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Perinatal mortality is higher in twins. Effects of twin order have not previously been studied in the context
of single fetal demise. Our objective was to determine whether death of the fetus more proximal to the
cervix will result in worse perinatal outcomes. Our population includedmultiple pregnancies with two viable
fetuses confirmed prior to 20 weeks’ gestation with the subsequent death of at least one twin. All the preg-
nancies were managed at The Royal Women’s Hospital, Melbourne between 2006 and 2014. We excluded
pregnancies of higher order multiples, the death of both twins simultaneously, and cases with incomplete
outcome data. Maternal and neonatal data were reviewed. Of 46 pregnancies included, in 24 (52%), the
dead twin was presenting. Gestational age at delivery was significantly earlier in these cases (mean differ-
ence: -5.0 weeks, 95% CI [-7.4, -2.6], p < .001), and emergency cesarean rates were higher 67% versus 32%
(OR 4.29, 95% CI [1.25, 14.7], p = .02). There were no differences in the frequency of chorioamnionitis,
preterm prelabor rupture of membranes, or placental abruption. Survival rates for co-twins were similar in
both groups (presenting 83%; not presenting 91%; OR 0.41, 95% CI [0.07, 2.50], p = .29). The increase
in neonatal morbidities was related to prematurity rather than to order. Findings were more common in
dichorionic twins. Analysis was limited by a small sample size. If the dead twin is presenting, delivery is
likely to occur earlier, with associated morbidity for the survivors. This is especially relevant for dichorionic
twin pregnancies.
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Greater use of assisted reproductive techniques and delay-
ing of pregnancy tomore advancedmaternal age have led to
an increase in the number of multiple pregnancies (Umstad
et al., 2013). Antenatal death of a single twin affects 15%
of monochorionic (MC) and 3% of dichorionic (DC) twin
pregnancies after the first trimester (Hillman et al., 2011).
Antenatal death is problematic for the surviving co-twin;
for example, it can precede death of both twins (Hillman
et al., 2010). Current research is focused on the neurologi-
cal consequences for the viable twin and the long-term out-
comes for these individuals (Jatzko et al., 2015; van Klink
et al., 2015). Characterization of predictive factors that may
influencemorbidity andmortality can result in better coun-
seling of parents on the prognosis for their remaining child.

Many studies describe the increase in morbidity for the
second twin in uncomplicated twin pregnancies (Armson

et al., 2006; Choi et al., 2015; Smith et al., 2007). Second
twins experience greater rates of admission to neonatal in-
tensive and special care units, respiratory distress, andmor-
tality (Choi et al., 2015). The effect of twin order has not
previously been studied in the context of single intrauter-
ine fetal death (IUFD).

Our aim was to assess the effect of twin order in the
context of single IUFD on perinatal outcomes, including
the timing of delivery. We hypothesized that the death of
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the twin more proximal to the cervix would result in worse
perinatal outcomes for the pregnancy and the surviving
co-twin. The rationale behind this hypothesis is that the
exposure of disintegrating tissue to external environments
is potentially a risk factor for infection, as well as premature
rupture of membranes and preterm labor.

Materials and Methods
This was a cohort study from a large tertiary referral cen-
ter, The Royal Women’s Hospital, Melbourne, Australia,
of twin pregnancies with the loss of a single fetus later
than 20 weeks’ gestation over a 9-year period from 2006
to 2014. Cases of single fetal death were principally iden-
tified through the hospital’s ultrasound Picture Archiv-
ing and Communication System GE Viewpoint. Additional
cases were identified using the hospital inpatient classifica-
tion system. Included cases were viable twin pregnancies at
20 weeks where there was a subsequent death of one fetus.
We excluded multiple pregnancies of higher order, cases
where the death of both twins was diagnosed simultane-
ously, and those where outcome data were unavailable or
incomplete. Cases where fetal death was first diagnosed at
delivery were also excluded.

The earliest ultrasoundwas used to determine the agreed
date of delivery. Chorionicity was determined by the earli-
est available ultrasound prior to 20 weeks’ gestation, and
confirmed through placental histopathology after birth.
Data were collected from maternal antenatal and inpatient
records, as well as from neonatal records.

