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Summary
Background The most widely used copper intrauterine device (IUD) in the world (the TCu380A), and the only prod-
uct available in many countries, causes side effects and early removals for many users. These problems are exacer-
bated in nulliparous women, who have smaller uterine cavities compared to parous women. We compared first-year
continuation rates and reasons/probabilities for early removal of the TCu380A versus a smaller Belgian copper IUD
among nulliparous users.

Methods This 12-month interim report is derived from a pre-planned interim analysis of a sub population and
focused on key secondary comparative endpoints. In this participant-blinded trial at 16 centres in the USA, we rando-
mised participants aged 17−40 in a 4:1 ratio to the NT380-Mini or the TCu380A. In the first year, participants had
follow-up visits at 6-weeks and 3, 6, and 12-months, and a phone contact at 9 months; we documented continued
use, expulsions, and reasons for removal. Among participants with successful IUD placement, we compared proba-
bilities of IUD continuation and specific reasons for discontinuation using log-rank tests. This trial is registered
with ClinicalTrials.gov number NCT03124160 and is closed to recruitment.

Findings Between June 1, 2017, and February 25, 2019, we assigned 927 nulliparous women to either the NT380-
Mini (n = 744) or the TCu380A (n = 183); the analysis population was 732 (NT380-Mini) and 176 (TCu380A).
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Participants using the NT380-Mini, compared to the TCu380A, had higher 12-month continuation rates (78¢7%
[95% CI: 72¢9−84¢5%] vs. 70¢2% [95% CI: 59¢7−80¢7], p = 0¢014), lower rates of removal for bleeding and/or pain
(8¢1% vs. 16¢2%, p = 0¢003) and lower IUD expulsion rates (4¢8% vs. 8¢9%, p = 0¢023), respectively.

Interpretation The NT380-Mini offers important benefits for a nulliparous population compared to the TCu380A in
the first twelve months, when pivotal experiences typically occur. Higher continuation rates with the NT380-Mini
may avert disruptions in contraceptive use and help users avoid unintended pregnancy.

Funding Bill & Melinda Gates Foundation, Eunice Kennedy Shriver National Institute of Child Health and Human
Development, and Mona Lisa, N.V. (Belgium).
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Research in context

Evidence before this study

We searched PubMed for articles up to Oct 1, 2021
using terms “(nulliparous) AND (IUD) AND (copper) AND
(randomized) AND (trial)” We did not find any new evi-
dence that wasn’t previously included in several system-
atic reviews. Most previous trials involved only parous
women and found similar clinical performance among
different types of copper intrauterine device (IUDs). Of
the trials involving/reporting only nulliparous women,
only one included the TCu380A compared to a smaller
product, yet the veracity of reporting is questionable.
The remaining trials of nulliparous women involved
products no longer used, or products of similar sizes, or
trials with insufficient study sizes. In some countries,
only a large product, such as the TCu380A, is available
to serve the needs of both parous and nulliparous
women. However, even in countries with alternative
copper IUDs on the market, provision of larger products
occurs among nulliparous women.

Added value of this study

Because the uterine cavity of nulliparous women is
more compact than that of parous women, a smaller
product could fit better and cause fewer side effects.
This comparative trial among nulliparous women found
important first-year advantages of a smaller copper IUD:
higher overall continuation rates, fewer removals due to
bleeding and/or pain, and fewer product expulsions
from the uterine cavity.

Implications of all the available evidence

The results of this randomised trial provide scientific evi-
dence that the dominant copper IUD used worldwide
causes increased side effects and expulsion rates com-
pared to the NT380-Mini in a nulliparous population.
While these results do not categorically prove that all
smaller products perform better, the findings make
clear that an important population interested in

preventing first births with copper IUDs, needs access to
additional choices. Complete 3-year safety and efficacy
results will be published when available.
Introduction
Increased bleeding and pelvic pain are side effects that
affect some copper intrauterine device (IUD) users,
with first-year removal rates of 5% to 15% for these
reasons.1,2 Nulliparous users have twice the rate of
removal due to bleeding and pain compared to parous
users.2 Disproportionately high removal rates for side
effects may be due to numerous factors, including size
and shape of the product and incompatibility with the
dimensions of the uterine cavity.3 Numerous organiza-
tions support IUD use for nulliparous women and/or
adolescents because the benefits far outweigh any seri-
ous health risks.4−6

