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Midtrimester Preterm Rupture of the Fetal
Membranes (PPROM <23 wks GA)
•
•

Incidence: 0.4-0.7% of all pregnancies (Waters et al. Am J Obstet Gynecol 2009;201:230;

Manuck et al. Am J Obstet Gynecol 2014;211:308.e1)

E9ology

– Spontaneous
– Iatrogenic (a`er invasive procedures):
■
■
■

•

Amniocentesis: 1-2 %
Fetoscopy: 6-10 % (Gratacos et al. Eur J Obstet Gynecol Reprod Biol 2000;92:151)
Opera9ve procedures: 20-30 % (Beck et al. Fetal Diagn Ther 2012;31:1)

Counseling is complicated

– Only small and retrospec9ve studies available
– Many studies before use of an9bio9c prophylaxis and antenatal
glucocor9coids and neonatal surfactant therapy
– Expectant management vs. pregnancy termina9on?

•

Latency (9me interval from ROM un9l delivery) (Moref et al. 1988, Taylor et al. 1984,

Beydoun et al. 1986, Dowd et al. 1992, Bentson et al. 1989, Major et al. 1990, Rib et al. 1993, Hibbard et al. 1993, Hadi et al.
1994, Fortunato et al. 1994, Farooqi et al. 1998, Kurkinen-Raty et al. 1998, Shumway et al. 1999, Falk et al. 2004)

– Mean latency: 17d
– Median latency: 7d
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Midtrimester Preterm Rupture of the Fetal
Membranes (PPROM <23 wks GA)
• Chorioamnioni9s (Moref et al. 1988, Taylor et al. 1984, Beydoun et al. 1986,

Dowd et al. 1992, Bentson et al. 1989, Major et al. 1990, Rib et al. 1993, Hibbard et al. 1993,
Hadi et al. 1994, Fortunato et al. 1994, Farooqi et al. 1998, Kurkinen-Raty et al. 1998,
Shumway et al. 1999)

– 8-77% of midtrimester PPROM, 30-50% in many studies
– More than 50% of cases during ﬁrst 7d a`er PPROM
– Most cases during d 2-5 a`er PPROM
(Bedoun et al. 1986, Mc Elrath et al. 2003)

• Placental abrup9on: 2-44% (Hadi et al. 1994)
• Cord prolapse: 1.9% (Schucker et al. 1996)
• Fetal death:

– Up to 33% (Dewan et al. 2001)
– Residual amnio9c ﬂuid seems to protect against fetal death
(Vergani et al. 1994)

• Stop of leakage

– Up to 14% (Beydoun et al. 1986, Fortunato et al. 1994, Shenker et al. 1991)
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Pulmonary Hypoplasia
Segmental bronchi
divide

Adapted from www. embryology.ch

Modifying factors

(Winn et al. Am J Obstet Gynecol
2000;182:1638; Vergani et al. Am J
Obstet Gynecol 1994;170:1359)

• GA at PROM
• Dura9on of latency
• Residual amnio9c ﬂuid
volume
- Oligohydramnios vs.
normal amnio9c
ﬂuid volume: 20.9
vs. 6.7% (Rotschild et al.
Am J Obstet Gynecol
1990;162;46)

•
•

Lethal pulmonary hypoplasia rarely develops subsequent to oligohydramnios >26
wks GA (Moessinger et al. Pediatr Res 1986;20:951; Nimrod et al. Am J Obstet Gynecol 1984;148:540)
Approx. 9-20% of newborns delivered a`er previable PROM will develop
pulmonary hypoplasia (Waters et al. Am J Obstet Gynecol 2009;201:230)
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Premature Rupture of Membranes
Before Fetal Viability

Home alive with
all gesta9onal ages

Taylor et al. Obstet Gynecol 1984;64:615

Conclusions: Conserva9ve management ...
• Maternal morbidity: 59%
• Survival 25%, with 38% of survivors normal
development
• Decision of whether or not to consider
conserva9ve management should probably
not be based on GA at PROM
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Maternal and Perinatal Outcome of Expectant Management
of Premature Rupture of Membranes in the Midtrimester

Moretti et al. Am J Obstet Gynecol 1988;159:390
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Perinatal Survival with Expectant Management of
Midtrimester Rupture of Membranes
GA at PPROM
(wks)

No.

