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Name of the

disease/symptom

Number of
Patients

Background

Cause

Major
symptoms

Major
complications

Major
treatments

Contact
information

Disease Summary

Pulmonary hypoplasia of the fetus and neonate

200 cases/year: due to congenital diaphragmatic hernia 80 cases/year, due to congenital
cystic lung disease 50 cases/year, due to fetal pleural effusion 40 cases/year, due to
fetal urinary tract obstruction 30 cases/year

Pulmonary hypoplasia is incomplete development of the lungs, resulting in an abnormally
low number or size of bronchopulmonary segments or alveoli. It usually occurs
secondary to other fetal abnormalities that interfere with normal development of the
lungs. Pulmonary hypoplasia is a common cause of neonatal death and a common
finding in stillbirths. To evaluate pulmonary hypoplasia, some investigators have devised
specific criteria that are based on reduced lung weight, volume, DNA content, and radial
alveolar count.

Pulmonary hypoplasia may be primary, but it is usually secondary, caused by
compression due to structures such as abdominal contents in congenital diaphragmatic
hernia, congenital lung cysts, or fetal pleural effusion. It also caused by very large
bladder and oligohydramnios result from blockage of the urinary tract obstruction.
Pressure during fetal respiratory movement appears to affect fetal lung growth.
Specifically, airway distension may affect various developmental and signaling pathways
such as receptor tyrosine kinase, growth factors and retinoid signaling.

A major symptom of pulmonary hypoplasia is respiratory distress with various severity.
The infants need respiratory support including oxygen administration, mechanical
ventilation, nitric oxide inhalation and extracorporeal membrane oxygenation.
Sometimes the neonates die of respiratory failure immediately after birth.

Persistent pulmonary hypertension of the newborn is a well-known complication.
Associated pneumothorax with mechanical ventilation may occur. Compression
deformities due to prolonged oligohydramnios may be observed. In the long term period,
pulmonary hypoplasia has been associated with chronic pulmonary damage as well as
circulatory failure, failure to thrive and neurocognitive defects.

Management has three components: interventions before delivery, timing and place of
delivery, and therapy after delivery. Fetal intervention is available for the most severe
cases of pulmonary hypoplasia.  Intrauterine cyst-amniotic shunt can allow for drainage
of fluid from the pulmonary cysts. Intrauterine vesicoamniotic shunts are techniques
that are used in fetuses with urinary tract obstruction. Often, a baby with a high risk of
pulmonary hypoplasia will have a planned delivery in a specialty institution.  After
delivery, most affected babies will require supplemental oxygen. Some severely
affected babies may be salvaged with high-frequency oscillatory ventilation, nitric oxide
inhalation or extracorporeal membrane oxygenation.

Research on the current diagnosis and therapy of the pulmonary hypoplasia in the fetus
and the neonate
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( 84.3%) 441 TAS 71 (24.7%)



Table 1. Baseline characteristics of fetal isolated pleural effusion (n=287)

Characteristics Total (n=287)
Age, mean + SD 31.1+49
Nulliparous, n(%) 130 (45.3%)
Multiple birth, n(%) 6 (2.1%)
Gestational weeks at diagnosis, mean = SD 27.5+56
US findings
Hydrops fetalis, n(%) 195 (67.9%)
Hydrops fetalis observed before fetal therapy, n(%)" 186 (64.8%)
Bilateral pleural effusion, n(%) 193 (67.3%)
Polyhydroamnious, n(%) 126 (43.9%)
Fetal therapy
No therapy, n(%) 121 (42.2%)
Thoracocentesis only, n(%o) 95 (33.1%)
TAS, n(%) 71 (24.7%)

! Hydrops fetalis was observed before fetal therapy for cases receiving thoracocentesis or thoracoamniotic
shunting

SD, standard deviation; TAS, thoracoamniotic shunting

Table 2. Pregnancy outcomes of isolated pleural effusion stratified by hydrops fetalis (n=287)

No hydrops Hydrops

Total (n=287) p value?
(n=101) (n=195)

