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Abstract

Management of pregnancy of unknown location
Diagnostic protocols, clinical outcomes, and psychosocial aspects

Johan Fistouris

Department of Obstetrics and Gynecology, Institute of Clinical Science
Sahlgrenska Academy, University of Gothenburg

Gothenburg, Sweden

Background: Ectopic pregnancy (EP) is the leading cause of pregnancy-related first trimester
mortality. Many EP remain undiagnosed beyond an initial transvaginal ultrasound assessment.
Noninvasive diagnosis of EP in women with a pregnancy of unknown location (PUL)
involves serial serum human chorionic gonadotropin (hCG) levels. Published hCG-based
protocols, including risk-prediction models, can be of great interest to Swedish patients and
physicians as they may improve PUL management. The performance of protocols is
commonly assessed by their diagnostic and discriminatory abilities, but comparisons of
clinical outcomes are limited. The psychological effect of experiencing a PUL has not been
investigated.

Aim: To determine a well-functioning strategy for PUL management in Swedish
gynecological emergency settings and to investigate the psychological outcome of having a
PUL.

Methods: A comparative study of four hCG-based protocols and a validation study of risk-
prediction models (M4 and M6NP) were conducted at the gynecological emergency unit at
the Sahlgrenska University Hospital. M4 and the NICE (National Institute for Health and
Care Excellence in the UK) algorithm were selected for a multicenter randomized controlled
trial (RCT). Psychological distress was measured with the Hospital Anxiety and Depression
Scale (HADS) in women with a PUL and in control participants in antenatal care. Health-
related quality of life was assessed with the 36-item short form (SF-36).

Results: In the first study M4 and the NICE algorithm had higher sensitivity for EP but lower
specificity for non-EP than the two other protocols. In the validation study M6NP made more
accurate predictions of EP, had higher discriminatory ability for EP vs non-EP, and higher
sensitivity for EP, but lower specificity for non-EP than M4. In the RCT the NICE algorithm
had higher discriminatory ability for EP vs non-EP and specificity for non-EP than M4 when
tested on cross-sectional data. There was no significant difference in diagnostic performance
for M4 vs NICE when analyzed according to randomized groups, and no significant between-
group differences in number of hCG or ultrasounds undertaken, time to diagnosis of EP,
length of follow-up, first-line treatment success of EP, or adverse events. Women with a PUL
had more frequently an anxiety score >8 (58.6% vs 29.2%, p=.0002) than women in antenatal
care. No significant differences in anxiety or depression were observed for women with a
viable vs a nonviable pregnancy within the PUL group after 1 or 4 weeks. For SF-36, the
mental component summary was below the norm (50) for women with a viable (38.5) or a



nonviable pregnancy (33.5), but did not differ between groups, p=.20. The physical
component summary was lower in women with a viable pregnancy (47.7 vs 52.2, p=.020) and
below the norm (50).

Conclusion: The diagnostic and discriminatory abilities of the NICE algorithm were mostly
superior to M4, but no significant differences of clinical outcomes were observed. The RCT
was not powered to detect differences in these secondary outcomes, which should be
considered when interpreting the results. The MONP seems to be preferable for managing
PUL given its high sensitivity for EP and discriminatory ability, although it was not tested in
clinical practice. Symptoms of anxiety and depression were substantial among women with a
PUL, and health-related mental quality of life was low. This aspect of PUL is novel and
requires more research.

Keywords: pregnancy of unknown location, human chorionic gonadotropin, ectopic
pregnancy, miscarriage, anxiety, depression, health-related quality of life
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Sammanfattning pa svenska

Bakgrund: Extrauterin graviditet (EP), eller utomkvedshavandeskap &r den vanligaste
graviditetsrelaterade orsaken till sjukdom och dod i forsta trimestern. P& en gynekologisk
akutmottagning &r kvinnor med misstdnkt graviditetskomplikation sdsom EP en vanlig
patientgrupp. I vissa fall kan vaginalt ultraljud inte lokalisera nagon graviditet vilket bendmns
”graviditet med oklar lokalisation” (PUL). De flesta patienter med PUL har en normal tidig
graviditet som initialt var for liten att se eller ett missfall, men upp till 20% kan ha en EP.
Handldggningen av patienter med PUL ér ofta utdragen med upprepade blodprover for analys
av graviditetshormon (hCG) och ultraljudsundersékningar. Det saknas gemensam strategi i
Sverige for hur kvinnor med PUL ska handldggas. Flera studier har jamfort den diagnostiska
formagan hos olika hCG baserade protokoll som kan anvéndas av ldkaren for att identifiera
patienter med hog eller 1ag risk for EP. Fa studier har jamfort kliniska utfallsmatt for olika
protokoll och det saknas studier som undersokt hur handlédggningen paverkar patienterna
psykiskt.

Syfte med avhandlingen: Att undersoka den diagnostiska formégan hos fyra hCG baserade
protokoll samt att dven jamfora kliniska utfall hos tva av protokollen, for att avgora vilket
protokoll som &r mest anvéndbart pa en svensk gynekologisk akutmottagning. I en studie
undersoks den psykiska paverkan av PUL.

Resultat: 1 delarbete I visade en retrospektiv jamforelse av fyra protokoll att en
prediktionsmodell (M4) och en algoritm publicerad av NICE (The National Institute for Health
and Care Excellence) i Storbritannien hade hogre sensitivitet for EP &n de tva andra protokollen
men liagre specificitet for andra graviditetsutfall hos patienter med PUL. 1 delarbete I1
jamfordes M4 med en vidareutvecklad prediktionsmodell (M6NP) som var béttre pa att
predicera EP bland PUL men bada modellerna visade pa en dvergripande underestimering.
MG6NP visade signifikant hogre diskrimineringsférmaga mellan patienter med hog risk for EP
och patienter med 14g risk for EP. MONP hade hogre sensitivitet for EP och negativt prediktivt
virde &n M4 men signifikant ldgre specificitet for andra graviditetsutfall. Delarbete III var en
randomiserad studie (RCT) dér hélften av deltagarna fordelades till att handldggas med hjilp
av M4 och hélften till NICE algoritm. NICE algoritm hade mestadels battre diagnostisk forméga
och diskriminering &n M4 men det var ingen signifikant skillnad i tid till diagnos, antal
blodprover/undersdkningar, behandlingsresultat av EP, ruptur av EP eller andra negativa
héndelser mellan grupperna. I delarbete I'V mittes patienternas nivaer av angest och depression
med hjélp av sjilvskattningsskalan HADS (the Hospital Anxiety and Depression Scale) en och
fyra veckor efter de randomiserats i RCTn. Efter fyra veckor mittes ocksa hélsorelaterad
livskvalitet med SF-36 (36-item short form). Tidigt gravida i modravarden utgjorde en
kontrollgrupp och besvarade HADS vid ett tillfdlle. Resultatet visade att kvinnor med PUL hade
en signifikant 6kad niva av angest och depression jamfort med kontrollgruppen och 14g mental
livskvalitet. Ingen signifikant skillnad av angest och depression uppméttes mellan patienter med



viabel eller icke viabel graviditet inom PUL-gruppen. Efter fyra veckor var nivderna av angest
och depression signifikant 14gre hos kvinnor med PUL men fortsatt forhojda.

Slutsats: Resultaten i avhandlingen tyder pa att MO6NP har hogst diagnostisk och prediktiv
formaga for EP hos kvinnor med PUL. Ovriga protokoll hade acceptabel diagnostisk formaga,
men i RCTn hade NICE algoritm béttre resultat &n M4. Ingen signifikant skillnad noterades i
kliniska utfall mellan M4 och NICE algoritm men pd grund av liten studiepopulation och
metodologiska begransningar skall resultaten tolkas med viss forsiktighet. MONP dr mojligen
béttre lampad att anvdnda pa en gynekologisk akutmottagning d&n NICE algoritm och studier
med fler deltagare skulle eventuellt kunna pavisa kliniska skillnader mellan dessa protokoll.
Prevalensen av angest-och depressionssymptom ar hog bland kvinnor med PUL och jamforbar
med det som rapporterats for kvinnor med missfall. Detta dr ny kunskap som behdver studeras
ytterligare och belyser ett behov av strukturerat psykologiskt stod for kvinnor som genomgar
PUL handléggning.
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CRF
eCRF
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HADS
hCG
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MCS
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TVS

Adjusted odds ratio

Area under the curve

Confidence interval

Case report form

Electronic case report form

Ectopic pregnancy

Early pregnancy assessment unit

European Society of Human Reproduction and Embryology
Full analysis set

Hospital Anxiety and Depression Scale

human chorionic gonadotropin

Intrauterine pregnancy

Model 4 (risk-prediction model)

Model 6 progesterone (risk-prediction model including progesterone)
Model 6 no progesterone (excluding progesterone)
Mental component summary of the SF-36
National Institute for Health and Care Excellence
Negative predictive value

Odds ratio

Physical component summary of the SF-36
Positive predictive value

Pregnancy of unknown location

First quartile

Third quartile

Randomized controlled trial

Receiver-operating characteristic

Standard deviation

36-item Short Form

Transvaginal ultrasound
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Introduction

Vaginal bleeding is experienced by 9% to 30% of pregnant women before 12 weeks’
of gestation.!-2 Heavy bleeding accompanied by pain is associated with an increased
risk of pregnancy loss while spotting or light episodes are not.> Symptoms of
threatened miscarriage prompt women to seek medical attention. In the UK
early pregnancy complications are the most frequent emergency in gynecology
departments.* Every year around 1500 women are examined for potential early
pregnancy complications at the gynecological emergency unit at the Sahlgrenska
University Hospital. The aim of transvaginal ultrasound (TVS) assessment of these
women is to determine the location and health of the pregnancy. A pregnancy of
unknown location (PUL) is considered when TVS fails to visualize a pregnancy in a
clinically stable woman with a positive pregnancy test, of which a majority
eventually progress to either a normal intrauterine pregnancy (IUP), a miscarriage or
a spontaneously resolving PUL.

Ectopic pregnancy (EP) represents 1% to 2% of all pregnancies and is the most
serious pregnancy outcome of PUL, as it can be life-threatening and compromise
reproductive health.®® In 2019, there were 6.7 million incident cases of EP globally
with 6542 deaths, and despite diagnostic and surgical advances, almost 10% of
pregnancy-related deaths in the United States during 20102013 were from EPs.% 1
In the UK, the mortality rate from EP has been relatively unchanged for the past 20
years, occurring in 0.82 per 100,000 pregnancies in 2021.!!

Up to 40% of EPs have a delayed diagnosis after the first assessment, and outpatient
monitoring can continue for several days or weeks with great uncertainty and risk of
morbidity.'? In a clinical context, reducing follow-up visits and unnecessary medical
interventions is desirable, as is shortened time to diagnosis of EP, to avoid potential
emergency situations. The unintended interruption of a live pregnancy or fatal
intraabdominal bleeding from a ruptured EP has been reported among women with
PUL.'> * Protocols of PUL management are designed to prevent such events,
stemming from hasty or delayed clinical interventions.'> Procedures surrounding
PUL are associated with a significant workload and need to be efficient as well as
aimed at alleviating patient and societal burden.!®
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Terminology and definitions

Pregnancy of unknown location

There is no consensus on ultrasound definitions and terminology of an early
pregnancy and much of the existing PUL literature uses nomenclature originating
from three publications (Table 1). Three findings of the first TVS in women with a
positive pregnancy test were accepted as PUL for all studies in this thesis. Given
parenthetically below is the abbreviated terminology used for the specific PUL to
differentiate among them:

e No signs of a pregnancy inside or outside the uterus (true PUL)

e A sac-like structure or suspicion of retained products of conception (heterogeneous or
echogenic tissue) within the uterine cavity (probable IUP or probable miscarriage)

e Ectopic inhomogeneous (solid) structure or sac-like structure (probable EP)

The following ultrasonographic terminology and definitions were used to distinguish between
pregnancy outcomes after the initial TVS classifying a PUL:

e Pregnancy of unknown location
o No signs of a pregnancy inside or outside the uterus
e Intrauterine pregnancy
o Nonviable
= Fetal pole >7 mm and absence of heartbeat
= Empty sac-like structure >25 mm
= Heterogeneous or echogenic tissue (complete miscarriage if the anterio-
posterior diameter was <15 mm)
o Viable
= Fetal pole with heartbeat
o Uncertain viability
= Fetal pole <7 mm and absence of heartbeat
= Empty sac-like structure <25 mm
e Ectopic pregnancy
o Sac-like (empty) structure, either adnexal (partial or complete interstitial; isthmic;
ampullary or ovarian), cervical, intramural or at a caesarean scar.
o Solid structure, either adnexal (partial or complete interstitial; isthmic; ampullary
or ovarian), or partial or complete cervical, intramural or at a caesarean scar.
o Gestational sac with yolk sac, either adnexal (partial or complete interstitial;
isthmic; ampullary or ovarian), cervical, intramural or at a caesarean scar.
o Live, either adnexal (partial or complete interstitial; isthmic; ampullary or
ovarian) or partial or complete cervical, intramural or at a caesarean scar.
= Gestational sac containing fetal pole with heartbeat

14
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Rationale for the terminology and definitions

Clear diagnostic criteria are crucial to avoid conflating an EP with an IUP and vice
versa, diagnostic errors can lead to delayed or inappropriate treatment causing
significant morbidity. Stringent ultrasound definitions and terminology for an early
pregnancy also enable comparisons and generalizability of study results.

The appearance of a round or oval hypoechoic area within the intrauterine cavity is
not universally accepted as confirmation of an [UP. In an international consensus
statement and according to the American College of Radiology, a yolk sac or embryo
needs to be visible within a gestational sac to verify the presence of an IUP, and in
cases involving no detectable embryonic structure or yolk sac, the finding should
instead be a probable IUP. !7- 18 In contrast, in the UK, no proof of embryonic content
is needed for IUP confirmation in specialist early pregnancy assessment units
(EPAUs)." The reason for a more conservative definition of IUP is that a
sac-like structure or fluid collection within the uterine cavity could represent a
pseudogestational sac (Figure 1), which is reported in 10% to 16% of women with
an EP. 22! In two recent studies the rate of EP was < 2.2% when a intrauterine fluid
collection was seen without concomitant adnexal mass, and its clinical relevance has
been questioned.?? 23

Figure 1. Transvaginal ultrasound image illustrating a pseudogestational sac.
Fluid collection centrally located within the intrauterine cavity, without surrounding
decidual changes in a woman with a laparoscopically confirmed ectopic pregnancy.
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A pregnancy can be located ectopically within the margins of the uterus and thus not
be extrauterine but still extend partially or completely beyond the endometrial-
myometrial junction of the uterine (endometrial) cavity. Ectopic pregnancies
confined to the uterus are becoming more prevalent, and the European Society of
Human Reproduction and Embryology (ESHRE) working group on Ectopic
Pregnancy has suggested the term “normally sited (eutopic) pregnancy” instead of
“intrauterine pregnancy” to avoid confusion with a uterine EP.>* The ESHRE group
further recommends the term “live” for an early pregnancy when heart pulsation is
visible and not using the term “viable” which in obstetric practice signifies a fetus
that can survive if delivered. If a gestational sac is seen within the uterine cavity
without a visible embryo, the term “early normally sited (eutopic) pregnancy” is
advised.

In addition to the possibility of an inconclusive location, the viability of a pregnancy
can be unclear. Safety criteria have been developed that virtually eliminate the risk
of interrupting a desired pregnancy and are important to recognize during PUL
management.”® In one prospective validation study, the cutoffs for mean gestational
diameter, crown—rump length, and presence or absence of heart pulsation were 100%
specific for a nonviable pregnancy.?® In this thesis, the terminology and definitions
for the location and viability of a pregnancy are based on the articles listed in
Table 1. Hereafter, the term “ectopic pregnancy” or EP is used as synonymous with
extrauterine pregnancy, as approximately 98% of EPs occur in the fallopian tube.?’
A “viable IUP” is used as synonymous with a live, normally sited (eutopic)
pregnancy.

Incidence of PUL and influencing factors

Ultrasound diagnosis in early pregnancy is largely dependent on the operator, and
without adequate competence, the chances of a PUL determination likely increase.?®
29 Technological advancement with high-resolution ultrasound imaging has led to
lower PUL rates today compared to a couple of decades ago, when rates of 25% to
43% were reported in emergency gynecology units and emergency departments.3%-32
In specialist clinics, PUL frequencies from 8% to 11% are common, which is below
the 15% benchmark recommended for units that evaluate women in early
pregnancy.®*3¢ The rate can vary widely, however, and in a recent study in 44 EPAUSs
in the UK, the incidence of PUL ranged from 1% to 27%.” Rates of PUL from
selected studies are presented in Table 2.

17



Table 2. Studies presenting the incidence of pregnancy of unknown location in clinically stable women
managed as outpatients.

No. of

Author, journal, Study design, Definition of nondiagnostic women PUL incidence
publication year data period  Country Setting location scanned n (%)
Hahlinetal.3®  Prospective Sweden Emergency  Failure to identify the location of 261 80 (30.7%)
Hum Reprod 12 months gynecology  the gestational sac without further
1995 unit definitions

Single center
Mol et al.3t Prospective ~ The Gynecology  Adnexal mass or extrauterine sac- 824 354 (43.0%)
Fertil Steril 1993 to 1996 Netherlands departments like structure and no signs of
1998 Two centers  intrauterine pregnancy
Barnhart et al.32 Retrospective US Emergency Intrauterine sac-like structure, 1880 416 (22.1%)
Obstet Gynecol 1999-2007 department inhomogeneous adnexal mass or
2011 Single center extrauterine sac-like structure
Condous et al.3* Prospective UK EPAU No signs of either ectopic or 5544 569 (10.3%)
uoG 2001 to 2003 Single center intrauterine pregnancy
2005
Jin et al.#® Retrospective Australia EPAU No signs of either ectopic or 10 000+ 848 (8.5%)
uoG 2007 to 2021 Single center intrauterine pregnancy
2024
Goldberg etal. Retrospective US Abortion No signs of either ectopic or 5619 452 (8.0%)
Obstet Gynecol® 2014 to 2019 clinic intrauterine pregnancy
2022 Single center

Abbreviations: EPAU, early pregnancy assessment unit.
20bstet Gynecol. 2022;139(5):771-80.

Several factors can contribute to a nondiagnostic TVS, which cannot completely be
avoided in some instances because of the timing of the examination or adherence to
local routines and national guidelines. Blastocyst implantation occurs from 6 to 12
days after conception, and with implantation, hCG becomes detectable in serum and
urine.*® At this early stage, a TVS will inevitably be inconclusive. A PUL is the most
common TVS finding in women examined before 35 days of gestation, and
postponement of examinations in asymptomatic pregnant women until 49 days of
gestation is advisable.’® Additionally, many women present after a complete
miscarriage when no trophoblastic tissue remains in the uterine cavity. If an IUP was
not confirmed earlier during such pregnancies, an EP cannot be ruled out. In one
study, 5.9% of women with this clinical scenario had an EP.*’ A current UK guideline
recommends further assessment of women in such cases until the pregnancy location
can be established.*!

A gestational sac can be visualized with ultrasound 4 weeks and 3 days after the start
of the last menstrual period in women who have a regular 28-day cycle.** At this
stage, no embryonic contents are visible, and a TVS diagnosis of an IUP
is based on decidual changes surrounding the gestational sac, such as the double
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decidual sac sign or intradecidual sign.** The potential diagnoses that could be made
under these circumstances are an early pregnancy of uncertain viability, a pseudo-
gestational sac, or a probable IUP, depending on the sonographer and the routines in
the specific setting.

