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Ten-year survival and prognostic markers in one thousand patients
with advanced heart failure. A single-centre analysis

Peter Lesny?, Milan Luknar?, Martin Matejka®, Ivan Varga?, Peter Solik?, Sona Wimmerova¢, Eva Goncalvesova®

Aim. Patients with advanced heart failure (HF) represent a pool of candidates for heart transplantation and long-term
mechanical circulatory support devices. The aim of our study was to determine simple and reliable markers of one-year
mortality for selection of the most suitable patients for heart replacement therapy.

Methods and Results. One thousand consecutive patients with HF (mean age 49 + 10.9 years; 86.8% males) referred
to a single tertiary centre from January 1998 to January 2010 in order to assess the indication for heart transplantation
were enrolled. Kaplan-Meier survival analysis was performed. Independent mortality predictors were established us-
ing logistic regression analysis. The mean follow-up was 4.3 + 2.7 years (range 1-12 years). Cumulative survival was as
follows: 1-year survival 83%, 3-year 63%, 5-year 50%, 7-year 39%, and 10-year 23%. Independent predictors of 1-year
mortality included coronary artery disease, left ventricular diastolic diameter >79 mm, plasma sodium <135 mmol/L,
the need for intravenous treatment at hospital admission (diuretics and/or inotropes), and furosemide dose at dis-
charge >240 mg/day.

Conclusions. Short-term prognosis of HF patient can be estimated based on simple parameters. Patients with signs
of poor prognosis should be referred to tertiary centres to be considered for heart replacement therapy.
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INTRODUCTION PATIENTS AND METHODS

Despite the undisputed progress in treatment, the Consecutive patients with HF referred by cardiologists
long-term prognosis of patients with heart failure (HF) to a single tertiary centre from January 1998 to January
is unfavourable'?. Patients with advanced HF represent 2010 in order to assess the indication for heart transplan-
a pool of candidates for heart replacement therapy. The tation were enrolled. Patients hospitalised for other rea-
number of heart transplantations (HTx) has long been  sons were not included.
stagnating due to the lack of donor organs’. In contrast, During this period, 1,000 HF patients were hospital-
we are experiencing a significant increase in the num- ised and monitored. There were more men (86.8%) than
ber of implantations of mechanical circulatory support women (13.2%). Their mean age was 49.0 = 10.9 years.
systems (MCS) (ref.*). It can be assumed that the use  The characteristics of patients are summarized in Table 1.
of MCS will expand further, in particular in destination The majority of patients (80.8%) had severe left ven-
therapy. From this perspective, it is of key importance to  tricular systolic dysfunction with ejection fraction <30%;
determine the prognosis of patients with advanced HF.  1.8% of patients had preserved left ventricular ejection
Heart transplantation and MCS implantation are associ- fraction (EF >50%).
ated with non-negligible periprocedural risk, which has All analysed parameters were measured during the
to be balanced against significant life extension and im-  first hospitalisation at the centre. Oral medication on
provement in life quality. Currently no reliable prognostic ~ discharge was evaluated. Mortality data was received
markers are available for the selection of the most suitable ~ from the National Health Information Centre. The day
heart transplant candidates. of an elective HTx was taken as the end of follow-up.

We analysed the characteristics of patients with ad- HTx in urgent cases or MCS implantation was regarded
vanced HF, hospitalised at a single tertiary centre. Their  as equivalent to death. MCS were implanted in our group
long-term survival was evaluated. In addition, we identi- as a bridge to transplant or to candidacy and the mean
fied independent 1-year mortality predictors. Since most INTERMACS class at implantation was 2.1 + 0.6.
patients with advanced HF are managed on an out-patient
basis, we established independent 1-year mortality indica-  Statistical analysis
tors that can be detected during an out-patient examina- Statistical analysis was performed using the SPSS
tion. statistical software, version 16.0. Nominal variables
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were characterised by arithmetic means and standard
deviations. The normality of the distribution of nomi-
nal variables was tested with the Kolmogorov-Smirnov
or Shapiro-Wilk tests, as appropriate. For variables with
normal distribution, the parametric Student t test was
used, and for variables with non-normal distribution we
used the non-parametric Mann-Whitney test.

Patient survival was evaluated using the method of sur-
vival analysis, and expressed by means of Kaplan-Meier
curves. In order to determine the mortality predictors, we
used stepwise logistic regression analysis (backward meth-
od). Variables examined in fewer than 80% of patients
and considered to have the potential to predict mortality
were tested using independent mortality predictors from
the previous model. The significance level for all the tests
used was P < 0.05.

