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Abstract

Objective—This article describes the natural history of stage I twin–twin transfusion syndrome 

(TTTS) including risk of progression to higher stage TTTS and pregnancy outcomes, and to 

identify risk factors for progression.

Study Design—Retrospective cohort study of monochorionic diamniotic (MCDA) twin 

pregnancies from 2006 to 2016 with expectantly managed Quintero stage I TTTS.

Results—A total of 30 MCDA twin pregnancies with expectantly managed stage I TTTS were 

identified. Of these, eight (26.7%) progressed to higher stage TTTS. Median gestational age (GA) 

at diagnosis for those that progressed was 18.9 ± 2.9 weeks versus 21.4 ± 3.4 weeks in those that 

remained stable (p = 0.06). Presence of an arterioarterial (A-A) anastomosis was assessed for 

20/30 patients, and eight A-A were identified. Of those, 7/8 (87.5%) remained stable. In the 

complete cohort, a tiny or transiently visible bladder was noted in seven donor twins. Of these, 4/7 

(57.1%) progressed. Excluding one termination, 47/58 (81.0%) fetuses survived.

Conclusion—With expectant management of stage I TTTS, nearly three-fourths of pregnancies 

remain stable and most have survival of ≥ 1 twin. A-A anastomoses were not associated with 

progression to higher stage TTTS, whereas earlier GA at diagnosis or a small or intermittently 

visible donor bladder may herald greater risk of progression.
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Twin–twin transfusion syndrome (TTTS) affects 8 to 10% of all monochorionic 

pregnancies1,2 and is a major source of neonatal morbidity and mortality for monochorionic 

diamniotic (MCDA) twins.2,3 Untreated, severe TTTS is associated with a 70 to 100% fetal 

loss rate.3,4 Fetoscopic laser coagulation (FLC) of intertwin placental arteriovenous (A-A) 

anastomoses has been shown to improve neonatal survival and reduce rates of neurologic 

morbidity in higher stage TTTS5–8 and is generally accepted as the standard of care for 

Quintero stage II to IV TTTS.9

The optimal management of stage I TTTS is less clear though, and treatment approaches 

range from expectant management to FLC. Randomized data of laser treatment for stage I 

TTTS is extremely limited, and no randomized data of expectant management of stage I 

TTTS currently exist. Non-randomized studies of the natural history of TTTS have shown 

that the majority of pregnancies with stage I TTTS (85%) do not progress and have 

associated high neonatal survival rates.9–12 Therefore, expectant management of stage I 

TTTS has been considered an acceptable treatment approach.9,12

This approach was recently challenged, however, by a retrospective study from the North 

American Fetal Therapy Network (NAFTNET)13 that compared outcomes of expectant 

management, amnioreduction, and FLC for stage I TTTS. This study found significantly 

worse outcomes for expectant management of stage I TTTS with 34/49 (69%) progressing in 

stage or suffering dual loss from spontaneous previable preterm birth. Additionally, both 

amnioreduction and FLC reduced the chance of dual loss as compared with expectant 

management, and FLC was protective against poor obstetric outcome (defined as double 

fetal demise or delivery < 26 weeks’ gestational age [GA]).13

Given this lack of consensus regarding risk of progression and optimal management strategy 

for stage I TTTS, we aimed to describe the natural history of stage I TTTS including risk of 

progression to higher stage TTTS and pregnancy outcomes, as well as to identify risk factors 

for progression. Our hypotheses were that the rate of progression from stage I TTTS to 

higher stage TTTS would be low and obstetric outcomes of expectant management would be 

comparable to those following fetal intervention.

Methods

This was a retrospective cohort study of all cases of MCDA twin pregnancies referred to the 

University of California San Francisco (UCSF) Fetal Treatment Center (FTC) for possible 

TTTS from January 2006 to June 2016. Cases were identified from the FTC database. 

