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Prognostic value of left ventricular stroke work index in patients with
advanced heart failure

lleri evre kalp yetmezligi olan hastalarda sol ventrikiiler atim is indeksinin
prognostik degeri
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ABSTRACT

Aim: The impact of reduced myocardial contractility on patients’ outcomes with advanced heart failure (HF) and the
correct measurement units for its measure is most important. The present work aims to evaluate the prognostic value of
the left ventricular stroke work index (LVSWI), which is considered a measure of myocardial contractility, in patients with
advanced HF.

Material and Methods: Between September 2010 and July 2013, 172 patients with advanced HF admitted to the hospital
to guide the specified therapies were included in this study. At baseline, patients were assessed with cardiac catheter-
based hemodynamic measurements, ensued by the longitudinal follow-up (median of 52 months) for adverse outcomes
(cardiac mortality, ventricular assist device (VAD) placement, and heart transplant (HTx)).

Results: Median LVSWI was 16 cJ/m2. Decreased LVSWI (<16 cJ/m2) was associated with increased adverse outcomes.
We observed 50 cardiac deaths, 12 VAD placements and 10 HTx. The prognostic value of LVSWI remained significant after
adjustment for age, gender, mean arterial pressure, pulmonary vascular resistance, right atrial pressure and estimated
glomerular filtration rate (HR 0.379, 95% Cl 0.17-0.84, p=0.017).

Conclusion: Lower LVSWI is an independent predictor of adverse outcomes in patients with advanced HF. Therefore, it
could be used for individual risk stratification in these patients to predict clinical outcomes.
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Amag: Azalan miyokard kontraktilitesinin ileri evre kalp yetmezIigi (KY) olan hastalarin sonugclari Gzerindeki etkisi ve
Olcimu icin dogru 6lclim birimi ¢cok 6nemlidir. Bu calisma, ileri evre KY olan hastalarda miyokard kontraktilitesinin bir
Olclist olarak kabul edilen sol ventrikil atim is indeksinin (LVSWI) prognostik degerini arastirmayi amaclamaktadir.

Gereg ve Yontemler: Eylil 2010 ile Temmuz 2013 tarihleri arasinda spesifik tedavi yontemlerini alabilmek icin hastaneye
bagvuran ileri evre KY olan 172 hasta bu calismaya dahil edildi. Baslangicta kardiyak kateter bazli elde edilen hemodinamik
Olctimler longitudinal takipte (median 52 ay) ortaya ¢ikan olumsuz sonuclar (kardiyak mortalite, ventrikiiler destek cihazi
(VAD) implantasyonu ve kalp nakli (HTx)) ile degerlendirildi.

Bulgular: Median LVSWI 16 cJ/m2 idi. Azalan LVSWI (<16 cJ/m2), artan olumsuz sonuclarla iliskilendirildi. 50 kardiyak 6lim,
12VAD implantasyonu ve 10 HTx gézlemledik. LVSWI'nin prognostik degeri, yas, cinsiyet, ortalama arter basinci, pulmoner
vaskdler direng, sag atriyal basing ve tahmini glomertiler filtrasyon hizi icin diizeltmeler yapildiktan sonra anlamli kaldi (HR
0.379, %95 Cl1 0.17-0.84, p=0.017).

Sonug: Azalmis LVSWI, ileri evre KY hastalarinda olumsuz sonuclarin bagimsiz bir 6ngoéricisiudir. Bu nedenle, klinik

sonuglari tahmin etmek icin bu hastalarda bireysel risk siniflandirmasi icin kullanilabilir.

Anahtar kelimeler: Sol ventrikil disfonsiyonu; kalp yetmezligi; mortalite; prognoz.

Introduction

The impact of reduced left ventricular myocardial contractility
arising from diverse etiologies on therapeutic decision making
and prognosis is undisputed. Therefore, itis essential to determine
the left ventricular myocardial contractility of the heart accurately.
Traditionally, cardiac out (CO) and cardiac index (Cl) values are
used as myocardial contractility indicators [1].

The left ventricular stroke work index (LVSWI) is a hemodynamic
parameter considered the left ventricle’s myocardial contractility
tomaintain blood circulation [2]. Over time, decreased myocardial
contractility leads to reduced stroke work and, consequently, to
an increased heart rate in patients with advanced heart failure
(HF) [3]. Since calculating the LVSWI does not include the variable
heart rate, it is more suitable for computing sensitive myocardial
contractility changes than CO and Cl.

The present research aimed to investigate the prognostic
value of LVSWI in patients with advanced HF.

