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Chorioamnionitis and early onset sepsis in TTTS after laser surgery
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Abstract

Objective: To estimate the incidence of histological chorioamnionitis and funisitis after

fetoscopic laser surgery for the management of twin—twin transfusion syndrome.

Methods: A case—control study was performed at the Leiden University Medical Center
from 2013 to 2014. All twin—twin transfusion syndrome managed with laser surgery during
the study period were included and compared to a control group of all monochorionic twins
not treated with laser surgery. We excluded cases with fetal demise or higher-order
pregnancies. Placentas were reviewed for the presence and degree of chorioamnionitis and
presence or absence of fetal inflammatory response. The primary outcome was the
incidence of histological chorioamnionitis and funisitis after laser surgery. Odds ratios (OR)
and 95% confidence intervals (Cl) for primary outcomes were calculated. A p value of <.05

was considered as statistical significance.

Results: Sixty-two patients managed with laser surgery were included in the study group
and compared to 64 patients in the control group. The incidence of histological
chorioamnionitis was 13% (8/62) in the laser group versus 5% (3/64) in controls (OR 3.0,
95% Cl .8-11.9, P=.12). Funisitis occurred in 8% (10/124) in the laser group versus 0% in
controls (OR 11.1, 95% Cl 1.3-96.9, P=.03). Histological chorioamnionitis with or without
funisitis after laser surgery was associated with shorter laser-to-delivery interval (median
6.6 (range 3.4-14.1) versus 13.6 (4.4-20.1) weeks, P<.01) and lower gestational age at birth

(median 28.1 (range 23.1-32.6) versus 32.7 (24.4-37.0) weeks, P<.01).

Conclusion: These findings suggest twin—twin transfusion syndrome managed with laser

surgery are at increased risk of funisitis.
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Introduction

Twin—twin transfusion syndrome affects around 10% of monochorionic twin pregnancies,
resulting in 80% to 100% perinatal mortality if left untreated.[1] Twin—twin transfusion
syndrome results from an unbalanced exchange of blood between the donor twin and
recipient twin through placental vascular anastomoses, which are present in almost all
monochorionic twins. Fetoscopic laser surgery is the optimal treatment for severe twin—
twin transfusion syndrome and leads to an improved perinatal outcome.[2] In laser surgery
the surgeon introduces a fetoscope into the amniotic cavity of the recipient twin and
coagulates the connecting vessels with a laser beam. Postoperative complications include
recurrent twin—twin transfusion syndrome, twin anemia—polycythemia sequence,
premature rupture of membranes (PROM) and preterm birth.[3-8] The risk of intrauterine
infection may be increased due to the invasive nature of laser surgery. A possible
association between laser surgery and chorioamnionitis has been suggested.[3-13]
Chorioamnionitis, especially concomitant with funisitis, is the main factor of preterm birth
and cerebral injuries in neonates.[14] Chorioamnionitis represents the maternal
inflammatory response while funisitis is the fetal inflammatory response and is secondary to
severe chorioamnionitis. The occurrence of intrauterine infection may thus compromise the
treatment efficacy of laser surgery. However, good-quality studies with histological
evaluation are not available. The exact incidence of histological chorioamnionitis and

funisitis after laser surgery remains unclear.

The primary purpose of this study was to investigate the incidence of histological
chorioamnionitis and funisitis after fetoscopic laser surgery for the treatment of twin—twin

transfusion syndrome.
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Materials and Methods

A case—control study was conducted at the Leiden University Medical Center from March
2013 to December 2014. All consecutive twin—twin transfusion syndrome cases treated with
laser surgery at our center were included in the study group. Monochorionic twins delivered
at our center but not treated with laser surgery during the same study period were included
in the control group. We excluded triplet or higher order pregnancies and monochorionic
twin pregnancies with single or double fetal demise. Diagnosis of twin—twin transfusion
syndrome was based on the Eurofoetus criteria: presence of a deepest vertical pocket of
amniotic fluid in the donor <2 cm and 2 8 cm in the recipient of before 20 weeks of
gestation or 2 10 cm after 20 weeks.[10] Severity of twin—twin transfusion syndrome was
assessed according to Quintero’s staging system.[15] If twin—twin transfusion syndrome
were diagnosed, the patients were counseled regarding the following management
alternatives in details: expectant management, amnioreduction and fetoscopic laser surgery.
Fetoscopic laser surgery was performed in TTTS with Quintero stage 1 with clinical

symptoms of polyhydramnios, or Quintero stage 2-4.

