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Twin-to-twin transfusion syndrome and
coronavirus disease 2019: impact on diagnosis,
referral, eligibility for fetoscopic laser therapy,
and outcomes

Hugo L�opez-Briones, MD; Rosa Villalobos-G�omez, MD; Er�endira Ch�avez-Gonz�alez, MD;
Miguel Martínez-Rodríguez, MD; Antonio Helue-Mena, MD; Alma G�amez-Varela, MD;
Rogelio Cruz-Martinez, MD, PhD
BACKGROUND: Because of the progressive nature of twin-to-twin transfusion syndrome, difficulties in healthcare access during the COVID-
19 pandemic may lead to delayed diagnosis and referral to fetal surgery centers, which may have repercussions on outcomes.
OBJECTIVE: This study aimed to assess the clinical impact of the COVID-19 pandemic on pregnancies complicated with twin-to-twin transfu-
sion syndrome.
STUDY DESIGN: A retrospective cohort study of consecutive monochorionic diamniotic twin pregnancies complicated with twin-to-twin
transfusion syndrome evaluated in our national referral fetal surgery center at Queretaro, Mexico, for possible surgical fetoscopy was conducted.
Maternal-fetal characteristics and perinatal outcomes of cases evaluated during the first year of the World Health Organization’s COVID-19 pan-
demic declaration (March 11, 2020 to March 10, 2021) were retrospectively compared with outcomes of cases evaluated during the same period
in the previous year (March 11, 2019 to March 10, 2020).
RESULTS: Overall, 109 consecutive twin-to-twin transfusion syndrome cases were evaluated during the 2-year study period, 54 during the
COVID-19 pandemic and 55 in the previous year. In the former group, a higher proportion of cases with fetal surveillance interval longer than 2
weeks (70.4% vs 47.3%; P=.01); twin-to-twin transfusion syndrome complications precluding laser therapy, such as intrauterine fetal demise,
preterm rupture of membranes, or cervical dilatation with prolapsed amniotic membranes (18.5% vs 1.8%; P<.01); advanced twin-to-twin trans-
fusion syndrome (53.7% vs 36.4%; P=.07); preoperative short cervix (25.9% vs 10.9%; P<.05); and lower overall perinatal survival (56.9% vs
80.0% [P=.01; at least 1 twin] and 39.2% vs 56.4% [P=.08; both twins], respectively) were observed. A significantly lower number of cases
were selected for fetoscopic laser therapy during the pandemic (75.9% vs 92.7%; P=.01), with similar postoperative outcomes seen in both
study periods.
CONCLUSION: In pregnancies with twin-to-twin transfusion syndrome, the COVID-19 pandemic has shown an adverse impact involving sub-
optimal fetal surveillance, advanced stages at diagnosis, poorer survival rates, and higher number of complications that preclude fetoscopic laser
therapy.

Key words: coronavirus, COVID-19, fetal surgery, fetoscopy, pandemic, placental laser, pregnancy, twin-to-twin transfusion syndrome
Introduction
Twin-to-twin transfusion syndrome
(TTTS) is a disease exclusive of monochor-
ionic (MC) twin pregnancies associated
with a mortality rate of approximately 80%
to 100% with expectant management.1,2

The pathophysiological mechanism for the
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development of TTTS is related to the pres-
ence of placental vascular anastomoses that
allow an unbalanced progressive volume
transfusion between both twins. The first
line of treatment has long been fetoscopic
coagulation of placental anastomoses, a
procedure that is associated with 90%
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survival rate of at least 1 twin and 70% to
80% of dual survival.3−6 Because up to 20%
of the MC twin pregnancies may develop
TTTS, fortnightly prenatal follow-up has
been recommended as the optimal surveil-
lance protocol for timely diagnosis.7 In
addition, opportune referral to fetal surgery
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Why was this study conducted?
This study aimed to demonstrate that twin-to-twin transfusion syndrome
(TTTS) must be conceived as an emergency diagnosis and as such therapy must
not be delayed, regardless of the COVID-19 pandemic.

Key findings
During the first year of the COVID-19 pandemic, compared with the prepan-
demic period, pregnancies complicated with TTTS had worse outcomes, such as
higher rates of advanced disease, short cervical length, and complications that
hinder fetal therapy, that led to lower overall survival rates.

