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Abstract

Introduction: Despite advances in pharmacotherapy, electro-
therapy and interventional treatment, chronic heart failure
(HF) is still associated with poor long-term outcome.

Aim of the study: To determine the death rate and risk factors
in patients with HF of ischemic and non-ischemic etiology in
five-year follow-up.

Material and methods: Consecutive patients with chronic sys-
tolic HF hospitalized in the period 2006-2008 were analyzed ret-
rospectively. Study exclusion criteria were: infections (< 3 months
before hospitalization), hemodynamically significant valve dis-
ease, advanced chronic kidney disease, liver cirrhosis and neo-
plastic diseases (< 5 years before hospitalization).

Results: The analysis encompassed 266 patients divided into
two groups: Group A, with HF of ischemic etiology (n = 157),
and Group B, with HF of non-ischemic etiology (n = 109). Mor-
tality was significantly higher in Group A than in Group B (49%
vs. 28.4%, p = 0.001). The independent risk factors for death
in Group A were: New York Heart Association (NYHA) class
(HR = 1.81; p < 0.001); concentrations of high-sensitivity
C-reactive protein (hs-CRP) (HR = 1.01; p < 0.05), fibrinogen
(HR = 1.04; p < 0.001) and N-terminal prohormone brain na-
triuretic peptide (NT-proBNP) (HR = 1.02; p < 0.001); and right
ventricular end-diastolic diameter (RVEDd) (HR = 1.07; p < 0.01).
In Group B they were age (HR = 1.07; p < 0.05) and NT-proBNP
concentration (HR = 1.03; p < 0.001).

Conclusions: Mortality was significantly lower in Group B than
in Group A. The independent risk factors for death in Group B
were age and NT-proBNP serum concentration, whilstin Group A
they were NYHA class, serum concentrations of hs-CRP,
NT-proBNP and fibrinogen, and RVEDd.

Key words: prognostic factors, chronic systolic heart failure.

Streszczenie

Wstep: Mimo postepéw w leczeniu farmakologicznym, inter-
wencyjnym i elektroterapii przewlekta niewydolnosé serca (NS)
nadal wigze sie z niekorzystnym rokowaniem odlegtym.

Cel pracy: Okreslenie czestosci wystepowania zgondw i czyn-
nikéw ryzyka u chorych z NS o etiologii niedokrwiennej i nie-
niedokrwiennej w okresie 5-letniej obserwacji.

Materiat i metody: Retrospektywnej analizie poddano kolej-
nych chorych z przewlekta skurczowa NS hospitalizowanych
w latach 2006-2008. Kryteriami wytaczenia byty: infekcje (do
3 miesiecy przed hospitalizacjg), obecnos¢ istotnej wady za-
stawkowej, marskos¢ watroby, zaawansowana przewlekta
choroba nerek oraz choroba nowotworowa (w okresie 5 lat
przed wtaczeniem do badania).

Wyniki: Do analizy zakwalifikowano 266 pacjentéw, ktérych
podzielono na dwie grupy: grupe A — o etiologii niedokrwiennej
(n = 157), i grupe B — o etiologii nieniedokrwiennej (n = 109).
Czestos¢ wystepowania zgondw byta istotnie wyzsza w grupie A
niz w grupie B (49% vs. 28,4%, p = 0,001). Analiza wieloczyn-
nikowa wykazata, ze niezaleznymi czynnikami zwiekszajacymi
ryzyko zgonu w grupie A byty: klasa NYHA (HR 1,81; p < 0,001),
stezenie w surowicy wysokoczutego biatka C-reaktywnego
(hs-CRP) (HR 1,01; p < 0,05), fibrynogenu (HR 1,04; p < 0,001),
N-koncowego fragmentu propeptydu natriuretycznego typu B
(NT-proBNP) (HR 1,02; p < 0,001) oraz wymiar koncoworozkur-
czowy prawej komory (RVEDd) (HR 1,07; p < 0,01), a w grupie B
wiek (HR 1,07; p < 0,05) i stezenie NT-proBNP (HR 1,03; p < 0,001).
Whioski: Czestos¢ wystepowania zgondw byta istotnie nizsza
w grupie B w poréwnaniu z grupa A. Niezaleznymi czynnikami
ryzyka zgonu w grupie B okazaty sie: wiek i stezenie w suro-
wicy NT-proBNP, natomiast w grupie A: klasa NYHA, stezenie
hs-CRP, NT-proBNP, fibrynogenu oraz RVEDd.

