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BACKGROUND

Cor Pulmonale or right ventricular (RV) dysfunction due
to pulmonary disease is an expected complication of
COPD resulting from increased afterload mediated by
hypoxic pulmonary vasoconstriction as well as the
destruction of the pulmonary vascular bed.

Early detection of elevated RV afterload has been
previously demonstrated by visualization of abnormal
flow patterns in the proximal pulmonary arteries.

Prior quantitative analysis of helicity in the pulmonary
arteries of pulmonary hypertension patients has
demonstrated a strong association with measurements
of RV afterload.

Patients with COPD

Ani Oganesyan, Alex J. Barker, Benjamin S. Frank, D. Dunbar lvy, Lorna Browne, Kendall S.
Hunter, Brett E. Fenster, Michal Schafer

Children’s Hospital Colorado, University of Colorado School of Medicine

Figure 2A. Visualization of
velocity and vector fields.
The dot product of the two
3Dfeilds vyields a scalar
value of helicity, here
depicted along the MPA
length. 2B Comparative
difference  between the
pulmonary arterial tracts
herein depicted in a healthy
control subject and a
subject with COPD. One
can appreciate the global
reduction in helicity along
the MPA in COPD patient.
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RESULTS

COPD patients had decreased helicity relative to healthy
controls in the MPA (19.4+7.8 vs 32.8£15.9 s,
P=0.007) (Table 1). Additionally, COPD patients had
reduced helicity along the RVOT-MPA axis (33.2+£9.0 vs
43.5+8.3 s2, P=0.010).

The helicity measured in the MPA was associated with
RV end-systolic volume (R=0.59, P = 0.002), RVEF
(R=0.631, P<0.001), RAC (R=0.61, P=0.001). The
combined helicity along the MPA-RVOT axis was
associated with RVEF (R=0.74, P<0.001), RVESV (R=-
0.57, P=0.004), and RAC (R=0.42, P=0.005).

We hypothesized that patients with COPD have A B s C
abnormal pu|monary flow hemodynamic indices as ) 70 o 10 ) ' o ) ¢ 30 Table 1 Correlations of Helicity in subjects with COPD and Controls
: : 2> 7 . 10 60 - MPA Helicity MPA-RVOT Helicity
evaluated by 4D-Flow MRI associated with abnormal o - MeanA=-7.7 | . 2 RVEF TR YT
- : Y [95.0%Cl -12.5, -2.6] 2 50 4 Mean A = -10.3 20 - — V.09, . — V- ’ .
RV function and pulmonary artery stiffness _ = s s : 05 00t 16.9. 2.6] | 5 _ 504 . ) RVESY R=059. P<0.0]  R=057. P<0.57
60 o = 0 o <« o P,.. =0.010 v £ Mean A =-13.4 V
M ETH O DS : g s 7 e 0 % % [95.0%CI -25.7, -4.7] | 10 % RVEDV R=-0.30, P=0.16 R=-0.14, P=0.51
L 55 1 ¢ _5 % + 'E. g ﬁ 40 1 P taitea = 0.007 E RV SV R=0.14, P=0.53 R=0.36, P=0.084
L £ £ 40 - = < % =
: : = - L © ° -5 © _ °© | VVCR R=-0.61, P<0.01 R=-0.74, P<0.01
Patients with COPD (n=15) (65yrs =+ 6) and controls & so- N _10s £ ’ : S 2301 1 - Sy
* 0 = 351 %e 2 ' =-0.24, P=U. =-0.01, P=0.
= - ¢ oo . 10 s o s
ﬁ}n |.19() ﬁ?yrs _'—1_ AS)’) underwent 4D-flow MRI to calculate L E . i B -10° | RVCI R=-0.22,P=030  R=-0.17, P=0.43
elicity (Figure 1A). 3 30 - 1 . o ? RV HR R=-0.40, P<0.05  R=-0.40, P=0.05
. . .. . > ° -15 AU, . AU, .
The helicity, a dot product of vorticity and velocity vector 40 - -20 % Lo : s -20 RAC R=0.52, P=<0.01  R=0.65, P<0.01
fields, was calculated in 2 segments: 1) the main i . e -20 ¢ 6-MWT R=0.46,P=0.08 = R=0.42, P=0.11
i ' ' ' ' ' ' ' ' ' Correlations are reported as R values, with corresponding P values. Definition of abbreviations: ; RV EF, right
pUImonary artery (MPA) a-nd 2) along the RV outflow RVIIE\IF=C ?l?)tmI R\/I\EI::ClOEBPD RVrEnFinCucs)PD (Iilozta%l NCC=)P|1:)5 r(r:lci)npu[; ﬁoztrl%l I\sz?S ri?npuz Vf:nlric_ular gjection fra‘clim.l; RVESV} right ventricular end syst?lic ».'olumc; R_VEDV, rig.ht ventricular cn‘d
tract (RVOT) — MPA axis (Flgure 1 ) RVEF Control Control Control diastolic volume; RV SV, right ventricular stroke volume; RV CO, right ventricular cardiac output; RV CI,
. . . . . ) o . ) L ) . . right ventricular cardiac index; HR, heart rate VVCR, ventricular-vascular coupling ratio; RAC, relative arca
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the relative area Change (RAC) artery-right ventricle outflow tract.

A) a- CONCLUSION

« Patients with COPD show quantitatively abnormal flow
hemodynamics, when compared with healthy controls, as
assessed by 4D-Flow MRI.

A strong association between helicity along the MPA-RV
outflow tract axis and RV function suggests that 4D-Flow
MRI might be a sensitive tool in evaluating RV-pulmonary
arterial coupling in COPD.
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5~ =0.61 ° Figure 4. Graphical visualization of the
- ' observed relationship between helicity
measured in the MPA and A) the RV EF
and B) relative area change measured in
the MPA. Good association with the
measurement of RV function and
pulmonary arterial stiffness suggests that
helicity might serve as a marker of
ventricular-vascular coupling in patients
with COPD.
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Figure 1. Streamline visualization of segmented proximal pulmonary
arteries from 4D-Flow MRI derived MR angiography. B, The evaluated
segments included the RVOT and MPA.
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