Amnioreduction was performed using an 18-gauge needle under continuous ultrasound
visualization. Amniotic fluid in the sac of the recipient was reduced to a deepest pool of 5
cm. No prophylactic antibiotics were administered prior to amnioreduction given the low

risk (<1%) of intrauterine infection after intervention.[16]

Solomon technique was used in all the twin—twin transfusion syndrome cases managed with
laser surgery. Detailed information on the operative procedure was described previously.[17]
In brief, prophylactic tocolysis using indomethacin (100 mg, one dose, rectal administration,

2 hours before operation) and antibiotics using cefuroxime (1.5 g, intravenous
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administration prior to fetoscopic laser surgery) was administered periopreatively. Under
continuous ultrasound guidance, a fetoscope was introduce into the amniotic sac of the
recipient twin. After visualization of the vascular equator, all anastomoses were coagulated
using a diode or Nd:YAG laser device (Dornier MedTech, Wessling, Germany) with power
setting from 20 to 70 W. After ablation of vascular anastomoses one by one, a laser line was
drawn from one edge of the placenta to the other. After each laser procedure,
amnioreduction was performed to drain the excessive amniotic fluid to a deepest vertical
pocket of 6 cm. The number of coagulated anastomoses, total laser energy and duration of
operation were recorded. Repeated fetoscopic laser surgery was considered if recurrent or
reversed twin—twin transfusion syndrome occurred at gestational age of < 26 weeks. After
fetoscopic laser surgery, patients were monitored at our center in combination the
monitoring at the referring hospital. All lasered placentas were shipped to our center after

delivery.

Diagnosis of twin anemia—polycythemia sequence was based on prenatal or postnatal
criteria as described previously. Prenatal criteria includes Doppler ultrasound detecting an
increase in middle cerebral artery peak systolic velocity > 1.5 multiples of the median in the
anemic fetus that coincided with a decrease in middle cerebral artery peak systolic velocity
< 1 multiples of the median in the polycythemic fetus. Postnatal criteria consists of
hematologic tests (inter-twin Hemoglobin difference > 8.0g/dL and inter-twin reticulocyte
count ratio > 1.7) and placental injection showing only few small anastomoses present.[18]
If twin anemia—polycythemia sequence developed, intrauterine blood transfusion with or
without partial exchange transfusion was considered depending on clinical evaluation.

Prophylactic antibiotics were not routinely administered prior to intrauterine blood
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transfusion due to the low risk (form 0 to 1%) of intrauterine inflammation after

procedure.[19]

Written informed consent was obtained from each patient included in the study. The study
was approved by the institutional ethics committee (the Leiden University Medical Centre

Medical Ethics Committee (MEC P07.261).

All monochorionic twin placentas were evaluated according to a fixed protocol. Placental
tissues were collected using a minor adaptation of the method described by Burton et al.[20]
In brief, tissue-samples were collected from the umbilical cord, placenta and membrane
area of each twin. Tissue-samples were collected from three sites of each umbilical cord;
one close to the fetus, one at the middle of the cord and one near the placental insertion
site. A membrane roll of each side was taken from the rupture site to placental margin.
Macroscopically normal placental parenchyma from the placental share of each twin was
sampled and processed for histological evaluation. Histological chorioamnionitis was
diagnosed as the presence neutrophilic granulocytes in the chorionic plate or the
extraplacental membranes. Histological chorioamnionitis was defined as one or more of the
following categories: acute subchorionitis or chorionitis, acute chorioamnionitis or
necrotizing chorioamnionitis. Diagnosis of funisitis is based on the presence of neutrophilic
granulocytes in the wall of the umbilical vessel(s) and Wharton'’s jelly. Funisitis was defined
as one or more of the following items: chorionic vasculitis, umbilical phlebitis, umbilical
vasculitis (inflammation in one or two umbilical arteries + umbilical vein) and umbilical
panvasculitis (inflammation in 3 vessels).[21] Histological chorioamnionitis is recognized as

the maternal host response, while funisitis suggests fetal inflammatory response secondary
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to severe histological chorioamnionitis.[22] The grading and staging of maternal and fetal
inflammatory response was according to the criteria proposed by Redline et al. (see Table 1,

which illustrates the grading and staging of histological chorioamnionitis and funisitis).[23]

