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Abstract
Study Objective: To compare the efficacy of bipolar radiofrequency ablation (RFA) and
thermal balloon ablation (TBA) using treatment failure and postprocedure amenorrhea as outcome
measures.

Design: A population-based cohort study (Canadian Task Force classification II-2).

Setting: Two medical centers in the Upper Midwest.

Patients: Using the medical records linkage system of the Rochester Epidemiology Project, we
identified 455 residents of Olmsted County, Minnesota, who underwent global endometrial
ablation for menorrhagia from January 1, 1998, through December 31, 2005. Amenorrhea was
defined as complete cessation of menstruation that started immediately after ablation and lasted at
least 12 months. Treatment failure was defined as re-ablation or hysterectomy for persistent
bleeding or pain. Time to treatment failure for each procedure was compared using Kaplan-Meier
plots. Relevant clinical data and complications were abstracted from medical records. Risk
adjustments were performed using Cox and logistic regression models.

Interventions: RFA (n=255) and TBA (n=200).

Measurements and Main Results: Mean (SD) patient age was 43.3 (5.5) years, and median
follow-up was 2.2 years. The 3-year cumulative failure rate was 9% (95% confidence interval
[CI], 5%-16%) for RFA and 12% (95% CI, 7%-16%) for TBA (P=.26). The difference remained
nonsignificant after adjusting for known predictors of treatment failure such as age, parity,
pretreatment dysmenorrhea, and tubal ligation (adjusted hazard ratio, 0.7; 95% CI, 0.4-1.4; P=.31).
However, women had significantly higher amenorrhea rates after RFA when compared with TBA
(32% vs 14%, P<.001). This difference remained significant after adjusting for known predictors
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of amenorrhea such as age, uterine length, and endometrial thickness (adjusted odds ratio, 2.9;
95% CI, 1.7-4.8; P<.001). Complications were infrequent and similar for the 2 groups.

Conclusion: RFA and TBA were equally effective treatments for menorrhagia in a population-
based cohort. However, women who underwent RFA were 3 times more likely to have
postprocedure amenorrhea.
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Background
Excessive menstrual bleeding is a common gynecologic disorder that affects 10% to 15% of
women and accounts for 3 million gynecologic office visits per year in the United States
(1-6). Women with menorrhagia are 50% more likely to visit a physician, 80% more likely
to visit the emergency department, and 65% more likely to undergo a surgical procedure
(7-9). In addition, women with menorrhagia often have secondary anemia and fatigue. Even
in the absence of anemia, excessive menstruation can be socially incapacitating, it often
limits productivity, and it frequently has a negative impact on health-related quality of life
(4,9-13).

Global endometrial ablation (GEA) procedures were introduced in the mid 1990s and were
quickly proven as simple, effective, and safe therapies for menorrhagia, especially when
compared with earlier hysteroscopic ablation procedures (14-17). Thermal balloon ablation
(TBA) was the first method of GEA approved by the US Food and Drug Administration,
and by the end of the 1990s, it had become the most clinically used GEA procedure. Bipolar
radiofrequency ablation (RFA), introduced in 2003, has gained popularity because of its
shorter procedural time. Currently, TBA and RFA are the most commonly used GEA
procedures in the United States (17,18).

Several randomized clinical trials (RCTs) showed that the efficacy of the newer GEA
methods was similar to hysteroscopic endometrial ablation but had an improved safety
profile (14). Although GEA technologies are widely used in clinical practice, to date, only 2
RCTs have directly compared outcomes after RFA and TBA (19,20). Although these studies
were well designed and had good follow-up rates, both had relatively small patient groups
from single centers and a relatively short duration of follow-up. The objective of this study
was to compare the efficacy of bipolar RFA and TBA for the management of menorrhagia in
a population-based cohort of women from Olmsted County, Minnesota.

Materials and Methods
This study was approved by the Mayo Clinic and Olmsted Medical Center Institutional
Review Boards. The cohorts of patients included in this study were identified previously in a
study from our research group. The methods used for identification and construction of the
cohorts were previously published (21).

