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Abstract

Introduction: Carcinoid heart disease is a rare cause of right-sided
valvular dysfunction, primarily mediated by serotonin. It is an important
complication in patients with carcinoid syndrome which represents a major
cause of morbidity and mortality.

Objectives: We aim to present our own experience regarding early
myocardial dysfunction in patients with carcinoid syndrome by using
predictive two-dimensional echocardiographic parameters and cardiac
biomarkers.

Methods: 40 patients (35-90 year old, 62% female and 38% male patients;
20 non-hypertensive patients and 20 patients with arterial hypertension)
with carcinoid syndrome and 20 healthy sex and age-matched subjects
were consequently enrolled between October 2017 and June 2021. All
patients underwent comprehensive two-dimensional echocardiography
with additional tissue Doppler and speckle-tracking techniques. The
Myocardial Performance Index (MPI) of both ventricles was calculated as
(isovolumic contraction time “ICT”+ relaxation time “IRT”)/Ejection time
“ET”. Besides, cardiac biomarkers (plasma level of pro-brain natriuretic
peptide- NT-proBNP) were measured for each patient.

Results: Patients with carcinoid syndrome and arterial hypertension
present higher values of MPI in comparison to non-hypertensive patients;
moreover, all of the patients with carcinoid tumour tend to develop early
myocardial dysfunction and higher MPI values than healthy subjects.

This might be of particularly clinical interest in carcinoid syndrome with
aggressive outcome.

Discussion: in the present study, higher values of MPI of both left and
right ventricles, as well as plasma level of NT-proBNP proved to be of
extremely importance in order to identify patients with carcinoid syndrome
and poor prognosis.

Conclusion: The MPI and plasma level of NT-proBNP might be strong
predictors of early myocardial dysfunction in patients with carcinoid
syndrome.

Affiliation:

!C.I. Parhon” National Institute of Endocrinology,
Bucharest, Romania

2Carol Davila” University of Medicine and

Pharmacy, Bucharest, Romania

*Corresponding author:
Ileana Nitu, C.I. Parhon” National Institute of
Endocrinology, Bucharest, Romania.

Citation: Ileana Nitu, Ionela Baciu, Simona
Galoiu, Cristina Capatana, Iulia Florentina Burcea,
Daniela Greere, Catilina Poiana. Clinical Value of
NT-proBNP and Performance Myocardial Index as
an Echocardiographic Predictor of Early Cardiac
Involvement in Patients with Carcinoid Syndrome.
Archives of Clinical and Biomedical Research 6
(2022): 732-739.

Received: July 05, 2022

Keywords: Plasma; Gastrointestinal, Imaging; Carcinoid Syndrome;

. . Accepted: July 15,2022
Echocardiographic P '

