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Abstract
Background  This study aimed to evaluate the usefulness of the first-trimester crown-rump length (CRL) and nuchal trans-
lucency (NT) discordance in monochorionic diamniotic twins (MCDA) for the prediction of complications—twin–twin 
transfusion syndrome (TTTS), selective fetal growth restriction (sFGR) or intrauterine fetal demise (IUFD).
Methods  Intertwin discordance in the CRL and NT was calculated as a percentage of the larger CRL and NT, respectively. 
The performance of inter twin discordance (CRL ≥ 10% and NT≥ 20%) for predicting complications was analysed using 
standard statistical screening test methods.
Results  Fifty-eight MCDA twin pregnancies were studied. Out of them, 19 (32%) pregnancies resulted in one of the com-
plications studied (4 TTTS, 10 sFGR, 5 IUFD). CRL and NT discordance showed an increased probability of developing 
complications positive likelihood ratio (LR+) {95% confidence interval}: 2.05 {0.46–9.23} and 1.88 {1.03–3.45}, respec-
tively. NT discordance showed a sensitivity of 57%.
Conclusions  Although discordant first-trimester CRL and NT in monochorionic twins are poor screening tools for early 
prediction, if positive, they increase the risk of developing complications.
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Introduction

Monochorionic (MC) twin pregnancies are considered high-
risk pregnancies because of the risk of developing unique 
complications like twin–twin transfusion syndrome (TTTS), 
selective fetal growth restriction (sFGR) or intrauterine 
fetal demise (IFUD) of one or both the twins, resulting in 
increased perinatal mortality and morbidity [1]. Mostly, 

these complications are either attributable to unidirectional 
large vascular anastomoses in the placenta connecting two 
fetal circulations (more specific for the development of 
TTTS) or due to unequal sharing of placenta between the 
twins (resulting in more in sFGR cases). TTTS complicates 
around 10–15% of monochorionic pregnancies [2], resulting 
in hemodynamic and fluid imbalances among the fetuses, 
and if left untreated, results in fetal demise in up to 90% 
cases [3]. sFGR (traditionally defined as estimated weight 
discordance of more than 25% among fetuses) occurs in up 
to 15% of monochorionic pregnancies, which aside from 
increasing the risk of preterm deliveries, is also a high-risk 
factor for resulting demise of the growth-restricted fetus [2, 
3]. This can, in turn, because of the presence of vascular 
anastomoses, have neurological consequences in the sur-
viving twin [2]. Many international guidelines recommend 
extensive monitoring of monochorionic pregnancies starting 
from 16 weeks [2–4], which entails fortnightly scanning to 
look for growth and amniotic fluid discordance and Dop-
plers. This approach allows the identification of complica-
tions early so that patients are offered fetal therapy.
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Various predictive markers/screening tests are proposed 
to identify high-risk monochorionic pregnancies which 
may end up with these complications but more importantly 
to reassure couples at the start of the pregnancy that they 
potentially are in a low-risk group.

The objective of this study was to evaluate the usefulness 
of the first-trimester crown-rump length (CRL) and nuchal 
translucency (NT), both markers are performed routinely 
in all cases and to see whether discordance of CRL and NT 
between the two twins would predict complications such 
as—twin–twin transfusion syndrome (TTTS), selective fetal 
growth restriction (sFGR) or intrauterine demise (IUFD).

Methods

This was a retrospective study conducted at Apollo Centre 
for Fetal Medicine, between January 2010 and December 
2018, a tertiary care referral centre in Delhi.

We retrieved data of all relevant parameters from an 
obstetric database Astraia software Gmbh (Version 1.25.2, 
Germany), of all viable monochorionic pregnancies who had 
their CRL and NT measured between 11 and 13 + 6 weeks’ 
gestation, as a part of first-trimester aneuploidy screening. 
The Fetal Medicine Foundation (FMF)-UK NT accredited 
specialists performed all the scans  according to the defined 
criteria for CRL and NT measurements [5]. We ascertained 
the chorionicity by identifying the T-sign (monochorionic) 
or lambda sign (dichorionic), and the number of placental 
masses  for all pregnancies [6].

Pregnancies referred to us at later gestations (≥ 14 weeks) 
with or without complications, even where the first-trimes-
ter CRL and NT measurements were available but not per-
formed by us were excluded from the study as were those 
MCDA twins who did not follow up with us.

