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Summary

Current Medical Care Status of Pulmonary
Arterial Hypertension

by

Masaru Hatano', Naoto Fujiyama?,
Yasuo Nakajima, Satoru Hayata

from

1 Department of Cardiology, The University of Tokyo
Hospital

2 Rare Diseases Medicine Development Center, Glaxo-
SmithKline K.X.

The improvement of cardiopulmonary hemodynamic is
extremely important for therapy evaluation in pulmonary
arterial hypertension (PAH). However, we doubted if
exact hemodynamics evaluation is conducted in clinical.
Thus, we have conducted a clinical survey about
implementation of medical examinations and treatment
strategy. Echocardiogram was used over 90% in all steps.
Operation rate of right heart catheter (RHC) was over 60%
till the decision of therapeutic strategy, but it decreased to
30-40% at late step. For the importance of these
examinations, over 60% of doctors were answered
echocardiogram is important in all steps. However the
answer of the importance of RHC was decreased at late
step. As the therapeutic strategy of the virtual cases 14%
of doctors responded combination of three oral PAH
medicine for sever case.

In conclusion, an arrangement of appropriate examina-
tions and treatment in the each remedial step of PAH
therapy is an important task.

Key Words pulmonary arterial hypertension, hemody-
' namics, clinical survey
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Case Repéﬂ

Imatinib Alleviated Pulmonary Hypertension
Caused by Pulmonary Tumor Thrombotic
Microangiopathy in a Patient With Metastatic
Breast Cancer

Ippei Fukada,' Kazuhiro Araki,' Shun Minatsuki,” Takeo Fujino,’ Masaru Hatano,
Satoe Numakura,” Hiroyuki Abe,? Tetsuo Ushiku,’ Takuji Iwase,® Yoshinori Ito'
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Introduction

Pulmonary tumor thrombotic microangiopathy (PTTM) is a rare
cancer-related complication that causes hypoxia, pulmonary hy-
pertension, and heart failure. We report a case of PTTM that
occurred during chemotherapy for metastatic breast cancer.

Case Report

The patient was a 61-year-old woman who had undergone resection
of the left breast and axillary lymph node dissection. Subsequently,
she received adjuvant chemotherapy: CAF (cyclophosphamide
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500 mg/m®, doxorubicin [Adriamycin] 50 mg/m®, and
5-fluorouracil 500 mg/mz) followed by docetaxel and then
tamoxifen followed by anastrozole for a total of 5 years. Twelve

years after surgery, she experienced multiple bone and mediastinal

lymph node metastases. She was treated with eribulin for 1 year,
She came in with a 2-day history of progressing dyspnea and was
admitted to our hospital for further medical care. On admission, her
body temperature was 36.9°C, blood pressure was 117/72 mm Hg,
heart rate was 74 bpm, respiratory rate was 20 breaths per minute,
and oxygen saturation was 94% (room air). A chest radiograph
showed normal lung fields. Resules of arterial blood gas analysis in
room air revealed hypoxemia: pH, 7.497; Pco,, 27.6 mm Hg; Po,,
59.7 mm Hg; and HCO?, 20.9 mmol/L. Base excess was —0.9
(room air). Further laboratory examination showed the following:
white blood cell count, 3300/mm® with normal differential counts;
hemoglobin value,12.0 g/dL; platelet count, 75,000/mm’; toral
bilirubin, 1.2 mg/dL (normal, 0.2-0.9 mg/dL); aspartate amino-
transferase level, 69 IU/L (normal, 10-30 IU/L); alanine amino-
transferase level, 50 IU/L (normal, 5-35 IU/L); and C-reactive
protein level, 0.03 mg/dL (normal, 0-0.50 mg/dL). A blood coag-
ulation test showed that the D-dimer was elevated to 10.67jtg/mlL
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(normal, < 0.49 pg/mlL), and fibrin degradation products were also
elevated to 44.57 pg/mL (normal, < 10 pg/ml), suggesting
microthromboembolic disease.

On radiographic evaluation, enhanced computed tomography
detected no pulmonary embolism (Figure 1A). However,
ventilation-perfusion scintigraphy demonstrated multiple small pe-
ripheral perfusion defects in both lungs on the second day after
admission (Figure 1B). A transthoracic echocardiogram showed
normal left ventricular systolic function (left ventricular ejection
fraction, 75%) with paradoxical movement of the interventricular
septum. In addition to right ventricular and atrial enlargement,
severe pulmonary hypertension was seen, with estimated right
ventricular systolic pressure of 76 mm Hg.