Nulliparous women typically have smaller uteri than
parous women. A systematic review of endometrial cav-
ity dimensions (mean fundal width x mean cavity
length) measured mechanically reported 25¢1mm x 33¢
7mm (nulliparous) versus 34¢9mm x 38¢6mm (parous);
imaging measurements were 28¢2mm x 37¢0mm (nul-
liparous) versus 32¢1mm x 44¢3mm (parous).7 Using
3-dimensional ultrasound, Wildemeersch et al.8 esti-
mated that the mean fundal uterine width of nullipa-
rous women was 21¢6mm, with 75% of measurements
falling between 18mm and 24¢8mm. IUD embedment
is associated with narrow uterine cavities.9

Globally, the TCu380A is the most widely used cop-
per IUD and is the largest product in its class; the T-
shaped plastic frame measures 32mm (horizontal arms)
x 36mm (vertical stem) and has 380mm2 surface area of
copper (the active pharmaceutical ingredient for contra-
ception).10 It is the only copper IUD currently marketed
in the USA. The product, developed in the 1970s, was
www.thelancet.com Vol 51 Month September, 2022

http://creativecommons.org/licenses/by/4.0/


Articles
sized according to the typical dimensions of parous
uteri.11

Previous research suggests that smaller copper IUDs
may have lower rates of expulsion and removals due to
bleeding and pain compared to larger IUDs among nul-
liparous users,12 but clear evidence is lacking.13 Most
prior trials had shortcomings: dissimilar comparative
devices (very different shapes and/or varying amounts
of copper) and small study sizes involving many prod-
ucts no longer used. One adequately powered study
from Mexico conducted over 20 years ago (the last pub-
lished comparative trial on the topic) demonstrated
superiority of a smaller product,14 yet had numerous
methodological flaws casting doubt on the findings.15 A
comprehensive, systematic review of 34 comparative
copper IUD trials spanning over 30 years could not pro-
vide sub-analyses on nulliparous women due to insuffi-
cient numbers; the authors could only conclude that in
a predominately parous population, the TCu380A is the
most effective product, with bleeding and pain removal
rates similar to other products.16

Early copper IUD discontinuations are more concen-
trated in the pivotal first year, compared to later years.2

Users who experience early signs of intolerable or both-
ersome side effects are likely to seek product removal
within a year of IUD placement.17 Nulliparous women
trying a copper IUD for the first time may have limited
options because better products or evidence of benefits
are unavailable. A recent database study of the UK’s
National Health Service (NHS) reported high first-year
discontinuations with larger copper products and found
that 44% of patients receiving the standard (larger) cop-
per IUD were nulliparous, despite having smaller prod-
ucts available in the NHS.13 Here we present first-year
results of an ongoing randomised trial of two copper
IUDs which differ in size and frame type, focusing on
nulliparous participants. We compare secondary end-
points of continuation rates, reasons for early removal,
and product satisfaction.
Methods

Study design and study oversight
We are conducting a three-year, phase III single (partici-
pant)-blind randomised trial at 16 US centres to mea-
sure contraceptive efficacy of the NT380-Mini (main
goal of the program for regulatory filing and possible
approval in the USA) and to compare secondary end-
points of the NT380-Mini and the TCu380A in a pre-
dominately nulliparous population. Recruitment
occurred from June 2017 through February 2019. This
12-month interim report is derived from a pre-planned
interim analysis of a sub population, per contractual
agreement with funder, and focused on key secondary
comparative endpoints. A central IRB and centre-spe-
cific IRBs (as required) approved the study; all
www.thelancet.com Vol 51 Month September, 2022
participants gave written informed consent before any
study procedures occurred. We provided annual con-
tinuing review documentation to the central IRB
(Advarra protocol number Pro00020530) and centre
IRBs. The trial is registered on Clinicaltrials.gov
(NCT03124160).18