Stowa kluczowe: czynniki prognostyczne, przewlekta skurczo-
wa niewydolnos¢ serca.
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Introduction

Despite advances in pharmacotherapy, electrotherapy
and interventional treatment, chronic heart failure (HF) is
still associated with poor outcome. According to popula-
tion studies, the five-year mortality in symptomatic HF is
approximately 60% [1]. The ageing of societies, combined
with the civilizational development, is conducive to the oc-
currence of coronary disease, hypertension, arrhythmia,
heart valve disease, obesity and depression, all of which
increase the risk of HF [2-4]. The prevalence of HF in the
general population is 2-3%, whilst in individuals aged 70-
80, it increases to 10-20% [5]. It is estimated that one in five
40-year-olds, regardless of their gender, will at some stage
of their life suffer from symptomatic HF [5]. The disease
is becoming an increasingly serious social and economic
problem.

Aim of the study

The aim of the work was to determine the risk factors
for a five-year death in patients with HF of ischemic and
non-ischemic etiology.

Material and methods

The clinical data of 328 consecutive patients with chron-
ic systolic HF hospitalized at the Clinical Cardiology Cen-
ter in the period 2006-2008 were analyzed retrospectively.
Included in the study were patients with chronic systolic
HF (left ventricular ejection fraction LVEF < 40%) diagnosed
at least 6 months before hospital admission. Study exclu-
sion criteria were: infectious diseases in the previous three
months, hemodynamically significant valve disease, liver
cirrhosis, advanced chronic kidney disease (eGFR < 30 ml/
min/1.73 m?), and neoplastic disease.

Data regarding patient history, physical examination,
laboratory results, resting electrocardiography, echocar-
diography and coronary angiography were available for all
patients.

The biochemical diagnostics were carried out with the
Cobas Integra analyzer (Roche). The concentrations of
hs-CRP (mg/l) were measured by latex-enhanced immuno-
turbidimetric assay with a 552 nm wavelength (Cobas In-
tegra 800; Roche). NT-proBNP concentrations (pg/ml) were
measured by immunochemiluminescence with reagents by
ROCHE DIAGNOSTICS (Elecsys 2010, Roche). The estimated
glomerular filtration rate (eGFR) was calculated with the
MDRD equation. Data concerning long-term follow-up were
obtained from the medical documentation of the Cardiology
Out-patient Clinic and by telephone contact with the pa-
tients or their families.

The endpoint was death from any cause. Sudden car-
diac death was defined as death caused by an unexpected
circulatory arrest, taking place within one hour of the onset
of symptoms. The remaining causes of death were deter-
mined by a postmortem examination. The cause of death
was classified as unspecified if no sudden cardiac death
occurred and no postmortem was carried out.
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HF of ischemic etiology was defined as the presence of
at least one of the following: 1) a stenotic lesion > 50% in
at least one epicardial coronary artery in coronarography,
2) past myocardial infarction, 3) past percutaneous or sur-
gical coronary artery revascularization. If none of these
criteria was met, the HF etiology was classified as non-is-
chemic. Clinical follow-up started on admission and lasted
five years.

Statistical analysis

The data were collated in a spreadsheet and analyzed
preliminarily. The thus verified data were then moved to
a statistical program for final analysis. The distribution of
qualitative variables was verified with the Shapiro-Wilk
test. For the comparison of data between two groups of
patients the following were used:

« for data with normal distribution or after normalization:
Student’s t-test for independent data; variance homoge-
neity was assessed with Levene’s test,

« for data with distribution other than normal: Mann-Whit-
ney U test,

« for quantitative variables: ¥? test with Yates continuity
correction.

The cumulative survival curves were plotted with the
Kaplan-Meier method. The significance of differences be-
tween groups was assessed with the logrank test. Data
with normal distribution are shown as mean * standard
deviation (SD). Data with distribution other than normal
and ordinal data are presented as median and upper and
lower quartiles. Qualitative data are shown as percentages.
The multiple factor model was based on Cox regression
analysis. The best subset of independent variables was
identified with the backward stepwise method. The results
are presented as hazard ratio (HR) with a 95% confidence
interval and the level of significance. P < 0.05 was consid-
ered statistically significant. All data were analyzed using
the STATISTICA software (Data Analysis Software System),
version 10.0 by StatSoft Inc.

