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Abstract
Objective—To examine the effect of selective fetoscopic laser photocoagulation (SFLP) versus
serial amnioreduction (AR) on perinatal mortality in severe twin-twin transfusion syndrome (TTTS).

Study Design—5-year multicenter prospective randomized controlled trial. The primary outcome
variable was 30-day postnatal survival of donors and recipients.

Results—There is no statistically significant difference in 30-day postnatal survival between SFLP
or AR treatment for donors at 55% (11/20) vs 55% (11/20) (p=1, OR=1, 95%CI=0.242 to 4.14) or
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recipients at 30% (6/20) vs 45% (9/20) (p=0.51, OR=1.88, 95%CI=0.44 to 8.64). There is no
difference in 30-day survival of one or both twins on a per pregnancy basis between AR at 75%
(15/20) and SFLP at 65% (13/20) (p=0.73, OR=1.62, 95%CI=0.34 to 8.09). Overall survival
(newborns divided by the number of fetuses treated) is not statistically significant for AR at 60%
(24/40) vs SFLP 45% (18/40) (p=0.18, OR=2.01, 95%CI=0.76 to 5.44). There is a statistically
significant increase in fetal recipient mortality in the SFLP arm at 70% (14/20) versus the AR arm
at 35% (7/20) (p=0.25, OR=5.31, 95%CI=1.19 to 27.6). This is offset by increased recipient neonatal
mortality of 30% (6/20) in the AR arm. Echocardiographic abnormality in recipient twin
Cardiovascular Profile Score is the most significant predictor of recipient mortality (p=0.055,
OR=3.025/point) by logistic regression analysis.

Conclusions—The outcome of the trial does not conclusively determine whether AR or SFLP is
a superior treatment modality. TTTS cardiomyopathy appears to be an important factor in recipient
survival in TTTS.
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Introduction
Twin-twin transfusion syndrome (TTTS) is the single most common serious complication of
monochorionic twin gestations accounting for 10 to 17% of all perinatal mortality1,2. The
natural history of untreated TTTS is well established with mortality rates up to 90%1,3,4. The
incidence of this serious complication has been increasing in parallel with the increasing
incidence of multiple gestations5.

Numerous treatment options for TTTS have been reported, including amnioreduction (AR)6–
12, intertwin septostomy13–16, non-selective fetoscopic laser17–20 selective fetoscopic laser
photocoagulation (SFLP)21–28, and cord coagulation29–32, all of which have improved survival
rates compared to the untreated natural history of TTTS. It has been controversial which of
these treatment options would provide the best outcome in specific cases of TTTS. AR has
been associated with an average survival of 50%33, with large international registries reporting
60 to 65% survival34,35. Saade et al. suggested the reason AR works is because it inadvertently
creates an intertwin septostomy36. This inadvertent septostomy has been suggested to account
for the “single amnioreduction paradox” in which TTTS appears to stop in up to 20% of patients
after only a single AR36. Consistent with this view, a prospective randomized trial comparing
AR to septostomy found the same 65% survival in each arm of the study16. The problem with
septostomy has been the risk of creating a mono-amniotic gestation and the attendant risk of
cord entanglement with double fetal demise37. Cord coagulation, either by fetoscopic bipolar
cautery or radiofrequency ablation, at best can only achieve a 50% survival and is unacceptable
to many parents as it necessitates the sacrifice of one fetus.

Fetoscopic laser photocoagulation for TTTS was first described by De Lia et al., as a means
of functionally converting a monochorionic placenta to a dichorionic one by occluding vascular
connections between the twins normally present in monochorionic placentas17,18. While these
vascular connections are not the cause of TTTS, they are a necessary prerequisite for the
syndrome. This technique as originally described, and still in use in some centers, is non-
selective in nature, meaning all vessels found to cross the intertwin membrane were
photocoagulated17,18. Survival with this approach is reported to be 53 to 56%17–18, comparable
to survival rates observed with AR. An intriguing finding which stimulated interest in this
approach was the observation that newborn survivors treated by fetoscopic laser appeared to
have a lower incidence of head ultrasound or MRI abnormalities (5–7% vs. 14–25%)5,17–20.