On the fifth day after admission, she was transferred to the
Department of Cardiovascular Medicine for a more precise diag-
nosis and intensive treatment. Subsequently, wedged pulmonary
artery blood cell sampling showed histologically malignant cells,
which highly suggested the diagnosis of pulmonary tumor throm-
botic microangiopathy (PTTM). There were 3-dimensional clusters
of atypical epithelial cells, focal glandular structures were present,
and the nuclear-cytoplasm ratio was high. The cells had hyper-
chromatic nuclei and prominent nucleoli (Figure 2). Pulmonary
artery pressure (PAP) was measured at 93/39 (60) mm Hg, and the
cardiac index (CI) was 1.63 L/min/m?. Imatinib (200 mg/d) was
administered as part of a clinical trial, which was approved by the
Institutional Review Board of the University of Tokyo Hospital.
Nine days after administering the anti—platelet-derived growth
factor (PDGF) agent imatinib, the PAP was reduced to 87/30
(50) mm Hg, and the CI was improved to 2.83 L/min/m>. Because
this suggested that imatinib might be effective for this patient, we
increased the dose to 400 mg, adding tadalafil (40 mg/d). Afterward

Figure 1 (ﬁ) Enhanced Gamputeﬁ T omography ﬂevealed Ns
- Evidence of Pulmonary. Embolism: (B} Ventilation-
~Perfusion Scanning Scintigraphy Demonstrated -
Mu!hple Small Wedgeﬂ»Shaped Perfusmn v efecis in
jBﬁateral Lnngs :
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the patient was able to discontinue the use of the inotropic agent.
Although the PAP was slightly elevated to 95/44 (56) mm Hg, the
CI was 2.97 L/min/m? and it was possible to maintain hemody-
namic stability. There was no worsening of the respiratory condition
or right heart failure. However, the patient died of progression of
breast cancer 54 days after her initial admission to our hospital.
During autopsy, an embolus of tumor cells was noted in the
pulmonary artery, accompanied by intimal hyperplasia. The lumen
of the pulmonary artery was severely narrowed. Tumor cells were
immunohistochemically positive for PDGE-B (Figure 3).

Discussion

PTTM is a rare cancer-related pulmonary complications, leading
to hypoxia, pulmonary hypertension, and heart failure. von Herbay
et al reported that the incidence of PTTM was 3.3% (21 cases in
630 carcinoma autopsies).” They showed that all 21 cases had
carcinoma with distant metastases and that 19 cases had adeno-
carcinomas in various organs. Among these were 2 cases of breast
cancer, whereas stomach cancer was the most common. Okubo et al
also reported 6 cases of PTTM in 37 gastric carcinoma autopsies,
the incidence being 16.2%.*

No diagnostic methods for PTTM have yet been established.
Generally, enhanced computed tomography shows no evidence of
pulmonary embolism, but ventilation- perfusion scanning tends to
be useful. Scintigraphy characteristically reveals multiple sub-
segmental mismatched defects. Pulmonary angiography might be
expected to be the gold standard method for PTTM. However, it
has been reported that its sensitivity and specificity for detecting
tumor emboli were both poor.”® For our patient, right-heart cathe-
terization and wedged pulmonary artery blood cell sampling did
confirm the clinical diagnosis of PTTM.

Figure 2 :Cytologic:Findings From Pulmonary Artery
Adenocarcinoma Cells Identified by Cytologic
‘Examination of ttie Biood in the Pulnionary Art

-(Papanicolasu Stain). There Were 3-Dintensional

“Glusters of Atypical Epithelial Cells. Focal Glandalar
Striichires Were Present, and the Nuclear-Cytoplasm

+ Ratio Was High. The Cells Had ﬂyperchmmattc Nuclei
and Pmmment Nucieoh
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Figure 3 (M’:} Autnpsy Fmdings, Lasmn of ?aimaaary Tumor Ihmmbmm N%wreangmpamy {P‘{Ti\ﬁ) in the Aatopsneé Specimen.
Embolus of Tumor Cells Was Noted in the Pulmonary Artery accompanied by Intimal Hyperplasia. The Lumen of the
. Pmmsnaty Aﬁery Was Severe!y Narrowed. szmer Cells Wefe tmmunemsmskenmany Pasﬁwe for PB&F«B, (A} Hemamxyim

Despite the recent development of morphometric and immu-
nohistachemical analyses, the mechanism of PTTM is still unclear.
Roberts et al presented 2 hypotheses for the development of pul-
monary hypertension and right-heart failure in pulmonary tumor
embolism.* The first is that the dysregulation of signaling pathways,
which respond to the presence of an embolic cell or other intra-
vascular insult, cause vascular remodeling.