Results

Between January 2006 and February 2008, 328 patients
with chronic HF were hospitalized at the Clinical Cardiol-
ogy Center. Based on the study inclusion and exclusion cri-
teria, 282 patients were qualified for the study, though in
16 cases the long-term follow-up data were incomplete. The
final five-year clinical follow-up encompassed 266 patients:
157 with HF of ischemic etiology (group A) and 109 with HF
of non-ischemic etiology (group B). The basic patient char-
acteristics by group are presented in Table I.

Figure 1 shows the drugs used by patients during fol-
low-up.

In the five-year follow-up, death occurred in 77 (49.0%)
patients in group A and in 31 (28.4%) patients in group B.
The causes of death are shown in Figure 2.

There were no significant differences between the
groups with regard to the frequency of implantation of
cardioverter-defibrillators (15.4% in group A and 18.9% in
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Tab. I. Basic patient characteristics by group

Parameter &riufs% (’Gvrgul%g) P
Age [years] 579 £8.5 46.6 £ 11.8 < 0.001
Male gender 140 (89.2%) 96 (88.1%) NS
HF duration [months] 37 (13-64) 24 (9-60) 0.03
NYHA class 3(2-3) 2 (2-3) < 0.001
Diabetes 57 (36.3%) 12 (11.0%) < 0.001
Hypertension 92 (58.6%) 46 (42.2%) < 0.001
COPD 18 (11.5%) 2 (1.8%) 0.007
Hypercholesterolemia 146 (93%) 43 (39.5%) < 0.001
Past MI 123 (78.3%) - -
Past PCl 67 (42.7%) - -
Past CABG 38 (24.2%) -
Cardioverter-defibril- 10 (6.4%) 2 (18%) NS
lator

Sﬁg’;g;ronizaﬁo" 3 (1.9%) 0 (0%) NS
QRS duration [ms] 120.1 £33.2 121.1+31.1 NS
HR [1/min] 83 (70-90) 81 (66-90) NS
LVEF [%] 237468 262+7 0.003
NT-proBNP [pg/ml] (56172;(1)30) (434.952?2030) NS
eGFR [ml/min/1.73 m2]  71.8 + 24.7 933+213 < 0.001
Sodium [mmol/1] 1357 +4.4 136.8 + 3.6 0.04

CABG - coronary artery bypass graft, HR — heart rate, LVEF - left ventricular ejec-
tion fraction, Ml — myocardial infarction, NYHA — New York Heart Association,
PCl - percutaneous coronary intervention, COPD — chronic obstructive pulmonary
disease

group B, NS) and resynchronizers (6.4% in group A and
4.7% in group B, NS) in long-term follow-up.

Figure 3 shows the Kaplan-Meier cumulative survival
curve in groups A and B.

Tables Il and Il present selected clinical, echocardio-
graphic and biochemical parameters in groups A and B, re-
spectively, divided by five-year survival and death. Tables IV
and V list the independent prognostic factors in both groups.

Discussion
Over the last few years, numerous prospective random-
ized clinical trials and epidemiological and observational

Group A

Unknown cause 31.2%

Pneumonia 9.1%

Pulmonary
embolism 9.1%

Stroke

Myocardial
infarction 4.3%
Sudden cardiac death 24.7%

Fig. 2. Causes of death in group A and group B
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30 1

Proportion of patients [%]

20 7
10 7

ARBs

Thiazi- Cardiac Statins
des glycosides
12.10% 40.10% 82.20%

ACE B-blockers MRA  Loop
inhibitors diuretics
W Ischemic 84.70% 91.10% 93.00% 87.90% 9.60%
heart failure
O Non- 98.20% 82.60% 98.20% 96.30%
ischemic
heart failure

6.40% 11.90% 27.50% 67.90%

Fig. 1. Pharmacotherapy in the two groups

studies have been conducted in the population of patients
with chronic HF [1, 3, 6-8]. Most analyses, however, encom-
passed etiologically heterogeneous groups of patients. In
our study, we analyzed five-year risk factors for death in
consecutive hospitalized patients with chronic systolic HF
of ischemic and non-ischemic etiology. The study showed
that patients with ischemic HF were significantly older than
patients with non-ischemic etiology. This observation is
confirmed by large population studies, clinical studies and
the POLKARD-HF register [3, 6-8].