The Rochester Epidemiology Project
Primary and specialty health care services for residents of Olmsted County, Minnesota, are
provided almost exclusively by Mayo Clinic and the Olmsted Medical Center (both in
Rochester, Minnesota). The Rochester Epidemiology Project is a unique medical records
linkage system that catalogs all aspects of health care delivered to Olmsted residents (22).
Medical diagnoses and surgical interventions for each patient are routinely abstracted and
coded according to the Hospital Adaptation of the International Classification of Diseases
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(23). These computerized indices allow the linkage of medical records from all providers
and facilitate the evaluation of disease determinants and outcomes after surgical procedures
(22). We searched the Rochester Epidemiology Project databases to identify all women who
underwent GEA in Olmsted County from January 1, 1998, through December 31, 2005.

Interventions
Part of the cohort underwent GEA with TBA (ThermaChoice, Gynecare, Somerville, New
Jersey), a method introduced in 1998 (24). The others were treated with bipolar RFA
(NovaSure, Cytyc Surgical Products, Palo Alto, California), a method introduced in 2003
(25). Before the procedure, all women had a Papanicolaou test, endometrial sampling, pelvic
ultrasonography, and office hysteroscopy if structural uterine lesions were suspected. Only
women with benign polyps or submucous leiomyomas not distorting the endometrial cavity
or less than 2 cm in size were offered endometrial ablation. Removal was by dilation and
curettage or ablation in situ.

Baseline and Procedural Data
Baseline data were obtained for each patient, including age, parity, body mass index, pattern
of bleeding, presence of dysmenorrhea, uterine length, uterine position, presence of fibroids
or polyps, endometrial thickness, and endometrial pathology. Previous operations, including
cesarean births and tubal sterilization, were recorded. For procedural data, we noted the type
of anesthesia used, total procedural time, balloon fluid volume and pressure for TBA, and
the power setting for RFA.

Follow-up and Measurement of Different Outcomes
Treatment failure was defined as the need for another ablation procedure or hysterectomy at
any point during follow-up, and time to treatment failure was the primary end point for the
evaluation of outcome after GEA. Patients with treatment failure were identified by using
the relevant International Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes; records were reviewed individually to confirm failure and performance
of re-ablation or hysterectomy. To avoid the confounding effect of menopause, the
menstrual outcome of primary interest was amenorrhea; this was defined as the documented
complete cessation of menstruation that began immediately after GEA and lasted for at least
12 months. Other secondary outcomes included postprocedural change in duration of
bleeding, hemoglobin levels, and ferritin levels. Intraprocedural and postprocedural
complications were recorded.

To minimize measurement bias, an independent ICD-9-CM code search for postprocedure
endometrial cancer, pregnancy, and pelvic pain was conducted. Postprocedural mortality
rates were determined by searching the Rochester Epidemiologic Project database. In
addition, to test the reliability of outcome measurements, 50 women were randomly selected
using the random row selection function of JMP version 6.0 (SAS Institute Inc, Cary, North
Carolina). The outcomes of these 50 women were reviewed by one of the investigators
(M.R.H.), who was masked to the outcome determined by the initial chart review. The
agreement was evaluated using κ statistics. κ statistics is an index that compares the
observed agreement against the agreement that might be expected by chance. κ can be
considered the chance-corrected proportional agreement, and possible values range from +1
(perfect agreement) to 0 (no agreement above that expected by chance) to −1 (complete
disagreement). The estimates of κ agreement were interpreted according to Landis and Koch
(26) (<0, no agreement; 0.0-0.19, poor agreement; 0.20-0.39, fair agreement; 0.40-0.59,
moderate agreement; 0.60-0.79, substantial agreement; and 0.80-1.00, almost perfect
agreement).
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Statistical Analysis
Continuous data with normal distribution are presented as mean (SD); median and
interquartile range (IQR) are used for skewed data. Normality was assessed by evaluating
the shape of the frequency histogram. Categorical data are presented as number and percent
of patients. Baseline characteristics of treatment cohorts were compared using the t test or
Wilcoxon rank sum (Mann-Whitney) test for continuous variables according to the
distribution, and the χ2 test or Fisher exact test were used for comparison of categorical
variables as appropriate.

