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ABSTRACT
Objective To investigate if M6NP predicting ectopic 
pregnancy (EP) among women with pregnancy of unknown 
location (PUL) is valid in an emergency gynaecology 
setting and comparing it with its predecessor M4.
Design Retrospective cohort study.
Setting University Hospital.
Participants Women with PUL.
Methods All consecutive women with a PUL during a 
study period of 3 years were screened for inclusion. Risk 
prediction of an EP was based on two serum human 
chorionic gonadotropin (hCG) levels taken at least 24 hours 
and no longer than 72 hours apart.
Main outcome measures The area under the ROC curve 
(AUC) expressed the ability of a model to distinguish an EP 
from a non- EP (discrimination). Calibration assessed the 
agreement between the predicted risk of an EP and the 
true risk (proportion) of EP. The proportion of EPs and non- 
EPs classified as high risk assessed the model’s sensitivity 
and false positive rate (FPR). The proportion of non- EPs 
among women classified as low risk was the model’s 
negative predictive value (NPV). The clinical utility of a 
model was evaluated with decision curve analysis.
Results 1061 women were included in the study, of which 
238 (22%) had a final diagnosis of EP. The AUC for EP was 
0.85 for M6NP and 0.81 for M4. M6NP made accurate risk 
predictions of EP up to predictions of 20% but thereafter 
risks were underestimated. M4 was poorly calibrated up 
to risk predictions of 40%. With a 5% threshold for high 
risk classification the sensitivity for EP was 95% for M6NP, 
the FPR 50% and NPV 97%. M6NP had higher sensitivity 
and NPV than M4 but also a higher FPR. M6NP had utility 
at all thresholds as opposed to M4 that had no utility at 
thresholds≤5%.
Conclusions M6NP had better predictive performance 
than M4 and is valid in women with PUL attending an 
emergency gynaecology unit. Our results can encourage 
implementation of M6NP in related yet untested clinical 
settings to effectively support clinical decision- making.

INTRODUCTION
To reduce maternal complications from 
ectopic pregnancy (EP), an early diagnosis 
using transvaginal ultrasound (TVUS) is essen-
tial.1 Between 30% and 40% of EP remain 
undiagnosed after the first examination of 

women presenting with pain or bleeding in 
early pregnancy and will be managed as a 
pregnancy of unknown location (PUL) until 
a final diagnosis is established.2 The reported 
rupture rate of EP among women with a 
PUL range from 0.03% to 2.4% and some-
times necessitates blood transfusion.3–6 A key 
concept during follow- up is timely diagnosis 
and treatment of an EP while avoiding unnec-
essary visits for the remaining majority of 
women with PUL that eventually will be diag-
nosed with an intrauterine pregnancy (IUP) 
or a spontaneously resolving PUL (failed 
PUL).7 The change in serum human chori-
onic gonadotropin (hCG) levels between two 
samples measured 48 hours apart indicates if 
a woman is at high or low risk of having an 
EP and decisive of planning follow- up visits.8 
In a systematic review and meta- analysis the 
widely reported logistic regression model 
‘M4’ that is based on two hCGs had the best 
performance predicting the presence of an 
EP among women with PUL.9–12

M4 was developed in an early pregnancy 
assessment unit (EPAU) in London and has 
mostly been evaluated in similar clinical 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is the first study to test the transportability 
(generalisability) of the M6NP prediction model to 
an emergency gynaecology setting, originally devel-
oped for early pregnancy assessment units in the 
UK.

 ⇒ The rate of ectopic pregnancy was twice as high in 
comparison with the original M6NP cohort and we 
also included inpatients contributing to a different 
case mix.

 ⇒ A limitation was the retrospective study design, al-
though common for validation studies.

 ⇒ Another limitation was the complete case analysis; 
however a sensitivity analysis adding all women re-
gardless of time interval between two hCG showed 
consistent performance for M6NP.
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settings within that geographical region.10 The M4 model 
was updated in a larger cohort of women with PUL in 
2016 with an option to include serum progesterone as 
a predictor (M6P) or not (M6NP).13 Recent research 
suggests that both M6P and M6NP are superior to M4 
when compared in EPAUs in the UK.14 The performance 
of a prediction model is influenced by the characteristics 
of the underlying population and may not be general-
isable to a different clinical context in another country 
with the risk of being harmful if implemented.15 For 
instance when M4 was tested in a US emergency depart-
ment the sensitivity for identifying an EP was only 55%.16 
M6NP and M6P have not been validated in an emergency 
gynaecology unit.

The primary aim of the present study was to externally 
validate M6NP in an emergency gynaecology unit and 
compare the performance to its predecessor M4.

MATERIALS AND METHODS
Design and setting
External validation was performed on women with PUL 
attending the emergency gynaecology unit at the Sahl-
grenska University Hospital from 1 January 2011 to 31 
December 2013. The emergency gynaecology unit serves 
patients with various gynaecological problems 24 hours 
a day, 7 days a week either self- referred or referred from 
other clinics in the greater Gothenburg area.

