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January 2015 and 2017 collected from dedicated early pregnancy assessment units
of eight hospitals. Single progesterone and serial phCG measurements were taken.
Women were followed up until final pregnancy outcome between 11 and 14 weeks of
gestation was confirmed using transvaginal ultrasonography: (1) VIUP, (2) non-viable
intrauterine pregnancy or failed pregnancy of unknown location, and (3) ectopic preg-
nancy or persisting pregnancy of unknown location. The predictive value of cut-off
levels for ruling out VIUP were evaluated across a range of values likely to be encoun-
tered clinically for progesterone, BhCG, and BhCG ratio.

Results: Data from 2507 of 3272 (76.6%) women were suitable for analysis. All had
data for BhCG levels, 2248 (89.7%) had progesterone levels, and 1809 (72.2%) had
BhCG ratio. The likelihood of viability falls with the progesterone level. Although the
median progesterone level associated with viability was 59 nmol/L, VIUP were identi-
fied with levels as low as 5 nmol/L. No single BhCG cut-off reliably ruled out the pres-
ence of viability with certainty, even when the level was more than 3000 IU/L, there
were 39/358 (11%) women who had a VIUP. The probability of viability decreases with
the BhCG ratio. Although the median BhCG ratio associated with viability was 2.26,
VIUP were identified with ratios as low as 1.02. A progesterone level below 2 nmol/L
and BhCG ratio below 0.87 were unlikely to be associated with viability but were not
definitive when considering multiple imputation.

Conclusions: Cut-off levels for BhCG, phCG ratio, and progesterone are not safe to be
used clinically to exclude viability in early pregnancy. Although BhCG ratio and pro-
gesterone have slightly better performance in comparison, single BhCG used in this

manner is highly unreliable.

KEYWORDS
early pregnancy complications, ectopic pregnancy, pregnancy, pregnancy of unknown location,
reproductive endocrinology, ultrasound

1 | INTRODUCTION

Key message
Pregnancy of unknown location (PUL) is an early pregnancy clas-

sification defined as when a woman has a positive pregnancy test, PhCG, PhCG ratio and progesterone cut-off levels are not

. . . safe to be used clinically to exclude viability in early preg-
but a pregnancy cannot be visualized on transvaginal ultrasonogra- 4 Y ypreg

phy (TVS). The final pregnancy outcome can be a viable intrauterine nancy. Although BhCG ratio and progesterone have slightly

pregnancy (VIUP), non-viable intrauterine pregnancy (NVIUP), failed better performance in comparison, single phCG used in
PUL (FPUL), persisting PUL (PPUL), or an ectopic pregnancy (EP).}

The last of these can have life-threatening consequences, such as

this manner is highly unreliable.

rupture causing intra-abdominal hemorrhage.?

Measurements of serum hormone levels of p human chorionic
gonadotropin (BhCG) and progesterone are currently used clini-
cally to indicate likely pregnancy viability and location in the PUL
population.® Their use in the management of PUL and EP is well
documented.?®

There is no global agreement on how to best determine PUL vi-
ability and location using serum biomarkers. Despite this, phCG and
progesterone cut-off levels are commonly used in clinical practice to
exclude the possibility of a VIUP before the use of methotrexate or

uterine cavity instrumentation.>™*°

Literature and guidance in several countries including Brazil, the
USA and France state that intrauterine pregnancy (IUP) should be
reliably visualized on TVS when BhCG discriminatory levels are ei-
ther more than 1500 to 2500 IU/L, more than 3500 IU/L, or more
than 3510 IU/L. The presumption is that an EP is likely to be present
if an IUP cannot be visualized.”'*"*? Pregnancies with progesterone
levels below 5-10 nmol/L are also classified as non-viable according
to some authors.*”*?

