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ARTICLE INFO ABSTRACT

Keywords: Introduction: Early prediction of pregnancies destined to miscarry will allow couples to prepare for this common

Prediction but often unexpected eventuality, and clinicians to allocate finite resources. We aimed to develop a prediction

Vﬁabilify model combining clinical, demographic, and sonographic data as a clinical tool to aid counselling about first

f;;iz::;i;ter trimester pregnancy outcome.

Miscarriage Material and methods: This is a prospective, observational cohort study conducted at Queen Charlotte’s and
Chelsea Hospital, UK from March 2014 to May 2019. Women with confirmed intrauterine pregnancies between
5 weeks and their dating scan (11-14 weeks) were recruited. Participants attended serial ultrasound scans in the
first trimester and at each visit recorded symptoms of vaginal bleeding, pelvic pain, nausea and vomiting using
validated scoring tools. Pregnancies were followed up until the dating scan (11-14 weeks). Univariate and
multivariate analyses were performed to predict first trimester viability. A model was developed with multi-
variable logistic regression, variables limited by feature selection, and bootstrapping with multiple imputation
was used for internal validation.
Results: 1403 women were recruited and after exclusions, data were available for 1105. 160 women (14.5 %)
experienced first trimester miscarriage and 945 women (85.5 %) had viable pregnancies at 11-14 weeks’
gestation. The average gestational age at the initial visit (calculated from the menstrual dates) was 7 + 1 weeks
(+/-12.2 days). A multivariable logistic regression model was developed to predict first trimester viability and
included the variables: mean gestational sac diameter, presence of fetal heart pulsations, difference in gestational
age from last menstrual period and from mean sac diameter on ultrasonography, current folic acid usage and
maternal age. The model demonstrated good performance (optimism-corrected area under curve (AUC) 0.84, 95
% CI 0.81-0.87; optimism-corrected calibration slope 0.969).
Conclusion: We have developed and internally validated a model to predict first trimester viability with good
accuracy prior to the 11-14 week dating scan, which now needs to be externally validated prior to clinical use.

Introduction pregnancy and often reasons for clinical assessment [1]. With the
development of sensitive home pregnancy testing kits, more women are
Pelvic pain and vaginal bleeding are common symptoms in early attending for ultrasound scans at earlier stages of pregnancy [2] which

Abbreviations: PUV, pregnancy of uncertain viability; LMP, last menstrual period; GA, gestational age; CRL, crown rump length; MSD, mean sac diameter; FH, fetal
heartbeat; OR, odds ratio; AUC, Area under the curve of the receiver operator characteristics curve; CI, confidence interval.
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are commonly inconclusive, with a high proportion of pregnancies
classified as ‘pregnancies of uncertain viability’ (PUV) [2]. Even in those
where a fetal heartbeat is detected, the risk of subsequent miscarriage is
12 % [3]. Following an initial visit, women are often left uncertain,
which can cause great anxiety [4].

Prediction of first trimester viability has been attempted to allow
couples to psychologically prepare for a poor outcome, aid clinical
counselling, and enable resource allocation to pregnancies deemed at
risk of miscarriage. Variables including demographics, clinical symp-
toms, ultrasound data and serum hormone levels, have been combined
to develop multivariable prediction models [5-12].

Current models have not been applied clinically due to several lim-
itations. A recent large study of 10,060 singleton pregnancies aimed to
develop a multivariable prediction model for viability [13]. However, in
this study, ultrasonography was performed at a specific gestational age
in pregnancies conceived using in vitro fertilization (day 27-29 after
embryo transfer) and so may not be generalizable [13]. Another logistic
regression model to predict viability in PUV has been developed and
externally validated [7,8]. One limitation of this study is that the initial
model was built using older definitions of PUV [14], and validated
combining both old and new definitions of PUV [8]. The change in the
diagnostic criteria of miscarriage has affected a number of these studies
[5,6]. Diagnostic criteria for miscarriage became more conservative in
2011 to reduce the risk of a false positive diagnosis of miscarriage- the
size cut-off for crown-rump-length (CRL) without heartbeat increased
from 6 to 7 mm, and for gestation sac with no fetal pole from 20 mm to
25 mm [15]. Studies also differ in their inclusion and exclusion criteria,
with some attempting to predict viability in PUVs [5,7,8] and some after
an initial viable pregnancy [12,13,16,17]. Models have also included
different subtypes of PUV [5] and final outcomes have varied [6,18-20].