One systematic review and meta-analysis showed that the pooled sensitivity for [UP
was 42% with the presence of a yolk sac and 81.8% with the double decidual sac
sign, with post-test probabilities of 100% and 99.6%, respectively.* In a study from
the United States, the absence of a yolk sac led to 34.7% of IUPs being defined
as probable IUPs and 36.6% of EPs defined as probable EPs.3? Thus, a more
conservative definition of a definitive pregnancy location can substantially affect the
number of women who will have additional clinic visits before a diagnosis can be
confirmed.

Furthermore, 58% to 71% of EPs visualized with TVS are morphologically
characterized by an empty gestational sac or an inhomogeneous mass (Figure 2),
which in the international consensus statement are nondiagnostic and should be
referred to as a probable EP. 7 In one study, almost three-quarters of EPs were
regarded as nondiagnostic if the definitive diagnosis depended on the presence of a
fetal pole or yolk sac.*’ These morphological types of EP have positive predictive
values (PPVs) that are similar to those associated with finding embryonic content
(96.7% vs 97.7%) and should therefore be reclassified as definitive and not probable
EPs, according to some authors.*¢

In summary, a low PUL rate is believed to reduce the number of follow-up visits and
in turn the individual and societal burdens. A high PUL rate, on the other hand,
potentially leads to more emergency surgery because of undetected EPs and to
unnecessary laparoscopy of women with an actual TUP.33
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Fig. 2a)

1 D 28.6mm
2 D28.4mm

Fig. 2b)

Figure 2. Transvaginal ultrasound images showing different morphological types of
ectopic pregnancy in the fallopian tube. (a) Solid inhomogeneous mass (blob sign).
(b) Empty gestational sac with a hyperechoic ring around (bagel sign).
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Clinical outcomes

Pregnancy outcomes

A PUL is a transient state that eventually progresses to a viable IUP or pregnancy
failure, which entails three possible outcomes (Figure 3). Up to one-third of PULs
are early viable I[UPs that are too small to identify when first examined.'> %4 During
surveillance of PULs, 46% to 70% resolve spontaneously without having a verified
location.?%30-52 A spontaneously resolving PUL signifies self-constraining processes
occurring within the intrauterine cavity or ectopically, whereas manifested
pregnancy failure consists of either a confirmed miscarriage or an EP.!6:33-53

Studies report that 74%-85% of clinically relevant EPs can be diagnosed at the initial
TVS, with a cumulative detection rate of 98% prior to surgery.***” Among women
with a PUL, 6%-20% will have an EP confirmed either by TVS or at laparoscopy.**
32,54,56 Ectopic pregnancies starting as PULs have shorter gestational age and lower
serum human chorionic gonadotrophin (hCG) levels at presentation than EPs
visualized at the first TVS, and some evidence suggests that they also may be less
harmful.>”- %8

A rare clinical scenario that can arise involves a nonidentified pregnancy with
sustained hCG levels for a prolonged period, and the term “persistent PUL” is
commonly used in such cases.!” 3% ¢ Two definitions currently used in clinical
practice are either a daily change of <15% in hCG concentrations or this magnitude
of change in 2 days on three occasions.®® ¢! A persistent PUL most often represents
either a slow-growing nonviable IUP, a nonvisualized EP, or undiscernible retained
products of conception.>®- 2 Subcategories of persistent PUL exist and depend on the
management and outcome (Figure 3).
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Intrauterine pregnancy
Visualized on transvaginal ultrasound
as viable, nonviable or of uncertain
viability. Or a clinically confirmed
miscarriage

Spontaneously resolved
PUL

Spontaneous resolution of hCG
without confirmed location

Pregnancy of Unknown
Location (PUL)

Ectopic pregnancy

Visualized on transvaginal
ultrasound or at laparoscopy

Persisting PUL

Treated persistent PUL

Resolution of hCG after
methotrexate

Nonvisualized ectopic
pregnancy

Plateauing or rising hCG levels
after uterine curettage

Resolved persistent PUL

Spontaneous resolution
of hCG

Histological intrauterine
pregnancy

Chorionic villi in uterine
specimen

Figure 3. Possible pregnancy outcome of a pregnancy of unknown location (PUL) identified on the
initial transvaginal ultrasound. lllustration modified from Barnhart et al. Fertil Steril 2011.

Interventions and adverse outcomes

The clinical workup for women with PUL has undergone a gradual shift from an
interventional to an expectant approach. Repeated ultrasound scanning and serial
measurement of hCG levels provide highly accurate noninvasive diagnosis of an EP
and minimize the risk of initiating a medical intervention without a clear diagnosis.
Generally, adverse outcomes are related to hasty or delayed medical interventions,
the most severe of which are rupture of an EP with potential life-threatening intra-
abdominal bleeding and disruption of a wanted IUP. In the past, laparoscopy was
frequently used for diagnostic purposes out of fear of missing an EP.%® This strategy
was eventually abandoned in hemodynamically stable women with minor symptoms
because research had shown that most cases with inconclusive TVS were not an
EP, and a substantial number of both pathological IUPs and EPs resolved
spontaneously.4-66
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The occurrence of rupturing EPs has been reported to be 2% in women with
persistent PUL and from 0% to 0.9% in the PUL population altogether 336167 The
diagnosis of EP can be challenging, and in cases of ambiguity in symptomatic but
clinically stable women, laparoscopy may be initiated prematurely. Rates of
emergency laparoscopy or uterine evacuation are reported to be from 0.2% to 1.8%
in general PUL populations and 10.5% in women with persistent PUL,!3: 33 60, 61
A recent study found that 18% of laparoscopies for suspected EP were negative,
whereas older studies reported that up to two-thirds were negative.3”- 656869 Negative
laparoscopies could potentially harm desired viable pregnancies and result in
opportunistic salpingectomy of a unaffected fallopian tube because of the fear of
missing a small EP.70

Consensus is lacking around an optimal strategy for women with a persistent PUL,
and both active and expectant management are used. Women with these conditions
seem to be at high risk for EP-related complications, and some clinics advocate
uterine curettage or methotrexate to reach a diagnosis more quickly or treat an
undiagnosed EP. Many persistent PULs resolve spontaneously, and potentially
harmful methotrexate could be redundant.”! In a randomized controlled trial (RCT)
from the Netherlands, success rates did not differ between single-dose methotrexate
and expectant management in women with persistent PUL (75.6% vs 59.4%), and
the resolution time of hCG was the same in both groups (34 vs 38 days).”! An RCT
from the United States showed that a two-dose methotrexate protocol or uterine
curettage was more effective than expectant management (51.5% vs 36.0%) and
resulted in fewer unplanned surgical interventions.®® In that analysis, the voluntary
crossover of patients was substantial, mostly from active to expectant management,
and the results favored active management when analyzed as treated (94.5% vs
56.1%). It was argued that uterine curettage or two-dose methotrexate was a more
effective active management than used in previous studies.

According to a US guideline, diagnostic uterine curettage is optional if no IUP is
visible and hCG levels exceed 3500 IU/L, but its routine use is not advised in the
UK.7>”3 One reason for limiting the use of diagnostic uterine curettage or
methotrexate is the risk of terminating a viable pregnancy. Studies have shown that
biochemically excluding pregnancy viability is difficult and could be unsafe. In one
evaluation of using four different cutoffs of increasing hCG levels, up to 12.3% of
ongoing pregnancies would risk uterine curettage, and an estimated >50% of women
would be exposed to an unnecessary intervention.” A recent study reported that a
ratio of 1.02 for hCG change in two days and a progesterone level of 5 nmol/L
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(16 ng/mL) were the lowest cutoffs associated with a viable pregnancy among PULs,
and that 11% of viable pregnancies involved hCG >3000 IU/L.”

Unintended disruption of an ongoing pregnancy is extremely rare and scarcely
reported in the literature. In two studies with more than 3000 PULSs in total, there
was one case of methotrexate given to a woman with a viable [UP, with pregnancy
termination because of the teratogenic effect.!® ¢!- 76 In the previously referenced US
RCT, one woman allocated to expectant management was later found to have a viable
IUP and delivered at term without complications.®® The patient’s hCG levels
increased from 86 to 92 (7%) in 2 days and to 107 (24%) over 4 days, making the
case eligible for the study as a persistent PUL. This case emphasizes the fallacy of
solely basing pregnancy viability on hCG progression and that even if conservative
criteria are used for considering intervention, the outcome could be devastating.
Unless required for a life-threatening maternal condition, hasty intervention without
a clear diagnosis should be avoided in women with PUL.

In summary, some differences for diagnosing the pregnancy outcome of PUL exist
but with the shared goal to minimize adverse events and unnecessary interventions.
The management of PUL is hazardous in many ways for both the health of the woman
and pregnancy. A proportion of negative laparoscopy is unavoidable under these
circumstances but are not recommended for diagnostic purposes. Although an
expectant approach is often feasible, an exception might be persistent PUL that
according to one study had better chance of resolution from active management, with
uterine curettage or methotrexate.®

Diagnostic biomarkers and protocols

Human chorionic gonadotropin

Serum hCG is the most studied biomarker in pregnancy, and guidelines worldwide
recommend its use in PUL management, even though no shared strategy
exist.*!- 7778 In the past, discriminatory hCG levels were used to screen for EP.”° The
prerequisite was that a viable IUP should be visible at a certain hCG level; otherwise,
an EP was suspected. This strategy is no longer acceptable because the false-negative
rate is too high.3* Assessing serial hCG trends has proved more useful for identifying
abnormal pregnancies that deviate from an expected hCG pattern. In one study, the
slowest increase of hCG in a viable pregnancy was 66%.%° In a more recent study,
the minimum rise in hCG was 24% after 24 hours and 53% after 48 hours.?!
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Similarly, the decline in hCG levels for spontaneously resolving PUL has been
defined, but an EP does not show a single pattern as it can have either rising and
declining hCG levels.?” # An hCG trend that deviates from what would be expected
with a viable IUP or spontaneously resolving PUL can indicate a high risk for EP.

Several other cutoffs in the percentage change in hCG have been suggested for use
in PUL management. In a systematic review and meta-analysis of 23 studies, the
cutoff in hCG change between two measurements solely or as part of a logistic
regression model had better diagnostic value for EP than did a single hCG measure. 3
The study did not identify an optimal cutoff, and other pregnancy outcomes could
not be evaluated because of substantial heterogeneity in clinical definitions. The
authors further concluded that there was a lack of studies comparing the diagnostic
value of different protocols. The advantage of serial hCG over progesterone is that
the risk of EP, IUP, and spontaneously resolving PUL can simultaneously be
ascertained, and a larger proportion of PULs can be managed as low risk compared
to proportions when using a single progesterone value.®

In a more recent meta-analysis of 43 studies that included hCG and progesterone
protocols, a risk-prediction model (M4) proved to be the best method for predicting
an EP,% with an AUC of 0.87 and sensitivity and specificity of 82% and 80%,
respectively (Table 3). The M4 included both the initial hCG level and the change
in hCG, and in a UK EPAU, both predictor variables clearly added information
predicting the outcome of a PUL during development.®” When M4 was validated in
five UK EPAU, it classified 69.6% of PULs on average as low risk for EP, with a
negative predictive value (NPV) of 97.5%.3* This finding implies that the model
theoretically is safe and effective for PUL management. M4 is the most evaluated
prediction model, and a high diagnostic accuracy is reported from similar clinical
settings in the UK and Australia (Table 3).5* 88 When M4 was tested in a US
emergency department and in an assisted reproduction unit in Spain, the sensitivity
for EP was too low (Table 3) for recommending it in clinical practice.’> *© One
potential reason for the poor results was that the mean hCG levels for EPs in both
studies were lower than for EPs in the development study and previous validation
studies. The estimated probability for EP by M4 partly depends on the initial hCG
level, and an EP with low hCG can generate a low probability (<5%) and thus be
misclassified as a viable IUP or spontaneously resolving PUL. The research team
behind M4 has developed a successor, the M6NP, with promising diagnostic
performance (Table 3) and that can be used with the incorporation of a single
progesterone level, M6P.”! The M6 model was recently updated, and its performance
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may be improved with the inclusion of clinical variables such as previous EP, vaginal
bleeding and pain score.”?

Progesterone

Progesterone has been widely studied as a predictor of EP and early pregnancy
failure.”® Sufficient progesterone synthesis from the corpus luteum is crucial for
maintaining an early pregnancy in the first 7 weeks of gestation and is relatively
constant until the luteoplacental shift.** Bleeding can occur during the transfer of
progesterone production from the corpus luteum to the placenta because of a transient
deficiency in progesterone. The function of the corpus luteum depends primarily on
the rate of hCG change, which often is diminished in nonviable IUPs and EPs,
resulting in vaginal bleeding correlated with inadequate progesterone levels.”> The
result is a considerable overlap in progesterone levels between EPs and nonviable
IUPs, along with slow-growing viable TUPs.”> In a meta-analysis of 26 studies,
progesterone <6 ng/mL had a 99.2% PPV for a nonviable pregnancy but did not
satisfactorily distinguish between EP and TUP.%®

Among women with PUL, progesterone is useful for identifying spontaneously
resolving pregnancies with a low risk of complications regardless of location.
Progesterone measurement may be safer than serial hCG levels, as the risk for an EP
is assessed on the same day the woman presents to the clinic. In one interventional
study using a progesterone level of 10 nmol/L, 37% (n=227) of PULs were deemed
to carry a low risk of complications and warranted no further clinical follow-up.?
Five of the women in these cases had an EP that was confirmed later, and two needed
laparoscopic surgery. The 1.8% risk of surgery in this group was thought to be
acceptable. The downside with progesterone is that many viable IUPs may be
misclassified, leading to unnecessary close monitoring.”” The National Institute for
Health and Care Excellence (NICE) in the UK do not endorse progesterone as an
adjunct to serial hCG measurement for women with a PUL.#!
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Novel biomarkers

No single tool is diagnostic with certainty for any specific early pregnancy outcome.
Novel serum biomarkers have been developed singly or in combination to
discriminate between pregnancy viability or location with the aim of diagnosing an
EP with a single blood test. Studies have shown conflicting results for EP diagnosis,
however, and no marker has been validated in clinical practice. Some of the
biomarkers are proteins involved in implantation and the formation of the
fetoplacental unit and have been evaluated in women with PUL.?® % One study
reported that activin A, which normally increases during pregnancy until delivery,
was significantly lower in EPs than in viable I[UPs and miscarriages.!® When a cutoff
of 0.37 ng/mL was used, the area under the receiver-operating characteristic (ROC)
curve (AUC) for prediction of EP was 1.00 and the sensitivity and specificity were
100% and 99.6%, respectively. In the same study, a single hCG or single
progesterone measure had respective AUCs for EP of 0.81 and 0.62.!% The results
of activin A in the former study have not been reproducible in subsequent studies,
which have yielded AUC values from 0.58 to 0.78 for predicting EP. 9% 101. 102

Inhibin A was another promising serum biomarker, but its AUC was 0.55 for
predicting EP, and it was not better than progesterone for predicting a spontaneously
resolving PUL.!%%- 19 Other potential serum markers of pregnancy location (PAPP-
A, glycodelin, and ADAM12) have been less discriminatory, and combinations of
these also seem to have limited clinical utility because of underperformance and
algorithm complexity.”- 192 The search for a novel marker remains an important area
of investigation, and in recent screening for serum biomarkers using
data-independent acquisition proteomics, GSTO1 and ECM-1 in combination with
hCG showed promising results for discriminating between EP and TUP.!%

In summary, hCG is the most common biomarker used for monitoring PUL and EP
but there is no common strategy. The use of progesterone as a single marker or in
combination with hCG as part of a prediction model have shown promising results.
To find a clinically useful novel biomarker remains an important research topic.

Application

The key concept of PUL management is to identify patients at high risk of
complications and in need of intensive monitoring, while surveillance of low-risk
individuals can be reduced to optimize resource.*>*! The aim of a diagnostic protocol
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is not to direct treatment or diagnose a pregnancy per se, but to provide a safe and
effective strategy that minimizes adverse outcomes and unnecessary clinic visits and
interventions by triaging according to risk. The NICE has published a clinical
algorithm representing the standard care of women with PUL in the UK.*! This
algorithm contains specific cutoffs in hCG changes to predict if a viable IUP,
spontaneously resolving PUL, or an EP is the most likely pregnancy outcome of a
PUL, and the need for subsequent follow-up visits is decided accordingly.

Evaluation of prediction-based decision rules such as clinical algorithms or
regression models is crucial to ensure a useful diagnostic performance in the intended
population and not only in the derivation population.'® Most prediction models will
not undergo external validation, and performance may be substantially worse.'%
Performance is influenced by the characteristics of the underlying population and
may not be generalizable to a different clinical context in another country, so that

there is a risk of harm with implementation.'%7-1%

M4 has been temporally and externally validated in the same type of clinical settings
in the UK, but no formal external validation assessing discrimination, calibration,
and decision curve analysis has been performed outside the UK. Another important
step before implementing a new prediction model is to demonstrate clinical
improvement compared to standard care.!%: 110 M4 has proved to be effective and
clinically safe with few adverse events in the development setting.!* The general
perception is that integrating a prediction model such as M6 would enhance PUL
management but no prediction model has been tested head-to-head with the current
standard of care for women with PUL.!!!- 112

In a Swedish context, evaluation of diagnostic protocols is scarce, and no common
PUL strategy is available. Published guidelines from other countries or prediction
models can be of great interest to Swedish patients and clinicians in gynecological
emergency units, which usually manage all types of gynecology emergencies in
Sweden. The diagnostic accuracy and clinical outcomes of M4 have not been
prospectively compared with the algorithm published by NICE. To evaluate the
clinical utility — i.e., diagnostic performance and clinical outcomes — of this model,
an RCT may be feasible.!!3 114
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Psychological distress and health-related quality of life

Anxiety and depression are common symptoms following pregnancy loss and are
reported in 20% to 40% of women who experience a miscarriage, with a profound
impact on their wellbeing.!'>!!8 Although a majority of PULs represent a pregnancy
loss, women with this history have not been part of the vast research conducted to
learn more about the psychological aspects of miscarriage.!''” There may be important
differences between having a confirmed pregnancy loss and a PUL, with potential
differential psychological effects. Anxiety and depression in women with
miscarriage are typically measured from the point of diagnosis when worries revolve
around reasons and risk of recurrence.'” Women with PUL likely have concerns
about the health of the pregnancy and personal health, related to the awareness of
possibly having an EP. The often prolonged waiting time before a diagnosis is
determined can potentially cause psychological distress that is exclusively associated
with uncertainty.'?! One study found higher levels of anxiety among women with
PUL (n=13) compared to women with a definite but negative diagnosis in the first
72 hours after an examination.'?> Another important aspect is that up to 30% of PULs
will proceed to a viable pregnancy. Women in these circumstances may suffer more
from anxiety and depression than other women in antenatal care, conditions that if
untreated can lead to impaired health-related quality of life that can be associated
with preterm birth and low birth weight.!?>125 Research is limited on the
psychological impact of PULSs, with small samples, a focus on subgroups, or analyses
done only once a pregnancy outcome is confirmed.!?% 27 These limitations are
concerning because women with PUL are reported to perceive a lack of structured
psychological support and some would prefer such support to be specifically adapted
to their experience with PUL.128 Early detection and psychological intervention may
be beneficial to mitigate long term negative psychological effects.'?”
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Aims of the thesis

The overall aim of this thesis was to establish a well-functioning strategy for

managing women with PUL in gynecological emergency units and to investigate the
psychological effect of experiencing a PUL. The specific aims were as follows:

To evaluate the performance of four published hCG-based protocols for
diagnosing the pregnancy outcome in women with PUL (Paper 1);

To externally validate and compare two risk-prediction models in women with
PUL (Paper 1I);

To assess whether M4 has noninferior sensitivity for EP compared with the
NICE algorithm (standard of care) and higher specificity for non-EP (IUP and
spontaneously resolving PUL), and to evaluate clinical outcomes in women
managed either with M4 or the NICE algorithm (Paper I1I); and

To (1) determine if there is a difference in psychological distress between
women with a PUL and women attending their first appointment in antenatal
care, (2) determine if there is a difference in psychological distress between
having a nonviable or viable pregnancy starting as a PUL, (3) and to evaluate
health-related quality of life in women with a PUL (Paper IV).
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Patients and methods

Settings and study designs

This thesis includes three study populations. The first comprises women with PUL
whose data were retrospectively assembled at the Sahlgrenska University Hospital
in Gothenburg during January 2011 to December 2013. The second population
consists of women with PUL prospectively recruited into an RCT at the
gynecological emergency units of three teaching hospitals during 2018 to 2022, and
the third population is women recruited from two antenatal care units during 2022 to
2024. All study populations were confined to the Region Vistra Gotaland in western
Sweden, where Gothenburg is the most populous city.

