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Aim: To determine the differences in hemoglobin (Hb) levels in the first 2 days after birth in uncomplicated
monochorionic twins in relation to birth order and mode of delivery. Methods: All consecutive uncompli-
cated monochorionic pregnancies with two live-born twins delivered at our center were included in this
retrospective study. We recorded Hb levels at birth and on day 2, and analyzed Hb levels in association
with birth order, mode of delivery, and time interval between delivery of twin 1 and 2. Results: A total of
290 monochorionic twin pairs were analyzed, including 171 (59%) twins delivered vaginally and 119 (41%)
twins born by cesarean section (CS). In twins delivered vaginally, mean Hb levels at birth and on day 2
were significantly higher in second-born twins compared to first-born twins: 17.8 versus 16.1 g/dL and 18.0
versus 14.8 g/dL, respectively (p < .01). Polycythemia was detected more often in second-born twins (12%,
20/166) compared to first-born twins (1%, 2/166; p < .01). Hb differences within twin pairs delivered by
CS were not statistically or clinically significant. We found no association between inter-twin delivery time
intervals and Hb differences. Conclusions: Second-born twins after vaginal delivery have higher Hb levels
and more often polycythemia than their co-twin, but not when born by CS.

m Keywords: Monochorionic twins, hemoglobin, vaginal delivery, cesarean section, umbilical cord
clamping

Placental vascular anastomoses are extremely rare in di-
chorionic twins, but almost ubiquitous in monochori-
onic twins. These vascular anastomoses allow antenatal
inter-twin blood transfusion and may lead to severe compli-
cations such as twin—twin transfusion syndrome (TTTS) or
twin anemia—polycythemia sequence (TAPS). However, in
most monochorionic twins, inter-twin blood transfusion
between the two fetuses is ‘balanced” and the pregnancy
evolves without complications until birth. During birth,
acute shifts of blood through the vascular anastomoses may
also occur and lead to large Hb differences between the two
neonates (Lopriore et al., 2005; 2014). A few small studies in
uncomplicated monochorionic twins reported significantly
higher Hb levels in second-born twins compared to first-
borns, suggesting a possible role for intrapartum placento-
fetal transfusion (Faxelius et al., 1977; Klebe & Ingomar,
1972; Lopriore et al., 2005). However, these studies are lim-
ited by small sample sizes, hampering the interpretation of
the results and the evaluation of possible risk factors.

The aim of this study was to evaluate the Hb differences
at birth in a large cohort of uncomplicated monochorionic
twins and determine the effect of birth order, mode of deliv-
ery, and time-interval to delivery between twin 1 and twin 2.

Methods

All consecutive monochorionic twins delivered at our ter-
tiary care center between May 2002 and October 2015 were
included in this retrospective study. We excluded mono-
chorionic twins affected by TTTS, TAPS, twin reversed ar-
terial perfusion sequence (TRAP) or single or double fetal
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TABLE 1
Baseline Characteristics

Twin pairs delivered vaginally (n = 171)

Twin pairs delivered through CS (n = 119)

Gestational age at birth — weeks? 34.6 £3.0
Birth weight — gr? 2,167 £ 610
Birth weight discordance — %2 9.8(3.8-17.8)
Female — no. (%) 89 (52%)
Delivery time interval — minutes® 9 (5-16)

332428
1,821 £ 650
16.7 (7.8-30.2)
58 (49%)
2(1-2)

Note: 2Value given as mean + SD or median (IQR).

demise. Similarly, when the first twin was delivered vagi-
nally and the co-twin through secondary CS, the twin pair
was also excluded. We defined TTTS according to the Euro-
foetus criteria, with a cut-off at a deepest vertical pocket of
amniotic fluid in the donor at <2 cm and in the recipient of
>8 cm within the first 20 weeks of gestation or >10 cm after
gestational week 20 (Senat et al., 2004). The definition of
TAPS was based on the presence of inter-twin Hb difference
>8 g/dL and at least one of the following criteria: reticulo-
cyte count ratio >1.7 or placenta injection with colored dye
showing only minuscule anastomoses (diameter <1 mm;
Slaghekke et al., 2010).

Hb levels were routinely assessed at birth from umbilical
cord blood or venous blood directly from the neonate when
umbilical cord blood could not be used. Since Hb levels are
subject to significant change in the first few hours after birth,
and in particular in cases with acute large shifts due to intra-
partum blood transfusion, we also recorded Hb levels on
day 2 (Lopriore et al., 2005). The following perinatal data
was collected: gestational age at birth, mode of delivery (CS
or vaginal delivery), and time interval between delivery of
the first twin and the second twin (in minutes). We were
not able to record the timing of cord clamping as this is not
routinely registered in deliveries occurring at our center.
Local guidelines recommend cord clamping at 60-90 s, but
this varies in practice.