Time to treatment failure was evaluated with Kaplan-Meier curves and tested with the log-
rank test. The plots showing cumulative failure rates were used to calculate 3-year failure
rates and corresponding 95% confidence intervals (CI). The proportion of women who had
amenorrhea in each group were compared using the χ2 test. For other secondary outcomes
and complications, comparisons between the 2 groups were based on the difference in the
means for continuous variables and on the proportion of women with a specific finding for
categorical variables; the paired t test, Wilcoxon signed rank test, and McNemar test were
used as appropriate. Paired testing was used to compare postprocedure changes in
hemoglobin and ferritin for each patient. A subgroup analysis was performed to explore
whether TBA patient characteristics differed after the introduction of RFA in 2003;
differences that might have affected outcomes could be considered evidence of selection
bias.

Regression models were used to adjust for potential bias caused by known confounders. For
treatment failure, Cox proportional hazard modeling was used to adjust for age, parity,
pretreatment dysmenorrhea, and tubal ligation. These 4 variables were identified previously
as significant pretreatment predictors of treatment failure in our population (21). Similarly,
for evaluation of postablation amenorrhea, logistic regression modeling was used to adjust
for age, uterine length, and endometrial thickness. These variables were significantly
associated with amenorrhea in our population (26). Adjusted hazard ratios and odds ratios
(ORs) were used to evaluate the likelihood of treatment failure and immediate amenorrhea.
All statistical analyses were 2-sided, and P values less than .05 were considered significant.
All statistical analyses were performed using JMP version 6.0 (SAS Institute Inc, Cary,
North Carolina).

Results
Study Subjects

Of the 458 women identified, 3 women were excluded because of menopause at the time of
the procedure. Thus, 455 women were included in the analyses: 255 underwent RFA and
200 underwent TBA (Figure 1). The mean age was 43.3 (5.6) years and the median parity
was 2 (IQR, 2-3). The median follow-up was 2.2 years (IQR, 1.3-3.5 years), and only 3
patients (<1%) were lost to follow-up. Baseline patient characteristics and clinical data were
similar for the RFA and TBA groups (Table 1). Comparing baseline characteristics of
patients who underwent TBA before and after the 2003 introduction of bipolar RFA showed
statistically significant differences in the preprocedure ferritin levels, use of ultrasound, and
number of patients with submucous fibroids. Other preoperative variables were similar for
both cohorts of patients, including known confounders such as age, parity, preprocedure
dysmenorrhea, tubal ligation, uterine sounding length, and endometrial thickness (Table 2).

Treatment Failure
The Kaplan-Meier plot showed no difference between RFA and TBA for time to treatment
failure (P=.26) (Figure 2). At 3 years, the cumulative failure rate was 9.3% (95% CI,
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5.1%-16.0%) in the RFA group and 11.9% (95% CI, 7.0%-16.0%) in the TBA group (Table
3). Age younger than 45 years, parity of 5 or higher, pretreatment dysmenorrhea, and tubal
ligation were previously identified as factors significantly associated with treatment failure
(21). After adjusting for these variables, the likelihood of treatment failure was similar for
RFA and TBA, with an adjusted hazard ratio of 0.70 (95% CI, 0.4-1.4; P=.31).

Amenorrhea After the Procedure
Of the 455 GEA procedures performed, evaluation of amenorrhea was possible for 412
women (91%). Of those, 96 (23%) met the criteria for amenorrhea. However, subgroup
analysis showed a higher amenorrhea rate in the RFA group (70/221 patients) than the TBA
group (26/191 patients) (unadjusted OR, 2.94; 95% CI, 1.78-4.86; P<.001). Age greater than
45 years, uterine length less than 9 cm, and endometrial thickness less than 4 mm were
previously identified as significant predictors of immediate amenorrhea in our cohort (21).
After adjusting for these variables, the likelihood of postprocedure amenorrhea remained
significantly higher for women undergoing RFA (adjusted OR, 2.86; 95% CI, 1.67-4.76; P<.
001). The agreement in the evaluation of postablation amenorrhea between the masked
investigator and the initial chart reviewer was substantial (κ =0.717; 95% CI, 0.489-0.945).