S@llbirth

Neonatal
death

Perinatal survival
No.
%

19-21

6

2

0

3

50

21-23

15

5

1

10

64

23-25

25

3

9

21

64

25-26

25

1

5

21

84

TOTAL

71

11

15

45

63

• Only 1/70 infants was thought to have hypoplas9c lungs
• Conclusions:

– This study reveals that the neonatal outcome in pa9ents with midtrimester rupture of membranes is not as dismal as has been
portrayed in the past
– Expectant management of mid-trimester PROM is an reasonable
op9on for pa9ents as long as they are aware of their poten9al risks of
maternal morbidity and chances of delivering a normal infant

Major et al. Am J Obstet Gynecol 1990;163:838
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Acute respiratory failure and short-term outcome
a`er premature rupture of the membranes and
oligohydramnios before 20 weeks of gesta9on
• Case-control study of all infants born a`er PPROM <20 wks GA
(n=19) between 1990-1999, Univ. of Ulm, controls matched for
year of birth, GA and BW

Lindner et al. J Pediatr 2002; 140:177
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Acute respiratory failure and short-term outcome
a`er premature rupture of the membranes and
oligohydramnios before 20 weeks of gesta9on

Conclusions: Expectant treatment in women with PROM20 and present neonatal
intensive care has improved the survival of PROM20 infants despite severe ini9al
respiratory failure. However, chronic morbidity s9ll occurred.
Lindner et al. J Pediatr 2002; 140:177
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estation was 0.37% (98/26306 pregnancies).
marises the outcomes of the 98 affected pregnanhe latent period exceeded 14 days, 40 morphologiinfants were delivered alive and 10 were stillborn.
f the liveborn infants were singletons, the other
om dichorionic twin pregnancies—only the twin
membrane rupture was included in the study. The
f the results pertain to the infants who were

between the infants who survived and those who
who survived had better Apgar scores and cord p
who died. Table 3 gives details of the infants wh
neonatal unit. Only one infant had a postmorte
diagnosis of pulmonary hypoplasia was made. T
the other infants who died declined a postmortem
Nine other infants were assigned a diagnosis o
hypoplasia on the basis of clinical and radiologica
of whom survived. Two infants admitted to the
did not receive surfactant because they died with
admission. No infants had grade 3 or 4 in
haemorrhage or periventricular leukomalacia.
infants was discharged on oxygen.

Outcomes following prolonged preterm
premature rupture of the membranes

• 2001-2005 Royal Womens Hospital Melbourne,
PPROM <24 wks GA, n=98 pregnancies, 40 (41%)
of AFI measurements
were
available
from
30
delivered
a`er
≥14
d
latency
(fig 2). Oligohydramnios or anhydramnios was
2 inL&D
(22, infants
23 wks
y time •
point
16/24deaths
(67%) surviving
and GA), Survival rate of
fants who admired
died (odds ratioinfants:
4, 95% CI 0.6
27).
28to(70%)
Table 1 Maternal and infant demographics
All infants
(n = 40)
Gestation at membrane rupture, completed weeks,
mean (SD)
Latent period in days, median (interquartile range)
Gestation at delivery (completed weeks), mean (SD)
Birthweight in g, mean (SD)
Male, n (%)
Antenatal steroids, n (%)
Histological chorioamnionitis, n (%)

Survivors
(n = 28)

All deaths
(n = 12)

Survivors vs all
deaths

19.8 (2.5)

20.0 (2.7)

19.4 (1.9)

p = 0.39

55 (33–77)
28.4 (3.1)
1235 (557)
21 (53)
39 (98)
24 (60)

55 (44–82)
29.3 (2.7)
1357 (543)
15 (53)
28 (100)
17 (61)

