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General discussion and future
perspectives

Twin pregnancies, either dichorionic or monochorionic, are associated with higher mor-
bidity and mortality rates compared to singletons due to the higher rate of premature
delivery.[1-3] Monochorionic twin pregnancies carry a higher risk compared to dichorionic
twins due to their unique placenta architecture. All monochorionic placentas have vascular
anastomoses which can lead to inter-twin blood transfusion. When the inter-twin transfu-
sion is unbalanced, severe disorders such as twin-twin transfusion syndrome (TTTS) and
twin anemia-polycythemia sequence (TAPS) may occur.

The optimal treatment for TTTS is fetoscopic laser surgery to coagulate the vascular anas-
tomoses.[4-6] Introduction of laser surgery in 1990 led to a strong decrease in perinatal
mortality and neonatal morbidity. However, there is still room for improvement since
incomplete laser treatment and residual anastomoses can lead to recurrent TTTS or
post-laser TAPS.

The optimal treatment for TAPS is not yet found, since TAPS was only recently discovered
in 2007. Different options have been described: expectant management, intrauterine
transfusion in the donor twin with or without partial exchange transfusion in the recipient,
fetoscopic laser coagulation of the vascular anastomoses or selective termination of preg-
nancy.[7-12] The only causal treatment is fetoscopic laser coagulation. A randomized con-
trolled trial to determine the optimal treatment in TAPS is warranted. Given the rarity of
TAPS, international collaboration is of paramount importance.

At birth, complicated monochorionic twins are at increased of neonatal morbidity, in par-
ticular cerebral injury such as severe intraventricular hemorrhage (IVH), cystic periventricu-
lar leukomalacia (PVL) and porencephalic cysts and cardiovascular morbidity such as right
ventricular outflow tract obstruction (RVOTO) and persistent pulmonary hypertension
(PPHN).[13-19] In this thesis we focused primarily on the risk of hematological and bio-
chemical disorders during the neonatal period in the various subgroups of complicated
monochorionic twins.

Hematological disorders
A. Red blood cell disorders:

A.1. In chronic TTTS, hemoglobin differences are already present antenatally[20;21], but
may also be encountered at birth. The presence of hemoglobin differences after delivery
depends on the type of antenatal treatment. In TTTS twins treated with fetoscopic laser
coagulation, no significant differences in hemoglobin levels between donor twins and
recipient twins are found (chapter 2 and 5). On the other hand, in TTTS twins treated con-
servatively, donor twins have lower hemoglobin levels at birth compared to recipients.
Donors may be severely anemic whereas recipients may suffer from severe
hyperviscosity-polycythemia.
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A.2.In TAPS, large inter-twin hemoglobin differences at birth are found. TAPS is based on
chronic unbalanced inter-twin transfusion. Donor twins have chronic anemia requiring a
blood transfusion at birth. Recipient twins may be severely polycythemic and may require
a partial exchange transfusion.[22;23] Due to hyperviscosity, recipients may suffer from
vascular limb necrosis or severe cerebral injury.[24;25] Donor twins with TAPS always have
a highly increased reticulocyte count and the ratio of reticulocyte counts between donor
and recipient is >1.7. Reticulocyte count should always be measured to distinguish
between TAPS (high reticulocyte count ratio >1.7) and acute peripartum TTTS (low reticu-
locyte countratio < 1.7). Examination of the placenta is also crucial to discriminate between
the two disorders. One of the diagnostic criteria for TAPS is based on the detection of
small anastomoses after careful placenta injection. However, placenta injection is not
always easy and is only performed in a few specialized centers. Alternatively, examination
of the maternal side of the placenta can help perinatologists, since in TAPS the placenta
share of the recipient is much darker compared to the pale placenta share of the donor.
[26] In our experience, no color difference is detected between the two placenta shares in
acute peripartum TTTS (unpublished data).

A.3. In acute peripartum TTTS, large inter-twin hemoglobin differences are always pres-
ent at birth due to acute transfusion through large superficial anastomoses. The donor
suffers from acute blood loss which may lead to hypovolemic shock requiring an acute
blood transfusion. Recipient twins on the other hand may need partial exchange transfu-
sion in case of severe polycythemia-hyperviscosity.

