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INTRODUCTION  Aortic stenosis (AS), usually 
of degenerative etiology, is the most common 
form of valvular heart disease.1 Aortic valve re-
placement is explicitly recommended in severe, 
symptomatic AS with preserved left ventricular 
ejection fraction (LVEF).2 However, in elderly pa-
tients, breathlessness and chest tightness may be 
recognized as nonspecific symptoms secondary 

to diminished physical fitness. Another impor-
tant issue are comorbidities, which are common 
in the elderly, are related to the general condition 
of the patient, and are determinants of the oper-
ative risk. Ultimately, the decision to operate is 
based on a delicate balance between the risk and 
the outcome benefit of aortic valve replacement. 
The identification of patients with the most severe 
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ABSTRACT

INTRODUCTION  Patients with severe aortic stenosis (AS), high mean gradient (HMG), and preserved left 
ventricular ejection fraction (LVEF) may present with paradoxical “low flow” (LF).
OBJECTIVES  The aim of the study was to assess the potential effect of cardiac collagen metabolism on 
the HMG/LF phenomenon in patients with severe AS and to determine a clinical and echocardiographic 
pattern of these patients.
PATIENTS AND METHODS  We assessed a clinical status of 89 patients, aged over 64 years, with severe 
AS, HMG, and preserved LVEF (≥50%). Cardiac structure and function as well as systemic arterial he‑
modynamics were assessed with echocardiography, conventional Doppler, and tissue Doppler imaging. 
Moreover, plasma levels of N‑terminal pro‑B‑type natriuretic peptide (NT‑proBNP), procollagen III N‑ter‑
minal propeptide (PIIINP), carboxyterminal telopeptide of collagen type  I, matrix metallopeptidase 9, 
and inhibitor of matrix metalloproteinase type 1 were evaluated. We analyzed 2 groups of patients: with 
normal flow (stroke volume index [SVI], ≥35 ml/m2; n = 70) and with LF (SVI, <35 ml/m2; n = 19).
RESULTS  Patients with LF were older, had a larger left atrium and left atrial volume index, smaller aortic 
valve area, lower energy loss index, stroke work, mitral flow E velocity, mitral annular E’ and S’ velocities 
and systemic arterial compliance, higher relative left ventricular wall thickness, E/E’, systemic arterial 
resistance and valvulo‑arterial impedance. We observed a correlation between SVI and NT‑proBNP, PIIINP, 
and selected parameters of cardiac structure and function.
CONCLUSIONS  In patients with severe AS, HMG and preserved LVEF, the LF is related to a more severe 
obstruction, altered aortic hemodynamics, cardiac dysfunction, and higher blood levels of NT‑proBNP. 
An inverse association between PIIINP and SVI may indicate enhanced tissue fibrosis as an underlying 
pathology.
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diseases, severe pulmonary, liver, or kidney dis-
ease, abnormal thyroid function, and inadequate 
echocardiographic imaging. Patients were dividied 
into 2 groups: with an HMG and normal stroke 
(NF) defined as an SVI of at least 35 ml/m2 (n = 
70), and with an HMG and low stroke (low flow) 
defined as an SVI of less than 35 ml/m2 (n = 19).

Echocardiographic, conventional Doppler, and tis-
sue Doppler examination  All patients underwent 
a comprehensive echocardiographic examina-
tion including M‑mode, B‑mode, conventional, 
and tissue Doppler echocardiograophy with the 
S3 probe (HP/Philips Sonos 5500). Blood pres-
sure was measured immediately before echocar-
diographic and Doppler studies and was post-
poned in patients with blood pressure exceeding 
140/90 mmHg until it normalized. All echocar-
diography recordings were stored and reanalyzed 
offline by 2 independent cardiologists experi-
enced in echocardiography.
1  The severity of valvular obstruction was as-
sessed based on the AVA calculated with the con-
tinuity equation indexed by the BSA (AVAI), peak 
velocity, and HMG across the aortic valve calcu-
lated with the Bernoulli’s equation. Stroke vol-
ume (SV) was measured at the LV outflow tract 
and indexed by the BSA (SVI). Additionally, an en-
ergy loss index (ELI) was assessed. The ELI was 
calculated using the following formula: ELI = 
[(AVA × AA)/(AA – AVA)]/BSA, where AA denotes 
aortic cross‑sectional area derived from the di-
ameter of the aorta measured at the sinotubu-
lar junction.14

2  The LV systolic function was assessed using the 
following parameters: LVEF calculated with the bi-
plane Simpson’s method; midwall fractional short-
ening (MFS) calculated from the measurements 
of the posterior wall thickness (PWT) and LV in-
ternal dimension (LVID) at end‑diastolic (LVIDd) 
and end‑systolic (LVIDs) phases with the fol-
lowing formula: MFS = (LVIDd/2 + PWTd/2) – 
(LVIDs/2  +  PWTs/2)/(LVIDd/2  +  PWTd/2); 
stroke work (SW) using the  following for-
mula: SW  = (mean arterial pressure [MAP]  
+ HMG) × SV × 0.0136; and longitudinal systol-
ic function by means of mitral annular average 
systolic velocity (S’) assessed for the septal and 
lateral sites.
3  To assess LV diastolic function the following 
parameters were measured: early (E) and late (A) 
transmitral peak flow velocities as well as mi-
tral annular average E (E’) velocities assessed for 
septal and lateral sites. The E/A and E/E’ ratios 
were subsequently calculated. The left atrial vol-
ume was determined with the biplane Simpson’s 
method and indexed by the BSA (left atrial vol-
ume index [LAVI]).
4  The LV mass (LVM) and geometry. Inter-
ventricular septum diastolic thickness (IVSTd), 
PWTd, and LVIDd were measured to calcu-
late the LVM using the formula of the Ameri-
can Society of Echocardiography modified by 
Devereux15: LVM = 0.8 × 1.04 × [(LVIDd + IVSTd 