The initial examination of women with early preg-
nancy problems was performed by physicians in the early 
stage of specialist training and a consultant gynaecologist 
assisted them on request. Women were monitored with 
serial measurement of hCG levels whenever the physician 
was uncertain about the pregnancy location. The second 
blood sample for hCG measurement was routinely sched-
uled between 2 and 3 days after the first hCG. Inter-
pretation of hCG development was not based on any 
specific percentage change but approximations of the 
doubling time in hCG for a viable IUP and the expected 
hCG decline for a miscarriage.17 Our follow- up routine 
for outpatients’ after two hCG measurements has been 
described in a prior study from our unit.6 Outpatients 
with deteriorating symptoms were instructed to re- visit 
the unit. Depending on the severity of the symptoms and 
the clinical findings, inpatient evaluation and further 
investigation by a senior physician was considered.

The study hospital was the only referral site for treat-
ment of EP in the area as opposed to other early preg-
nancy complications. Laparoscopic intervention was the 
first line of treatment for EP during the study period. 
Diagnostic laparoscopy was also performed in patients 
with a prolonged period of follow- up where hCG levels 
did not decline and there was no evidence of an IUP. In 
cases where laparoscopy failed to identify an EP uterine 
evacuation followed to establish a final diagnosis. Meth-
otrexate was used for persistent trophoblast after initial 
surgery or as treatment of interstitial or caesarean scar 
pregnancies.

PARTICIPANTS
Women presenting to the emergency gynaecology unit 
with problems in early pregnancy, deemed to have a PUL 
were screened for inclusion. All women with a PUL and 
at least two hCG levels were eligible for inclusion into the 
study. Also, women that were initially managed as outpa-
tients but the second hCG was taken during or after a 
hospital stay (inpatients) were included unlike prior 
studies.

In the original M6NP study the second hCG level was 
imputed when taken more than 3 days after the first 
hCG.13 However, in clinical practice the second hCG has 
only been used for prediction if taken 48±8 hours after 
the first hCG.3 We decided to include women with two 
hCGs taken at least 24 hours and no longer than 72 hours 
apart, to assure that the validation cohort represented 
the actual PUL management in our clinic. We excluded 
women where the final outcome of the PUL was unknown 
(lost to follow- up).

DATA COLLECTION
The following variables were obtained from the patients’ 
electronic medical record: Age at the first visit; symptoms 
related to the first visit (ie, pain or bleeding); prior EP 
or use of a contraceptive intrauterine device; level of the 
first and second serum hCG (IU/L); date and time of 
hCG measurement; type of PUL and the final outcome of 
the pregnancy. All serum hCG levels were analysed in the 
same laboratory.

We defined three types of a PUL based on TVUS at the 
first visit or during follow- up18: no signs of a pregnancy 
neither inside nor outside of the uterus defined a true 
PUL; when an intrauterine sac- like structure or suspi-
cion of retained products of conception was seen it was 
defined as a probable IUP; probable EP was used when an 
ectopic sac- like or solid structure was seen.19 A gestational 
sac containing a yolk sac with or without an embryo seen 
with TVUS defined a definite IUP or EP and therefore 
not a PUL.18

PREDICTION MODELS
M4 and M6NP use polynomial logistic regression to 
compute probabilities for each of the three possible 
outcomes of a PUL: failed PUL, IUP and EP. The covari-
ates of both models are based on two hCG levels analysed 
in serum (online supplemental table 1).

We used the original equations (online supplemental 
table 1) of M6NP and M4 to compute probabilities as 
recommended instead of refitting the model.15 20 M6P 
was not validated since serum progesterone is not used in 
our unit when managing PUL.

REFERENCE STANDARD
The reference standard was based on the combination 
of hCG, TVUS findings and surgical procedures. There 
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are four categories of PUL outcome and these were set 
as reference standard: (1) A failed PUL was defined by 
spontaneously declining hCG levels <0.6 IU/L or a nega-
tive pregnancy test during the follow- up where nor an 
IUP or EP could be confirmed. (2) An IUP was diag-
nosed by either TVUS; histological findings of chorionic 
villi after vacuum aspiration; completion of a suspected 
miscarriage after medical or surgical treatment verified 
by TVUS or decline of hCG levels <0.6 IU/L. (3) An EP 
was diagnosed with TVUS, at laparoscopy or hysteroscopy 
with or without confirmed histology. (4) A persisting PUL 
(PPUL) was defined when no pregnancy was visible on 
TVUS and hCG levels plateaued (at least three consec-
utive hCGs with a change <15% between measurements 
during a 1- week follow- up). If no chorionic villi were 
present in uterine aspiration specimen or none was anal-
ysed and hCG levels remained elevated also defined a 
PPUL regardless of prior hCG development as were non- 
visualised pregnancies treated with methotrexate

In the analysis, PPUL were incorporated among EP as 
in previous studies.4 11 13 We used the same definitions as 
in the original M4 and M6NP studies and a consensus 
statement.10 13 18

The TRIPOD (Transparent Reporting of a multivari-
able for individual Prognosis or Diagnosis) guidelines 
were followed conducting this study.21

STUDY SIZE
A validation cohort should contain at least 100 events 
and ideally 200 events to adequately evaluate prediction 

rules.22 Our validation cohort contained 238 EP satisfying 
this requirement.