Inclusion criteria were MCDA twin pregnancies diagnosed with stage I TTTS at 16 to 28 

weeks’ GA, for which expectant management of stage I TTTS was pursued as is standard 

practice at our institution. Exclusion criteria were primary fetal intervention (amnioreduction 

or FLC) at the time of diagnosis of stage I TTTS, elective pregnancy termination in the 

absence of progression to higher stage TTTS, critically abnormal Doppler studies at 

diagnosis, and major fetal anomalies. Cases were also excluded if there was insufficient 

follow-up to determine the primary study outcome.
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The primary outcome was progression to higher stage TTTS, meaning stage II or above. 

Obstetric outcomes (neonatal survival and GA at delivery) and possible sonographic risk 

factors for progression (deepest vertical pocket [DVP] of amniotic fluid for each twin, 

estimated fetal weight (EFW) discordance, fetal growth restriction (FGR) of the donor twin, 

marginal or velamentous cord insertion of either twin, presence of visible A-A anastomosis, 

and markedly tiny or intermittently visible donor twin urinary bladder) were considered 

secondarily. For consistency and in recognition of the impact of preterm delivery on neonatal 

morbidity and mortality, obstetric outcomes were described in two ways as defined by 

Emery et al13: number of surviving neonates to hospital discharge, and good (dual survival 

and delivery at ≥ 30 weeks), mixed (single demise or delivery at 26–29.9 weeks), or poor 

(dual demise or delivery at < 26 weeks).

On referral to our FTC, each pregnancy underwent ultrasound (US) evaluation including a 

complete anatomic survey, assessment of amniotic fluid volume by DVP, Doppler evaluation 

of the umbilical artery (UA) and ductus venosus (DV), and documentation of the placental 

cord insertion sites for both twins. TTTS was diagnosed and staged based on the Quintero 

staging system,14 with stage I TTTS defined as polyhydramnios (DVP ≥ 8 cm) of one twin, 

the “recipient,” and oligohydramnios (DVP ≤ 2 cm) of the cotwin, the “donor.” Additional 

sonographic findings of nonvisualization of the donor twin bladder (stage II), critically 

abnormal Doppler studies (stage III), hydrops fetalis (stage IV), and death of one or both 

twins (stage V) defined higher stage TTTS.14

Patients were followed with serial USs at our center. In general, patients with stage I TTTS 

were followed with sonograms at least weekly, or more frequently depending on the concern 

of the consulting perinatologist. At presentation to our institution, sonographic placental 

mapping, which is included in our institution’s protocol for evaluation of complicated 

MCDA twins, was performed in most cases. This included targeted color and spectral duplex 

Doppler interrogation to evaluate for the presence of an A-A anastomosis along the fetal 

surface of the monochorionic placenta.15–17 An A-A anastomosis was confirmed when a 

vessel was seen with pulsatile bidirectional arterial flow coursing between the cord insertion 

sites along the fetal surface of the shared placenta.

Percent discordance in EFW [(EFWlarger twin – EFWsmaller twin)/EFWlarger twin × 100] at 

diagnosis of stage I TTTS as well as percent birth weight discordance (calculated in a 

similar manner using actual birth weights) were recorded. Twins were considered discordant 

at diagnosis if they had percent EFW discordance > 20%. The difference in DVPs between 

twins at the time of diagnosis was also calculated and recorded for each twin pair (ΔDVP = 

DVPrecipient –DVPdonor). FGR was defined as EFW < 10 percentile for one or both of the 

twins at any point in the pregnancy. Additionally, if comment was made on the original 

sonographic interpretation about the donor bladder being noticeably “small,” “tiny,” 

“intermittently,” or “transiently” visible in the setting of stage I TTTS, this was noted.

The patient database and electronic medical record were used to collect additional 

information regarding demographic characteristics, treatment interventions, and delivery and 

neonatal outcomes for those pregnancies delivered at our institution. For patients who 

ultimately delivered at an outside institution, the FTC staff contacted the patients and outside 
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hospital providers to collect information regarding clinical course, delivery, and neonatal 

outcomes. Pregnancies that ended in termination or dilation and curettage were included in 

the baseline characteristics but were excluded from survival outcomes and calculations of 

GA at delivery.