Crombleholme et al. Page 2

Am J Obstet Gynecol. Author manuscript; available in PMC 2009 September 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Subsequently, Quintero et al., recognizing there is no anatomic relationship between the
position of the intertwin membrane and the vascular equator, described a selective technique
of fetoscopic laser photocoagulation in which only vessels demonstrated to be communicating
between the two twins are treated21. This selective fetoscopic laser technique is thought to
preserve non-communicating vessels and has been associated with survival rates of 62 to 77%
21–28.

In order to eliminate the up to 20% of patients with TTTS that may respond to a single AR,
the so-called single “amnioreduction paradox”, and to compare the impact on 30-day neonatal
survival in patients at the most severe end of the spectrum of TTTS, we conducted a prospective
randomized clinical trial on subjects with TTTS presenting prior to 22 weeks’ gestation, stages
II, III or IV, who failed to respond to AR, and randomized either to SFLP or serial AR.

Materials and Methods
Study Design

This trial was a 5-year multicenter prospective randomized controlled trial to examine the effect
of SFLP compared to serial AR on perinatal mortality in severe twin-twin transfusion
syndrome. Patients meeting entry criteria (see Table 1) and consenting to enter the trial were
randomized to one of the two treatment arms with equal likelihood.

Primary and Secondary Outcomes
The primary outcome variable to be assessed in this trial comparing AR to SFLP is the 30-day
neonatal survival of donors and recipients. In addition, secondary outcome variables to be
assessed include the number of pregnancies in each arm with one or more twins surviving; and
the overall survival to 30 days (total number of twins surviving to 30 days divided by the total
number of fetuses treated).

Demographics
Subjects were pregnant women 18 years or older, diagnosed with TTTS at less than 22 weeks’
gestation, and randomized and treated prior to 24 weeks’ gestation. The subjects must have
had no contraindication to general anesthesia or abdominal surgery, history of preterm labor,
or uterine anomalies (see Table 1).

Sample Size Considerations
Subjects were assigned to AR or SFLP with equal probability (1:1 odds). The plan consisted
of three interim analyses at accrual of 1/4, 2/4, and 3/4 of the planned sample size. The criteria
for stopping were based on the O’Brien-Fleming stopping rules38. The primary null hypothesis
to be tested was that the survival rates of donor/recipient twins at 30 days after birth and no
treatment failure are the same between the two treatment groups. With a two-sided Type I error
of 0.025 for each of the two primary outcomes and a power of 0.80, it would take 146 patients
to detect an increase from a 50% survival rate with AR to a 75% survival rate with SFLP. These
estimates were based on pooled reports of overall survival to delivery from published series
of patients treated by AR or SFLP5,12,17–28.

Study Procedures
Pre Screening Criteria—Prior to randomization, each subject underwent a diagnostic
evaluation which included ultrasound to confirm monochorionic diamniotic gestation with like
sex twins, single placental mass, and a thin intertwin membrane. In addition, there had to be a
“stuck” donor twin defined as a twin with a deepest vertical pocket of ≤ 2 cm and a recipient
co-twin with polyhydramnios defined with a deepest vertical pocket of > 8 cm, with or without
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Doppler or echocardiographic changes, and presenting prior to 22 weeks’ gestation. The empty
bladder in the donor twin should not be seen to fill during the ultrasound examination (Quintero
stage II) unless there are Doppler velocimetry changes in umbilical artery, umbilical vein, or
ductus venosus waveforms (Quintero Stage III). In addition, structural anomalies and CNS
abnormalities were specifically excluded. A transvaginal ultrasound was performed after the
qualifying AR to exclude foreshortened cervix and length < 2.0 cm excluded the mother from
the trial. To ensure uniformity, determination of projected gestational age was based on the
method used by the NICHD-sponsored Maternal Fetal Medicine Units Network39.

A single diagnostic and therapeutic qualifying amniocentesis was performed on the
polyhydramniotic sac with sufficient fluid removed to reduce the deepest vertical pocket to <
5 cm. This initial qualifying AR was performed by a participating investigator per a standard
protocol. A follow-up ultrasound was performed within one hour of the procedure to detect
evidence of inadvertent microseptostomy which, if detected, excluded the patient from
eligibility for randomization.