Serial BhCG measurements are used to calculate a BhCG ratio

(BhCG at 48 hours divided by BhCG at O hours). Various ratios,
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including less than 0.85 and less than 1.5 have been used to define
non-viability, with the presumption that a VIUP does not exist once
the ratio is below a defined level.25816-20 Cyt-off levels for BhCG
ratio are then used to guide the need for medical or surgical inter-
vention, particularly in the event of a possible EP.?*

UK guidelines for the management of PUL state a BhCG ratio
greater than 1.63 is likely associated with an IUP, a ratio less than
0.5 is likely associated with a failing pregnancy, and women with ra-
tios in between are in need of prompt clinical review given the risk
of ectopic pregnancy.22 Guidelines in the USA define non-viability
using BhCG ratios of of less than 1.33 to 1.53, depending on ini-
tial phCG.2%8 French guidance states that a phCG ratio up to 0.85
when the initial BhCG is less than 2000 IU/L is not associated with
a VIUP.Y This level of heterogeneity between guidelines is concern-
ing when they may be used to determine the viability of a wanted
pregnancy. The result is that despite evidence to show they are un-
safe and that mathematical models exist that perform significantly
better, many units continue to use single biomarker cut-off values
clinically.>2324

We aimed to evaluate the value of BhCG, progesterone, and
BhCG ratio cut-off levels in excluding the possibility of a VIUP as an
outcome in women classified with a PUL.

2 | MATERIAL AND METHODS

2.1 | Design and settings

This was a secondary analysis of a prospective multicenter study
of consecutive women classified with a PUL at their initial Early
Pregnancy Assessment Unit visit, carried out between January
2015 and January 2017 in four university teaching hospitals and
four district general hospitals. The university teaching hospitals in-
cluded Queen Charlotte's and Chelsea Hospital, St Mary's Hospital,
Chelsea and Westminster Hospital, and West Middlesex University
Hospital. The district general hospitals included Hillingdon Hospital,
North Middlesex Hospital, Wexham Park Hospital, and Royal Surrey
Hospital.

The primary aim of this study was to evaluate the use of a triage
protocol for PUL routinely used in clinical practice to identify high-
risk outcomes (PPUL and EP). The protocol has a two-step approach:
first, women with low progesterone values (ie, <2 nmol/L) were con-
sidered at low risk (and therefore at high chance of an outcome of
FPUL). The remaining women returned 48 hours later to obtain a
BhCG ratio and apply the Mé risk prediction model (using initial pro-
gesterone, initial phCG, and phCG ratio as part of a logistic regres-
sion algorithm).23"2% If the model estimated that the EP risk was 5%
or more, women were classified as high risk.

We reported the study according to updated Standards for
Reporting Diagnostic accuracy studies (STARD) guidance given
the relevance of reporting VIUP diagnostic accuracy for given cut-
off values. This enabled a structured approach to our work and

analysis.¢

2.2 | Core outcome sets and public involvement

A core outcome set was not used and on review of the core out-
comes in the women's and newborns’ health database, a relevant
core outcome set does not yet exist. Women were not involved in
the design of the study.

2.3 | Population

Women were included in the original study if they were classi-
fied with a PUL following their first visit to an Early Pregnancy
Assessment Unit where a TVS was performed and were clinically
well, hemodynamically stable, and suitable for outpatient manage-
ment. Early Pregnancy Assessment Units are outpatient facilities
and so most women are hemodynamically stable, even though they
may present with a degree of bleeding and pain. Women were ex-
cluded if they did not initially meet the classification for a PUL (eg,
pregnancies of uncertain viability; diagnosis of EP at the first scan)
or were unsuitable for outpatient management. For the secondary
analysis reported in this paper, we additionally excluded women
with a presenting phCG of 25 IU/L or less, the level below which a
urine pregnancy test would be negative.

2.4 | Screening and index tests

At the initial Early Pregnancy Assessment Unit visit, following a
questionnaire assessing subjective symptoms (mainly abdominal
pain and bleeding), a TVS was performed by an appropriately trained
healthcare professional. Women were classified as having a PUL ac-
cording to definitions published in an earlier review.?

