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Established Facts

o Preterm premature rupture of membranes (PPROM) with anhydramnion in the second trimester leads
to pulmonary hypoplasia with a perinatal mortality of up to 80%.

o After the rupture of the fetal membranes, the pathogenic bacteria infiltrate the amniotic cavity (funisi-
tis and chorioamnionitis) and could infect the fetus. Intrauterine infection with a high concentration
of inflammatory cytokines is related to an increase in the risk of developing periventricular leukoma-
lacia and intraventricular hemorrhage in newborns.

o Expectant management, broad-spectrum antibiotics and antenatal corticosteroids are routinely used
in PPROM with very limited success to prevent bacteremia, chorioamnionitis, funisitis and intra-am-
niotic infection syndrome. Numerous attempts sealing the rupture of the membrane including the use
of collagen plugs, a slurry of platelets/fibrinogens, endoscopic closure of fetal membrane defects and
also serial amnioinfusions have been unsuccessful.

Novel Insights

o Wedescribe a novel use of continuous intra-amniotic lavage with an amniotic fluid-like solution com-
bined with an intra-amniotic antibiotic administration via a subcutaneously implanted port system to
flush out bacteria and inflammatory products from the amniotic cavity and prolog pregnancy of pa-
tients with PPROM and anhydramnion.
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Abstract

Bacterial infection is one of the main causes of preterm pre-
mature rupture of membranes (PPROM) leading to preterm
delivery, pulmonary hypoplasia, sepsis and joint deformities.
Expectant management, broad-spectrum antibiotics and
antenatal corticosteroids are routinely used in this condition
with very limited success to prevent bacteremia, chorioam-
nionitis, funisitis and intra-amniotic infection syndrome.
Here, we reporta case in which we attempted to treat PPROM
at 263 weeks of gestation with anhydramnion colonized by
multiresistant Klebsiella. A perinatal port system was im-
planted subcutaneously at 289 weeks of gestation, enabling
long-term continuous lavage of the amniotic cavity with a
hypotonic aqueous composition similar to human amniotic
fluid combined with intra-amniotic antibiotic application.
The patient gave birth to a preterm female infant at 31+
weeks without any signs of infection. The girl was discharged
with aweightof 2,730 g in very good condition. In the follow-
up examinations at 5 months and 1 year of age, there was no
apparent neurological disturbance, developmental delay or

Klebsiella colonization. © 2015 The Author(s)
Published by S. Karger AG, Basel

Introduction

Preterm premature rupture of membranes (PPROM)
with anhydramnion in the second trimester leads to pul-
monary hypoplasia with a perinatal mortality of up to 80%
(1, 2]. Ureaplasma urealyticum, Sneathia species, Esche-
richia coli, Chlamydia trachomatis, Mycoplasma hominis,
Enterococcus faecalis, and Gardnerella vaginalis are the
common bacteria associated with PPROM [2, 3]. The high
concentration of inflammatory cytokines related to cho-
rioamnionitis increases the risk of the development of
periventricular leukomalacia and intraventricular hemor-
rhage in newborns [1-3]. Expectant management, broad-
spectrum antibiotics and antenatal corticosteroids are
routinely used in this condition, with very limited success
to prevent bacteremia, chorioamnionitis, funisitis and in-
tra-amniotic infection syndrome [2]. Numerous attempts
at sealing the rupture of the membrane including the use
of collagen plugs, a slurry of platelets/fibrinogens, endo-
scopic closure of fetal membrane defects and also serial
amnioinfusions have had limited success [4, 5].
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The bacteria spread rapidly after the PPROM has oc-
curred and colonize the surfaces of the amniotic mem-
branes, the umbilical cord and the fetus (fig. 1). Low
transplacental transfer of antibiotics is responsible for the
moderate success of systemic antibiotic therapy [6, 7].
Gomezetal. [8] stated that antibiotics could not eliminate
the amniotic infection in 83% of PPROM cases. Romero
et al. [3] described recently that upon clinical admission,
37.3% of the preterm PPROM patients delivered within
48 h of membrane rupture. Only 32.2% of all PPROM pa-
tients had a latent phase of more than 14 days.

The lavage effect of continued amnioinfusion could
prevent the fetus and amniotic cavity from bacterial colo-
nization, reduce the inflammatory response mediated by
cytokines and protect the neonates from major complica-
tions such as pulmonary hypoplasia, sepsis, cerebral palsy
and joint deformities [6]. We routinely used the intra-
amniotic antibiotic application for many weeks in a preg-
nant sheep model after open fetal surgery 1995-2005 at
the Hamburg University without any adverse effects to
the fetus [9]. In our opinion, the intra-amniotic antibi-
otic application related to the species of bacterial coloni-
zation of the amniotic cavity could additionally improve
neonatal outcome. Here, we report a case in which we at-
tempted to treat the PPROM with continuous lavage with
a hypotonic aqueous composition similar to human am-
niotic fluid combined with intra-amniotic antibiotic in-
fusion via a subcutaneously implanted port system.

