Assessment and Implications of Right Ventricular Afterload in Tetralogy of Fallot.
Egbe AC, Taggart NW, Reddy YNV, Sufian M, Banala K, Vojjini R, Najam M, Osman K, Obokata M, Borlaug BA.
Am J Cardiol. 2019 Sep 9. pii: S0002-9149(19)31003-3. doi: 10.1016/j.amjcard.2019.08.035. [Epub ahead of print]
PMID: 31586531
Similar articles
Select item 31501090

Take-Home Points:
· High RV pressure after repair of tetralogy of Fallot (TOF) adversely affects clinical outcomes.
· Invasively measured right ventricular systolic pressure (RVSP) and TOF with pulmonary atresia are independent risk factor for death and/ or heart transplant. 
· Doppler-derived RVSP has good correlation between invasively measured RVSP and is independently predictive of death and / or heart transplant. 
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Commentary by Dr. M.C. Leong (Kuala Lumpur, Malaysia), section editor of ACHD Journal Watch:  In the attempt to preserve the pulmonary valve during surgery, surgeons usually leave patients with residual right ventricular outflow tract (RVOT) obstruction either at the pulmonary annular or perivalvular level after the repair of tetralogy of Fallot (TOF). Often, this is seen as benign as the residual RVOT is usually not high and in fact, may even promote development of restrictive right ventricular physiology which may mitigate progressive right ventricular dilatation. However, if the right ventricular systolic pressure is left high for a chronic period of time, its long term effect onto the right ventricle is unknown.  This paper studied the effect of significant elevated right ventricular afterload, whether it independently affects the clinical outcomes of patients with TOF.

[image: ]This is a retrospective study, looking at 266 patients who underwent cardiac catheterization during follow up. Of these, 175 (66%) patients had significant RVOT obstruction, which was defined as a peak-to-peak gradient of greater than 36mmHg, on direct measurement. Within this cohort, 212 patients had echocardiography within 48 hours of the cardiac catheterization. 

These patients were followed up for 12.9 ± 7.3 years from the time of invasive study. During this period 35 (13%) patients died at a mean age of 49 ± 14 years. Of these, 27 patients had significant RVOT obstruction while 8 patients did not. There was no significant difference in mortality between patients with versus without significant RVOT obstruction. Invasively measured RVSP and TOF-pulmonary atresia were independent risk factors for death and/or heart transplant. 
[image: ]











[bookmark: _GoBack]There was a strong correlation between the invasively measured right ventricular systolic pressure (RVSP) and that of echocardiographic Doppler-derived, with a mean difference of +6mmHg suggesting that follow up using echocardiography is accurate yet noninvasive. Doppler-derived RSVP was independently predictive of death and / or transplant. 
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It is interesting to note that TOF-pulmonary atresia itself was a risk factor for death and heart failure. With increasing attempts of unifocalization of the aorto-pulmonary collaterals and incorporating them into the pulmonary arterial tree as well as total repair when the pulmonary arterial size is less than desired, many patients are left with high RVSP and this paper underscores the effects of having a high RVSP in this group of patients. A caveat to this paper is the fact that patients who undergo invasive investigation are those with poorer hemodynamics and inherently are at a higher risk of death and heart failure. Hence many of these patients are higher risk patients compared to the general TOF population.  
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Figure 1. (A): Linear correlation of invasive right ventricular systolic pressure (RVSP) vs Doppler-derived RVSP. (B): Bland-Altman plot showing the mean
difference between invasive RVSP and Doppler-derived RVSP. The mean difference was +6 (95% confidence interval of agreement, —13 to +24).

importance of RV hypertension on clinical outcomes, and
also showed that Doppler echocardiography is a reliable
tool for RV afterload assessment in this population.