We used an adaptive trial design (monitoring
interim results on safety, efficacy, and IUD expulsions,
and taking action if necessary to end the trial early). An
independent data and safety and monitoring board
(DSMB) has conducted periodic reviews of this study.
The DSMB did three interim assessments on pregnancy
rates and IUD expulsion rates using cumulative 6-
month, 9-month, and 12-month estimates. For each
review, the DSMB used pre-specified thresholds on the
lower bound of the 95% confidence intervals to identify
possible concerns. If the lower bound on the 6-month
pregnancy rate exceeded 1.0% and/or if the IUD expul-
sion rate exceeded 5.6% in either arm of the trial, the
DSMB could have recommended changes in the con-
duct of the study. For the 9-month estimates, the lower
bound thresholds were 1.2% and 7.1%, respectively. The
equivalent 12-month thresholds were 1.4% and 8.4%,
respectively.
Procedures
The Mona Lisa� NT Cu380-Mini (henceforth NT380-
Mini) is a Nova-T-framed plastic IUD measuring 24mm
(horizontal arms) x 30 mm (vertical stem); the copper
wire on the stem has 380 mm2 of surface area. It was
first approved in Belgium in 2014 (Mona Lisa, N.V., Bel-
gium) for use up to 5 years and is marketed in thirteen
European countries and in Canada. The comparator
product is the TCu380A (Paragard�, Cooper Surgical,
Inc., Trumbull, CT); it is a Tatum-T-framed plastic IUD
measuring 32 mm (horizontal arms) x 36mm (vertical
stem) with copper on the arms and stem totalling
380 mm2 of surface area. This product was developed
in the 1970s and approved by the US Food and Drug
Administration (FDA) in 1984. The branded product
has a 10-year indication for contraception in the USA;
the generic TCu380A manufactured and distributed
worldwide has a 12-year indication in some countries.
The insertion tubes for both products are similarly sim-
ple with a straw-like design; however, the NT380-Mini
tube is 3.7 mm in diameter and the TCu380A is 4.5 mm
in diameter. All clinicians placing the products for this
study were highly experienced with the TCu380A;
though insertion procedures are similar for the prod-
ucts, clinicians were trained on the NT380-Mini place-
ment and practiced (using uterine models) prior to the
study.

We recruited healthy participants seeking contracep-
tion who were aged 16−40 years, non-pregnant, sexu-
ally active with a male partner, had regular menstrual
cycles (21−35 days when not using hormones), and
3
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were willing to use only the study IUD for contracep-
tion. We limited parous enrollment to a maximum of
20%, to better evaluate the product in a nulliparous pop-
ulation. We excluded participants with the following
characteristics: currently pregnant, intention to become
pregnant within 37 months, known infertility of patient
or partner, history of allergy or sensitivity to copper, use
of injectable contraception in the last 9 months without
two spontaneous menses, within 30 days of abortion/
delivery, and medical contraindications.19 The full
inclusion/exclusion criteria are listed in the online
appendix.

At screening, we collected medical history, demo-
graphic data (age, parity, level of education, race/ethnic-
ity, marital status), previous contraceptive use, and
other data. In most situations, eligible participants
enrolled (had IUD placement) at screening. Clinicians
attempted IUD placement if the uterus sounded to at
least 55mm; if placement was not successful after two
attempts, the participant was discontinued.

Participants returned for clinic visits at 6 weeks and
3, 6 and 12 months; at 9 months, we collected key infor-
mation from participants via phone. At clinic visits we
conducted string checks to confirm IUD placement.
Site staff entered data into the proprietary electronic
data capture system, which ran background logic and
consistency checks. Additional logic and consistency
checks were performed with statistical software and
queries were written to ensure accuracy of data. Verifica-
tion of entered data was done to ensure data entry
matched the source documents. The sponsor’s study
clinicians conducted blinded review of adverse events
from all sites and provided standardized coding for reg-
ulatory purposes. Site clinicians performed ultrasonog-
raphy for missing strings or if clinically indicated.
Clinicians recorded a primary reason for IUD discontin-
uation and any additional contributing reasons for early
removal. At clinic/phone visits, we asked participants:
“How satisfied are you with the study device?” and
“Would you recommend this IUD to others?” Partici-
pants also recorded responses to these questions on a
diary at 6-days post-IUD placement.
Randomisation and masking
We stratified randomisation by site and parity (0 or 1+),
in a 4:1 ratio (NT380-Mini:TCu380A), using central
computer-generated assignments. Clinicians and staff
concealed product identity from the participant, by dis-
carding packaging and shielding the IUD from view.
Participants remained blinded until product removal.
The statistical team at Health Decisions created the ran-
domisation schedule and used block sizes of five to ran-
domly assign a single TCu380A to one position within
each block. The team coordinated the upload of the
schedule into the proprietary electronic data capture sys-
tem. Once the randomisation schedule was uploaded
into the system, it was then held by the quality manage-
ment team in a secure limited access location. For
scheduled DSMB reviews, the lead biostatistician
requested access to the randomisation schedule to cre-
ate the output by treatment group.