We aimed to develop a new model to predict first trimester viability
(at the time of the 11-14 week dating ultrasound scan) using a multi-
variable strategy incorporating clinical, demographic, and ultrasound
data. We have used updated definitions of PUV and miscarriage and
have developed a model that can be applied to all patients with an in-
trauterine pregnancy on ultrasound scan.

Materials and methods
Study design

This was a prospective, observational cohort study based at Queen
Charlotte’s and Chelsea Hospital, London, between March 2014 and
May 2019. All participants provided written informed consent. Any
patient attending the early pregnancy unit with a confirmed single in-
trauterine pregnancy on ultrasonography aged 16-50 years who were
able to provide informed consent were eligible for recruitment to the
study. A detailed questionnaire was completed. Folic acid use during
pregnancy (yes/no) was recorded. The last menstrual period (LMP) was
recorded, and a participant’s certainty of this date was recorded using a
scale scored from O (uncertain) to 10 (very certain) [21]. Participants
were also asked about their symptoms using validated symptom scores
at each visit [21-23]. Discrepancy in gestational age (GA) was examined
at the initial visit. Expected gestational age was based on the last men-
strual period. For estimated gestational age from ultrasound we used a
formula incorporating the embryo crown-rump length (CRL) measure-
ment and/or mean sac diameter (MSD) measurements if no fetal pole
was visible. The equation for GA from CRL was as per Robinson et al.
[24]. GA was derived from MSD with the equation MSD (mm) + 30 [25].

On average, participants were seen between two and five times in the
first trimester. This was more than standard clinical practice, where
patients with PUV would on average have two visits to the early preg-
nancy unit. Serial ultrasound scans were performed until the routine first
trimester dating scan at 11-14 weeks’ gestation. Ultrasonography
measurements including the MSD, mean yolk sac diameter and CRL
were taken at each visit. Pregnancy outcomes (first trimester
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miscarriage or viable pregnancy) were collected. Diagnosis of miscar-
riage was based on strict criteria [14]. This study is reported according
to the TRIPOD guidelines (transparent reporting of a multivariable
prediction model for individual prognosis or diagnosis) (Appendix 5)
[26].

Statistical analysis

The endpoint of the study was defined as first trimester viability at
the time of the dating scan. In addition to miscarriage being an impor-
tant clinical entity to predict, this endpoint facilitated the development
of a valid model due to the high number of miscarriage cases. Most
women with a viable pregnancy at 11-14 weeks had an eventual live-
birth, but the sample size was not sufficient to predict later complication
such as second trimester miscarriage or preterm birth. For each patient
we selected the first scan demonstrating an intrauterine pregnancy (PUV
or viable pregnancy). A restricted set of potential predictors was first
defined by expert knowledge and previously published studies [5,19] to
lower the risk of overfitting the data [27]. These are defined in Table 2.
The variable MSD*FH is an interaction term combining the presence of a
fetal heartbeat (FH) and MSD measurement [19]. It is derived by
multiplying the MSD with the binary indicator FH (0 if FH absent, or 1 if
FH present). Comparison of the cohort characteristics in the outcome
groups was assessed with the Student’s t-test for continuous variables
and the chi-square test for binary or categorical variables.

Univariate analysis

Univariate logistic regression was used to assess the association be-
tween each potential variable and first trimester viability. Odd Ratios
(OR) with 95 % confidence intervals (CI) and corresponding p-values are
reported. Predictive performance of each individual variable was esti-
mated with optimism-corrected area under the curve (AUC) of the
receiver operating characteristics (ROC) curve with 95 % CI.

Multivariable models

Multivariable logistic regression was used to build two predictive
models for first trimester viability. The first one included all the pre-
defined variables, irrespective of their univariate performance, aiming
to maximize performance. The minimal sample size was determined
with the pmsampsize R package ([28] with a prevalence of miscarriage
of 0.15, a targeted AUC of 0.8 and an initial number of variables of 17,
resulting in a sample size of 930 patients, including 140 miscarriage
cases.

