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ABSTRACT:
Objective: To evaluate the outcome of the extremely

low birth weight newborns (ELBWNs) from single and twin
pregnancies.

Material and methods: The study lasts from 2005 to
2017 and includes all life born ELBWNs treated in Univer-
sity Hospital, Pleven, Bulgaria. Patients’ groups: singletons
(1) and twins (2); twins conceived naturally(2.1) and after
assisted reproductive technologies – ART(2.2).

Results: One hundred and eighty two (182) ELBWNs
are examined, 65 (35.7%) of them are twins. The twins, com-
pared to singletons, are significantly more often conceived
by ART (47.7 vs 4.3%, p<0.001) and significantly more rarely
infected prenatally (18 vs 41%, p 0.002). The survival rate
is 51.3% for singletons and 56.6% for twins, NS.

Survived twins (n 37) achieve later their optimal nu-
tritive tolerance (30±11 vs 25±10 days, p 0.046), require
more blood transfusions (3.6±1.9 vs 2.6±1.8 per patient, p
0.009) and longer mechanical ventilation (16±15 vs 9±12
days, p 0.03) than survival singletons (n 60).

The twins suffer more often from intraventricular
haemorrhage (46 vs 18%, p 0.004), patent ductus arteriosus
(35 vs 15%, p 0.02) and long-term complications (51 vs
30%, p 0.04) than singletons.

ART-twins (n 31) compared to the subgroup 2.1 (n 34)
are more frequently intubated in the delivery room (81 vs.
50%, p 0.01)but suffer less frequently from nosocomial in-
fections (53 vs. 85%, p 0.03).

Conclusions: According to our data, ELBW-twins fre-
quently suffer from respiratory, haemorrhagic, and gastro-
intestinal problems than ELBW-singletons, resulting in more
long-term complications.

Our study proves that ART does not influence the out-
come in multiples.
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INTRODUCTION:
Twin pregnancies are an additional risk both for the

mother and the fetus/newborn. The increased risk of
preeclampsia, hypertension, placental abruption, uterine
hyperdistention, and premature birth is presented on the
mother side, which results in intrauterine growth restriction
(IUGR) and prematurity. The twin-to-twin transfusion syn-
drome (TTTS) may be an added problem in monochorionic
twins. Preterm newborn twins usually suffer more often
from respiratory distress syndrome (RDS), intraventricular
haemorrhage (IVH), necrotizing enterocolitis (NEC),
periventricular leucomalacy (PVL) and long-term neuro-
logical complications compared to preterm singletons.

Artificial fertilization / Assisted reproductive tech-
nology (ART) is discussed to be an independent risk fac-
tor raising not only the rate of multiple pregnancies with
all the resulting consequences but also such neonatal com-
plications such as IUGR, birthweight discordance, the
higher need for blood transfusions (BT).

With this study, we aim to evaluate the impact of
multiple births – from natural and ART-conception, on the
morbidity, mortality, and long-term outcome of the ex-
tremely low birth weight newborns (ELBWNs).

MATERIALS AND METHODS:
The study is a retrospective from 2005 to 2015, and

after then it is continuing as prospective. It encompasses
all ELBWNs born from 2005 to 2017, treated in the Clinic
of Neonatology, University Hospital, Pleven, Bulgaria.

Inclusion criteria:
• Life born boys and girls weighed at birth ≤1000

grams;
• Treated in the clinic of neonatology;
• Follow-up to the discharge at home or death.
Exclusion criteria: interruption of follow-up to the

discharge at home.
Grouping of the patients:
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• Group 1 – singletons, with Subgroups 1a (survived
the discharge at home) and 1b (deceased);

• Group 2 – multiples, with Subgroups 2a (survived
the discharge at home) and 2b (deceased).

The twins are divided additionally according to the
conception in subgroups 2.1 (conceived naturally) and 2.2
(from ART). The survivors are divided into subgroups 2.1a
and 2.2a, respectively, the deceased – subgroups 2.1b and
2.2b.

Followed-up indices: obstetric anamnesis, anthropo-
metric parameters, and gestational age (GA) at birth, mor-
bidity, the outcome at discharge (healthy, with long-term
complications, death).

The criteria of viability used are from the Interna-
tional Statistical Classification of Diseases (ICD) 10th
Update (birth weight – BW, ≥500 grams and GA ≥22 ges-
tational weeks – GWs).

GA is assessed by mother’s amenorrhea or by New
Ballard Score, 1991.