Following our protocol, all monochorionic pregnancies 
were followed by ultrasound at two-weekly intervals from 
16 weeks onwards and more frequently if there were any 
ultrasound signs suggestive of complications.

For each pregnancy, CRL and NT intertwin discord-
ance percentage were calculated: (CRL or NT of the larger 
twin minus the CRL or NT of the smaller twin)/CRL or 
NT of the larger twin × 100. CRL discordance of ≥ 10% and 
NT discordance of ≥ 20%, criteria defined by the Interna-
tional Society of Ultrasound in Obstetrics and Gynecology 
(ISUOG) guidelines on twins, was considered as significant 
discordance [3] (See Fig. 1).

The pregnancies were followed for the development of 
any of the following complications:

1.	 TTTS was defined as the occurrence of oligohydram-
nios in one sac (donor twin, deepest vertical pocket 
{DVP} < 2 cm) and polyhydramnios in the other sac 
(recipient twin, DVP > 8 cm) [7].

2.	 sFGR was defined according to following criteria: esti-
mated fetal weight (EFW) of one twin < 3rd centile or 
presence of at least 2 out of four contributory param-
eters (EFW of one twin < 10th centile, the abdominal 
circumference of one twin < 10th centile, EFW discord-
ance of ≥ 25%, and umbilical artery pulsatility index of 
the smaller twin > 95th centile) [8].

3.	 The intrauterine fetal demise of one or both the twins 
after 16 weeks, not secondary to TTTS or sFGR.

We collected data of other outcomes, i.e. gestation at 
delivery, mode of delivery, birth weight of both the fetuses 
and any other specific pregnancy-related complications from 
the labour ward database, telephonically from the parents or 
their obstetricians.

The primary objective was to evaluate the predic-
tive ability of the first-trimester CRL or NT intertwin 

Fig. 1   Image showing NT discordance at 12 + 1 weeks
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discordance, expressed as a percentage of the larger twin 
measurement, for subsequent development of any adverse 
events (TTTS, sFGR or IUFD).

Data Analysis

All continuous variables were tested for normal-
ity assumptions using the Kolmogorov–Smirnov test. 
Descriptive statistics such as mean, standard deviations 
and range values were calculated for normally distributed 
data. Categorical variables were expressed as frequency 
and percentages. Diagnostic measures such as sensitiv-
ity, specificity, positive likelihood ratios and negative 
likelihood ratios (for assessing the value of performing a 
particular test) were calculated along with the 95% con-
fidence intervals (CI) Receiver operating characteristic 
(ROC) curves were constructed for NT and CRL discord-
ance, and area under the curve along with 95% CI was 
calculated for each.

SPSS statistics software IBM version 23.0 (Armonk, 
NY: IBM Corp) was used for calculations.

Results

A total of 58 monochorionic diamniotic pregnancies were 
recruited after satisfying the inclusion and exclusion criteria. 
The mean age of the participants was 30.4 years (SD 5.4), 
and mean BMI was 24.8 kg/m2 (SD 3.6). Nulliparous women 
formed 61.6% of the cohort and most conceived spontane-
ously (85%).

Out of 58 MCDA twin pairs, 19 (33%) pregnancies 
resulted in one or the other complications studied—4 had 
TTTS, 10 pregnancies were complicated by sFGR, and 5 
pregnancies resulted in the intrauterine demise of one or 
both the twins (Fig. 2).

Table 1 shows the details of pregnancies which had any 
of these complications, along with NT and CRL discordance 
calculated in each pregnancy and subsequent outcomes of 
the pregnancies.

Based on combined first-trimester screening (ultrasound 
markers plus dual marker), 7 women screened positive for 
Down syndrome. As a protocol of our unit, invasive testing 
was offered to them; 5 out of 7 opted for chorionic villous 
sampling, and 2 declined further testing. In those tested, no 
chromosomal aneuploidies were detected.

