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ABSTRACT

Background and objectives: Anemia is one of the common health problems more so in developing
countries. Echocardiography is a sophisticated, non-invasive imaging tool that has contributed
significantly to the assessment of LV function in patients with chronic severe anemia. The left ventricular
contractility can be estimated by ESS/ESVi ratio (load independent index) obtained from
echocardiographic parameters. This ratio is considered to be superior to EF for assessment of cardiac
contractility. Hence present study was undertaken with objective to assess LV systolic dysfunction, by
ESS/ESVI ratio.

Methodology: Present study was conducted in Al-Ameen Medical College and District Hospital, Bijapur.
31 anemic patients (aged 18-40 yrs) with Hb <7 gm% and equal no. of age and gender matched normal
subjects were selected. All anemic patients were subjected for hemoglobin estimation and M mode 2D
Echocardiography. ESS/ESVi ratio was derived from echo parameters.

Results: Statistically significant variations were found in ESS/ESVi in anemic patients compared to
controls. However it did not correlate with Hb levels.

Interpretation and conclusion: The finding of decreased ESS/ESVi in anemic patients compared to
controls may be as a consequence of hyperdynamic circulatory state. Anemia is known to cause vascular
and cardiac changes mainly increased preload and decreased afterload. These factors increase systolic
wall stress. Over time this stress weakens the LV and leads to LV systolic dysfunction. Being a load
independent index of myocardial contractility, ESS/ESVi serves as a better parameter for assessing LV
dysfunction
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INTRODUCTION

Anemia is one of the common health
problems more so in developing countries.
Anemia reduces tissue oxygen delivery and
causes a compensatory cardiovascular
response. In mild cases patients are
asymptomatic. When anemia is more

significant, dyspnea and fatigue may occur.
Severe anemia can produce left ventricular
(LV) dysfunction and overt heart failure. In
chronic anemia, the heart undergoes
structural changes in response to a
persistently reduced hematocrit and in the
end develops functional impairment. (LV)
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dysfunction occurs frequently with chronic
severe anemia, in the form of concentric LV
hypertrophy, LV dilatation with or without
LV hypertrophy, or systolic dysfunction.™
The clinical findings of a hyperkinetic state
in anemia, although frequently quite
striking, can be rapidly reversed by partial
correction of the anemia in almost every
instance.

Hyperdynamic state of anemia is
known to cause increased preload and
reduced after load. Therefore indices of
myocardial performance that are
independent of loading conditions should be
used to assess cardiac performance in
anemia. The end systole pressure/volume
relation is an index of myocardial
performance that is independent of preload
and after load. Only few studies have
evaluated LV  contractility by load
independent indices such as LV end systolic
wall stress to LV end systolic volume index
in patients with anemia.?

Echocardiography is a sophisticated,
non-invasive imaging tool that has
contributed significantly to the assessment
of patients with chronic severe anemia. Only
few studies have assessed the left ventricular
function by non invasive techniques. The
left ventricular contractility was estimated
by ESS/ESVi ratio which was obtained from
parameters measured by echocardiography.
Present study was undertaken with the
objective of assessing the status of left
ventricular functional impairment, at an
early stage by echocardiographic derived
parameter of wall stress-ESS/ESVi ratio.

MATERIALS AND METHODS

The present study was conducted in
the department of physiology Al-Ameen
Medical College, Bijapur. Thirty one (31)
patients (20 females, 11 males) with severe
anemia (Hb < 7gm%), between 18yrs to 40
yrs age visiting Al-Ameen medical college
hospital and District Hospital Bijapur were

selected. Equal number of age & gender
matched individuals were controls.