Perinatal outcomes were documented prospectively in a dedicated database. The following
variables were recorded, including gestational age at laser surgery, premature rupture of
membranes (PROM), gestational age at PROM, maternal fever (=38 °C), gestational age at
birth, delivery mode, birth weight, full neonatal blood count and C-reactive protein levels
(maximum value within first 72 hours after birth), severe cerebral injury, early—onset
neonatal sepsis and neonatal mortality. Severe cerebral injury was defined and recorded in
accordance with a standard protocol at our center[24]. Early—onset neonatal sepsis was
defined as the onset of sepsis within 72 hours after birth[25] and recorded as proven or
suspected sepsis. Proven early—onset sepsis was diagnosed if the blood culture was positive.
Suspected early—onset neonatal sepsis was defined if antibiotic treatment was
administrated for 5-7 days in an infant with signs of infection though without positive blood
culture. All preterm neonates born at a gestational age below 35 weeks from mothers with
PROM are routinely placed on antibiotics at birth. Neonates delivered after 35 weeks are
only placed on antibiotics depending on other clinical findings or risk factors for suspected

perinatal infection. Neonatal mortality was defined as death within 28 days after birth.

Statistics

In general population of preterm birth, the incidence of histological chorioamnionitis ranges
from 30% to 70%.[26-28] We thus expected histological chorioamnionitis present in 30% of
the control group of MC twins not managed with laser surgery (because we thought that

this group had a low risk of histological chorioamnionitis) and in 55% of the study group of
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twin—twin transfusion syndrome managed with laser surgery (based on the expected
gestational age at birth in the laser group of 31-32 weeks corresponding to a incidence of
52% of histological chorioamnionitis according to the data on the gestational age-dependent
frequency of chorioamnionitis reported by Mueller-Heubach et al.).[27] The clinical
outcome including gestational age at birth in TTTS cases was significantly improved after the
introduction of fetoscopic laser surgery. We calculated that 61 placentas in each group were
required to demonstrate a 25% absolute difference in histological chorioamnionitis (i.e. 30%
vs 55%), with a significance of 0.05 and a power of 80%, by two-tailed analysis. The
normality of continuous variables was assessed using Shapiro-Wilk test. Unpaired t test or
Mann-Whitney U test was adopted to compare continuous variables, as appropriate.
Generalized estimating equation with exchangeable structure was employed to evaluate the
odds ratio (OR) of laser surgery in relation to funisitis. Results of categorical variables are
compared using Fisher’s exact test or Chi-square test, as appropriate. A p-value < 0.05 was
considered to indicate statistical significance. Analysis was performed using SPSS version 20

(SPSS, inc., Chicago, lllinois, USA).

Results

During the study period, 71 patients managed with fetoscopic laser surgery and 75 patients
not managed with fetoscopic laser surgery were eligible for this study. Nine (13%) twin—twin
transfusion syndrome cases managed with fetoscopic laser surgery and 8 (11%)
monochorionic twin pregnancies not treated with laser surgery were excluded due to single
or double fetal demise. Three triplet pregnancies not undergoing laser surgery were also
excluded. The remaining 62 twin—twin transfusion syndrome cases managed with laser

surgery were included in the study group and 64 monochorionic twins without laser surgery
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were included in the control group. In the study group of twin—twin transfusion syndrome
treated with laser surgery, 19% (12/62) cases were stage 1, 39% (24/62) stage 2, 42% (26/62)
stage 3. Post—laser twin anemia—polycythemia developed in 4 cases and was treated with
intrauterine transfusion and/or repeated laser surgery. In the control group, two
monochorionic twin pregnancies with spontaneous twin anemia—polycythemia sequence
were managed with intrauterine blood transfusions and 6 late twin—twin transfusion
syndrome cases were treated with amniodrainage. Clinical baseline characteristics of two

groups were displayed in Table 2.