The DSMB reviewed interim safety and efficacy
results on three occasions. The information was pro-
vided by the assigned biostatistician at Health Deci-
sions. Operational bias was minimized by providing
only blinded (aggregate) tables in the open session with
the trial’s sponsors. In the closed sessions of the DSMB
meetings, the biostatistician reviewed tables by treat-
ment group. At each meeting, the DSMB recommended
that the trial continue, since no safety or efficacy meas-
ures crossed the thresholds for concern.
Outcomes
The main endpoint for this comparative analysis was
IUD discontinuation at or before 12 months (365 days).
We examined primary reasons for discontinuation and
grouped bleeding and pain adverse event (AE) removals
into one category. We classified expulsions as spontane-
ous complete or partial (when any part of the IUD was
in the cervix or just at the internal os by exam or sonog-
raphy). We defined accidental IUD self-removal as a dis-
tinct patient-reported outcome (separate from
expulsion) when it occurred while removing menstrual
hygiene products. The remaining categories included
non-medical removals (desire for pregnancy, not sexu-
ally active, withdrew consent) and other medical rea-
sons, including removal due to pregnancy. To measure
the broader impact of specific bleeding and pain side
effects on early removal, we examined these non-pri-
mary contributing reasons: increased menstrual bleed-
ing, intermenstrual bleeding/spotting, dysmenorrhea,
and intermenstrual pelvic pain.

For product satisfaction, participants reported one of
four responses: highly satisfied, satisfied, dissatisfied, or
highly dissatisfied. Participants gave yes/no answers as
to whether they would recommend the IUD to others.
Statistical analysis
Using a fixed study size as calculated for the primary
endpoint (contraceptive efficacy), the protocol’s stated
power calculation for comparative analyses focused on
IUD continuation rates in the first year of product use.
We estimated that a study of 1000 participants, rando-
mised in a 4:1 ratio favouring the NT380-Mini, would
provide 87% power via the logrank test to detect a clini-
cally important 10% higher 12-month continuation rate
with the NT380-Mini, assuming the TCu380A rate was
70% using a two-sided alpha of 0¢05, and 5% loss to fol-
low-up. We determined the trial’s overall study size in
consultation with the FDA, to adequately assess safety
and efficacy of the NT380-Mini for a new drug
www.thelancet.com Vol 51 Month September, 2022
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application. We chose a 4:1 ratio favouring the NT380-
Mini because of budgetary constraints and the need to
accumulate enough analysis cycles for adequate preci-
sion to estimate contraceptive failure of the NT380-
Mini (the target upper 95% confidence interval was 1
pregnancy per 100 women-years of use). Secondary
endpoints for comparisons to the TCu380A (the mate-
rial presented here) were informational, not regulatory.

For this analysis, we included only nulliparous par-
ticipants: nulligravid women and previously gravid
women who only had miscarriages/terminations. We
used the Kaplan−Meier product limit method to esti-
mate 12-month cumulative probabilities (and associated
95% confidence intervals) for IUD continuation and pri-
mary discontinuation reasons, and used logrank statis-
tics to compare products. We did additional
discontinuation analyses to estimate probabilities for
type of expulsion and for specific bleeding/pain reasons.
The latter tallies included any primary bleeding/pain
adverse event reasons as well as any non-primary con-
tributing bleeding/pain reasons for removal; this
approach enabled participants’ multiple bleeding and
pain problems to be considered. We censored partici-
pants who were lost to follow-up or withdrew consent,
by analysing their last documented date of product use.

For satisfaction and product recommendations at
each timepoint, we used chi-square statistics to test for
product differences. We did a supporting analysis using
last-observation-carried-forward to better understand
the potential role of attrition on these outcomes; this
Figure 1. Analysis population flow dia
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entailed applying the last opinions on the product (at or
before IUD discontinuation) to subsequent timepoints
to maintain a steady sample size for analysis. We did
not make any adjustments for interim analyses or allow-
ances for multiplicity. For all analyses, we used SAS�

V9¢4 (SAS Institute, Inc., Cary, NC, USA) and the CON-
SORT statement was used for reporting this analysis.

Role of the funding source
Only author-employees at Eunice Kennedy Shriver
National Institute of Child Health and Human Develop-
ment (NICHD) had input on the study design, analysis,
interpretation, and manuscript. The other funders pro-
vided only financial assistance and/or study product for
the trial; they had no role in study design, analysis,
interpretation, or manuscript writing. All authors had
full access to the data from their centre and had final
responsibility for the decision to submit for publication.

