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Despite advances in treatment, twin-to-twin transfusion syn-
drome (TTTS) still carries a high risk for perinatal mortality and
morbidity. Simple blood transfer from the donor to the recipient
twin cannot explain all of the features of this disease, in partic-
ular the recipient’s hypertensive cardiomyopathy. We report a
case in which TTTS resulted in preterm delivery with early
neonatal death of both twins, allowing assessment of the renin
angiotensin system (RAS) status of each fetus, both by cord
blood renin and aldosterone assay and by renal immunohisto-
chemistry. The donor had severe oliguria/oligohydramnios,
whereas the recipient, in addition to severe polyuria/
polyhydramnios, had cardiomyopathy, atrioventricular regurgi-
tation, and ascites. Although immunohistochemistry demon-
strated that renal secretion of renin was up-regulated in the donor
and down-regulated in the recipient, cord blood levels of renin
and aldosterone were similar, with high renin levels in both
twins. This observation supports the hypothesis that despite renal

RAS down-regulation, the recipient is exposed to RAS effectors
elaborated in the donor and transferred via placental shunts. This
may contribute to cardiomyopathy and hypertension in the re-
cipient, which cannot be accounted for by hypervolemia alone.
We thus hypothesized that in TTTS, the recipient’s hypertensive
cardiomyopathy could be due to a mechanism similar to the
classical model of hypertension referred to as “2 kidneys-1 clip.”
Thus the hypovolemic donor twin, comparable to the clipped
kidney, produces vasoactive hormones that compromise the re-
cipient, comparable to the normal kidney, causing hypertension
and cardiomyopathy. (Pediatr Res 58: 685–688, 2005)
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Twin-to-twin transfusion syndrome (TTTS) is a severe dis-
ease that complicates 15% of monochorionic twin pregnancies.
Despite advances in perinatal management, TTTS still carries
a high risk for both fetal and neonatal mortality and morbidity
(1–3). It leads to widespread renovascular manifestations in the
donor twin, such as oliguria and oligohydramnios, and in the

recipient to polyuria, polyhydramnios, and occasionally, sys-
temic hypertension, heart failure, and hydrops. Although TTTS
certainly originates in unbalanced blood flow through placental
anastomoses (4–6), the detailed mechanism that leads to its
complex fetal cardiovascular (7–10) and renal disturbances
remains unclear. In particular, hypervolemia alone does not
account for myocardial hypertrophy in the recipient, which can
be severe enough to result in obstructive valvular lesions (7,9).
Hypervolemia alone also fails to explain profound vascular
disturbances in the recipient fetus, such as systemic hyperten-
sion, as suggested by postmortem findings (11) and recently
documented in vivo by Doppler studies (10). Furthermore, the
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severity of the syndrome does not always correlate with inter-
twin differences in Hb concentrations, and severe cardiomyop-
athy may occur in cases in which the recipient and the donor
have similar hematocrits (12,13). Finally, intertwin transfer of
blood or water cannot explain intractable polyhydramnios in
the recipient (10,14,15).

We previously hypothesized that discordant renin angioten-
sin system (RAS) activation could be the link between abnor-
malities in fetal blood volume and vascular disturbances in
TTTS. We first demonstrated that renal expression of renin was
up-regulated in donors and down-regulated in recipient twins
(11). This phenomenon, since confirmed by others (16), could
be interpreted initially as a physiologic adaptation to hypovo-
lemia in the donor and hypervolemia in the recipient. However,
we have speculated that this adaptation then could go on to
become deleterious, particularly to the recipient, who could be
exposed to the transfer of a variety of molecules produced by
the donor via intertwin vascular anastomoses, including vaso-
active RAS hormones (15). The RAS plays a major role in
maintaining vascular tone, optimal salt and water homeostasis,
and cardiac function in humans. Its overreactivity, however,
has been recognized to result in conditions such as hyperten-
sion, renal artery stenosis, left ventricular hypertrophy, and
congestive heart failure (17). We report a case in which stage
IV TTTS resulted in preterm delivery and immediate neonatal
death of both twins, allowing simultaneous assessment of the
RAS status of each fetus by both venous cord blood renin and
aldosterone assays and by renal immunohistochemistry.