Table 2. Baseline characteristics

Variables TTTS treated with laser (n=62) Control group (n=64) P
Gestational age at birth — wk 31.8+3.5 333+3.1 <.01
Birth weight — gr 1646 + 607 1906 + 667 <.01
PROM — n (%) 21 (34) 4 (6) <.01
Maternal fever (238 2C) — n 11 (16) 5(8) .16
(%)

Antenatal corticosteroid 42 (68) 20 (31) <.01

treatment — n (%)

Maternal antibiotic 21 (24) 6(9) <.01
treatment — n (%)*

Cesarean delivery — n (%) 27 (44) 31 (48) .58

Data was shown as mean * SD or number (%). TTTS: twin—twin transfusion syndrome; PROM:
premature rupture of membrane. * Antibiotics were administered due to clinical indications
such as PROM or maternal fever, but not for prophylaxis prior to laser surgery.
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We found that the incidence of histological chorioamnionitis in the study group and the
control group was 13% (8/62) versus 5% (3/64), respectively (OR 3.0, 95% confidence
interval (Cl) .8-11.9, P=.12). The incidence of funisitis in the study group was significantly
higher compared to the control group, 8% (10/124) versus 0% (0/128), respectively (OR 11.1,
95% Cl 1.3-96.9, P=.03). In the control group, no histological chorioamnionitis nor funisitis
occurred in monochorionic twins managed with amniodrainage or intrauterine transfusion.
In the study group, histological chorioamnionitis without funisitis occurred in one of the four
cases with post-laser twin anemia—polycythemia sequence. In this case, repeated laser
surgery was planned but the intervention was cancelled due to signs of intrauterine
inflammation (premature contractions and maternal fever, and delivery at 23" weeks). In
the study group, histological chorioamnionitis was detected in the placental share of both
the ex—donor and ex—recipient in 50% (4/8) cases, in the placental share of the ex—recipient
alone in 38% (3/8) cases and in the placental share of the ex—donor alone in 12% (1/8) cases.
The ten cases with funisitis in the study group occurred in five twin pairs (both in the ex-
donors and ex-recipients). All cases with funisitis also had histological chorioamnionitis.
Analysis of histological findings between two groups was summarized in Table 3. An

example of histological chorioamnionitis and funisitis is shown in Figure 1 and 2,

respectively.

Analysis of the association of several perinatal variables with the occurrence of histological
chorioamnionitis in the study group of twin—twin transfusion syndrome treated with laser
surgery is shown in Table 4. Median gestational age at PROM in twin—twin transfusion
syndrome cases with and without histological chorioamnionitis was 25.2 (range 25.1-28.0)

and 30.6 weeks (15.9-35.1) weeks, respectively (p=.04).
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Comparison of perinatal outcome between twin—twin transfusion syndrome cases with and

without histological chorioamnionitis after fetoscopic laser surgery was presented in Table 5.

Median of laser-to-delivery interval in twin—twin transfusion syndrome with and without

histological chorioamnionitis after fetoscopic laser surgery was 6.6 (range 3.4-14.1) versus

13.6 (range 4.4-20.1) weeks, respectively (p<.01).
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Figure 2 An example of histological chorioamnionitis in a
placenta from twin—twin transfusion syndrome treated
with fetoscopic laser surgery. Histological
chorioamnionitis (stage 2 and grade 2) occurred with
diffuse distribution of neutrophils (blue arrow).

Discussion

st

Figure 1 An example of funisitis following
fetoscopic laser surgery. Umbilical arteritis (stage
2 and grade 2) occurred. The infiltrated
neutrophils were nearly confluent in the
transverse section of arterial wall. A close view of
umbilical arteritis (white square) was shown in
the enlarged picture (black square). Neutrophils
were indicated by the blue arrow.

This study presents the histological evaluation of the maternal and fetal inflammatory

response after fetoscopic laser surgery for twin—twin transfusion syndrome. We found that

the risk of funisitis (8%) was significantly increased after laser. The incidence of histological

chorioamnionitis was also higher in the study group compared to the control group (13%
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versus 5%), but no statistical significance was found. Our data suggest that fetoscopic
intervention is not only associated with an increased risk of PROM, but also with an

increased risk of funisitis.