The index tests were: (1) serum levels of initial BhCG, (2) serum
levels of initial progesterone, and (3) the phCG ratio. These were
measured using validated, automated laboratory immunoassays in
each center by trained technicians who had no knowledge of the
women.

The assay platforms used were variable, dependent on those cho-
sen by each individual hospital. Although limited by acceptable bias
and variation of data from group laboratory means, assay calibration is
assured by following rigid internal and external quality control checks
in order that results may be interpreted in a similar manner clinically.
Each hospital is subscribed to an external quality assurance scheme,
who define their own acceptance criteria for bias and variation, ratified
by a national quality assurance advisory panel,27’28 This forms part of
the overall quality management system in UK laboratories, which in-
cludes internal quality control, audit, document control, staff training,
and competency. Although there will be differences in standardization
of methods (calibration) and in antibody pairs used by different immu-
noassay manufacturers in each laboratory, external quality assurance
maintains a high standard for obtaining reproducible results, with ac-
creditation services ensuring individual laboratory compliance against

internationally recognized quality standards.?%°
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We defined categories for analysis in order to capture and
evaluate commonly used cut-off levels defining non-viability and
assessed the univariate predicted probability of each outcome
using data for each index test in a continuous manner. For initial
BhCG we subdivided 0-5000 IU/L into 250-IU/L groupings. For
initial progesterone we subdivided 0-20 nmol/L into 1-nmol/L
categories. We assessed BhCG ratios of 0-4 in 0.2 increments.
Test performance can therefore be easily derived for any chosen
level of progesterone, BhCG, or BhCG ratio. By plotting the cut-
off levels in graphical form, we did not limit the project to only
commonly used values, allowing probability at any level to be read

with ease 1357111315

2.5 | Main outcome measure
The primary outcome measure was the predictive value of cut-off
levels in excluding a viable pregnancy.

2.6 | Reference standard

Final outcomes were categorized into one of three groups: (1) VIUP
(where an embryo with visible cardiac activity was seen at initial
follow up and is still present at the time of the dating scan at 11-
14 weeks of gestation), (2) NVIUP (where an IUP seen on TVS had
miscarried by the time of the dating scan) or FPUL (where BhCG lev-
els reduced and resolved spontaneously without the visualization of
a pregnancy on TVS), and (3) EP (an extrauterine mass seen on TVS)
or PPUL (where TVS did not reveal the pregnancy location when
more than three BhCG levels taken over 48-hour intervals remained
static with a difference of 15% or less each time).1"332 Further TVS
and serum BhCG levels were the only other investigations performed
between the index tests and reference standard. No interventions
influenced the outcome.

2.7 | Statistical analyses
No set sample size was required for this descriptive, secondary
analysis. The availability of 2507 women (76.6% of cohort following
exclusions) with known outcome represents the largest PUL sample
size to date focusing on the performance of cut-off levels, so was
considered sufficient. 1312141520

We defined the percentage of each outcome within each bio-
marker category, together with multinomial 95% confidence inter-
vals (C1).%3 We also predicted the final pregnancy outcome using the
continuous values for each biomarker, because categorization can
be associated with information loss. This was performed via univari-
able multinomial logistic regression, using restricted cubic splines to
model the relation of each biomarker with the outcome. We used

five knots with default knot locations for the splines.34

The primary analysis was pre-specified as a complete case anal-
ysis. For this analysis, we excluded women lost to follow up and
women with an IUP where final viability was not recorded. For each
biomarker, we excluded women who did not have the required data.
For the progesterone analysis, women taking progesterone supple-
ments were also excluded. Those who did not have a 48-hour phCG
sample taken on the second day following the initial phCG measure-
ment, or whose final pregnancy outcome was known on the second
day because TVS was carried out for clinical considerations, were
excluded from the BhCG ratio analysis.