PIH, %(n) 2.8% (8) 1.1% (1) 3.6% (7) 0.44
Mirror syndrome, %(n) 4.9% (14) 0% (0) 7.2% (14) 0.006
Natural remission, %(n) 12.5% (36) 26.1% (24) 6.2% (12) <0.001
Gestational age at natural remission, mean + SD' 287+72 287+738 287+62 0.99
PPROM, %(n) 15.3% (44) 12.0% (11) 16.9% (33) 0.28
Gestational age at delivery, mean + SD 343+40 372431 329+35 <0.0001
Birth weight, mean + SD 2443 £ 751 2732+ 585 2306 + 783 <0.0001
Male, %(n) 50.9% (146) 58.7% (54) 47.2% (92) 0.08
Delivery mode, %(n)

Transvaginal delivery 38.0% (109) 55.4% (51) 29.7% (58)

Planned cesarean section 14.3% (41) 16.3% (15) 13.3% (26) <0.001

Emergency cesarean section 47.7% (137) 28.3% (26) 56.9% (111)

'n=36

% Continuous variables were tested by student's t-test and dichotomous variables were tested by chi-square test or fisher's exact
test.

? Two cases were developed hydrops fetalis and maternal mirror syndrom after fetal therapy

PIH, pregnancy-induced hypertension; pPROM, preterm premature rupture of membrane

SD, standard deviation;

Mirror 4.9 (14 )
Table2 12.5%(36 )



37.2+ 3.1

( ; 26.1% Table3
; 6.2%, p<0.001) 70.7
34.8% 3.6
95.2%
;32.9+ 3.5 ; 56.8%
, p<0.0001) (p<0.001)
56.9% (111 ) Nasal DPAP  IMV HFO
(NO)
Table 3. Perinatal and infantile outcomes of isolated pleural effusion (n=287)
No hydrops Hydrops
Total (n=287) p value®

(m=101) (n=195)

Total survival, %(n) 70.7% (203)  95.2%(99)  56.8% (104) <0.001
Fetal death, %(n) 9.8% (28) 1.1% (1) 13.9% (27) 0.001
Neonatal death, %(n) 16.0% (46) 1.1% (1) 23.1% (45) <0.001
Infantile death, %(n) 3.5% (10) 0.0% (0) 5.1% (10) 0.03

Neonatal outcomes’ (n=259) (n=91) (n=168)

Pleural effusion at birth,  %(n) 76.1% (197) 53.9%(49)  88.1% (148) <0.001

Ascitis at birth,  %(n) 29.7% (77) 22%(2) 44.6% (75) <0.001

Skin edema, %(n) 47.9% (124) 4.4% (4) 71.4% (120) <0.001

Mechanical ventilation, %(n) 68.0% (176) 36.3% (33)  85.1%(143) <0.001
Nasal DPAP 13.1% (34) 5.5% (5) 17.3% (29) 0.007
MV 452% (117)  26.4% (24)  55.4%(93) <0.001
HFO 41.7% (108) 143% (13)  56.6% (95) <0.001
Nitric oxide use 12.7% (33) 3.3%(3) 17.9% (30) 0.001

Infantile outcomes’ (n=213) (n=90) (n=123)

Duration of mechanical ventilation, %o(n)
<7 days 15.0%(32)  15.6%(14)  14.6% (18)

8-28 days 221% @47 122%11)  293%(36)  <0.001
> 29 days 23.0% (49) 6.7% (6) 35.0% (43)
HOT, %(n) 4.2% (9) 0.0% (0) 7.3% (9) 0.009

! Excluded fetal death cases

2 Excluded fetal and neonatal death cases

? Continuous variables were tested by student's t-test and dichotomous variables were tested by chi-square

test or fisher's exact test.

nasal DPAP, nasal directional positive airway pressure; IMV, intermittent mandatory ventilation; HFO,

high frequency oscillation, HOT, home oxygen therapy



1 183
7.36(9 )
Table4
(p=0.009)

Table 4. Characteristics and delivery, neonatal and infantile outcomes of isolated pleural effusion stratified by fetal therapy

among hydrops fetalis observed before fetal therapy (n=186)

No therapy Thoracocentesis only 5
TAS (n=57) pvalue

(n=67) (n=62)