Outcomes of MCDA twin pregnancies with stage I TTTS referred to UCSF between January 

2006 to July 2009 were previously submitted to NAFTNET for inclusion in the Emery et al 

study.13 This includes five patients in the present study who were evaluated during that 

timeframe.

Wilcoxon Rank Sum was used to compare median values of nonparametric continuous 

variables, and Fisher exact test was used to compare proportions given the relatively smaller 

size of subgroups in our analyses. All statistics were performed using Stata (version 14.0, 

StataCorp, College Station, TX). This study was approved by the Committee on Human 

Research (CHR) at UCSF (IRB Study Number 10–04093). Based on the retrospective and 

anonymized nature of this study, a waiver of patient consent was granted.

Results

A total of 373 MCDA twin pregnancies were identified during the study time period. Of 

these,39 met the criteria for Quintero stage I TTTS at 16 to 28 weeks GA. Seven of these 39 

cases (17.9%) underwent amnioreduction at the time of stage I TTTS diagnosis for 

symptomatic polyhydramnios and were excluded. Two additional cases of the 39 (5.1%) 

elected termination of pregnancy for stage I TTTS, and were also excluded.

The remaining 30 cases of stage I TTTS were expectantly managed and were included in 

this study. Of these 30 cases, 8 (26.7%) progressed to higher stage TTTS, including two to 

stage II, three to stage III, two to stage IV, and one to stage V. Median time to progression 

was 1.7 ± 3.2 weeks (median ± interquartile range).

Patient demographics based on progression status are shown in Table 1. While maternal age 

and nulliparous status were not significantly different between the pregnancies that remained 

stable and those that progressed to ≥ stage II TTTS, there was a trend toward earlier GA at 

diagnosis in the patients who progressed (18.9 ± 2.9 weeks versus 21.4 ± 3.4 weeks, p = 

0.06). All but one of the included cases was diagnosed with stage I TTTS between 16 and 26 

weeks’ GA and the remaining case was diagnosed at 27.4 weeks’ GA. Those that progressed 

also delivered at a significantly earlier GA (27.7 ± 5.8 weeks versus 33.9 ± 4.9 weeks, p = 

0.04). Of those that progressed, 7/8 had a subsequent procedure including placental laser 

ablation (5), amnioreduction (1), and pregnancy termination (1). The remaining pregnancy 

had progressed to stage V TTTS and thus did not undergo any additional treatment.

Sonographic characteristics of the study cohort by progression status are shown in Table 2. 

Comparing the pregnancies that remained stable to those that progressed to higher stage 

TTTS, there was no significant difference in the DVP of the recipient twin, ΔDVP, placental 

location, percent discordance in EFW, or proportion with EFW discordance > 20% at the 

time of diagnosis of stage I TTTS. The donor DVP at diagnosis was lower in the group that 

progressed (1.3 ± 0.4 cm versus 1.6 ± 0.5 cm, p = 0.05); however, the small magnitude of 
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difference in the measurements is unlikely to be clinically relevant. Additionally, there was 

no difference in percent birth weight discordance or the rate of marginal or velamentous 

cord insertions for either twin between the two groups. In the complete cohort, however, 

marginal or velamentous cord insertion was more frequent in the donor as compared with 

the recipient twin (63.3% versus 30.0%, p = 0.02).

Information regarding evaluation for A-A anastomosis was available for 20/30 pregnancies 

(66.7%), including 15/22 (68.2%) of those that remained stable and 5/8 (62.5%) that 

progressed. Of the pregnancies that underwent evaluation for A-A anastomosis, A-A was 

seen in 7/15 (46.7%) that remained stable and 1/5 (20%) that progressed (p = 0.6). Stated 

differently, of the eight pregnancies with a visible A-A, seven (87.5%) remained stable.

In 7 of the 30 pregnancies, the urinary bladder in the donor twin was visible on US but was 

described as being notably “small,” “tiny,” “intermittently,” or “transiently” visible. While 

not statistically significant, there was a trend toward this observation being associated with 

progression to higher stage TTTS, with 4/7 (57.1%) of these pregnancies progressing (p = 

0.06).