Material and Methods
Study design and study population

Our study cohorts included 172 consecutive patients with
advanced HF admitted to a tertiary hospital between September
2010 and July 2013 for medical treatment optimization
and evaluation for mechanical circulatory support device
implantation and assessment for heart transplantation (HTx).
After receiving and understanding all the research-related
information, informed consent was obtained from all study
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populations. Local authorities approved this retrospective
cohort study. From the patient’s first contact to either
undergoing ventricular assist device placement, HTx or cardiac
mortality was defined as the length of follow-up time.

Study protocol

At baseline, we performed both right-sided and left-sided
heart catheterization for all study patients to evaluate the
hemodynamic measurements used for the present analysis.
Simultaneously performing right-sided and left-sided heart
catheterization, access was obtained by percutaneous
puncture of the femoral vein and artery. Following placement
of both a catheter into the pulmonary artery and the
ascending aorta, a mixed central venous sample and an
arterial sample were obtained from the catheter’s tip. We
computed CO by using Fick’s equation, and then we divided
cardiac output by the body surface area to obtain the Cl. A
multipurpose catheter was inserted into the pulmonary artery
to monitor right hemodynamics until the wedge position was
reached. Then, at the end of expiration, pulmonary capillary
wedge pressure (PCWP), pulmonary artery pressure, and right
atrial pressure were measured one after the other. To measure
mean arterial pressure (MAP) invasively, we inserted a pigtail
catheter into the ascending aorta.

The left ventricular contractility was assessed by computation
of LVSWI according to the following formula: LVSWI = SVI x
(MAP - PCWP) x 0.0133322, where SVl is indexed stroke volume,
and the factor 0.0133322 converts volume and pressure units



to centijoule (cJ) [4], which is the unit of work and energy

measurement used in medicine to express cardiac work.

Patients have been categorized according to their functional
capacity as class Il or lll, or IV in line with the New York
Heart Association (NHYA) classification [5]. According to the
American Society of Echocardiography guidelines, the left
ventricular ejection fraction was determined using the biplane
modified Simpson’s method [6].

The measurements of the following variables were collected
for all patients: Age, gender, left ventricular ejection fraction
(LVEF), LVSWI, PCWP, estimated glomerular filtration rate
(eGFR), MAP, right atrial pressure (RAP), CO, Cl, pulmonary
vascular resistance (PVR), mean pulmonary arterial pressure
(MPAP), (PASP),
transpulmonary gradient (TPG). Moreover, the following

pulmonary arterial systolic pressure
categoricalvariableswererecorded asavailable ornotavailable:
(CRT-D),

ischemic cardiomyopathy (ICMP), valvular heart disease, atrial

cardiac resynchronization therapy-defibrillator
fibrillation, chronic obstructive pulmonary disease (COPD),

hypertension, diabetes mellitus, angiotensin-converting
enzyme inhibitors, beta-blockers, mineralocorticoid receptor

antagonist medication (MRA), diuretic medication.

Since eGFR less than 60 ml/min/1.73m2 is known to be an
indicator of cardiovascular mortality [7,8], eGFR measurements
of patients were reported as adummy variable where 1 indicates
that eGFR is below this threshold and 0 indicates otherwise.
Measurement units of all variables are indicated in the tables.

Statistical analysis

We fit univariate and multivariate Cox regression models on
survival times to investigate all variables’ effects on the hazard.
We created an LVSWI dummy variable, which is 1 if the LVSWI
observation of a patient is above the threshold 16 cJ/m2 and 0
otherwise.The significant variables in the univariate regression
models were Cl, LVSWI, LVEF, PCWP, eGFR, MAP, RAP, PVR, MPAP,
PASP, TPG, MRA and COPD. After this preliminary screening, we
carried a stepwise procedure using all the significant variables
to build a Cox regression model for studying their adjusted
effects on the hazard. We used the well-known forward
regression, where the Akaike Information Criterion (AIC) is the
model comparison criterion. The base model includes age and
gender as demographic variables, and Cl is a commonly used
variable in the literature. Table 3 displays the order of variables
entering the model in the stepwise procedure, which may be
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regarded as the importance of predictive power variables.
After 6th step, adding a new variable does not improve the
model. Therefore, the stepwise procedure is terminated.

Results

Out of 172 patients, 11 had to be removed from the study as
they did not provide enough observable lifetime due to death
at the first contact or having a left ventricular assist device
(LVAD) implantation. For the 161 patients in the study, the
observed lifetime is the time from the first contact with the
patient to an endpoint, which may refer to a cardiac death
or some censoring form. A total of 50 cardiac deaths and 111
censoring times are observed, where the censoring times
correspond to non-cardiac deaths (n=9), HTx (n=10), LVAD
implantations (n=12), and being alive (without HTx or LVAD
implantation) at the end of the study (n=80). Table 1 presents
the patients’ baseline characteristics stratified for LVSWI
threshold 16 cJ/m2. Table 2 presents hemodynamics with the
same stratification. How this threshold value was obtained
will be explained below. In both tables, percentages of the
indicated levels are reported for categorical variables, and
means and standard deviations (in parenthesis) are reported
for numerical variables.