Final Screening—If the follow-up ultrasound obtained 12 to 24 hours after the qualifying
amniocentesis visualized a decompressed bladder in the donor twin which is not seen to fill
during the examination and a deepest vertical pocket of < 2 cm in the donor sac, the subject
was considered a candidate for entry into the trial and offered randomization. If the donor
deepest vertical pocket was > 2 cm or the bladder was not decompressed and/or seen to fill
during the follow-up ultrasound examination 12 to 24 hours later, the subject was considered
a responder and not a candidate for randomization (see Table 1).

Pre-Treatment Studies—Prior to initiation of treatment, baseline studies including
ultrasound, fetal echocardiogram, and MRI were obtained and recorded on blinded tapes/films
and sent to the Data Coordinating Center (DCC). In the SFLP arm, maternal screening for
anesthesia by an anesthesiologist and pre-operative CXR, EKG, and CBC were obtained. An
ultrasound and echocardiogram were obtained on each fetus at least weekly. Each of these
surveillance tests had a checklist of data to be obtained with the examination.

Randomization Plan—Randomization was centralized via faxed case report forms and
stratified by cluster and gestational age group. AR was performed at the local clinic. SFLP
subjects were sent to either Cincinnati, CHOP, or UCSF based on geographical location.

Selective Fetoscopic Laser Photocoagulation (SFLP)—Mothers randomized to the
SFLP arm of the study underwent the procedure under epidural anesthesia and intravenous
sedation for comfort. Although most of the procedures could be performed by a single
percutaneous port, some cases with an anterior placenta required a mini-laparotomy to expose
the surface of the uterus. A 4 mm incision was made in the skin to allow ultrasound-guided
placement of a 3.3 mm 3-port fetoscope that has a lens port as well as two working ports; one
for the 600μ laser endostat and the other for the Level I for rapid infusion of physiologic saline,
if needed, to clear the amniotic cavity. The chorionic plate of the placenta was mapped three
times: 1) trace every vessel that leaves the placental cord insertion of the recipient twin to its
termination in a cotyledon or in an anastomosis to a vessel crossing to the donor twin’s
umbilical cord insertion, 2) intraoperatively mark and record location of all connecting vessels
for subsequent photocoagulation, and 3) verify that no connecting vessels were missed. All
procedures were digitally recorded and a permanent record of vascular anatomy was made for
each procedure. All recorded SFLP procedures were independently externally reviewed to
ensure quality control. The vessels were photocoagulated using 60 watts power with the
endostat positioned at 1 cm from the surface of the vessel. The amniotic fluid volume was
reduced such that the deepest vertical pocket was < 5 cm. Antibiotics were instilled into the
amniotic cavity prior to trocar removal.
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During a 9-month period, the trial was placed on pause when the principal investigator moved
from Philadelphia to Cincinnati. During this pause, the NIH and DSMB requested that we
incorporate the use of the new Storz remote head fetoscope into the trial as standard equipment
at all 3 laser centers. This required IRB approval at all centers because this device at the time
was not FDA approved. Up to that time, all three centers were using the Storz 3-3 mm fetoscope
with standard head for camera attachments.

Aggressive Amnioreduction (AR)—Mothers who were randomized to the aggressive
serial AR arm of the study underwent ultrasound examination on a Monday, Wednesday,
Friday schedule. AR was performed whenever the recipient twin sac deepest vertical pocket
was ≥ 8.0 cm. The volume of fluid removed during these procedures was sufficient to reduce
the deepest vertical pocket to ≤ 5 cm. The AR procedure was standardized by protocol to require
use of a 20-gauge needle and vacuum suction bottle. The patient was assessed for an inadvertent
microseptostomy by checking the deepest vertical pocket around the donor within 1 hour of
the procedure. All fetuses delivered as clinically indicated.

Definition of Treatment Failure—A failure of therapy was defined as the progression of
non-immune hydrops or cardiac failure with imminent fetal demise despite therapy in one of
the two treatment arms. A fetus would have to meet at least two of the four following criteria
in order to meet the definition of cardiac failure despite therapy: 1) development or progression
of severe AV valve (mitral or tricuspid) regurgitation, 2) reversal of diastolic flow in the ductus
venosus, 3) reversal of diastolic flow in the umbilical artery of the recipient twin, or 4)
development or progression of severe biventricular dysfunction. In the event that a subject
from either arm of the study was declared a treatment failure, she was offered the treatment of
her choice outside the trial. Being declared a treatment failure was treated statistically as
equivalent to a death for the purposes of proving endpoint analysis.