Patients presenting with history of
acute anemia and other causes of
hyperdymanic  circulatory  state  were
excluded from the study. All anemic patients
underwent history taking and a thorough
clinical examination. Physical parameters
were recorded. Their hemoglobin levels
were estimated. Transthoracic
Echocardiography was done using PHILIPS
Envisor C (model no MCMDO02AA)
diagnostic Ultrasound System using 3.5
MHz transducer, probe (PA 4- 2) by
physician experienced in Echocardiography.
Measurements were made according to the
recommendations of the American Society
of Echocardiography (ASE) at end diastole
and end systole.®! Echocardiographic
parameters viz- LVPWs, LVIDs, ESV were
recorded.

The ESS/ESVI ratio provides an
excellent measure of LV systolic function
and measures LV systolic wall stress.**!
Left ventricular end systolic stress was
calculated by the formula.?

ESS= 0.334xP x LVIDs
LVPWs (1+ LVPWSs)

LVIDs
Where P is simultaneous cuff systolic
brachial arterial pressure (mmHg),

LVIDs is Left ventricular inner dimension at
end systole,

LVPWs is Left ventricular Posterior wall
thickness at end systole.

End systolic volume (ESV) was
indexed to body surface area to get End
systolic volume index (ESVi).

The ratio of ESS/ESVi was then
calculated and expressed as Kdyn/cm? per
ml per m.

Student’s unpaired‘t’ test was performed
(using Graph pad Prism 5 statistical
software) to analyze the wall stress ratio
changes between the control group and
anemic patients. Correlation analysis was
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applied to correlate hemoglobin levels and
various echo parameters. A ‘p’ value <0.05

RESULTS

was considered statistically significant.

TABLE.NO.1: Shows the mean + SEM of Hb, PR, SBP, DBP in anemic patients and controls.

ANEMIC PATIENTS (n=31) | CONTROLS (n =31
SPARAMETER | \1e AN+SEM ( ) MEAN+SEM ( )| pvaiue
Hb (gm/dl) 4.958 +0.22 13.46 +0.13 p <0000
PR (beats/min) 88.06 + 1.08 78.83+0.74 p<0.0001"
SBP (mmHg) 109.29 + 1.39 112.96 +1.28 p>0.05
DBP (mmHg) 66.58 + 1.38 74.64 + 1.0 p<0.0001"

TABLE.NO.2: Shows the mean + SEM of Echocardiographic parameters in anemic patients and controls.

ANEMIC PATIENTS CONTROLS

PARAMETER (n = 31) MEANSEM (n=31) MEAN:SEM | PValue
LVIDs (cms) 346 +0.012 2.86 £ 0.06 p < 0.0001%**
LVPWs (cms) 1.015+0.01 1.00 +0.01 p > 0.05

ESV (ml) 46.92£3.73 248 %165 p < 0.0001%*
EF (%) 50.47 + 1.25 67.48  0.89 p < 0.0001%**
FS(%) 27.93+1.03 3231082 p<0.01%*
(Eksdi’sgr\;z' ;i?%l dermfy | 23094011 3.783+0.18 D < 0.0001%**

TABLE.NO.3: Shows the correlation analysis of Hb with
various Echocardiographic parameters in anemic patients.

ﬁé. PARAMETER ANEMIC PATIENTS (N=31)

R p S/NS
1 Hb vs LVIDs -0.364 0.04 S*
2 Hb vs LVPWs -0.128 0.49 NS
3 Hb vs ESV -0.415 0.02 S*
4 Hb vs EF 0.062 0.73 NS
5 Hb vs FS 0.07 0.70 NS
6 Hb vs ESS/ESVI 0.345 0.056 NS
3.78
—
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Figure 1: Mean of ESS/ESVI (kdyn/cm?ml/m?) of anemic
patients and controls.

Thirty one patients with severe
anemia having hemoglobin concentration
less than 7 gm/dl, between 18 and 40 yrs of
age and equal no. of age and gender

matched normal subjects were selected for
this study. Student’s unpaired ‘t’ test was
used to analyze the wvariation in the
parameters in anemic patients and controls.
Correlation analysis was done in patients to
correlate Hb with ESS/ESVi ratio.