Case

A 34-year-old second gravida, first para woman was referred to
our Department of Obstetrics and Prenatal Medicine with PPROM
at 26" weeks of gestation (WG). The patient did not have any his-
tory of smoking, alcohol, drug abuse, allergies and extragenital pa-
thology. On admission, she complained of massive loss of amni-
otic fluid. The PPROM was confirmed by positive testing of the
placental alpha microglobulin-1 (PAMG-1; AmniSure®, Qiagen,
France). No signs of amniotic infection syndrome such as maternal
or fetal tachycardia, uterine contractions or significantly increased
biochemical inflammation values (fig. 1) were observed. The results
of the ultrasound examination were within the normal limit except
for the deepest amniotic fluid pocket measuring <1 cm. The esti-
mated fetal weight was 904 g. The patient received a bolus tocolysis
with fenoterol hydrobromide at a rate of 4 pg/3 min i.v. (Partu-
sisten®, Boehringer Ingelheim Pharma KG, Ingelheim, Germany)
for 48 h, until the prophylaxis of respiratory distress syndrome with
a 2-day single course of 12 mg betamethasone (Celestan®, Essex
Pharma, Munich, Germany) was accomplished (table 1). Cefurox-
im 750 mg i.v. 3 times daily (Hikma Pharma GmbH, Graefelring,
Germany) and metronidazol 500 mg i.v. 4 times daily (Fresenius
Kabi GmbH, Bad Homburg, Germany) were used instead of eryth-
romycin because the adverse events were nausea and vomiting. The
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Table 1. Timeline of antibiotic treatment and diagnostic tests

-11-10-9 -8 -7 -6 -5 -4 -3 -2 -1 1234567 89 101112 13 14 15 16 17 18 19 20 21 22
Treatment
Erythromycin (i.v.) + o+
Cefuroxime (orally) + 4+ + + +
Metronidazole (orally) +++++++t+t+++HH
Amoxicillin (orally) e s e e e e e e e e e e e e s =
Clindamycin (intra-amniotic) o+ 4+ o+ o+ o+
Ciprofloxacin (orally) 4+ 4+ + + 4+ + + 4+ + +
Ciprofloxacin (intra-amniotic) + o+ 4+ + + 4
Betamethasone (i.v.) + 4+
Fenoterol (i.v.) + + + + 4+ttt
Nifedipine (orally) T
Diagnostic test from cervical swab
Enterococcus faecalis +
Klebsiella (ESBL) +
Enterobacter cloacae
complex (AmpC) +
Klebsiella (3 MRGN) +
Diagnostic test from tip of port catheter
Klebsiella (3 MRGN) +
Sonography + + +++++++++ A+ +
Umbilical artery Doppler + + + + o+ + + + +
ESBL = Extended spectrum beta-lactamase; AmpC = AmpC-type p-lactamase.
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Fig. 1. Monitoring of CRP, interleukin-6 Y T N 2
and procalcitonin after PPROM. Normal 14-12-10 -8 -6 <4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26
values for CRP <5 mg/l, interleukin-6 <6.4 Days
pg/ml, procalcitonin <0.06 ng/ml.

cervix was closed, and transabdominal sonography showed a cervi-
cal length of 30 mm. The cervical canal bacterial swab test was per-
formed weekly (table 1). The first result of the cervical canal bacte-
rial swab test showed colonization by Enterococcus faecalis.
Appropriate counselling was provided including the risks and
benefits of preterm birth for the fetus and mother and conservative

PPROM Treated with Continuous Intra-
Amniotic Lavage

management versus continuous amniotic infusion via a subcuta-
neously implanted port system with hypotonic amniotic fluid-like
saline solution with reduced chloride content resembling the elec-
trolyte concentration in human amniotic fluid at 100 ml/h (2,400
ml daily) combined with intrauterine administration of antibiotics
[10]. The port implantation was performed at 28" WG (fig. 1) with
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Fig. 2. Continuous amnioinfusion and antibiotic administration
via subcutaneously implanted port. Blue color: hypoosmotic saline
solution (100 ml/h, 2,400 ml/day) with antibiotic used to flush out
bacteria and inflammatory products from the amniotic cavity (¢).
Yellow arrows: systemic antibiotic. Green arrows: the effect of fetal
amniotic fluid swallowing. Upper left picture: the port system dur-
ing the implantation. The connection to the infusion system port
needle was covered by sterile foil (middle picture).

the permission of the Ethics Committee for individual treatment
of the Martin Luther University Halle-Wittenberg (24012014) and
written informed patient consent. The procedure involved intra-
uterine amnioinfusion of hypotonic aqueous composition relating
to human amniotic fluid (2,400 ml/day) and intrauterine admin-
istration of clindamycin 600 mg (Fresenius Kabi, Bad Homburg,
Germany).