Age, mean + SD 303+5.1 315250 324+46 0.05

Nulliparous, %(n) 47.8% (32) 37.7% (23) 50.9% (29) 032

Gestational weeks at diagnosis, mean + SD 27.7+52 28.2+49 259+42 0.01
30 weeks <, %(n) 40.3% (27) 50.0% (31) 21.1% (12)

26 weeks < - <30 weeks, %(n) 31.3% (21) 22.6% (14) 36.8% (21) 0.03
< 26 weeks, %o(n) 26.9% (18) 27.4% (17) 40.4% (23)

Skin edema & ascitis 58.2% (39) 56.5% (35) 75.4(43) 0.06

bilateral pleural effusion, %o(n) 77.6% (52) 93.6% (58) 91.2% (52) 0.01

Polyhydroamnious,%(n) 46.3% (31) 62.9% (39) 60.0% (34) 0.13

Natural remission, %o(n) 17.9% (12) — — —

pPROM, %(n) 6.0% (4) 14.5% (9) 33.3% (19) <0.001

Gestational age at delivery, mean + SD 32.7+42 323+35 33.8+28 0.06

Birth weight, mean + SD 2336 + 887 2321 +£834 2241 + 631 0.79

Delivery mode, %o(n)

Transvaginal delivery 35.8% (24) 24.2% (15) 29.8% (17)
Planned cesarean section 17.9% (12) 17.7% (11) 5.3% (3) 0.10
Emergency cesarean section 46.3% (31) 58.1% (36) 64.9% (37)

Total survival, %(n) 59.7% (40) 50.0% (31) 63.2% (36) 0.32
Fetal death, %(n) 19.4% (13) 11.3% (7) 10.5% (6) 0.28
Neonatal death,%(n) 19.4% (13) 27.4% (17) 22.8% (13) 0.56
Infantile death, %(n) 1.5% (1) 11.3% (7) 3.5%(2) 0.05

Neonatal outcomes’ (n=54) (n=55) (n=51)

Pleural effusion at birth, %(n) 79.6% (43) 94.6% (52) 90.2% (46) 0.05

Ascitis at birth, %(n) 48.2% (26) 56.4% (31) 29.4% (15) 0.02

Skin edema, %(n) 66.7% (36) 85.5% (47) 56.9% (29) 0.005

Mechanical ventination, %(n) 77.8% (42) 90.9% (50) 84.3% (43) 0.17
Nasal DPAP 14.8% (8) 14.6% (8) 25.5% (13) 0.25
MV 44.4% (24) 58.2% (32) 58.8% (30) 0.2
HFO 44.4% (24) 76.4% (42) 47.1% (24) 0.001
NO 13.0% (7) 21.8% (12) 19.6% (10) 0.46

Infantile outcomes” (n=41) (n=38) (n=38)

Duration of mechanical ventilation, %(n)
<1 week 14.6% (6) 13.2% (5) 18.4% (7)

3-28 days 34.2% (14) 28.9% (11) 18.4% (7) 0.25
more than 29 days 22.0% (9) 44.7% (17) 39.5% (15)
HOT, n(%), %(n) 4.9% (2) 13.2% (5) 5.3%(2) 0.31

! Excluded fetal death cases

% Excluded fetal and neonatal death cases

3 Continuous variables were tested by ANOVA and dichotomous variables were tested by chi-square test or fisher's exact test.
TAS, thoracoamniotic shunting; pPROM, preterm premature rupture of membrane; nasal DPAP, nasal directional positive airway

pressure; IMV, intermittent mandatory ventilation; HFO, high frequency oscillation; HOT, home oxygen therapy
SD, standard deviation;