The study met the criteria established for quality assur-
ance activities outlined in the National Health and Med-
ical Research Council’s guideline ‘Ethical Considerations
in Quality Assurance and Evaluation Activities’ (National
Health and Medical Research Council, 2014) and was ap-
proved as an audit by the Human Research Ethics Commit-
tee of The Royal Women’s Hospital.

Maternal Data
Maternal parameters included age at pregnancy outcome,
mode of conception, and comorbidities. Maternal com-
plications including antenatal admission, selective feto-
cide date and indication, antenatal corticosteroid admin-
istration, and tocolysis were noted. Chorioamnionitis and
placental abruption were defined by histopathological ev-
idence. Cervical cerclage, gestational diabetes mellitus,
twin-to-twin transfusion syndrome, and preterm prela-
bor rupture of membranes (PPROM) were recorded. Fetal
growth restriction was diagnosed on antenatal fetal weight
estimation and recorded for each twin separately, defined as
an estimated fetal weight less than the 10th percentile using
Hadlock 2 estimated fetal weight algorithm and reference
charts. Intrapartum variables included the mode of deliv-
ery, presentation of each twin, duration and type of labor,

and estimated blood loss. Gestation at IUFD and delivery
was calculated.

Neonatal Data
Birth weight, sex, and neonatal outcomes were recorded
for all twins. 1- and 5-minute Apgar scores and cord pH
were recorded, where available. Admission to and dura-
tions of stay in the neonatal intensive care unit and the
special care nursery were documented. Data were collected
on the durations of assisted ventilation via an endotra-
cheal tube and of nasal continuous positive airway pres-
sure. Intraventricular hemorrhage, periventricular leuko-
malacia, bronchopulmonary dysplasia, necrotizing entero-
colitis, and birth trauma were confirmed from available
records. The presence of congenital and other anomalies
was recorded for both the surviving and the index IUFD
twin.

Twin order was determined through the review of ultra-
sound images and reports. The twin closer to the cervix at
the time of IUFDdiagnosiswas considered to be presenting.
We categorized pregnancies into two groups: IUFD Twin
1 where the dead twin was presenting, and IUFD Twin 2
where the surviving twinwas presenting. The cause of death
was determined by post-mortem examination, molecular
karyotype, or imaging findings, when possible.

Statistical Analysis
The differences between groups for continuous variables
were assessed using t tests, and mean differences with
95% confidence intervals (CI) were calculated; equal vari-
ances were not assumed if Levene’s test suggested the non-
homogeneity of variance. Dichotomous variables were ana-
lyzed using either chi square or Fisher’s exact test if sample
sizes were small, and odds ratios (OR) with 95% CI were
calculated. To adjust for discrepancies in gestational age at
delivery, continuous variables were analyzed by linear re-
gression and dichotomous variables by logistic regression.
IBM SPSS Statistics for Macintosh, Version 22.0 was used
for data analysis.

Results
During the study period, 1,500 twin pregnancies wereman-
aged at the hospital, 58 of which met the initial inclusion
criteria. Of these, 12 cases were excluded: 1 case was origi-
nally a triplet pregnancy, 3 were lacking outcome data, and
8 deaths were first diagnosed at delivery. A total of 46 cases
were included in the study. In 24 (52%) of these cases, the
dead twin was presenting at the time of diagnosis.

Maternal Demographic and Outcome
Chorionicity, maternal age at pregnancy outcome, need
for assisted reproductive techniques, and various obstet-
ric complications were similar between the two groups
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TABLE 1
Maternal Demographic by Twin Order

IUFD Twin 1 IUFD Twin 2 Statistics OR
n = 24 n = 22 [95% CI], p value

Chorionicity
MCMA 1 (4) 1 (5)
MCDA 9 (38) 6 (27)
DCDA 14 (58) 15 (68)
Age—years, mean (SD) 31.8 (5.3) 34.5 (5.6) 2.70 [0.54, 5.94], .10∗

