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C A R D I O V A S C U L A R  I M A G I N G  I N  P U L M O N A R Y  H Y P E R T E N S I O N

Analysis is expertise-dependent

E c h o :   m a n y  m e a s u r e m e n t s ,  m a n y  v i e w s C M R :   g o l d  s t a n d a r d  f o r  R V,  l i m i t e d  a c c e s s
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Diagnostic delay in pulmonary hypertension

1 Symptoms are non-specific
Dyspnea and fatigue overlap with common cardiac and pulmonary 
disease; referral is often late.

2 Echocardiographic screening is variable
Depends on an adequate TR jet, multi-view acquisition, and experienced 
interpretation.

4 Right-heart catheterization is invasive
Not suitable as a first-line screening test.

Clinical need:  a simple, scalable way to flag patients who need expert review and confirmatory RHC.
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S C R E E N I N G  G A P

≥ 2 yrs

M E D I A N  D I A G N O S T I C  D E L AY

from symptom onset to a formal PH 
diagnosis

3 Cardiac MRI is not widely available
Right ventricular remodeling appears late in disease; limited availability 
and specialist expertise required.



Study objectives

Can a video-based transformer detect PH from one complete heartbeat on a single apical 
four-chamber view, without Doppler, structured measurements, or a second view?

Four pre-specified objectives:

1
Detect
Develop and internally validate the model 
against RHC-confirmed PH.

2
Validate
Across three external cohorts spanning 
continents, vendors, and workflows.

3
Sensitivity to PH severity
Assess whether performance scales with 
disease severity (mild to severe).

4
Differentiate subtypes
Assess whether performance differs across 
hemodynamic PH subtypes.
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M E T H O D S  ·  C O H O R T S

Development and external validation cohorts
Reference standard:  2022 ESC/ERS PH definition, RHC-confirmed resting mPAP > 20 mmHg

D E V E L O P M E N T

Duke

17,969
patients

8,644 PH   ·   9,325 controls

80 % train  ·  10 % val  ·  10 % locked test

E X T E R N A L  V A L I D A T I O N    ·    N O  R E T R A I N I N G

France n = 576
Kremlin-Bicêtre  ·  Tertiary PH referral center

Stanford n = 830
Independent US academic center

China n = 469
CardiacNet public dataset  ·  Hitachi vendor absent from training

Each external cohort differed from Duke on at least one axis: geography, patient mix, vendor, or acquisition protocol.
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In collaboration with Us2.ai (Singapore), whose platform underlies the deep learning model and automated echo preprocessing 



M E T H O D S  ·  M O D E L

Model architecture and inference pipeline

Predictions from every cycle across every A4C loop are averaged into one patient-level PH probability

✕  No Doppler ✕  No structured measurements ✕  No second view
7

1 A4C clip identified.

2 Segmented into individual cardiac cycles.

3 16 frames sampled per cycle.

4 Cycle predictions averaged into one PH 
probability.
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Study objectives

Four pre-specified objectives:

1
Detect
Develop and internally validate the model 
against RHC-confirmed PH.

2
Validate
Validate across three external cohorts spanning 
continents, vendors, and workflows.

3
Sensitivity to PH severity
Assess whether performance scales with disease 
severity (mild to severe).

4
Differentiate subtypes
Assess whether performance differs across 
hemodynamic PH subtypes.
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Can a video-based transformer detect PH from one complete heartbeat on a single apical four-
chamber view, without Doppler, structured measurements, or a second view?



O B J E C T I V E  1 :  D E T E C T  -  I N T E R N A L  T E S T  C O H O R T

Can one A4C clip detect RHC-confirmed PH?

Locked Duke internal test set (n = 1,808  ·  862 PH, 946 controls)

Duke internal test set  ·  ROC curve

A U R O C

0.899

S e n s i t i v i t y
82%
707 / 862 PH

S p e c i f i c i t y
81.7%
711 / 946 controls

P P V
80.2%
in flagged studies

N P V
83.0%
in non-flagged studies
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Study objectives:

Four pre-specified objectives:

1
Detect

Develop and internally validate the model against 
RHC-confirmed PH.

2
Validate
Across three external cohorts spanning 
continents, vendors, and workflows.

3
Track severity
Assess whether performance scales with disease 
severity (mild to severe).

4
Track phenotype
Assess whether performance differs across 
hemodynamic PH subtypes.

Can a video-based transformer detect PH from one complete heartbeat on a single apical four-
chamber view, without Doppler, structured measurements, or a second view?