RESULTS

Survival Rates

The mean follow-up was 4.3 + 2.7 years (range 1-12
years). Four hundred and sixty-nine (469) patients died
during the follow-up period. One hundred and sixty-seven
(167) patients underwent heart transplantation. The one-
year survival rate was 83%, the 3-year survival rate 63%,
the 5-year survival rate 50%, the 7-year survival rate 39%,
and the 10-year survival rate 23%. Survival rates are il-
lustrated using the Kaplan-Meier curve as seen in Fig. 1.

One-Year Mortality Predictors

In order to determine independent predictors of 1-year
mortality, we included 55 parameters in the multivariate
logistic regression analysis. Independent predictors of one
year mortality were coronary artery disease, left ventricu-
lar end-diastolic diameter (LVEDD) >79 mm, natraemia
<135 mmol/L, need for intravenous therapy at hospital
admission (diuretics and/or inotropes), and a daily dose
of furosemide at discharge >240 mg (Table 2).

The remaining parameters examined were not signifi-
cant in the multivariate analysis, although systolic blood
pressure <100 mm Hg almost reached statistical signifi-
cance (P =0.08).

Some parameters of potential prognostic significance
were examined in fewer patients; these were subsequently
tested using the five independent predictors from the in-
troductory model. In this manner, we tested haemody-
namic parameters examined in 26.1% of patients (right
atrial pressure, pulmonary artery pressures, pulmonary
capillary wedge pressure, cardiac index), NT-proBNP
(examined in 20.4% of patients), pVO, (obtained dur-
ing bicycle spiroergometry in 27.3% of patients), and
the 6-min walking test (performed in 75.2% of patients).
In this extended analysis, the independent predictors of
one-year mortality were also NTproBNP >2,297 pg/mL,
6-min walking distance <375 metres, systolic pulmonary
artery pressure >60 mm Hg, and pulmonary capillary
wedge pressure >27 mm Hg (Table 3).
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Table 1. Patient characteristics.

Men / women (%) 86.8/13.2
Age (years) 49.0 + 10.9
Systolic blood pressure (mmHg) 118 = 17
Heart rate (min™) 85+ 17
NYHA class (patients in %)
I 43.2
111 42.0
v 11.6
Body mass index (kg/m?) 27.1£5.0
Aetiological diagnosis (patients in %)
Dilated cardiomyopathy 57.0
Coronary artery disease 27.5
Arterial hypertension 7.1
Hypertrophic cardiomyopathy 1.6
Restrictive cardiomyopathy 1.1
Other 5.7
Comorbidities (patients in %)
Arterial hypertension 43.0
Atrial fibrillation 24.6
Diabetes mellitus 25.1
CABG/PCI 13.4
Stroke 10.5
Anaemia 17.2
Renal insufficiency 7.6
Chronic obstructive pulmonary disease 7.1
NT-proBNP (median) (pg/mL) 2,297
Left ventricular ejection fraction (%) 243717
Left ventricular end-diastolic diameter (mm) 67.5+99
Medication (patients in %)
ACEI /| ARB 94.3
Beta-blockers 81.2
Aldosterone antagonists 63.0
Furosemide 83.6

CABG - coronary artery bypass graft, PCI - percutaneous coronary
intervention, ACEI - angiotensin-converting enzyme inhibitors, ARB
- angiotensin II receptor blockers

One-year mortality predictors available at out-patient
examination

Subsequently we focused on establishing prognostic
indicators available at out-patient cardiology examina-
tion. Fifteen parameters that are generally available dur-
ing a routine out-patient examination were included in
the multivariate logistic regression analysis (Table 4). It
was found that, of the parameters defined in this way,
independent indicators of 1-year mortality include NYHA
functional class I1I/IV, systolic BP <100 mm Hg, coronary
artery disease, LVEDD >79 mm, a daily furosemide dose
>240 mg, and an absence of beta-blocker (Table 5).

DISCUSSION

Patient population

Patients with advanced HF constitute a select group
of patients who are considered for heart transplantation.
Heart transplantation is age-limited, and this is the main
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Survival Rate
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Fig. 1. Kaplan-Meier survival curve (1-year, 3-year, 5-year, 7-year, and 10-year survival

are depicted).

Table 2. Independent 1-year mortality predictors.

Number of patients

Parameter OR 95%CI P with the parameter (%)
Coronary artery disease 2.61 1.51-4.51 0.001 27.5
LVEDD >79 mm 2.26 1.06-4.83 0.035 9.6
Na <135 mmol/L 3.60 1.65-7.87 0.001 6.8
Intravenous treatment 3.07 1.74-5.40 <0.001 21.5
Daily furosemide dose >240 mg 2.03 1.01-4.08 0.048 11.9

LVEDD - left ventricular end-diastolic diameter, OR - odds ratio, CI - confidence interval.

Table 3. Independent mortality indicators out of parameters examined in <80% of patients.