What does this add to what is known?
Our study contributes information concerning the importance of stringent pre-
natal monitoring in monochorionic twin pregnancies even during a pandemic.
During this period, we demonstrated a longer prenatal surveillance interval than
suggested, and this could be a reason that explains the higher number of compli-
cations, inoperable cases, and overall lower survival rates.
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centers is essential to improve prognosis, as
delayed therapy may lead to advanced
stages, intrauterine fetal demise, preterm
premature rupture of membranes
(PPROM), or pretermdelivery.8−11

On March 11, 2020, COVID-19 was
declared a global pandemic by the
World Health Organization (WHO),12

which was associated with elevated
mortality mainly secondary to pneumo-
nia. Different risk populations were
reported, including pregnant women,
which showed a 2-fold higher risk of
pneumonia, admission to the intensive
care unit, and death than nonpregnant
women at similar ages, especially in
low- and middle-income countries.13−15

However, the burden of disease of
COVID-19 is not only limited to those
pregnant women with SARS-CoV-2
infection; as during this period, excess
in the maternal mortality rate, still-
births, and ruptured ectopic pregnan-
cies have been demonstrated.16

In Mexico, the first case of COVID-
19 was diagnosed on February 27, 2020,
and thereafter, the government recom-
mended lockdown, and some interna-
tional medical societies suggested
decreasing the number of antenatal vis-
its to prevent infection and spread of
the virus in this susceptible
population.17,18 The impact of subopti-
mal antenatal follow-up during a pan-
demic has not been previously assessed
in the population of MC twin pregnan-
cies at risk of TTTS.
2 AJOG Global Reports February 2022
This study aimed to assess the mater-
nal-fetal characteristics and survival out-
comes of monochorionic diamniotic
(MCDA) twin pregnancies complicated
with TTTS during the first year of the
COVID-19 pandemic and to compare
outcomes with those cases evaluated dur-
ing the same period in the previous year.

Material and Methods
Subjects
Between March 11, 2019 and March 10,
2021, a retrospective cohort study of con-
secutive MCDA twin pregnancies with
confirmed TTTS that were evaluated in a
single tertiary fetal surgery center at
Medicina Fetal M�exico in Queretaro,
Mexico (the main national referral center
for fetal surgery), was conducted. The
inclusion criteria for fetoscopy were
MCDA pregnancies with TTTS defined
according to the Eurofoetus criteria,19

which include polyhydramnios in the
recipient twin with the deepest vertical
amniotic fluid pocket of at least 8.0 cm
before 20 weeks of gestation and 10.0 cm
thereafter, along with oligohydramnios in
the donor twin with the deepest vertical
amniotic fluid pocket of <2.0 cm. TTTS
was classified according to the severity
staging system proposed by Quintero
et al.20 Early-stage disease was defined as
those TTTS cases in stage I or II, whereas
advanced-stage disease was defined as
those TTTS cases in stage III or V.

The cervical length was measured
immediately before fetal intervention in
the operating room by transvaginal
ultrasound according to the technique
described by Burger et al.21 A short cer-
vix was defined as that <25 mm.
Maternal-fetal characteristics and

perinatal outcomes of cases evaluated
during the first year of the WHO’s
COVID-19 pandemic declaration
(March 11, 2020 to March 10, 2021)
were retrospectively compared with
outcomes of cases evaluated during the
same period in the previous year
(March 11, 2019 to March 10, 2020).
The exclusion criteria for fetoscopy

were (1) PPROM, (2) cervical dilatation
with intact amniotic membranes, (3)
congenital structural malformations,
and (4) intrauterine fetal demise. All
ultrasound examinations were per-
formed with either a Voluson E8 Expert
BT12 (General Electric Healthcare,
Zipf, Austria) or a Voluson E10 BT18"
to Voluson E10 BT18 (General Electric
Healthcare, Zipf, Austria) equipment
with a 6- to 2-MHz linear curved array
transducer by the same medical group
within both periods. The surgical proto-
col was approved by the hospital ethics
committee, and patients provided writ-
ten informed consent.
During the COVID-19 pandemic,

our fetal surgery group developed a pro-
tocol, including a COVID-19 screening
test by nasopharyngeal swabbing for
quantitative polymerase chain reaction
in symptomatic patients. In asymptom-
atic pregnant patients and as recom-
mended by international societies, in
the setting of emergency interventions
performed under local anesthesia, such
as laser therapy for TTTS, procedures
were performed without a screening
test.22,23 Considering the absence of
viral testing and the poor negative pre-
dictive value of the COVID-19 test,24

patients were managed as suspected
COVID-19 carriers, and therefore, all
patients, visitors, and healthcare work-
ers had to wear surgical masks as sug-
gested by the WHO.