To reduce the number of variables to facilitate ease of clinical use, a
second model was developed using stability selection within bootstrap
imputation (BI-SS) ([29]), a robust feature selection method. The
discrimination ability of the models was estimated with the optimism-
corrected AUC (and 95 % CI) and the calibration was estimated with
the optimism-corrected calibration slope and calibration curves.

Performance of the model was assessed on the entire data set, and
also on a subset of patients who had ultrasound assessment for reas-
surance without any symptoms (n = 298) and those with an uncertain
LMP (n = 166).

Internal validation

The enhanced bootstrap procedure [27,30] was used as internal
validation instead of the traditional training-test sets approach to take
advantage of the whole dataset during the modelling process. Testing a
model performance with the same data used to develop it naturally
produces optimistic estimations, which are referred here as apparent
metrics. To account for this effect, optimism corrected metrics, i.e.,
optimism-corrected AUC and optimism-corrected calibration slopes,
were used. These adjusted metrics are more likely to reflect the
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Table 1

Table describing the cohort characteristics of the study population.

MISCARRIAGE VIABLE (N  TOTAL (N P
(N = 160) = 945) =1105) VALUE
MATERNAL AGE <
0.001
- MEAN (SD) 34.8 (5.3) 33.0 (5.2) 33.3(5.2)
- RANGE 22.0-46.0 17.0-53.0 17.0-53.0
MATERNAL 0.531
ETHNICITY
- CAUCASIAN 113 (70.6 %) 642 (68.0 755 (68.4
%) %)
- BLACK 15 (9.4 %) 90 (9.5 %) 105 (9.5 %)
- ASIAN 15 (9.4 %) 130 (13.8 145 (13.1
%) %)
- MIXED 8 (5.0 %) 32 (3.4 %) 40 (3.6 %)
- OTHER 9 (5.6 %) 50 (5.3 %) 59 (5.3 %)
- MISSING 0 1 1
BMI (KG/M?) 0.014
- MEAN (SD) 25.8 (5.7) 24.6 (5.0) 24.8 (5.1)
- RANGE 17.3-49.6 15.8-46.4 15.8-49.6
- MISSING 32 15 47
PREVIOUS 0.274
MISCARRIAGES
-0 74 (46.5 %) 482 (51.0 556 (50.4
%) %)
-1 49 (30.8 %) 297 (31.4 346 (31.3
%) %)
-2 21 (13.2 %) 118 (12.5 139 (12.6
%) %)
-3+ 15 (9.4 %) 48 (5.1 %) 63 (5.7 %)
-MISSING 1 0 1
CERTAINTY OF 0.694
LMP
- MEAN (SD) 9.8 (0.6) 9.8 (0.6) 9.8 (0.6)
- RANGE 7.0-10.0 7.0-10.0 7.0-10.0
SMOKING 0.251
STATUS
-NO 139 (88.5 %) 858 (91.4 997 (91.0
%) %)
- YES 18 (11.5 %) 81 (8.6 %) 99 (9.0 %)
- MISSING 3 6 9
FOLIC ACID (YES/ <
NO) 0.001
-NO 21 (13.4 %) 53 (5.6 %) 74 (6.7 %)
- YES 136 (86.6 %) 890 (94.4 1026 (93.3
%) %)
-MISSING 3 2 5
PARITY 0.566
-0 77 (48.4 %) 486 (51.4 563 (51.0
%) %)
-1 60 (37.7 %) 333 (35.2 393 (35.6
%) %)
— 24 22 (13.8 %) 126 (13.3 148 (13.4
%) %)
- MISSING 1 0 1
GRAVIDITY 0.183
-1 31 (19.5 %) 225 (23.8 256 (23.2
%) %)
— 2+ 128 (80.5 %) 720 (76.2 848 (76.8
%) %)
- MISSING 1 0 1
CONCEPTION 0.213
- IVF 5 (3.2 %) 52 (5.5 %) 57 (5.2 %)
-SPONTANEOUS 153 (96.8 %) 886 (94.5 1039 (94.8
%) %)
-MISSING 2 7 9
PROGESTERONE 0.956
USE
-YES 13 (8.2 %) 79 (8.4 %) 92 (8.3 %)
-NO 145 (91.8 %) 866 (91.6 1011 (91.7
%) %)
-MISSING 2 0 2
REASON FOR 0.098
FIRST SCAN
-BLEEDING ONLY 27 (17.0 %) 167 (17.8 194 (17.7