Secondary End Points
Significantly fewer patients needed general anesthesia in the RFA group compared with the
TBA group (P<.001), and the mean procedure time was significantly shorter for women
undergoing RFA (P=.006) (Table 4). Table 5 shows that both cohorts had significantly
reduced bleeding after treatment (measured in days per month). For the RFA group, median
bleeding was reduced from 7 (IQR, 6-10) to 0 (IQR, 0-2) days (P<.001); for the TBA group,
bleeding was reduced from 7 (IQR, 7-10) to 3 (IQR, 0-5) days. The reduction in days of
bleeding was significantly greater (ie, reduced by more days) in the RFA group (P=.006).
Statistically significant increases in hemoglobin levels and ferritin levels were observed after
the procedure in both groups, with a mean increase of 1.2 (1.4) g/dL for hemoglobin and
19.1 (33.1) mcg/L for ferritin. The relative increases in hemoglobin and ferritin were similar
for both groups (Figure 3).

Procedure-Related Complications
Intraprocedural and postprocedural complications were minor, infrequent, and generally
similar for the RFA and TBA groups. Postprocedural pregnancy occurred for 3 patients
(1%); all had first-trimester spontaneous abortions. No cases of endometrial cancer after
ablation were reported, and no deaths were reported during follow-up.

Discussion
In this study, we directly compared the effectiveness of bipolar RFA and TBA in a
population-derived cohort. Outcome measures included treatment failure and postablation
amenorrhea. We reported procedural characteristics and other secondary outcomes,
including duration of menstruation and change in hemoglobin and ferritin levels after
ablation. Procedure-related complications were also documented and reported.

We observed no significant differences in treatment failure rates between RFA and TBA
(unadjusted 3-year cumulative failure rate of 9% for RFA and 12% for TBA). The similar
likelihood of treatment failure was unchanged after adjusting for known confounders of
treatment failure, including age, parity, pretreatment dysmenorrhea, and history of tubal
ligation. To date, only the RCT conducted by Abbott and colleagues (20) has examined
treatment failure in RFA and TBA; however, their trial was not statistically powered to
compare treatment failure in the 2 groups, and they did not observe a significant difference
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in the rate of additional surgery within 12 months. In addition, at least 3 years of follow-up
are needed for adequate evaluation of treatment failure after ablation (27).

Another important finding of this study was that the postablation amenorrhea rate in the
RFA group was approximately 3 times higher than that observed in the TBA group
(unadjusted OR, 2.94). This finding was still true after adjusting for known confounders of
amenorrhea, including age, uterine length, and endometrial thickness (adjusted OR, 2.86).
Our results were consistent with the 2 previous RCTs that directly compared RFA and TBA
and reported higher amenorrhea rates after RFA (Table 6) (19,20).

Compared with previous trials, the strengths of this study were the inclusion of a larger,
population-based sample, longer duration of follow-up, and the use of regression models to
adjust for known confounders. Women in both groups had a significant reduction in the
duration of bleeding and in the number of menstrual accidents after ablation. The observed
reduction in the duration of menstruation was significantly greater (ie, reduced by more
days) in the RFA group. This finding further confirmed the superiority of RFA in reducing
menstrual blood loss (19,20). Nonetheless, both groups had similar increases in hemoglobin
and ferritin levels. Finally, our results further support the safety of GEA technologies.
Complications were generally minor and infrequent, and the complication rates were similar
for both groups. In our cohort, pregnancy was reported by 3 women (<1%). Preprocedural
contraception counseling is warranted.