AS exhibiting its hemodynamic effects on cardiac 
function and understanding the pathophysiolo-
gy of cardiac deterioration may help in decision 
making before a surgical or, alternatively, trans-
cutaneous intervention.3 Although echocardiogra-
phy remains the main examining tool in valvular 
disease and heart failure, neurohormones, adipo-
kines, and several extracellular matrix modulators 
have been recently assessed as potential pathoge-
netic, diagnostic, and prognostic factors in AS.4‑10

In some patients presenting with small aortic 
valve area (AVA), a “low-flow” (LF) condition may 
be present, defined as a reduced stroke volume in-
dex (SVI) lower than 35 ml/m2. Of interest, even in 
the population with a high mean gradient (HMG 
>40 mmHg), some patients may present with LF. 
The HMG/LF pattern was identified as an indica-
tor of the most severe AS with preserved cardiac 
reserve that allows to produce a gradient of more 
than 40 mmHg despite the LF.11 This condition, 
similarly to the “high mean gradient/high flow” 
pattern, is a strong independent determinant of 
a poor prognosis compared with the “low mean 
gradient/normal flow” pattern.12 However, it is 
related to an exceptionally good prognosis after 
surgery compared with medical treatment.11 Bri-
and et al.13 have been the first to show that arteri-
al stiffening characterized by reduced systemic ar-
terial compliance increases global left ventricular 
load and may result in the LF.

The aim of the current study was to assess 
the potential effect of cardiac collagen metab-
olism on the HMG/LF phenomenon in patients 
with severe AS and to determine a clinical and 
echocardiographic pattern of these patients.

PATIENTS AND METHODS  The study included 
a total of 89 patients with severe, degenerative 
AS and preserved LVEF, aged over 64 years. Ac-
cording to the European Society of Echocardiog-
raphy/European Association for Cardio-Thoracic 
Surgery (ESC/EACTS) guidelines,2 AS was defined 
as severe when an HMG exceeded 40 mmHg and 
AVA indexed by the body surface area (BSA) of less 
than 0.6 cm/m2. Patients were classified as symp-
tomatic if the cardinal manifestations of AS were 
observed, namely, angina, syncope on exertion, 
or heart failure of at least functional class II of 
the New York Heart Association classification. The 
left ventricular (LV) systolic function was classi-
fied as preserved when the LVEF was at least 50%. 
A coronary angiography was performed in all pa-
tients and significant coronary artery disease was 
diagnosed when the most severe reduction of the 
coronary artery diameter exceeded 50%. During 
the study, some patients were treated with an-
giotensin‑converting enzyme inhibitors (ACEIs, 
n = 12), diuretics (n = 39), β‑blockers (n = 14), and 
statins (n = 46). The exclusion criteria were as fol-
lows: another significant valvular heart disease 
(moderate‑to‑severe aortic insufficiency or mitral 
valve disease), a history of myocardial infarction, 
permanent stimulation, atrial fibrillation, un-
controlled hypertension, current inflammatory 
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quantitative radioimmunoassay (Orion Diagnos-
tica UniQ, Espoo, Finland). The circulating lev-
els of matrix metallopeptidase 9 (MMP‑9) and 
carboxyterminal telopeptide of collagen type I 
(CTX), as markers of extracellular collagen deg-
radation, and the tissue inhibitor of matrix me-
talloproteinase type 1 (TIMP-1; the most relevant 
physiological inhibitor of MMP-9) were deter-
mined by quantitative sandwich enzyme immu-
noassays (Quantikine Human MMP‑9 Immuno-
assay and Quantikine Human TIMP‑1 Immuno-
assay, R&D Systems Inc, Minneapolis, Minnesota, 
United States; Orion Diagnostica UniQ for CTX).

The study was approved by the Ethics Com-
mittee of the Medical University of Łódź, and 
each patient provided a written informed consent.

Statistical analysis  Continuous data were ex-
pressed as mean ± standard deviation. Variables 
were log‑transformed before the statistical anal-
ysis, if necessary. Differences between the groups 
were compared using the t test or Mann–Whitney 
test, as appropriate. Categorical variables were 
presented as a number and percentage of patients, 
and comparisons between the analyzed groups 
were performed with the χ2 test. Associations be-
tween the LF (SVI <35 ml/m2) and the analyzed 
biochemical and echocardiographic parameters 
were examined using the Pearson’s or Spearman’s 
correlation coefficient, as appropriate. A P val-
ue of less than 0.05 was considered statistically 