The second hypothesis proposes that tumor emboli occlude the
pulmonary artery bed and increase pulmonary vascular resistance.

von Herbay et al described the morphologic findings of PTTM in
a previous report.’ They revealed that PTTM induced both local
activation of coagulation and fibrocellular intimal proliferation. This
study reported that tumor cells invaded the pulmonary vascular
system and occluded the small arteries and arterioles that activate
coagulation systems, releasing inflammatory mediators and growth
factors. This process induced fibrocellular proliferation and luminal
stenosis.” Okubo et al also reported the morphometric analysis of
pulmonary arteries and suggested that pulmonary artery remodeling
induced by carcinomatous cell adhesion to the endothelium affected
the status of pulmonary hypertension.”

Several studies revealed that cancer cells produced the molecules
that cause PTTM. Okubo et al revealed that all 6 of their PTTM
cases showed positive reactivity for tissue factor (TF), 5 showed
positive reactivity for vascular endothelial growth factor (VEGE),
and 3 showed positive reactivity for osteopontin (OPN). There were
some reports suggesting that VEGF and TF might play important
roles in the pathogenesis of PTTM. VEGF and TF expression by

carcinoma cells has been confirmed in many cases.”'” VEGF has
been known to be an endothelial cell—specific angiogenetic
mimgen.6 VEGF is associated with the proliferation of endothelial
cells and includes angiogenesis involved in embryonic development,

Recently, VEGF has

tumor angiogenesis, and wound hcaling.}k!

been reported to be involved in pulmonary hypertension. ' In

addition to VEGE, TF also is an important factor involved in
intracellular signaling, cellular proliferation, and the development of
blood vessels. TF contributes to factor Vila—catalyzed activation of
factors IX and X." It has been reported that TF produced by tumor
cells might play an important role in the pathogenesis of PTTM '
and that expression of TF upregulated the VEGF gene and
enhanced tumor angiogenesis.' >

Takahashi et al reported a case of PTTM with OPN expression. "
OPN is an arginine-glycine-aspartic acid—containing protein
secreted by a variety of cells, including osteoclasts, activated T cells,
activated macrophages, and various cancer cells.'” In Takahashi
et al’s autopsied case of gastric adenocarcinoma, the tumor cells
(both in PTTM lesions and primary gastric carcinoma) and
proliferating fibromuscular intimal cells also showed positive
immunoreactivity for OPN, PDGF, and VEGF. They suggested
that OPN promoted fibrocellular intimal proliferation as well as
thrombus formation and pulmonary hypertension .in the patho-
genesis of PTTM.""

It is also important to consider PDGF and PDGF receptor
(PDGFR)." von Herbay et al speculated that attachment of tumor
cell emboli might damage endothelial cells and release PDGF in

(linical Breast Cancer Month 2014
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PTTM." Yokomine et al reported an autopsied case of PTTM
caused by a gastric carcinoma that expressed PDGF and PDGFR in
tumor cells.’’ They also revealed that the overexpression of PDGF
was detected in alveolar macrophages and PDGFR in intimal
mesenchymal cells in the pulmonary artery wall, which suggested
the contribution of the activated alveolar macrophages to the onset
of PTTM.

The standard treatment for PTTM is not established, but it is
possible that imatinib, which is a tyrosine kinase inhibitor of the
PDGER, led to regression of pulmonary hypertension and pulmo-
nary artery remodeling in PTTM in a Japanese case report.’”

In our patient, imatinib was administered as part of a clinical trial
approved by the Institutional Review Board of the University of
Tokyo Hospital. Although both PAP and the CI temporarily
improved after administration of imatinib, the single-agent
administration of imatinib did not suppress the disease progres-
sion of breast cancer itself. However, imatinib was efficacious in
preventing the deterioration of hemodynamics and the progression

of respiratory failure. The fact that tumor cells were immunohis-

tochemically positive for PDGE-B suggested that PDGF played a
role in causing PTTM and seemed to support, in this case, the
efficacy of imartinib. The patient had not been able to tolerate
chemotherapy at symptom onset because of her poor physical
condition. It would be valuable to conduct a well-designed clinical
trial to evaluate the use of chemotherapy combined with imatinib
for PTTM.

Conclusion

PTTM is a cancer-related pulmonary complication that is fatal
because of its extremely rapid progression. Therefore, it is important
to be aware of PTTM as a differential diagnosis for patients with
progressing hypoxia without pulmonary embolism. Imatinib might
prove to be an effective therapy for PTTM, but further investigation
will be necessary to confirm whether this is the case.
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Heart Failure

Low Blood Pressure, Low Serum Cholesterol and Anemia
Predict Early Necessity of Ventricular Assist Device
Implantation in Patients With Advanced Heart
Failure at the Time of Referral From
Non-Ventricular Assist Device Institutes

Takeo Fujino, MD, PhD; Koichiro Kinugawa, MD, PhD; Masaru Hatano, MD;
Teruhiko Imamura, MD, PhD; Hironori Muraoka, MD; Shun Minatsuki, MD;
Toshiro Inaba, MD, PhD; Hisataka Maki, MD, PhD; Osamu Kinoshita, MD, PhD;
Kan Nawata, MD, PhD; Atsushi Yao, MD, PhD; Minoru Ono, MD, PhD; Issei Komuro, MD, PhD

Background: The timing of ventricular assist device (VAD) implantation is always a matter of debate, especially
when a patient is referred from a non-VAD institute. We focused on objective noninvasive parameters at the time of
admission to a VAD implant center and analyzed the factors predicting the necessity of early VAD.

