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Abstract
OBJECTIVE—To determine the cost-effectiveness of medical and surgical management of early
pregnancy loss

DESIGN—In the multi-center trial, 652 women with first-trimester pregnancy failure were
randomized to medical or surgical management. Analyses of cost, effectiveness and incremental
cost-effectiveness ratios and utilities were conducted.

SETTING—Analysis of data from a multi-center trial

PATEINTS—Secondary analysis of a multi-center trial

INTERVENTIONS—Cost effective analysis

MAIN OUTCOME—Cost and effectiveness of competing treatment strategies

RESULTS—Cost analysis of treatment demonstrates an increased cost of $336 for 13% increased
efficacy of surgical management. This analysis was sensitive to the probability of extra office
visit, cost of visit, and probability of success. When the surgical arm is divided into outpatient
manual vacuum aspiration (MVA) versus inpatient electric vacuum aspiration (EVA), there is
increased cost of $745 for EVA, but decreased cost of $202 for MVA, compared with medical
management. In general, MVA was found to be more cost-effective than medical management.
For treatment of incomplete or inevitable abortion, medical management was found to be less
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costly and more efficacious. Utilities studies demonstrated that a patient would need to prefer
surgery 14% less than medication in order for its treatment efficacy to be outweighed by desire to
avoid surgery.

CONCLUSION—Surgical or medical management of early pregnancy failure can be cost
effective, depending on the circumstances. Surgery is cost effective and more efficacious when
performed in an outpatient setting. For incomplete or inevitable abortion, medical management is
cost effective and more efficacious.

INTRODUCTION
Early pregnancy failure is a common occurrence, affecting one-third of early pregnancies (1)
and one-fourth of all women (2). Although the traditional treatment option for such
pregnancies has been surgical evacuation of the uterus, medical treatment with misoprostol
has been gaining popularity as a noninvasive alternative. Both surgical and nonsurgical
treatments are currently acceptable in practice (3), but deciding what the best regimen to use
in a given clinical scenario is not always clear.

A randomized clinical trial by Zhang demonstrated that misoprostol is an acceptable
alternative to vacuum aspiration for the management of early pregnancy failure (4). The
success rate of medical management was 84% compared to the 97% success of surgical
management, but it is not known which approach is more cost effective. This large multi-
center trial incorporated patients with three types of miscarriages (incomplete and inevitable,
anembryonic, and fetal or embryonic demise) which were treated by two different surgical
methods (manual vacuum aspiration and electric vacuum aspiration). We therefore
performed a cost effective analysis of surgical versus medical therapy in the management of
early pregnancy failure, looking at the varying surgical treatment options as well as the types
of miscarriage in an effort to clarify which subgroups of patients would benefit from
medical or surgical management.

MATERIALS AND METHODS
Trial background

The randomized trial was approved by the institutional review boards of the National
Institute of Child Health and Human Development, Columbia University, the University of
Miami, the University of Pennsylvania, the University of Pittsburgh, and Clinical Trials
&Surveys Corp. Patients with anembryonic gestation, embryonic or fetal death, or
incomplete or inevitable abortion were enrolled between March 2002 and March 2004 at the
four participating institutions. Exclusion criteria included anemia (hemoglobin level below
9.5 g per deciliter), hemodynamic instability, a history of a clotting disorder or anticoagulant
use (not including aspirin), allergy to prostaglandins or nonsteroidal anti-inflammatory
drugs, and prior surgical or medical abortion that was either self-induced or induced by other
physicians during the current pregnancy. Written informed consent was obtained by all
subjects. Patients were randomized to medical or surgical management using a centralized,
computer-automated telephone response system in a 3:1 ratio. Randomization was stratified
according to the study site and the type of pregnancy failure (anembryonic gestation or fetal
death vs. incomplete or inevitable spontaneous abortion) using randomly permuted blocks.