+ PWTd)3 – LVIDd3] + 0.6 and was indexed by 
the BSA (LVM index). The relative wall thickness 
(RWT) was calculated with the following formu-
la: RWT = 2 × PWTd/LVIDd × 100%.
5  Systemic arterial hemodynamics was as-
sessed with the indirect measure of the system-
ic arterial compliance (SAC) and systemic vas-
cular resistance (SVR).13 SAC was calculated as 
the ratio of the SVI to pulse pressure (PP), and 
SVR was estimated with the formula: SVR = 
80 × MAP / cardiac output. PP was calculated as 
the difference between the systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP),  
and MAP as the sum of DBP and one‑third of PP.
6  To reveal a global LV afterload reflecting 
a double, valvular plus arterial, load imposed 
on the LV, the valvulo‑arterial impedance (Zva) 

was calculated with the following formula: Zva = 
SBP + HMG/SVI.14

Biochemical measurements  Fasting venous blood 
samples were collected and plasma was frozen 
at –70ºC until assayed for N‑terminal pro‑B‑type 
natriuretic peptide (NT‑proBNP), markers of col-
lagen turnover. Plasma NT‑proBNP concentra-
tions were assessed by an electroluminescence 
immunoassay with the Elecsys® NT-proBNP kit 
on the Elecsys® 1010 analytical system (Roche Di-
agnostics). The serum concentration of procolla-
gen III N‑terminal propeptide (PIIINP), a mark-
er of collagen synthesis, was assessed using a 

TABLE 1  Clinical characteristics and blood test results in the study groups

Low flow 
SVI <35 ml/m2 (n = 19)

Normal flow 
SVI ≥35 ml/m2 (n = 70)

P value

age, y 74.47 ±4.66 70.76 ±4.36 <0.01

male, n (%) 7 (37) 34 (49) NS

body mass index, kg/m2 27.94 ±3.61 27.50 ±5.06 NS

symptoms, n (%) 16 (84) 49 (70) NS

significant coronary artery disease, n (%) 10 (53) 40 (58) NS

hypertension, n (%) 14 (74) 47 (67) NS

diabetes, n (%) 5 (26) 17 (24) NS

hypercholesterolemia, n (%) 11 (58) 32 (48) NS

smoking, n (%) 4 (21) 16 (23) NS

heart rate, bpm 69.42 ±6.14 67. 34 ±7.40 NS

systolic blood pressure, mmHg 128.16 ±10.70 132.50 ±11.25 NS

diastolic blood pressure, mmHg 71.32 ±8.31 74.79 ±6.89 NS

puls pressure, mmHg 56.84 ±9.75 57.71 ±7.69 NS

mean arterial pressure, mmHg 90.26 ±7.94 94.02 ±7.79 NS

NT‑proBNP, pg/ml 1264.97 ±702.24 716.70 ±488.78 <0.001

CTX, ng/ml 6.48 ±1.60 5.81 ±1.67 NS

PIIINT, ng/ml 5.77 ±1.29 4.89 ±1.36 <0.05

MMP-9, ng/ml 5.92 ±2.47 5.80 ±3.18 NS

TIMP-1, ng/ml 297.37 ±86.27 260.86 ±71.56 NS

MMP-9/TIMP-1 2.27 ±0.97 2.22 ±1.09 NS

Data are presented as mean ± standard deviation or number (percentage) of patients.

Abbreviations: CTX – carboxyterminal telopeptide of collagen type I, MMP-9 – matrix metallopeptidase 9, NS – nonsignificant, NT‑proBNP – N‑terminal 
pro‑B‑type natriuretic peptide, PIIINP – procollagen III N‑terminal propeptide, SVI – stroke volume index, TIMP-1 – tissue inhibitor of matrix 
metalloproteinase type 1
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they had lower values of MSF, SW, and S’ despite 
similar LVEF. Finally, they had lower mitral flow 
E velocities and higher values of the E/E’.

The echocardiographic parameters of the se-
verity of AS and systemic arterial hemodynam-
ics are presented in TABLE 3. The HMG/LF group 
had lower AVA, AVAI, ELI, CO, and SAC, higher 
SVR and Zav, and a similar HMG compared with 
the other group.

We revealed significant correlations in the 
whole study group between the SVI and the blood 
levels of NT‑proBNP (r = –0.34, P <0.001) and 
PIIINP (r = –0.21, P <0.05) as well as several echo-
cardiographic parameters of cardiac structure and 
function, namely, LAVI (r = –0.29, P <0.01), RWT 
(r = –0.35, P <0.001), MSF (r = –0.34, P <0.01), 
E (r = –0.23, P <0.05), E’ (r = 0.29, P <0.01), S’ 
(r = 0.31, P <0.01), and E/E’ (r = –0.39, P <0.001).

DISCUSSION  The  principal findings of our 
study are a significantly higher PIIINP level in 
the HMG/LF group compared with the HMG/NF 
group of patients with severe degenerative AS 
and an inverse correlation between PIIINP lev-
els and the SVI. This suggests that there is a link 
between collagen metabolism in the extracellular 

significant. The statistical analysis was performed 
using the Statistica software (version 6.0, Stat-
soft, Tulsa, Oklahoma, United States) and the 
MedCalc statistical software (version 7.2.1.0 for 
Windows, Mariakerke, Belgium).

RESULTS  In the group of 89 patients with se-
vere, degenerative AS, preserved LVEF, and 
HMG, there were 70 patients (79%) with the 
HMG/NF pattern (SVI, 45.51 ±5.07 ml/m2) and 
19 patients (21%) with the HMG/LF pattern 
(SVI, 29.21 ±3.51 ml/m2).