%)

%)
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Table 1 (continued)

MISCARRIAGE VIABLE (N TOTAL (N P
(N = 160) = 945) = 1105) VALUE
-PAIN ONLY 31 (19.5 %) 227 (24.3 258 (23.6
%) %)
-PAIN AND 44 (27.7 %) 242 (25.9 286 (26.1
BLEEDING %) %)
-REASSURANCE 54 (34.0 %) 244 (26.1 298 (27.2
%) %)
-HYPEREMESIS 3(1.9%) 41 (4.4 %) 44 (4.0 %)
-OTHER 0 (0.0 %) 15 (1.6 %) 15 (1.4 %)
MISSING 1 9 10
WORST 0.648
BLEEDING
SCORE
-0 88 (55.3 %) 525 (56.6 613 (56.4
%) %)
-1 36 (22.6 %) 237 (25.6 273 (25.1
%) %)
-2 27 (17.0 %) 122 (13.2 149 (13.7
%) %)
-3 4 (2.5 %) 27 (2.9 %) 31 (2.9 %)
-4 4 (2.5 %) 16 (1.7 %) 20 (1.8 %)
- MISSING 1 18 19
PUQE SCORE <
0.001
- MEAN (SD) 3.8(1.7) 4.5 (2.3) 4.4 (2.2)
- RANGE 3.0-10.0 3.0-15.0 3.0-15.0
- MISSING 9 63 72
FH PRESENCE <
(YES/NO) 0.001
-NO 108 (72.0 %) 274 (29.7 382 (35.6
%) %)
- YES 42 (28.0 %) 648 (70.3 690 (64.4
%) %)
- MISSING 10 23 33
CRL (MM) <
0.001
- MEAN (SD) 2.0 (3.7) 9.2 (11.3) 8.2 (10.8)
- RANGE 0.0-18.7 0.0-70.4 0.0-70.4
- MISSING 2 17 19
MSD (MM) <
0.001
- MEAN (SD) 11.5(7.8) 19.3 (11.6) 18.1 (11.4)
- RANGE 0.0-56.7 0.0-68.9 0.0-68.9
- MISSING 3 51 54
MYSD (MM) 0.099
- MEAN (SD) 2.3(3.2) 2.6 (1.4) 2.6 (1.8)
- RANGE 0.0-34.0 0.0-9.7 0.0-34.0
- MISSING 26 119 145
GA BY LMP 0.043
(DAYS)
- MEAN (SD) 48.2 (11.7) 50.3 (12.2) 50.0 (12.2)
- RANGE 20.0-89.0 18.0-96.0 18.0-96.0
GA DIFFERENCE <
(LMP-MSD) 0.001
(DAYS)
- MEAN (SD) 6.7 (9.8) 0.3 (7.9) 1.3 (8.5)
- RANGE —51.7-44.5 —35.0-49.3 —51.7-49.3
- MISSING 5 52 57

SD = standard deviation, BMI = body mass index, LMP = last menstrual period,
PUQE = pregnancy unique quantification of emesis score, FH = fetal heart, CRL
= crown rump length, MSD = mean sac diameter, MYSD = mean yolk sac
diameter, GA = gestational age. p-values correspond to independent Student t-
tests for continuous variables (with equal variance, except for CRL: unequal
variance) and chi-square tests for categorical and binary variables.