Results
We screened 1329 potential participants and enrolled
1105, of whom 927 (83¢9%) were nulliparous and
included in this analysis. The 927 nulliparous partici-
pants included 744 randomised to the NT380-Mini and
183 to the TCu380A; successful IUD placement
occurred in 734 (98¢7%) NT380-Mini and 177 (96¢7%)
TCu380A participants (Figure 1). Baseline characteris-
tics were similar in the two groups (Table 1). Notably,
about 9% of participants used a copper IUD previously
and 13% used a hormonal IUD previously.
gram for nulliparous participants.
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Treatment

NT380-Mini
(N = 744)

TCu380A
(N = 183)

Characteristics n (%) n (%)

Age: mean (SD) 25¢4 (4.8) 25¢6 (4.5)

Ethnicity

Hispanic or Latino origin 108 (14.5) 21 (11¢5)
Not Hispanic or Latino origin 631 (84.8) 162 (88¢5)
Not reported 5 (0¢7) 0 (0¢0)
Race

American Indian or Alaska native 6 (0¢8) 1 (0¢5)
Asian 76 (10¢3) 15 (8¢2)
Native Hawaiian or other Pacific

Islander

4 (0¢5) 0 (0¢0)

Black or African American 52 (7¢1) 14 (7¢7)
White 531 (72¢1) 134 (73¢2)
Multiple 50 (6¢8) 16 (8¢7)
Other 17 (2¢3) 3 (1¢6)
Highest level of education

Less than high school 4 (0¢5) 0 (0¢0)
High school grad or equivalent 61 (8¢2) 10 (5¢5)
Some college, no degree 233 (31¢3) 48 (26¢2)
2-yr College/Associate's 42 (5¢6) 17 (9¢3)
4-yr College/Bachelor's 292 (39¢2) 83 (45¢4)
Master or equivalent 94 (12¢6) 23 (12¢6)
Doctorate or equivalent 18 (2¢4) 2 (1¢1)
Gravidity

Never pregnant 620 (83¢6) 153 (83¢6)
Previous pregnancy without live

birth

122 (16¢4) 30 (16¢4)

Marital status

Never Married 650 (87¢4) 156 (85¢2)
Married 60 (8¢1) 23 (12¢6)
Separated 7 (0¢9) 1 (0¢5)
Divorced 27 (3¢6) 3 (1¢6)
BMI (kg/m2): mean (SD) 25¢9 (6¢3) 25¢9 (6¢3)
Menstrual pattern

Average Cycle Length (# of Days)

Mean (SD) 28¢5 (2¢1) 28¢9 (4.9)

Usual flow duration(days)

Mean (SD) 4.9 (1¢1) 4.9 (1¢06)
Heaviest volume of menstrual flow

Light 75 (10¢1) 19 (10¢4)
Moderate 427 (57¢5) 107 (58¢8)
Heavy 241 (32¢4) 56 (30¢8)
Any history of irregular periods?

Yes 149 (20¢1) 38 (20¢9)
No 594 (79¢9) 144 (79¢1)
Usual bleeding pattern

No Bleeding 2 (0¢3) 1 (0¢5)
Spotting Only 9 (1¢2) 1 (0¢5)
Irregular Pattern 9 (1¢2) 1 (0¢5)
Regular Pattern 723 (97¢3) 180 (98¢4)

Table 1 (Continued)

Treatment

NT380-Mini
(N = 744)

TCu380A
(N = 183)

Characteristics n (%) n (%)

Usual bleeding or spotting

between periods?

Yes 44 (5¢9) 11 (6¢0)
No 699 (94¢1) 172 (94¢0)
Participant’s overall opinion of her

bleeding pattern

Acceptable 716 (96¢4) 181 (98¢9)
Not Acceptable 27 (3¢6) 2 (1¢1)
Previous use of copper IUD

Yes 63 (8¢5) 21 (11¢5)
No 680 (91¢5) 162 (88¢5)
Previous use of hormonal IUD

Yes 97 (13¢1) 28 (15¢3)
No 646 (86¢9) 155 (84¢7)

Table 1: Characteristics of participants at baseline, intent-to-
treat population.
Missing data (n): BMI [NT380-Mini(12) and TCu380A(6)], Race [NT380-

