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Figure 1. Relationship between urine aquaporin-2 (U-AQP2), urine concentration (U-OSM), and plasma arginine vasopressin
(P-AVP} in the (A) urine volume (UV)-defined responders and (B) UV-defined non-responders to tolvaptan. *P<0.05 (Pearson's
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P-AVP and Urine Parameters

In the UV-defined responders, whose UV increased after TLV
initiation (from 1,348+360 to 2,082+883 ml/day), baseline
P-AVP had a significant correlation with baseline U-AQP2

(average, 5.4243.54 ng/ml; 1=0.843, P<0.001). Higher base-

line U-AQP2 was associated with highly concentrated urine
(average, 485+110mOsm/L; r=0.397, P=0.010) in the respond-
ers (Figure 1A). In the UV-defined non-responders, whose
UV remained unchanged after TLV initiation (from 1,293+603
to 1,076+444 ml/day), baseline U-AQP2 remained extremely
low (average, 0.76+0.59 ng/ml, P<0.001 vs. responders) re-
gardless of baseline P-AVP level. Baseline U-OSM was low
(average 298+43 mOsnv/L, P<0.001 vs. responders) along with
low U-AQP2 in the non-responders (Figure 1B). Consistent-
ly, significant correlation between P-AVP and U-OSM was
observed only in the UV-defined responders but not in the
non-responders. U-AQP2/P-AVP had a positive correlation
with %change in UV after TLV initiation (r=0.300, P=0.020;
Figure 2A), and all UV-defined responders satisfied U-
AQP2/P-AVP 20.5x103, which was calculated on ROC analy-
sis (area under the curve [AUC], 1.000; Figure 2B). U-AQP2
by itself had a high AUC for stratifying the UV-defined re-
sponders from the non-responders on ROC analysis (AUC,
0.875), but AUC of U-AQP2 was not as good as that of U-
AQP2/P-AVP (1.000). S
At4-6h after TLV initiation, U-AQP2 corrected by urinary
concentration of creatinine significantly decreased compared
with that of baseline in 5 UV-defined responders (15.0£2.1 vs.

5.6:+4.1 ug/g creatinine, P<0.001), whereas the level remained
low in 5 UV-defined non-responders (5.6£1.4 vs. 5.3+1.5 uglg
creatinine, P=0.625).

Baseline Characteristics vs. U-AQP2-Defined Response
Considering the aforementioned results, we redefined re-
sponse to TLV according to U-AQP2/P-AVP level. Patients
were then classified as AQP-defined responders with U-
AQP2/P-AVP 20.5x10%, or AQP-defined non-responders with
U-AQP2/P-AVP <0.5x103, regardless of TLV use (Figure 3;
Table 2).

Both the TLV(~) and TLV(+) groups had the same numbers
of AQP-defined responders and of non-responders. In both
groups, the AQP-defined non-responders were older, and had
impaired renal function compared with the AQP-defined re-
sponders, but there were no significant differences in back-
ground data. ' '

Among the AQP-defined responders, there were no signifi-
cant differences in patient backgrounds between the TLV(-)
and TLV(+) groups. Among the AQP-defined non-responders,
the TLV(+) subjects had smaller physique and higher inotrope
infusion rate compared with the TLV(~) group.

Baseline HF symptom score was similar in all 4 groups
(responder with TLV, responder without TLV, non-responder
with TLV, non-responder without TLV). At 1 month after en-
rollment, HF symptom score was most improved in the AQP-
defined responder with TLV treatment.
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Figure 2. (A) Relationship between urine
aquaporin-2/plasma arginine vasopres-
sin (U-AQP2/P-AVP) and %change in
urine volume (UV) after tolvaptan (TLV)
and (B) comparison of U-AQPZ/P-AVP
between the UV-defined responders (R)
and the UV-defined non-responders (NR).
*P<0.05 (Pearson’s product-moment cor-
relation coefficient); tP<0.001 (Mann-
Whitney test).
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Risk Factors for AQP-Defined Non-Response at Baseline
On univariate logistic regression analysis higher age, lower
dose of p-blocker, higher blood urea nitrogen and creatinine,
and higher ejection fraction at baseline were significant pre-
dictors for AQP-defined non-response (n=38) in all patients
(n=120; Table 3). Among them, higher age (260 years) and
higher serum creatinine (21.3 mg/dl) were independent predic-
tors for AQP-defined non-response on multivariate analysis.

Kaplan-Meier Analysis and TLV

TLYV was given continuously to all TLV(+) patients until death
(n=11) or ventricular assist device implantation (n=17). Sur-
vival in patients with TLV was as poor as that in patient with-
out TLV over 2 years (P=0.479; Figure 4A), but rate of re-
hospitalization due to worsening of HF was significantly reduced
by TLV treatment (P=0.002; Figure 4B). Survival curves
were stratified by U-AQP2/P-AVP level in the TLV(+) group
and the propensity-matched TLV(-) group (Figures 4C,D).
As shown in Figure 4C, the AQP-defined responders had a

higher survival rate than those without TLV (95% vs. 74%,
P=0.034). In contrast, there were no significant differences in
2-year survival among the AQP-defined non-responders re-
gardless of TLV treatment (P=0.272). Readmission-free rate
was markedly improved by TLV treatment in the AQP-de-
fined responders (81% vs. 43%, P<0.001), but was not changed
in the non-responders (18% vs. 15%, P=0.874). Combined
events of death and/or HF re-hospitalization were signifi-
cantly lower in the AQP-defined responders when they were
treated with TLV (24% vs. 57%, P=0.014; Figure S1).

Discussion

We have found that all UV-defined responders whose UV
increased after TLV initiation, had U-AQP2/P-AVP 20.5x103,
The AQP-defined responders who had U-AQP2/P-AVP 20.5
had better survival after 2-year TLV treatment over the pro-
pensity-matched AQP-defined responders without TLV treat-
ment.
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HR (beats/min) 77.8£17.2 74.2+16.2 0.550 84.8+17.5 0.066 79.3+11.7 0.228
Concom

0.542

4(21.0) 0.088

0.177
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© 0.866
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0875
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" 0.006"
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0.363
0.641
0490 0395
2.66:040  0.072 0.763
 0.76:059 0103  <0.001"
0.17£0.15 0205  <0.001*

24.2x7.5

2.81£0.43

0.072

*

0.22+0.13  <0.001*

Urine AQP2/Plasma AVP (x10%)
Echocardiographic paramete

Lv ’systo\ic diameter (mm}) 51.9+15.8

Ejection fraction 250% 6 (14.6)
HF symptom score (before) 6.2+1.0 6.3:1.1 0740 6411 0512 6.0s1.1 0213 0814
HF symptom score (after 1 5.6+1.1 5.7+1.2 0.784 4.8+0.8 0.036" 5.8+1.3 0.618 0.018*
month)

Data given as mean=SD or n (%). *P<0.05 (Tukey test when ANOVA was significant).
NR, AQP-defined non-responder; R, AQP-defined responder. Other abbreviations as in Table 1.