Adequacy of the anthropometric parameters to the GA
is measured by Fenton Growth Chart for boys and girls,
2013.

Diagnostic criteria:
• Broncho-pulmonary dysplasia (BPD) – Treatment

with oxygen >21% for at least 28 days [1]
• Retinopathy of prematurity (RoP) – according to the

International Classification of Retinopathy of Prematurity
revisited [2]

• NEC – according to the Modified Bell’s Staging Cri-
teria for Necrotizing Enterocolitis [3]

• IVH – according to the Modified Papile classifica-
tion [4]

• Residual cerebral damages – the term include all
long-term complications in the brain matter (hydrocepha-
lus, porencephaly, cerebral cysts etc.)

Statistical analysis: The data obtained from infants
in both cases and the control group are analyzed using a
Student unpaired t-test to find statistical significance.
Analysis was performed using STATGRAPHICS plus for
Windows 2.1, Microsoft Office Excel 2016, and Windows
10. The p-value < 0.05 was considered significant.

RESULTS:
One hundred and eighty-two (182) ELBWNs are ex-

amined from the delivery to the discharge. The twins are
35.7% (n 65) of all ELBWNs. The twins do not significantly
differ in BW (830±128 vs 839±121), GA (26.4±1.9 vs
26.8±2.4) and gender (F/M52/48 vs 45/55%) than single-
tons. The prenatal steroid prophylaxis is generally low –
24% in Group 1 and 17% in Group 2, respectively. The
twins are significantly more often than singleton con-
ceived by ART (47.7 vs 4.3%, p<0.001), delivered via
Cesarean section – CS(45 vs 37%, p 0.048), but more rarely
born after premature rupture of membranes – PROM, (9 vs
34%, p<0.001). Survival rate of both groups is almost iden-
tical (51.3% for Group 1 and 56.6% for Group 2, NS).

Figure 1 shows the comparative analysis of the mor-
bidity. The twins are significantly less frequently infected
prenatally. The incidence of IUGR is high in both groups
– 20% for the twins and 27.4% for the singletons. Interest-
ingly, it is higher for singletons, although the difference is
not significant.

Fig. 1. Morbidity (in %) of all ELBWNs in both groups

Comparing survivors of both groups, we determine
that the survived twins (Subgroup 2a – n 37) achieve later
their optimal nutritive tolerance (30±11 vs 25±10 days, p
0.046), require more blood transfusions (3.6±1.9 vs 2.6±1.8

per patient, p 0.009) and longer mechanical ventilation
(16±15 vs 9±12 days, p 0.03) than survival singletons (Sub-
group 1a – n 60).

Figure 2 shows the mortality of survived ELBWNs
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– twins and singletons. The twins often suffer from IVH,
patent ductus arteriosus (PDA) and residual cerebral dam-
ages.

The higher morbidity of twins results in longer hos-
pital stay (119±55 vs 95±25 days, p 0.004) and a higher
rate of discharged at home with residual problems (51 vs
30%, p 0.04) than singletons.

Comparing the deceased singletons (Subgroup 1b –
n 57) and twins (Subgroup 2b – n 28), we do not establish
a significant difference between groups according to the
BW(786±118 vs 782±130), GA (26.2±2.4 vs 26.1±2.0) and
gender (60 vs 54% M). The steroid prophylaxis is excep-
tionally low again – 21% for singletons and 14% for twins.
The deceased twins are characterized by a significantly

Fig. 2. Morbidity of survivors – singletons (1a) and multiples (2a), in %

lower rate of PROM (11 vs 33%, p 0.003), a higher rate of
ART pregnancies (50 vs 7%, p<0.001), more often are de-
livered in pathologic position (28 vs 12%) and rarely – via
normal delivery (36 vs 53%).

Figure 3 shows the morbidity of deceased ELBWNs.
The only difference between them is the less need for intu-
bation in the delivery room of the deceased twins, despite
the fact that the Apgar score on the first minute is low both
for the singletons and the twins (2.8±1.7 vs 3.3±1.9, respec-
tively, NS). These values indicate severe depressive condi-
tion at birth according to ICD 10th.

Fig. 3. Morbidity of deceased – singleton (1b) and multiples (2b), in %
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The twins are examined additionally according to
their conception. ART-twins (n 31), compared to the twins
from natural conception (n 34), do not differ in BW
(834±122 vs 826±135), GA (26.2±1.7 vs 26.6±2.0) and gen-
der (45 vs 50% M), are delivered more often via CS (65 vs
27%, p 0.009). Prenatal steroids (13 vs 21%, NS) and PROM

Fig. 5. Morbidity of survived multiples conceived naturally (2.1a) and after ART (2.2a) in %

(6 vs 12%, NS) are equally low in both groups, the sur-
vival rate is comparable (55 and 59%, NS).