The following neonatal data were collected: gender,
birth weight, birth weight discordance, occurrence of poly-
cythemia, treatment with partial exchange transfusion or
red blood cell transfusion in the first 2 days of life, and
neonatal mortality. Birth weight discordance was calcu-
lated by dividing the difference in birth weight between
twins by the birth weight of the larger twin. Polycythemia
was defined as a venous hematocrit level >65%. Neonatal
mortality was defined as death within 28 days after birth.
Acute peripartum TTTS was defined as an Hb difference of
at least 8 g/dL at birth, without signs of TAPS or chronic
TTTS (Loprioreetal., 2014). In case of polycythemia, partial
exchange transfusion was performed when venous hemat-
ocrit >70% in asymptomatic patients or hematocrit >65%
in symptomatic patients (Rosenkrantz, 2003).

The primary outcome of the study was inter-twin Hb
differences at birth and day 2. Data were analyzed in associ-
ation with birth order, mode of delivery, and time interval
between delivery of twin 1 and twin 2.

The hospital’s Research Ethics Committee approved the
study (protocol number: P15.325).

Statistics

Data are reported as means and standard deviations (SD) or
as medians and interquartile ranges (IQR), as appropriate.
Continuous values within twin pairs were analyzed using
the paired ¢ test. Paired nominal data were analyzed using
the McNemar test. Unpaired continuous data were analyzed
using the Mann—Whitney Test. For comparing unpaired
nominal data, the chi-square test was used. The Spearman
correlation coefficient was used to study the relationship
between time interval at birth between the first-born twin
and the second-born twin and Hb levels. A p value <.05 was
considered to be statistically significant. SPSS version 20
was used for performing the analysis (SPSS, Inc., Chicago,
Ilinois, USA).

Results

A total of 290 monochorionic twin pairs were analyzed in
this retrospective study, including 171 (59%) twin pairs de-
livered vaginally and 119 (41%) pairs born through CS.
Baseline characteristics of the population are shown in
Table 1.

At birth, paired Hb samples were available in 143 (84%)
twin pairs in the vaginal delivery group and 115 (97%)
twin pairs in the CS group. On day 2, paired Hb samples
were available in 89 (52%) vaginally born twin pairs and 67
(56%) in the CS group. Hb levels in relation to birth order
and mode of delivery are presented in Table 2. Mean Hb
levels at birth were significantly higher in second-born twins
when delivered vaginally, but no differences were detected
between twin 1 and 2 when delivered through CS. Inter-twin
Hb differences were significantly larger in twins delivered
vaginally compared to CS, 1.9 (IQR: 0.6-3.9) g/dL versus
1.1 (IQR: 0.4-3.1) g/dL (p = .02).

On day 2, inter-twin Hb differences increased and be-
came more evident in twins born vaginally. Second-born
twins had a higher Hb level in 70% (100/143) of cases at
birth and 80% (74/93) on day 2 after vaginal birth. In the
CS group, second-born twins had a higher Hb level in 62%
(70/113) of cases at birth and 54% (35/65) of cases on
day 2.

242

https://doi.org/10.1017/thg.2016.23 Published online by Cambridge University Press

TWIN RESEARCH AND HUMAN GENETICS


https://doi.org/10.1017/thg.2016.23

Hemoglobin Differences in Monochorionic Twins

TABLE 2

Hb Levels in Relation to Birth Order in Monochorionic Twin Pairs Delivered Vaginally or Through CS

Twin pairs delivered vaginally (n = 171)

Twin pairs delivered through CS (n = 119)

Twin 1 Twin 2 p value Twin 1 Twin 2 p value p value
Hb level at birth — g/dL>® 16.1+24 178+25 <.01 159+22 163+25 .10
Hb level on day 2 — g/dL*© 148+27 180+3.0 <.01 1554+26 160+28 .23
Hb difference at birth — g/dL* b 1.9 (0.6-3.9) 1.1 (0.4-3.1) .02
Hb difference on day 2 — g/dL® ¢ 3.7 (2.7-6.3) 2.4 (0.9-4.9) <.01
Hb difference > 8 g/dL at birth —n (%)P 9 (5.2%) 0 (0.0%) <.01
Hb difference > 8 g/dL on day 2 — n (%)° 11 (6.4%) 0 (0.0%) <.01

Note: 2Value given as mean & SD or median (IQR); PHb levels at birth were available in 143 twin pairs delivered vaginally and in 115 twin pairs
delivered through CS. ¢Hb levels on day 2 were available in 91 twin pairs delivered vaginally and in 64 twin pairs delivered through CS. Hb =

hemoglobin, CS = cesarean section.
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FIGURE 1

Hemoglobin level at birth and on day 2 in twin 2 in relation to
delivery time interval.