Figure 1 displays the result of our search procedure for a
reasonable threshold point for LVSWI, where several threshold
values are plotted against the corresponding chi-squared
distance between the survival curves of the patients having
LVSWI values on either side of the threshold. As displayed in
the figure, the largest distance is attained when the LVSWI
threshold equals 16 cJ/m2. In other words, when the patients
are divided into two strata as having LVSWI below (including)
and above the threshold 16 cJ/m2, the log-rank test returns
a chi-squared distance of 24.4 (p<0.0001), which is the
maximum among all possible thresholds. Patients with LVSWI,
less than or equal to 16 cJ/m2, have significantly smaller
survival probabilities, therefore, may be regarded as high-risk
patients. There are 44 patients below and 117 patients above
this LVSWI threshold.

Figure 2 displays Kaplan-Meier estimates of survival
functions for all patients based on LVSWI strata, along with
95% confidence intervals and numbers at risk by time. As
indicated above, survival probability in the high LVSWI strata

is significantly higher.
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distance between survival curves. Figure 2. Kaplan-Meier estimates for low and high LVSWI levels.
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We fit univariate and multivariate Cox regression models
on survival times to investigate all variables’ effects on the
hazard. We created an LVSWI dummy variable, which is 1 if the
LVSWI observation of a patient is above the threshold 16 cJ/
m2 and 0 otherwise. The significant variables in the univariate
regression models were Cl, LVSWI, LVEF, PCWP, EGFR, MAP, RAP,
PVR, MPAP, PASP, TPG, MRA and COPD. After this preliminary
screening, we carried a stepwise procedure using all the
significant variables to build a Cox regression model to study
their adjusted effects on the hazard. We used the well-known
forward regression, where the Akaike Information Criterion
(AIC) is the model comparison criterion. The base model

includes age and gender as demographic variables and Cl as it
is a commonly used variable in the literature. Table 3 displays
the order of variables entering the model in the stepwise
procedure, which may be regarded as the importance of
predictive power variables. After the 6th step, adding a new
variable does not improve the model; therefore, the stepwise

procedure is terminated.

Details of the final adjusted multiple Cox regression model
is given in Table 4, along with the unadjusted univariate
Cox regression details for each variable in the final model.
The reported hazard ratios correspond to the exponentials
of regression coefficients, representing the corresponding
variables’ relative hazard. We see that the hazard ratio of
LVSWI equals 0.379, indicating patients with LVSWI greater
than the threshold 16 cJ/m2 have about 62.1% less hazard
than patients with LVSWI less than or equal to this threshold.
Other significant variables are LVEF, RAP and MAP with similar
interpretations. Given these four variables, Cl, MRA, age and
gender do not seem to affect the hazard significantly.

Discussion

The present investigation has several important key findings.
These may contribute to our understanding of the clinical
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implications for assessing a patient’s prognosis with advanced
HF. First, this is an investigation with an adequate sample
size of patients with advanced HF and long-term follow-up.
Therefore, we were able to evaluate the clinical impact of LVSWI
sufficiently. Second, LVSWI was associated with other common
hemodynamic variables of HF severity. Third, we demonstrated
a strong association between LVSWI and ventricular assist
device- and heart transplant-free survival. Finally, in the present
study LVSWI emerged as a significant hemodynamic predictor
of adverse outcomes in patients with advanced HF.

The left ventricular stroke work is related to the left ventricle's
work during a cardiac cycle to eject the stroke volume
into the aorta [4]. As the kinetic energy and friction loss is
negligible, itis presented by the area within the left ventricular
pressure-volume diagram [9]. The most widely used system
of measurement in science is the International System of
Units (“Systeme international d'unites”), abbreviated as Sl [4].
The Joule is Sl derived unit for work or energy. The SI prefix
“centi” represents a factor of 10-2 Joules. The calculation with
centijoule (cJ) unit is due to small measurements of LVSWI
more precise than with Joules, and the result can be easily
converted to Joules unit if necessary.

When comparing scientific papers, correct units of measurement
are a critical condition. Since different units of measurement
and formulas to calculate LVSWI are in use, a comparison of data
from various studies is not without problems [10]. Therefore,
only a few studies have the correct units of measurement and

formulas whose outcomes can be compared.