Mini(8)], Gravidity [NT380-Mini(2)], Menstrual data [NT380-Mini(6) and

TCu380A(1)].
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Twelve-month continuation rates were 78¢7% (95%
CI:72¢9−84¢5) and 70¢2% (95% CI:59¢7−80¢7) for the
NT380-Mini and the TCu380A, respectively (p = 0¢014)
(Figure 2a). Overall, the most frequent primary reasons
for discontinuation were adverse events due to pain/vag-
inal bleeding: cumulative probabilities of discontinua-
tion were 8¢1% (95% CI:5¢9−10¢3) and 16¢2% (95%
CI:10¢2−22¢3) of NT380-Mini and TCu380A partici-
pants, respectively (p = 0¢003, Figure 2b and Table 2).
Twelve-month IUD expulsion rates were 4¢8% (95%
CI:3¢0−6¢5) in NT380-Mini users and 8¢9% (95% CI:
4¢1−13¢8) in TCu380A users, p = 0¢023; partial expul-
sions contributed most to this difference (Table 2).
Probabilities of accidental self-removals of the IUD
were 2¢9% and 0¢6% in NT380-Mini and TCu380A
users, respectively, p = 0¢11.

Considering all bleeding and pain removal reasons
(primary adverse events and contributing bleeding and
pain reasons for removal), the probability of removal for
intermenstrual pain was statistically significantly lower
for the NT380-Mini (2¢5%; 95% CI:1¢2−3¢8) compared
to the TCu380A (10¢1%; 95% CI:5¢0−15¢2), p < 0¢001)
(Table 2). Removal rates for menstrual pain were 4¢4%
versus 8¢3% (p = 0¢08), removal rates for increased
menstrual bleeding were 4¢0% versus 6¢8% (p = 0¢16),
and removal rates for intermenstrual bleeding/spotting
were 1¢9% versus 3¢5% (p = 0¢25), in NT380-Mini and
TCu380A users, respectively. Incidence of all types of
adverse events and detail on serious adverse events can
be found in Supplementary Table 1.
www.thelancet.com Vol 51 Month September, 2022
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Figure 2. a: 12-Month probabilities of overall product continuation.
Kaplan−Meier plot of 12-month probabilities of overall continuation per 100. NT380-Mini (78.7%) versus TCu380A (70.2%),

logrank test p-value=0.014.
b: 12-Month probabilities of discontinuation due to bleeding and/or pain.
Kaplan−Meier plot of 12-month probabilities per 100. NT380-Mini (8.1%) versus TCu380A (16.2%), logrank test p-value=0.003.

Articles
Product satisfaction exceeded 92% and product rec-
ommendations were 90% or higher at all timepoints
for both products (Table 3). Satisfaction levels with
the products were not statistically different for any
timepoint. Product recommendations were higher for
the NT380-Mini at 3- and 12-months, (p = 0¢002 and
p < 0¢001, respectively). In our supporting analysis
using last-observation-carried-forward to mitigate the
potential role of attrition (data not shown), the results
reported in Table 3 did not change.
www.thelancet.com Vol 51 Month September, 2022
Discussion
This randomised trial involving nulliparous partici-
pants demonstrated important first-year benefits of
the smaller copper IUD compared to the larger stan-
dard product: higher 12-month continuation rates,
fewer expulsions, fewer removals due to bleeding
and/or pain, and higher product recommendations
at some time periods. Our results address a signifi-
cant, but largely forgotten matter, that was never
adequately examined in the tranche of comparative
7



Outcome NT380-Mini (N = 734) TCu380A (N = 177) p-value

Probability (%) n (95% CI) Probability (%) n (95% CI)

Continued use 78¢7 581 (72¢9−84¢5) 70¢2 125 (59¢7−80¢7) 0¢014
IUD discontinuation 21¢3 153 (18¢3−24¢3) 29¢8 52 (23¢0−36¢7) 0¢014
Lost to follow-upa 3¢7 25 (2¢2−5¢3) 3¢4 5 (0¢2−6¢5) 0¢764
Primary reasons for discontinuation

Any adverse event removal due to bleeding and/or painb 8¢1 54 (5¢9−10¢3) 16¢2 25 (10¢2−22¢3) 0¢003
Any expulsions 4¢8 32 (3¢0−6¢5) 8¢9 15 (4¢1−13¢8) 0¢023
Spontaneous complete expulsion 1¢9 13 (0¢8−3¢1) 1¢7 3 (0¢0−4¢1) 0¢978
Partial expulsion (IUD in cervix or at os) 2¢9 19 (1¢5−4¢3) 7¢3 12 (2¢8−11¢8) 0¢005