Figures 4 and 5 show the morbidity analyzes of the
twins. The ART-twins are more often intubated in the de-
livery room, but they suffer less often from nosocomial
infections.

Fig. 4. Morbidity of multiples conceived naturally (2.1) and after ART (2.2) in %

DISCUSSION:
Multiple pregnancies account for a small percent-

age of overall live births, but their rate has increased by
76% in the past three decades in industrialized nations
because of increased utilization of ART and an increased
risk of spontaneous twinning in women delaying child-
bearing. [5] Multiple pregnancies compared to singleton
pregnancies are at higher risk of preeclampsia and other
hypertensive disorders, placental abruption, postpartum
hemorrhage, venous thromboembolism, and hypertensive
disorders, which increase significantly maternal morbid-

ity and mortality. The multiple pregnancies in a large per-
centage of cases end with premature birth. It is estimated
that 1 in 10 twins are born before 32 weeks compared with
1 in 100 singleton births. This is due to uterine over dis-
tension and the shortening of the cervix. [6]

Both zygosity and chorionicity affect the outcomes
of multiple gestations. The incidence of monozygotic
twins is constant worldwide, approximately four per 1000
births. However, the incidence of monozygotic and multi
zygotic pregnancies varies in relation to maternal age, the
use of ART, and ethnicity. Monozygosity has been related
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to higher rates of congenital anomalies, and chorionicity
is known to affect the risk of growth discordance and
IUGR. The important risk factor in pregnancy outcome is
placental architecture and physiology. Monochorionic
twins are at greater risk of morbidity and mortality than
dichorionic. Complications like stillbirth, neonatal mor-
tality, congenital malformations, and cerebral palsy are
thought to be related to placental sharing and the vascu-
lar anastomoses that may cause unequal distribution of
placental blood flow, causing TTTS. TTTS is usually pre-
sented in the second trimester with oligohydramnios of
the donor twin and polyhydramnios of the recipient twin.
Monochorionic monoamniotic (MCMA) twins are at
greater risk for these complications than monochorionic
diamniotic multiples, but MCMA multiples also fre-
quently face growth discordance IUGR and cord entan-
glement. [5, 7, 8]

Prematurity is the main reason for higher morbid-
ity and mortality of the twins compared to the singletons
– a fivefold increased risk of stillbirth and a sevenfold
increased risk of neonatal death. [9] According to our data,
the insufficient prenatal steroid prophylaxis, higher rate
of intrauterine hypotrophy and severe intrapartum as-
phyxia aggravate the morbidity of these patients. Residual
problems are presented mainly by broncho-pulmonary
dysplasia and consequences of intraventricular hemo-
rrhage. [10]

The newborn twins are at a higher risk of RDS[11],
IVH, PVL, sepsis, NEC. Surviving multiples have higher
rates of cerebral palsy and developmental handicap. Some
authors affirm that such major morbidities as IVH, PVL,
RoP, NEC, PDA, and nosocomial infections, as well as the
length of hospital stay, demonstrate no statistical differ-
ence between singleton and multiples premature babies.
[12]

According to our study, both the longer mechani-
cal ventilation and higher rate of PDA prove more severe
respiratory problems in twins in our unit compared to the
singletons. Difficulties of achieving the optimal nutritive
tolerance and a higher rate of severe postnatal hypotro-
phy are evidence of gastrointestinal problems in our mul-
tiples.

The Higher fetal number correlates with increased
risk of IUGR, earlier delivery, prolonged hospital stay, ma-
jor handicap and cerebral palsy, and death in the first
postnatal year. [5] Divergence from singleton growth
curves occurs at approximately 32-33 weeks in twin
gestations, at 29-30 weeks in triplet gestations, and at 27-
28 weeks in quadruplet gestations. Blickstein et al. have
evaluated the neonatal mortality rate among discordant
twins classified according to the birth weight of the
smaller twin. The authors showed significantly higher
neonatal mortality among twin pairs in whom the smaller
twin was small for gestational age. [13] The risk of cer-
ebral palsy in multiple-fetus pregnancies parallels de-
creasing gestational age. A second association during the
late preterm period (34-37 weeks’ gestation) may corre-
late with the increasing maternal morbidities of multiple-

fetus pregnancies during this time frame (i.e., fetal growth
restriction, hypertensive disorders, placental insuffi-
ciency). [14] In a prospective cohort study of monochori-
onic twins followed from the first trimester to a mean age
of 24 months, Ortibus et al. found that TTTS and ART con-
ception increased the risk of both death and neurodeve-
lopmental impairment, whereas early onset discordant
growth increased only the risk of death. [15]