Methods and Results: We retrospectively analyzed advanced heart failure (HF) patients referred since January
2011, including patients less than 65 years old. They all had a history of hospitalization for HF management in non-VAD
institutes within 1 month before referral. We excluded patients transferred with mechanical circulatory support. We
enrolled 46 patients (40 males, 39.8+13.4 years old). Among them, 26 patients had a VAD implanted or died within
120 days. By multivariable logistic analysis using admission parameters, systolic blood pressure (BP) <93 mmHg
[odds ratio (OR) 13.335], hemoglobin <12.7 g/dl (OR 12.175) and serum total cholesterol <144 mg/dl (OR 8.096) were
significant predictors of early VAD requirement. We constructed a scoring system according to the ORs, and the
area under the receiver-operating characteristic curve was 0.913.

Conclusions: Low BP, low serum cholesterol and anemia on admission predict early VAD in advanced HF patients
who have been treated in non-VAD institutes. Such patients should be promptly referred to a VAD implant cen-

ter. (Circ J 2014; 78: 2882-2889)

Key Words: INTERMACS profile; Seattle Heart Failure Model; Stage D heart failure

portant therapeutic option for advanced heart failure
(HF) patients. In the REMATCH trial, the use of VAD
significantly improved survival in patients with advanced HF
with left ventricular ejection fraction (ILVEF) <25%.! Further-
more, continuous-flow left VAD (LVAD) is proven to accom-
pany better prognosis and quality of life after implantation.”
In Japan, implantable LVADs have been approved as bridg-
ing devices to transplant since April 2011, and consequently
the therapeutic strategy for advanced HF has dramatically
changed.” However, in the clinical setting the timing of VAD
implantation is always a matter of debate, especially when a

V entricular assist device (VAD) implantation is an im-

patient is referred from a non-VAD institute. Indeed, some re-
ferred patients considered to be candidates for VAD implanta-
tion eventually recover with intensive medical therapy in VAD
centers. In contrast, others need emergency implantation of para-
corporeal VAD because their hemodynamic status has crashed
before sufficient evaluation for transplant candidacy.

For the purpose of deciding this timing, profiles defined by
the Interagency Registry for Mechanically Assisted Circulatory
Support INTERMACS) are useful. Because the prognosis after
VAD implantation is worse for patients with profile 1 or 2 than
for less sick patients, profile 3 without end-organ dysfunction
is the best candidate for VAD implantation.** However, the
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Predictors of Early VAD After Referral

2883

Total
(n=46)
Baseline characteristics

Age, years 39.8+13.4
Male, n (%) 40 (87.0)
Body height, cm 168.0+6.9
Body weight, kg 62.0£11.2
Body mass index 22.0+4.0
Body surface area, m? 1.70+0.15

Ischemic etiology n (%) 4(8.7)

History of HF, years 3.3+4.4
Family history of HF, n (%) 9 (19.6)
CRT/ICD, n (%) 17 (37.0)
B-blocker,* mg/day 6.0+5.8
ACEI/ARB,** mg/day 4.3x4.1
Statin, n (%) 9 (19.6)
LVEF <30%, n (%) 42 (91.3)
BNP »300pg/ml, n (%) 42 (91.3)
INTERMACS profile -
Profile 2, n (%) 6 (13.0)
Profile 3, n (%) 23 (50.0)
Profile 4 or less sick, n (%) 17 (37.0)
Clinical course after admission

Paracorporeal VAD, n (%) 7 (15.2)
Implantable VAD, n (%) 21 (45.7)

Ali-cause death, n (%) 4(8.7)

Group ne20)  greummeze) | Pvalue
43.7£13.0 36.8+12.5 0.084
18 (90.0) 22 (84.6) 0.468
167.8+6.8 168.2:7.1 0.867
61.1:9.6 62.8+12.5 0.613
21.6:27 22.3+4.8 0.584
1.690.15 171016 0.700
2(10.0) 2(7.7) 0.590
2.6+38 3.8:4.8 0.361
3(15.0) 6(23.1) '0.383
4(20.0) 13 (50.0) 0.036
5.615.8 6.316.0 0.677
25126 5.7:4.5 0.006
6 (30.0) 3(11.5) 0.117
17 (85.0) 25 (96.2) 0.211
17 (85.0) 25(96.2) 0.211
- - <0.001
0(0) 6(23.1) -
6 (30.0) 17 (65.4) -
14 (70.0) 3(11.5) e
0 7(26.9) -
3(15.0) 18 (69.2) -
0 4(15.4) -

*Carvedilol equivalent; **enalapril equivalent.

