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ABSTRACT
Objectives: Processing of available information on TAPS with a focus on the evaluation of the most sensitive and most 
specific prenatal diagnostic test. 

Material and methods: Retrospective analysis of available publications on TAPS with their meta-analytical processing 
through available electronic medical databases. Evaluation of the most sensitive and specific prenatal diagnostic test 
with graphical processing of sensitivity and specificity values ​​depending on the TAPS diagnostic criteria used. 

Results: In total, we found 165 available articles, the oldest from 2007 and the most recent from 2020. Based on the 
available articles, we evaluated the determination of MCA-PSV with a sensitivity of 83% and a specificity of up to 
100% for the currently generally accepted diagnostic criterion TAPS — Delta MCA-PSV > 0.5MoM as the most sensitive  
and specific method of prenatal diagnosis. 

Conclusions: The serial determination of MCA-PSV represents the most sensitive and specific prenatal diagnostic test 
to date (2020) based on available knowledge. Serial measurement of the MCA-PSV since gestational week 20 every two 
weeks until delivery represents a potential TAPS screening test for all monochorionic pregnancies. The late, or postnatal 
diagnosis of TAPS can have serious consequences in the form of intrauterine death of the foetus(es) and increased 
perinatal mortality and morbidity.

Key words: TTTS (Twin-twin Transfusion Syndrome); TAPS (Twin Anaemia Polycythaemia Sequence); MCA-PSV (Middle 
Cerebral Artery Peak Systolic Velocity); sensitivity; specificity
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INTRODUCTION
The presence of a single placenta, together with  

the presence of a variable number of interfetal vascular 
connections of various diameters, provides a basic struc-
tural substrate for the development of many intrauterine 
pathologies typical of monochorionic pregnancy [1]. The 
angioarchitecture of the monochorionic placenta and the 
size of the shunting blood volume are the essential determi-
nant of clinical manifestations and possible morphological 
changes in the affected foetuses [2]. 

Histopathological examinations of human monocho-
rionic placentas showed three types of vascular connec-
tions that differ in their lumens, the type of vessels con-
nected, the size and direction of the shunting blood volume. 
These three types are arterioarterial (AA), venovenous (VV),  

and arteriovenous (AV) anastomoses. AA and VV anastomo-
ses are located on the chorionic plate’s surface and are bidi-
rectional in terms of blood flow. AV anastomoses are located 
deep in the placental tissue and are unidirectional [3–6].

TAPS (Twin Anaemia Polycythaemia Sequence), in con-
trast to TTTS (Twin-twin Transfusion Syndrome), which has 
been known as a syndromological unit since the 19th cen-
tury, represents a relatively new syndrome described for the 
first time in 2007 by Lopriore et al. [7–11]. The main patho-
physiological principle of both conditions is the presence 
of unequal blood distribution between the two foetuses 
with the formation of a donor-recipient circuit  [1, 12, 13]. 
Compared to TAPS, TTTS is characterized by the shunting 
of a larger amount of blood, which in addition to changes  
in the concentration of haemoglobin, is also reflected in changes  
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in the amniotic fluid volume. It is the change in amniotic fluid 
volume that represents the basic morphological difference 
between TTTS and TAPS. In TTTS, imbalanced blood flow oc-
curs through AV anastomoses in the simultaneous absence 
of AA anastomoses, which, according to the latest findings, 
represents a protective factor before its development. In the 
case of monochorionic placentas examined in pregnancies 
not complicated by TTTS, the presence of AA anastomoses 
was demonstrated in up to 90%, while in the case of TTTS 
only 20–25% [6, 7, 14]. Placental preparations in TAPS are 
characterized by only a few minuscule AV anastomoses  
in the absence of AA anastomoses. The absence of AA anas-
tomoses is not a prerequisite for the development of TAPS, 
as there have been described cases where the presence of 
AA anastomoses has been demonstrated [15–18]. Based on 
several TAPS cases treated with intrauterine transfusions, it 
was possible to calculate the approximate amount of shunt-
ing blood via AV anastomoses, which was determined to be 
5–15 mL/24h [7, 19, 20]. Such a small amount of shunting 
blood provides sufficient time for haemodynamic com-
pensation in both foetuses and prevents the development 
of differences in the amniotic fluid volume (Fig. 1) [21, 22]. 