Patient and public involvement statement
Patients and the public were not involved in the develop-
ment of the research question.

STATISTICAL ANALYSIS
The predictive performance of a model was evaluated 
with discrimination and calibration.23 We focused on 
the dichotomous outcome of EP and non- EP (IUP and 
failed PUL) as being the most important to distinguish 
in clinical practice. Discrimination refers to how well the 
predicted probabilities of a model differentiates between 
EP and non- EP and was expressed as the area under the 
curve (AUC) of the summary receiver operating charac-
teristic (ROC) estimates.

Calibration describes the agreement between the 
predicted risk of an EP and the observed risk (propor-
tion) of EP.23 Calibration was assessed by calibration plots, 
calibration- in- the- large and calibration slope.24 The cali-
bration plot shows prediction accuracy for each patient 
individually with a computed loess smoothing curve.25 
Calibration- in- the- large evaluates the average predicted 
risk of EP in the entire cohort compared with the actual 
rate of EP while calibration slope evaluates potential 
underfitting or overfitting of the risk predictions. If 
the calibration- in- the- large is >0 the average predicted 
risk of EP is lower than the actual proportion of EP in 
the cohort, and if the calibration- in- the- large is <0 the 

Figure 1 Flow chart showing the inclusion of patients in the validation cohort and the sensitivity analysis. hCG, human 
chorionic gonadotropin; IUP, intrauterine pregnancy; PUL, pregnancy of unknown location.
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average predicted risk is higher. A calibration slope <1 
indicates that (on average) high risk predictions are over-
estimated and low risk predictions are underestimated. 
A slope >1 indicates that (on average) high risk predic-
tions are underestimated and low risk predictions are 
overestimated.26

Classification accuracy was measured with sensitivity 
(proportion of EP classified as high risk), false positive 
rate (FPR, proportion of non- EP classified as high risk) 
and the negative predictive value (NPV, proportion of 
non- EP among women classified as low risk) as it was 
presented in the original M6NP study.13 In implementa-
tion studies from EPAU in the UK a PUL has been clas-
sified as high risk of EP if the predicted probability of 
EP reached a threshold (cut- off) of 5%.14 27 An optimal 
threshold can vary between clinical settings; we there-
fore explored other plausible thresholds (2.5%, 5% and 
10%) for classification as recommended when validating 
prediction models.28

To determine which model that would lead to the best 
clinical outcomes (clinical utility) if used for clinical 
decision- making the net benefit (NB) was measured at the 
5% threshold and over a range of thresholds in a decision 
curve.29 The NB is calculated as the difference between 
the number of true positives (correctly identified EP) 
and false positives (misclassified non- EP) where the latter 
is weighted by the probability threshold (online supple-
mental table 1). The choice of a certain threshold for clas-
sification reflects how the clinician values a true positive in 
relation to a false positive. A lower threshold implies that 
a true positive is valued higher than if a higher threshold 
is used. For instance, the 5% (odds 1:19) threshold trans-
lates to an acceptance of 19 false positives per correctly 
identified EP. The models’ NB was compared with default 
strategies of assuming all as positive (high risk of EP) and 
none as positive in a decision curve. If a model has an NB 
below a default strategy at a specific threshold it has no 
clinical utility at that threshold.

Since we used a complete case analysis for the valida-
tion cohort we performed a sensitivity analysis to test if 
the exclusion of women with a sampling interval between 
two hCGs shorter than 24 hours or longer than 72 hours 
presented a risk for introducing bias.30 The sensitivity 
analysis thus included all eligible women regardless of 
hCG sampling interval.

Performance measures are presented with 95% CIs. 
McNemar’s test was used for testing differences of paired 
proportions. DeLong’s test was used for testing the differ-
ence in AUC. A p value of<0.05 was considered statisti-
cally significant.

Statistical analyses were performed using SPSS V.21.0 
(SPSS, Chicago, Illinois, USA) and SAS V.9.4 (Cary, North 
Carolina, USA).

RESULTS
A total of 1447 patients were screened for inclusion into 
the study. Among them, 239 patients had only one hCG 

sample of which 186 had their pregnancy located (134 EP 
and 46 IUP) before a second hCG was taken (figure 1). 
Another 33 patients did not have a second hCG since 
a miscarriage was suspected, although not confirmed, 
and a urine pregnancy test was used as follow- up. Only 
21 patients were lost to follow- up. All 239 patients with 
a missing second hCG were managed as non- eligible 
(figure 1). Descriptive statistics of these women are 
presented in online supplemental table 2.