Our study showed that concomitant diseases were sig-
nificantly more frequent in patients with HF of ischemic
than non-ischemic etiology. Other studies, such as the Eu-
roHeart Failure Survey and American National Health and
Nutrition Survey, also confirmed the high percentage of
patients with HF and concomitant diseases [9, 10]. In the
ZOPAN register, one in two HF patients suffered from at
least three concomitant diseases [7].

In our study, we observed a low percentage of implan-
tation of cardioverter-defibrillators (ICD) and resynchro-
nizers (CRT). These data were comparable to those from
large European registers of HF patients. Analyzing the data
from the ESC-HF Pilot Survey 2009-2013, Maggioni et al.

Group B

Pulmonary embolism 9.7%

Unknown cause 35.5%

Stroke
9.7%

Sudden cardiac death 45.2%
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concluded that only one in three patients with ICD indica-
tions and one in five patients with CRT indications actually
underwent device implantation [11].

Also van Veldhuisen et al, based on the analysis of
patients recruited to the Eucomed register in 2004-2008,
observed a significant difference between the number of
patients who, according to the guidelines, qualified for
high-energy device implantation and the number of actual
implantations [12].

Our analysis showed that the five-year mortality in
the studied population was 40.6% and was higher in pa-
tients with ischemic HF This finding is in consonance
with other studies, which showed the outcome in pa-
tients with ischemic HF to be worse than in non-ische-
mic HF [6, 13, 14]. This observation was also confirmed
by the results of the MAGGIC meta-analysis, which
demonstrated that the ischemic etiology of HF was con-
nected with both a higher risk of death from any cause
(HR 1.07) and death from cardiovascular causes (HR 1.11)
[14]. Based on their analysis of 534 participants in the
Framingham Heart Study, Lee et al. showed that, com-

Tab. Il. Basic characteristics of group A, by survival and death

Survival Death

Group A (N = 80) W =77) P
Age [years] 56.6 = 9.0 59.4+8.4 0.04
HF duration [months] 24 (12-48) 55 (16-72) 0.006
NYHA class 2(2-3) 3(3-4) < 0.001
LVEF [%] 259+7.1 22.1+6.2 < 0.001
LA [mm] 446 5.7 482 +7.2 < 0.001
RVEDd [mm] 274+44 30.0+£5.0 < 0.001
hs-CRP [mg/|] 2.56 (1.3-4.11) 4.58 < 0.001
(2.01-12.)

Fibrinogen [mg/dl] (32314—‘;58.5) (37;229.5) < 0.001
NT-proBNP [pg/ml] (403.516—3026) (12315-93340) <0.001
eGFR [ml/min/1.73 m2?] 80.3 £ 21.6 64.3+253 < 0.001
Uric acid [umol/1] 4173 £126.0 4712 +146.3 0.02
Bilirubin [umol/1] (10.183_'147_8) (12.91;35_5) <0.001

eGFR - estimated glomerular filtration rate, hs-CRP — high-sensitivity C-reactive
protein, LA — left atrium, LVEF — left ventricular ejection fraction, NT-proBNP —
N-terminal propeptide of the brain natriuretic peptide, NYHA — New York Heart
Association, RVEDd - right ventricular end-diastolic diameter M-mode (diastole)

Tab. IV. Factors affecting the death rate in group A. Results of the
multiple factor analysis of Cox proportional hazard

s :
: [—

Survival probability [%]

0 12 24 36 48 60
Time [months]
—— Ischemic heart failure
----- Non-ischemic heart failure

Fig. 3. Kaplan-Meier cumulative five-year survival curve

pared to other etiologies, ischemic HF was associated
with the poorest outcome in 3.2 + 3.6 years of follow-up
(HR 1.36) [15].