O B J E C T I V E  2  -  E X T E R N A L  V A L I D A T I O N

Does the model generalize across health systems and vendors?

France
Kremlin-Bicêtre

n = 576

A U R O C

0.917
Tertiary PH referral cohort in Europe; 

higher prevalence and severity than the 
general echo lab

Stanford
Independent US academic center

n = 830

A U R O C

0.732
Tertiary PH referral cohort in the United 
States; Relatively lower AI performance

China
CardiacNet, unseen vendor

n = 469

A U R O C

0.871
Hitachi ultrasound vendor absent from 

training; a strictly out-of-training-
distribution test.

Interpretation:  Discrimination is meaningful in all three settings including unseen ultrasound vendor.
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Study objectives:

Four pre-specified objectives:

1
Detect

Develop and internally validate the model against 
RHC-confirmed PH.

2
Validate
Validate across three external cohorts 
spanning continents, vendors, and workflows.

3
Sensitivity to PH severity
Assess whether performance scales with 
disease severity (mild to severe).

4
Track phenotype
Assess whether performance differs across 
hemodynamic PH subtypes.
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Can a video-based transformer detect PH from one complete heartbeat on a single apical four-
chamber view, without Doppler, structured measurements, or a second view?



O B J E C T I V E  3  ·  T R A C K  S E V E R I T Y

Discrimination scales with hemodynamic severity
Classified as mild, moderate, or severe based on mPAP (mild: < 35 mmHg, moderate: 35-45 mmHg, severe: > 45 mmHg) and PVR (mild: 2-5 WU, 
moderate: 5-8 WU, severe: > 8 WU), with the higher-severity category assigned when both criteria were available and discordant.

D U K E K R E M L I N - B I C Ê T R E   ( F r a n c e )

AUROC 0.801

Mild

0.894

Moderate

0.919

Severe
Discrimination increases with disease severity

AUROC 0.855

Mild

0.929

Moderate

0.971

Severe
Discrimination increases with disease severity
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Study objectives

Four pre-specified objectives:

1
Detect

Develop and internally validate the model against 
RHC-confirmed PH.

2
Validate
Validate across three external cohorts 
spanning continents, vendors, and workflows.

3
Track severity
Assess whether performance scales with 
disease severity (mild to severe).

4
Differentiate subtypes
Assess whether performance differs across 
hemodynamic PH subtypes.
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Can a video-based transformer detect PH from one complete heartbeat on a single apical four-
chamber view, without Doppler, structured measurements, or a second view?



O B J E C T I V E  4  ·  D I F F E R E N T I A T E  S U B T Y P E S |   R E S U L T S

The model tracks right heart remodeling, not pressure elevation
PH subtypes per 2022 ESC/ERS  

F I N D I N G :  Strong discrimination across phenotypic subtypes (AUC 0.86 – 0.96); reduced sensitivity of flow-driven high-output 
PH confirms the model is responding to imaging correlates of vascular pathology, not elevated pressure alone.
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AUC Duke France

Precapillary PH

PVR > 2 WU, PCWP ≤ 15 mmHg
0.876 0.920

Isolated postcapillary PH

PVR ≤ 2 WU, PCWP > 15 mmHg
0.855 0.889

Combined pre/
postcapillary PH
PVR > 2 WU, PCWP > 15 mmHg

0.940 0.955

Unclassified PH

PVR ≤ 2 WU, elevated flow · n=0, 
Duke

— 0.777

FranceDuke
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L I M I TAT I O N S

1. Limited specificity. 
34 % on CardiacNet, where the negative-class definition is unclear and qualitative review found 
abnormal RVs among nominal controls. 

2. Controls not universally RHC-negative. 
Mild PH may sit in the control group and inflate apparent false positives. 

3. Binary PH training label. 
We did not regress on mPAP directly, which would have enabled severity stratification at inference and 
may have captured clinically important subthreshold elevations. 

4. Adult population only. 
View selection is age-specific; pediatric PH favors PSAX rather than A4C.
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K E Y F I N D I N G S

1. A single A4C clip can screen for PH. 
One routine clip, no Doppler, no measurements, reproducible across three continents. This could be 
of significant impact in resource-limited areas. 

2. Validation across multiple cohorts. 
Diverse cohorts from different regions and imaging platforms. 

3. Differentiation of hemodynamic subtypes. 
Clinically important, as not all patients with PH require RHC, such as those with isolated post-
capillary PH. 

4. Sensitivity to PH severity. 
Discrimination increased with hemodynamic severity in both cohorts, supporting use as a severity 
aware triage signal.
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