Three types of research methodology were used in the work described in this thesis.
Two involved cross-sectional analyses of retrospective data, and one of these two
was a validation study. To enable a structured approach, the validation study
followed the TRIPOD (Transparent Reporting of a multivariable for individual
Prognosis or Diagnosis) guidelines.!*® The third study was a pragmatic RCT with a
cross-sectional design for the primary outcomes and a randomized design for
secondary outcomes. The reporting of the RCT was based on the CONSORT
guidelines.!*! Originally, the RCT had a noninferiority design for the primary
outcome of sensitivity for EP and a superiority design for the primary outcome of
specificity for non-EP. However, after an external review on 30 March 2022, the
planned parallel design regarding the primary outcomes was abandoned but was kept
for secondary outcomes. This decision allowed for better use of the obtained sample
size while maintaining sufficient power regarding the primary outcomes. Because of
slow recruitment, the study was prematurely terminated at the end of 2022 when half
of the first estimated study participants were enrolled. The fourth study examined
outcomes prospectively at two timepoints in women with PUL and at one timepoint
in a control group consisting of early pregnant women in antenatal care. The two
latter studies are registered at www.clinicaltrials.gov (NCT 03461835).
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Inclusion and exclusion criteria

Papers I and II

The first two studies (papers I and II) are based on the first study population, with
extended inclusion criteria for the second study (Paper II) (Table 4). The first
population consisted of women who had a positive pregnancy test, were evaluated
for potential complications, or worries in early pregnancy and were classified as
having a PUL after a TVS examination. Women were eligible if at least two
consecutive hCG values were available and no exclusion criteria were met. Exclusion
criteria included (1) a first hCG value >10,000 IU/L, (2) a hemodynamically unstable
status, (2) becoming an inpatient before a second hCG was analyzed, (3) a lapse of
more than 72 hours or less than 24 hours between two hCG measurements, and (4)
incomplete medical records. The second study also included inpatients and patients
with a first hCG value >10,000 IU/L. The rationale behind the exclusion criteria in
the first study was to match the M4 development population. In the second study, the
aim with the study population was to be more representative of the clinical setting
for which the prediction models were tested, and this study included both in- and
outpatient management of PUL, regardless of hCG levels.
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Papers Il and IV

Women presenting with a PUL were enrolled into the RCT (Paper I1I) in the absence
of the following exclusion criteria: (1) hospitalization at the first visit, (2) declining
to participate, or (3) not understanding the oral or written (Swedish) study
information. For randomization, requirements were (1) a first hCG level <10,000
IU/L, (2) no hospitalization before the second hCG, and (3) a time span of 44 to 56
hours between the first and second hCG measurements. Women could be included
only once during the same pregnancy but could be included again in a subsequent
pregnancy. For the fourth study (Paper IV), women in the RCT and women attending
their first appointment in antenatal care were eligible. Women agreeing to participate
in the fourth study but who did not complete the RCT were excluded. Within
antenatal care, women were excluded for (1) a gestation >12 weeks, (2) a TVS in the
current pregnancy prior to participation, and (3) not being speaking Swedish.

Types of PUL included in papers I-1V

Three TVS findings in women with a positive pregnancy test were accepted as PUL
for all studies. Given parenthetically below is the abbreviated terminology used for
the specific PUL to differentiate among them:

1. No signs of a pregnancy inside or outside the uterus (true PUL)

2. A sac-like structure or suspicion of retained products of conception (heterogeneous
or echogenic tissue) within the uterine cavity (probable IUP or probable miscarriage)
3. Ectopic inhomogeneous (solid) structure or saclike structure (probable EP)

Diagnostic protocols

Papers I-111

Five protocols were evaluated among the three studies, as indicated in Table 5. The
first protocol (UK protocol) has been used in the UK and is based on cutoffs
published in two studies.?® 132 The second protocol (US protocol) is based in part on
the current American College of Obstetricians and Gynecologists and American
Society for Reproductive Medicine guidelines, and cutoffs were derived from studies
in the United States.”® 81> 83133 The third protocol (NICE) is current standard of care
in the UK, but cutoffs were taken from studies performed in the United States and
the Netherlands.3!> 134 135 Two risk-prediction models developed in the UK were
evaluated: M4 and M6NP.?”- *! Both models use multinomial logistic regression to
estimate the probability of a spontaneously resolving PUL, an IUP, or an EP based

on the first and second hCG values. A 5% estimated probability for EP classifies a
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PUL as high risk for EP in the original studies, but different cutoffs were assessed in
the external validation study (Paper II). The original equations from the development
studies of M4 and M6NP were used to compute probabilities as recommended
instead of refitting the model.?”> °1- 198 In the M4 development sample, the time
interval between the first and second hCG values was 48 hours, and patients with a
first hCG value >10,000 IU/L were excluded. In the MONP development sample, a
48-h hCG value was imputed when the time interval for a patient was more than 3

days. The covariates of both models are presented in Table 6.

Table 5. The specific diagnostic protocols evaluated in Paper I-lll in the thesis.

uKk® us®

NICE®

M4

M6NP

hCG change between the first and
second hCG value for prediction of

Estimated probability of the pregnancy

Outcome the pregnancy outcome outcome
Spontaneously 13% 35%-50%° >50% Probability EP <5% Probability EP <5%
resolving PUL  decrease decrease decrease and probability and probability
spontaneously spontaneously
resolving PUL> resolving PUL
probability IUP > probability IUP
IUP 66% 53% >63% Probability EP <5% Probability EP <5%
increase increase increase and probability and probability
IUP >probability IUP > probability
spontaneously spontaneously
resolving PUL resolving PUL
EP <13% <35-50% <50% Probability EP 25%  Probability EP 5%
decrease decrease decrease
or <66% or <53% or <63%
increase increase increase

Abbreviations: hCG, human chorionic gonadotropin; PUL, pregnancy of unknown location; IUP,
intrauterine pregnancy; EP, ectopic pregnancy.

2Refers to protocol A in the publication of Paper I.
bRefers to protocol B in the publication of Paper I.
‘Refers to protocol C in the publication of Paper I.

9Depending on the initial hCG level.

Paper I

Paper lll

Paper |
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Table 6. Covariates used in the development of M4 and M6NP.

Model Covariate Description
M4 log(average hCG) Log transformation of (first hCG + second hCG)/2
M4 centered® hCG ratio Centering transformation of (second hCG /first hCG-1.17")
M4 (centered hCG ratio)?  The quadratic effect was added because the linearity
for the logit assumption was violated for hCG ratio.
M6NP  log(first hCG) Log transformation of the first hCG
M6NP  log(hCG ratio) Log transformation of (second hCG/first hCG)
M6NP  [log(hCG ratio)]? Square of the log transformed hCG ratio

Centering reduced the correlation between hCG ratio and its square from 0.96 to 0.59.
2Abbreviations: hCG, human chorionic gonadotropin. Log refers to the natural logarithm.
PAverage hCG ratio in the development data set.

Reference standard

To evaluate the performance of a protocol, the predicted pregnancy outcome was
compared with the observed pregnancy outcome. Four pregnancy outcomes of PUL
were set as the reference standard. The reference standard was based on the
combination of hCG development, TVS results (as detailed below), or evident from
surgical procedures.

1. A spontaneously resolving PUL was defined as a pregnancy without confirmed
location and with an uneventful decline in hCG below the level for a positive serum
(the reference hCG level depended on which equipment used as detailed below) or a
negative urine hCG test.

2. An IUP regardless of viability was diagnosed with TVS, histological findings of
chorionic villi after uterine curettage (vacuum aspiration), medical or surgical
completion of a suspected miscarriage as verified with TVS, or a negative serum or
urine hCG test.

3. An EP was diagnosed when visualized with TVS or via laparoscopy.

4. A persistent PUL was defined when no pregnancy was visible on TVS and serum
hCG levels plateaued (=3 hCG intervals with a change in hCG levels <15% between
two measurements). Also defining a persistent PUL was an absence or no
analysis of chorionic villi in a uterine aspiration specimen and persistent hCG
levels, regardless of prior hCG development. A persistent PUL either resolved
spontaneously after the plateau phase or was treated with methotrexate at the
discretion of the physician.
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Terminology and ultrasonographic diagnosis of pregnancy outcome after the first
TVS:
e Pregnancy of unknown location
o No signs of a pregnancy inside or outside the uterus

e Intrauterine pregnancy (within the uterine cavity)
o Nonviable
= Fetal pole >7 mm and absence of heartbeat
= Empty sac-like structure >25 mm
= Heterogeneous or echogenic tissue (complete miscarriage if the anterio-
posterior diameter was <15 mm)
o Viable
= Fetal pole with heartbeat
o Uncertain viability
= Fetal pole <7 mm and absence of heartbeat
=  Empty sac-like structure <25 mm
e Ectopic pregnancy (outside the uterine cavity)
o Sac-like (empty) structure, either adnexal (partial or complete interstitial; isthmic;
ampullary or ovarian), cervical, intramural or at a caesarean scar.
o Solid structure, either adnexal (partial or complete interstitial; isthmic; ampullary or
ovarian), cervical, intramural or at a caesarean scar.
o Gestational sac with yolk sac, either adnexal (partial or complete interstitial; isthmic;
ampullary or ovarian), cervical, intramural or at a caesarean scar.
o Live, either adnexal (partial or complete interstitial; isthmic; ampullary or ovarian),
cervical, intramural or at a caesarean scar.
= Gestational sac containing fetal pole with heartbeat

The size of a sac or solid structure was based on the average of the measurement in
two planes expressed in mm.

hCG assays and analyzers used in Paper 111

Elecsys® HCG+ assay (upper limit for nonpregnant premenopausal women <5.3
IE/L) run on cobas® e 602 module was used most of the study period to measure
serum hCG but was changed to cobas® e¢801 on December 20, 2022, in two of the
participating hospitals. In Sédra Alvsborg Hospital the Beckman Coulter Access
Total BhCG (5th IS) assay (upper limit for nonpregnant premenopausal women <5.0)
was run on UniCel DxI 800 until April 10, 2019, and thereafter Elecsys® HCG+f3
assay (upper limit for nonpregnant premenopausal women <5.3) run on Cobas e411.
The NADAL® hCG Pregnancy Test (analytical detection limit of 25 mIU/mL) in
urine was used at follow-up.

Data sources

Papers I and II

All data needed for the studies were obtained from each patient’s electronic case
record, Melior, which is used across all emergency hospitals in Region Véstra
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Gotaland. With the Sieview web application, Melior databases from all hospitals in
the region are accessible.

Paper I11

A paper case report form (CRF) was used to collect data from the first visit
throughout the second hCG sampling. At the time of randomization, all data were
transferred to an electronic CRF (eCRF) and randomization module. Data from a
health questionnaire containing demographic information, medical history, and self-
reported symptoms were collected upon entry into the study. These data were also
entered into the eCRF. Complementary data were collected from Melior during
follow-up. Data were also collected from Obstetrix, an electronic case record used
by most antenatal and delivery units in the Region Véstra Goétaland, which is
available through Sieview. The eCRF was locked before data were transferred to a
database set up by the study statistician.

Paper IV

The eCRF constructed for the RCT contained data from the self-reporting
psychometric questionnaires and a health questionnaire responded to by women in
the PUL and antenatal groups. Data about women in the antenatal group were
restricted to the questionnaires, but all PUL group data were obtainable from the
eCRF for transfer to a database set up by the study statistician.

Procedures and interventions

No procedure or intervention was carried out in the first two studies because
outcomes were measured on retrospective data.

Paper 111

After providing informed consent, women had a first hCG sampling and were
scheduled for a second hCG sampling. Once the second hCG level was available, the
principal investigator was contacted, and both hCG values together with the sampling
time were entered into the randomization software. Participants were randomly
assigned in a 1:1 ratio to the M4 or NICE algorithm group. The randomization
sequence was computer generated, and t-test minimization regarding the two entered
hCG values was performed to ensure an even allocation ratio between groups
concerning hCG values. Participants, clinicians, and investigators were blinded to
randomized groups.
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The pregnancy outcome of PUL was predicted to be an IUP, a spontaneously
resolving PUL, or an EP by the allocated protocol, and a recommendation for follow-
up was provided. This information was distributed to the responsible clinician, who
either approved or dismissed the proposed action. One of the following three clinical
pathways was possible for each randomized patient in both groups: (1) Participants
with a PUL predicted to be an EP (high-risk classification) had a re-examination
within 24 to 48 hours. (2) Participants with a PUL predicted to be a spontaneously
resolving PUL (low-risk classification) had a home urine pregnancy test after 2
weeks, and if the test was positive, a re-examination was performed after 24 to 48
hours. (3) Participants with a PUL predicted to be an IUP (low-risk classification)
had a re-examination after 1 week.

Paper IV

Women enrolled in the RCT were asked to participate in the fourth study evaluating
psychological distress and health-related quality of life in connection with the second
serum hCG sampling. They responded to two psychometric questionnaires at 1 and
4 weeks after randomization. After 4 weeks, they were contacted to be reminded
about the questionnaires and asked if their pregnancy had continued unless a
pregnancy loss was already confirmed. Questionnaires were returned in prepaid
envelopes. Control participants were women in antenatal care invited to participate
when attending their first visit in antenatal care. They responded to one psychometric
questionnaire at home and returned it in a prepaid envelope. Women in antenatal care
responded only once.

Instruments

Two established and validated research tools were selected to evaluate anxiety,
depression, and health-related quality of life, yet none have been validated
specifically in the PUL group.

The Hospital Anxiety and Depression Scale (HADS)

Anxiety and depression were assessed with the Swedish version of HADS, a self-
reporting scale of 14 items that measure anxiety (7 item subscale) and depression (7
item subscale) in the past 7 days on a 4-point Likert scale (range 0-3).13¢ A summary
score of 0-21 is obtained for each subscale and is separated into the following
classes: normal (0 to 7), mild (8 to 10), moderate (11 to 14), and severe (14 to 21)
symptoms of anxiety or depression. Thus, higher scores indicate worse health.
According to a systematic review with a large number of studies, a cutoff >8
produces the best tradeoff between true-positive and false-negative results.'*’ In a
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large sample from the general population in Sweden, the mean scores for females
were 4.76 for anxiety and 3.76 for depression.'’® HADS is frequently used in
miscarriage research, with a high internal consistency (Cronbach’s alpha of 0.83 for
anxiety and 0.82 for depression).!37- 13

The 36-item Short Form Health Survey (SF-36)

Health-related quality of life was evaluated with the Swedish version of the SF-36,
which has been extensively used in medical research and validated within different
groups of patients, including women in early pregnancy.'4-'4* The SF-36 consists of
36 questions covering eight health domains and assesses the respondent’s health
status for the past 4 weeks. The physical component summary (PCS) can be
calculated from domains 1-4 and the mental component summary (MCS) from
domains 5-8. Individual domain scores and summary scores range from 0 to 100,
and higher scores signify better health.

Outcomes

Paper 1
Sensitivity for EP, specificity for non-EP, PPV, and NPV.

Paper 11

Sensitivity for EP, specificity for non-EP, PPV, NPV, calibration-in-the-large,
calibration slope, calibration in particular regions of estimated probabilities, AUC,

and net benefit.!#4 145

Paper 111

Primary and secondary outcomes

The primary outcomes were sensitivity for EP and specificity for non-EP, along with
AUC, NPV, and PPV. Secondary outcomes were time from randomization to
diagnosis, successful first-line treatment of EP (i.e., not needing an additional
treatment modality), time from diagnosis until resolution (hCG <5.3 IU/L) of
EP and persistent PUL, length of follow-up, number of hCG and TVS
evaluations, interventions (laparoscopy, vacuum aspiration, methotrexate or
misoprostol administration), and adverse events (ruptured EP, emergency surgery,
accidental disruption of a viable IUP, negative laparoscopy, unplanned visit, side
effects of methotrexate [hepatotoxicity/nephrotoxicity/pulmonary toxicity/infection/
myelosuppression], infection after surgery [tubo-ovarian abscess/salpingitis/wound
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infection], reoperation of persistent trophoblast, reoperation for bleeding). A repeat
dose of methotrexate was considered a successful treatment if hCG was resolved.
Emergency surgery was defined as an unscheduled visit to the emergency
gynecology unit because of deteriorating symptoms, and surgery followed shortly
thereafter. Reasons for nonadherence to protocol were recorded and were either due
to nurse planning, physician decision, or an unplanned visit by the patient. No core
outcome set exists for PUL, but there is a high degree of convergence with those
developed for EP, including treatment success, resolution time, number of additional
interventions, and adverse events, which were analyzed in the study.'4¢

Paper IV

The primary outcome was anxiety and depression score >8 on HADS (symptoms
requiring clinical assessment) after one week. Secondary outcomes after one and four
weeks included scores of >8 on both subscales, scores on both subscales as a
continuous outcome, and SF-36 domain and summary scores (PCS and MCS).
Exploratory outcomes were anxiety and depression >11 (moderate or severe
symptoms). HADS outcomes after four weeks and SF-36 scores were only applicable
in the PUL group.

Sample size

Papers I and II

No sample size estimation was performed. Conventionally when externally
validating prediction models of binary outcomes a minimum of 200 outcomes in each
group have been advised to make accurate and precise estimates of calibration,
discrimination and clinical utility.'*” A sample size calculation may however be more
reliable.'*3

Paper III

Originally, the sample size was designed to test two hypotheses. The first hypothesis
was that M4 would have a noninferior sensitivity for EP compared with the NICE
algorithm. A total of 541 women per randomized group was needed to test for a
noninferiority margin of seven percentage points with 80% power, assuming a
sensitivity of 85% by M4 and 86% by the NICE algorithm at a 2-sided significance
level of 0.05. The second hypothesis was that M4 compared with the NICE algorithm
would have superior specificity for non-EP. We hypothesized a difference of eight
percentage points based on estimates of 78% specificity by M4 and 70% by the NICE
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algorithm.>!' A total of 495 women allocated to each group was necessary to detect a
clinically important difference of eight percentage points with 80% power at a 2-
sided significance level of 0.05. In all, 1200 women were planned to be randomized
into the study, accounting for a 10% loss to follow-up.