The main limitation of this study was its retrospective nature. Objective measures of
treatment outcomes (eg, validated bleeding scores, evaluation of menorrhagia-related quality
of life) were documented inconsistently in our cohort. However, we used hysterectomy and
re-ablation rates as surrogate measures of treatment failure, and hemoglobin levels before
and after ablation were used as an indirect indicator of bleeding severity. Because
nonrandomized studies can falsely show significant differences between groups for baseline
characteristics, we used multivariate Cox and logistic regression models to adjust for known
confounders of treatment failure and amenorrhea, respectively. We also acknowledge the
potential for selection bias in favor of RFA after its introduction in 2003. We compared
patient characteristics in the TBA group before and after introduction of RFA and observed
no significant differences between the groups for confounders of treatment failure or
amenorrhea. Thus, we believe the effect of selection bias was minimal.

In summary, we reported the first population-based cohort study that compared the long-
term effectiveness of 2 GEA technologies. When using treatment failure as an outcome
measure, RFA and TBA were equally effective options for management of menorrhagia.
However, women who underwent RFA were 3 times more likely to have postprocedure
amenorrhea compared with women who underwent TBA.

Abbreviations

CI confidence interval

GEA global endometrial ablation

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

IQR interquartile range

OR odds ratio

RCT randomized clinical trial
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RFA radiofrequency ablation

TBA thermal balloon ablation
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Figure 1.
Study Flow Chart. Adapted from El-Nashar et al (21). Used with permission.
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Figure 2.
Cumulative treatment failure rate after bipolar radiofrequency ablation (RFA) or thermal
balloon ablation (TBA). Treatment failure was defined by the performance of re-ablation or
hysterectomy.
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Figure 3.
Secondary treatment outcomes after bipolar radiofrequency ablation (RFA) or thermal
balloon ablation (TBA). A, Hemoglobin levels (difference between procedures, P=.19). B,
Ferritin levels (difference between procedures, P=.96). TBA and RFA outcomes were
compared by assessing the differences in the mean change.

El-Nashar et al. Page 11

J Minim Invasive Gynecol. Author manuscript; available in PMC 2013 September 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

El-Nashar et al. Page 12

Table 1

Baseline Patient Characteristics

Characteristica Radiofrequency
Ablation (n=255)

Thermal Balloon
Ablation (n=200)

P Values

Age, y 43.4 (5.5) 43.0 (5.6) .44b

Body mass index, kg/m2 29.4 (7.6) 29.3 (7.4) .91b

Parity, median (IQR) 2 (2-3) 2 (2-3) .97c

Previous cesarean delivery 45 (18%) 29 (15%) .53d

Tubal ligation 86 (34%) 62 (31%) .54d

Metrorrhagia 129 (51%) 88 (44%) .16d

Preprocedure bleeding, d 9.9 (6.0) 9.8 (5.8) .88c

Preoperative dysmenorrhea 13 (5%) 9 (5%) .77e

Uterine length (uterine sounding), cm 9.1 (1.2) 9.0 (1.3) .74b

Retroverted uterus 14 (6%) 13 (7%) .69e

Hemoglobin, g/dL 12.4 (1.4) 12.0 (1.7) .003b

Ferritin, mcg/L 20.2 (33.3) 20.0 (41.9) .98b

Preprocedure US 202 (79%) 147 (74%) .15d

Endometrial thickness, mm 9.2 (6.1) 9.1 (4.2) .88c

Adenomyosis (US) 10 (4%) 10 (5%) .49e

Intracavitary lesions (hysteroscopy) 85 (33%) 57 (29%) .76d

Polyps (US and/or hysteroscopy) 63 (25%) 45 (23%) .58d

Submucous fibroids (US and/or hysteroscopy) 25 (10%) 13 (7%) .24e

Fibroids other than submucous (US) 52 (20%) 42 (21%) .56d

Lost to follow-up (no visits after ablation) 3 (1%) 0 (0%) .26e

Abbreviations: IQR, interquartile range; US, ultrasound.

a
Data are shown as mean (SD) or number of patients (percentage of sample) unless otherwise indicated.