There were 1208 eligible women. However, 125 (10%) 
of these had a second hCG outside the targeted time 
frame. Although excluded from the validation cohort they 
were part of the sensitivity analysis (figure 1). Six women 
were diagnosed with a gestational trophoblastic disease 
and were not part of the validation cohort (figure 1). 
The validation cohort consisted of 1061 women. Descrip-
tive statistics of the validation cohort and women that 
were eligible but lost to follow- up (n=15) are presented 
in table 1. In the validation cohort 71% of the women 
(751/1061) had an hCG sampling interval of 48±8 hours. 
The clinical picture warranted inpatient surveillance 

Table 1 Descriptive statistics of patients in the validation 
cohort and patients lost to follow- up

Characteristics Validation cohort n=1061 Lost to follow- up n=15

Age (years)

  Median (Q1;Q3) 31 (26;35) 33 (29;36)

  Range 15–49 20–44

First hCG value (IU/L)

  Median (Q1;Q3) 703 (210;2312) 640 (272;6325)

  Range 7–180 000 19–2800

Second hCG value (IU/L)

  Median (Q1;Q3) 635 (150;2700) 810 (120:8100)

  Range 1–180 000 21–3500

hCG ratio (second hCG/first hCG)

  Median (Q1;Q3) 0.94 (0.45;1.59) 1.1 (0.79;1.53)

  Range 0.06–5.65 0.23–1.79

Hours between two hCG samples, n (%)

  <24 0 (0) 0 (0)

  24–39 141 (13) 2 (13)

  40–56 751 (71) 7 (47)

  57–72 169 (16) 3 (20)

  >72 0 (0) 0 (0)

Type of PUL, n (%)

  True PUL 793 (75) 11 (73)

  Probable IUP 239 (22) 4 (27)

  Probable EP 29 (3) 0 (0)

Vaginal bleeding, n 
(%)

723 (68) 8 (53)

Prior ectopic 
pregnancy, n (%)

76 (7) 1 (6)

IUD, n (%) 30 (3) 0 (0)

Because of rounding the summarised percentage sometimes are not exactly 100%.
EP, ectopic pregnancy; hCG, human chorionic gonadotropin; IUD, intrauterine 
device; IUP, intrauterine pregnancy; PUL, pregnancy of unknown location; Q1, first 
interquartile; Q3, third interquartile.
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before a second hCG was taken for 8% of the women 
(89/1061). Final outcomes of PUL were 461 failed PUL, 
362 IUP of which 98 were non- viable and 238 EP (22%) 
(including 46 PPUL).

DISCRIMINATION AND CALIBRATION
The AUC for EP was higher for M6NP, 0.85 (95% CI 0.82 
to 0.88) than for M4, 0.81 (95% CI 0.78 to 0.84) (p<0.01). 
As seen in the calibration plot, M6NP was well calibrated 
up to predictions of 0.20 with the curve close to the diag-
onal line, but underestimated risk thereafter (figure 2A). 
M4 made poorly calibrated risk predictions of EP up to 
0.40 (figure 2B). Calibration- in- the- large showed that the 
average predicted risk of EP by both models was underesti-
mated, especially M4 as it was further from 0 as compared 
with M6NP (figure 2). The average predicted risk by M4 
among higher risk groups was overestimated and under-
estimated among lower risk groups as indicated by the 
calibration slope being <1, the slope was below but closer 
to 1 for M6NP (figure 2).

CLASSIFICATION AND CLINICAL UTILITY
At the 5% risk threshold M6NP had higher sensitivity for 
identifying an EP, 95% (95% CI 92 to 98) than M4, 85% 
(95% CI 81 to 90) (p<0.01) as presented in table 2. The 
FPR was 37% for M4 and 50% for M6NP (p<0.01). The 
NPV for M4 was 94% and 97% for M6NP (p<0.01). M4 and 
M6NP classified 52% (95% CI 50 to 55) and 40% (95% 
CI 37 to 42) of PUL as low risk, respectively (p<0.01). Less 
than 50% of the failed PUL and 75% of the IUP rendered 

risk estimates ≥5% of an EP by M6NP (online supple-
mental figure 1). This equals the proportion of failed 
PUL and IUP being misclassified as EP by M6NP. M6NP 
misclassified 12 EP as low risk of which 7 were predicted 
to have a failed PUL. Among these EPs, one had emer-
gency surgery due to rupture during follow- up, but no 
blood transfusion was needed. Online supplemental table 
4 presents details for all EP misclassified by M6NP.

At the 10% threshold M6NP had a sensitivity of 91%, 
FPR of 39% and NPV of 96% (table 2). The sensitivity was 
lower at 80% for M4 and the FPR was improved but not as 
marked as for M6NP. At the 2.5% threshold as compared 
with the 5% threshold the sensitivity and NPV were only 
marginally higher for M6NP while the FPR increased 
from 50% to 61% and the proportion of PUL classified as 
low risk decreased from 40 to 31% (table 2).

Decision curve analysis showed that the curve for 
M6NP was above that of M4 and the default strategy of 
assuming all as positive over the entire range of thresh-
olds (figure 3). This means that M6NP had higher NB 
than M4 and utility at any threshold. M4 had no utility at 
risk thresholds ≤5% as the curve was under the reference 
curve of assuming all women as positive.