Paper IV

Between 20% and 40% of women experience increased levels of anxiety in the weeks
following a miscarriage.!>® In a recent Dutch study of 2897 women in early
pregnancy, the prevalence of anxiety was 17.9%.'4° We estimated a 30% prevalence
of anxiety in women with PUL and 15% in women in antenatal care. With 177
women in the PUL group completing HADS, 105 women in the antenatal group were
needed for 80% power to detect an absolute 15% difference in anxiety scores >8 after
1 week, at a 2-sided significance level of 0.05 using a chi-square test. For protection
against a 10% loss to follow-up, the target for the antenatal group was 115 women.
In a second calculation using the HADS anxiety subscale as a continuous scale, 160
women in the PUL group and 105 in the antenatal group would have been needed for
a power of 80% with a two-sample t-test to detect a mean difference of 1.2 HADS
units between the two groups, with a standard deviation of 3.4 in both groups at a 2-
sided significance level 0.05.1°° A difference of 1.2 HADS units was regarded as a
minimally important difference based on mean scores on the HADS anxiety subscale

previously reported for women in early pregnancy.'#

Statistical methods

The sensitivity for EP by any diagnostic protocol represented confirmed EP and
persistent PUL correctly classified as high risk, and the specificity represented non-
EP (spontaneously resolving PUL and IUP) correctly classified as low risk. The
false-positive rate (1 — specificity) was presented in Paper II instead of specificity.
The PPV represented EPs among all PULs categorized as high risk, and the NPV
represented non-EPs among all PULs classified as low risk. This dichotomy also was
applied to spontaneously resolving PULs and IUPs in Paper IIl. For the studies,
persistent PULs were included among EPs for calculating diagnostic outcomes.

Descriptive statistics were presented by mean, standard deviation (SD), median, first
quartile (Q1) and third quartile (Q3), or minimum and maximum (continuous
variables), and number and percentage (categorical variables). For comparisons of
continuous variables for independent groups, the t-test was used if data were
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normally distributed and the Mann—Whitney U test for nonnormally distributed data.
For comparison of categorical data for independent groups, a Fisher’s exact test was
used, and for paired observations, the sign test or McNemar’s test was used. A
nonparametric permutation test was used for paired observations of continuous
variables. For comparison of ordered categorical variables for independent groups, a
Mantel-Haenszel chi-square test was used. Further statistical methods and
considerations for each paper are presented below.

Paper 1

The time interval between the first and the second hCG samplings varied from 24 to
72 hours for patients in the study. For patients with missing exact 48-h hCG values,
an estimated 48-h value was computed. A linear function of log-transformed values
between the first hCG (baseline) and the second measurement was assumed for each
patient, as in previous studies.’> 3! Estimated 48-h values were acquired by
interpolating values taken after 48 hours according to this line and extrapolating
values according to this line when a second hCG value was taken within 48 hours.

Paper 11

Calibration

Calibration was used to examine the agreement between the estimated probability of
an EP and the observed outcome of EP among women with PUL. Calibration can be
assessed on different levels, including calibration-in-the-large or mean calibration,
which is the relationship between the average estimated probability of EP and the
observed EP rate among all PULs. The calibration-in-the large can be assessed from
a calibration curve representing its intercept. The target value is 0, and values under
the curve suggest overestimation, whereas values above the curve suggest
underestimation. A calibration curve represents observed EPs among PULs plotted
against the whole range of estimated probabilities of EPs.!*% 133 The slope of the
curve represents the association between observed and estimated probabilities of EP
in different ranges. A slope below 1 indicates that estimated probabilities are too
extreme — i.e., PULs with high estimated probabilities (close to 1) are too high, and
PULs with low estimated probabilities (close to 0) are too low. A slope above 1
indicates the opposite: that high estimated probabilities are too low and low estimated
probabilities are too high.!>* A flexible locally estimated scatterplot smoothing curve
was computed for visual assessment of calibration in specific regions of estimated
probabilities.
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Discrimination

To quantify how well M4 and M6NP predictions separate between women with and
without EP the AUC was calculated. An AUC of 0.5 means that for any randomly
selected pair of PUL, the model assigns a higher probability to the woman with an
actual EP than the woman without EP 50% of the time and indicates that the model
is no better than chance. If the AUC is 1.0, the model has a 100% predictive ability.
A ROC curve was constructed to show the diagnostic performance of the model
across different cutoffs. DeLong's test was used to test the difference in AUC.

Clinical utility

M4 and MONP are used for triaging women with PUL according to risk
classification. A 5% estimated probability of EP is a commonly used threshold for
high-risk classification in clinical practice.®’-°! A lower threshold will inevitably
classify more PULSs as high risk, both actual EPs (true positive) and non-EPs (false
positive). Consequently, more women with EP could potentially be identified early
on with a lower threshold, whereas more women with a non-EP may undergo
unnecessary examinations and investigations. The opposite is true if a higher
threshold is used. When weighting the clinical consequences of correctly classifying
(expected benefit) an EP against misclassifying (expected harm) a non-EP, a
weighting factor can be appreciated that considers the overall consequences (net
benefit, NB) of using a specific threshold. The NB takes this into account by using a
weighting factor that is the odds (p/1-p) of EP at a chosen probability threshold (p).

The NB is calculated by subtracting the number of false-positive results, multiplied
by the weighting factor, from the number of true-positive results relative to the total
sample (True positive)/ V- (False positive)/ NV - ((p: /(1—pt )). Setting a 5% probability
(odds 1:19 of EP) threshold indicates that it is clinically appropriate to value false-
positive results at 1/19™ of true-positive results. The NB was plotted across a range
of probability thresholds in a decision curve. For the decision curve, two default
strategies were plotted, one that assigned positive results to all and the other that
assigned positive results to none. For clinical utility, the NB of a model must be
above both default strategies at the chosen probability threshold.

Paper I11

Randomized participants with a known pregnancy outcome were included in the full
analysis set (FAS). Participants in the FAS population who were followed up in line
with recommendations constituted the per-protocol population. Participants who did
not adhere to the recommended follow-up were not a part of the per-protocol
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population. A sensitivity analysis evaluating the primary outcome according to
randomized groups was performed on the per-protocol population (noninferiority
design), corresponding to the original study design. An exploratory analysis of the
primary outcome according to randomized groups also was performed for the FAS.
For secondary outcomes, the primary analysis was performed on the FAS according
to randomized groups. A subgroup analysis (high-risk vs low-risk participants) of
secondary outcomes was performed on the FAS and the per-protocol population.

Absolute differences in categorical and continuous variables were presented with
95% confidence intervals (CI). The CI for dichotomous variables was the
unconditional exact confidence limit. If no exact limits could be computed, the
asymptotic Wald confidence limits with continuity correction were calculated
instead. Calculation of ClIs for continuous variables assumed normality. When
variances were not equal (p<0.05), the SD was based on Satterthwaite’s
approximation; otherwise, the SD was based on the pooled SDs. Risk ratios (RRs)
and 95% ClIs were calculated. Kaplan—-Meier curves were constructed to report the
time to event, and the log-rank test was used to test differences.

Paper IV

The primary study group (PUL vs antenatal group), within the PUL group (nonviable
vs viable pregnancy), and a subgroup (viable pregnancy within the PUL group vs the
antenatal group) were evaluated for outcomes.

Adjusted analyses of dichotomous outcome variables between two groups were
performed with multivariable logistic regression, and the results were given as
adjusted odds ratios ([a]JORs) with 95% ClIs and p values. Adjusted analyses of
continuous outcome variables between two groups were performed using analysis of
covariance, and the results were given as adjusted mean differences with 95% Cls
and p values. The unadjusted results were presented as percentage point differences
or mean differences with 95% Cls using the Farrington—-Manning method for
dichotomous outcome variables and t-tests for continuous variables. The main
analyses included adjustments for the following confounders: age, gestational age,
previous pregnancy loss, and investigated for infertility. A sensitivity analysis was
performed using multiple imputation of missing values for confounders in the
primary analysis. One hundred datasets were generated using independent stochastic
imputation with fully conditional specification. Running 100 logistic regressions of
the 100 data sets and then pooling the results yielded a summary estimate for the
primary outcome of an anxiety score >8. Adjusted ORs were presented. The PCS and
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MCS of the SF-36 were calculated using a standardized mean score of 50 with an SD
of 10 points for a Swedish population.'

All tests were two-tailed and conducted at the 0.05 significance level. Statistical
analyses were performed using SPSS V.21.0 (SPSS, Chicago, Illinois, USA) and
SAS V.9.4 (Cary, North Carolina, USA).

Methodological considerations

Papers [ and 11

A first evaluation of diagnostic test accuracy or performance of prediction models
on retrospective data is a conventional study design.!% 156 Retrospective data were
used but handled differently in the first two studies. Estimated 48-h hCG values were
calculated in the first study but not in the second. In both studies, a complete case
analysis was performed, excluding a substantial number of PULs for not having an
acceptable sampling interval or having only a single hCG value. This loss of
information could increase the uncertainty of the results and increase bias if not
missing completely at random, because then the complete analysis set is not a random
sample of all PULs. In both studies, “missing data” were considered missing
completely at random, making a complete case analysis appropriate; thus, bias was
avoided, but the statistical power was reduced because of the reduced sample size.'>’
Multiple imputation of missing 48-h hCG values would be the preferred method to
increase the sample size in both studies.!®” Another consideration is the risk of
verification bias because of variation in the assessment of the pregnancy outcome of
PULs.'® A pregnancy outcome could potentially be included in the wrong group and
lead to overestimation or underestimation of protocol performance. Traditionally,
more EPs have been managed surgically and could be verified in a different manner
compared with current practice when many are treated conservatively and therefore
diagnosed with TVS.#7- 15 As with most reference standards, the method is not
perfect but remains the best available. Although equal for all protocols and like
previous studies, it must be considered when interpreting the results.'® 45 91, 132
Moreover the studies are retrospective in nature, and as such, dependent on existing
data.

Paper 111

The M4 and the NICE algorithm were selected for the RCT because of their higher
sensitivity for EP compared with the other protocols in the first study (Paper I) and
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their having been evaluated in clinical practice (M4) or constituting the current
standard of care (NICE algorithm).'> 41> 3! Many studies have compared the
diagnostic accuracy of different protocols which serves as a surrogate measure for
important clinical outcomes.3% 86190 [t is recommended that diagnostic strategies and
prediction models are compared to standard of care by also assessing the clinical
impact.'0% 110160 A parallel design using randomized groups facilitated the linking of
the diagnostic performance of two protocols to important patient health outcomes. A
directive approach was used, meaning that the prediction of the protocol and a
management recommendation were provided to the physician.!®! All management
beyond the initial follow-up was individually decided.

An important aspect making it possible to transfer the design of Paper III from an
RCT design to a cross-sectional design is that sensitivity and specificity (diagnostic
performance) for the pregnancy outcomes, of the two protocols are not dependent on
the clinical management. Thus, for evaluating diagnostic performance, the doubled
sample size could be utilized to increase power. Only secondary outcomes such as
time to diagnosis, treatment success of EP, adverse events and so forth might have
been influenced by which protocols that was used, if the risk classification differed
significantly. All these secondary outcomes were thus analyzed according to
randomized groups. For various reasons, the optimal way may be to cluster
(randomize) entire clinics instead of patients, although cluster randomization also
has inherent limitations.'®> However, in the RCT, both patients and physicians were
randomly part of the process and blinded to the allocated protocol. The RCT was a
serious attempt to provide evidence for stronger recommendation of a specific PUL
protocol. '3

Paper IV

Psychometric questionnaires together with stamped return envelopes were given to
participants by health professionals, and follow-up contact for reminding the
participants was done to increase the response rate.'®* Women in the PUL group
received questionnaires for both assessments simultaneously, and the follow-up
contact was executed in time for the second assessment. This method ensured a low
attrition rate between the first and second assessments in the PUL group. Using an
online survey method could potentially increase the response rate without changing
the frequency of reminders but may increase sampling bias if more highly educated
participants are responding. '3
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Ethical permissions and considerations

Before their initiation, all studies were reviewed and given ethical approval from
either the Regional Ethical Review Board, Gothenburg, or the Swedish Ethical
Review Authority. Written informed consent was provided by all women included
in studies described in papers III and IV on entry into the studies.

Paper I (first study population): No. 501-15 (Regional board)

Paper 11 (first study population): No. 501-15 (Regional board)

Paper III (second study population): No. 382-17 (Regional board)

Paper IV (second and third study populations): No. 2020-06775 (National authority)
and No. 382-17 (Regional board)

Papers [ and 11

These studies were purely observational, and the received care was not influenced
by being an aspect of the studies. No consent was obtained, which legally was not
needed. Still, a patient might have objected to being part of the study if aware, which
could be an integrity issue. However, analyses and publication of the results were
performed on a group level on fully anonymized data without any possibility for
identification. Thus, being part of the study imposed no risk of adverse consequences
for the patients.

Paper 111

Women in both groups were managed according to established routines evaluated in
published studies or part of national guidelines. These routines are assumed to be
superior to the routines formerly used in the participating clinics, as they are based
on updated evidence. The first study (Paper I) demonstrated that the protocols
similarly identified a vast majority of EPs, which could allow for an early diagnosis.
This similarity implies that regardless of randomization group, there was probably
no significant difference from a safety perspective. It cannot be certain, however,
that the protocols produced similar results in the RCT. Of note, the protocols served
only as a decision support for the physician, who always integrated other clinical
factors before approving the recommended management or not.

Paper IV

In the fourth study, women in the PUL group reported their psychological well-being
by filling out psychometric questionnaires without having an organized follow-up.
Thus, women with distress may not have been sufficiently taken care of to alleviate
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harm, despite the harm having been reported. This risk also applies to women in the
antenatal group. The lack of acknowledgement of their need for emotional support
could even have exacerbated their distress.'®® In retrospect, all participants should
have been given an opportunity to share their psychological experience of having a
PUL with health professionals in a standardized manner within the framework of the
study.
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Results

Paper 1

Classification of PULs according to four different hCG-based protocols

A total of 1472 women with PUL attended the emergency gynecology unit during
the study period. After exclusion criteria were applied, 950 were eligible. Of this
group, 35 had no known pregnancy outcome and were excluded, so that 915 women
were included in the primary analysis.

Characteristics of participants and pregnancy outcomes

At the first TVS, 187 (20%) cases were a probable IUP, 16 a probable EP (1.7%),
and 712 a “true” PUL (77.8%). Baseline characteristics and hCG data according to
pregnancy outcome are shown in Table 7. Of 146 EPs, 141 (96.6%) were in the
fallopian tube and treated with laparoscopic surgery, which included 102
salpingectomies. A total of 85 of the 141 EPs (60.3%) were visualized with TVS prior
to surgery, and four had a fetal pole with heartbeat. There were 21 (14.9%) ruptured
EP corresponding to a rate of 2.3% (21/915 PULSs) in the whole study population and
there were 34 (19.4%) negative laparoscopy corresponding to a rate of 3.7% (34/915
PULSs) in the whole study population. In one case of negative laparoscopy, a viable
IUP was later confirmed. Of 35 persistent PULSs, six were treated with methotrexate,
and the remaining resolved spontaneously.

Diagnostic (classification) performance

The M4 and the NICE algorithm had better sensitivity for EPs but lower specificity
for non-EPs than the US and UK protocols (Table 8). There was no statistically
significant difference in sensitivity or specificity between M4 and NICE. The NPV
ranged from 91% to 96%, the PPV from 40% to 49%, and low-risk classification
from 55% to 73% (Table 8). The M4 mainly misclassified IUPs (54%) as high risk
and less so spontaneously resolving PULs (18%). The NICE algorithm misclassified
30% of IUPs and 37% of spontaneously resolving PULs. In a subgroup analysis of
712 PULSs, excluding probable IUPs and probable EPs, differences in sensitivity and
specificity between protocols were generally consistent (data not shown). The M4
misclassified fewer IUPs (39%), and its specificity for non-EPs was 78%, compared
to 70% for NICE (p=.010). A majority of probable [UPs were nonviable [UPs with
hCG ratios more like those for EPs than for viable [UPs. The result was that estimated
probabilities were affected, leading to a higher rate of false positive results when
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these data were included in the analysis. The results showed that 19% of EPs
misclassified by M4 had rising hCG levels, as compared to 87% for NICE (p<0.01).
The initial mean (SD) hCG levels (IU/L) of these EPs misclassified by M4 and NICE

were 310 (453) IU/L and 770 (792), respectively (p<.05).

Table 7. Baseline characteristics of 915 women with a PUL and hCG data within each pregnancy

outcome.
Spontaneously Intrauterine Ectopic

Characteristics resolving PUL pregnancy?® pregnancy®
n (%) 425 (46.4%) 309 (33.8%) 181 (19.8%)
Age, years, mean (SD) 31.0(6.5) 28.9 (6.0) 31.3(5.6)
Gestational age, days, mean (SD) 45.7 (9.9) 39.2(9.3) 43.7 (10.9)
Symptoms, n (%)

Bleeding only 80 (19%) 27 (9%) 34 (19%)

Abdominal pain no bleeding 38 (9%) 201 (65%) 39 (21%)

Abdominal pain and bleeding 304 (71%) 67 (21%) 101 (56%)

None 3 (1%) 14 (5%) 7 (4%)
Previous ectopic pregnancy, n (%) 21 (5%) 34 (11%) 16 (8%)
Time (h) between hCG measures, mean (SD) 49.4 (9.3) 49.4 (8.9) 47.9 (10.1)
First hCG value (IU/L), mean (SD) 804 (1220) 2139 (2291) 1471 (1881)
Second hCG value (IU/L)¢, mean (SD) 330 (464) 3529 (3762) 1634 (2179)
Ratio of the second and first hCG value, mean (SD) 0.52 (0.35) 1.90 (0.56) 1.14(0.41)
No. of hCG samples, mean (SD) 2.8(1.2) 2.6(1.1) 3.8(1.6)
No. of ultrasounds performed, mean (SD) 1.7 (0.9) 2.5(1.1) 3.2(1.2)

Abbreviations: hCG, human chorionic gonadotropin; PUL, pregnancy of unknown location.
Percentages may not total 100 due to rounding.

2Including 85 nonviable intrauterine pregnancies.

®Including 35 persistent PUL.

‘Unadjusted hCG.
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Paper 11

PUL: external validation of the hCG-based M6NP and M4 prediction models in an
emergency gynecology unit

Of 1208 women with PULs and at least two hCG samples eligible for inclusion, 125
had a sampling interval >3 days or <1 day and were excluded. Another 16 women
lost to follow-up and another six diagnosed with a gestational trophoblastic disease
were excluded from analysis.

Characteristics of participants and pregnancy outcomes

A total of 1061 women with a PUL were included in the analysis (Table 9).
Pregnancy outcomes were 461 (43.4%) spontaneously resolving PULs, 264 (24.9%)
viable IUPs, 98 (9.2%) nonviable IUPs, 192 (18.1%) EPs, and 46 (4.3%) persistent
PULs.

Table 9. Baseline characteristics of 1061 women with PUL in the validation sample and hCG data for each
pregnancy outcome.

Spontaneously Intrauterine Ectopic
Total resolving PUL  pregnancy pregnancy?