TAS NO
77.6% HFO
TAS 76.4%
44 4% TAS 47.1% 3
( ; 93.6% TAS (p=0.001)
; 91.2%, p=0.01)
17.9%(12 ) 59.7%
TAS (33.3% 50.0% TAS 63.2%
19 ) 14.5% (9 ) 3
6.0%(4 ) 3
(p<0.001) 186
3 (Relative Risk, RR)
Table 5
79.6% 30
94.6% TAS 90.2% 26 —~30
(p=0.05) RR 2.1 (95% , 1.3-3.5)
26 2.7 (95%
TAS ,1.7-4.4)
48.2% (26 ) TAS 29_4%
as ) 66.7% (36 RR 2.0 95% ,1.3
) TAS 56.9%(29 ) -3.1 RR
3 (p=0.02, p=0.005) 2.8 (95% CI, 1.1-6.9)
Table 5. Crude relative risk for total death (n=186)
Factor RR 95% CI P value
Gestational age at diagnosis
30< (n=70) Reference
26< - <30 (n=56) 2.1 13t03.5 0.004
<26 weeks (n=58) 2.7 1.7t04.4 <0.001
Skin edema or ascitis only (n=69) Reference
Skin edema & ascitis (n=117) 2.0 1.3t03.1 0.002
Bilateral pleural efusion (Ref: unilateral) 2.8 1.1t06.9 0.03

Hydramnious (Ref: no hydramnious)

0.81 0.58to 1.13 0.21

RR, relative risk; CI, confidence interval



Table 6. Crude and adjusted relative risk of fetal therapy for total death among hydrops
cases (n=186).

Factor Crude RR 95% CI Adjusted RR 95% CI
No therapy Reference Reference

Thoracocentesis only 0.998 0.65to0 1.54 0.87 0.64t01.2
TAS 0.86 0.53t01.38 0.64 0.44t0 0.94

! Adjusted for gestational age at diagnosis, bilateral pleural effusion, ascitis and skin
edema

RR, relative risk; CI, confidence interval, TAS, thoracoamniotic shunting

91
12
186
RR (Table6) 22
Crude RR  0.998 (95%
, 0.65-1.54) TAS
0.86(0.53-1.36)
5 287
Adjusted RR 0.87 (0.64
-1.2) TAS 0.64 (95% CI 0.44-0.94)
TAS
67.9%
(Table 3)
95.2%

5 287
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19

91

1 35.1+ 4.9
29.2+ 3.7 57.1%(52/91
) 69.20(63/91 )
34.1%(31/91 )
14.3%(13/91
) (Table.)

Table 1. Baseline characteristics of fetal pleural effusion complicated with trisomy 21 (n=91)

Characteristics Total (n=91)

Age, mean = SD 351+49
Nulliparous, n(%) 34 (37.4%)
Multiple birth, n(%) 2(22%)
Gestational weeks at diagnosis, mean = SD 292+ 3.7
US findings

Hyrdops fetalis, n(%) 63 (69.2%)

Bilateral pleural effusion, n(%) 74 (81.3%)

Polyhydroamnious, n(%o) 43 (47.3%)
Diagnosed during pregnancy, n(%) 28 (30.8%)
Diagnosed after pregnancy, n(%) 63 (69.2%)
Fetal therapy
No therapy, n(%) 47 (51.6%)
Thoracocentesis only, n(%) 31 (34.1%)
TAS, n(%) 13 (14.3%)

SD, standard deviation; TAS, thoracoamniotic shunting
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4.8 (3/63
10.7%(3/28 )
(p=0.37)
33.1% 2.6

36.1+ 3.4

(p=0.0001)
47.6%(30/63 )

78.6%(22/28 )

(p=0.006)
38.4%(35/91 )
23 7
5
(Table2, 3)

Table 2. Pregnancy outcomes of isolated pleural effusion complicated with trisomy 21 stratified by hydrops

fetalis (n=91)

No hydrops Hytrops
Total (n=91) p value'
(n=28) (n=63)
PIH, %(n) 0.0% (0) 0.0% (0) 0.0% (0) NA
Mirror syndrome, %(n) 1.1% (1) 0.0% (0) 1.6% (1) 1
Natural remission, %(n) 6.6% (6) 10.7% (3) 4.8% (3) 0.37
pPROM., %(n) 8.8% (8) 14.3% (4) 6.4% (4) 0.25
Gestational age at delivery, mean + SD 340+32 36.1+34 33126 0.0001
Birth weight, mean + SD 2278 + 703 2462+ 647 2194+ 717 0.09
Male, %o(n) 65.9% (60) 71.4% (20) 63.5% (40) 0.46
Delivery mode, %(n)
Transvaginal delivery 31.9% (29) 393%(11) 28.9%(18)
Planned cesarean section 12.1%(11) 14.3% (4) 11.1%(7) 0.44
Emergency cesarean section 56.0% (51) 46.4%(13) 60.3% (38)

! Continuous variables were tested by student’s t-test and dichotomous variables were tested by chi-square

test or fisher's exact test.