Surgical management typically consisted of manual vacuum aspiration (IPAS, Chapel Hill,
NC) using local anesthesia or sedation at the discretion of the treatment team) in an
outpatient setting at Columbia University and the University of Pittsburgh, and electric
vacuum aspiration in an operating room at the University of Miami and the University of
Pennsylvania (Synevac Vacuum Aspiration System 10 (Redwood, CA ) using sedation,
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spinal or general anesthesia at the discretion of the treatment team). The aspiration was
performed by a study investigator or by a resident physician who was supervised by an
investigator. All women were contacted by telephone on day 8 to inquire about any
symptoms, medications, or emergency visits to the hospital after the treatment. Women
returned for a follow-up visit on day 15 (range, day 13 to day 18). Medical management
consisted of treatment with four 200-μg tablets (800 μg) of misoprostol (Cytotec, Searle)
vaginally. These women returned on day 3, and if expulsion was not complete (a gestational
sac was still visualized or the endometrial lining was greater than 30 mm on transvaginal
ultrasonography), a second 800-μg dose of misoprostol was administered vaginally. On day
8 (range, day 6 to day 10), if the expulsion of products of conception was still not complete,
vacuum aspiration was offered. The women returned for a follow-up visit on day 15. At each
follow-up visit, transvaginal ultrasonography was performed, and the clinical investigator
performed a physical examination, conducted an interview, and collected structured diary
pages. In addition, at the day 15 visit, hemoglobin was measured and each woman
completed a questionnaire assessing the acceptability of the treatment and the quality of life.
A telephone interview was conducted on day 30 (range, day 25 to day 35) to determine
whether any woman underwent additional treatment. Women with symptoms potentially
related to the study treatment were followed until the symptoms resolved.

The study was designed as a non-inferiority trial given the assumption that medical
treatment would not surpass surgical treatment. For medical treatment to be considered a
reasonable alternative to surgery, it was decided that medical treatment should be effective
80% of the time, assuming a surgical success rate of 98%. Success was defined as complete
uterine evacuation without the need for vacuum aspiration in the medical management
group. Treatment failure was defined as the need for vacuum aspiration for the medical
management group or a repeated aspiration in the surgical management group within 30
days after initial treatment. Full details of the trial have been published previously.(4)

Data analysis
The cost-effectiveness of medical management in comparison with surgical management
was expressed in terms of incremental cost per effectiveness. We conducted a cost
effectiveness analysis using decision analysis methodology. Models were constructed and
analyzed using Data 3-0 for Windows. Patient characteristics, probabilities of outcome and
side effects were taken from those in the randomized controlled trial. The costs that we
evaluated included: misoprostol, vacuum aspiration, operating room and anesthesia for the
electronic vacuum aspiration and manual vacuum aspiration, office visits, unscheduled
visits, ultrasounds, surgery for treatment failure in both arms, and rehospitalizations. All
costs were taken from University of Pennsylvania or Medicare cost reports (Supplemental
Table 1). Incremental cost effectiveness ratios (based on a modified utility score where
failure=0, medication success = 1, and surgical success = 0.95) were calculated for initial
treatment and initial treatment with secondary surgery costs in case of failure. Cost, efficacy
and incremental cost effectiveness ratios were then recalculated by surgical procedure and
miscarriage type. The values of the following variables were varied as part of the sensitivity
analyses: (i) cost of scheduled visits (ii) cost of rehospitalization, (iii) probability of
rehospitalization, (iv) probability of an extra visit in the medication arm, and (v) likelihood
of success in the medication arm without an extra visit. To examine the role of patient
preference, a utility analysis was conducted. Cost effectiveness ratios are based on a
modified utility score where unsuccessful treatment is defined as 0, medical therapy that
successfully treated the miscarriage is defined as 1, and surgical success is defined as 0.95.
Expectant management of a miscarriage was not a treatment arm in the parent randomized
trial and thus was not assessed in this analysis.
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RESULTS
In the trial, of the 491 women assigned to receive misoprostol, 71% had complete expulsion
by day 3 and 84% by day 8. Overall, treatment failed in 16% of this group. In the surgical
arm, 3% had treatment failure and required a repeat aspiration. The average initial treatment
costs per patient for medical and surgical therapy are $415 and $873 respectively, yielding
an incremental increase in cost of $459 (110% increase) for surgical therapy. Initial efficacy
was 13% better for VA (84% vs. 97%) resulting in a cost effectiveness ratio of $3526 per
successful treatment. When the cost of a VA for initial treatment failure was factored (cost
of initial treatment and cost of treating those that failed initial therapy, the costs of medical
and surgical therapy are $563.4 and $899.4 respectively, yielding an incremental increase in
cost of $335 (56.9% increase) for surgical therapy. The cost effectiveness ratio is $2707 per
successful treatment (Table 1). Cost for assumptions as to type of surgical procedure (EVA
versus MVA) are presented in Table 2. In the surgical arm, 57% were treated with manual
vacuum aspiration in an outpatient setting and 43% with electronic vacuum aspiration in an
operating room. Sensitivity analysis demonstrates that surgical treatment would be more
effective and less expensive if all surgical procedures were performed as outpatients using
manual vacuum extraction.