Table No. 1 Shows the mean + SEM
of Hb, PR, SBP, DBP in anemic patients and
controls. The mean value of pulse rate of
anemic patients was higher as compared to
that of controls with a statistically
significant difference; (t = 7.01, p < 0.0001).
There was no statistically significant
difference between the mean of SBP levels
of anemic patients and controls; (t = 1.936, p
> 0.05). The mean DBP level in anemic
patients was lower as compared to the
controls with a statistically significant
difference; (t = 4.585, p < 0.0001).

The mean £ SEM of hemoglobin in anemic
patients was 4.958 + 0.22 gm/dl; in controls
13.46 + 0.13 gm/dl.

Table No. 2 Shows the mean + SEM
of Echocardiographic parameters in anemic
patients and controls.

The mean of ESV in anemic patients
was more when compared with that of
controls with a statistically significant
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difference; (t=5.413, p < 0.0001). In anemic
patients the mean value of EF & FS were
lower when compared with that of controls.
This difference was statistically significant;
(t=5.201, p < 0.0001) & (t = 3.33, p < 0.01)
respectively.

The mean value of ESS/ESVI ratio in
anemic patients was found to be lower when
compared to that of controls. This difference
was statistically highly significant; (t=
6.895, p < 0.0001) (Fig. 1).

v=0.164x+ 1.493
i R*=0.119
"E 35 1 *
s .2
- - ““’
‘= 25 T v 0
g | M
g 7 * 3 o
g 15 v .
= 1
=
ﬁ 0.5
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Figure 2: Correlation between Hb and ESS/ESVI ratio in
anemic patients (n=31); the correlation coefficient(r) is 0.345, p
value > 0.05.

Table no.3 shows the correlation
analysis of Hb with various
Echocardiographic parameters in anemic
patients. The LVIDs showed statistically
significant  negative  correlation  with
hemoglobin (r = -0.364, p < 0.05). LVPWs
and hemoglobin did not correlate with a
statistical significance (r = -0.128, p > 0.05).
Significant negative correlation was found
between ESV and hemoglobin levels (r = -
0.415, p < 0.05). EF & FS showed no
significant correlation with hemoglobin (r =
0.062, p > 0.05) & (r = 0.07, p > 0.05)
respectively.

There was no statistically significant
correlation between ESS/ESVI ratio and
hemoglobin in anemic patients; (r = 0.345, p
> 0.05) (Fig. 2).

DISCUSSION

Singh K, Singh PI conducted a study
and observed that there was an elevation of
heart rate in anemics.[®! Our finding of an
elevated pulse rate in anemic patients
suggest the possibility of increased activity
of sympathetic part of autonomic nervous
system due to reduced oxygen delivery to
the tissues.!

There was no significant difference
in the mean + SD of SBP of 31 chronic
severe anemia patients and controls.!”! The
systolic blood pressure did not differ
significantly between patients with sickle
thalassemia and healthy controls (I
Moyssakis et al. 2005).®! Our findings are
similar to other studies.

In a study conducted by RB Panwar
et al. 1991, it was observed that the ESV
index was more in anemic patients than
controls. It was also observed that the ESV
index was deranged more in patients with
tachycardia than without tachycardia.' The
ESVi in thalassemia patients was
36.9+10.8ml/m* and in controls 28.15+2.6
ml/m? with a statistical significance of p <
0.0001 (G Bosi et al. in 2003).1% Riku H et
al 1999, noted a decrease in the end systolic
volume index in patients with iron
deficiency anemia when observation was
made before and after treatment of anemia
in a study conducted in 2000 on 24 patients
of IDA with a mean age of 30 yrs.?

The finding of an increased ESV in
anemic patients in our study may be due to
early feature of onset of impaired left
ventricular function in these patients. We
also found a negative correlation between
hemoglobin levels and ESV, which may be
due as a consequence of chronic anemia.

