
BACKGROUND
•  6-Minute Walk Distance (6MWD) is a core endpoint in pulmonary arterial hypertension (PAH) clinical trials 

and heavily weighted in PAH risk assessments. Intrinsic variability for longer 6MWD makes interpreting 
changes difficult for more functional patients1,2

• Cardiac Effort (CE), the number of heartbeats used during 6-minute walk test (6MWT)/6MWD, correlates 
with stroke volume, is less variable than 6MWD, and decreases with clinical improvement3-5 

• Hypothesis: Cardiac effort will
1. have less variability in placebo-treated patients than 6MWD 
2. decrease with seralutinib
3. correlate with clinical metrics (eg, right ventricular function, risk)

RESULTS (continued)

• This exploratory CE substudy was conducted as part of the phase 2 TORREY study of seralutinib in adults with 
PAH (NCT04456998)6

• Continuous heart rate monitoring with an electrocardiogram (ECG) monitor (VivaLink patch, worn on chest) 
was performed during 6MWT at Baseline, Week 12, and Week 24. Heart rate data were transmitted from the 
sensor to an app through Bluetooth and uploaded to a secure server. LabChart 8 (ADInstrument) was used 
to analyze ECG data. Heart rates were averaged every 4 seconds, and CE was calculated as total number of 
heartbeats during 6MWT/6MWD  

• Due to the pandemic, site instruction was given remotely. In several instances, data were lost due to 
transmission failures and, consequently, not all consenting patients had data for all 3 walks. This poster 
focuses on those patients with Baseline and follow-up 6MWTs (n=14)

• Friedman test of repeated measures was performed to evaluate changes in CE between Baseline, Week 12, 
and Week 24 in seralutinib- and placebo-treated patients. One seralutinib-assigned patient had a 6MWT at 
Week 24 with 6MWD similar to Week 12; but VivaLink data at Week 24 were lost. For this patient, we imputed 
the total number of heartbeats at Week 24 as last observation carried forward (LOCF). Non-parametric testing 
with Mann-Whitney test was used to evaluate changes from Baseline between treatment groups. Pearson 
correlations were performed with normally distributed data. Spearman correlations were performed for non-
normally distributed data

METHODS

CONCLUSIONS

Cardiac effort 
• Had less variability than 6MWD in placebo-treated patients
• Uncovered physiologic changes not apparent with 6MWD alone
• May reflect a treatment effect and may be used as a clinical endpoint to demonstrate a treatment effect
• Was associated with changes in REVEAL Lite 2 risk score
• Had better correlations with NT-proBNP and echocardiographic parameters than 6MWD 
Limitations
• This was a substudy with very small patient numbers, ~20% heart rate data loss, and an imbalance in 

Baseline characteristics
• Data loss had two key sources: COVID-19 related issues (no hands-on training for a new technology, 

coordinator turnover), and unreliable heart rate data transmission during 6MWT 
• Alternative devices that address these limitations can be explored in future studies
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All patients in CE substudy Patients with repeated CE measures
 Characteristic Placebo (n=11) Seralutinib (n=9) Placebo (n=7) Seralutinib (n=7)
Age, y 45 (40, 56) 51 (40, 57) 48 (40, 64) 54 (45, 57)
Female, n (%) 11 (100) 8 (89) 7 (100) 6 (86)
Type of PAH, n (%)
   Idiopathic/Heritable
   Associated CTD
   Associated anorexia/meth

8 (73)
3 (27)

0

6 (67)
1 (11)
2 (22)

4 (57)
3 (43)

0

5 (72)
1 (14)
1 (14)

PAH therapy, n (%)
   ERA + PDE5i or SGC
   PDE5i + prostacyclin
   Combo + prostacyclin

7 (64)
1 (9)

3 (27)

4 (45)
0

5 (55)

4 (57)
0

3 (43)

2 (29)
0

5 (71)

NT-proBNP, pg/mL 142 (41, 304) 881 (106, 1758) 215 (27, 462) 881 (152, 2088)
6MWD, m 452 (415, 485) 375 (314, 450) 426 (415, 457) 375 (322, 439)
Cardiac effort, beats/m
Peak heart rate, beats/min
Heart rate expenditure, beats

1.6 (1.5, 1.8)
137 (122, 144)
740 (656, 785)

1.8 (1.5, 1.9)
121 (100, 124)
658 (575, 691)

1.7 (1.5, 1.8)
128 (118, 137)
736 (655, 785)

1.8 (1.6, 2.0)
121 (106, 123)
673 (597, 694)

REVEAL Lite 2 risk score 3 (2, 4) 6 (4, 9) 4 (3, 4) 6 (5, 9)

Echocardiogram
 RVFAC, %
 TAPSE, cm

38.1 (32.1, 42.7)
1.54 (1.30, 1.85)

28.4 (23.8, 40.9)
1.79 (1.55, 2.11)

40.2 (32.0, 43.2)
1.58 (1.32, 1.99)

30.4 (23.0, 41.6)
1.79 (1.6, 2.2)

RESULTS

Median cardiac effort decreased and 6MWD increased following treatment with seralutinib; both were stable with placebo.