Statistical Considerations
Interim Analysis and Early Trial Closure—The Data Safety and Monitoring Board
(DSMB) reviewed the trial for efficacy for the primary outcome at the interim analyses
performed after 38 randomized patients were evaluable. Adverse events and the primary
outcome of perinatal mortality were the only outcome variables considered when deciding to
close the trial.

Primary Analysis—The primary outcome variables, survival of the donor and recipient
twins at 30 days after birth, were analyzed using a logistic regression model with treatment
(AR, SFLP) as one of a list of predictor covariates. Other covariates included gestational age
at diagnosis, Quintero stage (II, III, or IV), marital status, cohort, transportation for SFLP, and
an echocardiographic score based on the Cardiovascular Profile Score (CVPS) described by
Huhta42. Adjustments for pairing and clustering, as is done in studies of paired organs such as
eyes and kidneys, were unnecessary because the donor and recipient results were analyzed
separately.

The primary null hypothesis to be tested is that there is no difference in success rates between
pregnancies randomized to AR or SFLP treatment. The primary alternative hypothesis is that
SFLP is superior to serial AR. For power analysis we assumed values of 50% success rate with
AR and a 75% success rate with SFLP, a difference considered significant in a clinical sense.

Results
The study was stopped early, after 42 subjects were randomized, at the request of the
investigators. Referring physicians were increasingly unwilling to refer eligible subjects for
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evaluation to participating centers in which SFLP was only available through randomization
in the trial. At the same time that the investigators’ meeting was held to decide to stop the trial,
the Trial Oversight Committee, charged with evaluating all adverse events and serious adverse
events, detected a statistical trend in adverse outcome affecting the recipient twin in one
treatment arm. The Trial Oversight Committee was blinded to the treatment received in each
arm. A recommendation was made to the DSMB that the trial be stopped to allow biostatistical
analysis of this adverse trend. The DSMB concurred with the decision to stop the trial.

Enrollment
196 cases (where each case consisted of three individuals; mother, donor, and recipient) were
screened a total of 251 times or an average of 1.28 screens per case (see Figure 1). Patients in
early stages of TTTS were often screened on more than one occasion until they either met
criteria or were ineligible. Of the 196 cases, 58 (29.6%) were deemed eligible by meeting all
inclusion criteria (54 cases) or passing via protocol deviation [4 cases had a visible bladder
(stage I) but had Doppler changes upstaging them to stage III]. Twelve patients refused a
qualifying AR. Of the 46 patients who consented to an AR, only 4/46 (8.7%) were ineligible
because of a positive therapeutic response to the AR. Of the 4, 2 had evidence of amniotic fluid
around the donor within 1 hour of the AR, consistent with septostomy. Of the 58 cases eligible,
43 (21.9% of screened, 74.1% of eligible) consented to enrollment. Only 42 cases (21.4% of
screened) actually got randomized to a treatment arm. One patient dropped out of each arm
leaving 20 in the AR arm and 20 in the SFLP arm. Primary analyses were based on an Intent-
to-Treat principle where the case is assigned to the treatment strategy whether or not it actually
received the treatment.

There is no statistically significant difference in stage distribution between AR and SFLP arms
using the Quintero staging system (see Figure 2). The mean gestational age at delivery is 30
and 4.7/7 weeks for patients treated by SFLP and 30 and 2/7 weeks for AR. These differences
are not statistically significant. Excluding loss due to PPROM within 7 days of procedure, the
mean gestational age at delivery is 32 and 3.8/7 weeks for patients in the SFLP arm and 31 and
2/7 weeks for patients in the AR arm. These differences are not statistically significant.