The most accepted expression of
global LV function is LVEF. It is a simple
measure of how much percentage of end-
diastolic volume is ejected from the left
ventricle  with  each  contraction.[!
Fractional shortening (FS) is the percentage
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change in LV dimensions with each LV
contraction. It is also a measure of systolic
function. Bahl VK et al. 1992, observed a
significant decrease in EF &FS of anemic
patients as compared to that of controls in a
study conducted on 31 patients with chronic
severe anemia and equal number of healthy
controls. ™! Ejection fraction & fractional
shortening of anemic patients with
tachycardia was found to be significantly
lower when compared with that of controls
(RB Panwar et al. 1991).!

Our finding is similar to that of other
studies. The EF which is considered to be an
index of systolic function being lower in
anemic patients may indicate that the
systolic function in these patients is slightly
compromised.

The ESS/ESVI ratio is considered to
be superior to EF for assessment of cardiac
contractility. In a study conducted by
Athanasios Aessopos et al. 2004, there was
no significant difference in EF & FS of
anemic patients when compared to healthy
controls. However it was found that the ESS
index was significantly (p<0.001) lower in
anemics as compared to healthy controls.!
ESS/ESVI increased significantly
(p<0.0001) after iron therapy as compared to
pre therapy in a study on iron deficiency
anemia patients when they were examined
by M mode 2 dimensional echocardiography
(Riku H et al 1999).”! The ratio of end-
systolic wall stress to end-systolic volume
index (ESS/ESVI) has been used to evaluate
cardiac contractility. This ratio is reduced
implying functional compromise in patients
with hemoglobin levels of less than 6
g/dL.[*?

This index is independent of preload
and after load and thus is believed to
accurately reflect LV contractility.”* Our
finding of lower ESS/ESVi ratio in anemic
patients may be due to reduced LV
contractility.?! The reduced ESS/ESVi ratio
probably implies cardiac systolic functional

compromise as a consequence of chronic
anemia.

Thus the findings of decreased EF,
FS, ESS/ESVI ratio in anemic patients in
our study are as a consequence of
hyperdynamic circulatory state leading to
vascular and cardiac changes. The cardiac
changes are mainly due to increased preload
and decreased afterload.

These changes may be attributed to
ventricular remodeling that occurs following
sustained hemodynamic overloading of the
heart which may be due to volume overload.
These factors increases systolic wall stress
and result in eccentric left wventricular
hypertrophy characterized by increased LV
dimensions.*® Over time the stress of
volume overload weakens the left ventricle
and leads to LV systolic dysfunction ! as
indicated by decreased EF, FS, and
ESS/ESVi ratio in anemic patients in our
study implying onset of cardiac dyafunction.
These hemodynamic changes in chronic
severe anemia if continued for prolonged
period may finally lead to cardiac failure.

CONCLUSION

The finding of our study of
decreased ESS/ESVi ratio in anemic patients
compared to controls are as a consequence
of hyperdynamic circulatory state leading to
vascular and cardiac changes. These changes
may be attributed to ventricular remodeling
that occurs following sustained
hemodynamic overloading of the heart
which may be due to volume overload
caused by anemia. Over time the stress of
volume overload weakens the left ventricle
and leads to LV systolic dysfunction. Being
a load independent index of myocardial
contractility, ESS/ESVi serves as a better
parameter for assessing LV dysfunction

ACKNOWLEDGEMENT
Authors would like to thank all the
participants of the study. Authors also

International Journal of Health Sciences & Research (www.ijhsr.org) 75
Vol.4; Issue: 6; June 2014


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bahl%20VK%22%5BAuthor%5D

acknowledge the great help received from the
scholars whose articles cited and included in
references of this manuscript. The authors are
also grateful to authors / editors / publishers of
all those articles, journals and books from where
the literature for this article has been reviewed
and discussed.

REFERENCES

1.