performance that would be observed on novel data [31]. To combine the
enhanced bootstrap with the multiple imputation framework, we opted
for single imputation nested in the bootstrap procedure [32]. Practi-
cally, we sampled with replacement 2000 datasets from the original data
and then performed a single imputation on each bootstrap dataset. All
analyses have been performed with R 3.6.0 (R Core Team 2017) [33].
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Table 2
Univariate analysis on all potential variables predicting first trimester viability.
OR (95 % CI) p- AUC bootstrap
values corrected
CHARACTERISTICS
Maternal Age 0.93 <0.0001 0.602
(0.90-0.97) (0.552-
0.652)
Maternal ethnicity 0.509
Intercept 6.00 <0.001 (0.468-0.549)
Asian (3.47-10.36) 0.35
Caucasian 1.44 0.86
Mixed (0.67-3.10) 0.40
Others 0.95 0.87
(0.53-1.70)
0.67
(0.26-1.72)
0.93
(0.38-2.27)
BMI 0.97 0.09 0.572
(0.94-1.00) (0.528—0.616)
Number of previous 0.87 0.05 0.529
miscarriages (0.76-1.00) (0.479-0.579)
Folic acid usage 2.63 <0.001 0.554
(yes or no) (1.54-4.49) (0.517-0.591)
Smoking status 0.71 0.21 0.516
(yes or no) (0.41-1.22) (0.487-0.545)
SONOGRAPHIC
CRL (mm) 1.19 <0.0001 0.737
(1.13-1.25) (0.703-0.771)
MSD (mm) 1.10 <0.0001 0.726
(1.07-1.12) (0.687-0.765)
FH 6.12 <0.0001 0.715
(presence or absence) (4.18-8.98) (0.677-0.752)
MSD*FH 1.23 <0.0001 0.783
interaction effect between (1.15-1.31) (0.764-0.802)
MSD and FH
Worst bleeding score at 0.93 0.42 0.502
initial scan (0.78-1.11) (0.453—0.551)
PUQE score 1.23 (1.10-1- <0.0001 0.630
37) (0.592-0.668)
GA difference (days) 0.91 <0.0001 0.735
(LMP vs MSD) (0.89-0.93) (0.698-0.772)
GA by LMP 1.02 0.04 0.549
(days) (1.00-1.03) (0.499-0.598)

CI = Confidence interval, AUC = Area under curve, BMI = Body mass index,
CRL = crown rump length, MSD = mean sac diameter, FH = fetal heart, PUQE =
pregnancy unique quantification of emesis, GA = gestational age, LMP = last
menstrual period.

Ethics statement

The study was approved by NHS National Research Ethics Service
(NRES) Riverside Committee London (REC 14/L0/0199) and NHS
North East — Newcastle and North Tyneside Research Ethics Committee
(17/NE/0121).

Results

1757 eligible women were invited to participate, and 1403 partici-
pants were recruited (Fig. 1). Those who underwent termination of
pregnancy (n = 28), withdrew from the study (n = 7), and were lost to
follow up (n = 40) were excluded from the analysis. Women whose LMP
was unknown (n = 57) or not accurate (certainty score less than 7,/10)
were also excluded (n = 166). The final analysis (n = 1105) compared
first trimester miscarriages (n = 160) with viable control pregnancies (n
= 945) (Fig. 1).

Univariate analysis of demographic, clinical and ultrasound data variables

Table 1 represents the descriptive statistics for patient characteris-
tics, first trimester symptoms and ultrasound variables for the 1105
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patients. Patient characteristics that were different in the miscarriage
and viable groups were maternal age (OR 0.93; 95 % CI 0.90-0.97) and
current folic acid use (yes/ no) (OR 2.63; 95 % CI 1.54-4.49) (Table 2). A
greater number of previous miscarriages was associated with an
increased risk of subsequent miscarriage (OR 0.87; 95 % CI 0.76-1.00, P
= 0.05). Higher PUQE scores were predictive of viability (OR 1.23; 95 %
CI 1.1-1.37, P < 0001) but bleeding score was not (OR 0.93; 95 % CI
0.78—1.11). CRL (OR 1.19; 95 % CI 1.13-1.25), MSD (OR 1.10; 95 % CI
1.07-1.12), FH (OR 6.12; 95 % CI 4.18-8.98) and MSD*FH (OR 1.23; 95
% CI 1.15-1.31) were significant ultrasound-based predictors for
viability (P < 0.0001).

Multivariable models

The first model (Model 1) including the whole set of predefined
variables demonstrated an apparent AUC of 0.855 (95 % CI
0.826-0.883), and AUC of 0.837 (95 % CI 0.807-0.868) when corrected
for optimism. The optimism-corrected calibration slope of this model
was 0.943 (Table 3). Additional information is presented in Appendix 2.