Primary Outcome by Treatment
There is no significant difference in the primary outcome of 30-day postnatal survival between
SFLP or AR treatment for donors in the AR arm (55%, 11/20) versus the SFLP arm (55%,
11/20) (p=1, OR=1.00, 95%CI=0.24 to 4.14) or recipients in the AR arm (45%, 9/20) versus
the SFLP arm (30%, 6/20) (p=0.51, OR=1.88, 95%CI=0.44 to 8.64) (see Figure 3). There is
no significant difference in 30-day survival of one or both twins on a per pregnancy basis
between AR 75% (15/20) and SFLP 65% (13/20) (p=0.73, OR=1.62, 95%CI=0.34 to 8.09)
(see Figure 4). There is no significant difference in overall 30-day survival (newborns divided
by fetuses treated) between AR and SFLP at 60% (24/40) vs. 45% (18/40) (p=0.18, OR=2.01,
95%CI=0.76 to 5.44) (see Figure 5). There is a statistically significant increase in fetal mortality
among recipient twins treated by SFLP 70% (14/20) versus AR 35% (7/20) (p=0.03, OR=5.31,
95%CI=1.19 to 27.6) (see Figure 6). Within stages III and IV there is a significant difference
in 30-day survival for AR of 67% versus SFLP of 12.5% (p,0.03, OR=14.21) (see Figure 7).
There are more treatment failures in the AR treatment arm (7) versus the SFLP arm (0)
(p=0.0083, OR=Infinity), resulting in no significant overall differences between the treatment
arms at 30 days (see Figure 5). In 7 of 7 AR cases meeting criteria for treatment failure, it was
due to recipient findings of hydrops (4/7) or development or progression of severe AV valve
regurgitation and development or progression of severe biventricular dysfunction despite AR
treatment (3/7). Neonatal death occurred in 6 of the 7 recipients in the AR arm meeting criteria
for treatment failure and offsetting the increased fetal recipient mortality in the SFLP arm.
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Efficacy Adjusted for Covariates
A straightforward logistic regression of recipient success based on treatment, after adjusting
for all other covariates of interest [stage, marital status, echocardiographic score, long-distance
transportation, gestational age, and cohort (pre/post-pause for equipment changes)], shows a
non-significant difference between SFLP and AR in the full model, but with SFLP having a
worse outcome which is lost during backward variable selection. For donors there are only
negligible differences between treatment arms in the full model which is also lost during
backward variable selection.

The most predictive models for recipients used only their echocardiographic score (OR=3.025/
point, p=0.0552). The score was based on the 10-point Cardiovascular Prognostic Score
(CVPS) described by Huhta42 using as many parameters as possible with the measures and
observations available from ultrasound and echocardiograms. Missing values were replaced
with means in computing the score. For donors, the most predictive models were stage
(OR=0.446/stage, p=0.1249) and gestational age (OR=1.052/day, p=0.0987). In addition,
fitting models including each covariate alone with treatment in the predictor list had similar
results.

Additional Approaches
Several alternative analysis approaches were explored because of the small sample size and to
further examine the roles of the covariates. The use of alternative analysis methods also helped
to show if results are robust to variations in approach. With conditional logistic regression, the
results show that echocardiographic score is a useful predictor for recipients (OR=2.84,
p=0.0576) in the same direction as before. No other covariates or treatment are significant
using this approach. We also created new treatment categorizations to more accurately reflect
the AR cases which experienced treatment failure and went on to receive other treatments.
Similarly, we examined different definitions of outcome such as survival to thirty days ignoring
treatment failure. One situation has strong and interesting results: when the outcome is survival
to birth, the recipient twins are under a significant disadvantage under SFLP (OR=0.124,
p=0.0084) along with a slight negative effect for later gestational age (OR=0.95, p=0.1428).
The reason that it does not show up in the primary analysis is that recipient twins under AR
tend to make up for the difference with treatment failures instead. Analyses using variations
on the intent-to-treat principle such as only including subjects who actually received the
assigned treatment or by treatment actually received are comparable.

Finally, one question that cannot be adequately addressed by the analyses above is the influence
the status of the co-twin has on the outcome. A time-to-event, proportional hazards (a.k.a. Cox)
model was fit to the data with time-varying covariates, one of them being the status of the co-
twin. The hypothesis is that the demise of the co-twin might reduce the competition and
improve the chances of success. As it turns out, however, treatment failure or death of the co-
twin means a poorer prognosis for the twin (Hazard Ratio = 32.6 for recipients and 12.88 for
donors, p = 0.0001 and 0.0003, respectively). This result argues against the removal of
competition and rather towards a sharing of predicament. In other words, if the co-twin is in
trouble, both are in trouble.

Safety Analyses
In this study, adverse events and serious adverse events were common and often closely related
to the primary outcome which is death and/or treatment failure. Every adverse event whether
serious or not, related or not, anticipated or not, was reported to the Trial Oversight Committee
and the IRBs. Due to the broad definition of adverse events these were frequent in both arms
of the study. There were no maternal deaths and no serious maternal adverse events related to
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the operative procedure, even in the 7 cases in which a minilaparotomy was used to expose the
surface of the uterus.

