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Fetal echocardiogram: 
Assessment of circulatory physiology

Management:
1) Fetal/neonatal Intervention
2) Counseling on prognosis



Guiding Principles: Cardiac output

 at University of Pennsylvania Library on July 26, 2012http://circres.ahajournals.org/Downloaded from 

Percentage of Output to brain: 
dramatic increase in 3rd trimester

~10 → 35%

Rudolph AM, 1985
Rudolph AM, 2016
Rudolph AM, 2018

Percentage of combined 
ventricular output to lungs 

increases from 3-4% to 7-9%

• Preload
• Afterload
• Myocardial contractility



• Fetal myocardium:

– Relatively non-compliant

– less tolerant to changes in loading

– Sensitive to small changes in 
preload and afterload

Guiding Principals: Fetal Myocardium
Fetal Echocardiography: Assessment 
of ventricular filling pressures using 
Doppler

NORMAL

ABNORMAL

Increased filling pressures



Guiding Principles: Cardiac output

 at University of Pennsylvania Library on July 26, 2012http://circres.ahajournals.org/Downloaded from 

Cardiac Output
• Poor myocardial contractility
• Impaired filling to heart 

Increased atrial pressures/CVP → 
hydrops



Guiding Principles: Cardiac output

 at University of Pennsylvania Library on July 26, 2012http://circres.ahajournals.org/Downloaded from 

Cardiac Output
• High output states → heart failure → 

increased atrial pressures/CVP → 
hydrops

• Decompensation occurs when CCO > 
twice normal



Guiding Principals: Fetal wellness

• Atrial pressure

Normal Abnormal- Increased atrial filling pressures

Ductus Venosus

IVC



Guiding Principals: Fetal wellness

• Umbilical vein

Normal:
Continuous low velocity

Abnormal:
Notching at end-diastole

Abnormal:
Venous pulsations

CVP



Non-cardiac disease can impact cardiovascular physiology

High Output

• Anemia

• SCT

• TRAP

• AVMs

Tamponade

• CPAM

• Pericardial teratoma

Cardio-pulmonary 
disease

• CDH

Thoracic and mediastinal masses



Case 1: Volume Loading lesions
Referral: Cardiomegaly



Case #1- Sacrococcygeal Teratoma



Case #2- Sacrococcygeal Teratoma

CTR= 41%
CCO= 750 cc/kg/min



SCT: Natural History Fetal Echo Study

• At least one of the following was 
present among those that had a 
poor outcome:

– CTR > 0.5 

– CVO > 550 ml/min/kg 

– Tricuspid or mitral regurgitation

– Mitral or aortic valve Z score >+2

• Fetal echo measures may help with 
need or timing of fetal resection

Byrne F et al, 2011



Non-cardiac disease can impact cardiovascular physiology

High Output

• Anemia

• SCT

• TRAP

• AVMs

Tamponade

• CPAM

• Pericardial teratoma

Cardio-pulmonary 
disease

• CDH

Thoracic and mediastinal masses



Case 2: Thoracic Masses
Referral: Congenital Pulmonary Airway Malformation (CPAM)



Congenital Pulmonary Airway Malformation

• Intrathoracic Mass

• Extrinsic Compression

– Smaller CTR

– +/- decreased CCO

– Abnormal inflow Doppler

– Increased atrial pressure + CVP
• Decreased venous return (+IVC distortion)

– Tamponade physiology



Congenital Pulmonary Airway Malformation

• Rapid Growth

• May be associated with hydrops

• Fetal therapy possible
– Steroid treatment

– Percutaneous cyst drainage

– Surgical resection (less desirable)

Mahle et al, UOG 2000



Non-cardiac disease can impact cardiovascular physiology

High Output

• Anemia

• SCT

• TRAP

• AVMs

Tamponade

• CPAM

• Pericardial teratoma

Cardio-pulmonary 
disease

• CDH

Thoracic and mediastinal masses



Pulmonary Hypoplasia: 
Congenital diaphragmatic hernia

• Outcomes correlate with degree of 
pulmonary hypoplasia

• Prognostication:

– Lung to Head ratio (LHR)- ultrasound

– Lung volumes- MRI

LHR



Assessment of pulmonary vasculature in CDH:
Aid in prognosis

 Derderian/Jayme/Cheng/Keller/
Moon-Grady/MacKenzie
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all, 2/12 patients with CPAM and adequate postnatal data 
(17%) had neonatal PH, which was significantly lower 
than the incidence in patients with CDH (p = 0.0002 by 
Fisher’s exact test). A separate analysis was performed in 
which neonates who died prior to echocardiography were 
assumed to have severe PH, and neonates with CPAM 
again had a significantly lower incidence of PH (p = 
0.0005).