SENSITIVITY ANALYSIS
In the sensitivity analysis all women with at least two hCG 
and any sampling interval were included. Descriptive statis-
tics for all 1186 women were similar with those in the vali-
dation cohort except the hCG sampling interval (online 
supplemental table 5). Both models had marginally lower 

Figure 2 (A) The calibration plot shows that the curve for M6NP, with pointwise 95% CI (shaded blue area), is close to the 
line at 45 degrees up to predicted probabilities of 0.20. This indicates that risk predictions for ectopic pregnancies (EPs) are 
accurate in this range. When the predicted risk is 40% however the observed proportion of ectopic pregnancy is ~50% which 
means that risk of EP is underestimated. (B) M4 underestimates risk of EP up to estimates of 0.40 as the curve is clearly above 
the line at 45 degrees in this range.
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AUC. Calibration for both models was little changed as 
seen in the calibrations plots (online supplemental figure 
2). The sensitivity and the FPR at the 5% risk threshold 
were almost the same as in the validation cohort for both 
models, although slightly lower (online supplemental 
table 6).

DISCUSSION
This external validation study found that M6NP performs 
similarly in a Swedish emergency gynaecology unit as in 

EPAU in the UK where it was developed. M6NP made 
more accurate predictions of an EP and could better 
differentiate an EP from a non- EP than M4. A difference 
between the models in a clinical perspective was that 
M6NP classified fewer PUL as low risk than M4 leading 
to its higher sensitivity and FPR at the 5% threshold. This 
could result in more women being part of some sort of 
close monitoring if clinical decision- making is based on 
M6NP as compared with M4, but importantly an opportu-
nity for early diagnosis of more EP starting as PUL. At the 

Table 2 Classification accuracy of the M6NP and M4 at the 2.5%, 5% and 10% threshold

Threshold Accuracy measure M6NP M4 P value

2.5% Sensitivity 97 (94 to 99) 91 (88 to 95) <0.01

False positive rate 61 (58 to 65) 43 (40 to 46) <0.01

Negative predictive value 98 (96 to 99) 96 (94 to 97) <0.01

Percentage classified as low risk 31 (28 to 34) 46 (44 to 50) <0.01

5% (used in previous studies) Sensitivity 95 (92 to 98) 85 (81 to 90) <0.01

False positive rate 50 (47 to 54) 37 (34 to 40) <0.01

Negative predictive value 97 (96 to 99) 94 (92 to 96) <0.01

Percentage classified as low risk 40 (37 to 42) 52 (50 to 55) <0.01

10% Sensitivity 91 (87 to 94) 80 (75 to 85) <0.01

False positive rate 39 (36 to 43) 30 (37 to 34) <0.01

Negative predictive value 96 (94 to 98) 92 (90 to 94) <0.01

Percentage classified as low risk 49 (46 to 52) 58 (56 to 61) <0.01

Reported as percentage (95% CI).

Figure 3 Decision curve analysis for M4 (dashed red line) and M6NP (blue line). The high risk threshold is above which 
a pregnancy of unknown location is classified as high risk (positive) of ectopic pregnancy. M6NP has a higher net benefit 
compared with M4 and default strategies of assuming all (dashed green line) or none (grey line) of pregnancy of unknown 
location as high risk over the entire range of thresholds. M6NP thus has utility at any threshold as compared with M4 that has 
no utility ≤5%.
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10% threshold M6NP maintained a high sensitivity while 
the FPR was significantly lower. M6NP had clinical utility 
at any threshold unlike M4 that had no clinical utility at 
thresholds ≤5%.

This is the first study to test the generalisability of M6NP 
in an emergency gynaecology unit which is an important 
step before a prediction model can be recommended for, 
or discouraged from wider implementation.31 We present 
real world data on how M6NP would perform in a setting 
that in several aspects are different from the original 
cohort with encouraging results.

One limitation of the study was the complete case anal-
ysis approach. However, a sensitivity analysis that included 
all women regardless of sampling interval between two 
hCGs revealed that the performance of M6NP was sparsely 
affected. We have no reason to believe that the validation 
cohort is not representative of the target population and 
the sample size after exclusion was still large enough for 
inference about the models’ predictive performance.21 
We refrained from including patients lost to follow- up in 
the sensitivity analysis which could be a limitation of the 
study. However, given the small fraction of patients lost to 
follow- up, a sensitivity analysis using multiple imputation 
would produce virtually identical results as the current 
analysis.