TAPS occurs in two forms: spontaneous (primary) and 
post-ablative (secondary) in terms of aetiopathogenesis.  
The spontaneous (primary) form is rarer and occurs without 
prior intrauterine surgery on placental vessels. In contrast, 
the post-ablative form, more frequent, occurs iatrogenically 
based on foetoscopic laser ablation treatment with occlu-
sion of AV anastomoses in TTTS cases. The development 
of the post-ablative form of TAPS is therefore interpreted 
as a complication of intrauterine treatment of TTTS when 
several minuscule AV anastomoses persist [23–25].  

The incidence of the post-ablative form of TAPS is very 
different and, according to most authors, is around 13%, 
while the incidence of the spontaneous form of TAPS is 
relatively constant and is about 3–5% [23].  

Diagnosis is possible based on several direct and indirect 
diagnostic methods, prenatally and postnatally. Postnatally, 
the diagnosis of TAPS can be made by determining the con-
centration of haemoglobin, haematocrit, and the number 
of reticulocytes or their ratio in both foetuses. There are dif-
ferent opinions among the authors on the values of blood 
count in foetuses, confirming TAPS diagnosis. Lewi’s work-
ing group defined TAPS as the haemoglobin concentration  
in the anaemic foetus < 111g/L with the concurrent hae-
moglobin value in the polycythaemic foetus > 200 g/L. The 
disadvantage of such strictly determined cut-off values of 
the red blood component is that they do not include the 
dynamics of foetal haemoglobin concentration in relation 
to particular gestational weeks [26–29]. Slaghekke et al., 
considered the above and tried to correlate the values to 
gestational weeks. They defined TAPS as anaemia in the 
donor, with a haemoglobin value < 5 percentile for a given 
gestational week with concomitant polycythaemia in the 
recipient, defined as a haematocrit value > 65% [2]. Euro-
foetus criteria define TAPS based on the difference in hae-
moglobin values between the donor and recipient > 80 g/L 
[2]. The disadvantage of a solitary criterion such determined 
lies in the fact that in monochorionic pregnancies, even in 
the absence of TAPS, relatively significant differences in 
haemoglobin levels can occur in both foetuses due to the 
development of acute intrapartum TTTS or acute foetopla-
cental shunting after the birth of the first foetus. Therefore, 
most authors point to the possibility of using different re-

Figure 1. Monochorionic twins complicated by TAPS, gestational week 36, donor twin — anemia, recipient twin — polycythemia
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ticulocyte counts ​​in both foetuses, representing a general 
marker of physiologically or pathologically enhanced hae-
matopoiesis. Slaghekke et al., report a difference in reticu-
locyte count > 3.5% for monochorionic twins as diagnostic 
for TAPS. The ratio can also express significant changes in 
reticulocyte levels typical of TAPS. The value of the mutual 
ratio of the number of donor-recipient reticulocytes > 1.7 is 
pathognomonic for the diagnosis of TAPS [30, 31].  

The latter method, which is rarely used in most clinical 
workplaces, is a histopathological examination of the pla-
centa, accompanied by injection studies and visualization 
of particular types of vascular connections. Strict criteria 
and histopathological characteristics of “physiological” 
monochorionic placentas do not currently exist, but TAPS 
is characterized by a small number of AV anastomoses in 
the concurrent absence of AA anastomoses. The absence 
of AA anastomoses in monochorionic placentas is frequent 
in TAPS, but not pathognomonic, since TAPS cases with AA 
anastomoses have been reported (Fig. 2, 3) [15, 32–34]. 