Published: September 19, 2022




Nitu | et al., Arch Clin Biomed Res 2022
Journals DOI:10.26502/acbr.50170284

Introduction

Neuroendocrine  neoplasia  constitutes  infrequent
neoplasms that mostly originate from the gastrointestinal
tract. They are reported in 2.5-5 persons per 100 000 people
[1]. The secretion of vasoactive substances by these tumors
is responsible for carcinoid syndrome [2]. Carcinoid tumors
usually develop gradually, over years, and are likely to
show few or no symptoms until they are bulky enough to
be symptomatic or have metastasized, mostly to the liver,
followed by the skeletal and pulmonary systems [1,3]. One of
the common complications of carcinoid syndrome is cardiac
involvement due to the direct action of vasoactive substances.
[2] Carcinoid syndrome can occur in up to 60% of cases during
the course of the disease, but Carcinoid Heart Disease (CaHD)
can be the first manifestation in approximately 20% of patients
[3,4]. As cardiac manifestations are associated with a poor
long-term medical prospect and mortality, [3,5] the detection
of cardiac disease in its early stages has a significant value.
Cardiac surgeries such as valve replacement, if performed at
the optimal time, significantly contribute to the treatment of
symptomatic patients and the improvement of their quality
of life [6]. Transthoracic echocardiography is indicated in all
patients diagnosed with carcinoid syndrome, and it should be
performed on a routine basis every 3-6 months depending on
the clinical presentation of the patient and the severity of the
disease [4]. Cardiac involvement can vary widely in patients.
In fact, all heart valves may be affected, but the involvement
of the tricuspid valve is most common [5]. Tricuspid leaflets
show a specific involvement with thickened leaflets that
have reduced mobility and are retracted. The concomitant
regurgitation can vary from mild to severe [6-8]. Right
ventricular volume overload can result in these two valves
becoming dysfunctional and can lead to right heart failure [9].
As serotonin produced by the carcinoid tumour is inactivated
in the lungs, right-sided carcinoid heart disease is more
frequent than left-sided heart involvement (>90% of the
cases) [5,10]. Therefore, the presence or absence of an atrial
septum defect or a Patent Foramen Ovale (PFO) needs to be
thoroughly evaluated, because in the presence of PFO, left
heart valve involvement is more frequent. Cardiac magnetic
resonance imaging and Computed Tomogaphy (CT) can be
helpful tools to assess damage of heart structures, as well as
to evaluate cardiac metastases. Nuclear medicine imaging
may be useful to detect the primary tumour; however, it
may be of limited use when diagnosing carcinoid heart
disease, except for depicting cardiac metastases [11]. Right
ventricular function is the primary determinant of prognosis
and effort tolerance in many groups of patients. Clinicians
require measures that are widely available, easily obtained,
highly reproducible, and provide clear information on
prognosis, likely response to therapy or provide feedback
on the success of therapeutic interventions [11]. In addition
to transthoracic echocardiography, biomarkers such as
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N-terminal pro-brain natriuretic peptide (NT-proBNP), which
is a well-established marker for heart failure, has been shown
to also have diagnostic and prognostic relevance in patients
with carcinoid tumours [12].

Objectives

There is limited data on echocardiographic and Doppler
indices of cardiac function as predictors for Congestive
Heart Failure (CHF) in patients with carcinoid syndrome.
Myocardial performance index (MPI, also denoted TEI-
Doppler index) reflects both Left And Right Ventricular (LV,
RYV) systolic and diastolic function. We aim to present our
own experience regarding early myocardial dysfunction in
patients with neuroendocrine metastatic tumours by using
predictive two-dimensional echocardiographic parameters
and cardiac biomarkers.

Methods

Patients were enrolled regarding both inclusion and
exclusion criteria. Study approval was provided by the Ethics
Committee of “ Carol Davila” University of Medicine and
Pharmacy, Bucharest. All procedures were in agreement with
Helsinki declaration concerning ethical principles for medical
research involving human subjects. After patient’s consent
by completing an informed consent, a clinical evaluation
and necessary investigation of each patient was carried out.
Diagnosis of carcinoid disease was based on review of outside
records, pathology specimens, thoracoabdominal computed
tomography, and increased levels of 5-Hydroxyindole Acetic
Acid (5-HIAA) in a 24-hour urine sample. The exclusion
criteria were: age under 18 years old, ischemic heart disease,
history of percutaneous coronary intervention, arrythmias,
congenital heart disease, valvulopathies such as aortic and
mitral stenosis, aortic and mitral regurgitation either rheumatic
or degenerative, hypertrophic and restrictive cardiomiopathy,
chronic kidney disease, peripheral artery disease, diabetes
mellitus, Cushing syndrome, acromegaly, pregnancy and
lactation, poor transthoracic windows. To ascertain that the
patient had no exclusion criteria, the following prerequisites
were performed: clinical evaluation, measurement of blood
pressure, 12- leads electrocardiogram, serum creatinine and
urea, serum ionogram and echocardiogram. 40 patients:
22 women and 18 men with median age= 63 years (range:
35-90 year old, 55% female with median age= 69.5 year
old and 45% male patients with median age= 51 year old)
with Carcinoid Syndrome (CS) were consequently enrolled
between October 2017 and June 2021. Among these: 20
patients (mean age 56.0 = 4.16 years) associated arterial
hypertension (CS HTN group) and the other 20 (mean age
54.1 £ 4.96 years) had normal blood pressure (CS group).
The control group includes 20 healthy subjects (mean age
54.9 £+ 3.99 years). 2D and Doppler echocardiography was
performed with standard techniques and equipment. All
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studies were performed by experienced sonographers and
reviewed by staff cardiologists with advanced training in
echocardiography. All patients underwent comprehensive
two-dimensional echocardiography with additional tissue
Doppler and speckle-tracking techniques, using commercially
available echocardiography machines (General Electric
Vivid-T8, EchoPac). All patients took the test several times
in follow up, minimum 6 months apart, with a total number
of explorations of 256 between October 2017 and June 2021
(160 explorations in women, 96 explorations in men).