CASE REPORT

A 30-y-old para 1 gravida 3 was referred at 24 wk for acute
polyhydramnios in a twin pregnancy. Monochorionic diamni-
otic placentation had been documented by first-trimester ultra-
sound. No other sonographic examination had been done since
then. The diagnosis of TTTS was made on the basis of gross
discordance in amniotic fluid volume, with severe polyhydram-
nios in one twin (deepest pool 10 cm) and severe oligohydram-
nios in the other (deepest pool 1 cm). The polyhydramniotic
recipient had hypertrophic dilated cardiomyopathy with tricus-
pid and mitral regurgitation and mild ascites but with normal
arterial umbilical blood flow and no s.c. edema. Abdominal
and cephalic circumferences corresponded to the 90th centile,
whereas femoral length corresponded to the 50th centile for
gestational age. The oligohydramniotic donor had a small
bladder, �8 mm in diameter, and normal arterial umbilical
blood flow. Abdominal, cephalic, and femoral measurements
ranged between the 40th and 60th centiles. TTTS was consid-
ered as severe since the donor was stuck and the recipient had
heart failure. An amnioreduction of 2 L was performed, fol-
lowed by spontaneous premature rupture of membranes and
labor. The infants weighed 750 and 610 g, respectively, and
died immediately after vaginal delivery. No attempt at resus-
citation was made. Postmortem examination confirmed mono-
chorionic placentation and absent associated malformations.
The recipient had ascites and hepatomegaly. His heart was
enlarged with moderate myocardial hypertrophy. The recipi-
ent’s and donor’s kidneys weighed 655 and 560 g, respectively.

For immunohistochemistry, both kidneys of each twin were
fixed in 10% buffered formalin, and frontal corticomedullary
sections were taken. Four-millimeter-thick sections were
stained with trichrome-light green, trichrome-safran, or peri-
odic acid-Schiff. Immunostaining was performed on formalin-
fixed, paraffin-embedded tissues using a rabbit anti-renin anti-
body (provided by P. Corvol, INSERM U36, Paris, France)
labeled by avidin-biotin binding and the Universal Immuno-
staining Streptavidin-Peroxidase Kit (Immunotech, Marseille,
France). Sections were counterstained with hematoxylin and
mounted in aqueous media. Control sections were processed as
above but omitting primary antibody. Semiquantitative evalu-
ation of renin content was performed on strict corticomedullary
sections, as previously described (11).

In the donor, most proximal tubes appeared dysgenetic (Fig.
1). In the recipient, the kidneys were congested. Hemorrhagic
infarction was present, and glomeruli were enlarged and
congestive.

Immunolabeling with anti-renin antibodies showed renin-
positive juxtaglomerular apparatus in 90% of glomeruli in the
donor but no renin-positive cells in the recipient’s kidney.
Neonatal arterial blood cord was sampled in both twins and
centrifuged, and the supernatant was stored at �20°C. The
hematocrits of the donor and recipient were 50 and 45%,
respectively. Serum renin concentration, assessed by radioim-
munometric assay (Renin 3 Generation; Bio-Rad, Schering-
Cis-Bio, France), was 385 pg/mL in the donor and 296 pg/mL
in the recipient, the mean � 95% confidence interval for
neonates being 31.43 � 27.3 pg/mL in our institution. Serum
aldosterone concentration, measured using a RIA kit (ALDO-
CTK-2; Schering-Cis-Bio), was 292 pg/mL in the donor and
248 pg/mL in the recipient (within normal range) (18).

Written informed consent was obtained before autopsy was
performed. No specific institutional review board approval was
sought, because standard perinatal management was not altered
by the study. Renal immunochemistry was part of the autopsy
protocol, performing a cord blood hematocrit is a routine
procedure after the birth of TTTS-affected infants, and hor-
monal assays were performed on the supernatant obtained after
cord blood centrifugation for hematocrit.

DISCUSSION

In the case, we report that arterial neonatal cord blood
concentrations of renin and aldosterone were similar in the
donor and recipient twin, whereas, on the basis of the renal
immunohistochemistry, one would expect discordant levels,

Figure 1. Renin immunolabeling in both twins. (a) In the recipient twin, all
juxtaglomerular apparatus are renin negative. (b) In the donor twin, most
juxtaglomerular apparatus are renin positive (arrows). Bars � 100 �.
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with particularly low concentrations in the recipient, as a result
of RAS down-regulation. That aldosterone and renin were
similar in both twins supports the hypothesis that renin and its
effectors angiotensin, aldosterone, and maybe other vasoactive
hormones produced by the donor kidneys could have passed
into the circulation of the recipient by intertwin transfusion
along placental vascular anastomoses. This paradoxic extrare-
nal RAS activation would fit with a global pathophysiologic
mechanism for TTTS. Thus, the initiating event would be
hypovolemia in the donor and hypervolemia in the recipient
resulting from unbalanced intertwin transfusion via placental
vascular anastomoses (6,19). Changes in fetal blood volume
then would trigger the RAS, which is functional early in
pregnancy (19).