Fig. 2   Flow diagram summaris-
ing pregnancies who developed 
adverse outcomes and explain-
ing possible causes for IUFD
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NT discordance (≥ 20%) as a predictor of adverse out-
comes had a low sensitivity [57.9%; 95% CI 33.5–79.8%] but 
a relatively good specificity [69.2%; 95% CI 52.4–82.9%]. 
The accuracy of CRL discordance (≥ 10%) as a predictor of 
complications was very low, the sensitivity of CRL discord-
ance was 15.8% [95% CI 3.4–39.6%]; however, it showed 
high specificity for predicting low adverse outcomes [92.3%; 
95% CI 79.1–98.4%].

Table 2 summarises the performance of NT and CRL 
discordance for prediction of adverse pregnancy outcomes.

CRL and NT discordance showed a moderate increased 
probability of developing adverse fetal outcomes, positive 
likelihood ratio (LR+) {95% CI}: 2.05 {0.46–9.23} and 1.88 
{1.03–3.45%}, respectively.

The prediction of the subsequent development of com-
plications provided by NT discordance (≥ 20%) [Fig. 3], 
expressed as the area under the ROC curve was 0.63 (95% CI 

0.47–0.78), while it was 0.60 (95% CI 0.45–0.77) for ≥ 10% 
CRL discordance [Fig. 4].

Discussion

Main Findings Out of 58 MCDA twin pregnancies analysed 
in our study, complications specific to monochorionic pla-
centation (TTTS, sFGR or IUFD) occurred in 33% of the 
cases, which is slightly higher than quoted but that may 
be because we are a referral unit for MCDA pregnancies 
[1]. Our data showed that first-trimester CRL discordance 
(≥ 10%) and NT discordance (≥ 20%) were not useful pre-
dictors of an adverse outcome [sensitivity (58% and 15%). 
However they had a reasonable specificity (69% and 92%). 
These parameters can at least be used for initial triaging 
of patients, the high risk ones to be referred for a second 

Table 1   Details of pregnancies which developed complications, along with NT and CRL discordance and subsequent outcomes

Patient Gestational age 
at scan (weeks)

NT1 (mm) NT2 (mm) NT dis-
cordance 
(%)

CRL1 (mm) CRL2 (mm) CRL dis-
cordance 
(%)

Complica-
tions
TTTS-1, 
sFGR-2, 
IUD-3

Outcome (weeks)
{Live birth-LB}

1 12 + 1 1.2 0.9 25 52.5 48.5 8 2 LB (35 + 2)
2 12 1.0 4.1 75 50.0 51.5 3 2 LB (35 + 1)
3 12 + 1 1.4 1.1 21 50.0 55.4 10 2 LB (35 + 2)
4 12 + 2 1.6 1.7 5 60.3 63.8 6 3 IUD (16 + 6)
5 12 1.5 1.2 20 51.5 51.4 0.2 2 LB (35 + 1)
6 13 + 4 1.5 1.5 0 83.1 83.6 0.6 3 1LB (34 + 3)
7 13 1.9 1.7 11 67.4 63.8 5.3 1 LB (28)
8 13 + 5 2.4 2.3 4 77.0 77.0 0 3 IUD (18 + 6)
9 12 + 1 1.7 10 83 55.8 55 0.1 3 IUD (17)
10 12 + 4 1.2 2.1 42 57.3 63.6 10 2 LB (35 + 1)
11 12 + 4 1.6 1.5 6 67.4 69.7 3 2 LB (32 + 5)
12 12 + 2 1.6 1.4 13 63.9 64.8 1.4 1 1LB (28)
13 12 + 4 4.4 1.6 63 61.5 62 0.8 3 IUD (20)
14 13 + 3 2.6 2.0 23 72.7 72 0.9 1 Termination (17 + 6)
15 12 + 4 1.1 1.7 35 66.1 68.8 4 1 LB (28 + 5)
16 13 + 6 1.1 1.2 8 87.0 84 3 2 LB (35 + 1)
17 13 + 3 1.2 1.6 25 54.0 74 27 2 LB (28 + 2)
18 12 + 3 1.6 1.4 13 58.0 58 0 2 LB (34)
19 11 + 4 1.6 5.7 72 53.3 56.4 5 2 LB (29 + 4)

Table 2   Performance of NT and 
CRL discordance for prediction 
of adverse pregnancy outcomes

Sensitivity (%) Specificity (%) Positive likelihood 
ratio [95% CI]

Negative likeli-
hood ratio [95% 
CI]

NT discordance (≥ 20%) 57.9 69.2 1.88 [1.03–3.45] 0.61 [0.34–1.07]
CRL discordance (≥ 10%) 15.8 92.3 2.05 [0.46–9.23] 0.91 [0.74–1.13]
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opinion to a fetal therapy centre for counselling and the low 
risk ones followed up locally.