Tissue Doppler Imaging (TDI) of the mitral annulus was
obtained from the apical four-chamber view. A 1.5-mm
sample volume was placed sequentially at the medial mitral
annulus. Early diastolic velocity £’ was measured and E/E’
was calculate. TDI of the tricuspid annulus was obtained
similarly. Myocardial performance index (MPI or Tei
index) was calculated as follows: (isovolumic contraction
time + isovolumic relaxation time)/RV ejection time. The
mean normal value of the Tei index is 0.39 + 0.05 for the LV,
while for the Right Ventricle (RV) itis 0.28 £ 0.04. In adults,
values of the LV index < 0.40 and for the RV < 0.30 are
considered normal [10]. All pulsed Doppler tissue imaging
parameters were measured on 4-6 consecutive heart cycles
and mean value was calculated.

All patients had multiple plasma samples quantitatively
analyzed for pro-brain natriuretic peptide (NT-proBNP). For
this study, the highest values before or at the time of diagnosis
of carcinoid disease were recorded. Blood samples were taken
at the baseline visit. For NT-proBNP testing, plasma or serum
was separated by centrifugation and aliquots were stored
at—80 °C. NT-proBNP was measured for each participant
using the BNP Fragment EIA kit. NT-proBNP values were
converted to pg/ml as recommended by current clinical
practice guidelines. Furthermore, a statistical analysis was
performed using IBM SPSS Statistics version 20. A simple
regression, multinomial regression analysis and correlation
tests were performed as appropriate to evaluate the relation
between patients’ characteristics and echocardiographic and
biochemical parameters.

Results

The clinical characteristics data are listed in Table 1.
There was no significant difference between CS and control
group as regards the age, sex, and blood pressure while blood
pressure was significantly higher in CS HTN group when
compared with either CS alone group or control group.

The parameters derived from pulsed wave
myocardial TDI at the level of tricuspid and mitral annulus
are listed in Table 2. Right and left ventricular myocardial
performance indices (RV MPI, LV MPI) were significantly
higher in carcinoid group (0.54 + 0.14 versus 0.29 + 0.02;
0.48 £ 0.1 versus 0.273 + 0.04 ), and CS HTN group versus
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control group (0.58 + 0.17 versus 0.29 + 0.02; 0.51+ 0.09
versus 0.273 +0.04). RV MPI and LV MPI were significantly
higher in CS HTN group when compared with CS alone
group. No significant correlation between RV MPI and LV
MPI and HTN duration was found. NT-proBNP plasma
levels were also compared between groups: significantly
higher values were identified among CS HTN and CS patients
versus control group, according to MPI (Table 2 ). Neither
significant correlation between NT-proBNP level and HTN
duration was found, nor between NT-proBNP and blood
pressure .

It has been reported that CS causes subclinical
RV dysfunction. LV function could be affected by an
impaired right ventricular function which is consistent with
the idea that left ventricle might be also involved when
vasoactive substances can’t be totally inactivated within the
lungs [9]. The involvement of both ventricles in CS patients,
suggest that this condition causes a global toxic effect on
myocardial cells. Also the close correlation of the two
ventricles as well as the sharing of the interventricular septum,
pericardium and ventricular interdependence may have a role
[9,10]. These results suggest that the contributing effect of
hypertension on RV function in carcinoid patients is not more
than the effect of CS alone on RV function. This is concordant
with Kosmola et al., who do not find any contributing effect
of coexisting hypertension to RV dysfunction in contrast to
the LV [16]. The significant difference in MPI between CS

Table 1: Clinical characteristics of the studied patients.