Six eligible women with a gestational trophoblastic 
disease were excluded. In a clinical situation a diagnosis 
is not known at the moment of prediction, why it might 
have been ideal to include these women. A post hoc anal-
ysis revealed that five out of six would have been classified 
as high risk, affecting specificity negatively since being 
non- EP. Although a limited number, this must be taken 
into consideration when interpreting our data. Another 
limitation was the retrospective design of the study 
although common when validating or developing predic-
tion models as in the original M6NP study.15

The average predicted probability of EP in the entire 
cohort (calibration- in- the- large) was underestimated, 
especially for M4, which was an effect of the lower rate 
of EP in the original cohorts.10 13 M6NP was well cali-
brated up to predictions of 0.20 contrary to M4. Instead 
predictions by M4 were clearly too low up to predictions 
of 0.40, also reported when recently validated in EPAUs 
in the UK.14 This implies that predictions made by M6NP 
unlike M4 were accurate at thresholds relevant for clinical 
decision- making and underestimation at higher thresh-
olds may thus be irrelevant in this respect.23

M6NP mainly misclassified IUP and to a lesser extent 
failed PUL as EP in our cohort, consistent with the find-
ings in the UK validation study.14 M6NP generated higher 
risk estimates of an EP for failed PUL in our cohort as 
compared with failed PUL in the validation study from 
the UK. A greater number of failed PUL was consequently 
misclassified as high risk at the 5% threshold leading to 
a higher FPR in our study than in previous studies.13 14 
The reasons for discrepancies between risk predictions 
could be because of differences in hCG sampling interval, 
inclusion of inpatients and that the median hCG levels in 

our study were higher. The use of imputed hCG values 
when the second hCG was taken after more than 3 days or 
missing completely in the UK validation study could also 
contribute to differences.14

We did not assess M6P (adding progesterone as a 
predictor) since progesterone is not used in our clinic. As 
previously reported in studies from the UK and Australia 
it is probable that M6P would perform better as compared 
with M6NP also in our unit.14 32

In clinical practice a woman with a predicted failed 
PUL after just two hCG measurements is followed up with 
a home urine pregnancy test after 2 weeks and if an IUP 
is predicted the examination is repeated after 1 week. 
Women with a PUL classified as high risk of EP are re- ex-
amined within 24 hours.3 33 In such a clinical situation 
high classification accuracy is crucial for a prediction 
model to be useful. In our study M6NP only misclassified 
5% (n=12) of the EP as low risk. On the other hand, 50% 
of non- EP were misclassified as high risk which could 
result in high numbers of unnecessary visits, admissions 
to the ward and potentially interventions if implemented. 
There is insufficient data to rely on when it comes to 
costs and benefits of misclassifying women with a PUL 
which makes it difficult to define an optimal threshold 
for high risk classification, a general challenge when 
implementing a clinical prediction model.28 When M4 
and M6NP have been used in clinical practice it has been 
considered reasonable to allow 19 misclassified non- EP 
for every correctly classified EP which equals the 5% risk 
threshold.3 12 Our population had a high rate of EP and 
the 5% threshold therefore seems justifiable to optimise 
sensitivity. However, the sensitivity for EP remained high 
for M6NP at the 10% threshold while the FPR decreased 
from 50% to 39%. The trade- off between sensitivity and 
FPR at the 2.5% threshold was less favourable since the 
FPR increased significantly and the sensitivity was only 
marginally higher as compared with the 5% threshold. 
Since M6NP had clinical utility at the 5 and 10% thresh-
olds we suggest that any of these are appropriate to use in 
our clinical setting.

Regardless of which threshold is finally implemented 
one must remember that M6NP should always be used 
as a complement to clinical judgement and never as a 
sole decision instrument. M6NP and M6P are available at 
www.earlypregnancycare.co.uk where the 5% threshold is 
used by default.

Conclusion
The performance of M6NP as opposed to M4 was encour-
aging when validated on women with PUL in an emer-
gency gynaecology unit. M6NP can be introduced in 
related yet untested clinical settings outside the UK and 
EPAU to effectively support clinical decision- making. 
Updating M6NP in a local context to account for 
geographical differences could be an option to improve 
calibration.
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Supplemental Table 1. Covariates used in the original M4 [1] and M6NP [2] cohorts. 

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)
2
 

The quadratic effect was added because the linearity for the logit 

assumption was violated for hCG ratio. 

M6NP log(initial hCG) Log transformation of the first hCG 

M6NP log(hCG ratio) Log transformation of (second hCG/first hCG) 

M6NP [log(hCG ratio)]
2
 Square of the log transformed hCG ratio 

Log refers to the natural logarithm. hCG = human chorionic gonadotropin. 

a
Average hCG ratio in the original M4 cohort. Centering reduced the correlation between hCG ratio 

and its square from 0.96 to 0.59. 
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Linear predictor functions for M4 where IUP was reference category [1]: 

𝑧1 = 𝑙𝑜𝑔 (𝑃(𝐹𝑃𝑈𝐿)𝑃(𝐼𝑈𝑃) ) 

= +5.8803 −5.5594 × (ℎ𝐶𝐺 𝑟𝑎𝑡𝑖𝑜 − 1.17) +2.0504 × (ℎ𝐶𝐺 𝑟𝑎𝑡𝑖𝑜− 1.17)2 −1.175 × log (𝑎𝑣𝑒𝑟𝑎𝑔𝑒 ℎ𝐶𝐺) 

 