Characteristics (n=1061) (n=461) (n=362) (n=238)
Age, years, median (Q1;Q3) 31 (24;35) 31(27;35) 29 (24;33) 32 (27:36)
Type of PUL, n (%)

True PUL 793 (74.7)

Probable IUP 239 (22.5)

Probable EP 29 (2.7)
Vaginal bleeding, n (%) 723 (68.1)
Previous ectopic pregnancy, n (%) 76 (7.2)

First hCG value (IU/L), median (Q1;Q3) 703 (210;2312)  334(120;1078) 1521 (464;5125) 810 (252;2315)
Second hCG value (IU/L), median (Q1;Q3) 635 (150;2700) 158 (53;460) 2765 (983;7900) 920 (265:2735)
hCG ratio, median (Q1;Q3) 0.94 (0.45;1.59)  0.42(0.27;0.64) 1.81(1.39;2.21) 1.05 (0.86:1.31)

Hours between first and second hCG
sample, n (%)

<24 0(0)
24—39 141 (13.3)
40—56 751 (70.8)
57—72 169 (15.9)
>72 0(0)

Abbreviations: Q1, first quartile; Q3, third quartile; IUP, intrauterine pregnancy; EP, ectopic pregnancy.
2Including 46 persistent PUL.
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Discrimination, calibration, and NB

A summary of key performance measures of MONP and M4 is shown in Figure 4.
For EPs (including persistent PULs) vs non-EPs (spontaneously resolving PULs and
IUPs), M6NP had an AUC of 0.85 and M4 had an AUC of 0.81 (p<.0.001). For
MONP, the calibration intercept (calibration-in-the-large) was 0.22 for the estimated
probability of EP (including persistent PUL), and the calibration slope was 0.89. The
intercept and slope for M4 were 0.33 and 0.38, respectively. As shown in the
calibration plot, M6NP was well calibrated up to estimated probabilities of ~0.2, but
above this threshold, estimated probabilities of EP were too low, as also can be seen
for M4 up to estimates of 0.4 (Figure 4B). MONP had a NB at the 5% threshold, but
M4 did not. The decision curves (Figure 4C) represent NB for MONP and M4 across
a range of probability thresholds.
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Figure 4. Summary of key outcomes and interpretation of the M6NP and M4 comparisons

(a) The area under the receiver-operating characteristic curves (AUC) of the estimated probabilities for
ectopic pregnancy (EP), including persistent pregnancy of unknown location (PUL) versus non-EP. M6NP
had a higher AUC than M4, meaning better discriminatory ability.

(b) Calibration curves of the estimated probability for EP should be on the ideal line for perfect
calibration. The intercept of the calibration curve is >0 for both models, meaning they are
underestimating the total number of EP among PUL, but not as much for M6NP. The calibration slope
<lindicates that estimated probabilities of EP by M6NP and M4 were on average, too high for estimates
close to 1 and too low close to 0, but more so for M4. However, M6NP estimates of EP are well
calibrated in the region for estimates up to 0.20, where the curve is on the ideal line whereas the curve
of M4 is above the ideal line, making underestimations of EP up to circa 0.4.

(c) The decision curves based on the estimated probabilities of EP show that M6NP has a net benefit
(NB), clinical utility, at the 5% threshold and beyond, being over the NB of assuming all or none at high
risk of EP. The M4 had no NB until the 7.5% threshold.
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Diagnostic (classification) performance

For M6NP, the sensitivity for EP was 95%, the false-positive rate of non-EP was
50%, and the NPV was 97% at the 5% probability threshold (Table 10). Compared
with M6NP, M4 had a lower sensitivity, false-positive rate, and NPV at the 5%, and
10% thresholds (Table 10). The NICE algorithm classification performance was
analyzed in the validation sample for comparison (Figure 5).

Table 10. Performance of M6NP and M4 diagnosing ectopic and non-ectopic
pregnancies in 1061 women with PUL

Outcome M6NP M4 P-value
5% threshold
Sensitivity for EP? 95% (92 to 98) 85% (81 to 90) <.001
False positive rate of non-EP® 50% (47 to 54) 37% (34 to 40) <.001
Negative predictive value 97% (96 to 99) 94% (92 to 96) <.001
Low risk classification 40% (37 to 42) 52% (50 to 55) <.001
10% threshold
Sensitivity for EP 91% (87 to 94) 80% (75 to 85) <.001
False positive rate of non-EP 39% (36 to 43) 30% (34 to 37) <.001
Negative predictive value 96% (94 to 98) 92% (90 to 94) <.001
Low risk classification 49% (46 to 52) 58% (56 to 61) <.001

Abbreviations: EP, ectopic pregnancy.

Data presented as % (95% Cl).

Including persistent PUL.

PSpontaneously resolving PUL and intrauterine pregnancy.
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Figure 5. Classification performance for ectopic pregnancy (EP)/persistent pregnancy of unknown location (PUL)
and non-EP in 1061 PULs of M6NP, M4 and the NICE algorithm, using the 5% threshold for the prediction models.
(a) Sensitivity for EP (b) False positive rate (FPR) of non-EP (percentage of spontaneously resolving PUL and
intrauterine pregnancy classified as high risk. (c) Negative predictive value (NPV), percentage of non-EP among
PUL classified as low risk. (d) The percentage of PUL classified as low risk.

Paper 111

Managing PULs with the M4 prediction model or the NICE algorithm: an RCT

Of 883 women with complaints in early pregnancy who were assessed for trial
inclusion, 649 were recruited (Figure 6). Of this latter group, 42 women did not meet
randomization criteria after the first hCG value was analyzed, leaving 607 women
randomly assigned to M4 (305 women) or the NICE algorithm (302 women).
Additionally, three women were lost to follow-up in the M4 group and eight in the
NICE group. Thus, 302 women in the M4 group and 293 in the NICE group were
available for the cross-sectional analysis of the primary outcome and by randomized
groups of secondary outcomes. Overall, 513 women managed according to protocol
were included in the per-protocol population (256 in the M4 group and 257 in the
NICE group).
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Characteristics of participants and pregnancy outcome

The baseline and clinical characteristics of the participants were similar between the
two study groups (Table 11). The pregnancy outcomes in the M4 group were
119 (38.4%) spontaneously resolving PULs, 74 (24.5%) viable IUPs, 40 (13.2%)
nonviable TUPs, 52 (17.2%) EPs, and 17 (5.6%) persistent PULs. In the NICE
group, there were 117 (38.7%) spontaneously resolving PULs, 67 (22.9) viable
IUPs, 32 (10.9) nonviable IUPs, 61 EPs (20.8), and 16 (5.5) persistent PULs
(Table 12).

Table 11. Baseline and clinical characteristics of participants at the first visit in full analysis set.

M4 NICE
Characteristics (n=302) (n=293)
Age (years), mean (SD) 31.3(5.3) 31.4 (5.6)
BMI (kg/m?), mean (SD) 24.7 (4.2) 24.6 (4.0)
Gestational age (weeks), mean (SD) 6.00 (1.83) 5.81(1.51)
Conceived with IVF, n (%) 11 (3.6%) 15 (5.1%)
Gravida, n (%)
1 90 (29.8%) 83 (28.3%)
2 69 (22.8%) 77 (26.7%)
>3 143 (47.3.%) 135 (45.7%)
Para, n (%)
0 176 (58,2%) 168 (56.3%)
1 63 (20.9%) 74 (25.2%)
>2 63 (20.9%) 51 (17.4%)
>1 prior miscarriage < 12 weeks, n (%) 84 (27.8%) 86 (29.4%)
Prior ectopic pregnancy, n (%) 25 (8.3%) 26 (8.9%)
>1 prior caesarean section, n (%) 20 (6.6%) 25 (8.5%)

Symptoms, n (%)
Abdominal pain and bleeding

178 (58.9%)

175 (59.7%)

Abdominal pain only 87 (28.8%) 81 (27.6%)
Bleeding only 23 (7.6%) 25 (8.5%)
None/Worries 14 (4.6%) 12 (4.1%)

Type of PUL, n (%)
True PUL

209 (69.2%)

191 (65.2%)

Probable intrauterine pregnancy 68 (22.5%) 70 (23.9%)

Probable ectopic pregnancy 17 (5.6%) 23 (7.8%)

Probable miscarriage 8 (2.6%) 9 (3.1%)

First hCG value, IU/L
Mean (SD) 1311 (1889) 1336 (1928)
Median (min; max) 540 (7; 9780) 540 (10; 9600)
<500, n (%) 146 (48.3%) 141 (48.1%)
500-999, n (%) 44 (14.6%) 46 (15.7%)
1000-1999, n (%) 47 (15.6%) 42 (14.3%)
>2000, n (%) 65 (21.5%) 64 (21.8%)

Abbreviations: BMI, body mass index; hCG, human chorionic gonadotropin.
Percentages may not total 100 due to rounding
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Table 12. Classification, predicted outcome and observed pregnancy outcome according to randomized
groups.

Pregnancy outcome, n (%) within classification and predicted outcome

Spontaneously Ectopic
Classification and predicted outcome, n (%)  Viable IUP  Nonviable IUP  resolving PUL  pregnancy Persistent PUL

M4

High risk 130 (43.0%) 24 (18.5%)  35(26.9%) 17 (13.1%) 42 (32.3%) 12(9.2%)
Low risk 172 (57.0%) 50 (29.1%) 5 (2.9%) 102 (59.3%) 10(5.8%) 5 (2.9%)
Intrauterine pregnancy 52 (17.2%) 50 (96.2%) 1(1.9%) - 1(1.9%)
Spontaneously resolving PUL 120 (39.7%) - 4 (3.3%) 102 (85%) 9 (7.5%) 5 (4.2%)
NICE
High risk 116 (40.0%) 4 (3.4%) 23 (19.8%) 25 (21.6%) 49 (42.2%) 15 (12.9%)
Low risk 177 (60.0%) 63 (35.6%) 9 (5.1%) 92 (52.0%) 12(6.8%) 1(0.6%)
Intrauterine pregnancy 80 (27.1%) 63 (78.8%)  8(10.0%) - 9 (11.3%)
Spontaneously resolving PUL 97 (32.9%) - 1(1.0%) 92 (94.5%) 3(3.1%) 1(1.0%)

Abbreviations: IUP, intrauterine pregnancy; PUL, pregnancy of unknown location.

Primary outcome (diagnostic performance)

In the cross-sectional analysis of the FAS population, no statistically significant
difference was observed between M4 and NICE in sensitivity for EP (79% vs 85%,
p=.15). The NICE algorithm had a higher specificity than M4 for non-EP (74% vs
67%, p=.0003) (Table 13). The AUC for EP vs non-EP was higher for NICE
compared to M4 (0.80 vs 0.73, p=.0014) (Table 13).

Sensitivity analysis and exploratory outcomes (diagnostic performance)

M4 had better sensitivity for spontaneously resolving PUL, but the NICE algorithm
had higher specificity and AUC for spontaneously resolving PUL and higher
sensitivity, specificity, and AUC for IUP versus other pregnancy outcomes in the
cross-sectional analysis (Table 13). The sensitivity of M4 for EP was noninferior to
the NICE algorithm (96% vs 91%; difference, 5.0 percentage points; 95% CI, -5 to
15) when analyzed according to randomized groups in the per-protocol population.
The specificity for non-EP was not statistically significantly different between M4
and NICE (68% vs 76%; difference, -8 percentage points; 95% CI, -8.0 to 82). In the
FAS population, M4 and NICE did not differ significantly in sensitivity for EP (78%
vs 83%; difference, -5.0 percentage points; 95% CI, -18 to 8) or in specificity for
non-EP (67% vs 76%; difference, -9.0 percentage points; 95% CI, -17 to 0).
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Table 13. Cross-sectional analysis of the diagnostic performance of M4 and NICE in the full analysis

set (n=595).
% (95% Cl)
n/total

Outcome M4 NICE P-value

Primary

Sensitivity for ectopic pregnancy?® 79% (72 to 85) 85% (79 to 91) .15
115/146 124/146

Specificity for non-ectopic pregnancy 67% (62 to 71) 74% (70 to 78) .0003
300/449 334/449

AUC (95% Cl) for ectopic vs non-ectopic  0.73 (0.69 to 0.77) 0.80 (0.76 to 0.83) .0014

pregnancy

Positive predictive value 44% (38 to 50) 52% (46 to 58) NA
115/264 124/239

Negative predictive value 91% (87 to 94) 94% (91 to 96) NA
300/331 334/356

Exploratory

Sensitivity for intrauterine pregnancy 47% (40 to 54) 68% (61 to74) <.0001
100/213 144/213

Specificity for other than intrauterine 40% (35 to 44) 95% (93 to 97) <.0001

pregnancy 151/382 363/382

AUC (95% Cl) for intrauterine pregnancy 0.57 (0.53 to 0.61) 0.81(0.78 to 0.85) <.0001

vs other pregnancy

Sensitivity for spontaneously resolving 85% (80 to 89) 75% (69 to 81) .0003

PUL 200/236 177/236

Specificity for other than spontaneously  64% (59 to 68) 96% (93 to 98) <.0001

resolving PUL 228/359 343/359

AUC (95% Cl) for spontaneously 0.74 (0.71t0 0.78) 0.85(0.82 to 0.88) <.0001

resolving PUL vs other pregnancy

Abbreviations: AUC, area under the curve; NA, not applicable; hCG, human chorionic gonadotrophin;
PUL, pregnancy of unknown location.
?Including 33 persistent PUL

Secondary outcomes (clinical outcomes)

The hCG data did not differ significantly between the M4 and NICE groups within
each pregnancy outcome (Table 14). EPs in the NICE group had a numerically higher
mean. M4 misclassified 10 EPs as low risk, of which all but one were predicted to
be a spontaneously resolving PUL (Figure 7). Nine of twelve EPs misclassified by
NICE were predicted to be an IUP. Details of clinical outcomes for misclassified EPs
are presented in Table 15. A higher percentage of women in the NICE group
underwent laparoscopic treatment of EP compared to the M4 group (Table 16). The
rates of EP diagnosed prior to surgery and of methotrexate or expectant management
as the only treatment were not significantly different between groups (Table 16). In
the M4 group, 30.5% (92 of 302) of all PULs were predicted to be spontaneously
resolving PULs and were managed in line with protocol, compared to 28.3% (83 of
293) in the NICE group. Four women in the M4 group had positive urine hCG after
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2 weeks, and all were managed expectantly, as were two women with positive tests

in the NICE group.

Table 14. First and second hCG values and hCG ratio for all pregnancy outcomes according to

randomized groups.

Outcome M4 (n=302) NICE (n=293) Difference Mean (95% Cl)
Ectopic pregnancy, n 52 61
First hCG value (IU/L)

Mean (SD) 862 (1514) 1302 (1945) -439.1 (-1097.3 t0 219.2)

Median (min; max)
Second hCG value (IU/L)

Mean (SD)

Median (min; max)

Ratio of second/first hCG value (IU/L)

Mean (SD)

Median (min; max)
Intrauterine pregnancy, n
First hCG value (IU/L)

Mean (SD)

Median (min; max)
Second hCG value (IU/L)

Mean (SD)

Median (min; max)

Ratio of second/first hCG value (1U/L)

Mean (SD)

Median (min; max)
Spontaneously resolving PUL, n
First hCG value (1U/L)

Mean (SD)

Median (min; max)

Second hCG value (1U/L)

Mean (SD)

Median (min; max)

Ratio of second/first hCG value (IU/L)

Mean (SD)

Median (min; max)
Persistent PUL, n
First hCG value (1U/L)

Mean (SD)

Median (min; max)
Second hCG value (IU/L)

Mean (SD)

Median (min; max)

Ratio of second/first hCG value (IU/L)

Mean (SD)
Median (min; max)

405 (36; 8000)

913 (1631)
370 (28; 9100)

1.06 (0.42)
1.03 (0.26; 2.5)
114

2182 (2375)
1200 (22; 9780)

3315 (3511)
2200 (42; 17000)

1.80 (0.64)
1.91(0.17; 2.93)
119

772 (1177)
220 (7; 6500)

290.8 (431.6)
130 (1.2; 2600)

0.47 (0.29)
0.39 (0.08; 1.88)
17

617 (1003)
180 (25; 3900)

587 (969)
220 (36; 3800)

1.00 (0.35)

1.00 (0.536; 1.933)

610 (40; 9500)

1360 (1979)
550 (45; 8830)

1.13 (0.45)
1.12 (0.27; 2.18)
99

2070 (2069)
1420 (52; 9000)

3263 (3662)
2100 (57; 22000)

1.77 (0.70)
1.89 (0.11; 3.38)
117

844 (1704)
190 (10; 9600)

308.3 (547.2)
74 (0.6; 2700)

0.45 (0.35)
0.35 (0.007; 1.74)
16

607 (959)
210 (64; 4000)

639 (910)
335 (45; 3800)

1.10(0.33)
1.06 (0.7; 2.04)

-446.5 (-1130.1 to 237.1)

-0.07 (-0.23 to 0.10)

111.6 (-494.4 to 717.7)

52.0(-918.0 to 1022.0)

0.03 (-0.15 to 0.21)

-71.8 (-448.3 to 304.7

-17.6 (-144.1 to 109.0)

0.02 (-0.06 to 0.10)

9.97. (-687.41 to 707.34)

-52.3 (-720.8 t0 616.2)

-0.11 (-0.35 t0 0.13)

Abbreviations: hCG, human chorionic gonadotropin; PUL, pregnancy of unknown location.
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Figure 7. Distribution of first hCG values and ratios of the second/first hCG value of misclassified
ectopic pregnancies in the M4 (n=10) and NICE (n=12) groups.
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Table 15. Clinical outcomes of 22 misclassified ectopic pregnancies according to randomized groups.

Protocol/ Adhered to Suspicion of

No. of protocol/primary  EP first

patients  Predicted outcome reason if not ultrasound Intervention (s) Adverse event (s)

M4

1 Spontaneously No/physician Yes Expectant management No
resolving PUL

2 Spontaneously No/patient pain No Methotrexate Unplanned visit
resolving PUL

3 Spontaneously No/patient pain No Methotrexate Unplanned visit
resolving PUL

4 Spontaneously No/physician Yes Expectant management Unplanned visit
resolving PUL

5 Spontaneously No/physician Yes Expectant management Unplanned visit
resolving PUL

6 Spontaneously No/physician Yes Laparoscopic surgery Unplanned visit
resolving PUL

7 Spontaneously No/physician No Methotrexate No
resolving PUL

8 Spontaneously No/patient pain No Methotrexate Unplanned visit
resolving PUL

9 Intrauterine Yes No Methotrexate/laparoscopic  Unplanned visit
pregnancy surgery

10 Spontaneously No/physician No? Methotrexate/laparoscopic  Emergency surgery/
resolving PUL surgery ruptured ectopic

pregnancy

NICE

1 Spontaneously No/physician Yes Expectant management No
resolving PUL

2 Spontaneously No/physician Yes Laparoscopic surgery No
resolving PUL

3 Intrauterine No/physician Yes Laparoscopic surgery No
pregnancy

4 Intrauterine Yes No Laparoscopic surgery No
pregnancy

5 Spontaneously No/patient pain No Laparoscopic surgery No
resolving PUL

6 Intrauterine No/physician Yes Methotrexate/laparoscopic  Unplanned visit
pregnancy surgery

7 Intrauterine Yes No Laparoscopic surgery No
pregnancy

8 Intrauterine No/physician® No Laparoscopic surgery Emergency
pregnancy surgery/ruptured

ectopic pregnancy

9 Intrauterine No/physician? No Methotrexate No
pregnancy

10 Intrauterine No/patient pain No Laparoscopic surgery Unplanned visit
pregnancy

11 Intrauterine Yes No Laparoscopic surgery No
pregnancy

12 Intrauterine Yes No Methotrexate/Laparoscopic No
pregnancy surgery

@Previous ectopic pregnancy (EP).
®hCG follow-up 1 week, progression as a viable intrauterine pregnancy, monitoring stopped.
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Table 16. Women with ectopic pregnancy, their treatments and ultrasonographic morphology prior to
surgery.

Total
Outcome (n=113) M4 (n=52) NICE (n=61) Difference (95% Cl)
Laparoscopic surgery, n (%) 51 (45.1) 17 (32.7%) 34 (55.7%) -23.0 (-42.7 to -3.4)
EP visualized before surgery, n (%) 46 (90.2%) 16(94.1%) 30(88.2%) 5.9 (-18.1t0 23.0)
Morphology, n (%)

Adnexal solid structure 29 (63.0%) 9 (56.3%) 20 (66.7%)

Adnexal sac-like structure 13(28.3%) 5(31.3%) 8 (26.7%)

Adnexal gestational sac with yolk sac 2 (4.3%) 0 (0.0%) 2 (6.7%)

Adnexal live pregnancy 1(2.2%) 1(6.3%) 0 (0.0%)

Interstitial sac-like structure 1(2.2%) 1(6.3%) 0 (0.0%) -
Methotrexate as only treatment, n (%) 27 (23.9%) 14 (26.9%) 13 (21.3%) 5.6 (-12.0 to 23.2)

Expectant management as only treatment, n (%) 24 (21.2%) 12 (23.1%) 12 (19.7%) 3.4 (-13.6t0 20.4)

Abbreviations: EP, ectopic pregnancy.
Differences are given in percentage points.