As shown in TABLE 1, patients in the HMG/LF 
group were significantly older and had higher 
NT‑proBNP and PIIINP levels compared with the 
HMG/NF group. There were no significant differ-
ences in terms of ACEI, diuretic, β‑blocker, and 
statin use between the study groups.

TABLE 2, which compares the echocardiographic 
parameters of cardiac structure and function be-
tween the study groups, shows that LV end‑dia-
stolic dimension and volume were significantly 
smaller and RWT higher in the HMG/LF group, 
indicating a more pronounced concentric remod-
eling in these patients. Moreover, these patients 
had larger left atrial dimension and volume, while 

TABLE 2  Comparison of the echocardiographic parameters of cardiac structure and function in the study groups

Low flow 
SVI <35 ml/m2 (n = 19)

Normal flow 
SVI ≥35 ml/m2 (n = 70)

P value

LVIDd, cm 4.71 ±0.41 5.02 ±0.42 <0.01

LVISd, cm 3.01 ±0.35 3.10 ±0.41 NS

IVSTd, cm 1.38 ±0.13 1.33 ±0.11 NS

PWTd, cm 1.20 ±0.08 1.17 ±0.12 NS

LVM, g 237.79 ±42.45 250.64 ±47.77 NS

LVMI, g/m2 132.67 ±28.14 138.57 ±27.00 NS

RWT 51.46 ±5.83 46.84 ±5.77 <0.01

LVEDV, cm3 85.00 ±15.04 93.51 ±15.93 <0.05

LVESV, cm3 34.21 ±6.40 34.90 ±10.04 NS

LV ejection fraction,% 60.84 ±4.91 62.26 ±5.12 NS

MFS, % 20.76 ±3.79 23.24 ±3.36 <0.01

SW, g × m 104.71 ±23.67 164.11 ±27.62 <0.0001

SV, m3 29.21 ±3.50 45.52 ±5.08 <0.0001

SVI, m3/m2 53.03 ±8.64 82.63 ±12.2 <0.0001

CO, ml/min 3.71 ±0.83 5.56 ±0.97 <0.0001

E wave deceleration time, ms 262.37 ±74.99 275.71 ±61.53 NS

early (E) transmitral peak flow velocity, cm/s 76.79 ±13.81 69.45 ±16.14 <0.05

late (A) transmitral peak flow velocity, cm/s 84.21 ±22.98 84.85 ±19.55 NS

E/A 0.99 ±0.36 0.87 ±0.31 NS

mitral annular mean E (E’) velocity, cm/s 5.05 ±1.10 5.71 ±1.26 <0.05

mitral annular mean S (S’) velocity, cm/s 5.68 ±1.12 6.58 ±1.42 <0.05

E/E’ 15.80 ±4.13 12.50 ±3.27 <0.001

LA, cm 4.11 ±0.30 3.77 ±0.56 <0.01

LAV, cm3 76.05 ±9.26 68.51 ±8.55 <0.01

LAVI, c m3/m2 42.11 ±5.09 37.97 ±5.27 <0.01

Abbreviations: CO – cardiac output, IVSTd – interventricular septum diastolic thickness, LA – left atrium, LAV – left atrial volume, LAVI – left atrial 
volume index, LVEDV – left ventricular end-diastolic volume, LVESV – left ventricular end-systolic volume, LVIDd – left ventricular internal diastolic 
dimension, LVISd – left ventricular internal systolic dimension, LVM – left ventricuar mass, LVMI – left ventricular mass index, MFS – midwall fractional 
shortening, PWTd – posterior wall diastolic thickness, RWT – relative wall thickness, SV – stroke volume, SW – stroke work, others – see TABLE 1
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RWT in the HMG/LF group, as revealed in our 
study and by a number of other investigators.20,21

Diastolic function appears early in the course 
of AS,23,24  and, in our study, it was more ad-
vanced in the HMG/LF group compared with the 
HMG/NF group. It was expressed as bigger left 
atria, lower mitral flow E velocities, and high-
er values of the E/E’. Of note, preserved LVEF 
does not explicitly represent preserved systol-
ic function. A depressed longitudinal LV systol-
ic function is dependent on the subendocardi-
al fibers, which are first exposed to maldistri-
bution of blood in a hypertrophied myocardium 
due to the augmented wall stress, and was ob-
served even in asymptomatic patients with severe 
AS.8,25 This explains why S’ myocardial velocity, 
which depicts longitudinal systolic LV properties, 
was significantly lower in HMG/LF patients in a 
number of studies, including ours. In this group, 
we also revealed lower (although not significant-
ly) MSF, which reflects a decrease in the radial 
function. This observation is supported by previ-
ous studies.20,21,26 Lancelloti et al.,26 using speckle- 

-tracking echocardiography, revealed that im-
paired circumferential myocardial deformation 
together with left atrial area index are good indi-
cators of the LF or increased afterload in AS. Even 
subclinical LV systolic dysfunction and its empty-
ing properties together with impaired filling may 
both contribute to a decrease in SV.