Fetoscopic therapy
Selective laser coagulation of the placen-
tal anastomoses on the chorionic plate
was performed by the same fetal surgery
team in both study periods as previously
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TABLE 1
Maternal and neonatal clinical characteristics for twin-to-twin transfu-
sion syndrome cases evaluated during the first year of the COVID-19
pandemic (2020) and the same period of the previous year
Characteristic 2019 (n=55) 2020 (n=54) P valuea

Maternal age (y) 29.9 (6.0) 29.3 (5.5) .64

BMI (kg/m2) 26.0 (5.4) 27.9 (6.4) .11

Primiparity 38.2 42.6 .64

Fortnightly antenatal visits 52.7 29.6 .01

TTTS staging

I 30.9 20.4 .21

II 32.7 25.9 .44

III 20.0 27.8 .34

IV 14.5 18.5 .58

V 1.8 7.4 .16

Late TTTS stage (III−V) 36.4 53.7 .07

Refused fetoscopic laser therapy 5.5 7.4 .68

TTTS complications precluding fetoscopy 3.6 18.5 .01

TTTS stage V 1.8 7.4 .16

PPROM before laser 0.0 3.7 .15

Cervical dilatation 1.8 5.6 .30

Fetoscopic laser therapy 90.9 75.9 .03

Short cervix at diagnosis 10.9 25.9 .04

GA at delivery (wk) 29.9 (5.8) 29.2 (10.3) .68

Preterm delivery<32 wk 43.6 45.1 .88

Overall survival

1 twin 80.0 56.9 .01

2 twins 56.4 39.2 .08
Data are presented as mean (standard deviation) or percentage, unless otherwise indicated.

BMI, body mass index; GA, gestational age; PPROM, preterm premature rupture of membranes; TTTS, twin-to-twin transfusion
syndrome.
a The Student t test for independent samples or the Pearson chi-squared test was used.
L�opez-Briones. Twin-to-twin transfusion syndrome and COVID-19. Am J Obstet Gynecol Glob Rep 2022.
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described25 and involved percutaneous
insertion of 1.2- to 3.0-mm semirigid
endoscopes through operative feto-
scopic sheaths and trocars with an
external diameter of 8F to 10F under
ultrasound guidance. Intertwin anasto-
moses were identified and coagulated
systematically along the intertwin vas-
cular equator with a nontouch tech-
nique using a diode laser with a 600-nm
fiber at power settings of 35 W. To con-
clude the fetoscopic procedure, amnio-
drainage was performed until the
deepest vertical pocket was <8 cm on
ultrasound examination. The use of
N95 or air-purifying respirator was not
mandatory as all fetoscopies were per-
formed under maternal local anesthesia
and therefore considered as low-risk
aerosol-generating procedures. Accord-
ing to our protocol, the number of per-
sons in the operating room was
restricted to 5 during the pandemic (the
pregnant women, the fetoscopic sur-
geon, a surgical assistant, an ultrasonog-
rapher, and a nurse). Prophylactic
tocolysis with 100 mg indomethacin
was administrated, and amniodrainage
was completed within 24 hours. Patients
were usually discharged within 24 to
72 hours.
After initial follow-up at the fetal sur-

gery center, patients were referred back
to their local obstetrician or maternal-
fetal medicine specialist for further fol-
low-up. Information regarding perinatal
outcomes was collected in all cases,
including PPROM, intrauterine fetal
demise of 1 or both twins, gestational
age at delivery, and neonatal death.

Statistical analysis
The Student t test and Pearson chi-
squared test were used to compare the
quantitative and qualitative data within
the study group, respectively. All tests
were 2-tailed, and a probability value of
<.05 was considered statistically signifi-
cant. Statistical calculations were per-
formed using the Statistical Package for
the Social Sciences software (version
25.0; SPSS Inc, Chicago, IL).