The concept of LVSWI has been previously studied in
investigations with small sample size and event rates. A
previous trial of 63 patients with HF demonstrated at a one-
year follow-up that patients with LVSWI less than 0,20 J/m2
died of progressive HF while patients with LVSWI 0.4 J/m2
were alive [11]. Looking back to our data, we found for the
LVSWI a cut-off value of 16 cJ/m2, which is equal to 0,16 J/m2.
This discrepancy could be related to the fact that in contrast
to our homogeneous chronic advanced HF population, in the
previous trial with small sample size, 26 of 63 patients had
acute HF due to myocardial infarction, and the remainder
had chronic or acute-on-chronic HF with moderate to severe
symptoms [11]. In another prior investigation of 34 patients
who underwent non-cardiac surgery, a rapid test with
volume infusion was performed [12]. The ability to increase
left ventricular work in response to hemodynamic stress as a
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predictor of perioperative cardiac complications was tested.
The patients developing perioperative cardiac complication
had an LVSWI of 0.28 J/m2 and who recovered without a
cardiac complication had 0.47 J/m2. In a prior study of 31
patients with severe HF, the stroke work index did not predict
the one-year follow-up mortality [13]. Compared to the trials
mentioned earlier, the present analysis had sufficient sample
size and event rates and long-term follow-up period to
demonstrate a strong association with LVSWI and mortality.

The renal perfusion is reduced in advanced HF, leading to
impaired renal function. An indirect indicator of overall renal
function is serum creatinine, strongly associated with HF and
mortality progression in patients with cardiac dysfunction
[14]. Calculating the eGFR using readily available clinical
measurements can help identify advanced HF patients at
increased cardiac death risk [8]. In a prior investigation, it has
been reported that patients with congenital HF and ventricular
dysfunction with reduced CO and eGFR < 60 ml/min/1.73
m2 had a 3-fold increased risk of mortality [15]. Comparably,
based on our results associating with eGFR, the LVSWI has an
incremental prognostic value for cardio-renal outcomes in
patients with advanced HF.

When looking at our data, it is noticeable that both RAP and
MAP were also independently associated with cardiac death in
multivariate Cox regression analysis. Commonly, the RAP value
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has been used as a marker of right ventricular dysfunction.
Compared to LVSWI, RAP is affected by tricuspid valve
regurgitation, which occurs in response to right ventricular
dilatation in pulmonary hypertension due to left-sided
HF [16]. Hence, LVSWI is a more accurate measure of heart
function. Compared to LVSWI, MAP is influenced by a complex
interplay between the cardiovascular, renal, and autonomic
nervous systems [17], and severe aortic regurgitation. Thus,
LVSWI is a more robust and precise representation of cardiac
performance. Furthermore, MAP and SVI, and PCWP, are
hemodynamic parameters of cardiac function that can predict
clinical outcomes, but one can not necessarily predict the other.
For instance, cardiogenic shock is marked by decreased SVl and
MAP and increased PCWP, whereas decreased SVl and MAP and
PCWP mark distributive shock [18]. LVSWI integrates the above-
mentioned hemodynamic parameters and, therefore, a more
reliable representation of the overall cardiac function.

The loading conditions (preload and afterload) and
contractility are essential determinants of cardiac function.
Contractility indices should assess the performance potential
of the heart without dependent on loading conditions.
However, traditional contractility indices such as CO and Cl
are heavily dependent upon loading conditions and the heart
rate. Still, the Cl as indicators of myocardial contractility has
been demonstrated to correlate well with prognosis [19,20].
According to our data, LVSWI overperformed Cl referred to



predict adverse clinical outcomes, which could be related to
the fact that the LVSWI is independent of heart rate [21].

Study limitations

Based on the retrospective study design, the present
investigation’s findings should be interpreted with diverse
restrictions. The attendance of selection bias for consecutive
patients with advanced HF who were referred to a tertiary
hospital for optimization of heart failure medication and to be
evaluated for circulatory assist device implantation as well as
for HTx cannot be ruled out. According to the severity of iliness,
however, patients with advanced HF are predetermined to
compare adverse events. Furthermore, to analyzing the LVSWI
atrestonlyatone pointintime,itis obscure whethertemporary
hemodynamic changes are compatible with clinical outcomes.
Due to the severity of the illness, however, no improvement in
health can be expected. Furthermore, endpoints such as HTx
and LVAD implantation might be biased by selecting donor
heart availability and mechanical circulatory support.

Conclusions

The outcome of the present analysis determines LVSWI <16c¢j/
m2 as having an independent association with increased risk
of cardiac mortality. This result underlines the potential for
LVSWI to be a useful tool for risk stratification in patients with
advanced HF. Prospective randomized studies should confirm
the prognostic value of LVSWI in patients with advanced HF.
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