Tab. lll. Basic characteristics of group B, by survival and death

Survival Death

Group B (N =78) N = 31) P

Age [years] 44.8 +11.4 51.3+11.6 0.02

HF duration [months] 14.5 (7-42) 48 (12-60) 0.03

NYHA class 2(2-2) 25 (2-3) < 0.001

Diabetes 3 (3.8%) 9 (29%) < 0.001

LVEF [%] 27.8+6.9 23.2+6.7 0.003

RVEDd [mm] 29.0+4.9 325+54 0.005
112 3.08

hs-CRP [mg/I] (0.74-2.68) (1.22-5.6) 0.04
745.8 2067.5

NT-proBNP [pg/mll (3959.13425) (1116.5-3880.5) < 000!

eGFR [ml/min/1.73 m2] 96.3 +18.5 84.2 +26.8 0.03

Uric acid [umol/1] 418.7 +112.3 489.5 + 140 0.03

T 16.6 18.5
Bilirubin [umol/1] (115-21.5) (143-28.8) 0.049

eGFR — estimated glomerular filtration rate, hs-CRP — high-sensitivity C-reactive
protein, LVEF — left ventricular ejection fraction, NT-proBNP — N-terminal propep-
tide of the brain natriuretic peptide, NYHA — New York Heart Association, RVEDd
- right ventricular end-diastolic diameter M-mode (diastole)

Tab. V. Factors affecting the death rate in group B. Results of the
multiple factor analysis of Cox proportional hazard.

Parameter HR +95% Cl P Parameter HR +95% Cl P
NYHA class 1.8136  1.2964-2.5370  0.0005 Age 10680 1.0095-1.1300  0.0221
hs-CRP (per 1 mg/l) 1.0139  1.0031-1.0249  0.0118 NT-proBNP (per 100 pg/ml) 1.0347  1.0166-1.0529  0.0001
Fibrinogen (per 10 mg/dl) 1.0382 1.0162-1.0606  0.0006 Z;;g:zard ratio, NT-proBNP — N-terminal propeptide of the brain natriuretic
NT-proBNP (per 100 pg/ml) 1.0222  1.0097-1.0349  0.0005

RVEDd (per 1 mm) 10676  1.0166-1.1212  0.0088

HR — hazard ratio, hs-CRP — high-sensitivity C-reactive protein, NT-proBNP —
N-terminal propeptide of the brain natriuretic peptide, NYHA — New York Heart
Association, RVEDd — right ventricular end-diastolic diameter
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However, several studies present different results. Lou-
renco et al. followed up 286 patients with HF of ischemic
(38.1%) and non-ischemic etiology (61.9%) [16]. The authors
found that in the 41-month follow-up there were no signifi-
cant differences in mortality between the analyzed groups
(30.0 vs. 23.2%, p = 0.258) [16]. It should be noted that no
coronarography was performed in a large percentage of the
studied patients and that patients with valvular HF were
included in the non-ischemic HF group [16]. Korewicki et al.
analyzed the mortality in patients from the POLKARD-HF
register in a 601-day follow-up period [8]. In 43.2% of pa-
tients, HF was related to coronary disease. The authors
observed no significant differences in the outcome in the
ischemic and non-ischemic HF groups [8].

In our study, age was an independent risk factor for
death in the non-ischemic HF group. In the ischemic group,
the risk factors were: NYHA class, serum concentrations of
hs-CRP and fibrinogen, and right ventricular end-diastolic
diameter. The concentration of NT-proBNP was a risk factor
in both groups.

In the study by Allen et al. conducted in a population of
patients from the CHARM study, age was also an indepen-
dent risk factor for death from cardiovascular causes or for
hospitalization due to HF exacerbation (HR 1.32 per each
10 years over the age of 60; p < 0.0001) in a follow-up
period of 38 months [17]. The independent prognostic val-
ue of age for death from any cause was confirmed by the
study of Wedel et al. involving patients from the CORONA
trial (HR 1.26 per each 10-year increase; p < 0.0001) [18].

These observations are confirmed by the results of Sen-
ni et al., where age was a predictor of death or urgent heart
transplantation (OR 1.13; 95% Cl: 1.0-1.4; p < 0.0001) [19].

An elevated NT-proBNP concentration was a risk factor
in both groups. In the analysis by Cleland et al. conducted
in over 5000 patients with systolic ischemic HF from the
CORONA trial [20], the strongest risk factor for death was
NT-proBNP concentration expressed as a logarithm. An in-
crease of this parameter by one logarithmic unit was as-
sociated with a 1.5-fold increase in the risk of death for any
cause [20].