Measurement of U-AQP2 to the V2 receptor, which is located at the basolateral mem-
AQP2 is the recently characterized AVP-regulated water chan- brane of principal cells in the collecting duct. Activation of the
nel protein, and its shuttle trafficking in principal cells deter- Va2 receptor triggers trafficking of AQP2 from intracellular
mines the water permeability of the apical membrane and then storage vesicles to the apical membrane by way of cAMP-

dominates urine-concentrating ability.*** Secreted AVP binds dependent phosphorylation of the AQP2 protein.* Approxi-
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AQP-defined B AQP-defined NR Univariate analysis Multivariate analysis
(n=82) (n=38) P-value OR P-value OR
Demographic parameters
Age (years) 49.7+18.3 66.5:16.4 +<0.001* 1.056 ;
Age =60 years 24 (29.3) 28 (73.7) <0.001* 6.757 0.004* 4.425
Male 64 (78.0) 29 (76.3) ©10.833 0907 . Lo :
Body weight (kg) 57.9+12.0 55.7+9.7 0.335 0.983
BSA (m?) 1.70:0.19 1.65+0.18 0.140 0194
Etiology of ischemia 13 (15.9) 5(13.2) 0.701 0.805
SBP (mmHg) 99.7+13.4 100.2+11.7 0.822 1,003
DBP (mmHg) 64.9+9.0 63.8+6.0 0.513 0.984
HR (beats/min) -.81.3+17.4 . 76.8+12.9 0.157 0982 -
Concomitant medication :
Furosemide (mg daily) 48.5:23.2 53.7435.2 0339 1.007
Spironolactone (mg daily) 29.3+21.0 26.3+24.6 0.491 0.994
Trichlormethiazide (mg daily) 0.2+0.7 0.2:05 0938 1022
B-blocker (mg daily) 7.5+7.1 4.5+4.7 0.026* 0.912
" B-blocker <8.0mg 46 (56.1) - 30(789) 0018 2933 0367 1645
ACEI/ARB (mg daily) 3.1+2.9 3.4+2.7 0.598 1.036
Furosemide .79(96.3) 38(100) L= L=
Spironolactone 64 (78.0) 25 (65.8) 0.156 0.541
Trichiormethiazide - 6(7.3) 4(105) 0.556 - 1.490
B-blocker 77 (93.9) 33 (86.8) 0.203 0.429
ACEVARB 71 (86.6) 31(81.6) 0477 0686
. Catecholamine infusion 43 (52.4) 14 (36.8) 0.114 0.529
Laboratory parameters
Hemoglobin (g/d!) 119224 11.2:21 0159 0881
Platelets (x10%ul) 19.3+7.6 18.9+8.2 0.774 0.993
Serum albumin (g/dl) 3.5:0.7 3.3:0.6 0067 0565
Serum sodium (mEg/L) 134.8+5.2 134.4+5.4 0.687 0.985
Serum potassium (mEq/L) 4.3+0.5 4.3+0.5 0.487 1.326
Serum BUN (mg/dl) 24.1£11.3 37.4+17.2 <0.001* 1.070
Serum creatinine {mg/dl) 1104 . 1.8:0.8 . <0.001* 6.897 S e .
Serum creatinine =1.3mg/dl 17 (20.7) 27 (71.1) <0.001* 9.346 <0.001* 7.634
Serum total bilirubin (mg/dl) 1.4+1.0 1109 -~ 0.393 1.026 e
Serum AST (IU/L) 35.9:29.1 25.3+17.4 0.070 0.970
Serum ALT (IU/L) 34.9+35.8 21.4x17.1° 0.074 0.975"
Plasma BNP (logie pg/ml) 2.63+0.46 2.78+0.43 0.096 2.212
Echocardiographic parameters
LV diastolic diameter (mm) 6222143 59.3x153 .~ 0315 " 0986
LV systolic diameter (mm) 53.8+15.8 47.6x17.7 0.058 0.976
Ejection fraction (%) . 29.2+16.9 - 40.2:214 0008 1030 S O
Ejection fraction 226% 42 (51.2) 28 (73.7) 0.022* 2.667 0.452 1511
Cardiac index (L-min-'-m2) 2.2+0.4 21404 -0.580 07T

Data given as mean+SD or n (%). *P<0.05 (logistic regression).
AQP, aquaporin; NR, non-responder; OR, odds ratio; P-AVP, plasma arginine vasopressin; R, responder; U-AQP2, urine aquaporin-2. Other
abbreviations as in Table 1.

mately 3% of AQP2 in the kidney is excreted daily in urine, s
but only phosphorylated and translocated AQP2 has a chance
for excretion into urine because unphosphorylated AQP2 re-
mains in the cytoplasm. Therefore, U-AQP2 is considered as
an index of AVP and V2 receptor activation in the collecting
duct.*

U-AQP2 level is increased in the situation of elevated
P-AVP, including dehydration, HF, and syndrome of inap-
propriate secretion of anti-diuretic hormone. >+ Lower U-AQP2

is associated with decreased AVP action, including hydration
or central/nephrogenic diabetes insipidus (NDI).?¢ There have
been no studies, however, discussing the relationship between
U-AQP2 and responsiveness to TLV before the present study.

U-AQP2 in UV-Defined Responders/Non-Responders to TLV
We previously reported that the preserved potential of the col-
lecting duct is essential for responsiveness to TLV other than
hemodynamics or electrolyte, and most of the UV-defined
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Figure 4.

(A) Two-year survival and (B) readmission-free rate between tolvaptan (TLV)-treated patients and the propensity-
matched patients without TLV treatment. (C) Two-year survival and (D) readmission-free rate stratified by urine aquaporin-2/
plasma arginine vasopressin level. AQP, aquaporin; NR, non-responder; R, responder. *P<0.05 (log-rank test).
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responders had baseline U-OSM >350mOsm/L, indicating
preserved urine-concentrating ability.”* Baseline P-AVP had
a significant correlation with baseline U-AQP2, and higher
U-AQP2 was associated with highly concentrated urine in
the UV-defined responders (Figure 1A). In normal subjects,
Kanno et al found an increase in U-AQP2 by AVP stimula-
tion, and Rai et al noted a positive correlation between U-AQP2
and U-OSM.15:26

In contrast, baseline U-AQP2 was low regardless of base-
line P-AVP level, and U-OSM remained low along with
low baseline U-AQP2 in the UV-defined non-responders
(Figure 1B), which may result from the deterioration of col-
lecting duct function. The results were consistent with our
previous hypothesis that the unresponsiveness to TLV was
attributable to a similar pathogenesis to NDI!? Elder patients
with chronic kidney disease (CKD) have a similar physiology
to that of acquired NDI in general, given that they lose urine-
concentrating ability.?* We observed that the UV-defined non-
responders had higher age and worse renal dysfunction com-
pared with the UV-defined responders. AQP2 and V2 receptor
expression were found to be downregulated in CKD, although
detailed mechanisms leading to attenuated expression are yet

to be determined 31

U-AQP2 decreased after TLV in the UV-defined respond-
ers, which had been previously reported by Martin et al, and
decreases of U-AQP2 excretion indicated V2 receptor antago-
nistic effects by TLV.% We also observed unchanged U-AQP2
after TLV initiation in the UV-defined non-responders, which
could translate into clinical unresponsiveness to TLV.