Higher NT‑proBNP levels observed in our 
HMG/LF group can be explained by a  previ-
ously documented complex relation between 
brain natriuretic peptides and the severity of 
AS,27,28 myocardial stiffness,29 LV diastolic dys-
function,30,31 and aortic stiffening.32,33

We have shown that the group of patients 
with severe AS and preserved LVEF is not ho-
mogenous but rather that each patient may 
have a different outcome. Most patients with 
the HMG/LF pattern are symptomatic and, ac-
cording to the ESC/EACTS guidelines, they are 
referred for surgery. However, even in patients 
without this classic presentation, the LF pattern 
should reinforce the decision to refer a patient 
for surgery because it is associated with excel-
lent postoperative survival.11 In HMG/LF patients 

matrix and the pathogenesis of the LF pattern. 
In the previous studies, the PIIINP level was re-
lated to the deterioration of the LV function in 
AS8 and to several anatomic and functional al-
terations in hypertensive heart disease,16 pro-
viding indirect diagnostic data on myocardial fi-
brosis. Although hypertension has a more signif-
icant effect on the whole circulatory system than 
AS, the burden for the LV seems to be compara-
ble in these conditions. Animal and clinical stud-
ies in hypertension have demonstrated that myo-
cardial fibrosis rather than myocyte hypertrophy 
is a predominant factor responsible for diastolic 
dysfunction.17‑19 LV myocardial samples from pa-
tients with AS have shown that the balance be-
tween MMPs and TIMPs is shifted towards MMP 
inhibition that may facilitate collagen accumula-
tion.4 Indeed, in our HMG/LF group, when com-
pared with the HMG/NF group, LVM did not dif-
fer significantly, diastolic dysfunction was more 
advanced, and noticeably higher plasma levels of 
TIMP‑1 and lower MMP‑9‑to‑TIMP‑1 ratio were 
detected, although the differences were not sig-
nificant. Different observations and conclusions 
come from the study by Polyakova et al.5 on myo-
cardial tissue samples of patients with AS. The au-
thors noted that the upregulation of MMPs and 
inadequate inhibition by TIMPs with a paradoxi-
cal MMP-mediated “abnormal” collagen accumula-
tion was possibly due to the activity of MMP side 
products. Thus, considering the combination of 
specific biological and physical stimuli, the exact 
action of MMPs and TIMPs as the major proteo-
lytic system for the extracellular matrix in pres-
sure‑overloaded, hypertrophied human myocar-
dium still needs elucidation.

Our results showed that, in patients with HMG, 
the LF implies a more advanced disease, and this 
applies to older patients with higher LV afterload. 
In agreement with the previous studies,11,12,20,21 we 
showed that the HMG/LF group has a more se-
vere, double burden imposed on the LV at the lev-
el of the aortic valve as expressed by lower AVAI 
and ELI and systemic arterial bed as indicated by 
lower SAC and higher SVR and ZAV. Excessive pres-
sure load imposed on the LV is associated with 
LV concentric remodeling.22 It explains higher 

TABLE 3  Echocardiographic parameters of the severity of aortic stenosis and systemic arterial hemodynamics

Low flow 
SVI <35 ml/m2 (n = 19)

Normal flow 
SVI ≥35 ml/m2 (n = 70)

P value

LVOT, mm 1.93 ±0.14 2.08 ±0.16 <0.01

peak transaortic velocity, m/s 4.78 ±0.40 4.58 ±0.43 NS

mean transaortic pressure gradient, mmHg 54.05 ±8.26 50.03 ±7.31 NS

aortic valve area, cm2 0.47 ±0.10 0.63 ±0.11 <0.0001

aortic valve area index, cm2/m2 0.26 ±0.06 0.35 ±0.06 <0.0001

energy loss index, cm2/m2 0.34 ±0.10 0.55 ±0.21 <0.0001

systemic arterial compliance, ml/mmHg/m2 0.53 ±0.11 0.80 ±0.13 <0.0001

systemic vascular resistance, mmHg/min/l 2022.49 ±396.02 1392.72 ±264.97 <0.0001

valvulo‑arterial impedance, mmHg/ml/m2 6.30 ±0.78 4.05 ±0.47 <0.0001

Abbreviations: LVOT – left ventricular outflow tract, others – see TABLE 1
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Still, we showed that not only the AVAI but also 
the ELI were lower in the HMG/LF group.

We assessed arterial stiffness using only the in-
direct measures of SAC and SVR, but the direct 
measure of carotid–femoral pulse wave velocity, 
which is the gold standard in daily practice,37 was 
not performed.

The expression of collagen metabolism bio-
markers in response to various biological and 
physical stimuli is cell‑specific and may differ 
among multiple myocardial cell types and should 
be interpreted with caution. Other sources of 
collagen turnover markers might have affected 
their plasma levels, but the exclusion criteria in 
the present study, including coexisting conditions 
leading to fibrosis, potentially diminish the signif-
icance of this factor. In view of the arterial–ven-
tricular coupling, an increased arterial and cardiac 
wall stiffness with aging might affect the compar-
ative results of our different age groups.38

Acnowlegements  This study was supported 
by a Medical University of Łódź research grant 
(No. 502-11-584, granted to K.P.).

REFERENCES

1  Olszowska M. Pathogenesis and pathophysiology of aortic valve steno‑
sis in adults. Pol Arch Med Wewn. 2011; 121: 409-413.

2  Joint Task Force on the Management of Valvular Heart Disease of the 
European Society of Cardiology (ESC); European Association for Cardio-Tho‑
racic Surgery (EACTS), Vahanian A, Alfieri O, Andreotti F, et al. Guidelines 
on the management of valvular heart disease (version 2012). Eur Heart J. 
2012; 33: 2451-2496.