Pregnancy outcomes are presented in Table 3. Excluding the one termination, overall 

survival occurred in 47/58 (81.0%) fetuses, and 26/29 (89.7%) pregnancies had survival of at 

least one twin. Patients who remained stable had an increased rate of dual survival (86.4% 

versus 28.6%, p ≤ 0.01) and “good” outcome (77.2% versus 28.6%, p = 0.03) compared with 

those that progressed to higher stage TTTS. Progression to higher stage TTTS was 

associated with an earlier GA at delivery and increased risk of “mixed” or “poor” obstetric 

outcomes.

Comment

In our cohort of expectantly managed stage I TTTS pregnancies, three-fourths remained 

stable and the majority had survival of both twins regardless of progression status. Though 

not statistically significant, almost 90% of patients with an identifiable A-A anastomosis 

remained stable, whereas more than half of those with a small or transient donor bladder 

progressed to ≥ stage II TTTS.

The optimal management of stage I TTTS is controversial, with treatment approaches 

ranging from expectant management to FLC. Currently, the ideal approach to balance the 

relative risks of possible progression and procedural complications in stage I TTTS is 

unclear.

Three prior prospective randomized controlled trials (RCTs) have compared treatment 

options for TTTS,5,7,18 although only the Eurofetus trial—which compared amnioreduction 

to FLC—reported results for stage I specifically and only six stage I TTTS pregnancies 

underwent FLC in that trial.5 Importantly, none of these trials randomized patients to 

expectant management. Nonrandomized data regarding outcomes with stage I TTTS is also 

limited. In a large systematic review of treatment outcomes of stage I TTTS (n = 262 twin 

pairs), Rossi and D’Addario reported that neonatal survival rates were lowest for 

amnioreduction (77%) but equivalent for expectant management and FLC (86% versus 85%, 
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respectively). In a meta-analysis of FLC for stage I TTTS (n = 60 twin pairs), overall 

neonatal survival was similar to expectant management at 83%.19 Furthermore, in a 

systematic review and meta-analysis of 18 studies (n = 172 twin pairs to assess for 

progression, n = 433 twin pairs to assess for survival), Khalil et al similarly reported a 27% 

rate of progression and 79% overall fetal survival with expectant management of stage I 

TTTS.20

These results are consistent with our findings of a 26% rate of progression and 72% overall 

neonatal survival, and stand in contrast to the dramatically higher rates of progression and 

significantly worse prognosis reported for expectant management of stage I TTTS in the 

NAFTNET study.13 While the authors of that study endorsed the use of laser for stage I 

TTTS based on their results, the inherent limitations of the retrospective, nonrandomized 

study preclude a broad recommendation for intervention for stage I TTTS. Given the risk of 

iatrogenic procedural complications with FLC, additional evidence is needed to prove the 

safety and superiority of this technique in stage I TTTS.

While there is inconsistency among studies and controversy regarding management of stage 

I TTTS, there is consensus that progression is associated with worse outcomes. Therefore, 

identifying features associated with progression could help stratify risk and might improve 

outcomes by allowing for better selection of those who would most benefit from surgical 

intervention. We report two US findings that may serve as such markers: identifiable A-A 

anastomosis and small/intermittently visible donor bladder.

In our cohort, patients with an A-A anastomosis, identifiable by in utero Doppler US, had 

only a 12.5% risk of progression. This is consistent with prior studies that showed A-A 

anastomoses reduce the risk of developing TTTS in uncomplicated MCDA pregnancies.
15,21,22 The specificity of prenatal Doppler US to identify A-A anastomoses approaches 

100% but the sensitivity is only 75 to 85%, thus the absence of an A-A anastomosis on US is 

less informative.23,24 A notably small or transiently visualized bladder in the donor twin was 

associated with > 50% risk of progression to higher stage TTTS. In the widely used 

Quintero staging system, stage I TTTS specifies visualization of the donor bladder.16 This 

criterion may be variably interpreted and applied (consistently versus transiently visible 

donor bladder) by investigators, possibly resulting in differences in reported outcomes. 