After feature selection, a parsimonious model was built using
maternal age, current folic acid use, the GA difference (LMP-MSD/CRL)
and MSD*FH. This second model (Model 2) demonstrated similar
discrimination performance (AUC 0.841; 95 % CI 0.811-0.871:
optimism-corrected AUC 0.836; 95 % CI 0.806-0.866). The optimism-
corrected calibration slope was 0.969 (Table 3). The corresponding
calibration curves are reported in Supplementary Fig. 1 (Appendix 3).
Performance of both models was overall reduced when applied to a
small subset of the cohort with uncertain LMP (<7/10 certainty), which
included 21 miscarriages and 145 viable pregnancies (Model 1: AUC
0.753; 95 % CI 0.647-0.858, Model 2: AUC 0.749; 95 % CI
0.639-0.859). The performance was also reduced when applied to a
subset of patients with no symptoms, which included 54 miscarriages
and 244 viable pregnancies (Model 1: AUC 0.81 (95 % CI 0.75-0.87),
Model 2: AUC 0.81 (95 % CI 0.75-0.87). OR and p-values based on the
regression coefficients of this parsimonious model are reported in
Table 4.

Discussion

We have developed a simple tool using five variables (maternal age,
folic acid use, gestational age by LMP, the difference in GA between LMP
and MSD, and MSD in combination with FH presence (MSD*FH)) that
has demonstrated good performance in predicting first trimester
viability.

The objective of this study was development of a prediction model,
but interesting observations about biological associations with miscar-
riage have also been highlighted. In the univariate analysis, modifiable
risk factors for miscarriage were BMI and folic acid use. Large cohort
studies have previously identified obesity as a risk factor for miscarriage
[34,35] and we echo this finding. These associations underpin the
recommendation that all couples experiencing a miscarriage should
have access to a specialist graded package of care to address modifiable
risk factors [36]. The World Health Organization recommends folic acid
supplementation prior to conception until 12 weeks’ gestation to reduce
the incidence of neural tube defects (NTD) [37,38]. The impact on first
trimester miscarriage remains controversial. Low plasma folate levels
increase the incidence of miscarriage [39]. However a large population
based study did not show a difference in miscarriage between women
who were taking folic acid supplementation and those who did not [40].
Other studies have shown an association between lower folic acid intake
and miscarriage [41-43]. Another possible explanation for this associ-
ation is that folic acid use is a surrogate for general health.

Overall, this model has clinical utility as it can accurately predict first
trimester viability from an initial ultrasound assessment in the early first
trimester. The reduced model has excellent discrimination between
outcomes that are subjectively difficult to predict. Previously published
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Screened
N = 1757
Recruited Excluded
N = 1403 N =298
|7 TOP =28
LTFU = 40
Included Withdrawal = 7
Uncertain LMP =
N =1105 223
|
|
o PUV Viable
First visit
N =402 N = 703
Second visit PUV Miscarriage Viable
N =38 N = 66 N =913
Final outcome
11-14 weeks Viable Miscarriage
N =945 N =160

TOP = termination of pregnancy, LTFU = lost to follow up, LMP = last menstrual period,
PUV = pregnancy of uncertain viability, N = number of cases

Fig. 1. Flowchart of study population The numbers of participants included in the study with pregnancy outcomes reported at the first visit, second visit and 11-14

weeks of pregnancy.

first trimester outcome prediction models report similar AUC metrics of
0.771 -0.901 [6,8,19], but as these models are for different populations
with old definitions of PUV, and different validation strategies, direct
comparison is not possible.

The strengths of our study are the prospective design, well-
characterized patient cohort and use of validated symptom scores. The
simple nature of the model means it can be easily used to adjust the risk
of miscarriage in all women with an ultrasound confirmed intrauterine
pregnancy. The model use is not limited by a gestational age cut-off and
can be applied to both PUV and viable intrauterine pregnancies in the
first trimester. It has utility in allocating finite early pregnancy resources
and in improving the patient’s experience. Although it may not reduce
psychological morbidity associated with uncertainty, it may benefit the
patient with the provision of individualized counselling [44].