The median time interval between the birth of twin 1
and twin 2 by means of vaginal delivery was 9 (IQR: 5-
16) minutes. The median delivery time interval in the twins
born through CS was 2 (IQR: 1-2) minutes. In both groups,
no association between prolonged inter-twin delivery time
interval and Hb level differences were found. We found no
association between delivery time interval and Hb levels at
birth or day 2 in second-born twins after vaginal delivery,
as shown in Figure 1.

The rate of polycythemia was significantly higher in
second-born twins compared to first-borns after vaginally
delivery, 12% (20/166) versus 1% (2/166) (p < .01). No
difference was detected in the CS group, 1% (1/119) versus
0% (0/199; p=.99).

Acute peripartum TTTS (Hb difference >8 g/dL at birth)
occurred in 5.2% pregnancies (9/166) and was detected only
in twin pairs after vaginal delivery. Second-born twins were
always the recipient twins in case of acute peripartum TTTS.
Further details on the clinical characteristics are listed in
Table 3.

Discussion

This study showed that Hb differences at birth are a com-
mon finding in monochorionic twins born vaginally, even

in the absence of TTTS or TAPS. We found that Hb differ-
ences are only present after vaginal delivery but not after
CS, highlighting an important effect of mode of delivery. In
addition, Hb levels are usually higher in second-born twins
suggesting an important role of birth order. Our data sug-
gest that inter-twin blood shifts may occur during vaginal
delivery particularly towards the second twin.

Our findings confirm observations from a few small
studies (Faxelius et al., 1977; Galea et al., 1982; Klebe &
Ingomar, 1972; Lopriore et al., 2005), although they dif-
fer from the findings of Bhide et al. (2006). While they
found a trend towards a lower Hb level in a group of 20
second-born monochorionic twins, the small sample size
may have hampered their conclusions (Bhide et al., 2006).
In a previous, similar study from our research group, we
found no association between mode of delivery and Hb
differences (Lopriore et al., 2005). Again, the small study
groups (28 twin pairs delivered vaginally and 17 pairs de-
livered through CS) prevented accurate statistical analyses.
The large sample size in our present study reduces the risks
of bias and may allow unraveling of the complex mecha-
nisms that regulate inter-twin blood shifts during delivery.
The other important strength of this study is that we were
able to collect data for Hb levels at birth as well as on day
2. In general, Hb levels in neonates (whether singletons or
twins) increase in the first few hours after birth. The initial
short-term increase is due to hemoconcentration as plasma
moves towards the extravascular space to compensate for
the placental transfusion and increase in circulating red
cell volume at the time of delivery. After several hours, Hb
levels in neonates gradually decreases (Brans et al., 1981;
Gairdner et al., 1958). In addition, in case of acute shifts
of blood, initial Hb level measurements are known to be
unreliable. When acute blood loss occurs, Hb levels initially
remain stable due to vasoconstriction (Drucker et al., 1981).
Hb levels reflecting the true blood loss can only be clearly
detected after several hours, due to a compensatory mecha-
nism of equilibration termed hemodilution. Hemodilution
is a gradual increase in intravascular volume and plasma
volume that takes place to compensate for acute blood loss
(Saito et al., 2013). Conversely, when an infant receives an
acute transfusion of blood, the expected rise in Hb levels
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TABLE 3

Clinical Outcome in Twins Born Through Vaginally Delivery and CS Delivery

Twins delivered through vaginal delivery

Twins delivered through CS

Twin1n=171 Twin2n=171 pvalue Twin1n=119 Twin2n=119 pvalue
Mortality — no. (%) 2 (1%) 4 (2%) .63 2 (2%) 5 (4%) .45
Polycythemia — no. (%)? 2 (1%) 20 (12%) <.01 0 (0%) 1(1%) .99
Partial exchange transfusion — no. (%)? 1(1%) 4 (3%) .38 0 (0%) 1(1%) .99
Blood transfusion — no. (%)? 4 (3%) 2 (1%) .63 5 (5%) 2 (2%) .33

Note: 2In first two days after birth. CS = cesarean section.

is only seen after several hours once equilibration between
the intravascular and extravascular spaces is achieved. This
is why we chose in this study to record Hb levels at birth as
well as on day 2.