Patients with TOF have abnormal RV afterload, and in
this study we observed abnormal values of all components
of RV afterload in our cohort. Invasively measured and
Doppler-derived RVSP is prognostic, suggesting that these
indices should be used for risk stratification and to guide
treatment decisions in this population to mitigate or prevent
development of RHF and improve outcomes.

longitudinal monitoring and serial assessments. Doppler
echocardiography provides robust noninvasive hemody-
namic assessment and it is readily accessible and casy o
perform. > We observed an excellent correlation between
Doppler-derived RVSP and invasively measured RVSP,
even though these assessments were not performed simulta-
neously (but were contemporancous, within 48 hours).
Importantly Doppler-derived RVSP was also independently
associated with outcomes in our cohort, and as a result can
be used for risk stratification and longitudinal monitoring.
The current data suggest that therapies to normalize (or
at least reduce) RV pressure overload might reduce the bur-
den of RHF and improve outcomes in patients with TOF.
All components of RV afterload were abnormal in this
study, and this may be related to congenital malformation
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Table 1
Invasive and noninvasive indices of right ventricular afterload
Catheterization (n=266)
Right atrial pressure (mm Hg) 1+6
15£6
Right ventricular T2+£28
Pulmonary artery 45419
Pulmonary artery di 1348
Mean pulmonary artery pressure (mm Hg) 27410
Pulmonary artery wedge pressure (mm Hg) 1445
Left ventricular end-dias S 16£6
Mean left atrial pressure (mm Hg) 14+4
Mean arterial pressure (mm Hg) 86+ 14
Cardiac output (/min) 42412
Cardiac index (/min*m?) 23407
Transpulmonary gradient (mm Hg) 1345
Pulmonary vascular resistance, index (WU*m?) 76452
Total pulmonary resistance (mm Hg/L/min) 64+23
Misxed venous saturation (%) 67+9
Aortic saturation, % 96 +£3
Echocardiography
Tricuspid regurgitation velocity (m/s) [n=212] 37408
Estimated right atrial pressure (mm Hg) [n=212] 1344
Right ventricular systolic pressure (mm Hg) [n=212] 81422
Right ventricular outflow tract diameter (cm) [n= 131] 28404
Right ventricular stroke volume (ml) [n = 131] 126 +39
Pulmonary artery systolic pressure (mm Hg) [n = 108] 4412
Pulmonary artery elastance (mm Hg/ml) [n =108] 0314018
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Figure 1). The mean difference between Doppler-derived
RVSP and invasively measured RVSP was +6 mm Hg, with
95% CI of agreement, —13 to +24 mm Hg (Figure 1).
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studies. 20
Although cardiac catheterization remains the gold stan-
dard of hemodynamic assessment, it is not suitable for

]
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Table 3
Multivariable analysis of risk factors for death and/or transplant
Univariable P Multivariable P
HR (95% CI) HR (95% C1)
RV afterload
Invasive right ventricular systolic pressure, mmHg 1.44(1.38-155) <0.001 125 (112-1.37) <0.001
Clinical
Age, years 186 (1.24-2.03) 0.002 116 (0.88—1.85) 0097
Age at tetralogy of Fallot repair, years 098 (0.96-101) 0.132
Tetralogy of Fallot-pulmonary atresia 129(1.18-153) <0.001 118 (108-1.41) 0023
Prior palliative shunt 1.06(0.61-1.85) 0.837
Atrial fibrillation 1.84(1.06-3.17) 0.029 1.45 (0.28-3.65) 0418
Coronary artery disease 1.40(0.26-247) 0254
Hypertension 147 (0.81-257) 0.192
Creatinine, mg/dl 098 (0.61-1.87) 0.195
Diuretics 125(0.71-2.16) 0.441
Beta and/or calcium channel blockers 1.6 (0.90-2.44) 0.269
Nonsustained ventricular tachycardia 086 (0.48-151) 0615
QRS duration >180 ms 1.09(0.68-1.98) 0214
Echocardiography
>Moderate right ventricular dysfunction 129(0.97-161) 0.063
>Moderate RV enlargement 1.14(0.48-3.61) 0517
Right ventricular §', cm/s 083 (0.56-2.75) 0214
Fractional area change, % 098 (0.94-101) 0.008
Tricuspid annular plane systolic excursion, cm 087 (0.35-174) 0417
Left ventricular ejection fraction <50% 139(1.08-231) 0.031 1.06 (0.71-1.85) 0285
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