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Hemoglobin differences in
uncomplicated monochorionic
twins in relation to birth order
and mode of delivery



Abstract

Aim: To determine the differences in hemoglobin (Hb) levels in the first two days after birth
in uncomplicated monochorionic twins in relation to birth order and mode of delivery.

Methods: All consecutive uncomplicated 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 <0.01). Polycythemia was detected more often in second-born twins (12%,
20/166) compared to first-born twins (1%, 2/166; p <0.01). 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.
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Introduction

Placental vascular anastomoses are extremely rare in dichorionic twins, but almost ubiqui-
tous in monochorionic twins. These vascular anastomoses allow antenatal inter-twin blood
transfusion and may lead to severe complications 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 pregnan-
cy evolves without complications until birth. During birth, acute shifts of blood through the
vascular anastomoses may also occur and lead to large hemoglobin (Hb) differences
between the two neonates.[1;2] 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.[3-5] However, these
studies are limited 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 uncom-
plicated monochorionic twins and determine the effect of birth order, mode of delivery
and time-interval to delivery between twin 1 and twin 2.

Methods

All consecutive monochorionic twins delivered at our tertiary care center between May
2002 and October 2015 were included in this retrospective study. We excluded monocho-
rionic twins affected by TTTS, TAPS, twin reversed arterial perfusion sequence (TRAP) or
single or double fetal demise. Similarly, when the first twin was delivered vaginally and the
co-twin through secondary cesarean section (CS), the twin pair was also excluded. We
defined TTTS according to the Eurofoetus criteria, with a cut-off at a deepest vertical pock-
et 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.[6] The definition of TAPS was
based on the presence of inter-twin Hb difference > 8 g/dL and at least two of the follow-
ing criteria: reticulocyte count ratio > 1.7 or placenta injection with colored dye showing
only minuscule anastomoses (diameter < 1 mm).[7]

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.[3] 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 seconds, but this varies in practice.

The following neonatal data were collected: gender, birth weight, birth weight discor-
dance, occurrence of polycythemia, treatment with partial exchange transfusion or red
blood cell transfusion in the first two days of life and neonatal mortality. Birth weight dis-
cordance was calculated 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
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TTTS was defined as an Hb difference of at least 8 g/dL at birth, without signs of TAPS or
chronic TTTS.[1] In case of polycythemia, partial exchange transfusion was performed
when venous hematocrit > 70% in asymptomatic patients or hematocrit > 65% in symp-
tomatic patients.[8]

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

The hospitals’ 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 t-test. Paired nominal data was analyzed using the McNemar test. Unpaired contin-
uous 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 sec-
ond-born twin and Hb levels . A p-value <0.05 was considered to be statistically significant.
SPSS version 20 was used for performing the analysis (SPSS, Inc., Chicago, lllinois, USA).

Results

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

TABLE 1 Baseline characteristics

Gestational age at birth - wk? 34.6 3.0 33.2+28
Birth weight - gr* 2167 £ 610 1821 % 650
Birth weight discordance - %* 9.8(3.8-17.8) 16.7 (7.8-30.2)
Female - no. (%) 89 (52%) 58 (49%)
Delivery time interval - min® 9(5-16) 2(1-2)

2Value given as mean = SD or median (IQR)

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 avail-
able in 89 (52%) vaginally born twin pairs and 67 (56%) in the CS group. Hb levels in rela-
tion to birth order and mode of delivery are presented in Table 2. Mean Hb levels at birth
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were significantly higher in second-born twins when delivered vaginally, but no differenc-
es were detected between twin 1 and 2 when delivered through CS. Inter-twin Hb differ-
ences were significantly larger in twins delivered vaginally compared to CS, 1.9 (IQR: 0.6
-3.9)g/dLversus 1.1 (IQR: 0.4 - 3.1) g/dL (p =0.02).

TABLE 2 Hb levels in relation to birth order in monochorionic twin pairs delivered
vaginally or through CS

Twin 1 Twin2  P-value Twin1 Twin2  P-value P-value
Hb level at birth - g/dL>® 16.1+24 17825 <0.01 159+22 163+25 0.10
Hb level on day 2 - g/dL>¢ 148+27 180+30 <001 155x26 16.0+x28 0.23
Hb difference at birth - g/dL>® 1.9(0.6-3.9) 1.1(0.4-3.1) 0.02
Hb difference on day 2 - g/dL*© 3.7(2.7-6.3) 2.4(0.9-4.9) <0.01
Hb difference > 8g/dL at birth - n (%)° 9 (5.2%) 0(0.0%) <0.01
Hb difference > 8g/dL on day 2 - n (%) 11 (6.4%) 0(0.0%) <0.01