U-AQP2/P-AVP as a Novel Predictor of Responsiveness to
TLV

U-AQP2 level is basically dependent on P-AVP level when
downstream pathways from Vz receptors are intact. Therefore,
we used U-AQP2/P-AVP to assess the viability of the collect-
ing duct, and found excellent predictability for the responsive-
ness to TLV at a cut-off of 0.5x10? (Figure 2). U-Cre was also
significantly correlated with U-APQ?2 in UV-defined respond-
ers (P=0.001 and r=0.462) because U-Cre is one of the major
osmotic components in urine. We selected P-AVP2 for the
correction of U-AQP2, however, given its stronger correlation
(P<0.001 and r=0.843). In contrast, U-Cre was used for the
normalization of U-AQP2 before and after TLV treatment,
because P-AVP was no longer a good parameter after TLV
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treatment.

We previously reported the criteria to predict responsive-
ness to TLV, which consisted of (1) higher baseline U-OSM;
and (2) sufficient decrease of U-OSM at 4-6h after TLV ini-
tiation,! but responsiveness could not be determined until 4 h
after TLV initiation using these criteria. In contrast, use of
U-AQP2/P-AVP enabled the stratification of HF patients into
AQP-defined responders and AQP-defined non-responders
before TLV treatment (Figure 3). Moreover, U-AQP2 was a
more straightforward marker than U-OSM, reflecting the bio-
logical activity of the collecting duct. Logistic regression
analysis showed that higher age and higher serum creatinine
were independent predictors of AQP-defined non-response.
The result was again consistent with our hypothesis that unre-
sponsiveness to TLV was attributable to the impaired activity
of the collecting duct, which is usually accompanied by ad-
vanced CKD and/or aging.

Improved Survival in AQP-Defined Responders After TLV
Previous authors including us reported that TLV could improve
clinical parameters without apparent adverse events during the
short-term study period.®!! The EVEREST study, however,
did not find a survival advantage of long-term TLV treat-
ment.® As shown in Figure 4A, TLV treatment was not as-
sociated with better survival rate in the overall group, and the
results appeared to be consistent with the EVEREST study.

Is it true that TLV does not improve survival in patients
with HF? A sub-analysis of the EVEREST study showed that
patients with severe hyponatremia (<130 mEqg/L) were associ-
ated with reduced cardiovascular morbidity and mortality on
long-term TLV treatment.™ The ACTIVE in CHF trial showed
that 60-day mortality was lower in TLV-treated patients with
renal dysfunction or severe systemic congestion compared to
placebo.* These results have indicated that TLV may have a
potential to improve patient prognosis when participants are
adequately selected.

Among the AQP-defined responders, TLV treatment was
accompanied by better survival after 2-year follow-up com-
pared with the propensity-matched TLV(-) patients (Figure 4C).
In contrast, TLV did not improve patient survival in the AQP-
defined non-responders. Our novel definition for optimal pa-
tient selection may uncover sufficient effects of TLV for the
improvement of prognosis. Although the potential mechanism
for improvement of prognosis by TLV treatment is unknown,
the resolution of congestion by TLV may translate into better
survival with significant recovery of HF symptoms in the
AQP-defined responders. More aggressive control of conges-
tion by TLV may result in reduced re-hospitalization due to
worsening of HF, as was observed in the TLV-treated re-
sponders.

We acknowledge that our study has several limitations.
First, the present study was conducted retrospectively in a
single center, and consequently included a limited number of
patients. Although the propensity-matching score analysis was
performed to recruit background-matched patients as a control
group, a prospective randomized trial should be performed
among the AQP-defined responders. Second, the initial dose
of TLV was determined by attending physicians considering
the stability of patient hemodynamics and degree of conges-
tion, although the initial dose of TLV did not affect respon-
siveness to TLV in this study. Third, the present study had
patient selection bias because TLV treatment was determined
by attending physicians. Although insignificant, patients in the
TLV(+) group took a relatively higher dose of diuretics than
the TLV(-) group, probably because TLV was preferentially

indicated in those who were refractory to conventional diuret-
ics. And fourth, U-AQP2 at 4-6h after TLV was measured
among only 10 patients in the present study. A future study
with a larger number of subjects would clarify the time course
of U-AQP2 after TLV treatment.

Conclusions

Response to TLV can be predicted beforehand by the novel
index, U-AQP2/P-AVP. AQP-defined responders with U-
AQP2/P-AVP 20.5x103 had a better prognosis during 2-year
TLV treatment.
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Status 2 Patients Had Poor Prognosis Without
Mechanical Circulatory Support

— Indications for Device Implantation —
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Background: Indication for mechanical circulatory support (MCS) has been a matter of debate in less sick status

2 patients.

Methods and Resuits: Data were obtained from 183 consecutive patients assigned to stage D heart failure (HF)
who were evaluated by the institutional review board of the University of Tokyo Hospital and then listed for heart
transplantation as status 1 or 2 of the Japan Organ Transplant Network. Patients with status 2 (n=38) had a prog-
nosis as poor as those dependent on inotropes (n=54) or MCS (n=91; P=0.615, log-rank test), and only 4 of them
had eventual ventricular assist device (VAD) implantation (10.5%). Patients who eventually received VAD (n=92)
had better 4-year survival than those without MCS among status 1 and 2 (P=0.030, log-rank test). On Cox regression
analysis plasma B-type natriuretic peptide (BNP) >740 pg/ml was the only significant predictor for 4-year survival
among the status 2 group (P=0.014; hazard ratio, 8.267). Ten patients with status 2 died: 6 due to acute hemody-

namic compromise and 4 due to ventricular fibrillation.

Conclusions: Prognosis in status 2 patients was as poor as that of those dependent on inotrope infusion or VAD,
mostly because of out-of-hospital sudden death without MCS. Status 2 patients with considerably high plasma BNP

may be good candidates for continuous flow VAD therapy.

(Circ J 2014; 78: 1396—-1404)

Key Words: Heart failure; Heart transplantation; INTERMACS

remained unsatisfactory in the era of guideline-directed
optimal medical therapy consisting of j3-blockers, an-
giotensin-converting enzyme inhibitors (ACEI), aldosterone
antagonists, and cardiac resynchronization therapy with or
without defibrillators (CRT-D).! Although heart transplanta-
tion (HTx) is the ultimate solution for such refractory patients,
approximately 90% of Japanese recipients eventually require
implantation of ventricular assist device (VAD) for bridge to
HTx (BTT) because of the long waiting period due to severe
donor shortage.?
The current Japanese reimbursement system requires the
approval of the institutional review board for the eligibility of
HTx and successive HTx listings on the Japan Organ Trans-

S urvival in patients with stage D heart failure (HF) has

plant (JOT) Network prior to continuous flow (CF) VAD im-
plantation.? In Japan, extracorporeal (EC) VAD had been
widely used as the only durable device until CF LVAD be-
came available in 2011, and because of its EC nature, EC
VAD was usually implanted under unstable hemodynamics.
Nowadays EC VAD is still implanted in patients with cardio-
genic shock as bridge to decision, and such patients may be
listed for HTx after confirming eligibility later.* Currently, EC
VAD is also indicated for patients with small body surface
area. HTX recipients listed on JOT Network are classified into
2 groups according to patient condition, that is, (1) ‘status 1’
for patients dependent on mechanical support including VAD
or i.v. infusion of inotropes, equivalent to INTERMACS pro-
file 1-3 or the United Network for Organ Sharing (UNOS)
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. Status1VAD P-value vs.
(n=183) (n=38) () (n=54) Status 2 (+) (n=91) Status 2

4(10.6)

4(10.6) 6 (11.4)

. 12 (6.6)
Conqomltant treatment :

S Fu

150 (82.0)

27.1x18.1

'Serum total bilirubin (mg/dl) 1.120.8 1.120.6 1.3:0.7 0.464 1.120.9 0985

23.8+8.9 24.9:8.6 28.0+10.5

- (Table 1’s footnote is on the next page.)
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Data given as mean+SD or n (%). “P<0.05 (unpaired t-test or Mann-Whitney test as appropriate); 'P<0.05 (Chi-squared test or Fisher's exact
test as appropriate).

