubt on the
strategy of elective cesarean section to prevent urinary
incontinence. One of the questions that always surfaces
after reviewing this type of article is that while we can pick
out specific diseases such as brachial plexus injury and
anal incontinence, it is difficult to determine the impact of
all the other potential complications and benefits. Until a
large prospective randomized trial is done comparing a
strategy of offering patients elective cesarean versus
planned vaginal delivery, it will be impossible to know
what the real impact of elective cesarean sections will be.