48 (31–71)
26.3 (2.9)
946 (497)
6 (50)
11 (92)
7 (58)

p = 0.44
p = 0.18
p = 0.34
p = 0.78
p = 0.3
p = 0.5

Everest et al. Arch Dis Child Fetal Neonatal Ed 2008;93:F207
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Outcomes following prolonged preterm
premature rupture of the membranes
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Table 2 Infant outcomes
All infants
(n = 40)
1 min Apgar, median (interquartile range)
5 min Apgar, median (interquartile range)
Cord pH, median (interquartile range)
Pneumothorax, n (%)
Intubated and ventilated, n (%)
Nasal CPAP and never intubated, n (%)
Surfactant administered, n (% of those ventilated)
Chronic lung disease, n (%)
Total duration (h) CPAP, median (interquartile range)
HFOV
Number of infants, n (% ventilated infants)
Total duration (h), mean (SD)
Postnatal steroids, n (%)
Retinopathy of prematurity stage 3

5 (2, 6)
8 (6, 8)

15
31
5
25
14
28

(35)
(78)
(13)
(81)
(35)
(0, 447)

17 (55)
27 (0, 89)
3 (8)
1

Survivors
(n = 28)

Labour ward
deaths (n = 2)

6 (4, 7)
8 (7, 8)
7.27 (7.23, 7.33)
n = 10
7 (25)
19 (68)
5 (7)
17 (89)
12 (43)
112 (10, 522)

1 (1, 1)
1 (0, 1)
–

8 (29)
378 (10, 71)
1 (4)
1

–
–
–
–

*Only two infants survived beyond 36 weeks’ corrected age.
CPAP, continuous positive airway pressure; HFOV, high-frequency oscillatory ventilation.

0
2 (100)
–
–
–
–

Neonatal unit
deaths
(n = 10)
2 (1, 3)
6 (4, 4)
7.22 (7.21, 7.29)
n=5
8 (80)
10 (100)
0 (0)
8 (80)
2 (100)*
0 (0, 0)
9 (90)
9 (2, 24)
2 (20)
0

• No infant
had grade
3-4 IVH or
PVL
• None of the
infants was
discharged
on O2

• Conclusion: In our cohort of infants delivered following PPROM <24
wks, and treated with modern neonatal intensive care including
volume-targeted and high-frequency ven9la9on and nitric oxide,
the rate of survival to discharge is 70%.

ure 1 summarises the respiratory management and outDISCUSSION
s for all infants admitted to NICU. Nine infants (24% of
In our cohort, 62% of mothers delivered a liveborn infant
U admissions) were never ventilated via an endotracheal
following membrane rupture occurring before 24 weeks’ gestaduring their primary hospitalisation and all survived; five
tion. With modern intensive care, 70% of liveborn infants
managed with nasal CPAP and oxygen, three with
delivered following a period of prolonged membrane rupture
emental oxygen alone and one did not require any
occurring before 24 weeks’ gestation survived to discharge. This
atory support. Six infants were treated with nitric oxide,
contrasts with the findings of previous studies which reported
of whom survived. Inhaled nitric oxide (iNO) was used
survival rates between 0 and 63% when membranes were
Everest
et
al.
Arch
Dis
Child
Fetal
Neonatal
Ed
2008;93:F207
g the first 48 h of life in five infants (two survived to
ruptured before 24 weeks, depending on the gestation at
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Comparison of Perinatal Outcome A`er Previable Preterm
Prelabour Rupture of Membranes in Two Centres with Diﬀerent
Rates of Termina9on of Pregnancy (TOP)
(Azria et al. BJOG 2012 online 20.1.2012)

• Methods: retrospec9ve comparison of perinatal outcomes
in 2 French ter9ary care referral centres (n= 65/77) with
diﬀerent rates of TOP (i.e. diﬀerent approaches to
management)
• Results:
Center A
Center B
Termina9on of Pregnancy (TOP)
20/49 (40.8%) 36/64 (56.3%)
Mean latency period (d)
45.5
16.1
Mean GA @ delivery (wks)
28.1
25.4
Mean BW (g)
1295
929
Survival without major morbidity
42.9%
20.3%

p
P<0.01
P<0.01
P<0.01
P<0.01
P<0.01

• Conclusions: Perinatal outcomes of pregnancies managed
expectantly were not beFer in the center where the TOP
rate was higher.
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The Management of Preterm Premature Rupture
of the Membranes Near the Limit of Fetal Viability
(Review of the Literature published a`er 1994)