Results
A total of 109 consecutive MCDA twin
pregnancies with TTTS were referred to
our fetal surgery center during the 2-
year study period (55 patients in 2019
[pre-COVID-19 pandemic] and 54
patients in 2020 [during the first pan-
demic year]). According to Quintero’s
staging system, 28 (25.7%), 32 (29.4%),
26 (23.9%), 18 (16.5%), and 5 (4.6%)
cases were classified as stage I, II, III,
IV, and V, respectively.

Table 1 displays the data on the base-
line maternal-fetal clinical characteris-
tics in TTTS pregnancies evaluated
before and during the pandemic. A sim-
ilar number of cases refused fetoscopic
therapy in both study periods (7.4% vs
5.5%; P=.68). During the COVID-19
pandemic, compared with the previous
year, the proportion of cases with ultra-
sound surveillance interval longer than
2 weeks was significantly higher (70.4%
vs 47.3%; P=.01) and a considerably
higher proportion of cases showed
TTTS complications precluding laser
therapy, such as intrauterine fetal
demise, PPROM, or cervical dilatation
with intact amniotic membranes (18.5%
vs 3.6%; P=.01), advanced TTTS stages
(53.7% vs 36.4%; P=.07), and higher fre-
quency of short cervix at diagnosis
(25.9% vs 10.9%; P<.05). Furthermore,
February 2022 AJOG Global Reports 3
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FIGURE 1
Survival outcomes of TTTS between study groups
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Adverse perinatal outcome was significantly different between the groups (P<.05).
TTTS, twin-to-twin transfusion syndrome.

L�opez-Briones. Twin-to-twin transfusion syndrome and COVID-19. Am J Obstet Gynecol Glob Rep 2022.
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lower overall perinatal survival (56.9%
vs 80.0% [P=.01; at least 1 twin] and
39.2% vs 56.4% [P=.08; both twins])
were observed during the COVID-19
pandemic (Figure 1).
Compared with the year before the

pandemic, a significantly lower num-
ber of cases that fulfilled the criteria
for fetoscopy were observed during
the first year of the COVID-19 pan-
demic (41/54 [75.9%] vs 50/55
[90.9%]; P<.05). During the 2-year
study period, fetoscopic laser therapy
was successfully performed at a mean
gestational age of 22.7§3.3 weeks in
91 cases. Table 2 shows the baseline
maternal-fetal clinical characteristics
and surgical procedure of the cases
treated with fetoscopy during both
study periods. There was no signifi-
cant difference in preoperative cervical
4 AJOG Global Reports February 2022
length, gestational age at fetoscopy,
total fluid drained on amniodrainage,
or procedure duration.

Figure 2 and Table 3 illustrate the
perinatal outcomes of the 88 TTTS
pregnancies treated with fetoscopy
between the 2 study periods that were
delivered. Surgical outcomes were simi-
lar despite the COVID-19 pandemic,
considering that both groups showed
similar proportion of PPROM (31.6%
vs 22.0%; P=.31), preterm delivery
before 32 weeks of gestation (50.0% vs
44.0%; P=.58), and survival rates (76.3%
vs 88.0% [P=.15; at least 1 twin] and
52.6% vs 62.0% [P=.38; both twins]).

Comment
Principal findings
This study reported an adverse clinical
impact during the COVID-19
pandemic, compared with the prepan-
demic period, in MCDA twin pregnan-
cies complicated with TTTS involving a
trend for higher rates of advanced stages
at diagnosis and a considerably higher
rate of short CL, higher frequency of
exclusion criteria for fetoscopy, and
lower overall survival rates.

Results in the context of what is
known
Previous studies have demonstrated
that MCDA twin pregnancies with
TTTS may show a progression of hemo-
dynamic changes during pregnancy,
which leads to the deterioration of both
twins and a higher probability of either
single or dual intrauterine fetal
demise.26−28 Furthermore, TTTS may
show a progressive increase in the
amount of the recipient’s amniotic fluid,

http://www.ajog.org


TABLE 2
Maternal and neonatal clinical characteristics for twin-to-twin transfu-
sion syndrome cases selected for fetoscopic laser therapy before (2019)
and during the COVID-19 pandemic (2020)
Characteristic 2019 (n=50) 2020 (n=41) P valuea