Table 2 shows the results of examining the three types of failed pregnancies separately.
Embryonic or fetal death was diagnosed in 58%, and we found that surgery was still more
costly per unit efficacy, with an ICER of $4,415. Anembryonic gestation comprised 36% of
patients in the original study, and women with an anembryonic gestation had a lower rate of
success in the medical arm than the other groups, and this was reflected in the lower ICER
of $1445 for this group. In the incomplete or inevitable abortion group, which comprised 6%
of the initial study population, medical treatment was more efficacious than surgery, and
given its increased efficacy and decreased cost, the ICER was dominated.

We then performed sensitivity analysis, examining the incremental cost per unit efficacy
over feasible ranges for multiple variables. One way sensitivity analysis demonstrates that
the incremental cost per efficacy is not responsive to the cost of a scheduled visit (over the
range of $50 to $200), the cost of rehospitalization (over the range of USD$2000–6000), or
probability of rehospitalization (over the range of 0–0.2) However, if the probability of
having an extra visit on the medication arm rises above 0.815, surgery is less expensive
(Graph 1). Two-way sensitivity analysis examining the likelihood of success in the medical
arm without a second visit and the cost of a scheduled visit demonstrates that surgery can be
favorable (both less costly and more efficacious) only as medical treatment becomes less
efficacious and the cost of scheduled visits are higher (Graph 2).

One way of taking patient preference into account in the cost effectiveness of a medical
procedure is to use a utility analysis. The latter demonstrates that medication becomes more
effective and less costly if surgery is preferred 14% less then medication (ICER is
dominated at 0.86 on a scale of 0 – 1).

DISCUSSION
This study demonstrates that overall, medical therapy is a cost-effective treatment of early
pregnancy loss. However, there are situations when surgical management is both more
effective and less costly than medical management. Surgery can become more efficacious
and less costly if a) surgical treatment is done in an outpatient setting (without general
anesthesia), b) the probability of medically treated women needing extra visits is high or c)
the cost of outpatient visit is high and success of medical management is low. Conversely,
medical management becomes both less costly and more efficacious in the case of
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incomplete or inevitable abortions as well as when a patient’s desire to avoid surgery is
high.

Evaluating the type of surgical procedure, manual vacuum aspiration and electric vacuum
aspiration, separately shows a distinction in terms of cost which then translates into its cost
efficacy. MVA, given that it is an outpatient procedure which does not require an operating
room, has clear savings in terms of cost and time over EVA, with no appreciable change in
efficacy (5, 6). Office-based surgical management of early pregnancy failure not only offers
cost savings over operating room management, but with similar patient satisfaction without
increased complication rates (7). Data from our own randomized trial indicate that although
pain severity scores were better in the EVA group, the MVA group had better physical and
emotional role functioning scores and fewer patients undergoing MVA missed work or
required help at home (8). In another model with estimated outcomes from the literature,
MVA was also found to be a more cost-effective strategy than medical management (9). Our
present study confirms the conclusions that MVA is more cost-effective than medical
management, but has the advantages of using estimated patient cost and efficacy from a
randomized trial in the United States. Currently, MVA is not universally available in
outpatient settings treating women with early pregnancy failure, but this study provides
further evidence that it would be a manner of increasing efficacy of miscarriage treatment
over medical management without needing to sacrifice time and money associated with
sending a patient to the operating room.

We also found that the type of miscarriage affected the incremental cost-efficacy ratio.
Stratifying the type of miscarriage into embryonic or fetal death, anembryonic gestation and
incomplete or inevitable abortion, medical therapy in the incomplete or inevitable abortion
group is both less costly and more effective with a dominated ICER. The failure rates for the
three miscarriage types in the study were 19% for anembryonic gestation, 12% for
embryonic or fetal demise and 7% for incomplete or inevitable abortion. Pooled data of
medical versus surgical treatment of incomplete miscarriage shows that surgical
management had 1.5 times the chance of success over medical management (10). However,
the regimens as well as efficacy of medical management for treating incomplete abortion in
these studies varied greatly, from 13% success with a single dose of 400μg of misoprostol
orally (11) to 95% success with 200μg of misoprostol four times daily (orally) after 200μg
of misoprostol intravaginally for 5 days (12). Other studies comparing incomplete to missed
abortions found lower failure rates for the incomplete abortion group (0–7.1%) than for the
missed abortions (13.3–23.1%) with varying misoprostol regimens (13–15). The results
presented here demonstrate that for treatment of the incomplete or inevitable miscarriage
subtype, not only is medical management more efficacious than for the other miscarriage
subtypes, but when cost is factored in, medical management becomes both more efficacious
and less costly than surgical management. While costs form one intuitions were used in the
study, unless the relative cost of procedures and medication are dramatically different at
other institutions, these findings should be valid externally.

