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Partial anomalous pulmonary venous return, 
the neglected congenital malformation where 
catheterization assists echocardiography
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Introduction

Partial Anomalous Pulmonary Venous Return (PAPVR) is a rare congenital heart 
disease with an estimated prevalence of approximately 0.1% to 0.2% in the recent 
literature [1-3]. This cardiac defect causes a left-to-right shunt at the pre-tricuspid 
level, resulting in volume overload in the right ventricle and pulmonary vasculature 
[4]. Over time, this can lead to endothelial remodeling of the pulmonary arteries 
and increased pulmonary vascular resistance, characteristic of Pulmonary Arterial 
Hypertension (PAH) [5]. If the defect is not corrected, the consequences can be 
dramatic, such as right heart failure, equalization of left and right pressures, or even 
reversal of the shunt characteristic of Eisenmenger syndrome. It is therefore essential, 
on the one hand, to screen patients diagnosed with PAPVR for PAH and, on the other 
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hand, to identify patients who are at higher risk of developing 
PAH. However, despite the existing clear guidelines [6,7], both 
screening and identification of patients at risk of PAH is not as 
straightforward as recommended [3]. In this mini-review we will 
discuss these two points

Methods

Details of the methods used are given at length in our article 
entitled “Partial anomalous pulmonary venous return in adults: 
insight into pulmonary hypertension” [3]. Briefly, we enrolled 
78 PAPVR patients in this clinical series. Of these 78 patients, 
patients aged ≥ 18 years who had not undergone operation or 
were operated on after the age of 18 years were retained. All the 
patients had at least one imaging test performed in our institution 
to confirm the PAPVR (Computed Tomography (CT), Magnetic 
Resonance Imaging (MRI), or cardiac catheterization). Exclusion 
criteria were among others presence of potential causes of PH 
other than PAPVR, including post-capillary PH, and associated 
congenital heart disease other than ASD.

Pulmonary pressures were estimated by cardiac catheterization, 
when available. According to the prevailing guidelines at the 
time of catheterization, PH was defined as a resting mPAP ≥ 25 
mmHg and PAH as a mPAP ≥ 25 mmHg with a PAWP ≤ 15 
mmHg and a PVR >3 Wood Units (WU) [8]. In the absence 
of invasive measurements, pulmonary pressures were estimated 
from echocardiographic data. PH was considered when systolic 
transtricuspid peak velocity was ≥ 3.4 m/s. This cut-off indicates 
a high probability of PH according to the European Society of 
Cardiology (ESC) guidelines [8,9].

Results

In total, 50 patients were included. Thirty five (70%) were non-

operated. The mean age at inclusion was 50 ± 18 years and most of 
the patients were female (n=30) (60%).

Management of PAPVR

Twenty-six patients were incidentally diagnosed PAPVR (on the 
basis of chest CT-scan and cardiac MRI). Among them, more than 
half (54%) of the cases did not undergo at least echocardiographic 
medical follow-up after diagnosis. Furthermore, of the patients 
who had an echocardiography and were identified at high risk of 
PH based on echocardiography criteria (n=16), 5(31%) did not 
have RHC investigation, and another patient with an intermediate 
probability of PH and a Qp/Qs of 1.8 also did not undergo RHC. 
In addition, of the 14 patients with a surgical indication (12 
patients with a class I indication and 2 patients with a class IIa 
indication), 4(28%) did not undergo surgery (including 1 patient 
with co-morbidities).

Evaluation of Qp/Qs ratio

In our series, the mean Qp/Qs measured by RHC were 2.4 
± 1.1. When comparing patients with PAPVR associated with 
an ASD to patients with isolated PAPVR, their RHC-derived 
Qp/Qs measurement was significantly higher than patients 
with isolated PAPVR (2.56[2.34-3.70] vs 1.38 [1.19-1.61], 
p=0.002) as expected. However, in this group of patients, 
there was no correlation between the two methods of Qp/Qs 
measurement, echocardiography and  catheterization (r=0.009, 
p=0.98- Figure 1), and the agreement of these methods 
according to the Bland-Altman plot was poor, whereas the 
correlation (r=0.91, p=0.002) and the agreement between the 
methods was excellent when only patients with isolated PAPVR 
were consider as shown in the Figure 2.

Figure 1: Correlation between Qp/Qs measurement by echocardiography and RHC in whole population (n=19); (A) When considering only PAPVR associated with ASD 

(n=11). Note: r2=0.29; r=0.54; p=0.016; (B) When considering only isolated PAPVR (n=8). Note: r2=<0.001; r=0.009; p=0.98; (C) ASD: Atrial Septal Defect; RHC: Right 

Heart Catheterization. Note: r2=0.89; r=0.91; p=0.002.
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Discussion

Screening for PAH, not so easy as it should be

Currently, European guidelines [6], recommend screening for 
Pulmonary Hypertension (PH) by echocardiography. Patients are 
classified into 3 categories according to their echocardiographic 
probability of PH: high probability (peak Tricuspid Regurgitation 
Velocity (TRV) >3.4 m/s or between 2.9 and 3.4 m/s with indirect 
signs of PH), intermediate probability (peak TRV between 2.9 
and 3.4 m/s without any other echocardiographic signs of PH 
or ≤ 2.8 m/s with indirect signs), and low probability (peak TRV 
≤ 2.8 m/s without any other signs of PH) [7]. These guidelines 
also recommend to confirm the existence of elevated pulmonary 
pressures by right heart catheterization (RHC) in patients with a 
high probability of PH or an intermediate probability with risk 
factors for PAH.