In the donor, initial volume depletion would activate the
renin-angiotensin cascade, resulting in production of angioten-
sin II (Ang II), a vasoconstrictor peptide that contributes to
maintenance of peripheral blood pressure (20). The beneficial
effects of RAS up-regulation are restoration of extracellular
volume through stimulation of aldosterone release and main-
tenance of peripheral blood pressure through the direct action
of Ang II on vascular smooth muscle cells (20). These re-
sponses, however, would eventually become deleterious to the
donor, with Ang II–induced intrarenal vasoconstriction reduc-
ing renal blood flow and fetal urine output, which would
worsen oligohydramnios. This would also account for the renal
tubular dysgenesis pattern observed in donor kidneys at nec-
ropsy (11,21–23). By a similar mechanism, fetal RAS up-
regulation could increase arterial resistance in the donor’s
placental territory, thereby impairing placental function and
contributing to intrauterine growth restriction and decreased
arterial diastolic umbilical flow (24). This would also account
for long-term arterial remodeling, a phenomenon related to
expression of the Ang II receptor and to RAS vasoactive
hormones (25,26), which has been documented in donor twins
and seems to be preventable through cessation of intertwin
transfusion by laser ablation of anastomoses (26,27).

In the recipient, down-regulation of the RAS is expected to
increase diuresis, as an adaptation to hypervolemia. This would
tend to equilibrate discordant fluid balance but cannot account
for the cardiovascular disturbances observed in recipients.
Such disturbances, however, are reminiscent of the combined
effect of RAS effectors and hypervolemia (28). Indeed, the
recipient’s rapidly progressive hypertrophic cardiomyopathy
(7,8) has been shown to be associated with fetal and neonatal
hypertension (10). Increased levels of RAS vasoactive hor-
mones transferred from the donor could well explain this
phenomenon. This is supported by the abnormally high levels
of renin in the donor and the recipient, in whom a low level of
renin was expected, as a result of down-regulation of the RAS.
A transfer of renin and/or other RAS effectors from donor to
recipient could explain this paradoxically high level of renin in
the recipient. That aldosterone was similar in the recipient and
in the donor is consistent with the concept of a paradoxic
activation of the RAS, but that aldosterone remained within
normal range suggests that aldosterone is not likely to be the
key RAS effector involved in the pathophysiology of the
TTTS. The normality of aldosterone levels despite RAS acti-

vation could be accounted for by the complex regulation of the
secretion of this hormone. In addition to the RAS, adrenal
corticotrophin hormone and the concentrations of potassium
and sodium are involved in the regulation of aldosterone
production. Besides, the impact of renin on aldosterone secre-
tion is modulated by volemia and sodium concentration. This
could explain why aldosterone may remain within normal
range even though the RAS is up-regulated. One could hypoth-
esize that the impact of RAS up-regulation on aldosterone
secretion would be counterbalanced in the recipient by hyper-
volemia and in both twins by the absence of sodium depletion
because fetal serum concentration of sodium equals that of the
mother.

In the case that we report, that the donor had a slightly
higher hematocrit than the recipient brings into question the
possibility of an acute reversal of blood flow. Should this
explain a near intertwin equilibration of renin concentration, it
would not alter the conclusions dramatically, because there still
would be a paradoxically high serum renin in a recipient in
which the production of renin is down-regulated.

RAS effectors are not the sole hormones potentially impli-
cated in the mechanism of TTTS. For instance, increased
diuresis and polyhydramnios in the recipient may result in part
from the intrarenal effect of RAS down-regulation, but in-
creased volemia and the action of the atrial natriuretic factor
(29) are likely to contribute substantially to that phenomenon.
Raised endothelin levels, 2- to 3-fold higher in the recipient
than in the donor (30), may also contribute, possibly synergis-
tically, through an angiotensin-mediated pathway (30,31).

Our hypothesis may explain how amnioreduction (32) re-
verses the course of the disease in ~20% of cases. Amniore-
duction, by reducing intra-amniotic pressure (33), improves
uteroplacental perfusion (32) and thus presumably also perfu-
sion in the umbilical vein and eventually the renal arteries of
the donor, inducing a resumption of urine output (34). Because
of the frequency of velamentous insertion (22), the donor’s
umbilical cord is likely to be particularly susceptible to
changes in pressure. In the donor, improved renal perfusion
associated with intrarenal RAS down-regulation could explain
its restoration of urine output (34). At the same time, a
reduction in circulating RAS effectors in the recipient would
tend to normalize its cardiovascular changes. The resultant
restoration of renin synthesis in the recipient could contribute
to decreased polyuria, a phenomenon occasionally observed
after amnioreduction.

TTTS therefore emerges as a unique model in which a
potentially beneficial adaptation in one twin, i.e. RAS up-
regulation in the donor, may be deleterious in the co-twin,
inducing hypertension and heart failure. TTTS seems to be
similar to the classic model of hypertension referred to as “2
kidneys-1 clip” (35). In the donor (comparable to the clipped
kidney), hypoperfusion reduces renal perfusion pressure, up-
regulating the RAS. The recipient (comparable to the un-
clipped kidney) is exposed, via placental anastomoses, to RAS
effectors such as Ang II and aldosterone, inducing sodium
retention and hypertension (Fig. 2). RAS effector intoxication
of the recipient would limit the efficacy of polyuria to decrease
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the donor’s volemia, eventually resulting in malignant hyper-
tension and congestive heart failure.
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