Assisted reproduction 4 (17) 6 (27) 0.53 [0.13, 2.22], .30

Obstetric complications
Pregnancy hypertensive disorder 2 (8) 2 (9) 0.91 [0.12, 7.07], .93
Gestational diabetes mellitus 2 (8) 2 (9) 0.91 [0.12, 7.07], .93
Cerclage 1 (4) 0 (0) 2.87 [0.11, 74.3], .52
Abruption 6 (25) 1 (4) 7.00 [0.77, 63.7], .08
PPROM 8 (33) 6 (27) 1.33 [0.38, 4.72], .66
Chorioamnionitis 13 (54) 8 (36) 2.07 [0.63, 6.75], .23
Antenatal admission 17 (71) 10 (45) 2.91 [0.86, 9.83], .08
ICU admission 0 (0) 1 (4) 0.29 [0.01, 7.56], .46
Tocolysis 8 (33) 2 (9) 5.00 [0.93, 26.9], .06
TTTS 6/10 (60) 5/7 (71) 0.60 [0.08, 4.76], .63

Note: n (%) unless otherwise stated. ∗Mean difference 95% confidence interval (CI). ART = assisted re-
productive technique, MCMA = monochorionic monoamniotic, MCDA = monochorionic diamniotic,
DCDA = dichorionic diamniotic, PPROM = preterm prelabour rupture of membranes, ICU = intensive
care unit, and TTTS = twin-to-twin transfusion syndrome.

TABLE 2
Causes of Fetal Death

Cause of death n (%)

Structural or chromosomal anomaly 15 (32.6)
Twin-to-twin transfusion syndrome 10/17 (58.8)∗

Fetal growth restriction 7 (15.2)
Cord complication 6 (13.0)
Placental abruption 4 (8.7)
Chorioamnionitis 2 (4.3)
Cytomegalovirus infection 1 (2.2)
Unknown 1 (2.2)

Note: ∗Percentage calculated from total monochorionic pregnancies.

(Table 1). In two cases, chorionicity was unable to be con-
firmed at placental histopathology; however, both of these
were considered to be monochorionic diamniotic on ultra-
sound. There was no significant difference in the rates of
PPROM, placental abruption, chorioamnionitis, or antena-
tal admission associated with twin order.

Fetal Death
Of the 46 cases, 12 had a selective reduction procedure of
one twin because of chromosomal or structural anoma-
lies, 42% (5/12) of which were presenting. In one case,
the anomalies were associated with periconceptional
cytomegalovirus infection. Structural or chromosomal
anomalies were the most frequent cause of death overall
(33%) and accounted for 45% (13/29) of index deaths
in dichorionic diamniotic twins. Of all monochorionic
diamniotic pregnancies, 59% (10/17) of deaths were caused
by twin-to-twin transfusion syndrome. Other causes of
death included cord complications, placental abruption,
fetal growth restriction, and chorioamnionitis (Table 2). In

one case, the cause of death was unknown after external
post-mortem examination and failed molecular karyotype.
The surviving co-twin in this case was found to have
brain changes on magnetic resonance imaging consistent
with congenital infection; however, maternal serology was
negative.

Obstetric and Intrapartum Outcomes
Themean gestation at which the index fetal death occurred
was 27.8 weeks and there was no significant difference be-
tween groups (Table 3). When the dead twin was present-
ing (IUFD Twin 1), delivery occurred at an average of
5 weeks earlier and the interval between diagnosis of index
fetal death and delivery was on average 2.9 weeks shorter
(Table 3).

Vaginal delivery and elective cesarean delivery rates
were similar in the two study groups, whereas delivery by
emergency cesarean section was more common when the
dead twin was presenting (Table 3). In women who had
an emergency cesarean, a higher proportion of those in
the IUFD Twin 1 group experienced labor (Table 3). The
rates of significant blood loss (greater than 500 mL) were
similar.