We performed a sensitivity analysis based on multiple imputa-
tion of biomarker values.®® In the imputation procedure, we included
cases that had been lost to follow up. For the analysis of the imputed
data, however, these were excluded. For BhCG ratio, we excluded
cases where the final pregnancy outcome was known on the sec-
ond day. We imputed missing values 100 times, leading to 100 com-
pleted data sets. These data sets were analyzed separately before
their results were combined. Details on the imputation procedure
are given in the Supporting Information (Appendix S1).

Analyses were performed using R version 3.6.1 (www.r-proje
ct.org).

2.8 | Ethical approval

This project makes up part of a study approved by the Health
Research Authority and Health and Care Research Wales Research
Ethics Committee, reference 21/HRA/0260, on January 26, 2021.
As these data are collected routinely as part of normal clinical prac-
tice and were analyzed in an anonymous fashion, written and verbal

consent was not required.

3 | RESULTS

Figure 1 highlights the flow of women through the study. A total
of 3272 women were classified as PUL. Six (0.2%) met the exclu-
sion criteria and 367 (11.2%) had an initial BhCG of 25 IU/L or less.
Of the remaining 2899 women, 297 (10.2%) were lost to follow up
and the final pregnancy outcome was not known (see Supporting
Information, Table S1). Of the remaining 2602 women, 95 (3.7%) had
an IUP with unknown final viability. This left 2507 women (76.6% of
entire cohort following exclusions) for complete case analysis.

All 2507 had an initial phCG measurement; 2248/2507 (90%) had
an initial progesterone level measurement and were not taking pro-
gesterone supplements; and 1809/2507 (72.2%) were still classified
with a PUL 2 days later and had a second phCG measurement to
calculate the BhCG ratio.

Sensitivity analysis based on multiple imputations for initial
BhCG and progesterone included 2602 women (79.5% of entire co-
hort following exclusions), using the 95 with an IUP of uncertain final

viability. In all, 2536 women were included in the BhCG ratio multiple
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A A
N=2507 N=2248 N=1809
A
Outcome: QOutcome: Outcome:

1338 Failed PUL (53%)
307 Non-viable IUP (12%)
528 viable IUP (21%)
262 Ectopic (11%)

72 Persisting PUL (3%)

1206 Failed PUL (54%)
269 Non-viable IUP (12%)
481 Viable IUP (21%)
230 Ectopic (10%)

62 Persisting PUL (3%)

859 Failed PUL (48%)
239 Non-viable IUP (13%)
431 Viable IUP (24%)
213 Ectopic (12%)

67 Persisting PUL (4%)

FIGURE 1 Flowchart of recruitment. FPUL, failed pregnancy of unknown location; NVIUP, non-viable intrauterine pregnancy; VIUP,
viable intrauterine pregnancy; EP, ectopic pregnancy; hCG, human chorionic gonadotropin (N = 3272)

imputation, with 66/2602 (2.5%) excluded because the final preg-

nancy outcome was known on day two.

3.1 | Complete case analysis

3.1.1 | Single measurements of progesterone

When assessing the predicted probability of each outcome based on
continuous progesterone levels, the likelihood of a viable pregnancy
increased with the progesterone level. This can be read directly from
both Figure 2A and Table 1A. When assessing progesterone levels in
1-nmol/L increments from O to 20 nmol/L, predicted VIUP probabil-
ity increased from 0.001 to 0.097. Cut-offs of 2 and 10 nmol/L are
discussed in more detail in Table 2A. Among 327 PUL with an initial
progesterone <2 nmol/L, none were VIUP (0%, 95% CI 0-1.2). With
a progesterone level below 10 nmol/L, the predicted probability of
viability was low (0.007) but could not be excluded with certainty. In
this data set, 2/1112 (0.2%, 95% ClI <0.01 to 1.8) PUL with an initial
progesterone of 10 nmol/L or less were VIUP, whereas 1023/1112
(92.0%, 95% Cl 90.6-93.6) had an NVIUP or FPUL. Although the

median progesterone level associated with viability was 59 nmol/L,
VIUP were identified with initial progesterone levels as low as
5 nmol/L (Table 2B).