Waters et al. Am J Obstet Gynecol 2009;201:230
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The Management of Preterm Premature Rupture
of the Membranes Near the Limit of Fetal Viability
(Review of the Literature published a`er 1994)

Waters et al. Am J Obstet Gynecol 2009;201:230
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The Management of Preterm Premature Rupture
of the Membranes Near the Limit of Fetal Viability
(Review of the Literature published a`er 1994)

Waters et al. Am J Obstet Gynecol 2009;201:230
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The Management of Preterm Premature Rupture
of the Membranes Near the Limit of Fetal Viability
(Review of the Literature published a`er 1994)

Waters et al. Am J Obstet Gynecol 2009;201:230
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The Management of Preterm Premature Rupture
of the Membranes Near the Limit of Fetal Viability
(Review of the Literature published a`er 1994)

Waters et al. Am J Obstet Gynecol 2009;201:230
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The Management of Preterm Premature Rupture
of the Membranes Near the Limit of Fetal Viability
(Review of the Literature published a`er 1994)

Waters et al. Am J Obstet Gynecol 2009;201:230
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Outcomes of expectantly managed pregnancies with
mul9ple gesta9ons and preterm premature rupture
of membranes prior to 26 weeks
• Retrospec9ve cohort study of all
mul9-fetal pregnancies complicated
by PROM before 26 wks GA and
managed expectantly
• Single ins9tu9on (Salt Lake City),
4/2002-1/2013
– 23 pregnancies/46 fetuses
– 74% PROM <24 wks GA
– Median latency: 11d

• 20/46 fetuses (43%) survived to
hospital discharge
• 8/20 (40%) of survivors had no serious
morbidity (IVH °3/4, BPD, NEC/Surgery,
ROP°3-4)

Wong et al. Am J Obstet Gynecol 2015;212:215.e1
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Case
• PPROM with 20+3 wks GA, Oligohydamnios, Anhydramnios
• Labor with 28+2 wks GA, C/S, transverse posi9on
• Resuscita9on

– Responding poor to non-invasive ven9la9on, Intuba9on, very lirle
chest movement using PIP 20, 25, 30 cmH2O
– Surfactant, PIP up to 45 cmH2O, no improvement, handbagging

• PTX bilat. (Transillumina9on): Chest tubes both sides
• Full resuscita9on
• Dura9on of Resuscita9on: 115 mins, CPR for a total 9me 40 mins
– Apgar: 4(1‘), 5 (5‘), 5 (10‘)
– worst ABG: pH 6.9, BE -19 mMol/l

• NICU Admission: 2h a`er birth, SpO2 63%, PaO2 35 mmHg, PCO2 78
mmHg, BE -15 mmol/l
– Puncture/Drainage Pneumopericardium x 3
– HFOV (MAP 20 cmH2O), highest amplitude possible, iNO 20 ppm
– IL-8 215 ng/l, CrP and Blood cultures nega9ve

Case University of Ulm
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Case
• 28+3 SSW,
1180g, 2h a`er
birth
• HFO: MAP
20cmH2O
• Chest tubes both
sides

Case University of Ulm
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Case
• Chest tubes d/c d 4
• HFOV un9l d 16, extubated d
17
• One seizure, no IVH, no PVL
• Transferred to a level 2
hospital d 41, FiO2: 0.22-0.25
• F/U 3 years+2 months
– Neurologically normal
– IQ 108

• F/U 15 years

– normal development
– 9 th grade Middle school

Case University of Ulm
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Dry Lung Syndrome
• Infants with PPROM can present with severe respiratory failure
immediately a`er birth mimicking pulmonary hypoplasia (McIntosh Arch
Dis Child 1988;63:190; Blor et al. Arch Dis Child 1988;63:683; Kirerman J Pediatr 1993;123:969; Sakai et
al. Acta Paediatr Jpn 1994;36:510; Losa et al. Eur J Pediatr 1998; 157:935; Nadal et al., An Pediatr (Barc)
2006;64:101, Sehgal et al. Indian J Pediatr 2010;77:1029)