Under local anesthesia with 10 ml nonadrenalized 1% xylo-
caine, a small skin incision of about 3 cm was performed with a
scalpel, and a subcutaneous pouch for the port capsule was pre-
pared using a pair of scissors. An 18-gauge needle (Echotip® Dis-
posable Trocar Needle, COOK Medical, Spencer, Ind., USA) was
inserted into the amniotic cavity under ultrasound control (Philips
EPIQ 7, Phillips Medical, Hamburg, Germany) through the pre-
pared pouch. The port catheter (Tchirikov prenatal port system,
PakuMed medical products GmbH, Essen, Germany) was inserted
into the amnion, and the needle was removed. The port capsule
was connected to the catheter and then inserted into the prepared
pouch, where it was fixed with 3-0 Vicryl stitches to the subcutane-
ous fat tissue, and the skin was closed with Monocryl 4-0 (ETHI-
CON, Cincinnati, Ohio, USA). Clindamycin 600 mg (Fresenius
Kabi) and a hypotonic solution related to human amniotic fluid
(Na 143.8 mmol/l, K 3.9 mmol/l, Ca 1.9 mmol/l, Mg 0.57 mmol/l,
CI~ 109.5 mmol/l, P 3.3 mg/d], lactate 9.1 mmol/], citrate 66.5 mg/
dl, HCO 16.9 mmol/l, Cu 16 pg/dl, Se <13.3 pg/dl, Zn 10-24 pg/dl,
pH 8.35, osmolality <271; US009072755B2, University Pharmacy
Halle UKH, Germany) were injected into the amniotic cavity
through the port system (100 ml/h; fig. 2) [10].
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At 29 WG, a vaginal swab culture isolated multiresistant
Klebsiella pneumoniae with extended spectrum beta lactamase.
Sensitive to the antibiogram, ciprofloxacin (Ciprobay, Bayer Vital,
Germany) was administered for 10 days at 400 mg/day through the
port system into the amniotic cavity and 500 mg per os.

The patient gave spontaneous birth to a female infant at 317!
WG (birth weight 1,700g, APGAR score of 6/8/8, arterial pH 7.35,
BE -1.8 mmol/l). The port system was removed immediately after
the delivery, and the catheter was sent for microbiological analysis.
The port catheter was also positive for multiresistant K. pneumoni-
ae.

The newborn was transferred to the neonatal intensive care
unit for further diagnostic and therapeutic management. She re-
quired ventilator support for 1 day and continuous positive airway
pressure for another day. At admission, interleukin-6 and C-reac-
tive protein (CRP) were within the normal range (CRP <5 mg/l,
interleukin-6 <44.4 pg/ml). The blood culture as well as the throat
swab were sterile. However, the ear swab revealed multiresistant
K. pneumoniae (3 MRGN, i.e. gram-negative bacteria with resis-
tance against 3 of 4 defined antibiotic classes) [11]. The same mul-
tiresistant bacteria were found 1 week later in the rectal and throat
swabs. However, the newborn did not require any antibiotic treat-
ment because no clinical signs of neonatal inflection were dis-
played during the whole period of hospitalization. The neonate
was discharged with a weight of 2,730 g at day 37 in a stable condi-
tion and without any signs of neurological deficiency. In the fol-
low-up examinations at 5 months and 1 year of age, there was no
apparent neurological disturbance, developmental delay or Kleb-
siella colonization.

On the second day after delivery, we received the report from
the bacteriological laboratory indicating a 3 MRGN K. pneumoni-
ae-positive rectal culture. On the third day after delivery (day 36
of admission), the patient was discharged from the hospital in a
healthy condition without antibiotic treatment. In the follow-up
examinations at 5 months and 1 year, no Klebsiella colonization
could be detected. The histological examination of the amniotic
membranes and the placenta showed no signs of chorioamnionitis
(fig. 3). However, a thin leukocyte infiltration could be clearly
identified in the decidua layer as a sign of inflammation response.