In the case of prenatal diagnosis of TAPS, ultrasound 
examination is the only practically available modality. Ul-
trasound examination of monochorionic twins suspected 
of the presence of TAPS evaluates morphological as well as 
flow criteria. Since TAPS represents a relatively new syndro-
mological unit, its ultrasound criteria are not yet completely 
uniform. In general, from a morphological ultrasound find-
ing, the absence of amniotic fluid discordances between 
foetuses is essential for the diagnosis of TAPS. Its presence 
certainly rules out the diagnosis of TTTS and suggests  
the presence of TAPS [35, 36]. 

The available literature also describes the so-called “ 
minor” ultrasound, morphological criteria such as the image 
of placental dichotomy (demarcation of placental tissue 
with hyperechogenic, thicker, hydropic tissue on donor side  
and physiological finding on recipient side) [37] and the 

image of hepatic parenchyma of starry sky appearance, 
“starry sky liver” (hypoechogenic hepatic parenchyma of 
the recipient with hyperechogenic dilated portal venules) 
[38]. Their more extensive application in prenatal diagnosis 
has yet to be supported by enough studies. 

However, measuring the peak systolic flow velocity  
in the cerebral artery in both foetuses, in the Anglo-Saxon 
literature referred to as middle cerebral artery peak sys-
tolic velocity (MCA-PSV), is crucial for the diagnosis of TAPS  
and, in part, the quantification of the severity of the disorder. 
Changes in MCA-PSV reflect changes in foetal blood viscos-
ity that is predominantly affected by foetal haematocrit. 
MCA-PSV values expressed in multiples of medians (MoM) 
for a given gestational week represent an indirect reflection 
of the number of foetal erythrocytes in the circulation of 
both foetuses. MCA-PSV values > 1.5 MoM are diagnostic 
for the presence of anaemia, while values < 0.8 MoM are 
diagnostic for the presence of polycythaemia in the foetus 
in cases of single-foetal pregnancies. The value of the dif-
ference in MCA-PSV between the donor and the recipient is 
more critical for TAPS diagnosis than their absolute values ​​
in individual foetuses (Tab. 1) [39–41]. 

Despite the relatively wide application of MCA-PSV in 
the diagnosis of foetal anaemia in single-foetal pregnancies, 
the sensitivity and specificity of the above criteria in mul-

Figure 3. Maternal side of the monochorionic placenta complicated 
by TAPS — hyperemic part belongs to recipient twin,  anaemic to 
donor twin

Figure 2. Fetal side of the monochorionic placenta  complicated by 
TAPS — hyperemic vessels belong to recipient twin, collapsed to 
donor twin
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ti-foetal pregnancies are still being investigated. The validity 
and the interpretability of the measurements can be signifi-
cantly biased, especially in the third trimester of pregnancy, 
due to the foetuses’ spatial presentation. TAPS, analogously 
to TTTS, can be stratified into several stages based on the 
degree of severity (Tab. 1) [27]. 

Therapeutic options for confirmed TAPS are diverse  
and include observation, induction of labour, intrauterine 
transfusion, laser, ablation therapy, and controlled selective 
feticide. The choice of treatment is strictly individual, with 
the dominant factors being the gestational age at the time 
of diagnosis and the severity of the disorder. Observation  
and monitoring are appropriate in late gestational weeks and 
a milder form of the disorder with relatively good haemody-
namic compensation. Cases of post-ablative form of TAPS 
with spontaneous improvement have been reported. Ac-
cording to the currently available literature, the mortality 
rate associated with the individual therapeutic modalities 
is approximately the same. However, observational or ex-
pectant management is associated with higher neonatal  
and perinatal morbidity compared to intrauterine transfu-
sion or laser ablation treatment [42–45].

Administration of intrauterine transfusions is a suitable 
option for the manifestation of the disorder in the early 
gestational weeks, as it allows temporary improvement  
in the condition of the anaemic foetus, delay of premature 
birth, and prolongation of pregnancy. However, intrauterine 
transfusions are not a causal treatment, and despite a tempo-
rary correction of anaemia in the donor, most cases of TAPS re-
cur within one week. In addition, repeated administration de-
teriorates the condition of the polycythaemic foetus [46–48].  
In the case of transfusion therapy, some authors prefer intra-
peritoneal to intraumbilical administration, as erythrocytes 
persist longer in the abdominal cavity with slower release 
and less overload of the recipient circulation [49]. 