Mackie et al. [9], in their study of 177 monochorionic 
diamniotic twins, demonstrated a statistically significant 
increase in the odds of developing complications specific to 
monochorionic placentation for each 1 percentage increase 
in NT and CRL discordance.

Systematic reviews and meta-analysis [10, 11] done to 
evaluate the role of ultrasound markers (NT or CRL dis-
crepancy) as early predictors of outcomes in monochori-
onic pregnancies have shown nearly similar results as ours, 
that is, a moderate increase in the likelihood of developing 
adverse outcomes with intertwin CRL discrepancy (≥ 10%) 
and NT discrepancy (≥ 20%), LR + 2.63 [95% CI, 1.51–4.58] 
and 1.92 [95% CI 1.25–2.96], respectively [11] with overall 
low sensitivity (52% and 15–20%, respectively) and mod-
erate specificity (73% and 90%, respectively) for detecting 
complications in these studies [10, 11]. Thus, their clinical 
utility as a robust screening test remains to be established. 
This was similar to our findings.

A recently published study by Mogra et al. [12] showed 
first-trimester NT discordance (> 20%) as a reliable pre-
dictor for TTTS (n = 9) with a reported sensitivity of 88% 
and specificity of 70% unlike ours where subgroup analy-
sis using NT discordance as a screening method for TTTS 
(n = 4) showed a sensitivity of 50% with a specificity of 59%. 
Even they found a poor correlation of CRL discordance with 
subsequent TTTS development. None of the patient in our 
group who had the first-trimester CRL discordance devel-
oped TTTS and 4 who did were concordant for CRL. Theo-
retically, CRL discordance should be more specific for sFGR 
prediction, but it failed to achieve the statistically significant 
values on subgroup analysis [12]. However, the numbers in 
each group of complications were perhaps too few to draw 
any meaningful conclusion if analysed individually.

According to the results of the present study absence of 
ultrasound features of discordance in the first trimester, CRL 
and NT cannot be considered as a benign feature as these 
screening methods do not have a consistently high nega-
tive predictive value. The presence of these features, how-
ever, also cannot be regarded as an ominous sign as we have 
assumed till now  due to its low predictive value.

In conclusion, it is not possible to identify which preg-
nancies will develop the complications specific to MCDA 
pregnancies; therefore, as recommended by most of the 
guidelines [2–4, 6, 13], we need to continue with exten-
sive ultrasound monitoring, every 2 weekly from 16 weeks 
onwards, irrespective of the first-trimester ultrasound signs 
of CRL/NT discordance, for timely identification, with 
appropriate referral to higher centres for management of 
these severe complications.

Those screened negative could be triaged as potentially 
low risk yet followed up locally but with the same rigorous 
fortnightly fetal surveillance protocol.

Strengths and Limitations Main advantage of our study is 
that all monochorionic pregnancies were followed up with 
the currently recommended standard screening protocol for 
adverse outcomes (TTTS and sFGR were defined according 
to the latest internationally accepted definitions [7, 8] in a 
centre, where early recourse to fetal therapy is available).

Fig. 3   The ROC curves of NT discordance as a predictor of adverse 
fetal events

Fig. 4   The ROC curves of CRL discordance as a predictor of adverse 
fetal events
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The relatively small cohort size and retrospective nature 
of the study are its main limitations. Also, CRL/NT discord-
ance and their predictive values for TTTS or sFGR could 
not be studied separately, as done in most of the previously 
reported studies because of the small number of complica-
tions in each group.

Conclusion

Discordance in the first-trimester CRL (≥ 10%) and in NT 
(≥ 20%) in monochorionic twins, are poor screening tools 
for early prediction of adverse pregnancy outcomes (TTTS, 
sFGR or IUFD), but if positive, they increase the subse-
quent chances of developing these complications. Never-
theless, large cohort studies are required for evaluating the 
role of various markers (ultrasound and serum biomarkers) 
in monochorionic pregnancies as early predictor of adverse 
outcomes and to develop their role as screening methods.
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