No patient in the study had a chorioamniotic separation as a result of the qualifying AR. In one
case there was uterine bleeding occurring during an SFLP procedure (4.7%) which did not
require maternal transfusion but did compromise visualization and necessitated the procedure
being stopped. There was a single case of spinal headache (2.3%) resulting from placement of
an epidural catheter which responded to blood patch. Maternal hospitalization at any time
during the remainder of the pregnancy required for preterm labor, short cervix, preterm
premature rupture of membranes (PPROM), or to monitor for fetal growth occurred in 9.5%
of cases in both the AR and SFLP arms of the study. The specific incidence of PPROM
occurring prior to 28 weeks’ gestation was 0% in the AR arm and 4.8% in the SFLP arm. The
incidence of preterm labor requiring tocolysis was 4.8% in the AR arm and 0 in the SFLP arm.
The incidence of delivery prior to 28 weeks’ gestation was 4.8% (n=1) in the AR arm and 9.5%
(n=2) in the SFLP arm. These differences are not statistically significant.

Comments
The results of this trial show no statistically significant difference in overall neonatal survival
to 30 days of life or neonatal survival of one or both twins in the same pregnancy in cases of
severe TTTS treated by either AR or SFLP. Despite these overall results, there is a statistically
significantly worse fetal survival observed among recipient twins in pregnancies treated by
SFLP compared to those treated by AR. This apparent conundrum can be accounted for by
recipient fetal losses in the SFLP arm being offset by an increase in treatment failures among
recipient subjects in the AR arm. These results suggest that, in these highly selected cases of
severe TTTS, neither treatment is superior to the other. Once TTTS reaches this severity, the
mortality among recipients will be considerable, but the losses may occur at different times
depending on treatment. The impact of TTTS severity on fetal survival is further supported by
the significantly worse fetal survival among recipient twins in stages III and IV compared to
stage II. One of the strongest predictors of recipient demise is echocardiographic evidence of
TTTS cardiomyopathy. The losses of fetal recipients treated by SFLP usually occur within 24
hours of the procedure. In contrast, the recipients treated by AR are not lost following the
procedure, but there is progressive TTTS cardiomyopathy as reflected by more recipients in
the AR arm meeting criteria to be declared treatment failures. In every case, it was due to
findings in the recipient twin which met criteria for treatment failure. Taken together these data
suggest a disproportionate impact of TTTS cardiomyopathy on recipient survival in advanced
stages of TTTS no matter what treatment they receive.

The Quintero staging system was found to be an independent predictor of outcome among
recipient twins with worse survival in recipients in stages III and IV compared to stage II. This
was found to be the case despite the Quintero staging system being heavily weighted toward
the impact of TTTS on the donor. Stage II is based on absence of visualization of urine in the
bladder in the donor. In stage III, the most commonly observed abnormality in critical Doppler
waveforms is absent end diastolic flow in the umbilical artery of the donor twin. Other critical
Doppler changes which occur in the recipient twin in TTTS such as the loss or reversal of the
a wave in the ductus venosus, pulsatile umbilical vein, and absent or reversed diastolic flow
in the recipient twin’s umbilical artery are late changes only observed in more advanced cases
of TTTS. Similarly hydrops, required for stage IV, is usually seen in the recipient twin which
was the case in each of our stage IV subjects. TTTS cardiomyopathy, which specifically affects
the recipient twin, appears to be one of the most important contributing factors in recipient
mortality in advanced cases of TTTS. The results of this trial suggest that in advanced cases
of TTTS, the recipient survival may be compromised no matter what treatment the patient
receives. Consistent with these findings in the trial, Shah et al. recently reported the use of the
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cardiovascular prognostic score (CVPS) as an indicator of the severity of TTTS
cardiomyopathy demonstrating a negative impact on recipient survival41.