Laser ablation therapy is the only causal treatment for 
TAPS, but sporadically presented cases indicate different 
results. Performing fetoscopic laser ablation in the case of 
TAPS is more technically demanding compared to ablation 
in the case of TTTS, as there is no intrauterine working win-
dow in the form of polyhydramnios and vascular connectors  
in the form of AV anastomoses are minuscule, deeply located  
and difficult to visualize [28].

Assessing short-term and long-term mortality and mor-
bidity in TAPS cases is challenging, as many cases remain 
prenatally undiagnosed. Slaghekke et al., report the results of 
a randomized controlled trial of 19 TAPS cases (38 foetuses). 
The incidence of neonatal mortality and morbidity was com-
parable in both groups — TAPS 3% (1/38) vs. control group 
1% (1/76), TAPS (24% 9/38) vs. control group (28% 21/76). Se-
vere brain damage occurred in one foetus in the TAPS group 
(5%), and a similar result was reported in the control group 
(2%). In the TAPS group, transfusion was reported in 80% of 
donors (15/19) and partial exchange transfusion in 68% of re-
cipients (13/19) [2]. Due to the insufficient size of the groups 
of children from pregnancies complicated by TAPS, long-term 
mortality and morbidity are still the subject of research with 
preliminary results showing that approximately 9% of foe-
tuses are affected by long-term developmental impairment 
[50]. Han et al., published a retrospective comparative study 
of preterm (24–27 gestational week) foetuses from mono-
chorionic pregnancies where they recorded an incidence of 
spontaneous TAPS in 6.4% based on the postnatal determi-
nation of haematocrit in foetuses. Foetuses from TAPS-af-
fected pregnancies had a lower gestational age at delivery, 
with perinatal mortality and morbidity not different from  
the control group. The incidence of a severe cerebral lesion  
in neonatal age and persistent sensorimotor deficit at two 
years of age was not statistically significantly different in the 
TAPS and the control group [51]. One Dutch study compared 
the incidence of neurodevelopmental disorders between 
donors and recipients in pregnancies complicated by spon-
taneous TAPS occurrence. According to published findings, 
donors have a 4-fold higher risk of neurodevelopmental 
disorders, cognitive delay, and a high rate of deafness [52]. 

MATERIAL AND METHODS
Based on the available literature (04/2020) using elec-

tronic research databases (PubMed, Google Scholar, Dyna 
Med, Web of Science, Scopus), we created a meta-analytical 
review of up-to-date knowledge on TAPS with a focus on 
current options for early detection and subsequent effective 
management. We analysed the available prenatal diagnosis 
modalities with an emphasis on the effective TAPS screen-
ing in the management of monochorionic pregnancies.  
The quality of MCA-PSV as a main diagnostic modality pub-

Table 1. TAPS stages - diagnostic criteria — 2019 [53]

Stages Diagnostic criteria

1. Delta MCA-PSV > 0.5 MoM, with no signs of 
haemodynamic risk to the foetuses

2. Delta MCA-PSV > 0.7 MoM, with no signs of 
haemodynamic risk to the foetuses

3. Stage 1 or 2 with signs of haemodynamic risk to the 
donor*

4. Signs of hydrops in the donor

5. Intrauterine demise of one or both foetuses preceded 
by TAPS

*Absence or reversibility of end-diastolic flow in the umbilical artery, pulsatile 
flow in the umbilical vein, and/or increased pulsatile index or reverse flow in the 
ductus venosus. MCA-PSV — Middle Cerebral Artery Peak Systolic Velocity,  
MoM — Multiple of Medians, TAPS — Twin Anaemia Polycythaemia Sequence
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lished in defined papers was graphically recorded using a ta-
ble depending on the established diagnostic criteria of TAPS 
in individual studies (Tab. 2). Data on sensitivity and specificity 
with various MCA-PSV cut-off values were mostly calculated 
by use of standard binominal 2 x 2 tables with a determina-
tion of 95% Confidence Interval (95% CI) based on the Wilson 
interval method. The nature of the continuous variables was 
corrected using Mann-Whitney U-test. However, the exact 
methods are stated in the original papers cited.  