Discussion

The multidrug-resistant K. pneumoniae belong to a
bacteria genus that has recently been more often isolated
in a hospital setting [11]. In our case, the pregnancy was
complicated by K. pneumoniae colonization. It is possible
that the colonization of the amniotic membranes caused
PPROM in our case. However, the hospital-associated in-
fection must also be discussed [12, 13]. PPROM at 22 to
28" WG complicates up to 7% of all pregnancies, is re-
sponsible for a third of all preterm births and is associ-
ated with severe perinatal morbidity and mortality [2]. If
PPROM occurs in the second trimester followed by an-
hydramnion, the risk of pulmonary hypoplasia with ex-
tremely high neonatal mortality could increase up to 80%.
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Fig. 3. Histologic examination of the chorioamniotic membranes
after PPROM treatment with continuous intra-amniotic lavage.
The amniotic and chorionic layers show no signs of inflammation.
The decidua shows focal ribbon-like discrete inflammation, low
number of neutrophils (A), sparse lymphocytes (B) and fibrin in
between (C).

Additionally, bacterial damage to fetal organs such as the
lungs and brain lead to a worse outcome in preterm neo-
nates. Romero et al. [3] described that every third patient
with preterm PPROM delivered within 48 h of membrane
rupture. However, 32.2% of all PPROM patients had a
latent phase of more than 14 days.

The amniotic membranes and the umbilical cord do
not have any capillary net, and thus, the antibiotics in the
maternal circulation cannot target bacteria on colonized
surfaces. Fetal urine containing cleared antibiotics is rap-
idly lost in the amniotic cavity through membrane rup-
ture and without eliminating the bacterial infection
(fig. 1). These pathophysiological pathways confirm that
antibiotics cannot eliminate amniotic infection in
PPROM [5].

Hatfield et al. [14], using newborn MRI, were able to
demonstrate that chorioamnionitis was associated with
long-term cognitive deficits related to decreased cortical
thickness. Inflammatory responses in the fetal brain to
intra-amnial infection (after PPROM) could also play a
role in the high rate of neurological sequelae.

The use of transcervical application of amphotericin
was described by Shalevetal. [15] in 1994 in a patient with
Candida infection and preterm PPROM at 27 WG. After
7 days of treatment, the patient delivered spontaneously.
Transcervical amnioinfusion is still used in clinical prac-
ticein the same countries only during thelabor of PPROM
patients with meconium-stained amniotic fluid [16].

PPROM Treated with Continuous Intra-
Amniotic Lavage

Color version available online

In a recently published prospective randomized study,
Roberts et al. [5] demonstrated that repetitive transab-
dominal amnioinfusions did not improve maternal and
perinatal outcome in preterm PPROM patients. Fourteen
neonates died in the amnioinfusion group versus 9 in the
control group. Fetal skin in the second trimester is still
very thin and permeable. This study used saline solutions
with a higher sodium chloride level that could potentially
change fetal programming. An accumulation of sodium
and chloride might have disturbed the sodium potassium
cell pumps and influenced the function of certain organs,
e.g. cardiac, lung and brain. This could explain the high
neonatal mortality rate after amnioinfusions in this study.
Moreover, repetitive punctures could increase the risk of
chorioamniotic separation, placental abruption and um-
bilical cord and fetus damage. Therefore, repetitive am-
nioinfusions have not been a reasonable treatment strat-
egy until now.

We used continuous intra-amniotic lavage with a hy-
potonic aqueous composition with reduced chloride con-
tent related to human amniotic fluid combined with an
intra-amniotic antibiotic administration to flush out bac-
teria and inflammatory products from the amniotic cav-
ity and prolong pregnancy. It is likely that this strategy
could improve neonatal outcome by protecting the neo-
nate from the development of pulmonary hypoplasia,
sepsis, intraventricular hemorrhage and joint deformi-
ties. In our case, the port catheter was positive for K. pneu-
moniae, as were the neonatal ear, rectal and throat swabs.
The vaginal delivery may have spread the MRGN K.
pneumoniae further in the newborn. A rectovaginal way
of bacterial transmission is also possible in this case. For-
tunately, 5 months later, no Klebsiella colonization could
be isolated from the mother or child without antibiotic
treatment after the delivery. Histologic examinations of
amniotic and chorionic membranes showed no signs of
chorioamnionitis. However, the described ‘flush out’
method is probably not able to stop the development of
deciduitis resulting in activation of prostaglandin cascade
and inducing preterm delivery in our case. We will trial
this method again as appropriate and look forward to
reading other efforts made in treating PPROM.
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