𝑧2 = 𝑙𝑜𝑔 ( 𝑃(𝐸𝑃)𝑃(𝐼𝑈𝑃)) 

= 0.3857 −0.2627 × (ℎ𝐶𝐺 𝑟𝑎𝑡𝑖𝑜 − 1.17) −3.9319 × (ℎ𝐶𝐺 𝑟𝑎𝑡𝑖𝑜− 1.17)2 −0.0572 × log (𝑎𝑣𝑒𝑟𝑎𝑔𝑒 ℎ𝐶𝐺) 

Linear predictor functions for M6NP where EP was reference category [2]: 

𝑧1 = 𝑙𝑜𝑔 (𝑃(𝐹𝑃𝑈𝐿)𝑃(𝐸𝑃) ) 

= 2.5506 −0.4242 × 𝑙𝑜𝑔(𝑖𝑛𝑖𝑡𝑖𝑎𝑙 ℎ𝐶𝐺) −2.9502 × 𝑙𝑜𝑔(ℎ𝐶𝐺 𝑟𝑎𝑡𝑖𝑜) +2.1765 × [𝑙𝑜𝑔(ℎ𝐶𝐺 𝑟𝑎𝑡𝑖𝑜)]2 

 

𝑧2 = 𝑙𝑜𝑔 (𝑃(𝐼𝑈𝑃)𝑃(𝐸𝑃) ) 

= −3.2842 +0.4072 × 𝑙𝑜𝑔(𝑖𝑛𝑖𝑡𝑖𝑎𝑙 ℎ𝐶𝐺) +1.9238 × 𝑙𝑜𝑔(ℎ𝐶𝐺 𝑟𝑎𝑡𝑖𝑜) +2.8952 × [𝑙𝑜𝑔(ℎ𝐶𝐺 𝑟𝑎𝑡𝑖𝑜)]2 
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By using the exponentiated linear predictor functions of M4 and M6NP respectively the probability of 

each outcome are computed as: 

𝑃(𝐹𝑃𝑈𝐿) = 𝑒𝑥𝑝(𝑧1)1 + 𝑒𝑥𝑝(𝑧1) + 𝑒𝑥𝑝(𝑧2) 

 

𝑃(𝐼𝑈𝑃𝑜𝑟 𝐸𝑃 ) = 𝑒𝑥𝑝(𝑧2)1 + 𝑒𝑥𝑝(𝑧1) + 𝑒𝑥𝑝(𝑧2) 

 

𝑃(𝐸𝑃𝑜𝑟 𝐼𝑈𝑃) = 11 + 𝑒𝑥𝑝(𝑧1) + 𝑒𝑥𝑝(𝑧2) 

The probability of IUP is computed with the third formula when M4 is used. If M6NP is used the third 

formula computes the probability of EP. Log in the linear predictor functions refers to the natural 

logarithm. PUL, pregnancy of unknown location; FPUL, failed PUL; IUP, intrauterin pregnancy, EP, 

ectopic pregnancy. 

Equation of Net Benefit [3]: Net benefit = (True positive)/𝑛  −   (False positive)/𝑛 · ((𝑃𝑡/(1 − 𝑃𝑡)) , where true positive is 

the number of EP classified as high risk; false positive is the number of non-EP classified as high risk 

and n is the total number of patients. In the equation false positives are weighed by the odds of the 

selected risk threshold (𝑃𝑡) for high risk classification. If a 5% risk threshold is chosen, a false positive 

non-EP is valued at 1/19th of a true positive EP.  
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Supplemental Table 2. Descriptive statistics of 239 non-eligible patients. 

Age (years)  

         Median (Q1; Q3) 32 (26; 36) 

         Range 15–46 

First hCG value (IU/L)  

         Median (Q1; Q3) 1400 (310; 5300) 

         Range 3–78000 

Type of PUL, n (%)  

         True PUL 88 (37) 

         Probable IUP 85 (36) 

         Probable EP 66 (28) 

Vaginal bleeding, n (%)  155 (65) 

Prior ectopic pregnancy, n (%)  20 (8) 

IUD, n (%)  0 (0) 

hCG, human chorionic gonadotropin; Q1, first interquartile; Q3, third interquartile; PUL, pregnancy of unknown location; 

IUP, intrauterine pregnancy, EP, ectopic pregnancy; IUD, intrauterine device. Because of rounding the summarised 

percentage are not exactly 100%. 
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Supplemental Table 3. Descriptive statistics of failed PUL, intrauterine pregnancies and ectopic 

pregnancies in the validation cohort and the original M4 and M6NP
 
cohorts. 