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin |l receptor blocker; BNP, B-type natriuretic peptide;
CRT, cardiac resynchronization therapy; HF, heart failure; ICD, implantable cardiac defibrillator; INTERMACS, Inter-
agency Registry for Mechanically Assisted Circulatory Support; LVEF, left ventricular ejection fraction; VAD, ventricu-

lar assist device.

classification can vary according to the physician’s decision, so
we consider that objective parameters that can predict the early
requirement for VAD in advanced HF patients are essential.

In this study, we focused on objective parameters of advanced
HF patients at the time of referral from non-VAD institutes by
analyzing the factors related to early necessity for VAD im-
plantation.

Methods

Patient Selection

We retrospectively collected the data for 46 consecutive HF
patients who had been referred to the University of Tokyo
Hospital from non-VAD institutes for further management of
HF between January 2011 and December 2013. The study pe-
riod was set as described because implantable LVADs were
approved in April 2011. The inclusion criteria were defined as
follows: <635 years old, and history of hospitalization for HF
in a non-VAD institute within 1 month before referral. Patients
who were older than 65 years old were excluded because they
are ineligible for heart transplantation in Japan and we excluded
patients transferred with mechanical circulatory support because
they usually need paracorporeal VAD immediately after trans-
fer and thus were not primarily considered as good candidates
for implantable LVAD. Patients diagnosed with acute myocar-
ditis, transferred for the purpose of valvular or bypass surgery,
or considered ineligible for VAD implantation (ie, social prob-
lems) were also excluded.

Variables Evaluated

Patients’ demographic data, including vital signs and treatment
on admission, were collected. To evaluate the effects of dif-
ferential doses of S-blockers, angiotensin-converting enzyme
inhibitors (ACEISs), and angiotensin II receptor blockers (ARBs),
the doses were normalized to approximately equivalent doses
of carvedilol and enalapril according to efficacy. We regarded
bisoprolol 5 mg as carvedilol 20mg, and for ACEIs/ARB, the
following agents were regarded as enalapril 10 mg: imidapril
10mg, perindopril 4 mg, losartan 50 mg, valsartan 80 mg, as
previously described.’ All laboratory data and echocardiograph-
ic parameters were obtained within several days of admission.
We defined VAD implantation or death as the primary endpoint.

Follow-up After Referral
Before deciding to implant a VAD, all patients received guide-
line-directed medical therapy consisting of S-blockers, ACEIs/
ARB, and aldosterone antagonists as tolerated. Diuretics were
also titrated as needed. Cardiac resynchronization therapy (CRT)
with a defibrillator was performed if indicated. Intra-aortic bal-
loon pumping (IABP), percutaneous cardiopulmonary support,
continuous hemodiafiltration, or mechanical ventilation was ex-
ecuted on the basis of the physician’s decision. Timing of VAD
implantation was determined by whether the patient developed
cardiogenic shock, had progressive decline of end-organ func-
tion in spite of maximal treatment, or was considered inotrope-
dependent despite optimal medical therapy.

We followed all patients from the date of their referral until
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Figure 1. Kaplan-Meier curve for VAD-free survival (A) and survival (B) after admission to referral hospital of all enrolled patients
(n=46) with advanced heart failure. VAD, ventricular assist device.

March 2014 or the date of their death. No patient was lost dur-
ing the follow-up period unless deceased.

Previous Risk Scores

The Seattle Heart Failure Model (SHFM) was developed
by Levy et al from the data of New York Heart Association
(NYHA) class TIIB or IV patients and calculated from age, vital
signs, medications, laboratory measurements and utilization of
CRT.% They also updated the SHFM score for LVAD candi-
dates by adding variables such as usage of inotropes, IABP, or
mechanical ventilation.” In SHFM, the therapeutic option of
LVAD is available if the patients meet- ACC/AHA criteria
such as (1) NYHA Class IV, (2) LVEF £25%, and (3) mean 2
year survival <50%.% We used their website (http://depts.
washington.edu/shfm) to estimate the indication for LVAD in
the present group of patients.

The INTERMACS profile stratifies patients with advanced
HF into 7 categories on the basis of clinical severity.? In this
study, patients with profile 1 on admission were not enrolled
because we excluded patients transferred with mechanical
circulatory support.