ACE!, angiotensin-converting enzyme inhibitor; ACHD, adult congenital heart disease; AR, aortic regurgitation; ARB angiotensin receptor
blocker; BNP, B-type natriuretic peptide; BUN, blood urea nitrogen; Cl, cardiac index; CRT-D, cardiac resynchronization therapy with defibrilla-
tor; CVP, central venous pressure; DCM, dilated cardiomyopathy; dHCM, dilated phase of hypertrophic cardiomyopathy; GOT, glutamic oxalo-
acetic transaminase; GPT, glutamic pyruvic transaminase; ICM, ischemic cardiomyopathy; IVSD, interventricular septum diameter; LDH,
lactate dehydrogenase; LV left ventricle; LVMI, left ventricular mass index; mPAP, mean pulmonary artery pressure; MR, mitral regurgitation;
mRAP, mean right atrial pressure; NSVT, non-sustained ventricular tachycardia; PCWP, pulmonary capillary wedge pressure; PVR, pulmo-
nary vascular resistance; PWD, posterior wall diameter; RCM, restrictive cardiomyopathy; RVSWI, right ventricular stroke work index; SBP,
systolic blood pressure; TR, tricuspid regurgitation; VAD, ventricular assist device.

Figure 1. Time course after review board approval for heart transplantation (HTx) listing in patients with (A) status 2; (B) status 1

A. Status 2 (N=38)
Status 2
38
VAG () VAD (+)
34 4
De;th S:f:ﬁve HTx (-} HTx (+)
10 24 ? ‘;
Sur;rive Survive
3 1

B. Status 1 VAD (-) (N=54)

Status 1
VAD{)
54
i
L 1
vaD (-} VAD {+}
7 47
e f 4 i
Daath Survive EC VAD CF VAD
3 4 12 35
s —— k? - ‘
HTx {-) HTx {+) HTx () HTx (+)
7 5 29 8
[ — i e — [ty
Death Survive Survive Death Survive Death Survive
4 3 5 4 25 1 §
C. Status 1 VAD (+) (N=91)
Status 1
VAD(+}
91
T
1
EC VAD CF VAD
85 &

. B
HTx () HTx (+} HTx (-} HTx (+)

56 29 2 4

f"“*m*“iw‘”“”ww§ i i § %
Death Survive Death Survive Death Survive

24 32 1 28 2 4

without ventricular assist device (VAD); and (C) status 1 with VAD. CF, continuous flow; EC, extracorporeal.
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A
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0.9

tatus 1 VAD(-) (N=54)

0.74 Status 2 (N=38)

0.61P=0.615 by log-rank test
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Figure 2.
in status 1 without VAD over 4 years. imp, implantation.

{A) Four-year survival among the 3 groups; and (B) ventricular assist device (VAD)-free survival in status 2 patients and

1.04 |

9 Status 2 (N=38)

g —VAD imp (N=4)

g 0.6

0w

8

504

<

> Status 1 VAD(-) (N=54)
0.2 —VAD imp (N=47}
0.0 P<0.001 by log-rank test
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VAD-free days

status code 1A and 1B; or (2) “status 2” for patients with New
York Heart Association (NYHA) IV symptom but free from
continuous inotrope infusion or mechanical circulatory sup-
port (MCS), equivalent to INTERMACS profile 4-6 or UNOS
status code status 2.57

Considering its cost, adverse events, and quality of life dur-
ing VAD treatment,? all listed patients are not necessarily
considered as candidates for VAD therapy. Thus far, MCS as
a tool for BTT has been indicated mostly for patients with
status 1, and a number of authors including us have reported
preoperative survival risk factors for optimal selection among
them.**-1¢ The indication for MCS in patients with status 2,
however, has not been well described. Patients with status 2
are basically outpatients, and it may be difficult for health-care
providers to respond to acute hemodynamic deterioration. On
the one hand, many people consider that MCS indication is too
early for status 2 patients, but, on the other hand, we should
not be too late. Therefore, we compared patient prognosis
between status 1 and 2 with or without MCS, and identified a
therapeutic borderline between medical and MCS therapy in
status 2 patients.

Methods

Patient Selection

We retrospectively analyzed 183 consecutive patients with
stage D HF who were evaluated by the review board for HTx
listing in the University of Tokyo Hospital and then listed for
HTx on JOT Network between January 2003 and August
2013. All patients had been treated with guideline-directed
medical therapy consisting of S-blockers, ACEI or angiotensin
1l receptor blockers (ARB), and aldosterone antagonists unless
contraindicated. CRT-D was introduced if indicated. Before
evaluation by the board, all patients received full examination
to confirm eligibility for HTx.® In patients assigned to status
2, peak oxygen consumption (peak VO2) <14ml-kg-!-min™!

on cardiopulmonary exercise test was an indispensable eligi-
bility for HTx listing.

EC VAD was implanted as BTT or bridge to decision in
patients with acute decline of hemodynamics with or without
the approval of the review board. A small number of CF VAD
was also implanted in patients under the clinical trials before
review board approval for HTx. After confirming eligibility
for HTx, they were listed as status 1.

Written informed consent was obtained at admission from
the patients and/or their family members in all cases. The study
protocol was approved by the Ethics Committee of Graduate
School of Medicine, University of Tokyo (application number
779 [1]).

Variables Evaluated

Patients were enrolled at the time of approval by the institu-
tional review board for HTx. All patients enrolled were listed
on JOT Network later. Patient demographic, laboratory, echo-
cardiographic, and hemodynamic parameters obtained <1
month before review board approval were analyzed in this
study. In patients with VAD, postoperative data were used.
History of non-sustained ventricular tachycardia (NSVT) was
confirmed on 24-h Holter electrocardiogram. To evaluate ef-
fects of different types of S-blocker, the dose of bisoprolol was
normalized to the approximately equivalent dose of carvedilol
according to efficacy. For example, we regarded 5 mg of biso-
prolol as 20 mg of carvedilol.'” In the same manner, the doses
of ACEIVARB were normalized to the approximately equiva-
lent dose of enalapril. For example, 4 mg of candesartan was
regarded as 5 mg of enalapril.™®

Statistical Analysis

All statistical analysis was done using PASW Statistics 18
(SPSS, Chicago, IL, USA) or IMP9 (SAS Institute, Cary, NC,
USA). Categorical variables were summarized as frequencies
and percentages, and compared using Chi-squared test or
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Demographic pararneters
 Age (years) '

Hazard 95% confidence
ratio intervai

Survival

(n=70) P-value

62.7+14.7 0.969-1.017

7.9+1.7

21.1£9.8 0 1.017 0.987-1.048

1.5+0.8 0.628 0.997 0.546-1.441

mPAP (mmHg)

- PCWP (mmHg) 22;42,#6
Cl (L min-t.mr2)
PVRWU)

274106 0219 1028  0.983-1.075

0.225-1.819

0.890-1.180

 RvSwI (g/m?)