In their analysis of almost 2000 placebo-receiving pa-
tients from the Val-HeFT trial, Masson et al. determined the
prognostic value of NT-proBNP concentration in two-year
follow-up (HR = 1.403 per increase by one logarithmic unit;
p < 0.0001) [21]. The prognostic value of NT-proBNP concen-
tration was also confirmed in patients with advanced HF. In
the report by Korewicki et al. regarding patients from the
POLKARD register, NT-proBNP concentration over 4302 pg/
ml increased the risk of death or urgent heart transplanta-
tion by 1.6-fold [8]. The meta-analysis of eight randomized
clinical trials showed that in patients in whom treatment
intensity was conditioned by the concentration of natriu-
retic peptides (RR 0.76; p = 0.003), the risk of death was
significantly lower than in patients treated the classical
way [22].

HF is associated with a chronic inflammatory condition
[23], whilst its mediators are associated with poorer out-
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come in HF In our study, the inflammatory marker (hs-CRP
concentration) was an independent risk factor for death in
patients with ischemic HF in five-year follow-up. The study
by Windram et al. conducted in a group of 957 patients
with chronic systolic HF confirmed the value of hs-CRP in
the prediction of death in 21 + 10 months of follow-up [24].
Similar to our analysis, patients with infections, tumors
and other diseases involving inflammation were excluded
from the study [24]. Kozdag et al. observed that serum
concentration of hs-CRP was an independent risk factor
for death from cardiovascular causes in 17 + 13 months of
follow-up (HR 1.1; p < 0.001). Patients with infections were
not excluded from the study, a fact that may have affected
the results of the analysis [25].

Although the association between fibrinogen and athe-
rosclerotic processes has been well documented, little is
known as to its role in HF. In our study, fibrinogen was an
independent risk factor for death in patients with ischemic
HF The protein is known to be able to facilitate leucocyte
chemotaxis, as well as to stimulate the expression of proin-
flammatory cytokines which affect cardiomyocyte apopto-
sis. Additionally, by affecting the endothelial function, it is
conducive to atherosclerotic plaque formation [26]. Fibrino-
gen may also facilitate the creation of thrombi in microcircu-
lation and affect the rheological properties of plasma. This
may lead to microcirculatory disorders, which in turn can
cause hypoperfusion and recurrent ischemic events [26, 27].

Enlarged right ventricular diameter (RVEDD) was an-
other independent risk factor in the ischemic HF group.
Although the assessment of right ventricular diameter is
a standard element of the echocardiographic examination,
there are few data assessing the prognostic value of this
parameter in patients with HE One of the few studies on
the subject was conducted by Meluzin et al. in almost 200
patients [28] with mean left ventricular ejection fraction of
23%, followed up for 16 months. The patients who died had
an increased RVEDd more frequently than the patients who
completed the follow-up (32 mm vs. 36 mm, p < 0.05) [28].
In the study conducted by Chrustowicz et al., RVEDd was
an independent risk factor for death from cardiovascular
causes after mitral valve annuloplasty (HR 1.1; p = 0.04) [29].

Another independent prognostic risk factor in patients
with ischemic HF was NYHA class. Gustafsson et al. ana-
lyzed the prognostic factors in 4012 consecutive patients
hospitalized in 18 Danish clinics [30]. The mortality in
580-day follow-up was 18%, and NYHA class Il and IV was
an independent risk factor for death or hospitalization
(HR 1.32; p < 0.0001) [30]. Higher NYHA class was associat-
ed with poorer outcome also in the previously cited reports
from large clinical trials, such as CORONA, Val-HeFT and
CHARM [17-20].

The strength of this study is the long follow-up period
of consecutive patients from everyday clinical practice hos-
pitalized at a center with facilities for invasive diagnostics
of coronary disease. The angiographic examination of coro-
nary arteries in all patients facilitated patient stratification
by disease etiology. Its limitations are the retrospective

Kardiochirurgia i Torakochirurgia Polska 2014; 11 (1)



HEART AND LUNG FAILURE, TRANSPLANTOLOGY

character and the absence of postmortem documentation
of the cause of death in a large percentage of cases.

Conclusions

Risk factors for death in patients with ischemic heart

failure are: NYHA class; serum concentrations of fibrino-
gen, NT-proBNP and hs-CRP; and right ventricular end-
diastolic diameter. Risk factors for death in patients with
non-ischemic heart failure are age and NT-proBNP serum
concentration.
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