Statistical Analysis

Continuous variables of patients who did or did not require
early VAD were compared by unpaired t-test or Mann-Whitney
test as appropriate. Categorical variables of patients were com-
pared by chi-square test or Fisher’s exact test as appropriate.
Univariable analyses with a logistic regression model were per-
formed to calculate odds ratio (OR) and 95% confidence inter-
val (CI) to assess the influence of each variable on admission
on early requirement for VAD. We chose 3 statistically sig-
nificant variables from among the baseline characteristics, labo-
ratory measurements and echocardiographic parameters. Cutoff
points of the 3 variables were determined by receiver-operating
characteristic (ROC) analysis with JMP9 (SAS Institute, Cary,

NC, USA) and entered into the multivariable analysis.

Considering the results of the multivariable analysis, weight-
ed scores were allocated to each selected variable on the basis
of each OR, and we defined a summation of scores as a new
risk scoring system. We then created a ROC curve for the
new score, by which the area under the curve (AUC) for the
score was calculated and that AUC was compared with those
of previously published risk scores, including SHFM and
INTERMACS profile.

Kaplan-Meier survival analysis was also performed to eval-
uate VAD-free survival after referral on 2 strata of the new score,
and VAD-free survival among these strata was compared by
log-rank test.

Unless otherwise specified, all data are expressed as
mean+standard deviation. Probability was 2-tailed, with P<0.05
regarded as statistically significant. All statistical analyses ex-
cept for the ROC analyses were calculated with PASW Statistics
18 (SPSS, Chicago, IL, USA).

Results

Baseline Characteristics

The baseline characteristics of the 46 enrolled patients are shown
in Table 1. The mean age was 39.8+13.4 years and 87.0% were
male. An ischemic etiology was found in 8.7% of the patients;
6 patients (13.0%) were considered as profile 2 and 23 (50.0%)
as profile 3. LVEF was <30% in 42 patients (91.3%), and plas-
ma levels of B-type natriuretic peptide (BNP) were >300pg/ml
in 42 patients (91.3%).

Classification of the Patients

Table 1 shows the clinical course after admission, and Figure 1
shows the VAD-free survival and overall survival of the patients.
As shown in Figure 1A, 28 patients (60.9%) eventually needed
VAD and of them 25 had the VAD implanted within 4 months
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no- arly-
group (n=20)  group (n..26) P value OR 95% Cl

Demographsc parameters
- Age, years
Male, n (%)
" Body height, cm
Body weight, kg
- 'Body massindex =
Body surface area, m2
‘Ischemic etiology, n (%) ay
History of HF, years
¥ Famnly hlstoryi H
Physucal parameters
. Heartrate, beats/min

Systolic BP, mmHg , 95.9:12.8 ' és.yog.s , 0.024 - 0.924 0.862-0.989
Systolic BP <93mmHg, n (%) o 789 :E8yH 0 2.
. Diastolic BP, mmHg 60.2:8.8 54.6+7.8 0.040 0.916 0.842-0.996

Laboratory parameters

- White blood cell count, x10%ul -
Hemogiobm g/dl

~ Hemoglobin <12.7g/dl, n (%)
Platelets, x10%/ul

- Serum sodium, mmol/L i
Serum po(assmm mmoi/L 4.4+0.4 4.3+0.5 0.542 0.670 0.185-2.429

~ Serum chloride, mmo , cEen
Serum blood urea nitrogen, mgldl 21.0+11.3 23.3x14.6 0.548 1.014 0.968-1.063

* Serum creatinine D 2 :
Serum uric acid, mg/dl 7.0£2.2 7.5:3.2 0.525 1.075 0.861-1.341

~ Serum't total prote , o/dl .
Serum albumin, g/dl 3.9+0.5 3.7+0.6 0.371 0.608 0.204-1.809
~ Serum lactate dehydrogenase, IU/L T
Serum aspartate aminotransferase, IU/L
Serum alanine ammotransferase |U/L
Serum alkaline phosphatase, tU/L
‘Serum V-glutamyl transpeptidase, UL
Serum total bmmbm mg/dl
Serum TC, mg/dl - :
Serum TC <144mg/dl n (%)
i _C-reactwe protein, mg/dl
BNP, logte pg/ml
Echocardiographic parame!ers
LV diastolic diameter,mm
LV systolic dlameter mm
_LVEF % ; G e
!nterventncular septum th;ckness, mm
e Postenor wall thickness, mm
LAdxameter mm

32.2+13.1 0.983-1.027

2.96:0.25 0.201 3960  0480-32676

657-1.189

MR severity 2.55:0.69

‘TR seventy i e e 5 X )
TR pressure gradlent mmHg 30.3+9.5 37.2+14.6 0.086 1.048 0.993-1.106

AR, aottic regurgitation; BP, blood pressure; Cl, confidence interval; LA, left atrial; LV, left ventricular; MR, mitral regurgitation; OR, odds ratio;
TC, total cholesterol; TR, tricuspid regurgitation. Other abbreviations as in Table 1. )
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P value OR 95% Cl
Systolic BP, <93mmHg  0.013* 18.335 1.746-101.848
Hemoglobin, <12.7g/dl ~ 0.013* 12.175 1.698~87.304
Serum TC, <144mg/dl ~ 0.031* 8096  1.206-54.340

Abbreviations as in Tables 1,2.