Outcome of PUL/variable Validation cohort Original M4
 
cohort Original M6NP cohort 

Failed PUL
a
 461 (43) 109 (55) 785 (54) 

Age (Years)
b
 31 (27; 35) 30 (7) 32 (27; 36) 

First hCG value (IU/L)
 b

 334 (120; 1078) N/A
c
 308 (104; 975) 

Second hCG value (IU/L)
 b

 158 (53; 460) N/A
c
 143 (48; 397) 

hCG ratio
b
 0.42 (0.27; 0.64) 0.35 (0.27) 0.40 (0.28; 0.58) 

hCG average (IU/L)
b
 261 (93; 790) 89 (216) N/A

d 
 

Intrauterine pregnancy
a
 362 (34) 76 (39) 501 (35) 

Age (Years)
b
 29 (24; 33) 30 (6) 30 (24; 33) 

First hCG value (IU/L)
 b

 1521 (464; 5125) N/A
c
 488 (253; 887) 

Second hCG value (IU/L)
b
 2765 (983; 7900) N/A

c
 1061 (515; 1863) 

hCG ratio
b
 1.81 (1.39; 2.21) 2.12 (0.57) 2.15 (1.83; 2.50) 

hCG average (IU/L)
b
            2226 (746; 6750) 727 (986) N/A

d
 

Ectopic pregnancy
a
 238 (22) 12 (6) 163 (11) 

Age (Years)
b
 32 (27; 36) 32 (6.5) 32 (28; 35) 

First hCG value (IU/L)
b
 810 (252; 2315) N/A

c
 521 (200; 1220) 

Second hCG value (IU/L)
b
 920 (265; 2735) N/A

c
 604 (224; 1266) 

hCG ratio
b
 1.05 (0.86; 1.31) 1.41 (0.47) 1.16 (0.96; 1.48) 

hCG average (IU/L)
b
            865 (270; 2600) 621 (354) N/A

d
 

PUL, pregnancy of unknown location;  hCG, human chorionic gonadotropin; Q1, first quartile; Q3, third 

quartile; IQR, interquartile range; N/A, not available.  

a
Reported as number (%) 

b
Reported as median (Q1; Q3) in the validation cohort and the original M6 cohort, and as median (IQR) in 

the original M4 cohort. 

 
c
The first and second hCG value were only presented as an average in the original M4 cohort.  

 d
The average hCG value was not presented in the original M6 cohort. 
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Supplemental Table 4. Descriptive statistics of 12 ectopic pregnancies misclassified as low risk by M6NP. 

Type of PUL First hCG 

(IU/L) 

Second hCG 

(IU/L) 

M6NP 

prediction  

Site of EP Rupture  Treatment 

True PUL 470 290 FPUL Tubal No Salpingotomy 

Probable EP 88 42 FPUL Tubal Yes Salpingectomy 

True PUL 619 1948 IUP Tubal No Salpingectomy 

True PUL 3700 1500 FPUL Tubal No Salpingectomy 

True PUL 700 220 FPUL Tubal No Salpingectomy 

Probable EP 420 210 FPUL Tubal No Salpingectomy 

True PUL 10000 20000 IUP Tubal No Salpingectomy 

True PUL 640 240 FPUL Tubal No Salpingectomy 

True PUL 43 170 IUP Tubal No Salpingectomy 

Probable EP 56 23 FPUL Tubal No Salpingectomy 

True PUL 130 330 IUP Tubal No salpingectomy 

True PUL 230 590 IUP Tubal No Salpingectomy 

hCG, human chorionic gonadotropin, PUL, pregnancy of unknown location; EP, ectopic pregnancy; FPUL, 

failed PUL; IUP, intrauterine pregnancy. 
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Supplemental Table 5. Descriptive statistics of patients (n=1186) in the sensitivity analysis.  

Age (years)  

         Median (Q1;Q3) 31 (26;35) 

         Range 15–49 

First hCG value (IU/L)  

         Median (Q1;Q3) 697 (210;2300) 

         Range 7–180000 

Second hCG value (IU/L)  

         Median (Q1;Q3) 615 (142;2655) 

         Range 1–190000 

Hours between two hCG samples, n (%)   

         <24 70 (6)
 
 

         24–39 141 (12) 

         40–56 751 (63) 

         57–72 169 (14) 

         >72 55 (5) 

Type of PUL, n (%)  

         True PUL 880 (74) 

         Probable IUP 254 (21) 

         Probable EP 52 (4) 

Vaginal bleeding, n (%)  803 (68) 

Prior ectopic pregnancy, n (%)  86 (7) 

IUD, n (%)  37 (3) 

hCG, human chorionic gonadotropin; Q1, first interquartile; Q3, third interquartile; PUL, pregnancy of unknown 

location; IUP, intrauterine pregnancy, EP, ectopic pregnancy; IUD, intrauterine device. Because of rounding the 

summarised percentage sometimes are not exactly 100%. 
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Supplemental Table 6. Performance of M6NP and M4 at the 5% threshold in the sensitivity analysis. 

Performance measure M6NP M4 

AUC 0.84 (0.81–0.86) 0.80 (0.77–0.83) 

Sensitivity, % 93 (90–96)  83 (78–87) 

False positive rate, % 49 (48–53) 36 (33–39) 

Negative predictive value, % 96 (94–98) 92 (90–94) 

   

AUC, area under the receiver operating characteristic curve. 95% confidence interval (in 

parentheses).   
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