Based on our observations, very close, short interval follow-up is performed if the donor 

twin does not have a consistently visible, normal-appearing bladder for the duration of the 

sonogram. While these findings did not reach statistical significance with our relatively 

small sample size, these trends suggest A-A anastomoses and donor bladder appearance 

warrant further investigation and may be valuable predictors of progression in stage I TTTS.

The lower DVP at diagnosis in the pregnancies that progressed to higher stage TTTS is 

consistent with the more frequent observation of a small or transiently visualized donor twin 

bladder in this group. Though the small absolute difference in DVP seen in this study may 

limit the clinical relevance of this observation, both of these findings suggest a more 

substantial reduction in the fetal urine production of the donor twin which may indicate 

greater intertwin hemodynamic imbalance and associated increased risk of progression to 

severe TTTS.
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Additionally, it is notable that the median GA at diagnosis was nearly 3 weeks earlier in the 

pregnancies that progressed than those that remained stable. While the data from this cohort 

is insufficient to define a clear GA cutoff at which the risk of progression significantly 

increases, our findings suggest that pregnancies diagnosed earlier in gestation may warrant 

closer US surveillance.

Strengths of this study include consistency of the results with most prior studies of stage I 

TTTS and information regarding novel predictors of progression. Limitations of this study 

include the observational, retrospective design of the study and the small number of 

observations in the subgroups. Additionally, as a tertiary referral center, referral bias is 

possible and patients with stage I TTTS who remained stable or suffered fetal loss and were 

not referred may have been missed. Furthermore, while short-term neonatal survival and 

outcomes were presented, long-term outcomes were unavailable. The lack of placental 

vascular dye injection studies also limits our ability to confirm the US findings of vascular 

anastomoses and understand the pathophysiology of TTTS in more detail.

With expectant management of stage I TTTS, three-fourths of patients remain stable and the 

majority has survival of at least one twin. Findings suggest that A-A anastomoses are not 

associated with progression, whereas earlier GA at diagnosis or a markedly small or 

intermittently visible donor bladder may be associated with progression to ≥ stage II TTTS. 

Further research is needed to continue to evaluate the natural history and outcomes of stage I 

TTTS in a broader, nonreferral population and to refine our understanding of predictors of 

progression. Prospective RCTs, such as the ongoing international study by Ville et al,25 

comparing expectant management versus FLC for stage I TTTS, are needed to more 

definitely determine the optimal strategy for management of stage I TTTS.
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Table 1

Patient characteristics

Variable All patients (n = 30)

By progression to higher stage TTTS

No progression (n = 22) Progression (n = 8) p-Value

Maternal age, ya 30 (10.0) 30 (10.0) 30.5 (10.0) 0.87

Nulliparity, n (%)b 14 (46.7) 12 (54.6) 2 (25.0) 0.23

GA at diagnosis, wka 20.8 (3.7) 21.4 (3.4) 18.9 (2.9) 0.06

GA at delivery, wka 31.4 (7.2) 33.9 (4.9) 27.7 (5.8) 0.04

Mode of deliveryb 0.09

 SVD, n (%) 9 (30.0) 5 (22.7) 4 (50.0)

 C section, n (%) 20 (64.3) 17 (77.3) 3 (37.5)

 Elective termination, n (%) 1 (3.3) 0 (0.0) 1 (12.5)

Abbreviations: GA, gestational age; SVD, spontaneous vaginal delivery; TTTS, twin–twin transfusion syndrome.