AUC (95% Cl) P value

New score ©0.913(0.798-0.965)
lNTERMACS profile £ 0.827 (0.694-0.910) . 195
SHFM | 0.667 (0.553-0.765)

AUC, area under the curve; SHFM Seattle Heart Failure Model
Other abbreviations as in Tab!es 1,2,

of admission; 1 patient died within the 4 months, before VAD
implantation. Next, we classified the patients who had a VAD
implanted or died before day 120 into an early-VAD group
(n=26), and a late/no-VAD group (n=20). Status on admission
and the clinical course of both groups are also shown in Table 1.
Patients in the early-VAD group tended to be younger than
those in the late/no-VAD group, though statistically insignifi-
cant (36.8112.5 vs. 43.7£13.0 years, P=0.084). The initial dose
of B-blockers on admission was comparable between groups
(6.346.0mg/day in early-VAD group vs. 5.645.8 mg/day in late/
no-VAD group, P=0.677) but the doses of ACEIs/ARB were
significantly higher in the early-VAD group (5.7+4.5mg/day
vs 2.5+2.6 mg/day, P=0.006). CRT/implantable cardiac defi-
brillator implantation was performed in 13 patients (50.0%) in
the early-VAD group and in 4 patients (20.0%) from the late/
no-VAD group (P=0.036).

In the early-VAD group, a paracorporeal VAD was implanted
in 7 patients as an emergency life-saving procedure in all cases,
and an implantable VAD in 18 patients. One patient died be-
fore VAD implantation. In the late/no-VAD group, 3 patient
had a VAD implanted after day 120. In the follow-up period
until March 2014, 3 patients in the early-VAD group died after
VAD implantation (all of them had received an implantable
VAD), whereas no patients died in the late/no-VAD group.

Univariable Logistic Analysis

We performed univariable logistic analysis to find predictors
for early VAD. Table 2 shows the demographic and physical
parameters on admission. Low systolic blood pressure (BP;
P=0.024, OR 0.924, 95% CI 0.862-0.989) was a significant
factor related to the necessity for VAD. Of the laboratory data
(Table 2), low hemoglobin level (P=0.002, OR 0.585, 95% CI
0.413-0.828) and low serum total cholesterol level (P=0.020,
OR 0.983, 95% CI 0.969-0.997) predicted the early necessity
for VAD. Serum bilirubin and creatinine levels, which are the
well-known markers of end-organ dysfunction, or the plasma
BNP level on admission were not significantly related to early
VAD necessity. Of the echocardiographic parameters (Table 2),
none of the variables, including left ventricular diastolic diame-
ter and LVEF, were significantly related to early VAD necessity.

Multivariable Logistic Analysis
Because 26 primary events were observed in the early-VAD

04 | ~~New score
' ~INTERMACS profile
0.2 4 5 ~-SHFM
0 T T T T ¥
0 0.2 0.4 0.6 0.8 1
1-speficifity ‘
cutoff sensitivity - “specificity
New score 3 0.81 0.85
INTERMACS profile 3 0.88 0.70
SHFM 1 0.38 0.95

Fnsure 2. ROC analysis of the new score the !NTERMACS
profile and SHFM for the prediction of VAD necesstty within
120 days, with the sensitivity and spécificity of each score at -
the cutoff point. ROC, receiver-operating characteristics; IN-
TERMACS, Interagency Registry for Mechanically. Assisted
Circulatory Support; SHFM, Seattle Heart Fal ure Modei VAD,
ventricular assist device. ,

group, we chose all 3 statistically significant variables for the
multivariable analysis. Systolic BP <93 mmHg (P=0.001, OR
14.238, 95% CI 3.133-64.702), hemoglobin <12.7 g/dl (P=0.001,
OR 17.000, 95% CI 3.202-90.254) and serum total choles-
terol <144 mg/dl (P=0.003, OR 9.067, 95% CI 2.106-39.029)
were selected (Table 2) and entered into the multivariable anal-
ysis, which found that all of them were independent predictors
for early VAD necessity (Table 3).