3  Maeda K, Kuratani T, Mizote I, et al. Early experiences of transcatheter 
aortic valve replacement in Japan. Circ J. 2013; 77: 359-362.

4  Fielitz J, Leuschner M, Zurbrügg HR, et al. Regulation of matrix metallo‑
proteinases and their inhibitors in the left ventricular myocardium of patients 
with aortic stenosis. J Mol Med. 2004; 82: 809-820.

5  Polyakova V, Hein S, Kostin S, et al. Matrix metalloproteinases and their 
tissue inhibitors in pressure‑overloaded human myocardium during heart 
failure progression. J Am Coll Cardiol. 2004; 44: 1609-1618.

6  Cemri M, Arslan U, Kocaman SA, et al. Relationship between N‑termi‑
nal pro‑B type natriuretic peptide and extensive echocardiographic param‑
eters in mild to moderate aortic stenosis. J Postgrad Med. 2008; 54: 12-16.

7  Yan AT, Yan RT, Spinale FG, et al. Relationships between plasma levels of 
matrix metalloproteinases and neurohormonal profile in patients with heart 
failure. Eur J Heart Fail. 2008; 10: 125-128.

8  Du X, Wan Z, Yu XF, et al. Plasma amino‑terminal propeptide of procol‑
lagen type III is associated with subclinical left ventricular systolic dysfunc‑
tion in aortic stenosis. Int J Cardiol. 2012; 156: 24-27.

9  Adamczyk T, Mizia‑Stec K, Mizia M, et al. Biomarkers of calcification 
and atherosclerosis in patients with degenerative aortic stenosis in rela‑
tion to concomitant coronary artery disease. Pol Arch Med Wewn. 2012; 
122: 14-21.

10  Kolasa‑Trela R, Miszalski‑Jamka T, Grudzień G, et al. Adiponectin, leptin, 
and resistin in patients with aortic stenosis without concomitant atheroscle‑
rotic vascular disease. Pol Arch Med Wewn. 2011; 121: 352-359.

11  Dumesnil JG, Pibarot P, Carabello B. Paradoxical low flow and/or low 
gradient severe aortic stenosis despite preserved left ventricular ejection 
fraction: implications for diagnosis and treatment. Eur Heart J. 2010; 31: 
281-289.

12  Lancellotti P, Magne J, Donal E, et al. Clinical outcome in asymptomatic 
severe aortic stenosis: insights from the new proposed aortic stenosis grad‑
ing classification. J Am Coll Cardiol. 2012; 59: 235-243.

13  Briand M, Dumesnil JG, Kadem L, et al. Reduced systemic arterial com‑
pliance impacts significantly on left ventricular afterload and function in aor‑
tic stenosis: implications for diagnosis and treatment. J Am Coll Cardiol. 
2005; 46: 291-298.

14  Garcia D, Dumesnil JG, Durand LG, et al. Discrepancies between cath‑
eter and Doppler estimates of valve effective orifice area can be predict‑
ed from the pressure recovery phenomenon: practical implications with re‑
gard to quantification of aortic stenosis severity. J Am Coll Cardiol. 2003; 
41: 435-442.

with reduced LVEF, which seems to be the next 
step in cardiac decompensation, preoperative 
systolic and diastolic LV dysfunction is the ma-
jor predictor of mortality following aortic valve 
replacement.34 

The present study supports the need for a more 
comprehensive assessment of patients with AS. 
First of all, it confirms the importance of AVA and 
LV geometry evaluation as well as of a thorough 
insight into the systolic and diastolic LV function. 
The finding of a relatively small LV with a higher 
RWT, borderline or low LVEF, low SW, MFS, and 
depressed longitudinal systolic function on tis-
sue Doppler imaging should assure the physician 
that the diagnosis of severe AS guided by the cal-
culation of the AVA is reliable and that transval-
vular gradient is possibly underestimated. Fur-
ther quantification of vascular and global LV load 
may confirm the diagnosis and reveal the under-
lying pathology. The pseudonormal filling pattern 
is common in severe AS; therefore, the measures 
to identify this anomaly, most easily with tissue 
Doppler imaging should be undertaken in all pa-
tients. High blood NT‑proBNP levels may confirm 
the severity of AS with subsequent alterations 
to the myocardial structure and hemodynamics.

Conclusions  In patients with severe AS, HMG 
and preserved LVEF, LF is related to more severe 
valvular obstruction, altered aortic hemodynam-
ics, and a higher degree of cardiac deterioration 
as shown by Doppler echocardiography and high 
NT‑proBNP levels. A significant inverse correla-
tion between the SVI and PIIINP levels may in-
dicate enhanced tissue fibrosis as an underlying 
pathology.

Study limitations  The major limitation of the cur-
rent study is a small sample size and lack of fol-
low‑up. We are planning to continue our research 
to show how the LF pattern affects the outcome 
after aortic valve replacement. A good postoper-
ative prognosis in these patients11 indicates that 
the elimination of the burden of the stenotic valve 
has a stronger effect on the outcome than persis-
tent elevated aortic stiffness.