According to our data, a higher incidence of the
haemorrhagic syndrome and IVH as well and higher need
for blood transfusions indicate both hemostatic and hema-
topoietic disturbances in the twin group. Higher inci-
dence of IUGR and congenital anomalies as well and in-
sufficient corticosteroid prophylaxis in our ELBWNs-
population are aggravating factors for both groups. All
these problems in our twin group result in longer hospi-
tal stay and a higher rate of residual cerebral damages.

It is proven that ART is an independent risk factor
in singleton pregnancies for Cesarean delivery, preterm
birth, IUGR, blood transfusions, prolonged hospital stay
and mortality. ART multiples suffer additionally from
birthweight discordance. [5] ART has been reported to af-
fect mortality and perinatal outcomes in extremely low
gestational age infants. [16, 17] Twins born as a result of
ART have been reported to have a lower risk of perinatal
death compared with naturally conceived twins. The num-
ber of embryos transferred may also influence perinatal
outcomes. [18] No significant differences were identified
in mortality or major neonatal morbidities between triplets
who were very low birth weight or very preterm and
matched singletons. [19]

According to our data, a lower incidence of amni-
otic infections and PROM leads to the conclusion that ART
is a factor for better clinical control of the pregnancy. ART
pregnancies are delivered more often by CS as a striving
for protection.

Although ELBWNs of multiple gestation births are
at increased risk of mortality compared with singletons,
there is an indication that this difference may be dimin-
ishing. [20]

Limitations of our study
It is a retrospective study until 2015 and unpreven-

table impacts of social, economic, personal, and ethnic
factors on our results. The effect of zygosity and chorio-
nicity was not examined because of the lack of data in
this regard. Furthermore, this data reflects the experience
of a single institution.

Throughout the study period, the borders between
abortion and birth in Bulgaria have changed several times.
This may have affected the registration of the pregnancy
outcome as abortion or birth. This means that it is possi-
ble to not include fetuses with signs of life according to
the criteria of viability limits of ICN 10th because of the
lack of their NICU admission and their registration as abor-
tion.

Therefore, extrapolations and interpretations of our
results must be made with caution.

Our study continues, and summarizing the latest re-
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sults is forthcoming to date. We have proposed to other
Bulgarian neonatal wards to join us and create a database
of ELBWNs for Bulgaria and to publish the results of the
study of this specific contingent of patients at the national
level.

CONCLUSIONS:
We prove a higher incidence of respiratory,

haemorrhagic and gastrointestinal problems in our twins
d”1000 grams BW. They have a greater need for blood
transfusions than ELBW-singleton. Consequently, they are
hospitalized longer and are discharged with more long-
term complications than a singleton.

According to our data, ART does not influence the
outcome in multiples according to those conceived natu-
rally.

There is clear evidence that our obstetric care is in-
sufficient but preventable if the reasons of IUGRare re-
solved timely, the congenital anomalies and amniotic in-
fections are diagnosed prenatally, and the best mode of
delivery is chosen opportunely.

In summary, we suggest that early recognition of
risk factors and increased awareness of risks associated
with preterm birth in twin pregnancies is important. A

close collaboration between obstetricians and neona-
tologists is advised.

Abbreviations:
ELBWNs - Extremely low birth weight newborns
ART - Assisted reproductive technologies
IUGR  - Intrauterine growth restriction
TTTS  - Twin-to-twin transfusion syndrome
RDS  - Respiratory distress syndrome
IVH - Intraventricular haemorrhage
NEC - Necrotizing enterocolitis
PVL - Periventricular leucomalacy
BT - Blood transfusions
GA - Gestational age
ICD - International Statistical Classification of Dis-
eases
BW - Birth weight
GWs - Gestational weeks
BPD - Broncho-pulmonary dysplasia
RoP - Retinopathy of prematurity
CS - Cesarean section
PROM - Premature rupture of membranes
PDA - Patent ductus arteriosus
MCMA - Monochorionic monoamniotic
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