CS Group CS HTN Control Group
(n=20) Group (n=20) (n=20)
Age (years) 54.1 + 4.96 56.0 £ 4.16 54.9 * 3.99
Men 10 50% 8 40% 9 45%
Women 10 50% 12 60% 11 55%
HTN Duration ) 7.8 )
(years) +2.8
1251 150 + 121.2
SBP (mmHg) 1 455 6.5 £1.9
79+ 77
DBP (mmHg) 34 89+5 38

Data are means + S.D.
HTN- arterial hypertension, SBP- systolic blood pressure,
DBP-diastolic blood pressure

Table 2: Comparative analysis of myocardial performance index and NT-
proBNP plasma level in different groups.

Parameters CS Group CGSr:J;‘l CGOrZ::I
LV MPI 0.48+£0.1 0.51£0.09 | 0.273+0.04
RV MPI 0.54+0.14 | 0.58+0.17 | 0.29+0.02
NT-proBNP (pg/ml) | 261.18 £ 55 | 295.87 + 62 93+ 12

Data are means + S.D
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and control group is indicative of the impairment of both RV
systolic and diastolic functions in non-hypertensive carcinoid
and carcinoid hypertensive patients. As other studies suggest,
increasing NT-proBNP plasma level has a good performance
in detecting of ventricular systolic function deterioration
in long-term follow-up. Patients with higher NT-proBNP
levels and higher myocardial performance indices showed
significant risk of carcinoid heart disease with right heart
failure during follow-up [10,11]. Moreover, plasma NT-
proBNP and BNP reflect the degree of right ventricular
overload in CS, even if there are no clinical signs of right
heart failure. Elevated plasma levels of BNP/NT-proBNP
are a potent predictor of poor survival in these patients [10].
Furthermore, we note that there is a correlation between left
ventricle and right ventricle myocardial performance indices
among hypertensive patients with CS (correlation coefficient
0f 0.91). Thus, this group of patients are prone to both left and
right ventricle involvement, so this is important in clinical
practice in order to assess subclinical myocardial dysfunction
(chart 1).

It can also be noticed that there is a correlation between
left ventricle myocardial performance index and NT-proBNP
values in carcinoid patients with arterial hypertension
(correlation coefficient of 0.85). This is extremely important
in clinical practice, left heart involvement being sometimes
associated with high tumour burden (chart 2).

Moreover, there is also a correlation between right
ventricle myocardial performance index and NT-proBNP
values in CS HTN patients (correlation coefficient of 0.78).
Echocardiographic and biochemical findings confirm that
there is a strong predictibility to right heart involvement
regarding this group (chart 3).

Regarding the gender-specific differences, there was no
significant difference between men and women concerning
the development of early myocardial dysfunction. There was
no association between patients’gender, age, weight or body-
mass index and grade of severity among tested patients.

Correlation between LV and RV MPI in CS HTN
patients y=1.1822x- 0.0938
1 RZ=0.7705
0.9 ®
s
0.7 P—
0.6 %
0.5 e " o
0.4 Pats
0.3
0.2
0.1

RV MPI

0 0.2 0.4 0.6 0.8 1
LV MPI

Chart 1: Correlation between LV and RV MPI in CS HTN patients.
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Chart 2: Correlation between LV MPI and NT-proBNP plasma level in CS
HTN patients.
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Chart 3: Correlation between RV MPI and NT-proBNP plasma level in CS
HTN patients.
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Left ventricular outflow

MPI = (ICT + IRT)/ET
= [MCO - ET)/ET

Figure 1: Schema for measurement of Doppler intervals. Myocardial
Performance Index (MPI) is defined as the sum of Isovolumic Contraction
Time (ICT) and Isovolumic Relaxation Time (IRT) divided by Ejection Time
(ET). The sum of ICT and IRT is equal to the difference between the interval
from cessation to onset of the Mitral Inflow (MCO) and ET. Myocardial
Performance Index (MPI/Tei Index), which includes both systolic and
diastolic time intervals to assess the global cardiac dysfunction was used by
Tei and his co-workers in 1995 . Tei Index uses the measurement possible on
flow wave Doppler and is as sensitive as the tissue Doppler measurements.
Tei index - myocardial performance index (MPI) is the ratio of the time spent
in isovolumetric activity divided by the time spent in ventricular ejection [1].
In other words, it is the sum of isovolumic contraction and relaxation times
divided by the ejection time [2].
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Discussion