Note: N values represent number of pregnancies. Stage I TTTS groups with and without progression to higher stage TTTS are the comparison 
groups for the p-values. Wilcoxon Rank Sum and Fisher exact tests were used to compare nonparametric continuous variables and proportions, 
respectively. A significance level of 0.05 was used to define significance for these analyses.

a
Results for continuous variables are displayed as median (interquartile range).

b
Results for proportions are displayed as n (percentage).
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Table 2

Sonographic characteristics

Variable All patients (n = 30)

By progression to higher stage TTTS

No progression (n = 
22) Progression (n = 8) p-Value

DVP of recipient twin, cma,b 9.6 (1.6) 9.6 (1.7) 9.7 (1.2) 0.83

DVP of donor, cma,b 1.4 (0.4) 1.6 (0.5) 1.3 (0.4) 0.05

ΔDVP, cma,b 8.3 (1.6) 8.1 (1.7) 8.3 (1.5) 0.89

EFW discordance, %a,b 18.0 (17.0) 19.1 (12.0) 12.5 (23.1) 0.61

EFW discordance > 20%, n (%)b,c 13 (43.3) 10 (45.5) 3 (37.5) 1.0

Birth weight discordance, %a 20/22
19.8 (22.6)

17/18
22.3 (21.2)

3/4
15.9 (29.6)

0.31

FGR of at least one twin, n (%)a,d 1 (3.6) 1 (4.8) 0 (0.0) 1.0

A-A anastomosis interrogated, n 20/30 15/22 5/8 0.60

A-A anastomosis identified, n (%)c 8 (40.0) 7 (46.7) 1 (20.0)

Marginal/velamentous cord insertion of recipient, n (%)c 9 (30.0) 5 (22.7) 4 (50.0) 0.20

Marginal/velamentous cord insertion of donor, n (%)c 19 (63.3) 14 (63.6) 5 (62.5) 1.0

Placental location, n (%)c 1.0

 Anterior 15 (50.0) 11 (50.0) 4 (50.0)

 Posterior 15 (50.0) 11 (50.0) 4 (50.0)

Donor twin bladder “small” or “intermittent,” n (%)c 7 (23.3) 3 (13.6) 4 (50.0) 0.06

Abbreviations: A-A, arterio-arterial anastomosis; DVP, deepest vertical pocket; EFW, estimated fetal weight; FGR, fetal growth restriction; TTTS, 
twin–twin transfusion syndrome.

Note: N values represent number of pregnancies. Stage I TTTS groups with and without progression to higher stage TTTS are the comparison 
groups for the p-values. Wilcoxon Rank Sum and Fisher exact tests were used to compare nonparametric continuous variables and proportions, 
respectively. A significance level of 0.05 was used to define significance for these analyses.

a
Results for continuous variables are displayed as median (interquartile range).

b
At diagnosis of stage I TTTS.

c
Results for proportions are displayed as n (percentage).

d
Defined as EFW ≤ 10 percentile for GA for either twin at any time from diagnosis of stage I TTTS to delivery.
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Table 3

Pregnancy outcomes

All patients (n = 29)a

By progression to higher stage TTTS

No progression (n = 22) Progression (n = 7)a p-value

Survivors per pregnancy, n (%) < 0.01

 2 21 (72.4) 19 (86.4) 2 (28.6)

 1 5 (17.2) 1 (4.6) 4 (57.1)

 0 3 (10.3) 2 (9.1)b 1 (14.3)c

 ≥ 1 26 (89.7) 20 (90.9) 6 (85.7)

Outcome, n (%)d 0.04

 Good 19 (65.5) 17 (77.2) 2 (28.6)

 Mixed 5 (17.2) 3 (13.6) 2 (28.6)

 Poor 5 (17.2) 2 (9.1)b 3 (42.9)c

Abbreviation: TTTS, twin–twin transfusion syndrome.

Note: N values represent number of pregnancies. Stage I TTTS groups with and without progression to higher stage TTTS are the comparison 
groups for the p-values. A significance level of 0.05 was used to define significance for these analyses.

a
Excluding patient who underwent elective termination for stage III TTTS.

b
Both patients spontaneously delivered at previable (< 24 weeks) gestational age.

c
Includes one spontaneous previable delivery.

d
Good outcome defined as dual survival and delivery at ≥ 30 weeks, mixed outcome defined as single demise or delivery at 26 to 29.9 weeks, and 

poor outcome defined as double demise or delivery at less than 26 weeks.
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