3.1.2 | Single measurements of serum BhCG

No single cut-off reliably ruled out the presence of a VIUP when
assessing the predicted probability of each outcome based on
continuous BhCG levels. This can be read directly from Figure 2B
and Table 1B. Although the most likely outcomes were NVIUP or
FPUL when assessing all possible cut-off values of fhCG from O to
5000 IU/L in 250-1U/L increments, a VIUP remained a possibility at
each level (0.095-0.351). Very high values of initial phCG were asso-
ciated with the lowest estimated probability for a VIUP (0.095 when
BhCG 5000 IU/L). Commonly used cut-off values between 1000
and 3000 IU/L are discussed in more detail in Table 2A. With each
cut-off, viability cannot be excluded (viability ranging from 10.9%
to 18.9%). With an initial phCG greater than 3000 1U/L, 39/358
(10.9%, 95% Cl 7.3-14.9) of women with a PUL had an outcome of
a VIUP. Although the VIUP median single phCG from this data set
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FIGURE 2 Predicting pregnancy of unknown location outcome using univariate predicted probability of each outcome. Combining all
outcomes at each biomarker cut-off level makes up a total of 1, with levels for each outcome ranging between 0 and 1. These are based on:
(A) continuous progesterone levels (nmol/L) (N = 2248); (B) continuous p human chorionic gonadotropin (BhCG) levels (IU/L) (N = 2507); (C)
continuous BhCG ratio levels (N = 1809)
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TABLE 1 Predicting pregnancy of unknown location outcome TABLE 1 (Continued)
using estimated probability of each outcome. Combining all
outcomes in each row makes up a total of 1, with levels for each (B)

outcome ranging between 0 and 1. These are based on selected Non-viable
values of: (A) progesterone levels (nmol/L) (N = 2248); (B) phCG BhCG cut-offs EP IUP/EPUL Viable IUP
levels (IU/L) (N = 2507); (C) phCG ratio levels (N = 1809)
3750 0.081 0.799 0.120
(A) 4000 0.077 0.720 0.113
Progesterone Non-viable 4250 0.074 0.727 0.107
cut-offs EP IUP/FPUL Viable IUP 4500 0.072 0.826 0.103
0 0.060 0.939 0.001 4750 0.069 0.832 0.099
1 0.060 0.939 0.001 5000 0.068 0.837 0.095
2 0.060 0.939 0.001 (©)
& 0.061 0.938 0.001
BhCG ratio Non-viable
4 0.065 0.934 0.001 cut-offs EP IUP/FPUL Viable IUP
> 0.071 0.928 0.001 0.0 0.020 0.979 <0.001
6 0.082 0.917 0.002
0.2 0.020 0.979 <0.001
7 0.096 0.902 0.002
0.4 0.026 0.974 <0.001
8 0.115 0.882 0.003
0.6 0.073 0.926 <0.001
9 0.139 0.857 0.005
0.8 0.251 0.748 0.001
10 0.166 0.827 0.007
1.0 0.485 0.508 0.007
11 0.196 0.794 0.010
1.2 0.560 0.410 0.03
12 0.226 0.761 0.014
1.4 0.487 0.401 0.112
13 0.254 0.727 0.019
1.6 0.318 0.376 0.305
14 0.281 0.694 0.025
1.8 0.172 0.294 0.533
15 0.304 0.662 0.033
2.0 0.102 0.212 0.686
16 0.325 0.632 0.043
2.2 0.073 0.159 0.767
17 0.341 0.605 0.054 24 0.064 0128 0.808
18 0.354 0.579 0.067
2.6 0.063 0.109 0.829
19 0.363 0.556 0.081
2.8 0.065 0.094 0.841
20 0.368 0.535 0.097
3.0 0.067 0.082 0.851
(B) 3.2 0.069 0.071 0.86
Non-viable 3.4 0.072 0.061 0.868
BhCG cut-offs EP IUP/FPUL Viable IUP 3.6 0.074 0.052 0.874
0 0.132 0.712 0.156 3.8 0.076 0.045 0.879
250 0.138 0.687 0.175 4.0 0.078 0.039 0.883
500 0.162 0.565 0.273