Neonatal/Fetal Outcomes
Of the 46 co-twin survivors of single IUFD, 40 (87%) sur-
vived, 83% (20/24) in the IUFD Twin 1 group and 91%
(20/22) in the IUFD Twin 2 group. Survival rates were not
related to twin order (OR 0.41, 95%CI [0.07, 2.50], p= .29).
Five out of the six pregnancies where the co-twin died were
monochorionic. Of the six deaths, one occurred in utero as
a result of acute myeloid leukemia associated with trisomy
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TABLE 3
Obstetric and Intrapartum Outcomes by Twin Order at IUFD

IIUFD Twin 1 IUFD Twin 2
n = 24 n = 22 Statistics

Obstetric outcomes Mean diff [95% CI], p value
Gest. age at IUFD (wks) 26.8 (3.0)∗ 28.9 (5.5)∗ -2.2 [-4.8, -0.5], .11∗∗

Gest. age at delivery (wks) 29.0 (2.9)∗ 34.1 (4.8)∗ -5.0 [-7.4, -2.6], <.001∗∗

IUFD to delivery interval (wks) 2.3 (2.6)∗ 5.2 (4.9)∗ -2.9 [-5.2, -0.6], .016

Intrapartum outcomes OR [95% CI], p value
Vaginal delivery 6 (25) 8 (36) 0.58 [0.16, 2.07], .40
Elective cesarean 2 (8) 7 (32) 0.19 [0.03, 1.07], .06
Emergency cesarean 16 (67) 7 (32) 4.29 [1.25, 14.7], .02
In labor 12/16 (75) 2/7 (29) 7.50 [1.02, 55.0], .05

Significant blood loss 8 (33) 9 (41) 0.72 [0.22, 2.40], .59

Note: n (%) unless otherwise stated.
∗mean (SD).
∗∗equal variance not assumed. Significant blood loss > 500 mL.

21, which affected both twins. The chromosomal anomaly
and the hematological diagnosis were confirmed at fetal
blood sampling during intrauterine transfusion of the sur-
viving co-twin, who then died 4 days later. The other five
deaths occurred after birth.

In the first case, ventriculomegaly was diagnosed ante-
natally following co-twin death from cord entanglement
in a monoamniotic twin pregnancy. Delivery was at 31+
6 weeks. After hypoxic ischemic encephalopathy, and con-
firmation of extensive periventricular leukomalacia on cra-
nial ultrasound, the infant received palliative care.

The second case was a survivor in a case of twin-anemia
polycythemia sequence. The neonate was given a poor
prognosis, and laborwas induced at 26+4weekswith a plan
for palliation.

The third case of a neonatal death was in a dichorionic
diamniotic survivor born at 24+2 weeks whose manage-
ment was changed to palliation on day 22 of life due to se-
vere cortical cystic brain infarction.

In the fourth case, where birth occurred at 23 weeks,
there was antenatal detection of ventriculomegaly and in-
traventricular hemorrhage, and the infant received pallia-
tive care after birth.

The fifth neonatal death was a consequence of extreme
prematurity, with delivery at 23weeks and 2 days. Examina-
tion of the placenta indicated that preterm labor was likely
related to a moderately large retroplacental hemorrhage.

There were significantlymore anomalies detected in sur-
viving twins where the dead twin had been presenting
(Table 4). In total, 70% of the liveborn co-twins in the IUFD
Twin 1 group were found to have an anomaly that was ei-
ther congenital or acquired, compared with only 9% in the
IUFD Twin 2 group (OR 22.9, 95% CI [4.2, 125.6], p= .01).
In 11 cases, there were anomalies present in both the sur-
viving twin, and their co-twin who had died. Five of these
cases showed concordant or related anomalies, four in the
IUFDTwin 1 group and one in the IUFDTwin 2 group. The
remaining six cases of discordant fetal anomalies were all in
IUFD Twin 1.

Univariable analysis demonstrated a significant differ-
ence between the birth weights of co-twins born alive when
comparing those that were presenting with those that were
not at the time of death of their co-twin (Table 4). Re-
gression analysis demonstrated that earlier delivery was the
main contributor to this discrepancy, and twin order alone
was not associated with birth weight. Likewise, 1-minute
Apgar scores were significantly lower due to younger gesta-
tional age at delivery rather than twin order. Other neonatal
parameters that were significant with univariable analysis
were also found to be attributable to earlier delivery within
the IUFD Twin 1 group.