RESULTS
After entering key words (Twin Anaemia Polycythae-

mia Sequence), we obtained 165 articles, the oldest from 
2007 and the most recent from 2020. Due to a low inci-
dence of TAPS,  currently  the only described methodology 
in  prenatal diagnosis is  the determination or secondary 
comparison of given MCS-PSV values in individual foetus-
es. Some papers describe morphological organ changes 
in individual foetuses but without exact determination of 
sensitivity and specificity values due to an insufficiently large 
cohort regarding statistical evaluation. Based on the avail-
able articles, we evaluated the determination of MCA-PSV 
with a sensitivity of 83% and a specificity of up to 100% 
for the currently generally accepted diagnostic criterion 
TAPS — Delta MCA-PSV > 0.5MoM as the most sensitive 
and specific method of prenatal diagnosis. Data on sensi-
tivity 83% and specificity 100% with a cut-off value – delta 
MCA-PSV > 0.5 was for the first time determined in paper 
published by Tollenaar et al., in 2019 (Tab. 2) [53].

DISCUSSION
TAPS, as a phenomenon known for almost 13 years, 

is still an underestimated complication of monochorionic 
pregnancies. The absence of unambiguous morphological 
markers during the ultrasonographic examination, com-
bined with a relatively low incidence, is the leading cause 
of low disease detection [50]. 

Even though some papers report the occurrence of some 
so-called “minor” ultrasonographic morphological markers, 

the frequency of their presence has not yet been clearly 
assessed through large, randomized studies. Tollenar’s 
working group monitored the prevalence of minor markers  
in 91 cases of monochorionic pregnancies complicated by 
the occurrence of a spontaneous and post-ablative form 
of TAPS, recording the prevalence of placental dichotomy  
in 44% and a so-called “starr sky liver” in 66%. Based on the 
above, these markers can be considered a complementary 
and active search for them should be included in a com-
prehensive second-trimester morphological examination 
of monochorionic pregnancies [8, 20].

Based on published studies, the only non-invasive 
technique enabling early, prenatal diagnosis of TAPS is 
serial examinations of MCA-PSV of individual foetuses at 
regular intervals [18, 21]. The sensitivity and specificity 
of this examination in cases of monochorionic pregnan-
cies complicated by the occurrence of TAPS depends on  
the set diagnostic criteria (Tab. 2) as it was found that cut-off 
values ​​for the detection of foetal anaemia in single-foetal 
pregnancies (MCA-PSV > 1.5 MoM) may not be of diagnostic 
value in TAPS cases. Originally applied criteria defined for 
the diagnosis of anaemia or polycythaemia in single-foetal 
pregnancies showed reduced sensitivity and specificity  
in TAPS diagnosis. Currently, the difference in MCA-PSV in both 
foetuses > 0.5 MoM is considered diagnostic for TAPS (Delta  
MCA-PSV > 0.5 MoM) [53]. 

Despite the documented sensitivity, specificity, non-in-
vasiveness, safety, and cost-effectiveness of MCA-PSV, no 
clear recommendations are currently issued for its wide-
spread use as a potential screening method for TAPS in the 
diagnosis of monochorionic pregnancies. 