Abbreviations: BhCG, p human chorionic gonadotropin; EP, ectopic
750 0.169 0.488 0.343 pregnancy; FPUL, failed pregnancy of unknown location; IUP,
intrauterine pregnancy.

1000 0.165 0.485 0.351
1250 0.156 0.523 0.322
1500 0.145 0.569 0.286
is 597 IU/L, VIUP can present with an initial hCG levels as high as
1750 0.135 0.611 0.254
105 006 IU/L (Table 2B).
2000 0.125 0.648 0.227
2250 0.116 0.681 0.203
2500 0.108 0.709 0.183 3.1.3 | The performance of the phCG ratio
2750 0.101 0.733 0.166
3000 0.095 0.754 0.151 The predicted probability of a viable pregnancy increases with
3250 0.090 0.771 0.139 the BhCG ratio. This can be read directly from both Figure 2C and
3500 0.085 0.786 0.129 Table 1C. As the BhCG ratio increases in 0.2 decrements, so does

the probability of viability. The estimated probability of a VIUP is
(Continues) below 0.001 when the BhCG ratio is O to 0.8, compared with 0.883
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TABLE 2 SUMMARY TABLE OF PREGNANCY OF UNKNOWN LOCATION OUTCOME: (A) FOR COMMONLY USED BHCG, PROGESTERONE, AND BHCG RATIO CUT-OFFS OF
NON-VIABILITY. NUMBER (N), PERCENTAGE (%) AND CONFIDENCE INTERVALS (Cl) (N = 327 1o N = 1205); (B) USING MEDIAN VALUES ALONGSIDE RANGE FOR INITIAL
PROGESTERONE, INITIAL BHCG, DAy 2 BHCG, aND BHCG RATIO (IF seconD BHCG AT Day 2) By PUL outcoMme (N = 2507)

(A)
EP/PPUL Non-viable IUP/FPUL Viable IUP

List of cut-offs N N (%, 95% Cl) N (%, 95% Cl) N (%, 95% Cl)
Initial phCG >1000 (I1U/L) 832 87(10.5%, 7.5-13.6) 588 (70.6%, 67.6-73.8) 157 (18.9%, 15.9-22.1)
Initial BhCG >2000 (1U/L) 513 43 (8.4%, 5.1-12.0) 399 (77.8%, 74.5-81.4) 71(13.8%, 10.5-17.5)
Initial BhCG >2500 (IU/L) 428 34 (7.9%, 4.4-11.6) 345 (80.6%, 77.1-84.2) 49 (11.4%, 7.9-15.1)
Initial BhCG >3000 (IU/L) 358 27 (7.5%, 3.9-11.5) 292 (81.6%, 77.9-85.5) 39 (10.9%, 7.3-14.9)
Initial progesterone <2 (nmol/L) 327 6(1.8%,0.61-3.1) 321(98.2%, 96.9-99.4) 0(0.0%,0.0-1.2)
Initial progesterone <10 (nmol/L) 1112 87 (7.8%, 6.4-9.4) 1023 (92.0%, 90.6-93.6) 2(0.18%, <0.01-1.8)
BhCG ratio <0.87 883 55(6.2%, 4.8-7.8) 828 (93.8%, 92.3-95.3) 0(0.0%,0.0-1.5)
BhCG ratio <1.5 1205 204 (16.9%, 14.9-19.1) 985 (81.7%, 79.7-84.0) 16 (1.3%, <0.01-3.5)
(B)