  CDH Survival 
 Given the poor survival of patients with severe CDH, 

we also examined whether any prenatal echocardio-
graphic parameters would be predictive of survival. We 
determined that the contralateral PA d  was significantly 
larger in survivors with CDH compared to nonsurvivors 
(–0.68 ± 0.20 vs. –1.54 ± 0.26, p = 0.03 by Mann-Whit-
ney U test) ( fig. 3 ). The receiver operating characteristic 
curve indicated a threshold level of –1.2 (sensitivity 
100%, specificity 71%, positive predictive value 60%, 
and negative predictive value 100%), below which there 
were no survivors. Differences in other echocardio-
graphic measurements between surviving and nonsur-
viving patients with CDH were not statistically signifi-
cant. Among fetuses with CPAM, no measured fetal 
echocardiographic parameters differed between survi-
vors and nonsurvivors.

  Discussion 

 In this series, we compared prenatal echocardiograph-
ic findings in 2 groups of patients with space-occupying 
intrathoracic lesions associated with the onset of pulmo-
nary hypoplasia. We determined that patients with severe 
CDH have increased pulmonary vascular resistance com-
pared to those with CPAM, supporting the idea that pre-
natal pulmonary vascular remodeling is a complex pro-
cess that is not simply secondary to mediastinal compres-
sion. These results support our prior work examining 
biomarkers that predict PH in patients with CDH  [11] . 
Taken together, our work suggests that both anatomic 
factors and physiologic factors such as inflammatory me-
diators may be responsible for the vascular remodeling 
seen with CDH; these studies open an avenue to explore 
prenatal therapeutic strategies to mitigate vascular re-
modeling.

  We demonstrate significant abnormalities in prenatal 
echocardiographic measurements relevant to PH in pa-
tients with severe CDH compared to those with severe 
CPAM. While patients with CDH and those with CPAM 
both have smaller PA d  than healthy age-matched controls 
 [13] , we demonstrated that the degree of pulmonary ar-
tery hypoplasia and abnormality in vascular resistance in-
dices is significantly greater in patients with CDH and is 
predictive of PH. The observation that CDH results in in-
creased resistance indices such as PI has previously been 
demonstrated in animal models as well  [28] , further sup-
porting our findings. One explanation for the lack of PH 
in patients with CPAM is that they are protected from 
vascular remodeling, perhaps as a result of increased 
blood flow to the side of the tumor, which may explain the 
difference seen in PI within the ipsilateral lungs between 
the two groups. It is also possible that the hydropic state, 
more often seen in fetuses with CPAM, results in dimin-
ished preload, which may in turn result in a diminished PI 
that could protect fetuses from vascular remodeling. The 
timing in embryonic development may also impact the 
onset of PH: CDH results from failed closure of the pleu-
roperitoneal canal during the 8th week of embryogenesis 
 [29] , while lung lesions including CPAM and broncho-
pulmonary sequestration form during the pseudoglandu-
lar period (7–17 weeks’ gestation) but commonly do not 
reach their maximum size until 28 weeks’ gestation (re-
viewed by Di Prima et al.  [30] ). Thus, the earlier onset of 
mediastinal compression in patients with CDH may ac-
count for the difference in PH observed between the CDH 
and CPAM groups. Alternatively, it is possible that a mass 
effect occurring at different times in gestation explains the 
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  Fig. 3.  Comparison of contralateral PA d  in surviving and nonsur-
viving patients with severe CDH. No fetus with a PA d  Z-score be-
low –1.2 survived. Survivors: n = 6; nonsurvivors: n = 14.  *    p < 0.05 
by Mann-Whitney U test. 
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 Mass Effect Alone May Not Explain PH in 
Severe CDH 
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in 3/26 (12%) of the patients with CDH (due to unmeasurable ip-
silateral PA d  in these fetuses) but could be assessed in all patients 
with CPAM.

  Ventricular output was calculated by multiplying the cross-sec-
tional area of the aortic or pulmonary valve by the respective veloc-
ity time interval obtained from a spectral Doppler trace and by the 
corresponding heart rate. Right ventricular output as percent of 
combined ventricular output (RVO%) was calculated by dividing 
the right ventricular output by the combined cardiac output and 
expressed as a percentage. RVO% could be measured in 20/26 
(77%) of the patients with CDH and 17/23 (74%) of the patients 
with CPAM. Right ventricular ejection force [VEF(RV)] was cal-
culated using the equation VEF(RV) = (1.055 × cross-sectional 
area of the pulmonary valve × velocity time interval during the ac-
celeration phase) × (peak systolic velocity of the Doppler envelope/
time to peak velocity)  [20, 21]  and could be measured in 22/26 
(85%) of the patients with CDH and 19/23 (83%) of the patients 
with CPAM.