In the United States, according to the recommenda-
tions of the Society for Maternal-Fetal Medicine (SMFM), 
routine serial measurement of MCA-PSV in monochorionic 
pregnancies is not suitable, as the Society declares that 
despite early detection of potential TAPS, perinatal mor-
tality and foetal morbidity are not reduced. The Society 
admits measurement in TTTS cases after ablation treat-
ment where there is a high probability of TAPS prevalence 

Table 2. Sensitivity and specificity of MCA-PSV in the diagnosis of TAPS 

Study Defined criteria Sensitivity  
(95% CI) 

Specificity  
(95% CI)

Positive predictive 
value (95% CI)

Negative predictive 
value (95% CI)

Slaghekke et al. 
2015 [55]

MCA-PSV ≥ 1.5 MoM — donor
MCA-PSV ≥ 1.0 MoM — recipient

94% (85–98%)
97% (87–99%)

74% (62–83%)
96% (89–99%)

76% (65–85%)
93% (81–97%)

94% (83–98%)
99% (93–100%)

Veujoz et al.  
2015 [59]

MCA-PSV > 1.5 MoM — donor and simultaneously 
MCA-PSV < 1.0 MoM

71% (29–96%) 50% (1–99%) 83% 33%

Tollenaar et al. 
2019 [53]

MCA-PSV > 1.5 MoM — donor and simultaneously 
MCA-PSV < 1.0 MoM
MoM — recipient
Delta MCA-PSV > 0.5 MoM

46% (30–62%)

83% (67–92%)

100% (92–100%)

100% (92–100%)

100% (81–100%)

100% (88–100%)

70% (58–80%)

88% (77–94%)

CI — Confidence Interval; MCA-PSV — Middle Cerebral Artery Peak Systolic Velocity; MoM — Multiple of Medians
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but does not specify the time intervals between individual 
examinations [8]. 

NICE (National Institute for Health and Care Excellence) 
similarly recommends serial measurements only in the pres-
ence of pathology and likewise does not specify the time 
intervals between individual examinations [57].

ISUOG (The International Society of Ultrasound in Ob-
stetrics & Gynaecology) recommends serial determination of 
MCA-PSV in all monochorionic pregnancies from gestational 
week 20 with two-week intervals until delivery [58]. 

Despite incoherent recommendations, many of which 
have the character of a so-called “expert opinion”, part of 
the authors in the clinics of maternal and foetal medicine, 
especially in the United States of America, sets the MCA-PSV 
from gestational week 16 despite technical difficulties  
in measuring and difficulty to interpret results [50]. 

Since serial measurement of MCA-PSV remains the only 
diagnostic modality for early diagnosis of TAPS to date, 
according to some authors, its widespread use is suitable 
for early detection and possible therapeutic intervention 
in verifying this complication [50]. The above view is also 
supported by Hill and colleagues’ work, which states that 
expectant management is associated with poorer perinatal 
outcomes than laser ablation therapy and administration of 
intrauterine transfusions. 

Based on meta-analytical evaluation of the available 
literature, the authors of the publication are inclined to 
the opinion supporting the importance of determining 
MCA-PSV in monochorionic pregnancies. The serial as-
sessments of MCA-PSV allow for the early detection of the 
disorder and provides sufficient information to patients 
with the possibility of the next therapeutic procedure’s 
initial planning. According to the authors, serial MCA-PSV 
measurements should be performed in all monochorionic 
pregnancies as a TAPS screening test from gestational week 
20 every two weeks until delivery.  

Many published case studies confirm the need for se-
rial measurement of MCA-PSV to determine the prenatal 
diagnosis of TAPS [1, 6]. 

The modality of treatment and the method of its ap-
plication depend mainly on the severity of the condition 

(TAPS Stage 1–5), the gestational age of the foetuses,  
and the patient’s preferences. In general, with decreasing 
gestational age and increasing severity of the disorder, a sig-
nificant shift from conservative management to invasive 
procedures regarding laser bichorionization of the placenta 
can be observed. Minor forms of TAPS diagnosed in advanced 
gestational age are usually managed conservatively. An in-
dicative chronological arrangement of therapeutic options  
in the case of pregnancies complicated by the development 
of TAPS was developed and published by Tollenaar et al. [28],  
in 2016 (Tab. 3). 
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