A possible pitfall in the assessment of the AVA 
is an improper measurement of the left ventric-
ular outflow tract (LVOT) diameter and velocity 
time integral at the level of the LVOT and aortic 
valve. However, we have made every effort to per-
form careful and detailed echocardiographic ex-
aminations according to the European Association 
of Echocardiography/American Society of Echo-
cardiography recommendations for the echocar-
diographic assessment of valve stenosis.35 More-
over, we assessed the ELI, which has been shown 
to be more closely related to an increase in LV 
workload than the AVA.14 In view of the observa-
tions made by Michelena et al.,36 in our HMG/LF 
patients who had small LVOTd (defined as 1.7–1.9 
cm), the underestimation of the AVA calculated 
with the Bernoulli’s equation might be suggested. 



ORIGINAL ARTICLE  Clinical outcome, echocardiographic assessment, neurohormonal… 25

15  Devreux RB, Alonso DR, Lutas EM. Echocardiographic assessment 
of left ventricular hypertrophy: comparison to necropsy findings. Am 
J Cardiol. 1986; 57: 450-458.

16  Díez J, Laviades C, Mayor G, et al. Increased serum concentrations of 
procollagen peptides in essential hypertension. Relation to cardiac altera‑
tions. Circulation. 1995; 91: 1450-1456.

17  Poulsen SH, Andersen NH, Heickendorff L, et al. Relation between plas‑
ma amino‑terminal propeptide of procollagen type III and left ventricular lon‑
gitudinal strain in essential hypertension. Heart. 2005; 91: 624-629.

18  Matsubara LS, Matsubara BB, Okoshi MP, et al. Myocardial fibrosis 
rather than hypertrophy induces diastolic dysfunction in renovascular hyper‑
tensive rats. Can J Physiol Pharmacol. 1997; 75: 1328-1334.

19  Lindsay M, Maxwell P, Dunn F. TIMP‑1: a marker of left ventricular di‑
astolic dysfunction and fibrosis in hypertension. Hypertension. 2002; 40: 
136-141.

20  Adda J, Mielot C, Giorgi R, et al. Low‑flow, low‑gradient severe aor‑
tic stenosis despite normal ejection fraction is associated with severe left 
ventricular dysfunction as assessed by speckle‑tracking echocardiography: 
a multicenter study. Circ Cardiovasc Imaging. 2012; 5: 27-35.

21  Melis G, Frontera G, Caldentey G, et al. Systolic volume index by Dop‑
pler echocardiography is an useful marker for stratification and prognostic 
evaluation in patients with severe aortic stenosis and preserved ejection 
fraction. Rev Esp Cardiol. 2013; 66: 261-268.

22  Roman MJ, Ganau A, Saba PS, et al. Impact of arterial stiffening on left 
ventricular structure. Hypertension. 2000; 36: 489-494.

23  Hess OM, Villari B, Krayenbuehl HP. Diastolic dysfunction in aortic ste‑
nosis. Circulation. 1993; 87 (5 Suppl): IV 73-76.

24  Steine K, Rossebø AB, Stugaard M, et al. Left ventricular systolic and 
diastolic function in asymptomatic patients with moderate aortic stenosis. 
Am J Cardiol. 2008; 102: 897-901.

25  Lafitte S, Perlant M, Reant P, et al. Impact of impaired myocardial de‑
formations on exercise tolerance and prognosis in patients with asymptom‑
atic aortic stenosis. Eur J Echocardiogr. 2009; 10: 414-419.

26  Lancellotti P, Donal E, Magne J, et al. Impact of global left ventricu‑
lar afterload on left ventricular function in asymptomatic severe aortic ste‑
nosis: a two‑dimensional speckle‑tracking study. Eur J Echocardiogr. 2010; 
11: 537-543.

27  Qi W, Mathisen P, Kjekshus J, et al. Natriuretic peptides in patients 
with aortic stenosis. Am Heart J. 2001; 142: 725-732.

28  Talwar S, Downie PF, Squire IB, et al. Plasma N‑terminal pro BNP and 
cardiotrophin‑1 are elevated in aortic stenosis. Eur J Heart Fail. 2001; 3: 
15-19.

29  Watanabe S, Shite J, Takaoka H, et al. Myocardial stiffness is an im‑
portant determinant of the plasma brain natriuretic peptide concentration 
in patients with both diastolic and systolic heart failure. Eur Heart J. 2006; 
27: 832-838.

30  Tschöpe C, Kasner M, Westermann D, et al. The role of NT‑proBNP in 
the diagnostics of isolated diastolic dysfunction: correlation with echocar‑
diographic and invasive measurements. Eur Heart J. 2005; 26: 2277-2284.

31  Grewal J, McKelvie R, Lonn E, et al. BNP and NT‑proBNP predict echo‑
cardiographic severity of diastolic dysfunction. Eur J Heart Fail. 2008; 10: 
252-259.

32  Chatzis D, Tsioufis C, Tsiachris D, et al. Brain natriuretic peptide as 
an integrator of cardiovascular stiffening in hypertension. Int J Cardiol. 2010; 
141: 291-296.

33  Roşca M, Magne J, Călin A, et al. Impact of aortic stiffness on left ven‑
tricular function and B‑type natriuretic peptide release in severe aortic ste‑
nosis. Eur J Echocardiogr. 2011; 12: 850-856.

34  Ding WH, Lam YY, Duncan A, et al. Predictors of survival after aortic 
valve replacement in patients with low‑flow and high‑gradient aortic steno‑
sis. Eur J Heart Fail. 2009; 11: 897-902.