Cardiac dysfunction can manifest as both systolic as
well as diastolic dysfunction, and routinely ejection fraction
and conventional Doppler parameters are used for its
evaluation. Ejection fraction is a less sensitive parameter in
early systolic dysfunction and cannot be used routinely in
asymptomatic patients. The sensitivity for the detection of
diastolic dysfunction by conventional Doppler parameters
is decreased by pseudonormalization pattern in Grade II
diastolic dysfunction. This calls for the use of tissue Doppler-
derived indices, i.e., E/E’ for differentiation.

MPI = (ICT + IRT) / ET

ICT: isovolumic contraction time; IRT: isovolumic
relaxation time; ET: ejection time.

Tissue Doppler Imaging (TDI) is a relatively new
echocardiographic technique that uses Doppler principles to
measure the velocity of myocardial motion. We describe the
principles behind and the clinical utility of TDI [16,17].

Doppler echocardiography relies on detection of the shift
in frequency of ultrasound signals reflected from moving
objects. With this principle, conventional Doppler techniques
assess the velocity of blood flow by measuring high-
frequency, low-amplitude signals from small, fast-moving
blood cells. In TDI, the same Doppler principles are used
to quantify the higher-amplitude, lower-velocity signals of
myocardial tissue motion [18]. There are important limitations
to TD interrogation. As with all Doppler techniques, TDI
measures only the vector of motion that is parallel to the
direction of the ultrasound beam. In addition, TDI measures
absolute tissue velocity and is unable to discriminate passive
motion (related to translation or tethering) from active motion
(fiber shortening or lengthening). The emerging technology
of Doppler strain imaging provides a means to differentiate
true contractility from passive myocardial motion by looking
at relative changes in tissue velocity [17,18]. The normal
values of left and right ventricle differ. Due to the high
pressures which must be generated by the LV, the isovolumic
times of the LV are relatively long. The RV generates less
pressure and therefore the index also lower with an average
at around 0.28. A Tei index above 0.55 (TDI) is considered
abnormal. Myocardial performance index has an inverse
relation with global ventricular function in that increasing
values indicate worsening global ventricular function. There
is good correlation between Doppler derived myocardial
performance index and cath derived invasive measures as
well as with the clinical outcome. Myocardial performance
index has different normal ranges for different age groups and
for the left and right ventricles, though it is roughly a little
more than one third. A prolonged Tei index - Myocardial
performance index of more than 1.14 has been shown to
be a powerful and independent predictor of poor clinical
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outcome in patients with severe left ventricular dysfunction
and symptomatic heart failure [4]. Some of the advantages
of the Myocardial Performance Index include that it is less
dependent on heart rate and blood pressure and that it is
not influenced by geometric changes of the ventricle. The
MPI is an easily performable, recordable and reproducible
parameter by flow Doppler. The standardization of MPI is
not required as number of studies have documented that the
MPI is independent of arterial pressure, heart rate, ventricular
geometry, atrioventricular valve regurgitation, afterload,
and preload in patients who are in a supine position [19-
21]. This is the first study to show that the MPI reflects
myocardial perfusion and that MPI can be used to predict
the outcome of left ventricular systolic and diastolic function
in patients with carcinoid syndrome [22-24]. LV systolic as
well as diastolic dysfunction induces impaired relaxation
(prolongation of isovolumic relaxation- IRT). The fact that
both phases of LV function are simultaneously reflected in
the diastolic parameter of the index (IRT) renders the index
sensitive in the identification of impaired relaxation. Thus,
MPI has a close correlation with diastolic hemodynamic
indices of relaxation and appears superior to conventional
diastolic parameters in the detection of impaired relaxation.
MPI in our study group was significantly elevated in all
grades of diastolic dysfunction. MPI in our study effectively