Effect of Chorionicity
Mean gestational age at delivery was 32.8 weeks inDCpreg-
nancies, which was significantly higher than the 29.1 weeks
seen in MC pregnancies (mean difference: 3.7 weeks, 95%
CI [1.0, 6.3], p= .01). Subgroup analysis of the DC andMC
pregnancies revealed that the differences observed in ges-
tational age at delivery and neonatal outcomes due to twin
order were only present in DC twins. For DC twins, mean
gestation at delivery was 6.8 weeks earlier in the IUFDTwin
1 group (95% CI [4.5, 9.1], p < .01). The gestational age at
delivery for MC twins was not related to twin order (mean
difference: 2.6, 95% CI [1.7, 6.9], p = .2). In the DC group
where the dead twin was presenting, chorioamnionitis was
significantly more common (OR 6.88, 95% CI [1.35, 35.1],
p = .02), as were antenatal admissions (OR 19.5, 95% CI
[2.0, 190], p = .01) and emergency cesarean delivery (OR
5.00, 95% CI [1.03, 25.3], p = .046). For the surviving co-
twins of DC pregnancies, the IUFD Twin 1 group had com-
parativelymore neonatal nursery admissions (OR24.4, 95%
CI [2.13, 84.3], p = .01), respiratory distress (OR 14.7, 95%
CI [2.4, 88.5], p < .01), and treatment with nasal contin-
uous positive airway pressure (OR 6.9, 95% CI [1.4, 35.1],
p = .02). There were no significant differences between the
outcomes for mothers or surviving co-twins when compar-
ing twin order within the MC group.
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TABLE 4
Liveborn Twin Outcomes by Twin Order

IUFD Twin 1 IUFD Twin 2 Univariable Multivariable†
Neonatal variables n = 23 n = 22 (p value) (p value)

Anomalies in survivor, n (%) 16 (70) 2 (9) <.01 <.01
Birthweight, mean (SD) 1,224 (497) 2,206 (964) <.01 .39
Apgar scores

1 minute, median (IQR) 6.0 (3.8–8.0) 8 (6.8–9.0) .02 .40
5 minute, median (IQR) 8.0 (7.0–9.0) 9 (8.0–9.0) .05 .65

Cord pH (n = 23)
Venous, mean (SD) 7.30 (0.07) 7.32 (0.16) .23 .33
Arterial, mean (SD) 7.26 (0.10) 7.25 (0.18) .13 .30

NISC admission, n (%) 21 (91) 11 (50) <.01 .05
Total days, median (IQR) 32 (17–51) 17 (4–63) .39 .06

NICU admission, n (%) 17 (74) 7 (32) <.01 .08
NICU hours, median (IQR) 226 (30–494) 31 (0–274) .40 .12

SCN admission, n (%) 20 (87) 11 (50) .01 .06
SCN days, median (IQR) 20 (8–29) 11 (3–21) .60 .55

Total care days (n = 33)
Median (IQR) 49 (32–81) 17 (6–67) .08 .39

Respiratory distress, n (%) 17 (74) 7 (32) <.01 .18
Surfactant, n (%) 7 (30) 1 (4) .05 .19
Intubation, n (%) 7 (30) 2 (9) .09 .53
CPAP, n (%) 16 (70) 8 (36) .03 .20

CPAP hours, median (IQR) 120 (38–277) 21 (9–277) .54 .10

Note: †Adjusted for gestational age at delivery. GA = gestational age, NISC = neonatal intensive and special
care, NICU = neonatal intensive care unit, SCN = special care nursery, and CPAP = continuous positive
airway pressure.

Discussion
Themajor finding of our study of twin pregnancies compli-
cated by a single fetal death after 20 weeks was that deliv-
ery occurred significantly earlier when the dead twin was
presenting. Earlier delivery resulted in more neonatal mor-
bidity for the surviving co-twin, with higher rates of admis-
sion to intensive care for respiratory support to treat respi-
ratory distress. After adjusting for differences in gestational
age, birth order itself did not affect neonatal morbidity. The
other major finding was that the rate of anomalies in the
surviving co-twin was much higher if it was the present-
ing twin who had died. In addition, maternal morbidity
was largely unrelated to the order of fetal death, although
emergency cesarean deliverywasmore commonwith IUFD
Twin 1.

We had hypothesized worse outcomes for surviving
twins related to chorioamnionitis and PPROM as a disin-
tegrating fetus is more likely to be a source for infection if
it is closer to the cervix. A loss of tissue integrity could also
cause the rupture of membranes, abruption, and labor. The
higher frequencies of abruption and chorioamnionitis were
not statistically significant between groups and may repre-
sent a beta error because our study was small. Nonetheless,
we are yet to identify a definitive cause for the observed rel-
ative prematurity.