Figure 2 A, B. Absolute change in CE from Baseline to Week 12 or 24 shows the stability of the CE measure in placebo patients compared to absolute change in 6MWD;  
there appears to be a shift from Baseline for CE in seralutinib-treated vs placebo-treated patients. C, D. 6MWD, expressed as % change, is much more variable in both treatment 
groups. Outlier seralutinib patient (circled in green) was clinically worse at Week 24 by all measures (CE accurately flagged her deterioration seen on echocardiogram and 
catheterization). In this small cohort, this patient had a large impact on the results. 6MWD, 6-minute walk distance; CE, cardiac effort; IQR, interquartile range; NS, not significant; 
PBO, placebo; Sera, seralutinib; W, week.

Figure 3. Spearman correlations between ΔNT-proBNP and A. ΔCE or B. Δ6MWD; R is higher with ΔCE and confidence intervals are tighter. C. CE changes are directionally 
consistent with REVEAL Lite 2 (ΔREVLT2) risk score changes. Graphs show pooled placebo and seralutinib data. 6MWD, 6-minute walk distance; CE, cardiac effort; NT-proBNP, 
N-terminal pro-brain natriuretic peptide; REVEAL, Registry to Evaluate Early and Long-term PAH Disease Management.

Figure 1. Boxplots of CE and 6MWD values at each visit. A. CE in seralutinib-
treated patients decreased at Weeks 12 and 24 vs Baseline; no change in placebo-
treated patients. One seralutinib-treated patient did not have Week 24 heart rate 
data; LOCF (Week 12) was used to impute heart rate for Week 24. B. An increase 
in 6MWD in seralutinib-treated patients was observed for the cohort at Weeks 12 
and 24. No change in placebo. Friedman’s repeated measures with post-hoc Dunn’s 
corrected comparisons. 6MWD, 6-minute walk distance; BL, Baseline; CE, cardiac 
effort; LOCF, last observation carried forward; NS, not significant; W, week.

Cardiac effort showed higher correlations with echocardiogram parameters than 6MWD. 

Cardiac effort decreased at Week 12 with seralutinib treatment relative to placebo; variability (IQR) of change in 6MWD was higher than 
variability of change in cardiac effort.

Change in cardiac effort had a stronger correlation with ΔNT-proBNP than Δ6MWD; reductions in cardiac effort are consistent with reduced 
(improved, green boxplot) REVEAL Lite 2 risk score.
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Figure 4. A, B. Cardiac effort (CE)
correlated with right ventricular 
fractional area change (RVFAC) 
and tricuspid annular plane systolic 
excursion (TAPSE)/pulmonary  
artery systolic pressure (PASP;  
an approximation of RV-PA coupling).  
C, D. 6MWD correlated with RVFAC 
but not with TAPSE/PASP. Right 
atrial area not shown; 6MWD 
correlated slightly better than CE with 
that measure. Pearson (parametric) 
correlations are shown. Repeated 
measures are included for some 
patients. 6MWD, six-minute walk 
distance; CE, cardiac effort; NS, not 
significant; PA, pulmonary artery; 
PBO, placebo; RV, right ventricle; 
Sera, seralutinib.  
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6MWD, six-minute walk distance; CTD, connective tissue disease; ERA, endothelin receptor antagonist; meth, methamphetamine use; NT-proBNP, N-terminal pro-brain natriuretic 
peptide; PAH, pulmonary arterial hypertension; PDE5i, phosphodiesterase 5 inhibitor; SGC, soluble guanylate cyclase; TAPSE, tricuspid annular plane systolic excursion; REVEAL, 
Registry to Evaluate Early and Long-term PAH Disease Management; RVFAC, right ventricular fractional area change.

Table. Baseline demographics and clinical variables in seralutinib- and placebo-treated patients. Data are summarized 
as median (interquartile range [IQR]) unless otherwise noted. Several Baseline imbalances in this substudy suggest that 
seralutinib-assigned patients had more severe disease.