Accidental self-removal of IUD 2¢9 19 (1¢5−4¢2) 0¢6 1 (0¢0−1¢9) 0¢112
Other medical reasonsc 4¢1 26 (2¢5−5¢7) 3¢6 5 (0¢3−6¢9) 0¢739
Other reasonsd 3¢5 22 (2¢0−5¢0) 4¢0 6 (0¢6−7¢4) 0¢693
All bleeding and pain reasons (includes primary adverse events and contributing reasons for removal)

Intermenstrual painf 2¢5 16 (1¢2−3¢8) 10¢1 15 (5¢0−15¢2) <0¢001
Menstrual painf 4¢4 29 (2¢7−6¢0) 8¢3 12 (3¢6−13¢1) 0¢084
Increased menstrual bleedinge,f 4¢0 26 (2¢4−5¢6) 6¢8 10 (2¢5−11¢2) 0¢160
Intermenstrual bleeding/spottingf 1¢9 12 (0¢8−3¢0) 3¢5 5 (0¢3−6¢7) 0¢251

Table 2: 12-Month IUD discontinuation probabilities by reason and product, user population.
a Separate survival analysis with lost-to-follow-up categorized as an endpoint for comparative purposes.
b A participant with more than one bleeding/pain adverse event is tallied once for these 79 person-events.
c Includes malposition of IUD, vaginal disorders, pregnancy, anxiety, acne, miscellaneous.
d Includes desire for pregnancy, not sexually active, withdrew consent.
e Increased menstrual bleeding includes increased menstrual blood loss, prolonged menses, increased frequency of menses.
f A participant may have more than one reason.

p-values from Kaplan−Meier logrank tests.
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copper IUD trials that started in the 1970s and
ended over 20 years ago.

Our key 12-month measures for the TCu380A
(70¢2% overall continuation probability, 16¢2% removal
due to bleeding and/or pain adverse events, and 8¢9%
expulsion) are similar to previous randomised trials and
help validate our findings. For example, a 1970s study
with a 50% nulliparous population reported 12-month
rates of 69¢7% (continuation), 14¢2% (removal rate for
bleeding and/or pain), and 7¢1% (expulsion rate).1 More
recently, an observational study in the USA reported an
overall 12-month continuation rate of 85% for the
TCu380A20 and a 6% first-year expulsion rate among
nulliparous users.21

We found a statistically significant higher probability
of partial IUD expulsion in the TCu380A group com-
pared to the NT380-Mini. Given lack of blinding of pro-
viders, their discretion at doing ultrasounds, and the
possibility that the TCu380A group might have had
more ultrasounds (leading to surveillance bias in detect-
ing partial expulsions), we examined the frequency of
ultrasounds. We found both treatment groups had the
same percentage of ultrasounds in the first year (3¢55%
of NT380-Mini participants and 3¢70% of TCu380A par-
ticipants, p-value 0¢664, data not shown). Thus, it is
unlikely that this affected our results. The higher expul-
sion rate in the TCu380A group supports the notion
that the TCu380A may be incompatible with the uterine
cavities of some nulliparous users. Increased frequency
or intensity of uterine contractions with a larger product
in situ, may push a product toward the lower uterine
cavity. Though IUDs have been shown to move toward
and away from the fundus over time,22 a product that
becomes temporarily or permanently malpositioned
might also produce unacceptable bleeding and pain side
effects that lead to early removal. As described in the
1970 US patent for the TCu380A frame, “the device
is of such a size that the crossbar of the “T” may
exert some lateral pressure on the endometrial wall
of the uterus. X-ray studies indicate that the ends of
the crossbar will become slightly embedded in the
endometrium suggesting a gentle anchoring
phenomenon”.23