Number of patients

Parameter OR 95%ClI P with the parameter (%)
NT-proBNP >2,297 pg/mL 3.53 1.17-10.75 0.026 50

6-minute walking test <375 m 2.06 1.21-3.49 0.007 19.4

PAsys >60 mm Hg 2.45 1.17-5.12 0.017 20.4

PCWP >27 mm Hg 2.29 1.06-4.93 0.034 20.0

OR - odds ratio, CI - confidence interval, PAsys - pulmonary arterial systolic pressure, PCWP - pulmonary capillary wedge pressure

reason that the mean age of these patients is significantly
lower than the average age of patients with HF in the
general population’’. At the same time, patients referred
for HTx evaluation are free of significant comorbidities.

The most frequent cause of HF was DCM (57%). The
occurrence of DCM was more than double the occur-
rence of coronary artery disease (27%). Other authors
recorded higher incidences of coronary artery disease in
a comparable population of patients®’.
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The incidence of comorbidities was relatively low. This
may be because the patients were relatively young and
patients with multiple comorbidities are not considered
for HTx.

Diabetes mellitus with organ complications, in particu-
lar with significant nephropathy and vascular complica-
tions, is a contraindication for HTx. For this reason, the
attending cardiologists often do not refer patients with
significant diabetic complications to the centre for con-
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sideration for HTx. It is assumed that the thorough evalu-
ation of renal function in HTx candidates also contributed
to the relatively low occurrence of renal insufficiency in
our patients. Impairment of renal functions during an
episode of cardiac decompensation or during aggressive
treatment with diuretics, in particular if renal function
was subsequently restored, was not considered renal insuf-
ficiency. Therefore, the prevalence of renal insufficiency
in our group may be regarded as occurrence of direct
renal damage, e.g. in the case of diabetic nephropathy or
nephrosclerosis. This is demonstrated by the difference
between the occurrence of renal insufficiency (7.1%) and
hypercreatinaemia (30.6%) in our patients. Data from US
transplant centres indicate that 21% of HTx candidates
have creatinaemia >132 umol/L (ref.”). Data on the preva-
lence of anaemia in chronic HF with low left ventricular
ejection fraction range from 4 to 61% (ref.310).

Survival Rates

Patients in our group had 1-year, 3-year, 5-year, 7-year
and 10 year mortality of 17%, 37%, 50%, 61%, and 77%,
respectively.

There is no doubt that the mortality of HF patients
in the era of modern treatment has decreased, but still
remains high. In the Framingham study (1948-1988),
one-year and five-year mortality in cases of HF was 43%
and 75% in men, and 36% and 62% in women''. Stewart
et al. state that one-year and four-year mortality in HF
patients in the period before modern treatment was 40%
and 65%, resp., which was worse than for most malig-
nancies'. In comparison to the non-selected population
of patients with advanced HF, the HTx candidates are
younger and extracardiac comorbidities are rarer and less
severe. Lietz and Miller analysed mortality on HTx wait-
ing lists in individual periods, and concluded that mortal-
ity had decreased. In 2000-2005, compared to 1990-1994,
the one-year mortality in outpatient HTx candidates on
waiting lists dropped from 18.2% to 10.6%. The one-year
mortality of urgent HTx candidates also decreased signifi-
cantly, from 50.5% to 31% (ref.”). Due to the characteris-
tics of our group, the mortality in our group of patients
corresponds to that of patients with advanced HF with
severe left ventricular dysfunction, only minimally modi-
fied by comorbidities. In this type of patient population,
only 7% of patients die from non-cardiac causes®.

The 1-year mortality of HF patients hospitalised at
our centre from 1998 to 2010 was 17%. One-year mor-
tality following heart transplantation was 8%, and 28%
following left ventricular mechanic support implantation
(unpublished data). Therefore, the interventions are in-
tended for patients in whom the risk level is balanced by
appropriate benefit.

One-Year Mortality Predictors

Independent predictors of one-year mortality were
coronary artery disease, left ventricular end-diastolic
diameter >79 mm, natraemia <135 mmol/L , a daily fu-
rosemide dose at discharge >240 mg, and the need for
intravenous diuretic and/or inotrope therapy following
admission. According to the statistical results, it seems
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Table 4. Parameters available at outpatient examination and
included in multivariate logistic regression as potential indica-
tors of one-year mortality.

PARAMETER

» Age, Sex, Coronary Artery Disease

» Heart rate, Systolic BP <100 mm Hg

* Body mass index

* NYHA class I1I/IV

* LBBB

* LV EF <30%, LVEDD >79 mm, RVEDD,
MR > grade 3, TR > grade 3

* ACEI, Beta-blockers

BP - blood pressure, LBBB - complete left bundle branch block, LV EF
- left ventricular ejection fraction, LVEDD - left ventricular end dia-
stolic diameter, RVEDD - right ventricular end diastolic diameter, MR
- mitral regurgitation, TR - tricuspid regurgitation, ACEI - angiotensin-
converting enzyme inhibitors.