6.9+3.3 0.730 1.025

Abbreviations as in Table 1.

Fisher’s exact test as appropriate. Continuous variables are
represented as mean®SD unless otherwise specified, and
compared using unpaired t-test or Mann-Whitney test as ap-
propriate. Variables of status 1 and 2 with/without VAD were
compared using ad-hoc Tukey test when analysis of variance
confirmed significance. Kaplan-Meier analysis was done with
log-rank test for survival over 4 years. Cox regression analysis

Data given as mean=SD or n {%). *P<0.05 (Cox regression analysis).

was used to examine significant factors for survival. Receiver
operating characteristic (ROC) analysis was used to calculate
a cut-off value of plasma B-type natriuretic peptide (BNP) for
survival in the status 2 group. All hypothesis tests reported are
2-tailed, and P<0.05 was set as significant.
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Figure 3. Four-year survival in (A) patients without ventricular assist device (VAD) stratified by eventual VAD implantation (imp);
and (B) status 2 patients stratified according to plasma B-type natriuretic peptide (BNP) level.
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Patient Baseline Characteristics

Dilated cardiomyopathy and ischemic cardiomyopathy were
the dominant etiologies of HF in all 3 groups (Table 1). Di-
lated phase of hypertrophic cardiomyopathy was another major
etiology of HF in the status 2 and the status 1 without VAD
groups. Fulminant myocarditis was the third major etiology of
HF in the status 1 with VAD group.

There were no statistical differences in demographic, labo-
ratory, echocardiographic, and hemodynamic parameters be-
tween the status 2 and the status 1 without VAD groups except
for higher prevalence of previous NSVT in the latter group
(34.2% vs. 50.0%, P=0.026). The status 1 with VAD group
had a higher prevalence of improved hemodynamics along
with unloaded left ventricle regardless of lower dose of diuret-
ics (all P<0.05 compared with status 2).

Clinical Course Over 4 Years at Time of Review Board Approval
In the status 2 group (n=38), only 4 patients (10.5%) received
VAD treatment eventually, and all of them survived during the
study period (Figure 1A). Peak VO: averaged 12.0+3.6ml-
kg!-min~!, and all patients were assigned INTERMACS pro-
file 4-6 at the time of enrollment (profile 4, 12 patients, 31.6%;
profile 5, 21 patients, 55.3%; profile 6, 5 patients, 13.2%). Of
the patients without VAD treatment, 10 patients (29.4%) died
{6 due to acute hemodynamic compromise and 4 due to ven-
tricular fibrillation [V{]). Of the 4 patients who died due to VT,

2 patients had received CRT-D previously.

In the status 1 without VAD group (n=54), 47 patients (87. 0%)
received VAD treatment eventually (CF, 35 patients, 74.5%;
EC, 12 patients, 25.5%; Figure 1B). All patients were as-
signed INTERMACS profile 2 or 3 at the time of enrollment
(profile 2, 23 patients, 42.6%; profile 3, 31 patients, 57.4%).
Eleven patients (20.3%) received HTx eventually and, of them,

only 1 patient died. Five patients (14.3%) died during CF VAD
support, whereas 4 patients (33.3%) died during EC VAD sup-
port. Cause of death was multiple organ fa:lure or stroke after
VAD implantation.

In the VAD group (n=91), 85 patients (93.4%) had already
received EC VAD, and 6 patients (6.6%) had CF VAD under
the clinical trials (Figure 1C). All patients were assigned
INTERMACS profile 1 or 2 before VAD implantation (profile
1, 50 patients, 54.9%; profile 2, 41 patients, 45.1%). Thirty-
three patients (36.3%) received HTx eventually and, of them,
only 1 patient died. While waiting for HTx, 26 patients (44.8%)
died under VAD treatment.

‘There were no significant differences in overall survival
among the 3 groups over 4 years (status 2, 68.8%; status 1
without VAD, 65.5%; and status 1 with VAD, 64.6%, P=0.615;
Figure 2A). Patients assigned status 1 without VAD had mark-
edly lower VAD-free survival than those of status 2 over 4
years (11.5% vs. 73.5%, P<0.001; Figure 2B).

Risk Analysis for Survival in Patients Without VAD at Time
of Review Board Approval

On Cox regression analysis there were no significant predictors
for 4-year survival in patients without VAD treatment (includ-
ing both status 1 and 2) at the time of review board approval
(n=92; Table 2), whereas more than half of the patients (n=51,
55%) eventually received VAD therapy as shown in Figure 2B,
and clinical course was affected by MCS. Consistently, even-
tual VAD implantation significantly stratified 4-year survival
in patients without VAD treatment according to Kaplan-Meier
analysis (P=0.030, log-rank test; Figure 3A).

In contrast, Cox regression analysis showed that higher
plasma BNP was the only significant predictor of 4-year mor-
tality in status 2 patients (P=0.024, hazard ratio [HR], 8.267;
Table 3). On ROC analysis the cut-off level of plasma BNP
was 740 pg/ml (area under the curve, 0.704; sensitivity, 0.800;
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roat =39 o o e T T
Demographic parameters .
Age (years) . 3294171  410+176 0163
Male 6 (60.0) 20(71.4)
~"53°dy‘fsurf‘ace"au:eé (ma) g 13&0 51, o q4 B
Etiology of ischemia

Systolic blood pressure (mmHg)
Heart rate (beats/mm) -

221

Peak VO (ml-kg~'- mny 109433  11.9¢38 0708  1.033
Concomitant treatment

3754270  37.1:224 0850 1002  0.977-1.028

3.124.3 3.6+£2.6 0.802 1.032 0.806-1.322

0.865-1.672

0.902-1.130

. 136.2:4.1

0.851-1.109

Serum albumin (g/d!) h 0.285-1.568

~ Serum GOT (IU/L) §ckh :
Serum GPT (IU/L) 28.6+18.9 26.8+18.1 0.664 1.008 0.974-1.042
SeumlDH(UL) 336
Serum total b|||rubm (mg/d!) 1.2+0.7 1.0:0.6 0.504 1.391 0.529-3.62
Plasma BNP (logiopg/ml)
Plasma BNP >740pg/ml
Echocardiograpmc parameters
,[LV diastolic 1ameter (mm)
LV systohc dn meter (mm)
IVS (mm)
PW (mm)
_LVMI (gim?)
Ejection fractlon (%)
AR (grade)
MR (grade)
TR (grade) -
Hemodynamlc parameters
- mRAP (mmHg) e
mPAP (mmHg) 27.8+8.7
CPCWP(mmHg) 210461 17
Cl (L-min-t-m-2) 22:06
CPVRWU) . 1808 22
RVSWI (g/ma) 6.7+2.7
CCVPPCWP. . 04202

Data given as mean:SD orn (%) *P<0.05 (Cox regression analysus)
Abbreviations as in Table 1.