The diagnostic criteria for acute peripartum TTTS are based on a large difference in hemo-
globin levels of > 8 g/dL at birth in the absence of chronic TTTS or TAPS. Presence of oli-
go-polyhydramnios antenatally (criterion for chronic TTTS) or large reticulocyte count ratio
and minuscule anastomoses (criterion for TAPS) should therefore be ruled out before
reaching the diagnosis of acute peripartum TTTS. However, in most case reports reticulo-
cyte count or placenta injection studies were not performed and TAPS could not be ruled
out. We suspect that the majority of these reported cases were wrongly diagnosed and
were probably TAPS cases. In our experience, TAPS occurs more frequently than acute
peripartum TTTS. Given the rarity of acute peripartum TTTS, international multicenter stud-
ies are needed to increase our knowledge on the true incidence, hematological conse-
quences and risk factors of acute peripartum TTTS.

Importantly, hemoglobin levels are often measured directly after birth, but in case of acute
blood loss or transfusion, equilibration of hemoglobin levels occurs only several hours
after the event. In case of suspected acute peripartum TTTS, hemoglobin level measure-
ments should therefore be repeated approximately 4-6 hours after birth to determine the
true hemoglobin levels.

A.4. Hemoglobin differences in uncomplicated monochorionic twins and dichorionic
twins are often found when delivered vaginally, but not after cesarean delivery. Second-
born twins delivered vaginally have higher hemoglobin levels compared to first-born twins
(chapter 3 and 4). Since dichorionic twins have their own separate placenta without vascu-
lar anastomoses, hemoglobin differences in dichorionic twins cannot only be explained by
inter-twin transfusion. We hypothesize that the hemoglobin differences are related to the
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timing of cord clamping. Delayed cord clamping is associated with higher hemoglobin lev-
els at birth due to increased placento-fetal transfusion.[27;28] We suspect that the umbilical
cord of first-born twins is clamped relatively earlier than the cord of second-born twins, and
that this could lead to the difference in hemoglobin levels. However, in our retrospective
studies timing of cord clamping was not recorded, making it difficult to confirm our hypoth-
esis. A prospective study on the timing of cord clamping in twins after vaginal delivery could
give new insights. An alternative explanation for hemoglobin differences in uncomplicated
monochorionic twins is unbalanced intra-partum transfusion. Due to differences in pressure
gradients and uterine contractions relatively more blood might flow from twin 1 to twin 2
resulting in a higher hemoglobin level in twin 2. Another hypothesis is that after birth of twin
1, twin 2 might receive blood from both placenta shares through the anastomoses, resulting
in a higher hemoglobin level. More research is needed to study various hypothesis leading
to hemoglobin differences in uncomplicated monochorionic twins.

A.5. Hemoglobin differences in monochorionic twins with selective intrauterine
growth restrictions (slUGR)

sIUGR occurs in 10-25% of monochorionic twins and is defined by the presence growth
restriction in one fetus (estimated fetal weight < 10 percentile).[29;30] A recent study from
Stagnati et al. describes that third-trimester inter-twin middle cerebral arterial peak systolic
velocity (MCA-PSV) discrepancy in uncomplicated MC is associated with selective intrauter-
ine growth restriction (sIUGR) at birth and an inter-twin birth weight discrepancy of > 25%.
The optimal cut-off point for MCA-PSV discrepancy was 0.30 multiples of median (MoM)
(sensitivity of 70% and specifity of 69% for slTUGR). Hemoglobin levels at birth were however
not reported in this study.[31] Nevertheless, given the good correlation between MCA-PSV
measurements and hemoglobin levels, twins with sSIUGR may have differences in hemoglo-
bin levels at birth.[32] Growth restriction due to placental insufficiency is associated with
chronic hypoxia and increased erythropoiesis which could in turn lead to higher hemoglobin
levels. Further research on hemoglobin levels in monochorionic twins with slIUGR in a large
cohort is required to confirm these preliminary findings.

B. Thrombocytopenia or leucopenia:

Not much is known on the occurrence of other hematological complications such as throm-
bocytopenia or leucopenia in TTTS survivors. Polycythemia is known to be associated with
thrombocytopenia.[33] Therefore, polycythemic recipient twins may be at risk for thrombo-
cytopenia at birth. Research on white blood cell disorders is also sparse. A small study from
Koenig et al. showed neutropenia in each of five donor twins. Since no evidence of infection
was observed and no left shift was seen (as in neutropenia of pregnancy-induced hyperten-
sion) they postulated that reduced neutrophil production was related to accelerated erythro-
poiesis.[34] Further investigations on the occurrence and associated complications of throm-
bocytopenia and leucopenia is warranted, particularly in TTTS not treated with laser surgery
or after incomplete laser.