Table 5. Independent 1-year mortality indicators
from parameters examined at outpatient examination.

PARAMETER OR 95%CI P
Coronary artery disease 1.98 1.21-3.22  0.006
NYHA III/IV 2.39  1.37-4.20 0.002
Sys BP < 100 mmHg 2.34  1.22-446  0.01
Beta-blocker 1.84 1.00-3.39  0.05
Daily furosemide dose > 240mg 2.40 1.32-4.37  0.004
LVEDD > 79mm 2.08 1.02-4.22 0.043

OR - odds ratio, CI - confidence interval, sys BP - systolic blood pres-
sure, LVEDD - left ventricular end-diastolic diameter.

that the most powerful indicators of 1-year mortality in
our group are hyponatraemia and intravenous therapy.
Hyponatraemia is generally considered a predictor of
non-favourable prognosis in HF patients'*'®. Intravenous
therapy comprised the administration of diuretic agents
and/or inotropy. It was administered to patients with de-
compensated HF, or to those with signs of hypoperfusion.
Significant left ventricular dilatation indicated an unfa-
vourable development. Some authors mention the predic-
tive value of end-diastolic’ or end-systolic left ventricular
dilatation*?'. In patients with advanced HF, it is usually
necessary to administer furosemide to decrease the risk
of repeated cardiac decompensation. Other predictors
of one-year mortality, independent of those mentioned
above, were NT-proBNP >2,297 pg/mL, 6-minute walk-
ing distance <375 metres, systolic pressure in pulmonary
artery >60 mm Hg, and pulmonary artery wedge pressure
>27 mm Hg.

In the course of the follow-up period, we proceeded
from BNP measurements to NT-proBNP measurements.
In our group, the median NT-proBNP was 2,297 pg/mL.
Some authors mention the NTproBNP value of 1,000 pg/
mL as a limit which predicts an increased risk of adverse
episodes, independent of other subjective or objective
parameters?’. In the population of HTx candidates, other
authors mention NT-proBNP >4,302 pg/mL as a nega-
tive predictor®. Published data on the prognostic value
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of the 6-minute walking test in HF patients is inconsis-
tent?*2?*. The walking test was not performed in patients
in poor functional condition with an obvious intolerance
of physical activity. The right-sided heart catheterization
procedure is not a routine examination in patients with
advanced HF, but is necessary prior to inclusion on the
HTXx waiting list.

In general, systemic hypotension is considered a nega-
tive prognostic predictor in patients with HF * 5 In our
group, systolic blood pressure <100 mm Hg showed a
trend to increased one-year mortality, however this just
failed to reach statistical significance (P = 0.08). Low
blood pressure in this population of patients may be a sign
of poor circulation. On the other hand, in stable patients,
a well tolerated vasodilator treatment may contribute to a
relatively lower blood pressure.

In order to increase the efficiency of the consulta-
tion process for external cardiologists with candidates
for heart transplantation, we assessed 15 parameters that
are easily available during a routine outpatient cardiology
examination. Independent predictors of 1-year mortality
that were close to significant included NYHA functional
class III/IV, systolic BP <100 mm Hg, coronary artery
disease, LVEDD >79 mm, a daily furosemide dose >240
mg, and the absence of a beta-blocker. Just as in the case
of “the large” analysis, the 1-year mortality indicators were
coronary artery disease, a daily furosemide dose >240 mg
and LVEDD >79 mm, and also systolic BP <100 mm Hg,
and absence of beta-blockers.

Limitations

Our study is a retrospective analysis. For this reason,
several evaluated parameters were not available in all
patients. We have been examining NT-proBNP as part
of routine practice since 2007; before that we measured
BNP. Since 2001, we have initiated a routine performance
of the 6-min walking test in accordance with a standard
protocol. In addition, some of the indication criteria
changed during the follow-up period, e.g. those for the
use of resynchronisation therapy. Internal manuals and
procedures in our centre have also been modified and de-
veloped. Since 2007, we have experienced roughly a two-
fold increase in the number of heart transplantations, and
implantations of mechanical support systems have started
- which also influenced the HTx indication criteria.

CONCLUSION

The study describes the long-term follow-up of a select-
ed group of patients with advanced heart failure at a single
centre; their mortality is only minimally limited by para-
cardiac morbidity. The medium and long-term outlook for
survival in this population of patients is poor. Due to the
enormous increase in the number of MCS implantations
and the stagnation in the number of heart transplants,
the analysed patients are potential candidates for MCS
implantation. Knowledge of easily available prognostic
predictors may improve the identification of patients who
may benefit from heart replacement therapy.
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