9(32.1) 1.487-33.29

specificity, 0.607), and plasma BNP concentration >740pg/mi Discussion

had HR 7.037 on Cox regression analysis (P=0.014). Kaplan-

Meier analysis significantly stratified 4-year survival in pa- Among 183 consecutive patients with stage D HF who were
tients with status 2 according to plasma BNP level (P=0.004, evaluated by the review board of the University of Tokyo
log-rank test; Figure 3B). Hospital for HTx listing, the prognosis of status 2 patients was
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as poor as those of status 1 with or without VAD treatment
over 4 years. Eventual VAD implantation provided signifi-
cantly better 4-year survival in patients without VAD treat-
ment regardless of any baseline characteristics. On Cox regres-
sion analysis plasma BNP >740 pg/ml was the only significant
predictor for 4-year mortality among status 2 patients.

Patient Prognosis

The VAD group had the sickest preoperative background be-
cause a large proportion of them had had INTERMACS profile
1, and received MCS due to cardiogenic shock. The group of
status 1 without VAD, which was equivalent to INTERMACS
profile 2 or 3, also had a sicker background, because i.v. ino-
tropes could not be discontinued due to refractory HF, Surpris-
ingly, less sick patients with status 2, equivalent to INTERMCS
profile 4-6, had a prognosis as poor as other 2 groups. Nader
et al consistently reported that UNOS status 2 patients, equiv-
alent to those with JOT status 2, had a poor prognosis without
transplantation (3-year survival with/without HTx, 87% vs.
57%, P<0.01).? Patient baseline characteristics including end-
organ function and plasma BNP level of the status 1 group
were as good as those of status 2 at the time of review board
approval. Accordingly, not only MCS but intensive inotropic
support could successfully maintain hemodynamics for a cer-
tain period. Approximately 90% of inotrope-dependent pa-
tients, however, needed VAD therapy within 1 year (cf.
Figure 2B), and we should remember that inotropes are not as
powerful as MCS for support on a month-to-month basis.

VAD Indication in Status 1 and 2

Previously established predictors of survival in HF patients,
such as hyponatremia, chronic kidney disease, and high plas-
ma BNP,*-3> were not risk factors for survival among patients
without VAD. Instead, VAD implantation provided signifi-
cantly better survival. Among patients who are destined to
receive MCS, such biomarkers may not simply become good
predictors for survival. Consistent with this, Kelsey et al re-
cently reported that previously developed preoperative health
status had a limited association with outcome in patients who
received HeartMate I VAD.

CF VAD is indicated in patients with status 1, whereas those
with status 2 have rarely received VAD treatment thus far in
Japan.#102 INTERMACS similarly reported that not many
(18.3%) of less sick patients (ie, profile 4-7) received VAD
treatment in the past.® Among the status 2 group, 4 patients
(10.5%) eventually received VAD treatment via status 1 due
to worsening of HF, and all patients remained alive. The other
34 patients (89.5%) did not receive VAD implantation simply
because they were assigned the less sick status 2. Boyle et al
found that patients assigned INTERMACS profile 4-7, that is,
almost equivalent to status 2 in Japan, had better 3-year sur-
vival after CF VAD implantation than the group who was
more acutely ill.?5 Then, the next question is whether all pa-
tients with status 2 should receive VAD implantation.

Selection for VAD in Status 2

Plasma BNP >740pg/ml was the only significant risk factor
for mortality in the status 2 group, and 20 patients (52.6%)
had plasma BNP >740pg/ml. In other words, approximately
half of the status 2 patients had been followed as outpatients
without MCS, albeit with considerably high plasma BNP.
Consistent with this, Kato et al reported that patients with peak
VOz 10-14ml-min~!-kg~! had a worse prognosis when they
had plasma BNP 2506 pg/m1.2 All 10 deceased patients died
due to acute deterioration of hemodynamics or fatal ventricu-

lar tachyarrhythmia. Their plasma BNP was already high
(11974943 pg/ml at the time of review board approval. Status
2 patients with higher plasma BNP appear to have high risk for
sudden death, and may be good candidates for MCS in terms
of survival benefit. Moreover, most of the deceased patients
were followed in other hospitals, where VAD treatment could
not be carried out. It might be better for such high-risk patients
to be followed at an institution where VAD is available. In
contrast, 3 of 4 patients with status 2 who eventually received
VAD implantation had plasma BNP <740 pg/ml. The exacer-
bation of HF was relatively gradual among them and LVAD
could be successfully implanted after they were inotrope de-
pendent for a certain time period. It is of note that BNP level
can stratify different time frames of HF progression.

Among 10 deceased patients, 4 out-hospital patients died
suddenly due to Vf. Two patients had already received CRT-
D, and they had been assigned “modifier A", the significance
of which we previously proposed.*” Patents with modifier A
cannot be rescued only by CRT-D because of the deterioration
of hemodynamics during electrical storm. Such patients may
also be good candidates for MCS considering its advantage in
avoidance of sudden death due to hemodynamic deterioration
following fatal ventricular tachyarrhythmia, although some-
times these patients appear too well to receive MCS.

Guidelines state that CRT may be considered for ambulatory
NYHA 1V patients but not indicated for those who are inotrope
dependent.*® Nevertheless, CRT-D is often indicated for pa-
tients with advanced HF before VAD treatment partly because
of hesitation in VAD implantation. In agreement with this, 56
patients (60.9%) had received CRT-D before review board
approval among those who had not had VAD treatment. CRT-
D, however, was not significantly associated with better 4-year
survival according to Cox regression analysis. Furthermore,
CRT-D was not sufficient to rescue patients with modifier A.
Therefore, the evidence-based indication for CRT-D should be
more strictly observed in order to minimize the percentage of
non-responders as well as to save medical expenses.

Recently, the Medical Arm of INTERMACS (MEDAMACS)
and the randomized evaluation of VAD intervention before
inotropic therapy (REVIVE-IT) have been conducted in the
USA to assess medically treated patients with profile 4-6 who
might become candidates for VAD treatment.®** The results
would provide a reasonable indication for MCS in less sick
patients.

Study Limitations :

This study was conducted retrospectively at a single center,
and consequently included a limited number of patients. The
present institutional review board, however, is one of the major
committees in Japan and a number of patients (62 patients;
33.9%) were referred from other institutes, Nevertheless, data
from all HTx centers in Japan would definitely strengthen
statistical power.

Only 4 VAD implants in the status 2 group were carried out,
and we could not analyze the effects of VAD implantation on
prognosis. Although the impact of VAD implantation on mor-
tality appears to be clear in the combined group of status 1 and
status 2, the survival benefit of VAD implantation in status 2
patients was not able to be demonstrated in this study.