Scoring System

We created a new scoring system using these 3 factors (Table 3).
We assigned 2 points to systolic BP <93 mmHg, 2 points to
hemoglobin <12.7 g/dl and 1 point to serum total cholesterol
<144 mg/dl, based on the ORs in the multivariable analysis. A
ROC curve of the score was drawn, and the AUC for the score
was 0.913 (Figure 2, Table 4). With a cutoff of 3 points, the
sensitivity for VAD necessity within 120 days was 0.81 and the
specificity was 0.85. We also compared the predictability of this
score with other risk scores. The AUC of INTERMACS profile
was 0.827, and with a cutoff of profile 3 the sensitivity was 0.88
and the specificity was 0.70. The AUC of SHFM was 0.667,
and the sensitivity and specificity were 0.38 and 0.95, respec-
tively. Our new scoring had a significantly better predictability
for the early necessity of VAD over SHFM (Table 4).

We also classified the patients into 2 strata according to the
new score (score 0-2 or 3-5), and performed Kaplan-Meier
analysis. Figure 3A shows that the VAD-free survival was sig-
nificantly different between the 2 strata (P<0.001, by log-rank
test). We also compared VAD-free survival after stratification
with the INTERMACS profile and SHFM (Figures 3B,C).
VAD-free survival after admission was also significantly dif-
ferent hetween the 2 strata according to INTERMACS profile
(profile 2-3 and profile 4 or less sick, P<0.001) and SHFM
(LVAD criteria (+) and (-), P<0.001).
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Figure 3. Kaplan-Meier analysis of VAD-free survival according to the new score system (A), profile 2 or 3 and profile 4 or less
sick in INTERMACS (B), and LVAD criteria (-) and (+) in SHFM (C). VAD-free survival was compared by log-rank test and each P
value is shown. INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support; LVAD, left ventricular assist

Discussion

This study demonstrated that low systolic BP, and low levels
of hemoglobin and low serum total cholesterol on admission
were independent predictors of subsequent VAD implantation
in the not too distant future for advanced HF patients referred
from non-VAD institutes. For the purpose of deciding the timing
of VAD implantation, it has been suggested that profiles defined
by INTERMACS are useful,** but the decision is physician-
dependent. We emphasize that the combination of 3 objectively
defined parameters was similarly predictive to INTERMACS
profile. There have been several risk scores proposed for predic-
itng prognosis after VAD implantation,”%-12 but to our knowl-
edge, this is the first report to focus on the early necessity for
VAD using objective parameters. We also underscore that we
selected noninvasive variables. Hemodynamic parameters ob-
tained invasively may be useful for determining the timing,
~ but are often unavailable at the time of referral from non-VAD
institutes.

In this report, we use the term “at the time of referral”. In
reality, we collected the data at the time of admission to the
referral hospital, and so to be exact, we use the term “at the
time of admission to the referral hospital”. However, we con-
sider it was easier to understand the meaning and importance
of this report by using the term “at the time of referral”.

Clinical Course of Advanced HF Patients Referred to Hospital
According to our results, VAD-free survival was only 43.5% at
4 month after admission (Figure 1). Furthermore, the existence
of 2 of the 3 factors (systolic BP <93 mmHg, hemoglobin
<12.7 g/dl and serum total cholesterol <144 mg/dl) predicted
early VAD implantation after admission (Figure 2). Kaplan-

Meier analysis showed these patients had extremely poor VAD-
free survival (Figure 3), which was comparable with the VAD-
free survival of status | patients after being listed for heart
transplantation as we reported recently.!?

Effect of Each Parameter on Patients’ Outcomes

It has been previously shown that low BP,'+!5 anemia'®'7 and
low serum total cholesterol'®1 are predictors of higher mortal-
ity in HF patients, which is consistent with our results, because
patients who needed VAD were expected to have poor prog-
nosis without VAD implantation.

Patients presenting with low systolic BP may have low car-
diac output and impaired organ perfusion,® so it is reasonable
that low systolic BP predicts HF severity and the patient’s out-
come. In this study, the dose of ACEIs/ARB in early-VAD pa-
tients was higher than that in late/non-VAD patients (Table 1),
which could be related to the duration of HF treatment, and
could be a cause of the lower BP in early-VAD patients.

BP is an objective, but fluctuating parameter. We used BP
measured noninvasively after admission with the patient in a
stable condition and supine position. Although the difference
in systolic BP between early-VAD and late/no-VAD patients
was small, we consider the cutoff value of 93 mmHg as clini-
cally reasonable, considering that systolic BP <90 mmHg is
commonly regarded as a state of shock.

Low serum total cholesterol is a novel predictor of survival
in chronic HF, but the mechanism is not fully understood.* In
our study the dose of statin was not statistically different, but
tended to be higher in the patients in the late/no-VAD group
than in those in early-VAD group, although the total choles-
terol level was significantly lower in the early-VAD group
(Tables 1,2). The protective role of lipoproteins in downregu-
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