While IUD size is one factor, our findings may be
due to other differences between the products. For
example, the shorter arms of the NT380-Mini splay out-
ward from the stem and flex upward (the Nova-T design
used on hormonal IUDs), whereas the TCu380A arms
are rigidly perpendicular to the stem (Figure 3). Also,
the TCu380A has copper on the arms/stem, while the
NT380-Mini relies on copper affixed only to the stem.
Sivin and Stern1 showed that the TCu380A had higher
contraceptive efficacy, yet higher rates of removal due to
bleeding and pain compared to the same frame with
200mm2 copper on the stem only. In the review of clini-
cal records at the UK’s NHS, investigators found that
only “smallness” explained why one copper IUD per-
formed better than the standard (larger) product in a
www.thelancet.com Vol 51 Month September, 2022
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nulliparous population.13 In that study, the two copper
IUDs were equivalent in all aspects except size, yet
patients’ complaints of bleeding/pain and incidence of
early removals were twice as high with the standard
(larger) copper IUD. An observational cohort study of
parous/nulliparous copper IUD users in six European
countries, found that smaller IUD arm-spans and other
design differences (lower copper content, horseshoe-
shaped frames, flex-up arms, and arms without copper)
were associated with fewer side effects and fewer early
IUD removals; however, in the nulliparous-only sub-
population, these patterns were largely absent.24 Of
note, smaller frames on hormonal IUDs do not show
benefits in the post-placement period compared to
larger framed products.25 Our findings are not necessar-
ily generalizable to any other device that is simply
smaller than the TCu380A.

Our satisfaction results reflect the thoughts of cur-
rent users at the time of interview. These measures are
imperfect; attrition from dissatisfaction results in reten-
tion of higher percentages of satisfied users, which gen-
erally biases comparisons toward neutrality. Our
supporting analysis to combat the potential impact of
attrition also did not reveal major product differences.
The reasons for apparent inconsistencies between opin-
ion questions and early removals due to bleeding and/
or pain are unclear. Perhaps opinion questions are too
broad, and/or pre-placement counselling about
potential bleeding/pain led participants to expect far
worse, and/or social desirability bias concealed par-
ticipants’ true feelings. Perhaps we do not have
enough information about prior experiences, expecta-
tions or other factors that are too complex at the
individual patient level to understand these nuances.
Regardless, in light of unknown validity of what
these data measure, incidence of early removal and
the underlying cause is perhaps a more reliable indi-
cator of product acceptability.

Our trial has strengths and weaknesses. One impor-
tant strength is the location of the trial. We chose the
USA, where only one copper IUD is currently approved
and marketed; this avoided recruitment challenges and
perhaps ethical issues we may have encountered in
other countries (concerns over randomising nulliparous
participants to larger products when smaller products
are available). An important weakness is that we cannot
claim that small size explains all the benefits, since the
NT380-Mini differs in other ways from the TCu380A.
Due to budgetary constraints and study size require-
ments for regulatory review of a new IUD, our 4:1
randomisation ratio may have prevented optimal com-
parative capabilities. Both products in our trial have full
approval and are marketed in many EU countries. Dur-
ing the trial, the DSMB, the IRBs, and the USFDA
reviewed incidence of events and continuously affirmed
participant safety. Full safety information on the com-
plete population (parous and nulliparous) and complete
9



Figure 3. Dimensions of TCu380A and NT380-Mini.
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time period will be submitted to the USFDA for regula-
tory review.

Approximately 8¢4% of women worldwide use IUDs
(about 160 million people); of all reversible contracep-
tives, the IUD is second only to condoms in terms of
highest prevalence of use.26 While this estimate
includes hormonal products, only upper-income coun-
tries have substantial use of hormonal IUDs; still, even
in the UK for example, new IUD users select copper
products 36% of the time.27 Nulliparous women (which
includes the nulligravid subset) are increasingly choos-
ing IUDs; in the USA, the annual percent change in
prevalence of IUD use among nulligravid women was
11% from 2008 to 201728 largely due to proven safety of
intrauterine contraception and the availability of hor-
monal devices. More recently, growing interest in
female-controlled, non-hormonal contraception led to
the development and approval of a new non-hormonal
vaginal gel product in 2020; however, that product
unfortunately fails to prevent pregnancy at an estimated
first-year rate of 27¢5 per 100 person-years.29 Better
non-hormonal contraceptives, with proven benefits for
nulliparous women, serve broad societal needs of
equity, regardless of parity.

In conclusion, this trial found important benefits of
the NT380-Mini copper IUD compared to the TCu380A
in the first year. For nulliparous users who try the cop-
per IUD for the first time, the impact of these benefits
may be of lasting importance; those with positive experi-
ences will likely consider using a copper IUD in subse-
quent life stages. The copper IUD technology remains
the only long-acting, non-hormonal form of reversible
contraception; any improvements in performance stand
to benefit even broader populations of potential users.
Complete 3-year safety and efficacy findings will be
published when available, to more fully understand
product performance.
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