Murray A. Varat, Robert J. Adolph,
Noble O. Fowler. Cardiovascular
Effects of Anemia. Fundamentals of
clinical cardiology, Mar 1972; 83(3):
415-426.

Hayashi R, Ogawa S, Watanabe Z,
Yamamoto M. Cardiovascular function
before and after iron therapy by
echocardiography in patients with iron
deficiency anemia. Pediatr Int 1999; 41.:
13-7.

Stritzke J, Mayer B, Lieb W, Luchner
A, Doring A, Hense HW, Schunkert H.
Haematocrit levels and left ventricular
geometry: Results of the MONICA
Augsburg Echocardiographic Substudy.
J Hpertens 2007 Jun; 25 (6):1301-9.
Aessopos A, Deftereos S, Farmakis D,
et al. Cardiovascular adaptation to
chronic anemia in the elderly: An
echocardiographic study. Clin Invest
Med 2004; 27: 265-73.

Colan SD, Borow KM, Neumann A.
Left ventricular end-systolic wall stress-
velocity of fiber shortening relation: A
load-independent index of myocardial
contractility. J Am Coll Cardiol 1984; 4:
715-24.

Singh K, Singh PI. Autonomic functions
in chronic severe anaemia. Indian J Med
Sci 1994 Apr; 48(4): 93-5.

Bahl VK, Malhotra OP, Kumar D,
Agarwal R, Goswami KC, Bajaj R, et al.

10.

11.

12.

13.

14.

Non-invasive assessment of systolic and
diastolic left wventricular function in
patients with chronic severe anemia: A
combined M-mode, two-dimensional,
and Doppler echocardiographic study.
Am Heart J 1992; 124: 1516-23.

Guyton AC, Hall JE. Text of medical
physiology. 11" ed. India: Reed
Elsevier India; 2007.

RB Panwar, R Goyal, RP Shukla, SN
Misra. Assessment of left ventricular
function in chronic severe anemia. An
echocardiographic study. JAPI 1991;
39(9): 673-674.

G Bosi, R Crepaz, M R Gamberini, M
Fortini, S Scarcia, E Bonsante et al. Left
ventricular remodelling, and systolic and
diastolic function in young adults with 3
thalassaemia  major: A Doppler
echocardiographic  assessment  and
correlation with haematological data.
Heart 2003; 89: 762—766.

Eugene Braunwald, Peter Libby, Robert
O. Bonow, Douglas L. Mann, Douglas
P. Zipes. Libby: Braunwald's Heart
Disease: A Textbook of Cardiovascular
Medicine.8" ed. Philadelphia: Saunders
Elsevier; 2008.

Nikita Hegde, Michael W. Rich,
Charina Gayomali. The
Cardiomyopathy of Iron Deficiency.
Tex Heart Inst J 2006; 33: 340-4.
Valentin Fuster, R. Wayne Alexander,
Robert A.O Rourke, Robert Roberts,
Spencer B. King Ill, Ira S. Nash et al.
Hurst’s THE HEART. 11" ed. New
York: Mc Graw Hill companies; 2004.
Stephen J.  McPhee, Maxine A.
Papadakis, Lawrence M. Tierney JR.
2008 Current Medical Diagnosis &
Treatment. 47" vol. California; LANGE
Mc Graw hill; 2007.

How to cite this article: Qushnood F, Rebello CR, Dhundasi SA et. al. Left ventricular wall stress in
severe anemia: an echocardiographic study. Int J Health Sci Res. 2014;4(6):71-76.

*khkhkhkhhkhkhkhkkkkhkikiiiikikkx

International Journal of Health Sciences & Research (www.ijhsr.org) 76
Vol.4; Issue: 6; June 2014


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lieb%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Luchner%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Luchner%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Luchner%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22D%C3%B6ring%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hense%20HW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schunkert%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Singh%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Singh%20PI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/8076994