– Need for aggressive ven9latory support to survive
– Dry lung syndrome is probably under-reported in the literature
– Pathophysiology:
■
■
■

Compression of the airways?
S9ﬀ thorax?
„temporary fuc9onal hypoplasia“ (McIntosh Arch Dis Child 1988;63:190)

– May require high pressure to maintain oxygena9on (HFOV has been
suggested)
– High risk for PPHN (iNO needs to be available)

• „It would seem appropriate ... to deliver these infants elec9vely
with paediatricians in arendence who are of suﬃcent seniority to
assess immediately whether the normally accepted inﬂa9on
pressures may need to be overriden.“ (McIntosh et al. Arch Dis Child
1988;63;190)
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Transient Defect in NO Genera9on a`er Rupture of Fetal
Membranes and Responsiveness to Inhaled Nitric Oxide in
Very Preterm Infants with Hypoxic Respiratory Failure
HRF + iNO

Spontaneous
Birth without
PPROM

Aikio et al. J Pediatr 2012;161:397

PPROM

Preeclampsia
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Early Func9onal Echocardiogram and iNO:
Usefulness in Managing Neonates a`er PPROM
• 8 year experience using early
func9onal echo in infants born
a`er PPROM
• 26 infants with PPROM <20 wks
GA or ROPM <25 wks GA/>14d
• 20 infants admired to NICU
• 90% of infants admired to NICU
survived
• All infants receiving iNO
survived
• Conclusions:
– Premature infants with PPROM with
severe hypoxic failure o`en have
signiﬁcant PPHN and may respond
to HFV and iNO
– Early echocardiography results in
earlier iden9ﬁca9on and treatment

Shah, Kluckow J Paediatr Child Health 2011;47:340

25

Prolonged Rupture of Membranes and Pulmonary
Hypoplasia in Very Preterm Infants:
Pathophysiology and Guided Treatment

• Cardiac ultrasound scans within 2 h of life
showed …

– a low le` ventricular output due to low preload of the
le` ventricle,
– a low to normal right ventricular output,
– a normal ﬂow in the SVC,
– and a pure R-L-Shunt on the ductus in 6/7 infants
(uncommon in respiratory disease)

➜Management of infants with PPROM based on
physiology (CXR + func9onal echocardiography)
➜Cardiac Ultrasound before and a`er each
interven9on

De Waal & Kluckow J Pediatrics 2015;166:1113
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Prolonged Rupture of Membranes and Pulmonary
Hypoplasia in Very Preterm Infants:
Cardiovascular Approach

De Waal & Kluckow J Pediatrics 2015;166:1113
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Prolonged Rupture of Membranes and Pulmonary
Hypoplasia in Very Preterm Infants:
Treatment with iNO

Improved oxygena@on

63/67 (94%)

Survival

53/62 (85%)

De Waal & Kluckow J Pediatrics 2015;166:1113
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Summary
• Chances of survival a`er mid-trimester PROM have improved over
the last 20 years
– If mother does not deliver within 3 d, there is a substan9al chance to
con9nue pregnancy up to many weeks
– In the absence of acute chorioamnioni9s and placental abrup9on
expectant management is jus9ﬁed

• Preterm infants exposed to oligohydramnios a`er PROM have a
higher rate of severe respiratory failure/pulmonary hypertension
• Prenatal ultrasound to detect pulmonary hypoplasia not suﬃciently
reliable for clinical decision making
• Risk for “true pulmonary hypoplasia” seems to be < 20% (best
es9mate: approx. 9%)
• Some infants exposed to PPROM may have „Dry lung syndrome“
rather than pulmonary hypoplasia
• HFV and iNO should be readily available for rescue treatment
• A targeted approach using a lung-protec9ve ven9latory strategy
and func9onal echocardiography seems to be useful
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Thank you very much
for your aren9on
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