differentiated the pseudonormalization from normal and it
prolonged as degree of diastolic dysfunction increases [25-
27]. Because of the potent systolic parameters that contribute
to the MPI, such as isovolumic contraction- ICT and ejection
time-ET, the index detects with reliability current alterations
of LV systolic function. Index in our study showed a strong
inverse relation with ejection fraction, the higher the value of
the index, the lower the ejection fraction, and vice versa. The
results were comparable to other studies [27,28]. The increase
in both indices was mainly caused by isolated and significant
prolongation of the IRT, the only diastolic component of MPI.
The systolic components, isovolumetric contraction time and
ejection time, showed no significant difference compared
to the control group. IRT tends to increase in isolated left-
ventricular diastolic dysfunction since early diastolic
relaxation proceeds more slowly; however, its duration
depends on both LV relaxation velocity and the difference
between LV end-systolic pressure and left-atrial pressure,
and occasionally it may shorten or pseudo-normalize with
significant increases in left ventricular filling pressures.
MPI appears more resistant to pseudonormalization, as
increased LV filling pressures are correlated with shorter
ejection times [29]. MPI is a simply measurable Doppler
derived index of combined systolic and diastolic myocardial
performance, which is easily applicable to the assessment
of overall right and left ventricular myocardial function. In
brief, left ventricular systolic dysfunction lengthens the pre-
ejection period and shortens the ejection time, so that the
pre-ejection period to ejection time ratio increases. The value
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of the time constant of left ventricular relaxation increases
through all stage of diastolic dysfunction, so that isovolumic
relaxation time becomes prolonged with abnormal relaxation.
Shortened ejection time with premature mitral valve closure
and prolongation of isovolumic contraction time compensate
for increased left ventricular filling pressure. As a result, MPI
increases and provides functional information. The advantages
of this index are reported to be less dependence on the heart
rate and blood pressure, no influence of geometric changes
of the ventricle, easy quantitative assessment, suitability for
follow up studies, and cost effectiveness. However, the MPI
is unsuitable for the evaluation of left ventricular function in
patients with atrial fibrillation, atrial flutter, atrioventricular
block, severe mitral or aortic valvar disease, and severe
pericardial effusion because these factors significantly
influence the patterns of left ventricular inflow and outflow
[27-29]. European Guidelines (2008) emphasized the role
of Natriuretic Peptides (NP) as potential markers for heart
failure. Therefore, NPs seem to be independent mortality
predictors in patients with carcinoid heart disease. Although
most studies showed that brain natriuretic peptide (BNP) is
a marker with a higher sensivity and specificity; however
the application of this analysis in clinical practice is often
limited by the absence of a universally accepted normal
range. A single determination of NT-proBNP at any time
during the progression of carcinoid syndrome is a clinically
useful tool for risk stratification. The hypothesis that repeated
measurements could carry prognostic information beyond
a single measure was confirmed in different settings. The
importance of repeated determinations is in monitoring the
progression of disease and in evaluating the clinical effects of
medical therapy [28]. Arterial hypertension is accompanied
by higher levels of NT-pro BNP, a reliable indicator of
LV pressure and/or volume overload. NT-proBNP levels
are closely associated with LV hypertrophy and filling
impairment and may be used to facilitate the diagnosis of LV
diastolic dysfunction in hypertensives [28]. Wall thickness
during arterial hypertension is the major compensatory
mechanism to pressure overload and it is often associated
with myocardial fibrosis collagen deposition and reduction
in LV relaxation and distensibility. Experimental studies
demonstrated that the genetic expression of NT-proBNP
in myocardial tissue is one of the most important early
indicators of LV pressure overload and it occurs before LV
Hypertrophy (LVH) development [29].