Women’s preferences and experiences with medical treatment vary, and are difficult to
quantitate. However, an individual woman’s choice should be taken into account when there
are safe efficacious alternatives. This study supports the notion that if a person’s desire for
one intervention is high over another (for instance, medical versus surgery) it can affect an
incremental cost-effectiveness ratio. In the current analysis, women would need to prefer
surgical management 14% less than medical management for medical therapy to become
relatively more efficacious and less costly. Quality of life questionnaires from the current
study indicated that although misoprostol treatment was associated with greater pain and
lower acceptability of treatment-related symptoms, treatment acceptability and quality of life
were similar for both medical and surgical treatment (4). Other investigation into the
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acceptability of misoprostol for the treatment of miscarriage suggest that the majority of
women would recommend and choose their type of treatment again, but the percentage of
women who reported high acceptability of medical who recommend it significantly
decreased if the procedure was unsuccessful (16–18). One study reported that women
preferred misoprostol treatment over surgical evacuation as long as the success rate with
medical therapy exceeds 65%, stating the desire to avoid surgery or for a more natural
process most commonly (17).

Other studies have demonstrated an economic advantage of medical management over the
traditional surgical management (19–21), but direct comparisons are limited due to varied
management strategies, definitions of outcome measures and assignment of cost. The
estimates in the analysis in You et al. were based on pooled data from the literature (20), and
those from Petrou et al and Graziosi et al were from a study of women in southern England
and the Netherlands, respectively (19, 21). In the British study, the primary endpoint was
complete evacuation, and women with incomplete miscarriage were excluded. The medical
therapy was 800μg misoprostol vaginally, repeated in 24 hours if needed, whereas the
surgical management consisted of all suction curettages with general anesthesia. (21) In the
Dutch study, the primary effectiveness outcome was cost per gynecologic infection
prevented. Women in the surgical arm all received surgical suction curettage with general
anesthesia and those in the medical arm were admitted to the hospital (22). Moreover in this
study, treatment varied by miscarriage type; those with incomplete miscarriages were treated
with 800μg misoprostol whereas missed abortions were treated with a combination of
mifepristone and misoprostol (22). Our data using a United States based population, confirm
some these previous findings while demonstrating that medical management with
misoprostol was more cost-effective compared to surgically-based therapy (comprised of
manual vacuum aspiration and electric vacuum aspiration) as a whole, but further
demonstrate a cost-savings if only MVA is performed. Of note, rare but serious adverse
events such as intrauterine adhesions were not factored into this analysis as no such cases
were noted in our large clinical trial. This study did not evaluate the cost effectiveness of
expectant management.

The strengths of this study include the use of a large, multicenter randomized trial, with data
on varying types of miscarriages and both available surgical interventions for treatment of
early pregnancy failure. Patients were randomized to vaginal misoprostol or surgical
management and thus expectant management or other types of medical management (such
as mifepristone or alternative regimens of misoprostol), or the effect of patient choice could
not be evaluated in this study. Further, although our utilities studies demonstrate a point at
which patient preference would affect the cost-effectiveness ratio, we do not have the data
necessary to determine how this utility can be translated back to inform clinical practice.
Finally, generalizability of this study is limited to a United States population given the
differences in health care systems and cost throughout the world, and even within the United
States, MVA is not universally available for use in outpatient settings.

In conclusion, this study demonstrates that although surgery is the more efficacious and
more costly treatment of first trimester pregnancy failure, this is not always the case. If
surgical treatment is done in an outpatient setting without incurring the additional operation
room and anesthesia costs, surgical treatment with manual vacuum aspiration is less costly
as well as more efficacious than medical management. Finally, there are certain situations
when medical management should be considered over surgical management, such as when a
patient desires to avoid surgery or has an incomplete or inevitable abortion.
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Graph 1.
One-way sensitivity analysis
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Graph 2.
Two-way sensitivity analysis
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