  Pulmonary arterial Doppler waveform analysis was performed 
offline and included: peak systolic velocity, PEDRF, and PI, which 
was calculated by subtracting the minimum diastolic velocity from 
the peak systolic and dividing by the mean velocity during a car-
diac cycle. Fetal echocardiographic and Doppler measurements 
are depicted in  figure 1 . Among the patients with CDH, Doppler 
recordings of sufficient quality to allow measurement of PEDRF 
were present in 12/23 ipsilateral branch pulmonary arteries (52%) 
and 16/24 contralateral branch pulmonary arteries (67%). Among 
the patients with CPAM, 14/23 ipsilateral (61%) and 13/23 contra-
lateral PEDRF (57%) were measurable. Pulsatility could be mea-
sured in 11/23 ipsilateral (48%) and 14/24 contralateral CDH 
branch pulmonary arteries (58%) and in 13/23 ipsilateral and con-
tralateral CPAM branch pulmonary arteries (57%).

  Measurements were normalized to gestational age by convert-
ing them to Z-scores, a statistical measurement to calculate the 
standard deviation from the mean of a known normal population, 
when appropriate, using previously published equations  [22] .
Ipsilateral and contralateral measurements of branch pulmonary 
arteries and the total pulmonary vascular bed (estimated by the
modified McGoon index) were compared. Missing data points were
a reflection of unmeasurable parameters resulting from severe
mediastinal compression.

  Postnatal Clinical Parameters 
 Since we have previously demonstrated that the severity of PH 

at 2 weeks of age correlates with neonatal outcomes in infants with 
CDH  [23] , echocardiograms from infants cared for at the Univer-
sity of California, San Francisco (UCSF), performed at 2 weeks of 
age – or earlier in those who died prior to that time – were retro-
spectively reviewed in a blinded fashion by a single pediatric car-
diologist (A.J.M.-G.) who classified the severity of PH into 3 cat-
egories: no/mild PH (<2/3 systemic pressure), moderate PH ( ≥  2/3 
but less than systemic pressure), and severe PH (systemic-to-
supra systemic pressure) as previously described  [23] . Although in-
fants with CPAM do not have routine surveillance echocardiogra-
phy at UCSF, those who did undergo echocardiography had the 
study closest to 2 weeks of age selected for blinded review. Infants 
with CPAM and a lack of clinical suspicion for any PH did not have 
postnatal echocardiograms obtained. In these cases, clinical pa-
rameters such as the lack of supplemental oxygen or inhaled nitric 
oxide use were reviewed to support the lack of clinical suspicion 

for PH. Patients without neonatal echocardiograms who were 
maintained on room air and were not placed on inhaled nitric
oxide were considered to have no/mild PH.

  Statistics 
 Data are presented as means ± SD or numbers (%). p values 

were calculated by the Mann-Whitney U test, Fisher’s exact test, 
and χ 2  analysis as appropriate. A p value of <0.05 was considered 
statistically significant. Statistical analysis was performed using 
Prism GraphPad (GraphPad Software, Inc., La Jolla, Calif., USA).

  Results 

 Patient Demographics 
 We identified 26 patients with severe isolated CDH 

(median LHR = 0.7, IQR 0.5–0.8) and 23 patients with
severe isolated CPAM (median CVR = 2.4, IQR 1.8–3.4) 

RPA

PA

Ao

LPA

a

PEDRF

DV

PI

PSVb

  Fig. 1.   a  Fetal echocardiogram of a patient with a left-sided CDH. 
Ao = Aorta; PA = pulmonary artery; RPA = right pulmonary ar-
tery; LPA = left pulmonary artery; ≥  = herniated intrathoracic 
organs.  b  Doppler waveform of proximal branch pulmonary artery 
in a patient with a left-sided CDH. PSV = Peak systolic velocity; 
DV = minimum diastolic velocity. 
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CDH and the left heart

• Association of left CDH and left 
heart hypoplasia

• Thought to be due to compression 
(Allan), altered venous return to 
heart (Kohl), lung hypoplasia

• Resolves after birth (Vogel)





CDH and the “cardiovascular system”

Kosiv et al, UOG 2020



CDH and the “cardiovascular system”: 
don’t forget about the brain

Impedance in middle cerebral artery (MCA) lower in left-CDH due to less output 
to the brain→ ? Compensatory mechanism + effects on Neurodevelopment?



Non-cardiac disease can impact cardiovascular physiology

High Output

• Anemia

• SCT

• TRAP

• AVMs

Tamponade

• CCAM

• Pericardial teratoma

Cardio-pulmonary 
disease

• CDH

Thoracic and mediastinal masses



Thank you
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