In TAPS, thrombocytopenia is often found (in 45% of cases) and occurs more often recipient
twins compared to donor twins (63% versus 26%).[23] Recipient twins are per definition
polycythemic and therefore at risk for thrombocytopenia. In donor twins thrombocytopenia
could be related to IUGR or chronic hypoxia.[35-37] The white blood cell line is not yet inves-
tigated in TAPS twins.
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The our best knowledge no studies reported on thrombocytes or the white blood cell
rihanabocytopenia.[35-37] Research on the occurrence of thrombocytopenia and white
blood cell disorders in twins with sIUGR is warranted.

Biochemical disorders

In both TTTS and TAPS, knowledge on biochemical values is scarce. We hypothesize that
inter-twin blood transfusion through the vascular anastomoses in TTTS and TAPS allows
not only inter-twin flow of red blood cells, but also inter-twin flow of nutrients and proteins
and can lead to biochemical disorders. In addition, inter-twin circulatory and hemodynam-
ic imbalance can lead to renal hypo-or hyperperfusion and eventually to renal
dysfunction.

A. Hypoalbuminemia

In TTTS twins treated conservatively, we found that donor twins had significantly lower
albumin levels compared to recipient twins. In TTTS twins treated with fetoscopic laser
surgery, no inter-twin differences in albumin were detected (chapter 5). Our findings sug-
gest that vascular anastomoses not only allow significant loss of hemoglobin, but also loss
of albumin. Hypothetically, hypoalbuminemia in donor twins may also result from a
decreased production in the liver due to a subordinate physical condition of these donor
twins. However, we did not analyze other proteins or other parameters for the function of
the liver such as the coagulation. Furthermore, since renal dysfunction occurs more often
in donor twins treated conservatively (chapter 8), hypoalbuminemia in donor twins might
also result from proteinuria and renal loss.

We found no differences in neonatal morbidity and mortality between donors and recipi-
ents. However, our retrospective study was not powered to detect such differences. In the
4 conservatively treated TTTS donors, 1 donor had skin edema.

In TAPS twins, albumin levels were also lower in donor twins (chapter 6). Hypoalbuminemia
occurred more often in donor twins. In the 5 TAPS donors with hypoalbuminemia (< 20
g/L), skin edema was present in 2 donors of which one had severe respiratory and circula-
tory failure. Another donor suffered from hydrops fetalis. Although no significant differenc-
es in neonatal morbidity between donors and recipients were found, these data could
suggest that in a larger cohort differences in morbidity may be detected.

To be able to compare TTTS and TAPS twins with uncomplicated monochorionic twins, we
evaluated albumin levels in a control group of uncomplicated monochorionic twins as
well. We compared the larger twin to the smaller twin and found no differences in albumin
levels. The overall incidence of hypoalbuminemia was 1% (1/100).

In adults hypoalbuminemia is an independent risk factor for poor clinical outcomes.[38] As
for most diseases, hypoalbuminemia in children is less studied. However, several studies in
critically ill children concluded that it is a risk factor for morbidity and mortality.[39-41]
Prognostic value of hypoalbuminemia in neonates is less investigated. Three studies
showed that hypoalbuminemia in term and preterm neonates is associated with increased
risk of mortality.[42-44] In addition, several studies in term and preterm neonates showed
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that hypoalbuminemia is associated with increased risk of morbidity, including hydrops
fetalis, edema, necrotizing enterocolitis, sepsis, respiratory distress syndrome, chronic
lung disease, mechanical ventilation and longer hospital stays.[45-48] Albumin levels are
also known to be correlated with gestational age [44;49-51] and normal ranges in preterm
neonates are not well known. In our studies we defined hypoalbuminemia as albumin < 25
g/l and albumin < 20 g/I, whereas median gestational age was 30 weeks in TTTS twins and
32 weeks in TAPS twins (chapter 5 and 6).

B. Renal function

During pregnancy, donor twins with TTTS suffer from severe renal hypoperfusion resulting
in hypovolemia, oliguria and oligohydramnios. Several studies in TTTS twins treated con-
servatively reported various renal complications in TTTS twins after birth.[52-57] Renal
function in TTTS twins treated with laser surgery is less investigated.[58;59]
In our retrospective study we evaluated creatinine levels in the first week after birth and
urine output in TTTS twins treated with laser surgery compared to TTTS twins treated con-
servatively (chapter 8). We found that renal dysfunction (defined as creatinine level > 100
umol/L) occurs less often in twins treated with laser surgery compared to twins treated
conservatively (7.1% versus 37.9%). In the laser group, creatinine levels were higher in
twins treated with incomplete laser compared with twins treated with complete laser. No
differences in creatinine levels between donors and recipients were found. In TTTS twins
treated conservatively, we found a high risk of oliguria in donors (> 90%) and lower blood
pressure at birth.