Despite differences in patient selection (22 vs 26 weeks’ gestation) and response to qualifying
AR versus primary therapy, the NIH-sponsored trial has comparable overall survival of one or
both twins to those reported in the Eurofoetus trial20. The survival with AR is significantly
better in the NIH trial (60%) than in the Eurofoetus trial (41%) and consistent with single
institution series6–12, a prospective randomized trial15,16, and registries (60–65%)34,35. This
may be due to the standardized aggressive protocol used for serial AR in the NIH trial.
Conversely, the survival in the NIH trial for SFLP-treated TTTS is significantly less than
reported previously using this technique both in single institution series as well as in the
Eurofoetus trial19–28. One possible explanation for the poorer survival observed in the SFLP
arm could be a lack of proficiency of the surgeons performing the SFLP in the three laser
centers in the trial. However, every SFLP procedure was recorded and independently reviewed
by fetal surgeons not participating in the trial with significant experience with the SFLP
technique. This review independently confirmed the adequacy of the procedures. Minor
differences in technique were identified among the laser centers in which one center frequently
used a mini-laparotomy to access the uterus while the other two centers used an entirely
percutaneous approach. The placental mapping and the SFLP technique used were the same
in all three centers. The results in these centers with SFLP, before and after the NIH trial,
support the view that problems with technical proficiency do not account for differential fetal
survival of recipients observed in this trial40. The more likely explanation, as noted above, is
the severity of TTTS cardiomyopathy.

The outcome of this trial does not conclusively answer the question of which treatment, AR
or SFLP, is the superior treatment modality. The results do suggest, however, that no matter
which treatment is employed, survival is likely to be compromised if treatment is initiated later
in the disease progression, particularly among recipients. TTTS cardiomyopathy appears to be
an important factor in recipient survival in TTTS. The Cincinnati modification of the Quintero
staging system to incorporate echocardiographic changes into stage III, as suggested by
Harkness et al., may be useful to more appropriately stratify recipient risk40. Comparisons
between this trial and the Eurofoetus trial must be drawn cautiously given the significant
differences in the subjects that were treated in each.

Additional trials in TTTS are needed to define the best treatment for a given case of TTTS. It
is unfortunate that the state of community equipoise which resulted in a decline of subjects
screened for this trial may also prevent randomized trials in TTTS in the future. An alternative
strategy may be rigorously designed and controlled prospective cohort studies. The impact of
TTTS on neuroimaging, echocardiographic assessment, and long-term neurodevelopmental
outcome of the subjects in this trial awaits analysis of the follow-up assessments of survivors.
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Figure 1.
196 subjects were screened a total of 251 times with 138 subjects not found to be eligible. Of
the 58 found to be eligible for the trial, 15 declined randomization. Of the 58 eligible, 43
consented to randomization but 1 withdrew. 21 subjects were randomized to each arm of the
study and a single subject dropped out of each arm.
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Figure 2.
The distribution by stage using the Quintero staging system is equally distributed among stages
II, III, and IV in both the amnioreduction (AR) and selective fetoscopic laser photocoagulation
(SFLP) groups. There were no stage I patients in the trial. There is no statistically significant
difference in stage distribution between amnioreduction (AR) and selective fetoscopic laser
photocoagulation (SFLP).
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Figure 3.
The survival to 30 days of age when broken down by recipient and donor shows no significant
difference in survival between AR) or SFLP groups for either recipients or donors.
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Figure 4.
There is no statistically significant difference in survival of 1 or both twins to 30 days of life.
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Figure 5.
Despite the differences observed in recipient fetal mortality, there were no statistically
significant differences in overall survival to 30 days of age. The reason was that while there
were more fetal recipient deaths in the SFLP arm than in the AR arm of the study, more
recipients were declared treatment failures in the AR arm (7 of 20), versus the SFLP arm (0 of
20). Neonatal death occurred in 6 of the 7 cases declared treatment failures.
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Figure 6.
There is a statistically significantly increased fetal mortality in recipients treated by SFLP
(70%) versus those treated by AR (35%, p < 0.025, OR=5.31, 95% CI= 1.19 to 27.6)

Crombleholme et al. Page 19

Am J Obstet Gynecol. Author manuscript; available in PMC 2009 September 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 7.
The difference in fetal recipient survival is more pronounced among recipients in stages III
and IV that were treated by AR (63%) versus SFLP (12.5%, p < 0.03). Despite these differences
in fetal recipient survival, there is no difference in survival at 30 days because 7/20 recipients
in the AR arm met criteria for treatment failure (in which 6 of the 7 were neonatal deaths) while
0/20 in the SFLP arm did so.
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