Maternal age (y) 30.0 (6.0) 29.5 (5.5) .67

BMI (kg/m2) 26.4 (5.5) 27.8 (6.6) .30

Primiparity 38.0 46.3 .42

TTTS staging

I 30.0 22.0 .39

II 34.0 29.3 .63

III 20.0 34.0 .13

IV 16.0 14.6 .86

Late TTTS stage (III−IV) 36.0 48.8 .22

Cervical length (mm) 29.3 (11.1) 28.5 (10.0) .74

Short cervix 8.0 14.6 .31

GA at fetoscopy (wk) 22.8 (3.3) 22.6 (3.3) .78

Drained amniotic fluid (mL) 1727 (1625) 1986 (1446) .43

Surgery time (min) 25.0 (12.8) 24.6 (21.9) .92
Data are presented as mean (standard deviation) or percentage, unless otherwise indicated.

BMI, body mass index; GA, gestational age; TTTS, twin-to-twin transfusion syndrome.
a The Student t test for independent samples or the Pearson chi-squared test was used.
L�opez-Briones. Twin-to-twin transfusion syndrome and COVID-19. Am J Obstet Gynecol Glob Rep 2022.
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leading to a higher risk of either mater-
nal respiratory morbidity, PPROM, or
preterm delivery, with a detrimental
effect on neonatal survival.2,29 Consid-
ering that up to 20% of the MC twins
may develop this progressive lethal con-
dition, the International Society of
Ultrasound in Obstetrics and Gynecol-
ogy has published guidelines for the
management of twin pregnancies rec-
ommending a fortnightly surveillance
for all MC twins from 16 weeks of gesta-
tion to delivery and even a closer fol-
low-up with weekly ultrasound
assessment for those showing amniotic
fluid discordance.7 Previous studies
have reported poorer perinatal out-
comes of TTTS pregnancies in the set-
ting of suboptimal prenatal surveillance.
McDonald et al10 showed that longer
intervals between the last ultrasound
evaluation and diagnosis of TTTS were
associated with advanced TTTS stage
and higher risk of fetal demise. Simi-
larly, Thorson et al11 evaluated 108 MC
twins and found advanced stages and
higher risk of hydrops in pregnancies
with ultrasound intervals longer than 2
weeks than those with closer surveil-
lance.

Selected TTTS cases for fetoscopy
showed similar disease stages and sur-
vival rates during the 2 studied periods,
which suggested that the main popula-
tion affected by the COVID-19 pan-
demic were those MCDA pregnancies
that arguably had a less stringent prena-
tal monitoring and thus assessed at the
fetal surgical center when the disease
was inoperable.

These findings were in line with pre-
vious studies published during the
COVID-19 pandemic, showing consid-
erably reduced visits for prenatal ultra-
sound screening and decreased number
of diagnostic procedures, such as chori-
onic villous sampling and amniocente-
sis, during the pandemic compared
with the previous year.30 Regarding fetal
interventions, the fetal surgery group
from the Mayo Clinic compared out-
comes of 9 cases undergoing fetal inter-
vention during the first 2.5 months of
the COVID-19 pandemic with 8 cases
intervened in the same period a year
before. The authors suggested that the
COVID-19 pandemic had minimal
impact on survival outcomes of cases
selected for fetal intervention.31 How-
ever, in such study, cases that did not
undergo intervention (7/15 [46.7%]
before the pandemic and 13/22 [59%]
during the pandemic) were excluded for
analysis, and only a small number of
cases complicated with TTTS were eval-
uated within the study period (2 before
the pandemic and 5 during the pan-
demic); therefore, the true impact of the
pandemic on MC twin pregnancies
complicated with TTTS may have been
underestimated.

Clinical implications
Our study provides evidence that in the
context of a pandemic, MC twin preg-
nancies with TTTS could be affected by
the restrictions applied aiming to con-
trol the disease. During such a period,
pregnant women with TTTS were
referred to our center at advanced stages
mainly because of delayed prenatal
diagnosis secondary to longer intervals
between antenatal visits. The clinical
relevance of prompt detection and
referral of these cases should not be
underestimated, as according to our
findings, overall survival rates during
the pandemic were considerably lower
than the preceding year. Considering
that some consequences of late diagno-
sis may represent an exclusion criterion
for laser therapy, timely diagnosis and
opportune referral can decrease the
probability of being excluded for the
benefit of fetoscopic laser coagulation of
the placental anastomosis. In keeping
with this argument, the North Ameri-
can Fetal Therapy Network and other
international societies have recom-
mended that even during a pandemic
process, nonexperimental emergency
fetal interventions that have demon-
strated profits for lethal conditions in
randomized controlled trials, such as
laser therapy for TTTS, should still be
offered and performed during the
pandemic.32