Results of secondary outcomes according to randomized groups in the FAS
population are presented in Tables 17-19. M4 and NICE did not differ significantly
in time to diagnosis of EP, IUP, or spontaneously resolving PUL; mean number of
hCG samplings or TVS performed (Table 17); success rate of first-line treatment and
hCG resolution time of an EP (Table 18); or the combined rate of surgical and
medical interventions (Table 19).

The total successful first-line treatment of persistent PUL was not significantly
different for M4 vs NICE (58.8% vs 81.3%; difference, -22.5 percentage points; 95%
Cl, -52.4 to 10.6) or within the group of women managed expectantly (45.5% vs
50.0%; difference, -4.5 percentage points; 95% CI, -52.2 to 44.1) or receiving
methotrexate (83.3% vs 100%; difference, -16.7 percentage points; 95% CI, -64.1 to
25.5). The mean number of days for hCG resolution did not differ significantly
between M4 and NICE (23.6 vs 24.1; difference, -0.5 percentage points; 95% CI, -
7.2 to 6.3). One woman with a persistent PUL in the NICE group underwent
laparoscopy without evidence of a pregnancy, and two women with a persistent PUL
were treated with uterine curettage without a positive specimen. All three women
were successfully treated with methotrexate administered because of sustained hCG
levels.

In the M4 group, five additional women with a miscarriage underwent uterine
curettage in addition to five women having a concomitant laparoscopy, resulting in
an overall surgical intervention rate of 7.9%. In the NICE group, one additional
woman with a miscarriage underwent uterine curettage, two women had concomitant
laparoscopy, two women with a persistent PUL had uterine curettage, and one woman
underwent laparoscopy, for an overall surgical intervention rate of 14.3%.
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Table 17. Secondary outcomes according to randomized groups in the full analysis set.

Difference
Outcome Total M4 NICE Mean (95% Cl) P-value
All pregnancies, n 595 302 293
No. of serum hCG samples
Mean (SD) 3.6(2.7) 3.6 (2.7) 3.6 (2.6) 0.05 (-0.38 to 0.47) .84
Median (min; max) 2(2;18) 2(2;18) 2(2;15) NA NA
No. of ultrasounds
Mean (SD) 2.27(1.26) 2.28(1.24)  2.24(1.28) 0.04(-0.16t00.24) .70
Median (min; max) 2(1;11) 2(1;8) 2(1;11) NA NA
Ectopic pregnancy, n 113 52 61
Days to diagnosis from randomization
Mean (SD) 3.8 (4.5) 3.4(4.2) 4.1(4.8) -0.59(-2.31t01.02) .46
Median (min; max) 2 (0; 26) 2(1;26) 2 (0; 22) NA NA
No. of serum hCG samples
Mean (SD) 6.2 (3.4) 6.4(3.3) 5.9 (3.6) 0.49 (-0.80 to 1.81) 42
Median (min; max) 5(2;18) 6.5 (2; 18) 5(2; 15) NA NA
No. of ultrasounds
Mean (SD) 3.2(1.3) 3.2(1.1) 3.2(1.5) 0.01(-0.29t0 0.51) .96
Median (min; max) 3(1;11) 3(2;6) 3(1;11) NA NA
Spontaneously resolving PUL, n 236 119 117
Days to diagnosis from randomization
Mean (SD) 13.2(5.8) 13.3(5.7) 13.1(5.9) 0.30 (-1.21to0 1.72) .72
Median (min; max) 14 (1; 35) 14 (1; 35) 14 (1; 35) NA NA
Days of follow-up from diagnosis
Mean (SD) 13.8(5.4) 13.8(5.3) 13.8(5.4) 0.01 (-1.36 to 1.38) .99
Median (min; max) 14 (1; 35) 14 (1; 35) 14 (1; 35) NA NA
No. of serum hCG samples
Mean (SD) 2.5(1.1) 2.5(1.1) 2.5(1.1) -0.12 (-0.31t0 0.29) .70
Median (min; max) 2(2;8) 2(2;8) 2(2;7) NA NA
No. of ultrasounds
Mean (SD) 1.3 (0.6) 1.3(0.6) 1.3(0.7) -0.01(-0.18t00.2) .89
Median (min; max) 1(31;4) 1(1;4) 1(1;4) NA NA
Intrauterine pregnancy, n 213 114 99
Days to diagnosis from randomization
Mean (SD) 7.9(6.2) 8.11 (6.6) 7.6 (5.6) 0.52(-1.18t02.21) .55
Median (min; max) 7(1;34) 7 (1; 34) 7(1;30) NA NA
Days of follow-up from diagnosis
Mean (SD) 11.6 (8.9) 11.9 (9.0) 11.1(8.8) 0.81(-1.62t03.23) .52
Median (min; max) 8(1;45) 8(1; 40) 8(1; 45) NA NA
No. of serum hCG samples
Mean (SD) 2.7 (1.4) 2.7 (1.3) 2.7 (1.5) -0.01(-0.4 t0 0.4) 96
Median (min; max) 2 (2; 10) 2(2;9) 2 (2; 10) NA NA
No. of ultrasounds
Mean (SD) 2.7 (1.0) 2.7 (1.0) 2.6 (1.0) 0.06 (-0.21 to 0.40) .58
Median (min; max) 2(1;6) 2(1;6) 2(1;6) NA NA
Persistent PUL, n 33 17 16
No. of serum hCG samples
Mean (SD) 8.4(2.7) 9.0(2.9) 7.7(2.2) 1.31(-0.51t03.21) .16
Median (min; max) 9 (4; 16) 9(4; 16) 8(4; 11) NA NA
No. of ultrasounds
Mean (SD) 3.(1.2) 3.6 (1.5) 3.2(0.8) 0.39(-0.50t0 1.29) .35
Median (min; max) 3(1;8) 4(1;8) 3(2;5) NA NA

Abbreviations: hCG, human chorionic gonadotropin; PUL, pregnancy of unknown location. NA, not

applicable.

Differences are reported as M4-NICE.
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Table 18. Successful first-line treatment in 113 women with ectopic pregnancy, their hCG data and hCG

resolution time.

M4 NICE Difference
Outcome (n=52) (n=61) (95% Cl) P-value
Total successful first-line treatment, n (%) 36 (69.2%) 48 (78.7%) -9.5(-27.5 to0 8.5) .35
hCG resolution time?, d
Mean (SD) 17.4 (15.0) 14.6 (15.6) -2.81(-8.51 to 42.12) 33
Median (min; max) 15 (0; 61) 8 (0; 56) NA NA
First-line treatment, n (%)
Laparoscopic surgery 13 (25.0%) 24 (39.3%) -14.3 (-36.5t0 0.1) .072
Methotrexate 16 (30.8%) 16 (26.2%) 4.6(-12.7 to 21.7) 74
Expectant management, 23 (44.2%) 21 (34.4%) 9.8 (-10.0 t0 29.6) .38
Successful first-line treatment by modality
Laparoscopic surgery, n (%) 11 (84.6%)° 24 (100%) -15.4 (-45.4 to 2.3) .23
hCG resolution time, d
Mean (SD) 3.09 (5.03) 1.92 (4.60) 1.17 (-2.33 to 4.68) .50
Median (min; max) 1(0; 15) 1(0, 23) NA NA
First hCG value IU/L
Mean (SD) 1929 (2201) 1924 (2419) 4.72 (-1713.8 to 1723.3)  1.00
Median (min; max) 1100 (310; 8000) 1300 (43; 9500) NA NA
Ratio of second and first hCG
Mean (SD) 1.16 (0.35) 1.17 (0.46) -0.01 (-0.31 t0 0.29) .93
Median (min; max) 1.16 (0.68; 1.78) 1.09 (0.27;2.18) NA NA
Methotrexate, n (%) 13 (81.3%) 12 (75.0%) 6.3 (-24.7 t0 36.3) 1.00
hCG resolution time, d
Mean (SD) 27.7 (18.2) 27.9(9.6) -0.20 (-11.2 t0 10.8) 97
Median (min; max) 19 (10, 61) 19.5 (11, 43) NA NA
First hCG value 1U/L
Mean (SD) 433.3(399.7) 1318 (2117) -885 (-2026 to 256) 12
Median (min; max) 330 (51; 1300) 510 (60; 8300 NA NA
Ratio of second and first hCG
Mean (SD) 1.17 (0.47) 1.23 (0.43) -0.06 (-0.41 to0 0.28) .69
Median (min; max) 1.14 (0.64; 2.5) 1.32(0.53; 2) NA NA
Expectant management, n (%) 12 (52.2%) 12 (57.1%) -5.0 (-34.7 to 24.9) .98
hCG resolution time, d
Mean (SD) 18.7 (9.8) 19.2 (16.5) -0.50 (-8.93 to 7.93) .90
Median (min; max) 19 (5; 38) 16 (4; 56) NA NA
First hCG value IU/L
Mean (SD) 704 (1497) 577 (492) 127.1 (-550.0 to 804.3) .70
Median (min; max) 310 (36; 7300) 380 (40; 1900) NA NA
Ratio of second and first hCG
Mean (SD) 0.96 (0.42) 1.00 (0.44) -0.04 (-0.29 t0 0.21) 74
Median (min; max) 0.929 (0.261; 1.846) 1.04 (0.28;1.77) NA NA

Abbreviations: hCG, human chorionic gonadotropin; NA, not applicable.

Differences are reported as M4-NICE.

Differences between percentages are given in percentage points; differences between other values are given in

the unit for that value.

aCalculated from the time of diagnosis until hCG <5.3/5.0 IU/L, data were missing for one woman in the M4

group.

bPersistent trophoblast treated with methotrexate after two cases of salpingotomy.
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Table 19. Combined rate of surgical and medical interventions according to randomized groups.
n/total (%)

Outcome M4 (n=302) NICE (n=293) Difference (95% Cl)
Ectopic pregnancy 40/52 (76.9%) 49/61(80.3%) -3.4(-20.4to 13.6)
Intrauterine pregnancy 22/114 (19.3%) 15/99 (15.2%) 4.1 (-6.9t0 15.2)
Persistent PUL 12/17 (70.6%) 13/16 (81.3%) -10.7 (-40.4to0 21.7)
Spontaneously resolving PUL 0/119 (0.0%) 0/117 (0.0%) NA

Abbreviations: PUL, pregnancy of unknown location; NA, not applicable.
Differences are reported as M4-NICE and are given in percentage points.

Adverse events

Forty-five women (14.9%) had any adverse event in the M4 group and 34 (11.6%)
in the NICE group with no statistically significant difference (Table 20). Among 52
EPs in the M4 group there were two (3.8%) verified ruptures and four (6.6%) in the
NICE group. Two (10.5%) of 19 laparoscopies performed were negative in the M4
group and six (15.0%) of 40 laparoscopies in the NICE group. Two women in the
NICE group with a subsequent confirmed IUP were given methotrexate prior to
laparoscopy and viability was not excluded for sure before treatment. One woman in
the M4 group was given misoprostol although a slow-growing gestational sac was
seen reaching 16 mm once treatment started. Details of seven women that underwent
laparoscopy with subsequent diagnosis of a miscarriage are showed in Table 21.

Table 20. Adverse events according to randomized groups.

Outcome M4 (n=302) NICE (n=293) Difference (95% Cl) P-value
Women with any adverse event?, n (%) 45 (14.9%) 34 (11.6%) 3.3(-2.5t09.1) .29
Ruptured ectopic pregnancy 2 (0.7%) 4 (1.4%) -0.7 (-2.7t0 1.2) .66
Emergency surgery 4 (1.3%) 3 (1.0%) 0.3(-1.8t02.4) 1.00
Methotrexate or misoprostol given to a 1(0.3%) 2 (0.7%) -0.3(-1.8t01.1) 1.00
potentially viable intrauterine pregnancy

Negative laparoscopy 2 (0.7%) 6 (2.0%) -1.4(-3.6t0 0.8) .27
Unplanned visit by patient 42 (13.9%) 27 (9.2%) 4.7 (-0.8t0 10.1) .096
Side effect of methotrexate® 2 (0.7%) 1(0.3%) 0.3(-1.1t0 1.8) 1.00
Infection after surgery 0 (0.0%) 1(0.3%) -0.3(-1.3t00.7) .98

Differences are reported as M4-NICE.

Differences are given in percentage points.

®Women could have >1 recorded adverse event.

PAll women had mild transient elevations in alanine transaminase levels of which two with an ectopic
pregnancy had received a repeat dose of methotrexate.
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Table 21. Details of women with an intrauterine pregnancy undergoing laparoscopy according to
randomized groups.

Protocol/ First Second Primary
No. of Ultrasound hCG hCG hCG indication for
patients finding Classification (1U/L)  (IU/L) ratio Intervention (s) intervention
M4
1 No sign of High risk 1300 1200 0,92  Laparoscopy Diagnostic
pregnancy and uterine
curettage
2 Intracavitary High risk 1200 1100 0.92 Laparoscopy Pain
sac-like and uterine
structure, 2 curettage®
mm
NICE
1 Intracavitary High risk 800 870 1.09 Methotrexate Diagnostic
sac-like and laparoscopy
structure
2 No sign of Low risk 52 110 2.16  Laparoscopy Pain
pregnancy and uterine
curettage
3 Intracavitary High risk 650 860 1.32  Methotrexate Diagnostic
sac-like and laparoscopy
structure 1.8
mm
4 Adnexal solid High risk 2000 3000 1.5 Laparoscopy Ultrasound
structure and uterine finding and
curettage hCG results
5 Adnexal solid High risk 3100 3500 1.13  Laparoscopy Ultrasound
structure finding and
hCG results

Abbreviations: hCG, human chorionic gonadotropin.
2Emergency surgery.

Emergency laparoscopic surgery was carried out in five women with an EP, where
three had ruptured two in the NICE group and one in the M4 group. One of the
women in the NICE group returned shortly after the second hCG requiring
laparoscopic surgery and transfusion with one unit of blood. The woman in the M4
group was classified as low risk but was assessed as high risk and was under
treatment with methotrexate. The third woman with a ruptured EP was predicted to
be an IUP by NICE but instead of planning a TVS after seven days a hCG was taken.
Levels of hCG indicated a normally progressing IUP whereby monitoring was ended
but the patient returned with ambulance nine days after randomization needing
emergency laparoscopy. Additionally, two women with an EP had emergency
laparoscopy after either attempting a repeat dose of methotrexate or expectant
management without having a ruptured EP.
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Three of six cases of ruptured EP underwent planned laparoscopic surgery and no
suspicion of rupture preceded two cases, while the third had hemoperitoneum. All
women had high risk assessment, were diagnosed prior to surgery and one had
received methotrexate. Out of six women with a ruptured EP, one was classified as
high risk by M4 and three were classified as high risk by NICE. Three of these
women were managed according to protocol and diagnosed shortly after.

Results of secondary outcomes for the per-protocol population were generally
consistent with those in the FAS population, data not shown.

Subgroup analysis (high- vs low-risk classification)

In the FAS population, a total 246 PULs were classified as high risk and 349 were
classified as low risk when aggregating the classification of the M4 and NICE groups
(Table 12). Secondary outcomes were compared between high and low risk
classification groups within pregnancy outcome or totally.

The times to diagnosis of EPs and IUPs were not significantly different for PULs
classified as high vs low risk (Figure 8) but were longer for spontaneously resolving
PULSs classified as high risk. The hCG resolution time was longer for EPs classified
as high vs low risk (17.2 vs 10.7 days; mean difference, 6.5 days; 95% CI, 1.0 to 12.0
days), as was the length of follow-up (20.8 vs 15.0 days; mean difference, 5.8 days;
95% CI, 0.3 to 11.7 days). The median time to diagnosis of EPs in the per-protocol
population was shorter for EPs classified as high risk (two days) compared to EPs
classified as low risk (8.5 days) (Figure 8).
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Figure 8. Kaplan-Meier curves for days from randomization to diagnosis of ectopic pregnancy (EP),
intrauterine pregnancy (IUP) or spontaneously resolving pregnancy of unknown location (PUL)
according to high and low risk classification. (a) The median time to diagnosis of EP classified as high
risk or low risk was 2 days in the full analysis set population. (b) The median time to diagnosis for EP
classified as high risk was 2 days vs 8.5 days for EP classified as low risk in the per-protocol population.
The median time to diagnosis of IUP classified as high risk was 5 days vs 7 days for IUP classified as low
risk in the full analysis set population. (c) The median time to diagnosis of spontaneously resolving PUL
classified as high risk was 16 days vs 14 days for those classified as low risk in the full analysis set
population. (d) Shaded areas show 95% Cls.

Overall successful first line treatment (77.8% vs 60.9%; difference, 16.9 percentage
points; 95% CI, -4.7 to 39.8) and the mean number of hCG measures (6.4 vs 5.1;
difference, 1.3; 95% CI, -0.3 to 2.9, p=.11) and TVS 3.2 vs 3.2; difference, -0.04;
95% CI, -0.7 to 0.6, p=.90) did not differ significantly between EPs classified as high
risk vs low risk. In total, thirty-nine of 91 (42.9%) EPs classified as high risk and 12
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of 22 (54.5%) classified as low risk underwent laparoscopic surgery. IUPs and
spontaneously resolving PULSs classified as high risk involved more hCG testing and
ultrasound examinations than those classified as low risk (Table 22). IUPs classified
as high risk involved surgical and medical procedures more often than those
classified as low risk (39.5% vs 2.3%; difference, 37.2 percentage points; 95% ClI,
25.6 to 48.8; p<.0001), but EPs and persistent PULs did not differ significantly in
this regard. Spontaneously resolving PUL with false positive results had longer
follow-up period compared to those classified as low risk (16.6 vs 13.2 days; mean
difference, 3.4; 95% CI, 1.2 to 5.7, p=.0035). The rate of any adverse event was
higher for PUL classified as high risk but the only adverse event category that was
significantly higher was having a negative laparoscopy (Table 23).

Table 22. Number of serum hCG test and transvaginal ultrasound performed in women with a
spontaneously resolving PUL or an intrauterine pregnancies classified as either high or low risk in the
full analysis set.

Difference
Outcome High risk Low risk Mean (95% Cl) P-value
Intrauterine pregnancy, n 86 127
No. of serum hCG samples
Mean (SD) 3.3(1.8) 2.3(0.9) 1.00 (0.59to 1.41)  .0009
Median (min; max) 3(2;10) 2(2;9) NA NA
No. of ultrasounds
Mean (SD) 3.0(1.2) 2.4(0.8) 0.56 (0.26t0 0.85)  <.0001
Median (min; max) 3(1;6) 2(1;5) NA NA
Spontaneously resolving PUL, n 42 194
No. of serum hCG samples
Mean (SD) 3.9 (1.5) 2.2(0.7) 1.75(1.26 t0 2.23)  <.0001
Median (min; max) 4(2;8) 2(2;7) NA NA
No. of ultrasounds
Mean (SD) 2.1(0.9) 1.1 (0.4) 0.96 (0.68t0 1.23)  <.0001
Median (min; max) 2(1;4) 1(1;3) NA NA
Abbreviations: hCG, human chorionic gonadotropin; PUL, pregnancy of unknown location; NA, not
applicable.

Differences are reported as M4-NICE.
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Table 23. Adverse events according to risk classification in the full analysis set (n=595).