35  Baumgartner H, Hung J, Bermejo J, et al. Echocardiographic assess‑
ment of valve stenosis: EAE/ASE recommendations for clinical practice. 
J Am Soc Echocardiogr. 2009; 22: 1-23.

36  Michelena HI, Margaryan E, Miller FA, et al. Inconsistent echocardio‑
graphic grading of aortic stenosis: is the left ventricular outflow tract impor‑
tant? Heart. 2013; 99: 921-931.

37  Van Bortel LM, Laurent S, Boutouyrie P, et al. Artery Society; Europe‑
an Society of Hypertension Working Group on Vascular Structure and Func‑
tion; European Network for Noninvasive Investigation of Large Arteries. Ex‑
pert consensus document on the measurement of aortic stiffness in dai‑
ly practice using carotid‑femoral pulse wave velocity. J Hypertens. 2012; 
30: 445-448.

38  Chantler PD, Lakatta EG. Arterial‑ventricular coupling with aging and 
disease. Front Physiol. 2012; 3: 90.



POLSKIE ARCHIWUM MEDYCYNY WEWNĘTRZNEJ  2014; 124 (1-2)26

ARTYKUŁ ORYGINALNY

Obraz kliniczny i echokardiograficzny oraz 
biomarkery neurohormonalne i przemiany 
kolagenu u chorych z ciężką, niskoprzepływową 
stenozą aortalną, z wysokim gradientem 
przezzastawkowym

Katarzyna Piestrzeniewicz1, Katarzyna Łuczak1, Marek Maciejewski1, 
Ryszard Jaszewski2, Jarosław Drożdż1

1 � I Klinika Kardiologii, Uniwersytet Medyczny w Łodzi, Łódź
2 � Klinika Kardiochirurgii, Uniwersytet Medyczny w Łodzi, Łódź

Adres do korespondencji:
dr med. Katarzyna Piestrzeniewicz, 
I Klinika Kardiologii,
Uniwersytet Medyczny w Łodzi, 
ul. Sterlinga 1/3, 91-425 Łódź,  
tel./fax: 42-636‑44‑71,  
e‑mail: kpiestrzeniewicz@tlen.pl
Praca wpłynęła: 25.09.2013.
Przyjęta do druku: 16.12.2013.
Publikacja online: 16.12.2013.
Nie zgłoszono sprzeczności 
interesów.
Pol Arch Med Wewn. 2014; 
124 (1-2): 19-26
Copyright by Medycyna Praktyczna, 
Kraków 2014

STRESZCZENIE

WPROWADZENIE  U chorych z ciężką stenozą aortalną (SA), wysokim średnim gradientem przezzastawko‑
wym (high mean gradient – HMG) i zachowaną frakcją wyrzutową lewej komory (left ventricular ejection 
fraction – EF) można zaobserwować paradoksalnie niski przepływ (low flow – LF).
CELE  Celem badania była ocena potencjalnego związku między metabolizmem kolagenu w mięśniu 
sercowym, a zjawiskiem „HMG/LF” oraz określenie klinicznego i echokardiograficznego wzorca tej grupy 
pacjentów.
PACJENCI I METODY  Oceniano stan kliniczny u 89 chorych z ciężką SA, HG i zachowaną EF (≥50%), w wieku 
>64. rż. Parametry struktury i funkcji serca oraz wskaźniki hemodynamiczne systemowego łożyska tęt‑
niczego oznaczano metodą echokardiografii, doplerowskiego badania echokardiograficznego oraz doplera 
tkankowego. Ponadto mierzono osoczowe poziomy: N‑końcowego propeptydu natriuretycznego typu B 
(NT‑proBNP), N‑końcowego propeptydu kolagenu typu III (PIIINP), C‑końcowego telopeptydu kolagenu 
typu I (CITP), metaloproteinazy macierzy zewnątrzkomórkowej‑9 i inhibitora metaloproteinazy macierzy 
zewnątrzkomórkowej typu 1. Analizie poddano dwie grupy pacjentów: z „normalnym przepływem” (wskaźnik 
objętości wyrzutowej [stroke volume index – SVI] ≥35ml/m2; n = 70) i z LF (SVI <35 ml/m2; n = 19).
WYNIKI  Pacjenci z LF byli starsi, mieli większy wymiar lewego przedsionka i wskaźnik objętości le‑
wego przedsionka, mniejszą powierzchnię zastawki aortalnej, wskaźnik utraty energii, pracę wyrzutu, 
falę E napływu mitralnego, prędkość E’ i S’ ruchu pierścienia mitralnego i podatność tętnic systemo‑
wych oraz większą względną grubość ścian lewej komory, E/E’, opór tętnic systemowych i impedancję 
zastawkowo‑tętniczą. Wykazano korelację między SVI a NT‑proBNP i PIIINP oraz wybranymi wskaźnikami 
struktury i funkcji serca.
WNIOSKI  U chorych z ciężką AS, HMG i zachowaną LVEF LF jest związany z bardziej zaawansowaną wadą, 
zmianą hemodynamicznych właściwości aorty, dysfunkcją serca oraz większym stężeniem NT‑proBNP 
we krwi. Ujemna zależność między PIIINP i SVI może wskazywać na nasilony proces zwłóknienia tkan‑
kowego jako przyczynę sprawczą.
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