However, despite the potentially dramatic complications (cf. 
Eisenmenger) and the clear guidelines, our study has highlighted 
that PAPVR unfortunately remains a neglected and poorly managed 
condition. Indeed, more than half of the newly diagnosed cases did 
not undergo any follow-up after diagnosis, and in particular, were 
not screened for PAH.

PAPVR is therefore a disease that seems to be poorly known by the 
medical professionals even though its prevalence is similar to the 

atrial septal defects (0.2%) and the consequences can be dramatic, 
particularly if patients develop PAH, or even its extreme form: 
Eisemenmenger syndrome. Lewis et al. in fact showed that out of 
90 PAPVR patients with PAH, the investigation of PAPVR had 
not been carried out in 71 of them even though it was the cause of 
their PAH and despite 69% of these having previously undergone 
CT scan [10]. There is therefore a real need to raise awareness of 
this congenital malformation and its consequences.

Predicting the risk of developing PAH: Right heart 
catheterization to help echocardiography

In our recent study [3], we showed that the Qp/Qs ratio was the 
only predictor of PAH in PAPVR population. On the other hand, 
Qp/Qs is also relevant for surgical decision making in patients 
with pre-tricuspid shunts according to the ESC 2020 guidelines, 
with a Qp/Qs>1.5 being a surgical indication in patients with 
PVR between 3-5 WU and with right ventricular dilatation (class 
IIa) [6]. Therefore, an assessment of the shunt by an accurate 
measurement of the Qp/Qs ratio is essential.

Currently, the gold standard method for PAH diagnosis and 
Qp/Qs measurement is RHC [7]. However, in clinical practice, 
echocardiography is used as the first-line of screening for PH 
but also for the assessment of the Qp/Qs ratio. However, the 
measurement of the shunt ratio by echocardiography is highly 
inaccurate [11]. Indeed, Faherty et al. recently showed that in 

Figure 2: Bland-Altman showing agreement between Qp/Qs measurement by echocardiography and RHC in whole population (n=19); (A) When considering only 

PAPVR associated with ASD (n=11). Note: ----: +2SD=1.50; ----: Mean=-0.39; ----: -2SD=-2.29 (B) When considering only isolated PAPVR (n=8). Note: ----: +2SD=1.92; 

----: Mean=-0.55; ----: -2SD=-3.03; (C) ASD: Atrial Septal Defect; RHC: Right Heart Catheterization. Note: ----: +2SD=0.23; ----: Mean=-0.17; ----: -2SD=-0.58.
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patients with ASD, the correlation between echocardiographic 
Qp/Qs and RHC-derived Qp/Qs was very weak (r²=0.32, 
P<0.0001), whatever the age of the patients. The reasons for these 
errors are essentially anatomical. The measurement of Qp/Qs on 
echocardiography uses the following formula: SV=CSA × VTI, 
where SV is the stroke volume, CSA is the cross-sectional area of 
the valve which depends on the square of the diameter (R²), and 
VTI is the velocity-time integral. In practice, the measurement of 
pulmonary CSA is often more subject to error than aortic CSA 
due to [1], poor visualisation of the Right Ventricular Outflow 
Tract (RVOT) and pulmonary valve [12,13], but also [2], the 
variation in the diameter of the RVOT during the cardiac cycle, 
as the aortic CSA increases by 5-10% during systole compared to 
18% for the pulmonary valve [14]. Therefore, even the smallest 
error in the measurement of the valve diameter will have a large 
impact on the final Qp/Qs calculation and, in the best of hands; 
these calculations may have up to a 20% error [15]. This was also 
observed in our cohort where almost half of the patients (44%) 
underwent RHC: The correlation between RHC-derived Qp/
Qs and echocardiographic Qp/Qs was weak (r²=0.29, p=0.016) 
(Figure 1). Agreement between methods was particularly poor 
when the shunt was larger (Figure 2-Bland-Altman plot), as 
previously shown in the work of Dittman et al. and Faherty et al. 
where agreement between the two methods becomes particularly 
poor when the Qp/Qs exceeded 1.5 [11,16].

Moreover, in contrast to the study by Faherty, et al. [11], 
echocardiography seemed to rather underestimate the shunt 
ratio in our series. The underestimation of the Qp/Qs ratio by 
echocardiography and the lack of correlation and concordance 
with the reference method, especially for the largest shunts, limit 
the clinician in his therapeutic decision making, i.e. the surgical 
correction of the patient. It is therefore essential to complete the 
work-up of a PAPVR with a RHC, in particular if it is associated 
with an ASD, in order to get an accurate measurement of 
pulmonary pressures and resistances but also of the shunt ratio, 
and therefore to better classify patients at risk of developing 
elevated pulmonary pressures and to manage them in accordance 
with the current guidelines.

Conclusion

PAPVR is a rare congenital heart disease that unfortunately 
remains neglected and poorly managed to date, both in terms of 
medical follow-up after diagnosis and screening for complications 
Pulmonary Arterial Hypertension (PAH) and risk factors for 
developing PAH. More extensive use of current guidelines is 
essential in the assessment of these patients and referral to RHC 
should be systematic.
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