Inter-twin Hb differences in monochorionic twins are
known to be mediated through the invariable presence of
placental vascular anastomoses connecting the two fetal cir-
culations. Inter-twin Hb differences may already be present
during pregnancy and can be associated with several disor-
ders such as TAPS or TTTS. Inter-twin Hb differences may
also occur during delivery in uncomplicated monochori-
onic twins. The exact pathophysiologic mechanism lead-
ing to inter-twin blood transfusion during delivery is not
well known. Some authors suggested that uterine contrac-
tions or changes in fetal positioning may lead to inter-twin
blood pressure differences and exacerbated inter-twin blood
transfusion through the vascular anastomoses (Lehndorff,
1961; Sherer et al., 1992; Wenstrom et al., 1992). How-
ever, evidence for this hypothesis is lacking. Various other
alternatives may explain the inter-twin Hb differences. In
this study, we found a similar decrease in Hb levels (0.3—
0.4 g/dL) between birth and day 2 in both first- and second-
born twins delivered through CS. In contrast, in twins born
vaginally, the decrease in Hb level in first-born twins is more
prominent (1.3 g/dL) and is associated with a concomitant
increase in Hb levels in second-born twins. The increase in
Hb levels in second-born twins suggests that twin 2 may
receive more blood during vaginal delivery. One hypothesis
is that this increase in Hb level in twin 2 may result from
blood transfusion from twin 1 to twin 2 during delivery
(which could explain the significant decrease in Hb level
in twin 1). Alternatively, the increase in Hb level in twin 2
may result from transfusion of blood from both placental
shares into the circulation of the second twin (placento-
fetal transfusion) through the patent vascular anastomoses
(Lopriore & Oepkes, 2008; Lopriore et al., 2005). A third
hypothesis is that the increase in Hb levels in second-born
twins could be related to the time interval between delivery
of twin 1 and twin 2. Theoretically, prolonged time interval
until delivery of twin 2 could be associated with increased
placento-fetal transfusion towards twin 2 and explain the
higher Hb levels in second born twins. However, our data
do not support this theory since we found no association
between prolonged delivery time interval and Hb levels in

twin 2. Last, a fourth hypothesis is that the large Hb dif-
ferences between twin 1 and twin 2 could be related to the
timing of cord clamping. As shown in various studies, Hb
levels at birth are strongly related with the timing of cord
clamping. Late cord clamping (>30 s after birth) leads to
higher Hb levels due to increased placento-fetal transfu-
sion compared to early cord clamping (McDonald et al.,
2013; Mercer, 2001; Rabe et al., 2012). Unfortunately, the
timing of cord clamping was not recorded at our center
and may vary between caregivers. Although it is tempting
to assume that the time taken to clamp each cord was not
different during delivery of each twin pair, it is possible that
a difference could have occurred. Obstetricians may theo-
retically be tempted to clamp the cord of the first-born twin
more quickly to focus their attention towards the some-
times more complicated delivery of the second twin. The
significant drop in Hb level in twin 1 may be the result
of relatively very early cord clamping resulting in reduced
placento-fetal transfusion towards twin 1.

Although our study was not designed to assess the impact
of timing of cord clamping, our data may have implications
concerning the timing of cord clamping. Since second-born
twins delivered vaginally have increased Hb levels and are
more often at risk of polycythemia, delayed cord clamping
may not be advisable in second-born twins. In contrast,
since first-born twins have a significant decrease in Hb lev-
els, early cord clamping should be avoided in first-born
twins. Evidently, these suggestions must be tested in appro-
priately designed studies to evaluate the benefits of differ-
ent cord-clamping strategies in this particular subgroup of
monochorionic twins delivered vaginally.

Although our study is the largest study so far to ana-
lyze Hb levels in uncomplicated monochorionic twins, care
should be taken when interpreting due to the retrospective
nature of the study. Another limitation of our study is that
Hb levels on day 2 were only measured in 53% of the in-
cluded neonates and that timing of cord clamping was not
recorded. Both findings are inherent to the retrospective
nature of the study and should be taken into account when
designing a prospective study in the future.

In conclusion, twins born second generally have higher
Hb levels at birth and on day 2 when delivered vaginally,
but no inter-twin Hb differences were detected after CS.
Whether Hb differences result primarily from increase in
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Hb levels in twin 2 due to placento-fetal transfusion, de-
crease in Hb levels in twin 1 due to early cord clamping, or
inter-twin blood shifts from twin 1 to twin 2 during delivery
is not clear. Targeted studies to evaluate the optimal timing
of cord clamping in monochorionic twins delivered vagi-
nally are obviously required. Further studies are also nec-
essary to determine the association between Hb differences
in monochorionic twins and the number, type, and size of
placental vascular anastomoses. These studies may improve
our understanding of the pathophysiological mechanisms
leading to blood shifts in monochorionic twins at birth.
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