EP/PPUL Non-viable IUP/FPUL Viable IUP

Median (range) Median (range) Median (range)

Initial progesterone (nmol/L)? 16.00 (1.00-92.00)
Missing (%) 17 (0.7%)

Initial serum BhCG (IU/L) 480.00 (31.00-42 520.00)
Missing (%) 0

48-h serum BhCG (IU/L) if at Day 20 507.50(21.00-44 103.00)

Missing (%) 53 (2.1%)
BhCG ratio if second BhCG at D2 1.19 (0.36-3.92)
Missing (%) 53(2.1%)

5.00 (0.30-153.00) 59.00 (5.00-219.00)

102 (4.3%) 26 (1.1%)

477.00 (25.70-60 542.00) 597.00 (26.00-105 006.00)
0 0

279.50 (3.00-109 568.00) 1280.00 (61.00-30 073.00)
547 (21.8%) 97 (3.9%)

0.41 (0.01-4.25) 2.26 (1.02-6.20)

547 (21.8%) 97 (3.9%)

ABBREVIATIONS: BHCG, B HUMAN CHORIONIC GONADOTROPIN; EP, ECTOPIC PREGNANCY; FPUL, FAILED PREGNANCY OF UNKNOWN LOCATION; [UP, INTRAUTERINE PREGNANCY;

PPUL, PERSISTING PREGNANCY OF UNKNOWN LOCATION.

*THIS EXCLUDES KNOWN PROGESTERONE LEVELS FROM CASES WHO WERE ON PROGESTERONE SUPPLEMENTS.

®CORRESPONDS TO SECONDARY BHCG MEASUREMENTS TAKEN EXACTLY 2 DAYS AFTER THE FIRST (AS INDICATED).

when the BhCG ratio is 4.0. Commonly used cut-off levels of 0.87
and 1.5 are discussed in more detail in Table 2A. In this data set,
with a BhCG ratio below 0.87, 0/883 (0%, 95% Cl 0%-1.5%) were
VIUP, whereas with a BhCG ratio of less than 1.5, 16/1205 (1.3%,
95% Cl <0.01%-3.5%) were VIUP. The median BhCG ratio for VIUP
was 2.26. However, the lowest BhCG ratio associated with a VIUP in
this data set was 1.02 (Table 2B).

3.2 | Sensitivity analysis using multiple imputation
When using multiple imputation of 100 data sets, the predicted
probability of a VIUP was slightly higher compared with the com-
plete case analysis results at each biomarker cut-off value, with the
probability of a VIUP no longer zero when progesterone was less
than 2 nmol/L (0.14%, 95% ClI 0.01%-1.4%) or BhCG ratio was less
than 0.87 (0.13%, 95% Cl 0.02%-1.1%) (see Supporting Information,
Tables S2 and S3). However, the trend of viability probability remains
the same as with complete case analysis, with very high levels of
BhCG, low progesterone and low BhCG ratios associated with a lower
likelihood of a VIUP (see Supplementary Information, Figure S1).

4 | DISCUSSION

This study highlights that cut-off values that are still commonly used
in clinical practice to define probable non-viability in early preg-
nancy are not safe. Single BhCG levels are highly unreliable, with cut-
off levels for the BhCG ratio and serum progesterone having slightly
better performance in comparison.