High risk Low risk Difference
Outcome (n=246) (n=349) (95% CI) P-value
Women with any adverse event?, n (%) 45 (18.3%) 34 (9.7%) 8.6 (2.5t0 14.6) .0039
Ruptured ectopic pregnancy 4(1.6%) 2 (0.6%) 1.1(-1.1t03.2) .39
Emergency surgery 5(2.0%) 2 (0.6%) 1.5(-0.8t03.7) .22
Methotrexate or misoprostol given to a 3(1.2%) 0 (0.0%) 1.2 (-0.5t02.9) .14
potentially viable intrauterine pregnancy
Negative laparoscopy 7 (2.8%) 1(0.3%) 2.6(0.1t05.1) .02
Unplanned visits initiated by patient 35 (14.2%) 34 (9.7%) 45(-1.2t010.2) .12
Side effect of methotrexate® 3(1.2%) 0 (0.0%) 1.2 (-0.5t02.9) .14
Infection after surgery 1(0.4%) 0 (0.0%) 0.4 (-0.7 to 1.5) .83

Differences are reported as high risk-low risk.

Differences are given in percentage points.

2Women could have >1 recorded adverse event.

PAll were mild transient elevations in alanine transaminase levels of which two women with an
ectopic pregnancy had received a repeat dose of methotrexate.

Paper IV

Psychological aspects and health-related quality of life in women with a PUL:

a prospective multicenter cohort study

In the PUL group, 59.4% (177 of 298) of recruited women responded to the HADS
at 1 week and the HADS and the SF-36 at 4 weeks. One participant was lost to
follow-up, and 14 did not complete the RCT and were thus excluded from the
analysis. The response rate for the HADS at 1 week in the antenatal group was 56.7%
(114 of 201). From this group, eight participants were excluded upon review of health
questionnaires revealing noneligible criteria (gestational age >12 weeks or had
undergone a viability scan). Study outcomes were determined for 162 participants in
the PUL group and 106 participants in the antenatal group. In the PUL group, the
pregnancy outcomes were as follows: 30 viable pregnancies, 29 EPs, 13
miscarriages, 83 spontaneously resolving PULs, and 7 persistent PULs.

Three groups were evaluated: (1) the primary study group (the entire PUL vs
antenatal group), (2) the PUL group (nonviable vs viable pregnancy), and (3) a
subgroup (viable pregnancy within the PUL group vs antenatal group). Outcomes
were adjusted for gestational age, previous pregnancy loss, planned pregnancy, and
investigation for infertility.
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Baseline characteristics

The mean age was similar among participants with a nonviable pregnancy within the
PUL group (31.9), a viable pregnancy (27.8), and the antenatal group (33.1). The
mean gestational age was lower in the PUL group compared to the antenatal group
(6.1 vs 7.7 weeks; p<.0001), vaginal bleeding was more common (76% vs 13%;
p<.0001), and the rate of a previous EP was higher (8% vs 0%; p=.0024). Participants
in the antenatal group had a higher self-reported general health (p=.027) than
participants in the PUL group. Compared to participants with a nonviable pregnancy,
participants with a viable pregnancy within the PUL group had a shorter mean
gestational age (4.7 vs 6.4 weeks; p <.0001), less frequent vaginal bleeding (20% vs
88%; p <.0001), and a lower rate of infertility evaluation (7% vs 26%; p=.030). The
gestational age was shorter in the antenatal group (p<.0001) and previous EP was
less common (p=.0040) than in participants with a viable pregnancy within the PUL

group.

Primary, secondary, and exploratory outcomes

At 1 week, an anxiety score >8 was more frequent in the PUL group than in the
antenatal group (58.6% vs 29.2%; aOR, 3.20; 95% CI, 1.74 to 5.87), as were all other
outcomes (Table 24). Within the PUL group anxiety and depression outcomes were
not statistically significantly different at 1 or 4 weeks (Table 24). Compared to
women in the antenatal group, women with a viable IUP within the PUL group had
a higher adjusted mean (meanag;) score on the depression subscale (4.11 vs 2.63:
meanag; difference, 1.48; 95% CI, 0.01 to 2.96), but other HADS outcomes did not
differ significantly.

Results of the sensitivity analysis (multiple imputation of missing confounders, 36
missing gestational age values and 4 missing planned pregnancies) were generally
consistent with the primary analysis of an anxiety score >8 at 1 week for all three
study groups: aOR 3.10 (95% CI, 1.73 to 5.56) for the primary (PUL group vs
antenatal group) study group; aOR 0.98 (95% CI, 0.37 to 2.61) for the PUL
(nonviable vs viable) group; and aOR 3.13 (95% CI, 0.97 to 10.1) for the subgroup
(viable pregnancy within the PUL group vs antenatal group).

Change in HADS scores between I and 4 weeks in the PUL group

For women with a nonviable pregnancy, all classes on both subscales of the HADS
were significantly lower at 4 weeks compared to the 1-week assessment. Frequencies
of scores at different cutoffs for the HADS at 1 vs 4 weeks were as follows: anxiety
>8, 58.0% vs 48.1% (p=.015); anxiety >11, 35.1% vs 20.6% (p<.0001); depression
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>8,32.1% vs 17.6%; (p<.0001); and depression >11, 29.8% vs 16.8% (p=.0005). For
scores >8 on both subscales, values for 1 vs 4 weeks were 12.2% vs 1.5% (p=.018).
For women with a viable pregnancy, most anxiety and depression scores were not
statistically significantly lower at 4 weeks compared to 1 week. Frequencies of scores
at different cutoffs for the HADS at 1 vs 4 weeks were as follows: anxiety >8, 60.0%
vs 30.0% (p=.012); anxiety >11, 33.3% vs 16.7% (p=.063); depression =8, 16.7% vs
23.3% (p=.56); and depression >11, 10.0% vs 10.0% (p=1.00). In this group,
frequencies of a score >8 on both subscales were 13.3% at 1 week vs 16.7% at 4
weeks (p=1.00). There was a statistically significant change of mean anxiety score
from 1 to 4 weeks (8.53 vs 6.57; mean difference, -1.97; 95% CI, -2.92 to -1.01) but
not for the mean depression score (4.50 vs 4.87; mean difference, 0.37; 95% CI, -
0.78 to 1.51).

SF-36

The meanaq; PCS score was below the norm average of 50 for women with a viable
pregnancy (47.7), which was significantly lower than for women with a nonviable
pregnancy (52.2; meanag;j difference, -4.5; 95% CI, -8.3 to -0.7), mainly because of
significantly lower scores on the physical functioning domain (80.8 vs 94.0; meanag;
difference, -13.2; 95% CI, -19.6 to -6.9). The meanag; MCS scores for both groups
were below the norm average of 50, but no significant difference was observed
between women with a viable vs a nonviable pregnancy (38.0 vs 33.5; meanag;
difference, 4.5; 95% CI, -2.4 to 11.3).

78



6L

Ju0)

vs (T6'¥T 01 ¥2°0) 16'T 2% (YT'801¥£°0) S¥'T (g5z01€L)T'6 (%s2) 8 (%£9T) S 8% 21005 uoissaidag
vT (98°'£0152°0) Tv'T £200° (zv'80195°T) €9°€ (#2501 1°6) 8°0€ (%C'62) 1€ (%0°09) 8T ‘8% 21095 AyaIxuy
(901=u) (og=u) Atewid

dnou8 INd wouy

|ereuaquy Adueu8aud siqeip

dnoa3qns

1T (yT'8€ 03 G¥°0) ¥T't 90° (T9v01v€°0) ST'T (79T 016'TT-) T'T (%0°0T) € (%TeT) 9T TT< 24005 uolssaidaq
[49 (o'€ 01 LE0) CT'T S8 (TS'201£1°0) 80°T (922 010'6T-) 8'T (%€€€) 0T (%1°S€) 9v 11 2402s Ajaixuy
Aiojesojdx3
w VN VN VN (€9'0016£°2-) 90°T- (60'7) 68'% (66'2) €8°€ (@s) Peueaw ‘a100s uoissaidag
vE VN VN VN (6T°€E0}TIT'T-) ¥O'T (£1v) 819 (zrv) eet (as) Peuesw ‘2100s Ayaixuy
89 (87°9030€°0) 8E'T 66° (6'2015€°0) T0'T (04103 £9T-) T'0 (%L£9T) § (%8°91) 7T 8% $3|€2SQNS Y30q UO 303§
65 (€9°70181°0) 69°0 Ly (z8'101£Z°0)0L°0 (Lzrorevz) 8's- (%e°€) L (%9°LT) €T 8% 21005 uoissaidag
L80° (z9°201£8°0)85C LLO° (£0'50126'0) 9T'C (98€0152) 18T (%0°0€) 6 (%1°8v) €9 82 21095 Ajaixuy
JUDWISSSSSEe S)IaM-1
w VN VN VN (59°€019T°0-) VLT (v¥'€) 06°€ (v6'€) ¥9'S (as) Peueaw ‘21035 uoissaudag
6T VN VN VN (zr€0zr1-)0ET (zo's)6L°L (65'7) 60'6 (as) Peuesw ‘2100s Ajaixuy
ST (9£'TT 0169°0) 58 SLO (zv'80106'0) 9L°C (0'€€ 01 1°07) ¥'9T (%EET) ¥ (%8'62) 6€ 8% $9|BISQNS Y30 UO 3100
Arepuodss
T (SL°TT 03 £L0) ¥T'E or (099 03 ¥8°0) 9€'C (0ee0rze) v'st (%L£9T) § (%1°2€) T 8< 24035 uoissaidag
v9° (s5'€0391°0) 82T 8’ (L0'T0YT1°0) 260 (56T 035°€2-) 0'C- (%0°09) 8T (%0°85) 9L 8% 24025 Ajaixuy
(0g=u) (zeT=U) Aewnd

AoueuSasd phoueusaid

3|qeIn 3|qelAuoN

dnoi8 1nd

<20’ (266203 92°T) €19 010 (T€'0€ 03 £LS°T) 16'9 (z91015°€) 86 (%6'T) ¢ (%L°TT) 61 TT< 94025 uolssaidaq
1000"> (6£'%1 0109°2) 029 T000"> (z1'2101£9°7) 69°S (6'S€ 01 €'9T) T'9C (%S'8) 6 (%9'7€) 95 TT< 24005 AJa1xuy
Aiojesojdx3
1000°> VN VN VN (rP9'€019L7T)0LT (€972) 29T (58°€) ¢g's (as) fpeueaw ‘31035 uoissaidag
»,1000"> VN VN VN (9zv0198'T)90°€ (ev°€) €9°S (s9v)oL8 (as) Peueaw ‘a100s Ajaixuy
2000° (2’07 03 25°0) LT°L 1000"> (€L¥T 019Y°2) 209 (8'620102T) 6°0C (%L°5) 9 (%5°92) € 8% $3€ISgNS Y107 UO 3403
Arepuodag
1000’ (€L'ST 01 €¥°7) 8T'9 1000"> (0T°TT 0192°2) T0°S (60€011°2T) 5°TC (%5°2) 8 (%0°62) LY 8% 21005 uoissaldaq
2000° (£8'S03vL'T)OTE 1000> (8£'5 01 €0°T) EV'E (LT O3 T°LT) ¥'6T (%C'62) 1€ (%9°8S) 56 82 21095 Ajaixuy
Aewnd
lpeanjen -4 (12 %S6) jdoe  @njea-d (1D %S6) 4O (1D %S6) L@2uaiapia (901=u) (z91=u) awoxnno

dnoJ3 |ejeusjuy dnoi8 1nd

(%) u

dnous Apnis Asewrid

*dnoJ8 JNd 2y J0j sy9am p 1e os|e pue sdnoud Apnis 934yl 8yl ul )a9aMm T 1e (SQVH) uoissaidap pue Alaixuy ‘g o|qeL



08

“INd 1udisisiad pue 1Nd Suinjosal Ajsnoaueluods ‘a8eliedsiw ‘Adueudald 21d0308 a1aMm sa1dueUSId B|GRIAUON,
‘9duelIeAo) Jo sisAjeuy 3uisn Ayijnusjul Joy pajednsanul pue Asueudaid pauueld ‘sso| Adueudaud snoinaud ‘(syaam) a8e jeuonelsasd ‘(sieal) a8e soy paisnlpy,

"}1UN 3UO JO J01IPaId BY3 JO 3SEBIDUI UB S04 SPPO B3 JOJ O11BI 3Y1 S| YO "SAVH UIYHM SISSE|D 10U pue san|eA [euiSIIO Uo paseq aJe YO pue sanjea-d

"uoyssaudal ousi80| Suisn Anjuasul Joy pajesusaaul pue Adueudaud pauued ‘sso| AoueuSaud snoinaud ‘e3e |euonelsss ‘(siesh) a3e Joy parsnipy,

‘syuiod a3ejuadiad Joj paisnipeun pue sueaw Joj pajuasald S| 93uasaylp

paisnipy ‘anjeA 1eyl Joj Jun 3yl Ul UDAIS 2Je SanjeA JaYylo UamM1aq saduaJaylp ‘suulod adejuadsad ul usAIS aJe sadejuadsad UsIMIS] S9IUBJIBYIQ.

*3SIMJIBY10 Pajels 10U JI (%) u se pajuasald ejeq

‘9|qed|dde

10U ‘YN ‘onel sppo paishlpe ‘Yoe ‘ones sppo ‘YO ‘uonedo| umouun jo Adueudaid “Ind ‘9|eds uoissaidap pue Alaixue |epdsoy ‘SQyH :suonelnaiqay

65 (0£'¥T 03T0°0) 950 790° (€€'9€0326°0) 8L'S (€Tz01T6) 18 (%6'T) ¢ (%0°0T) € TT< 34025 uolssaidag

[4% (89°6T 03 TL0) EL'E 2100° (96T 01 ¥6°T) 6€°S (L7701 0°S) 8'%T (%5°8) 6 (%€°€€) 01 112 2105 Ayaixuy

Aiojesojdx3

60" wN WN (967 01 10°0) 8%'T (€9°7) €9°C (rve) 1Ty (as) Peueauw ‘21005 uoissaidag

T wN WN (59°€ 03 05°0-) 85°T (ev'€) €9'S (zos) 1T'L (as) reueaw ‘31005 Ayaixuy

ov (62°€2 0382°0) 95°C LT (92601 £9°0) 95'C (LtzorwL) 1L (%L°5) 9 (%€°€T) v 8% $9€IsgNS Y307 UO 303§

Arepuodag

fPeanjen -4 (12 %S6) goe  anjea-d (12 %S6) 22uaiayia (90T=u) (og=u) awonno
dnoJs |ejeusuy INd wouy

Adueu8aud sjqeip

sanuBuUod 7 3|qel



Discussion

Paper 1

The EP rate among PUL cases was 19.8%, which is at the higher end of what has
been reported.' ¢7- 167 Laparoscopic intervention was undertaken in one out of five
women, and most of the EPs were diagnosed with TVS before surgery. The M4 and
NICE algorithms have similar and better sensitivity than the two other protocols but
misclassified more non-EPs. In a subgroup of PULs, fewer non-EPs were
misclassified, especially by M4, yielding a higher specificity than NICE. The M4
sensitivity for EP was similar but specificity was lower compared to findings from a
study performed in six EPAUs in the UK. hCG profiles of misclassified EPs
differed between M4 and NICE in the present study. EP misclassification by M4 may
be less harmful because of the lower mean hCG levels and primarily declining hCG
levels compared to those misclassified by NICE. '8

Paper 11

Compared to M4, M6ONP has better predictive performance, gives better calibrated
estimated probabilities of EP, and offers superior NB. The estimates of AUC and the
calibration slope were precise for MONP and M4, suggesting an adequate sample size
for externally validating the prediction models.!*® The calibration-in-the-large
showed that both models on average underestimated the prevalence of EP among the
cases, especially M4. The lower rate of EP in the development cohorts could have
contributed to this miscalibration.?”-°! The flexible calibration curve revealed that
unlike M4, M6NP offered accurate estimated probabilities of EP in the region where
clinical decision-making is made. It can be argued that less well-calibrated estimates
outside this region may be irrelevant for triaging PUL, making no prognostic
statements. !>

A main difference between the models from a clinical perspective is that MONP had
a higher sensitivity for EP and false-positive rate for non-EP compared to M4. This
advantage could lead to a shorter time to EP diagnosis, but it also could lead to more
women with PUL undergoing close monitoring and potentially unnecessary
diagnostic procedures. The 10% threshold may be clinically more optimal for M6NP
because of a better tradeoff between true- and false-positive results, maintaining a
high sensitivity for EP. The results of applying MO6NP and M4 in the present study
were highly consistent with those reported from eight EPAUs in the UK.'®” An
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updated version of MO6NP was recently validated in two EPAUSs in the UK, yielding
an AUC of 0.82—0.86 for EP versus non-EP, a sensitivity of 93%-94%, and a false-
positive rate of 47%-52%.°? These results align well with those in the present study.
The findings of Paper I and Paper II suggest that M4, M6NP, and the NICE algorithm
are useful for classifying PULs as high and low risk in a gynecological emergency
unit. However, when evaluating key measures of model performance, M4 was
inferior to MONP in every aspect. M4 was developed in a smaller number of
participants with more strict inclusion criteria than M6NP. Consequently, M4 may
not be as robust as MONP when applied to a more diverse validation population.

Paper 111

In this RCT, most women were managed in line with the prediction and
recommended follow-up in their respective randomized groups. The diagnostic and
predictive performance of the NICE algorithm was generally better than that of M4
when evaluated on cross-sectional data. Analyses of the performance according to
randomized groups, both in the FAS population and the per-protocol population,
showed no difference, probably because the numbers of participants were too low in
each group. The performance estimates by randomized groups were in the same
direction in the FAS population as those of the cross-sectional analysis in the FAS
population.

The findings did not demonstrate any statistically significant between-group
differences in number of hCGs or TVS undertaken, time to diagnosis of pregnancy
outcomes, length of follow-up, first-line treatment success for EPs, or adverse events.
The rate of adverse events was almost twice as high for women classified as being at
high risk compared to those at low risk. The time to diagnosis of EPs classified as
high risk was not shorter than for EPs classified as low risk (false-negative results),
but hCG resolution time and follow-up time were longer in the FAS population.
However, in the per-protocol population time to diagnosis was shorter for EPs
classified as high risk than for EPs classified as low risk. Spontaneously resolving
PULs with false-positive results involved more hCG and TVS examinations and a
prolonged time to diagnosis and length of follow-up compared to those correctly
classified as low risk in the FAS population. There were more TVS exams and hCG
measurements for women with an IUP classified as high risk than for women with
an [UP classified as low risk.

The sensitivity of M4 for EPs was similar to that reported in studies from the UK and
Australia.!® 3¢ Compared to the results from Paper I, M4 had a sensitivity for EPs
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that was eight percentage points lower but similar specificity for non-EPs.>! High
hCG levels increase estimates for the probability of an EP, and in PUL populations
with lower hCG levels, the sensitivity is impaired, as previously reported.”® The mean
hCG level for EP was 1471 IU/L in Paper I vs 862 IU/L in this study, whereas other
pregnancy outcomes involved similar hCG levels. These findings suggest that there
were no significant assay-related variations between study populations, which
potentially could have been substantial, as was demonstrated in an evaluation of the

congruity of seven major assays.'®

Unlike M4, the diagnostic performance of the NICE algorithm was similar between
Paper I and Paper II. This diagnostic performance was highly consistent with the
results of a recently published retrospective study from Australia of 724 PULs,
although the NICE algorithm was not used in clinical practice.*’ In that study, the EP
rate was approximately 10%, and emergency surgery was employed for five (7%)
women when expectant or methotrexate treatment failed compared to 6 (5%) of 113
EPs in the present study. In the Australian study, the success rate of single-dose
methotrexate (95.8%) or expectant management (84%) was higher compared to our
results; EP cases in that study had a lower first hCG average within treatment groups,
which could have contributed to this difference.!®® In a Dutch RCT comparing
methotrexate to expectant management in EPs (n=15) with hCG <1500 IU/L or
persistent PUL (n=58) with plateauing hCG <2000 IU/L, pregnancy resolution was
comparable between the groups (76% vs 59%), similar to the current results.”! In a
similar RCT from the UK, the success rates were higher for both single-dose
methotrexate (89%) and expectant management (74%) when EPs with hCG <1500
IU/L at the first visit were included.!”® In the current study, women with hCG >1500
but <3000 IU/L could be considered for methotrexate, potentially leading to fewer
successful treatments in the M4 and NICE groups. Also, EPs in the RCT from the
UK were diagnosed at the first visit, whereas in the current study, potentially different
types of EP were included because of the focus on PUL management. Still, the
methotrexate success rate in both groups in the present study was within the range of
70%-90% reported in other studies.!”!