However, we recognize that during a
pandemic process, where a potential
maternal infection can increase
February 2022 AJOG Global Reports 5
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FIGURE 2
Outcomes of TTTS with laser therapy during the study periods
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TABLE 3
Perinatal outcomes of twin-to-twin transfusion syndrome cases treated
with fetoscopic laser therapy during the first year of the COVID-19 pan-
demic (2020) and the same period of the previous year (2019)
Outcome 2019 (n=50) 2020 (n=38) P valuea

Interval between fetoscopy and delivery (wk) 8.0 (5.2) 8.6 (11.5) .75

PPROM 22.0 31.6 .31

GA at delivery (wk) 30.6 (5.5) 31.4 (11.0) .67

Preterm delivery<32 wk 44.0 50.0 .58

Overall survival

1 twin 88.0 76.3 .15

2 twins 62.0 52.6 .38
Data are presented as mean (standard deviation) or percentage, unless otherwise indicated.

GA, gestational age; PPROM, preterm premature rupture of membranes.
a The Student t test for independent samples or the Pearson chi-squared test was used.
L�opez-Briones. Twin-to-twin transfusion syndrome and COVID-19. Am J Obstet Gynecol Glob Rep 2022.
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maternal morbidity and mortality, preg-
nant women should be advised about
the potential higher risk of COVID-19
and prenatal surveillance with fetal
ultrasound should be performed with
caution as recommended in all at-risk
cases.33

Research implications
From a clinical point of view, our rec-
ommendations may be extrapolated to
other fetal pathologies for fetal interven-
tion that can evolve to intrauterine fetal
demise when expectantly managed,
such as fetal hydrothorax, solid and cys-
tic lung anomalies associated with mas-
sive pleural effusions, and fetal
anemia.34 Similarly, a suboptimal and
delayed prenatal surveillance in other
progressive fetal conditions may impair

http://www.ajog.org
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the prognosis, such as cases prenatally
diagnosed with low urinary tract
obstruction leading to either bladder
rupture or bilateral renal failure35,36 or
those with critical aortic stenosis evolv-
ing to left heart hypoplasia.37 Similar to
TTTS, in advanced stages of all these
fetal pathologies, the prognosis and sur-
vival outcomes worsen despite fetal
intervention, and therefore, such cases
should be diagnosed and referred to
experienced fetal surgery centers
promptly to have maximal benefit.38−40

Future research studies are required to
address the clinical impact of a pan-
demic process in such fetal pathologies.

Strengths and limitations
The main strength of our study was that
it included a well-selected cohort of all
consecutive pregnancies complicated
with TTTS referred for possible feto-
scopic laser therapy to our fetal surgery
center, which is considered the most
experienced referral center in Mexico.3−6

This means that the main population of
TTTS cases from our country has been
included in our series, and therefore, a
potential selection bias, such as referral
of the most complex cases, was unlikely.
Because a delay in TTTS management

may result in intrauterine fetal demise,
the main limitation of our study was that
none of the asymptomatic operated preg-
nant patients at our Institution had
COVID-19 screening test before fetos-
copy. However, careful selection of case
candidates for fetoscopy was essential to
minimize the risk of COVID-19 expo-
sure to the mother, their fetuses, and
healthcare workers; moreover, this was
ameliorated with the correct use of per-
sonal protective equipment.

Conclusions
During the COVID-19 pandemic,
MCDA twins complicated with TTTS
were evaluated at advanced stages and
showed a higher incidence of exclusion
criteria for fetoscopic laser surgery and
lower survival rates. This information
may be relevant for clinicians during
future similar lockdowns and highlight
the need to implement other strategies,
such as telemedicine, in an attempt to
avoid delayed antenatal visits of MC
twin pregnancies, enhance early recogni-
tion of TTTS and timely referral to a
fetoscopic center, and improve the prog-
nosis and decrease the risk of fetal
loss. &
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