Contemporary heart failure guidelines recommend
natriuretic peptides as the biomarker of choice in diagnostic
work-up of patients with heart failure [25]. In this regard, the
diagnostic role of NT-proBNP is predominantly to exclude
heart failure in carcinoid patients. In this present study, we
confirmed NT-pro BNP, more stable counterpart of BNP
as both diagnostic and prognostic marker that can largely
influence decision making in framing treatment regimens
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for patients. NT-proBNP, 76 amino acid biologically inert
molecule is generated by proteolytic cleavage by furin
and corin, produced due to cardiomyocyte stress [23].
Inflammation, increased levels of oxidative stress and
systemic angiogenic imbalance appear to play a crucial role
in the pathophysiology of carcinoid heart disease. Through
unknown mechanisms, increased levels of oxidative stress
cause a cleavage of prolactin into a 16-kDa fragment, which
causes endothelial dysfunction and induces cardiomyocyte
apoptosis [23]. When interpreting NT-proBNP levels in heart
failure, various clinical factors need to be considered. The
level of natriuretic peptides increases with age, and therefore,
higher cut-off values are suggested for the elderly. Whereas
obesity lowers the concentration of natriuretic peptides, renal
disease and atrial arrhythmias (Atrial Fibrillation (AF) in
particular) are associated with higher NT-proBNP levels.
None of the patients in this cohort had AF; this was not
surprising, as AF has previously been described to be rare in
carcinoid disease [23]. This will enable clinicians to start early
and more specifically targeted treatment regimen. In addition
to clinical judgement, NT-proBNP measurement may lead
to a more effective combinational therapy. High serum NT-
proBNP being indicative of increased risk of future cardiac
dysfunction may enable clinicians to streamline more target
oriented treatment, later followed by regular monitoring of
clinical parameters. Although the left ventricle is considered
the mostimportant contractility chamber, several recent studies
have shown the pivotal importance of RV function. Although
initial studies showed that increased NT-proBNP levels were
associated with the severity of LV dysfunction some authors
have recently shown that patients with both RV and LV
dysfunction have increased levels [29]. In our study carcinoid
patients without hypertension have similar MPI values when
compared with carcinoid syndrome and hypertension with
no significant difference in parameters in patients with and
without HTN. These results suggest that the contributing
effect of hypertension on RV function in carcinoid patients
is not more than the effect of carcinoid syndrome alone on
RV function. The significant difference in MPI between CS
and control group is indicative of the impairment of both RV
systolic and diastolic functions in non-hypertensive carcinoid
and carcinoid hypertensive patients. So in patients with early
subclinical carcinoid heart disease, myocardial dysfunction is
not confined to the right ventricle, but also involves the left
ventricle, and the impairment of RV function encompasses
both systolic and diastolic abnormalities. Increased NT-
proBNP levels are associated with LV remodeling [24]. In this
cohort, elevated levels of NT-proBNP tended to be associated
with a higher MPI. Therefore, NT-proBNP bedside testing in
patients with CS is an exciting prospect, especially in health
care centres in low- and middle-income countries, where
echocardiography is not readily available [29]. Because
levels of brain natriuretic peptides are elevated significantly
not only in pathologic conditions that affect the left ventricle
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but also in clinical conditions that lead to isolated acute or
chronic right ventricular overload, it could be proposed that
these peptides should not only be regarded as biomarkers of
congestive heart failure, but also as indicators of carcinoid
cardiovascular outcome [28,29]. The pathophysiological
background of cardiac dysfunction in CS is multifactorial
and may include both functional and structural alterations in
heart muscle [28] In the present study, we have not found
significant correlation between the duration of HTN and the
RV and LV MPIL. This study has some limitations. One is that
the RV systolic function was evaluated with transthoracic
echocardiography. Other more accurate and objective
methods to estimate RV systolic function, such as Magnetic
Resonance Imaging (MRI), would have increased this study’s
reliability. The other limitation is the study’s small population.
Also data from large scale epidemiological studies regarding
the application of Tei index are lacking.

Conclusion

The simple and easily obtained non-geometric MPI might
be a strong predictor of subclinical myocardial dysfunction
in patients with carcinoid syndrome; this echocardiographic
parameter even correlates with cardiac biomarkers (NT-
proBNP) in patients with neuroendocrine tumours, so this
present study indicates the clinical feasibility and utility
of MPI for assessing global right and left ventricular
performance, incorporating both systolic and diastolic
function. NT-proBNP can facilitate diagnosis and guides
carcinoid heart disease therapy. Its increase is directly related
to more advanced NYHA classes and to poor prognosis.
However, the clinical application of these results requires
further validation.
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