In the implementation of M6 in eight EPAUs in the UK, 2625 women with PUL with
either a true PUL (50.0%), probable IUP (12.9%), probable miscarriage (31.7%) or
probable EP (4.9%) were evaluated.! In a first step, PULs with progesterone
<2 nmol/L were triaged to a follow-up pregnancy test after 2 weeks. The remaining
patients were classified using M6, which includes the first progesterone value and
two hCG values, as opposed to M6NP, which does not include progesterone for
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estimating probabilities. The study population included 320 (12.1%) EPs, of which
an unknown number were persistent PULs. In the two steps of the process, 43% of
PULs were classified as low risk and 16 (5%) of EPs were misclassified as low risk.
The M6P had lower accuracy for low-risk versus high-risk PUL and differs in this
respect from the protocols used in the present study. The authors of that study
reported an EP rupture frequency of 0.3% (7 of 2625 PULs) compared to 0.7% in the
M4 group and 1.4% in the NICE group in the current work. When M4 was
implemented in three EPAU in the United Kingdom, 18% (17 of 92) of EPs were
misclassified as low risk, comparable to the results in the present study.'3 There were
no reports of ruptured EP, but one case of methotrexate was given to a viable IUP,
compared to two in our study and none in the M6 study. It is important to be familiar
with ultrasonographic criteria to safely rule out a viable IUP and not rely on too slow
incremental change in hCG levels.?% 7>

With little doubt, none of the ruptured EPs can be attributed to the specific protocol
in the current study. Only two cases with a ruptured EP were undiagnosed prior to
surgery, and in one of these, involving a woman in the NICE group, the case was not
managed according to the high-risk prediction associated with it. The woman in the
second case also was in the NICE group and did not have TVS at 7 days, as
recommended, as her monitoring was prematurely halted. Furthermore, most of the
ruptured EPs in the present study were already under close surveillance or had been
treated with methotrexate and thus were not apparently associated with a delay in
TVS confirmation. Careful selection of women with EPs for expectant management
and identification of EPs at increased risk of failing methotrexate are means for
limiting rupture rates. '8 172

In the M6 implementation study, 124 (38%) EPs were treated with laparoscopy, more
than in the M4 group (32%) and fewer than in the NICE group (55%) in the present
study. If persistent PULs were to be included among EPs, the proportion having
surgical treatment would be lower in the M4 and NICE groups. The higher proportion
of surgery in the NICE group likely reflects the numerically higher hCG values for
EPs in that group compared to the M4 group. The difference in hCG levels for EPs
between groups is likely to have been random, as such differences were not seen for
other PUL outcomes. The average hCG levels for EPs treated with laparoscopic
surgery as first line were highly similar between the M4 (1929 IU/L) and NICE (1924
IU/L) groups. This similarity suggests that laparoscopy indeed was necessary, but for
a higher proportion of EPs in the NICE group, resulting in a similar overall treatment
success between groups and no significant difference in ruptured EPs.
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A major shift in the treatment of EP emerged between the studies represented in Paper
I and Paper III because of a policy change.’! The rupture rate of EPs was 2.3% in
Paper I, but it is difficult to discern whether this higher rate resulted from treatment
being initiated too late or because ruptures could be confirmed visually. Fewer EPs
were detected with TVS prior to surgery, which could indicate that women were not
closely monitored, leading to a postponed diagnosis. The EPs in the previous study
also had numerically higher hCG levels, possibly associated with an increased risk
for rupture. As EPs were mainly treated surgically without the need for further hCG
monitoring, the number of hCG samplings was almost doubled in the present study
while the numbers appear to be lower for spontaneously resolving PULs and similar
for I[UPs.>!

The reported number of hCG samplings and TVS performed in the M6
implementation study was lower than in the present study except for spontaneously
resolving PULs.%! The two-step approach allowing for a substantial proportion of
women to undergo only one blood test and the fact that recording stopped once a
diagnosis was made may have contributed to a reduced number of hCG and TVS
assessments. Compared to the M4 implementation study, TVS and blood tests were
fairly similar for IUPs and spontaneously resolving PULs in this study, but were
considerably lower for EPs, probably due to being recorded only prior to diagnosis.
The rate of medical intervention for non-EPs was comparable between the present
study and the M6 study. The overall surgical intervention rate was lower (7.9%) in
the M4 group but higher in the NICE group (14.1%) compared to a recent study
reporting a 14.0% surgical intervention rate in a population with an 11.9% EP rate."’

There were 13.6% (8 of 59) laparoscopies that were negative in the present study and
15.2% and 7.5% in the M4 and M6 implementation studies respectively. Most
laparoscopies were performed due to urgent severe pain or when hCG levels were
high and there was an ultrasonographic suspicion of EP. There is no consensus on an
acceptable rate of negative laparoscopy which is unavoidable for safe management
of PUL. In a study conducted in 44 EPAUs in the UK 18.0% of women undergoing
laparoscopy of a suspected EP were not diagnosed with an EP.3” This was of great
concern given the economic costs, but also because a significant proportion of EPs
diagnosed with TVS were false negative findings and striving to lower these rates
was recommended. The frequency of unplanned visits in the M4 (13.9%) and NICE
(9.2%) groups was much higher compared with the M4 (1.8%) and M6 (0.5%)
implementation studies.
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This RCT did not demonstrate statistically significant differences in any secondary
outcomes for M4 vs the NICE algorithm. There are several reasons for this which are
also limitations of the study. First, the study was not powered to detect differences in
these outcomes, and the premature termination of the study made this limitation more
obvious. Interestingly, the analysis according to risk classification showed that EPa
classified as high risk were not diagnosed earlier than EPs classified as low risk.
However, in the per-protocol population which disregarded the dynamics of patient
risk factors for EP, deteriorating symptoms and the clinical judgment of the physician
led to a shorter time to diagnosis of EP. Most of the EPs classified as high risk (95%)
were manged according to protocol, but this was not the case for low risk EPs (23%).
The study also showed that spontaneously resolving PULs and IUPs classified as low
risk had a reduced number of TVS and blood tests. Second, even if the projected
sample size was achieved and a statistically significant difference in the diagnostic
performance was observed, it is unlikely that secondary outcomes would be affected
in a significant way. The protocols were diagnostically too similar requiring a much
larger sample size for not diluting potential differences of clinically important
outcomes. Third, the protocols direct the initial management of PUL in a
noninterventional manner and many decision points exist after this point that could
influence the outcome. Both groups were followed up according to a standardized
set of rules keeping most women within a lweek evaluation timeframe. In any
circumstance it would be difficult to determine if clinical outcomes, at least safety
outcomes, depended on the application of a protocol per se or a standardized
monitoring system. If a protocol triaged a greater proportion of PULs to a 2-week
follow-up safety and efficiency outcomes may be significantly affected and
measurable. Accepting a 21% hCG level decline as previously proposed or utilize a
progesterone cutoff <10 nmol/L for allowing no further clinic visits are protocols
that potentially could demonstrate significant clinical differences even in a sample
of similar size to the present study.’> 8% 132 Fourth, the number of EPs between the
M4 group and the NICE group was unevenly distributed which could result from the
small study sample. This important difference needs to be considered when
interpreting the results. Other pregnancy outcomes, baseline characteristics or hCG
data did not differ between groups which implies successful randomization. Fifth,
the M6NP risk-prediction model was not used in the trial because no external
validation study had yet been carried out.”! The M6 and M6NP have better predictive
ability of EP but also a lower predictive ability of foremost IUP than M4.°% 167173 A
significant difference in sensitivity for EPs and specificity for non-EPs between
the M6NP and the NICE algorithm is likely to be observed if tested in the present
study sample. A much larger sample size could potentially also show significant
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differences in clinical outcomes. As M6NP are skewed towards sensitivity for EP
compared to the NICE algorithm, such a study is desirable from a patient safety
perspective. Sixth, this study included women with a true PUL but also women with
a probable IUP or a probable EP. The study results may thus not be generalizable
to clinical settings where only patients with no evidence of intra-or extrauterine
pregnancy are managed as PUL.

This study showed that the NICE algorithm had better specificity for non-EPs and
discriminatory ability for EP vs non-EP than M4 in a cross-sectional analysis. No
significant difference of diagnostic performance was, however, observed when
analyzed as a parallel design, which did not utilize the sample size optimally.
Secondary outcomes did not differ significantly between groups but there was a
higher number of EP in the NICE group and laparoscopic surgery was performed
more frequently compared to the M4 group. Women with a [UP and a spontaneously
resolving PULs seem to benefit from being correctly classified as low risk, while EPs
classified as high risk did not ensure a faster diagnosis compared to EPs classified as
low risk. A limitation of the study was the small sample size. Interpretation of
subgroup findings and secondary outcomes necessitates caution since the study was
not powered for these analyses. There is a need for large well-designed studies to
compare protocols with substantial dissimilarities, such as single-visit approaches
using progesterone versus serial hCG levels. The development of a core outcome set
for PUL could guide future research while the development of a risk-prediction
model that use the type of PUL as a predictor variable may also be a fruitful future
effort.

Paper IV

In this study, the prevalence and magnitude of anxiety and depression were profound
in women with PUL compared to women in antenatal care. Levels of anxiety were
more pronounced than depression at both assessment time points for women with a
nonviable pregnancy and for women with a viable pregnancy within the PUL group.
This pattern also has been reported in miscarriage studies and for women in early
pregnancy in general.!*% 174175 This study demonstrated no significant differences
within the PUL group, but women with a viable pregnancy did not show the overall
decrease in psychological distress over the course of 4 weeks that women with a
nonviable pregnancy had. Nevertheless, almost 50% of women with a nonviable
pregnancy had symptoms of anxiety at 4 weeks. These rates are like those reported
for women at 1 month after a verified pregnancy loss.!?’
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At 4 weeks, the prevalences of anxiety and depression were 30% and 23%,
respectively, for women with a viable pregnancy. The whole PUL group had poor
mental health quality of life, as made evident by low scores on the MCS of the SF-
36. Women with a viable pregnancy also scored lower than the norm on the PCS.
Depressive symptoms are independently associated with low health-related quality
of life in pregnant women, as well as with anxiety in the general population.!?* 176 In
women with a viable pregnancy, anxiety and depression are prevalent, but common
pregnancy symptoms such as fatigue and nausea also could contribute to impaired
life quality.!'"?

To date, this is the only study to investigate the psychological impact of experiencing
a PUL. Psychological distress related to a PUL may affect women in the same way
that miscarriage does. The populations experiencing PULs and miscarriages are of
comparable size in some clinical settings.” This similarity should raise concerns
given the gap between the need for well-organized psychological support that this
study highlights and the reported perceived lack of this support among women with
PUL.'?® Negative experiences with health personnel perceived as being unsupportive
and the shortage of structured emotional support in hospital settings can exacerbate
psychological distress for couples dealing with miscarriage. ' In the present study it
is reasonable to assume that patient satisfaction with care could influence
psychological well-being in both positive and negative directions.

The combined findings of this study moreover suggest that women with a viable
pregnancy that is first identified as PUL are a particularly vulnerable group. They
had numerically higher anxiety and depression scores than women in the antenatal
group and a significantly higher mean depression score. There was neither any
measurable significant differences in anxiety or depression between women with a
viable pregnancy and women with a nonviable pregnancy within the PUL group.
This lack of difference could be associated with the general effects of the PUL
experience or with the high degree of uncertainty associated with early pregnancy
even after viability has been verified. This group of women is an important one to
recognize after transfer to antenatal care as needing distinct attention regarding their
mental health. Symptoms of anxiety and depression during pregnancy may be
associated not only with increased healthcare consumption but also with adverse
perinatal outcomes such as preterm birth and low birthweight, with short- and long-
term consequences for infant health.!7”-80 The National Board of Health and Welfare
in Sweden has published evidence-based methods for midwifery to identify women
in early pregnancy with possible anxiety and depression, and screening is
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recommended by the American College of Obstetricians and Gynecologists and
NICE.'8!. 182 183 A study from the UK, however, showed that 90% of women
undergoing clinical evaluation for pain and/or bleeding in early pregnancy had no
formal subsequent referral, even though one-third had symptoms of significant
distress.!34

There are several limitations to consider in this study. First, the anxiety prevalence
was higher than estimated for the sample size calculation, both for women in
antenatal care and among those with PULs. The psychological impact in the
immediate aftermath of experiencing a PUL was higher than for women with
miscarriage after 1 month, which was used as reference.!® In the antenatal group, no
viability scan was performed, possibly leading to a high degree of uncertainty
regarding the health of a pregnancy. The point prevalence of anxiety in our antenatal
group (29.2%) could be compared with that of the Swedish general population
(14.7%) and that for 2167 women in early pregnancy in a Dutch study (17.9%).14%
186 Second, the HADS does not account for the type of anxiety being measured.
Differentiating among trait, state, and pregnancy-specific anxiety (for women with a
viable pregnancy) may have been optimal, especially given the small numbers in the
groups.'?> The results of the subgroup analysis, also with small numbers of
participants, need cautious interpretation since the study was not powered to detect
differences between these groups. Third, recruitment and response rates were low,
and how representative the study population is of the broader population is unclear.
Participant inclusion was strictly based on entry criteria, which were broad, with a
limited number of exclusion criteria to ensure generalizability; nevertheless,
volunteer bias must be considered. Fourth, health-related quality of life was not
evaluated in the antenatal group, which would have enabled comparison with the
PUL group. The mental component of the SF-36 was below the norm for both
subgroups of PUL. The mental component of quality of life has been described as
stable throughout pregnancy, while the physical component decreases.'®” A recent
study found both components to be lower in women in the first trimester than for a
nonpregnant control group,'®® which calls for careful interpretation of the SF-36
results for women with a viable pregnancy within the PUL group.

This study showed that self-reported psychological distress is highly prevalent
among women with PUL, and that health-related mental quality of life is low. Both
at the early stage of PUL and after 4 weeks, anxiety and depression were as common
as has been reported for women experiencing miscarriage. We observed no
difference in psychological well-being between women with a viable pregnancy and
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those with a nonviable pregnancy starting as a PUL. Our study highlights the need
for robust psychological support for women with PUL and the need for more research
on this topic. Given the large proportion of women with a viable pregnancy within
the PUL group and the possibility that they may suffer more psychological distress
than other women in antenatal care, this is a special area of interest. Studies with a
larger number of participants and a longer follow-up period are required to gain a
full understanding of all aspects of mental health in this patient population.
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Summary, conclusions, and future perspective

Papers I-111

The NICE algorithm showed consistent diagnostic performance across two
study populations (first the retrospective cohort in Paper I and then the second
prospective cohort in Paper III) with high discriminatory ability for EPs vs
non-EPs which was better than for M4 when analyzed prospectively on cross-
sectional data. The M4 sensitivity for EPs was worse in the second study
population potentially because of EPs with lower initial hCG levels. This
suggest that the M4 diagnostic performance was affected unlike the NICE
algorithm which only depends on hCG changes for prediction. As evident
from other research the underlying study populations is a determinant of the
performance of a predictions model which is why external validation studies
are important before considering implementation in new clinical settings.

The MONP had higher discriminatory ability, NB, and calibration than the M4.
The results from the studies in this thesis are consistent with that reported from
EPAUs in the UK both risk-prediction models were developed. M4 was
established in a smaller number of participants with more strict inclusion
criteria than M6NP. Consequently, M4 may not be as robust as MONP when
applied on a more diverse validation population. A main difference between
the models from a clinical perspective is that MONP had a higher sensitivity
for EPs and false-positive rate for the non-EPs compared to M4. This could
lead to a shorter time to EP diagnosis, but it also could lead to more women
with PUL undergoing close monitoring and potentially unnecessary diagnostic
procedures.

Clinical outcomes for M4 and the NICE algorithm did not differ significantly
in the RCT because of being too similar regarding diagnostic performance in
addition to a small sample size. Furthermore, the prediction by any protocol is
not the only entity driving the initial management of PUL in the pursuit of a
diagnosis. The judgment of the physician and patient’s symptoms are other
integral parts of handling a complex clinical situation. To some extent this
offsets the differences between protocols diagnostic performance. This was
demonstrated in the RCT (Paper III) by EPs classified as high risk not being
diagnosed earlier than low risk classified EPs. Moreover, it cannot be taken
for granted that early diagnosis of EPs would reduce complications thereof as
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there are many decisions points ahead influencing the outcome, and rupture is
an unprecedented event occurring in both low and high risk classified EPs. It
is always important to adopt evidence based criteria when selecting an EP for
conservative treatments and to uphold close communication with a well-
informed patient.

The clinical outcomes in the RCT were similar to those reported from larger
studies from EPAUs in the UK evaluating M4 and M6, but the rate of
unplanned visits was much higher and the EP rupture rate somewhat higher
although rare in all studies. Given M6NPs safety profile with better sensitivity
for EPs it may be preferable to the NICE algorithm, especially in a clinical
setting with an elevated proportion of PULs being EPs. Large well-designed
studies, ideally comparing the M6/M6NP or a single-visit approach using
progesterone, with the NICE algorithm, guided by a core outcome set for PUL
are needed. The development of a risk-prediction model that use the type of
PUL as a predictor variable would also be of interest given the large proportion
of PUL being probable IUPs in the studies of this thesis and as reported in
other studies.

The proportion of EPs among PUL was at high levels in the first and second
study population in this thesis, compared with that reported in other studies. A
major shift in the treatment of EP took place between study populations, being
much more diversified in the second. The rate of TVS diagnosis of EPs before
laparoscopic surgery increased and there was a lower rate of confirmed rupture
of EPs in the second study population. Further analyses of the data sets
are needed to clarify these differences. The development of clinical key
performance indicators would be helpful to enhance the quality of PUL
practice in general and to improve effectiveness and patients’ safety.

Paper IV

Symptoms of psychological distress measured with the HADS are substantial
in women experiencing PUL and health-related mental quality of life is low.
Both at the early stage of PUL and after four weeks, anxiety and depression
were as common as reported for miscarrying women. This aspect of PUL is
novel findings and more research on this topic is of importance. The study
emphasizes a need for a structured psychological support adapted for women
with PUL which previously has been described to be lacking.
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Moreover, the study demonstrated no significant difference in anxiety and
depression between women with a viable pregnancy and those with a
nonviable pregnancy starting as a PUL at 1 or 4 weeks. The worries for the
health of the pregnancy and personal health may contribute to psychological
distress at the early stage for all women with PUL. After a viable pregnancy
has been confirmed for some of the women, the high degree of uncertainty
associated with early pregnancy and the experience of PUL may continue to
cause psychological distress. Since this is subgroup results for which the study
was not powered careful interpretation is necessary. Given the large
proportion of women with a viable pregnancy within the PUL group and the
possibility that they may suffer more than other women in antenatal care larger
studies are necessary to gain a full understanding of psychological distress in
this group of patients.
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