It is recognized that anomalies are present at higher rates
in twins (Sperling et al., 2007). Our study was no excep-
tion, showing structural and chromosomal abnormalities
to be a major cause of fetal death, either because of lethal
changes or selective termination. A total of 40% of surviv-
ing twins were also affected by anomalies. An unexpected

finding was the high rate of anomalies affecting surviving
co-twins when fetal death occurred in Twin 1, which is un-
explained by current theories on high rates of anomalies in
twins.

Many studies have demonstrated worse outcomes for the
second twin (Choi et al., 2015; Smith et al., 2002, 2007).
There are a number of theories as to why the second twin
born has an inferior outcomewhen compared with the first.
It has been speculated that asphyxia due to prolonged in-
tertwin delivery time and malpresentation both contribute
to worse outcomes in twins (Arnold et al., 1987), and de-
spite the development of antenatal corticosteroids, postna-
tal surfactant, and modern intensive care, there remains a
clear disadvantage for the second-born twin (Shinwell et al.,
2004). Our results demonstrate that this is the case even
when intrauterine death of a single twin occurs, because
of the higher risk of prematurity when the dead twin is
presenting.

Chorionicity is known to be the best predictor of out-
comes for the survivor of an IUFD in twins, due to the con-
sequences of shared placental circulation (Hillman et al.,
2010). A recent study showed a difference in the rate of
preterm delivery between MC and DC groups to be 68%
and 54%, respectively (Hillman et al., 2011). Our results
were consistent with this finding, demonstrating a statisti-
cally significant difference in gestation at delivery between
MC and DC twin in cases of single fetal death.

Strengths and Limitations
Fortunately, the single death of a twin is a relatively
rare event. Our study was undertaken at a large tertiary
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referral center over a 9-year period in which 1,500 twin
pregnancies were delivered. Even so, a limitation of our
study is the low number of cases. Inclusion of pregnan-
cies where death was the result of selective fetocide after
20 weeks’ gestation increased the study numbers. However,
the controlled nature of these events may mean that out-
comes are more favorable for this group (Cleary-Goldman
& D’Alton, 2004). This as well as the skew towards anoma-
lies in IUFD Twin 1 survivors mitigate the generalizability
of our research on a larger scale. Research on single IUFD
ismoving towards separate analysis of the outcomes follow-
ing selective reduction because of this difference in prog-
nosis for the surviving twin (O’Donoghue et al., 2009). Re-
gression analysis was similarly limited by low participant
numbers. Adjustment for gestational age was done for all
cases, which allowed us to show that the difference in out-
comes for the survivor was largely related to gestational age
rather than twin order.With only 29DC pregnancies, it was
not possible to do the same adjustment within this group
alone, where gestational age at delivery was seen to be sig-
nificantly less when the dead twin was presenting. Given
the well-described influence of chorionicity on pregnancy
outcomes in single IUFD, this inability to analyze groups
separately is a significant limitation to our study.

Interpretation
Our study helps to advise pediatric clinicians and parents
of the risks to the surviving child, and assists in identify-
ing those cases with a higher risk of neonatal morbidity
due to early gestational age at delivery. Medicalization of
the neonatal period can be tumultuous for parents, adding
to the emotional stress of losing a child. Parents also re-
port impaired decision making when there is single fetal
loss in a multiple pregnancy (Richards et al., 2015), some-
thing towhich clinicians should be sensitive. Counseling on
expected outcomes for the pregnancy, including the risk of
early delivery, may help parents to prepare themselves dur-
ing what is likely to be a difficult time.

Conclusions
In our study, we have demonstrated that in twin pregnan-
cies with single IUFD, there may be worse outcomes for the
pregnancy and survivor if the dead twin is presenting. Ges-
tation at delivery is significantly earlier, and because of this,
the complications of prematurity aremore prevalent. Those
of dichorionic placentation are particularly affected by twin
order. More research should be undertaken to establish the
mechanism behind early delivery, and the role of chorioam-
nionitis in these outcomes.
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