PIH, pregnancy induced hypertension; pPROM, preterm premature rupture of membrane

SD, standard deviation;
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Table 3. Perinatal and infant outcomes of fetal pleural effusion complicated with 21 trisomy stratified by

hydrops fetalis (n=91)
Total No hydrops Hydrops
p value?
(n=91) (n=28) (n=63)

Total survival, %(n) 57.1%(52)  78.6% (22 47.6% (30) 0.006
Fetal death, %i(n) 90.1% (9) 0.0% (0) 14.3%(9) 0.05
Neonatal death, %f(n) 15.9%(13) 10.7% (3) 18.5% (10) 053
Infantile death, %(n) 187%07)  10.7%(3) 222%(14) 025

Neonatal and infantile outcomes’ (n=82) (n=28) (n=54)

Pleural effusion at birth,  %(n) 878%(72) 85.7%(24) 88.9% (48) 0.73

Ascitis at birth, %(n) 451%37)  10.7%3) 63.0% (34) <0.001

Skin edema, %l(n) 59.8% (49) 143%(4) 83.3% (45) <0.001

Anomaly of neonate
Cardiovascular anomaly, %i(n) 28.1%(23) 35.7%(10) 24.1%(13) 027
Gastrointestinal anomaly, %i(n) 8.5%(7) 10.7% (3) 7.4%(4) 0.69
Blood anomaly, %(n) 5% (6.1) 0.0% (0) 9.3%(5) 0.47

Mechanical ventination, %(n) 80.5%(66)  60.7%(17) 90.7% (49) 0.001
Nasal DPAP 24.2%(16) 17.9%(5) 204%(11) 0.79
IMV 68.2%(45)  39.3%(11) 63.0% (34) 0.04
HFO 485%(32)  21.4%(6) 48.2% (26) 0.02
Nitric oxide use 22.7%(15) 21.4%(6) 16.7%(9) 0.76

Duration of mechanical ventilation, %(n)
<1 week 18.3% (15) 21.4%(6) 16.7%(9)

8-28 days 342%(28)  25.0%(7) 38.9%(21) 0.005
more than 29 days 28.1%(23)  143%(4) 35.2%(19)
HOT, %(n) 3.7%(3) 0% (0) 3%(5.6) 0.55

! Excluded fetal death cases (n=82)

? Continuous variables were tested by student's t-test and dichotomous variables were tested by chi-square

test or fisher's exact test.

NA, not available; DPAP, nasal directional positive airway pressure; IMV, intermittent mandatory

ventilation; HFO, high frequency oscillation; HOT, home oxygen therapy
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91

1
0.77 (95% ,
0.66-0.89)
4.0 (95% 57.1%
, 1.4-11.3)
2.9
(95% , 0.87-9.8) 2.3 (95%
, 0.98-5.4)
(Table.d)
Table 4. Crude odds ratio (OR) for total death (n=91)
Factor OR 95% C1 P value

Gestational age at diagnosis (Ref: 1 week increase) 0.77 0.66 10 0.89 0.001
Hydrops (Ref: no hydrops) 40 14t0113 0.008
Bilateral pleural efusion (Ref: unilateral) 29 0871098 0.08
Hydramnious (Ref: no hydramnious) 23 0981054 0.05
Anomaly of neonate

Cardiovascular anomaly (Ref: no cardiovascular anomaly) 0.7 027t01.8 0.46

Gastrointestinal anomaly (Ref: no gastrointestinal anomaly) 1 0211047 1

Blood anomaly (Ref: no blood anomaly) 2.1 033t013.1 0.43
Fetal therapy (Ref: no therapy)

Thoracocentesis only 1.7 066t04.2 029

TAS 21 0.59t07.1 098

OR, odds ratio; CI, confidence interval; T AS, thoracoamniotic shunting
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