b
Independent sample t-test.

c
Wilcoxon rank sum test.

d
χ2 Test.

e
Fisher exact test.
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Table 2

Baseline Patient Characteristics of Women who Underwent Thermal Balloon Ablation Before and After
Introduction of Bipolar Radiofrequency Ablation in 2003

Characteristica Treatment from
1998-2002 (n=143)

Treatment from
2003-2005 (n=57)

P Values

Age, y 42.7 (5.8) 43.7 (5.1) .28b

Body mass index, kg/m2 29.6 (7.5) 28.7 (7.3) .43b

Parity, median (IQR) 2 (2-3) 2 (2-3) .34c

Previous cesarean delivery 21 (16%) 8 (14%) .89d

Tubal ligation 48 (34%) 14 (25%) .21d

Metrorrhagia 66 (46%) 22 (39%) .33d

Preprocedure bleeding, d 9.8 (5.9) 9.8 (5.6) .98c

Preoperative dysmenorrhea 8 (6%) 1 (2%) .45e

Uterine length (uterine sounding), cm 9.1 (1.2) 9.0 (1.5) .66b

Retroverted uterus 8 (6%) 5 (9%) .41e

Hemoglobin, g/dL 12.0 (1.6) 12.0 (2.1) .81b

Ferritin, mcg/L 24.0 (46.8) 5.9 (3.8) .02b

Preprocedure US 99 (69%) 48 (84%) .03d

Endometrial thickness, mm 8.6 (4.4) 10.0 (3.6) .09c

Adenomyosis (US) 5 (4%) 5 (9%) .30e

Intracavitary lesions (hysteroscopy) 40 (28%) 17 (30%) .22d

Polyps (US and/or hyeroscopy) 33 (23%) 45 (21%) .76d

Submucous fibroids (US and/or hysteroscopy) 5 (3%) 8 (14%) .01e

Fibroids other than submucous (US) 26 (18%) 16 (28%) .38d

Lost to follow-up (no visits after ablation) 0 (0%) 0 (0%) …

Abbreviations: IQR, interquartile range; US, ultrasound.

a
Data are shown as mean (SD) or number of patients (percentage of sample) unless otherwise indicated.

b
Independent sample t-test.

c
Wilcoxon rank sum test.

d
χ2 Test.

e
Fisher exact test.
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Table 3

Cumulative Failure Ratesa

RFA (n=255) TBA (n=200)

Time
No. of Patients

at Risk
CFR
(95% CI), %

No. of Patients
at Risk

CFR
(95% CI), %

1 year 197 2.6 (1.1-5.6) 178 5.0 (3.0-9.0)

2 years 103 5.7 (3.0-10.0) 156 8.8 (4.7-13.8)

3 years 34 9.3 (5.1-16.0) 133 11.9 (7.0-16.0)

Abbreviations: CFR, cumulative failure rate per 100 patients; CI, confidence interval; RFA, radiofrequency ablation; TBA, thermal balloon
ablation.

a
Calculated by using the Kaplan-Meier method.
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Table 4

Surgical Procedure Variables

Variablea RFA (n=255) TBA (n=200) P values

General anesthesia 108 (42%) 174 (88%) <.001

ASA physical status III or higher 6 (2%) 9 (5%) .29

Admission to postanesthesia care unit 113 (44%) 76 (38%) .18

Duration of the procedure, min 35.6 (22) 43.5 (26) .006

Preprocedure dilation and curettage 177 (69%) 142 (71%) .68

RFA power setting, watts 128.5 (30.8) NA …

RFA coagulation, s 81.0 (22.1) NA …

TBA balloon fluid volume, mL NA 16.3 (7.6) …

TBA balloon pressure, mm Hg NA 163.2 (16.6) …

Abbreviations: ASA, American Society of Anesthesia; NA, not applicable; RFA, radiofrequency ablation; TBA, thermal balloon ablation.

a
Categorical data are presented as number of patients (percentage of sample); continuous data are presented as mean (SD).
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