Conclusions

Prognosis in status 2 patients was as poor as those dependent
on inotrope infusion or VAD treatment because of out-of-
hospital sudden death without MCS. Status 2 patients with high
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plasma BNP may be good candidates for CF VAD therapy.
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Case Reports

Cardiac Allograft Vasculopathy Can Be Distinguished From
Donor-Transmitted Coronary Atherosclerosis by Optical Coherence
Tomography Imaging in a Heart Transplantation Recipient

Double Layered Intimal Thickness

Teruhiko IMamURA, MD, Koichiro KiNuGAWA,” MD, Takahide MUrasawa,” ME, Yukic Kacamt,” RN,
Miyoko Enpo,' RN, Hironori MURAOKA,' MD, Takeo Funno,' MD, Toshiro INABA,' MD,
Hisataka Mak1,' MD, Masaru HATANO,' MD, Osamu KINOSHITA, MD, Kan NAwATA,” MD,
Shunei Kyo,” MD, Issei Komuro,' MD, and Minoru Ono,” MD

SUMMARY

Although survival after heart transplantation (HTx) has improved in recent years, cardiac allograft vasculopathy
(CAV) is siill the leading cause of remote morbidity and mortality in HTx recipients, partly because of difficulty with its
diagnosis. In general, routine surveillance for CAV is advocated with coronary angiography accompanied by intravascu-
lar ultrasound (IVUS) if necessary. However, these modalities have limitations with respect to low spatial resolution, and
sufficient qualitative/guantitative assessment of coronary intima has not been accomplished. Recently, optical coherence
tomography (OCT) has emerged as a novel intracoronary imaging technique using an optical analogue of ultrasound
with a spatial resolution of 10-20 um, which is 10 times greater than IVUS. We here experienced a 49-year-old male
who received a HTx 3 years ago, and OCT was executed during low molecular weight dextran injection. OCT demon-
strated distinct double intimal layers probably consisting of a donor-transmitted atherosclerotic layer and an inner intimal
proliferation due to CAV, which was indistinguishable by IVUS and virtual histological analyses. We believe that OCT
imaging is not only a new loadstar during treatment of CAV but also a new generation modality for screening for early

CAV in HTx recipients. (Int Heart J 2014; 55: 178-180)

Key words: Intima, Everolimus, Intravascular ultrasound

gical techniques and treatments for acute rejection,

accelerated cardiac allograft vasculopathy (CAV)
still limits the remote survival in heart transplantation (HTx)
recipients.” CAV is a pathologically multifaceted disorder that
affects epicardial coronary arteries with different types of le-
sions including intimal fibromuscular hyperplasia, atheroscle-
tosis, and inflammation.” In distinction from general coronary
atherosclerosis, which is marked by focal and eccentric fibro-
fatty atheroma, CAV involves the entire coronary vasculature
diffusely with marked intimal proliferation and concentric vas-
cular thickening and fibrosis.” Typically, HTx recipients do not
experience angina because of perioperative denervation, but
eventually present with left ventricular dysfunction as a conse-
quence of progressed myocardial ischemia.” Therefore, an In-
ternational Society for Heart and Lung Transplantation
(ISHLT) working group recommended regular surveys with
coronary angiography regardless of the recipient’s symptoms
for early detection of CAV, accompanied by subsequent IVUS

G ithough major improvements have been made in sur-

when CAV is suspected.”

Recently, optical coherence tomography (OCT) has
emerged as a new generation catheter-based modality that ac-
quires images at a spatial resolution of 10-20 gm, enabling vis-
ualization of blood vessel wall microstructure in vivo at an un-
precedented level of detail.” However, little is known about
adaptation of OCT for analyses of CAV. Hence, we experi-
enced a chance to conduct OCT along with coronary angiogra-
phy and IVUS in a heart transplantation (HTx) recipient, and
discuss the utility of OCT.

CASE REPORT

In 2010, a 46-year-old male with dilated cardiomyopathy
received a HTx from a male adult donor after undergoing 2
years of left ventricular assist device support. His postoperative
course was uneventful under prescription of tacrolimus, myco-
phenolate mophetil, prednisolone, and 2.5 mg/day of rosuvas-
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Figure. Coronary angiography images of left coronary artery (A) and
right coronary artery (B); intravascular ultrasound images of the proximal
(C) and the mid (F) sites of LAD; iMAP images of the proximal (D) and
mid (G) sites of LAD; optimal coherence tomography images of the prox-
imal (E) and mid (H) sites of LAD. Figure 1I shows longitudinal OCT
image of LAD. A indicates adventitia; M, media; I, intima; 1,, donor-
transmitted atherosclerosis; and I, intimal proliferation due to CAV. Ar-
rowheads represent borderline between donor-transmitted atherosclerosis
layer and intimal proliferation layer due to CAV.

tatin, except for | instance of cellular rejection with ISHLT
grade 3A at 3 weeks after HTx, which was treated by steroid
pulse therapy. At 3 months after HTx, diffuse slight plaque at a
mid to proximal site of the left anterior descending coronary
artery (LAD) was observed by intravascular ultrasound
(IVUS). After detection of diffuse mild plaque at a mid to
proximal site of the LAD by IVUS at 6 months after HTx,
mycophenolate mophetil was switched to everolimus. Pred-
nisolone was tapered off in August 2012,

In August 2013, he was admitted to our hospital for regu-
lar follow-up. His height and weight were 180 c¢m and 66 kg.
His plasma B-type natriuretic peptide concentration was 56.4
pg/mL, and his serum creatinine concentration was 1.12 mg/
dL on admission. Trough concentrations of tacrolimus and
everolimus were 6.7 and 3.9 ng/mL, respectively. His ejection
fraction on transthoracic echocardiography by Simpson’s bi-
plane method was 67% with a left ventricular end-diastolic di-
ameter of 46 mm. Cytomegalovirus antigenemia and %puncl
reactive activity were assayed but both were negative.

According to a hemodynamic study and endomyocardial
biopsy, his intracardiac pressure was normal together with no
cellular rejection (ISHLT grade 0) and no complement deposi-
tion. Coronary angiography indicated no significant stenosis in
any coronary artery (Figure | A and B). IVUS images were re-
corded (iLab™, Boston Scientific, Corporation, Natick MA)
from the mid portion to the left main coronary artery with an
automated pullback system at a speed of 0.5 mm/s, using a
2.5F, 40-MHz IVUS catheter (Atlantis™ SR Pro, Boston Sci-
entific Corporation, Natick, MA, USA). Analyzed IVUS im-
ages showed diffuse concentric plaque at a mid to proximal
site of the LAD (maximal %plaque area was 38.4% at the mid
site) (Figures 1C and F). iMAP images (Boston Scientific Cor-
poration) revealed histological tissue characterization of the
LAD, and over 70% of the intimal area was occupied with fi-
brotic component (Figures 1D and G). Subsequently, the IVUS
catheter was replaced with a 2.7F OCT catheter (C8 Dragon-

Fly™ JP, St Jude Medical, St Paul, MN, USA). During low
molecular weight dextran injection for the clearance of blood
(30 mL at 4 mL/s by power injection), OCT images (C8-XR™
system, ILUMIEN™ OPTIS™ Imaging system, St Jude Medi-
cal) were recorded from the mid to proximal portion of the
LAD at an automatic pull-back speed of 20 mm/s and a frame
rate of 100/s. Three layers of components consisting of intima,
media, and adventitia were observed separately. Moreover,
double homogenous intimal layers that were separated by a
thin threshold line were observed (Figures IE, H, and I).