The main strength of this study was its large multicenter
population. One limitation is that 392 women were either lost
to follow up or had an IUP of unknown final viability, whereas
others did not have a BhCG ratio value because a second BhCG
measurement was not taken 2 days later. However, those without
a second BhCG reading, as well as those with an IUP of unknown
viability, were included in a sensitivity analysis following multi-
ple imputation of missing values. Although this method assumes
that missing values are missing at random, conditional on other
information in the database or that “any systematic difference
between the missing values and the observed values can be ex-
plained by differences in observed data”, this assumption was
considered plausible.®
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Our findings categorically show that the use of single “discrim-
inatory zone” measurements for serum BhCG have poor diagnostic
performance and should not be used in clinical practice to exclude
the presence of an intrauterine pregnancy. This is important as some
guidelines still state that women classified with a PUL who are found
to have a single phCG measurement at presentation of more than
3000, 2000 or even 1000 IU/L are unlikely to have an intrauterine
pregnancy and a presumption may be made that the pregnancy is
in the fallopian tube. Y Not surprisingly, this has led to the use of
the discriminatory zone remaining part of local guidelines and is still
being used by some clinicians.®”!! The risk of this approach is the
inadvertent administration of methotrexate to a wanted intrauterine
pregnancy.

In our data set, a proportion of women had high initial levels of
BhCG. Many of the pregnancies were technically difficult to visual-
ize, leading to a PUL classification. This was a result of the presence
of multiple fibroids, diffuse adenomyosis, molar pregnancy, early
multiple pregnancy, non-tubal ectopic pregnancy, and likely miscar-
riages that met PUL criteria on the first scan. As each participating
center carries TVS training responsibilities, a small proportion of su-
pervised TVS operators may have been unable to confirm pregnancy
location with confidence on the initial scan.

Further, the phCG acceptance criteria for bias and variation are
reported locally as approximately 20%.2728 This means that a mean
serum BhCG of 1000 IU/L measured in one unit could be reported
as 800-1200 IU/L elsewhere. Accordingly using “standardized” dis-
criminatory zones that are not derived from laboratory phCG values
specific to an individual unit is dangerous.

A BhCG ratio below 0.87 or an initial progesterone measurement
of 2 nmol/L or less was very unlikely to be associated with viability
but was not definitive when taking into account multiple imputa-
tions. Although the number of viable pregnancy misclassifications
would be low if these cut-off levels were used, it is important to note
that these findings are unique to this data set, under the constraints
of our population, definition of PUL, and methods of laboratory bio-
marker processing. As such, these are not generalizable.

In this large data set, PUL with a single BhCG as high as
105 006 IU/L, a single progesterone as low as 5 nmol/L, and a phCG
ratio as low as 1.02 have been associated with viable pregnancies at
11-14 weeks of gestation. Although cut-off levels have been identi-
fied that are associated with non-viability in our data set, again these
only reflect our specific population and cannot be generalized.>™’
Indeed, upon literature review, cases of VIUP have been reported
with lower progesterone levels (3 nmol/L) and falling serial BhCG
values (BhCG ratio <1) that begin as high as 167 343 IU/L, further
supporting the argument that cut-off levels in the differentiation of
viability in PUL are subjective and unreliable 1%2%:3¢:37

Systematic reviews and meta-analyses, as well as previous work
performed by our group in differentiating pregnancy location, have
highlighted how combining variables in prediction models out-
perform any variable in isolation.>>%%2> |n line with this, the use
of isolated cut-off levels to define viability gives an inaccurate im-
pression of diagnostic certainty that cannot be generalized. Caution

must therefore be shown when using any cut-off, with awareness of
their limited ability to effectively predict final pregnancy outcome in

women with a PUL.

5 | CONCLUSION

We have used this large data set of women with a PUL to describe
the limitations of defining viability in early pregnancy using cut-off
values. Single BhCG cut-off values, which are still commonly used in
clinical practice to define non-viability in early pregnancy, are highly
unreliable and unsafe. Progesterone and phCG ratio cut-off levels
have slightly better performance in comparison. Great care must
be taken to exclude the possibility of a viable pregnancy when con-
templating either methotrexate therapy or instrumentation of the
uterine cavity. Whereas measurements of both single and serial lev-
els of serum hormone levels in early pregnancy can offer guidance,
the entire clinical picture must be considered before intervention.
If women are stable and being managed as outpatients, a conserva-

tive approach is unlikely to be associated with harm.
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