One limitation of our study is the need for women to recall with
certainty their menstrual dates for the model to be applied. In our
dataset, 233 cases were excluded as 15 % had an unknown LMP. The
model demonstrated weaker performance in this cohort. However most
women can recall their LMP with accuracy, e.g. in one study 81 % of
women recalled their LMP within two days [45]. Another perceived
limitation is the absence of a blood biomarker, such as beta hCG or
progesterone, and fetal heart rate in the model. The addition of blood
markers may have improved the ability of the model to discriminate
between a viable pregnancy and miscarriage, but the aim of this study
was to produce a simple clinical tool accessible to all early pregnancy
care providers. Although a recent meta-analysis concluded that fetal
heart rate is the best sonographic predictor of miscarriage [46], the
addition of this variable would make the model unsuitable for women
with a PUV which accounts for up to 20 % of early pregnancy assess-
ments [7]. A large proportion of the population had no symptoms, but

191

were motivated to participate in the study due to anxiety, previous poor
pregnancy outcome or the altruism to aid better understanding of
miscarriage. In this subgroup the model accuracy was reduced, but still
good with an AUC of 0.81, suggesting applicability to a general early
pregnancy population. The study acknowledges the limitation of testing
a model on the same data used to develop it, and therefore presents
metrics that have been corrected for this possible ‘optimism’.

Further external validation is now required, and then individual
units and clinicians will then have to determine how the model will be
useful to their service. Appropriate risk thresholds depend on the clinical
scenario and setting, and can only be employed clinically once a health
economic analysis has also been performed [47]. However one strategy
would be to discharge patients from early pregnancy care to antenatal
care if they have a threshold for viability of more than 70 %, which
equates to a 91.9 % chance of viability at 11-14 weeks (Appendix 4). A
low threshold of viability may then lead to a recommendation for more
intensive follow up and supportive care. This prediction of viability will
be available via an accessible on-line calculator.

Conclusion

We have developed a model that enables accurate prognostication of
first trimester outcome which is applicable to all confirmed intrauterine
pregnancies, prior to the dating scan at 11-14 weeks. Our model uses the
updated criteria for miscarriage diagnosis, which supersedes many pre-
existing models. Use in the clinical setting may allow for better psy-
chological preparedness when miscarriage is anticipated. Our model has
identified strong modifiable predictors of miscarriage which supports
recent petitions that all women experiencing miscarriage should qualify
for specialist, supportive care [48].
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Table 3
Multivariable models.

Apparent Corrected for optimism
(bootstrap n = 2000)
Full Model 1
AUC 0.855 0.837 (0.807-0.868)
(0.826-0.883)
Calibration Slope 1.013 0.943
Final Reduced Model 2
AUC 0.841 0.836 (0.806-0.866)
(0.811-0.871)
Calibration Slope 1.007 0.969
Predictive performance of
models on subset of cohort
with uncertain LMP
(21 miscarriages, 145 viable
pregnancies)
Full Model 1 AUC 0.771 0.753 (0.647-0.858)
(0.664-0.879)
Final reduced Model 2 AUC 0.770 0.749 (0.639-0.859)

(0.666-0.873)
Predictive performance of
models on subset of cohort
with no symptoms
(54 miscarriages, 244 viable
pregnancies)

Full Model 1 AUC 0.83 0.81 (0.75-0.87)
(0.78-0.90)

Final reduced Model 2 AUC 0.83 0.81 (0.75-0.87)
(0.78-0.89)

Full model:

Formula:

FirstTrimesterOutcome ~ MaternalAge + MaternalEthnicity + BMI +
X1sTMiscarriage + FolicAcid + SmokingStatus + MSD_trun * FH + CRL +
PUQEscore + GAdiff MSD_trun + WorstBleedingScore + GAbyLMP.

Reduced model:

Formula:

FirstTrimesterOutcome ~ MaternalAge + GAbyLMP -+ GAdiff MSD _trun +
FolicAcid + MSD_trun*FH.

AUC = area under curve.

Table 4
Odds ratios (with 95 % CI) from the reduced multivariable regression model.
OR P-values
Intercept 85.71 (20.61-356.99) <0.0001
Maternal Age 0.90 (0.87—0.94) <0.0001
GA difference (LMP vs MSD) 0.91 (0.89-0.94) <0.0001
MSD 0.95 (0.912-0.99) 0.008
FH 0.24 (0.08-0.70) 0.009
Folic Acid 2.34 (1.25-4.38) 0.007
MSD:FH 1.21 (1.13-1.30) <0.0001

OR = Odds ratio, GA = gestational age, LMP = last menstrual period, MSD =
mean sac diameter, FH = fetal heart, CI = confidence interval.
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