DiscussION

Considering the future of coronary angiography that visu-
alizes only the coronary Jumen and CAYV that facilitates diffuse
and concentric proliferation of intima, an early diagnosis of
CAV only by coronary angiography is sometimes difficult. In
contrast, IVUS can quantify coronary plague, and some recent
investigators recommend IVUS for routine surveillance of
CAV."” Consistently, although there appeared to be no angio-
graphic stenosis in the LAD in the present case (Figure 1A and
B), mild plaque was detected at a mid to proximal site of the
LAD by IVUS analyses (Figure 1D and E). However, intimal
thickening is only indirectly evaluated as the intima-media
thickening by IVUS because the boundary of intima and media
cannot be distinguished by this method as shown also in the
present case.” OCT is a new imaging procedure with a spatial
resolution of approximately 10-20 gm, which is 10-fold greater
than that of IVUS.” As shown in Figures 1E and H, OCT
could obviously identify the layer of media as a lower-echoic
line, which could not be identified by IVUS. When assessing
the quality of an intracoronary structure accurately, OCT
seems to have more potential than IVUS.”

Although few reports have performed OCT analyses for
CAV,'™" Cassar, et al introduced “layered complex plaque” as
one of the advanced types of CAV. They speculated that such
multi-layer patterns consisting of multi-components within in-
timal thickening may be a pathological hallmark of repeatedly
healed intimal erosions through progression of CAV." We
could detect a clear and pronounced boundary line within the
intimal layer at the mid to proximal site in the LAD, but both
layers seemed homogeneous. Consistently, iMAP images,
which are obtained by using a pattern recognition algorithm on
the spectra obtained from a fast Fourier transformation and

“histology-derived database,”™ could not distinguish between

the 2 intimal layers histologically. Both layers mainly consist-
ed of a fibrotic component. Soon after HTx, we observed only
slight diffuse plaque at the mid to proximal site in the LAD by
IVUS imaging. which must have been donor-transmitted
atherosclerosis. Considering these results, there may be 2 mo-
no-component intimal layers consisting of donor-transmitted
atherosclerosis (shown as “I,” in Figure 1E and H) and succes-
sive inner intimal proliferation due to CAV after HTx (shown
as “I.” in Figure |E and H), which could not be distinguished
by conventional modalities other than OCT. Repeated observa-
tion of the inner layer by OCT imaging would strengthen this
double layer hypothesis.

Statins," vasodilators,”™ and immunosuppressive agents
such as mycophenolate mofetil'” and everolimus '” are used to
treat CAV. However, there have been no standardized loadstars

— 899 —



180 IMAMURA, ET AL

for the treatment of CAV thus far. Quantitational assay of inti-
mal thickening purely due to CAY separated from donor-trans-
mitted atherosclerosis by OCT imaging would become a key
loadstar for assessing the effectiveness of a specific treatment
against CAV. Moreover, by distinguishing newly developed
CAV from donor-transmitted atherosclerosis, an early and ac-
curate diagnosis of CAV may be feasible.

Should OCT be recommended for all HTx recipients as a
screening procedure? Different from IVUS, OCT imaging re-
quires displacement of red blood cells from the vessel lumen
during the procedure, and thls is generally accomplished by
using radiographic contrast."™ However, there is concern that
injection of radiographic contrast would worsen renal dysfunc-
tion because HTx recipients often have higher levels of serum
creatinine due to-daily administration of immunosuppressive
agents, like in the present patient."” We adopted here low mo-
lecular weight dextran instead of radiographic contrast, as rec-
ommended by Frick, et al™ The quality of OCT images was
equally high and sulficient to be analyzed compared with those
with conventional radiographic contrast. We would like to em-
phasize that OCT imaging during low molecular weight dex-
tran injection may be a novel new generation procedure for
routine surveillance of CAV in HTx recipients.
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Urine Sodium Excretion After Tolvaptan Administration
Is Dependent Upon Baseline Serum Sodium Levels

A Possible Explanation for the Improvement of Hyponatremia With Scarce
Chance of Hypernatremia by a Vasopressin Receptor Antagonist

Teruhiko IMAMURA,' MD, Koichiro KINUGAWA,> MD, Shun MiNaTsuk1,' MD,
Hironori MURAOKA,' MD, Naoko Kato,? PhD, Toshiro INABA,' MD, Hisataka Maki,' MD,
Masaru HATANO,' MD, Atsushi Yao,! MD, and Issei Komuro,! MD

SUMMARY

Several studies have demonstrated that tolvaptan (TLV) can improve hyponatremia in advanced heart failure (HF)
patients with rare chance of hypernatremia. However, changes in serum sodium concentrations (S-Na) in patients with or
without hyponatremia during TLV treatment have not been analyzed.

Ninety-seven in-hospital patients with decompensated HF who had received TLV at 3.75-15 mg/day for 1 week
were enrolled. Among 68 “responders”, who had achieved any increases in urine volume (UV) during the first day, uri-
nary sodium excretion during 24 hours (U-NaEx,,) increased significantly during one week of TLV treatment along with
higher baseline S-Na (P < 0.05 and r = 0.325). Considering a cut-off value (S-Na, 132 mEq/L; AUC, 0.711) for any in-
creases in U-NaEx,,, we defined “hyponatremia” as S-Na < 132 mEq/L. In hyponatremic responders (n = 25), S-Na in-
creased significantly, although 1 week was not sufficient for normalization (125.8 + 5.0 versus 128.9 + 4.3 mEq/L, P <
0.03), along with unchanged U-NaEx,, (2767 = 2703 versus 2972 + 2950 mg/day, NS). In contrast, in normonatremic
responders (1 = 43), S-Na remained unchanged (136.6 + 3.1 versus 137.4 = 2.9 mE/1., NS) along with increased U-
NaEx,, (2201 + 1644 versus 4198 = 3550 mg/day, P < 0.05).

TLV increased S-Na only in hyponatremic responders by way of pure aquaresis. but increased U-NaEx,, only in
normonatremic responders, which explains the scarcity of hypernatremia. Epithelial Na-channels in the distal nephrons,
whose repression by TLV increases urinary sodium excretion, may be attenuated by reduced ATP-supply in worse he-

modynarnics under hyponatremia. (Int Heart J 2014; 55: 131-137)
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potential effects to treat chronic water-retaining disor-

ders.” Among them, the vasopressin type 2 (V2) re-
ceptor antagonist tolvaptan (TLV) has been available for pa-
tients with heart failure (HF) with symptomatic congestion or
hyponatremia.” TLV has been demonstrated to ameliorate con-
gestion, stabilize hemodynamics, and improve renal function
without any significant adverse effects.”” We also reported the
efficacy and safety of TLV in (1) amelioration of congestion
even in stage D HF patients and (2) improvement of renal
function by converting ongoing diuretics to TLV.*”

With respect to serum sodium concentration (S-Na), vari-
ous studies in Europe and the United States have demonstrated
the efficacy of TLV to improve hyponatremia with little chance
of hypemnatremia, ie, S-Na > 145 mEqg/L (eg. 1.7% of hyper-

Thc orally active vasopressin antagonists vaptans provide

natremia in the EVEREST study and 0% in the QUEST
study).**'%** In Japan, we can administer TLV to HF patients
to treat their congestion regardless of baseline S-Na as long as
hypernatremia or rapid increases in $-Na do not develop.
However, no studies have examined the efficacy and safety of
TLV in patients with normonatremia thus far. Therefore, we
have analyzed and compared the effect of TLV on $-Na be-
tween patients with and without hyponatremia.

METHODS

Study design and patients: Of the patients who were hospital-
ized for decompensated HF at the University of Tokyo Hospi-
tal between February 2011 and May 2013, consecutive 97 pa-
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