The occurrence of intrauterine inflammation after laser surgery in the literature varies from
0 to 4%.[3-13] In these studies, the diagnosis of intrauterine inflammation was defined as
clinical chorioamnionitis, based on clinical indicators such as maternal fever and fetal
tachycardia. However, clinical chorioamnionitis does not correspond well to histological
chorioamnionitis.[29, 30] Importantly, histological chorioamnionitis is a more reliable
indicator for intrauterine inflammation compared to clinical chorioamnionitis.[31]
Intrauterine inflammation in severe chorioamnionitis may extend to the umbilical cord and
the fetus, resulting in funisitis (inflammation in the cord) and fetal inflammatory response.
Therefore, the higher incidence of histological chorioamnionitis and funisitis detected in this
study may be a more reliable indicator of the true risk and the severity of intrauterine

inflammation after laser.

The cause of increased risk of funisitis after laser is not well known. The increased risk may
be related to the nature of the fetal surgical intervention. The use of a relatively large
fetoscope (diameter typically 3 to 4 mm), creating a membrane defect (and high risk of
PROM)[32] and the use of laser energy creating iatrogenic placental necrosis may induce
maternal inflammatory response (‘sterile inflammation’), even with fetal involvement.[22,
33] Given that the risk factors for funisitis and histological chorioamnionitis are nearly
identical[34] and that the sample size of cases with funisitis in this study is small, we
evaluated the role of several perinatal risk factors only for histological chorioamnionitis. We

found that lower gestational age at PROM was associated with the occurrence of
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histological chorioamnionitis after laser. However, the limited number of pregnancies with
histological chorioamnionitis prevented further examination of any independent association

between gestational age at PROM and histological chorioamnionitis after laser.

Previous studies reported that both histological chorioamnionitis and funisitis contribute to
the increased risk of short-term adversity.[14, 35, 36] In our study, we found that
histological chorioamnionitis was related to shorter laser-to-delivery interval and lower
gestational age at birth. Noticeably, the longer laser-to-delivery interval in cases without
intrauterine inflammation may be partially iatrogenic since active management may be
considered in cases with PROM at early gestational age. In a recent study, the risk of
impaired long-term neurodevelopmental outcome was higher in preterm infants with
funisitis than histological chorioamnionitis,[37] emphasizing the clinical consequences of
funisitis. A larger study with long—term neurodevelopmental follow up is needed to
compare the risk of histological chorioamnionitis with or without funisitis in infants with

twin—twin transfusion syndrome treated with laser.

The main limitation of our study is the selection bias due to the exclusion of cases with fetal
demise. Severe intrauterine inflammation may lead to fetal demise. Exclusion of these cases
may thus lead to an underestimation of the true risk of intrauterine inflammation after laser.
However, fetal death itself may also stimulate intrauterine inflammation. The cause—effect
relationship between fetal death and intrauterine inflammation is difficult to ascertain. In
addition, TTTS itself may be a risk factor for intrauterine inflammation. The ideal control
group would have been twin—twin transfusion syndrome managed without laser. However,
this is considered unethical since the optimal treatment for this condition is laser surgery.

Interestingly, the incidence of histological chorioamnionitis in this study (13%) is quite low
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compared to the general incidence in preterm births (30% - 70%).[26, 38] This discrepancy
may be explained by the lack of consistent diagnostic criteria and methods for histological
chorioamnionitis.[39] The high rate of cesarean section, preoperative use of indomethacin
and prophylactic antibiotic, antibiotic treatment for PROM and corticosteroid treatment in
the study group may also contribute to the lower rate of histological chorioamnionitis.[14,
22, 40] As discussed above, placental necrosis after laser may be associated with
intrauterine inflammation. The occurrence of intrauterine inflammation after laser may thus
be confounded by the amount of laser energy and duration of operation. Furthermore, the
incidence of histological chorioamnionitis in this study (13%) is higher than that after other
invasive procedures such as amniodrainage and intrauterine transfusion (less than 1%).[16,
19] Papanna et al. reported the size of operative cannula for laser surgery contributes to the
occurrence of post—laser PROM, which is closely related to intrauterine inflammation.[32]
Further studies are warranted to investigate whether the improvement of operation

instruments (smaller diameter) could reduce the risk of intrauterine inflammation.

In conclusion, fetoscopic laser surgery appears to increase the risk of histologically

determined intrauterine inflammation.
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