2Value given as mean * SD or median (IQR)

5Hb 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
Abbreviations: Hb = hemoglobin, CS = cesarean section

On day 2, inter-twin Hb differences increased and became 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.
The median time interval between the birth of twin 1 and twin 2 by means of vaginal deliv-
erywas 9 (IQR: 5 - 16) minutes. The median delivery time interval in the twins born through
CSwas 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.
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FIGURE 1 Hemoglobin level at birth and on day 2 in twin 2 in relation to delivery time
interval
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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 <0.01). No difference was
detected in the CS group, 1% (1/119) versus 0% (0/199), (p =0.99).

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.
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TABLE 3 Clinical outcome in twins born through vaginally delivery and CS delivery

Twin1 Twin2 P-value Twin1 Twin2 P-value

n=171 n=171 n=119 n=119
Mortality - no. (%) 2(1%)  4(2%) 0.63 2(2%)  5(4%) 0.45
Polycythemia - no. (%) 2(1%) 20(12%) <0.01  0(0%) 1(1%) 0.99
Partial exchange transfusion - no. (%)? 1(1%) 4(3%) 0.38 0 (0%) 1(1%) 0.99
Blood transfusion - no. (%)? 4(3%) 2(1%) 0.63 5(5%) 2(2%) 0.33

?In first two days after birth
Abbreviation: CS = cesarean section

Discussion

This study showed that Hb differences at birth are a common finding in monochorionic
twins born vaginally, even in the absence of TTTS or TAPS. We found that Hb differences
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 suggest that inter-twin blood shifts may occur
during vaginal delivery particularly towards the second twin.

Our findings confirm observations from a few small studies [3-5;9], although they differ
from the findings of Bhide et al. 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.[10] In a previous similar study from our research group, we found no
association between mode of delivery and Hb differences.[3] Again, the small study groups
(28 twin pairs delivered vaginally and 17 pairs delivered 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 mechanisms 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 com-
pensate 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.[11;12] In addi-
tion, in case of acute shifts of blood, initial Hb level measurements are known to be unreli-
able. When acute blood loss occurs, Hb levels initially remain stable due to vasoconstric-
tion.[13] Hb levels reflecting the true blood loss can only be clearly detected after several
hours due to a compensatory mechanism of equilibration termed hemodilution.
Hemodilution is a gradual increase in intravascular volume and plasma volume which takes
place to compensate for acute blood loss.[14] Conversely, when an infant receives an

43

Hemoglobin differences in uncomplicated monochorionic twins in relation to
birth order and mode of delivery



acute transfusion of blood, the expected rise in Hb levels 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 circula-
tions. Inter-twin Hb differences may already be present during pregnancy and can be asso-
ciated with several disorders such as TAPS or TTTS. Inter-twin Hb differences may also
occur during delivery in uncomplicated monochorionic twins. The exact pathophysiologic
mechanism leading to inter-twin blood transfusion during delivery is not well known. Some
authors suggested that uterine contractions or changes in fetal positioning may lead to
inter-twin blood pressure differences and exacerbated inter-twin blood transfusion
through the vascular anastomoses.[15-17] Evidence for this hypothesis is however 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 con-
comitant increase in Hb levels in second-born twins. The increase in Hb levels in sec-
ond-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 transfu-
sion) through the patent vascular anastomoses.[2;18] A third hypothesis is that 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 placenta-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 differences 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 transfusion compared to
early cord clamping.[19-21] 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 pos-
sible that a difference could have occurred. Obstetricians may theoretically be tempted to
clamp the cord of the first-born twin more quickly to focus their attention towards the
sometimes 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 pla-
cento-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 polycythe-
mia, delayed cord clamping may not be advisable in second-born twins. In contrast, since
first-born twins have a significant decrease in Hb levels early cord clamping should be
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avoided in first-born twins. Evidently, these suggestions must be tested in appropriately
designed studies to evaluate the benefits of different cord clamping strategies in this par-
ticular subgroups of monochorionic twins delivered vaginally.

Although our study is the largest study so far analyzing Hb levels in uncomplicated mono-
chorionic 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 included 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 are detected after CS. Whether
Hb differences result primarily from increase in Hb levels in twin 2 due to placento-fetal
transfusion, decrease 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 vaginally are strongly
required. Further studies are also necessary to determine the association between Hb dif-
ferences in monochorionic twins and the number, type, and size of placental vascular anas-
tomoses. These studies may improve our understanding of the pathophysiological mech-
anisms leading to blood shifts in monochorionic twins at birth.
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