Higher creatinine levels may reflect a state of chronic hypovolemia due to chronic blood
loss (pre-renal hypothesis). Circulatory imbalance could reduce renal perfusion and glo-
merular perfusion pressure. This theory is supported by the lower blood pressure and
lower urine output in conservatively treated TTTS donors. An alternative hypothesis may
be that elevated creatinine levels could result from chronic hypoxia and anemia (renal
hypothesis). Alternatively, hormonal dysfunction may also affect TTTS twins.
Besides the concept of unbalanced inter-twin blood transfusion, there is also evidence for
an adaptive response of the renal, endocrine and cardiovascular system to alter blood
volume and causing twin oligo-polyhydramnios sequence (TOPS). Several studies have
reported on highly abnormal values of hormones. In donor fetuses, plasma and amniotic
vasopressin levels are higher compared to recipients. Oligohydramnios and higher creati-
nine levels in donors may therefore occur as a consequence of vasopressin mediated
reduction in fetal urine output.[60] In autopsy studies in TTTS twins, overexpression of the
renin protein and transcript with evidence of renin synthesis was observed in donor kid-
neys. In recipients, renin expression was virtually absent and probably down-regulated.
[61-63] Fetal atrial natriuretic peptide (ANP), brain natriuretic peptide (BNP) and endothe-
lin levels are higher in recipient twins compared to donor twins.[64;65] Hypervolemia
causes stretch of the cardiac atria and release of ANP and BNP which have natriuretic and
vasodilatory properties resulting in polyuria and polyhydramnios.

. . . 1l
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Although these hormonal reactions seem to be sufficient; increased release of renin and
vasopressin in hypotensive/hypovolemic donors and increased release of ANP and BNP in
hypertensive/hypervolemic recipients, the placental anastomoses facilitate exchange of
these hormones and cause paradoxic effects.[63]

In TAPS, donor twins do not have oligohydramnios reflecting a different antenatal situation
compared to TTTS twins. However, we found that donor twins with TAPS have higher cre-
atinine levels compared to recipients and renal dysfunction occurred more often in donor
twins compared to recipients twins (26.0% versus 6.3%). Besides, donors had a lower
blood pressure at birth and lower urine production. Our data suggest that chronic blood
loss in donor twins may not only lead to anemia and hypoalbuminemia, but may also affect
the short-term renal function. Our hypothesis is that chronic anemia in donor twins causes
hypoxia and results in an increased risk for renal dysfunction.

We also evaluated renal function in uncomplicated monochorionic twins and compared
larger twins to smaller twins. No differences between these twins were found. The overall

incidence of short-term renal dysfunction in uncomplicated monochorionic twins was
7.7% (8/104).

The assessment of short-term renal function in our studies was only based on routine mea-
surements at our neonatal nursery including urine production, creatinine and urea levels
during the first week. More detailed information on renal function would require different
assessments and a different study design. Whether renal dysfunction may also have long-
term consequences such as impaired renal function in adult age requires further investiga-
tion. Beck et al. found in a small group of 18 children (TTTS twins treated with laser surgery)
at median age 3 year no renal dysfunction.[66] However, accurate renal follow-up should
take much longer. Due to the large reserve capacity of the kidney, serum creatinine could
be normal for a long time. When children grow older and particularly during the growth
spurt, renal insufficiency might become evident.

Renal injury which may occur in donor twins may have permanent effects up to adult age,
warranting further long-term investigations. This is in analogy with the ‘Brenner hypothesis’
which states that retardation of renal development may give rise to increased postnatal
risk for systemic hypertension as well as enhanced risk of expression of renal disease.[67]
To conclude, complicated monochorionic twins are at increased risk for hematological and
biochemical disorders in the neonatal period. Future research should focus on the long-
term outcome. In TTTS, treatment with fetoscopic laser surgery has a protective effect.
Whether in TAPS fetoscopic laser surgery is the optimal treatment and also protective
against hematological and biochemical disorders, must be determined by further trials.
Our studies focused on TTTS and TAPS, however other complications in monochorionic
twins such as monoamniotic twinning, slUGR and twin reversed arterial perfusion sequence
(TRAP) are probably also at risk for biochemical and hematological complications in the
neonatal period, warranting further investigations. Given the rarity of these diseases, close
collaboration between obstetricians and neonatologists and multicenter participation is of
paramount importance to improve our understanding of neonatal morbidity in complicat-
ed monochorionic twins.
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