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ABSTRACT

OBJECTIVE: To determine the variation in indexed stroke volume (LVSVi) in 
children with varying left ventricle ejection fraction (LVEF) using cardiac magnetic 
imaging (CMR) and its correlation with various cardiac factors.

METHODS: This observational comparative study was conducted at The 
Children's Hospital, Lahore, Pakistan from December 2018 to November 2021. 
All children below 18 years' age presenting to hospital for CMR for tissue 
characterization, having normal vital organs function and no clinical signs of heart 
failure were included in the study. Relevant clinical data was recorded. CMR was 
performed using 1.5T Philips Ingenia MRI scanner. The data were analyzed with 
varying LVEF and correlation of LVSVi with various cardiac factors including 
indexed left ventricular end diastolic volume (LVEDVi), cardiac output (CO) and 
heart rate (HR).

RESULTS: Out of 175 patients, 170 children up to 18 years old completed the 
2test with mean age 14.3±3.3 years. Mean LVSVi was 42+12 ml/m  which 

followed Frank Starling curve except in children with LVEF <36%. Mean LVEDVi 
2was 86±34 ml/m . LVSVi did not correlate with heart rate or indexed ventricular 

systolic volumes acting as an independent variable. Minimum LVSVi remained 
similar all groups as demonstrated through centile distribution. 

CONCLUSION: Indexed stroke volume is an independent variable in children 
having normal vital organs function with varying LVEF. It can serve as an 
independent monitoring parameter for clinical management of children with 
impaired ejection fraction.
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INTRODUCTION

ardiovascular system in humans 

Cis based on an active pump in 
the form of four chambered 

heart pushing blood through a network 
of vessels. The end point of this system 
is to provide end organs optimal blood 
volume at an optimal perfusion pressure 
to allow oxygen, carbon dioxide, 
nutrition and waste exchange. This aim 
is achieved by the heart altering its rate, 
amount of blood pumped with each 
contraction (stroke volume) and 

optimal contractility. Under certain 
conditions, this ability is hampered and 
optimal cardiac output is not generated 
leading to heart failure, low cardiac 
output syndrome, syncope or shock in 
addition to adversely affecting vital 
organs function including deranged 
renal profile, pulmonary edema and 
altered conscience level. Under 
c i r c u m s t a n c e s  w i t h  i m p a i r e d  
contractility and limited available heart 
rate range especially in children, 
understanding the variation in stroke 

1volume is of utmost importance.

Conditions with impaired left ventricle 
(LV) contractility are a leading non-
infectious cause of death in children 
over 1 year of age. These mainly include 
idiopathic, familial or post viral dilated 
cardiomyopathies (DCM) and acute 
myocarditis. The prognosis is guarded in 
a large fraction of these children and 
i n v a r i a b l y  n e e d s  a n t i - f a i l u r e  

2medication.  All the medications are 
aimed at improving stoke volume and 
cardiac output using Frank Starling 
curve estimations. As the disease 
progresses, many children require a 

2heart transplant.  While awaiting heart 
transplant, these children require 
bridge therapies. These may include 
extracorporal life support (ECMO), 
cardiac resynchronization therapy 
(CRT), continuous flow devices, LV 
assist devices (LVAD) or intra-aortic 
balloon pump (IABP) with good one-

3year survival rate.  Aiming for “normal 
for age” stroke volume and cardiac 
output, pushes pharmacological agents' 
doses as well as bridge therapy devices 
settings too high. As a consequence, 
such efforts can deplete the reserves 
rapidly without providing any added 
benefit. Settings aimed at producing 
minimum stroke volume able to sustain 
normal vital organ function can result in 
major prolongation of bridging therapy. 
It leads to better opportunity of 
receiving a heart transplant. The 
minimum volume of blood required per 
beat (LV stroke volume, LVSV) in 
children with low ejection fraction to 
sustain vital organ functions still remains 

4u n d e f i n e d .  T h e  p r e s e n t  
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recommendations for settings and rates 
in such bridging therapies as well as 
pharmacological agents are dependent 
on adult data and hence may result in 
over-performance, utilizing additional 
unnecessary resources and limiting the 

5bridging therapy time.

Cardiac magnetic resonance imaging 
(CMR) is an advanced technique, 
considered a gold standard for left and 
right ventricular volume and flow 

6assessment.  CMR in children is in 
evolutionary stage in Pakistan The main 
challenge in pediatric age group is 
requirement of actively holding breath 
for 4-15 seconds multiple times and 
being stable enough to lie flat for 45-75 
min for complete study. Otherwise, 
general anaesthesia is required for CMR 
in children. Having pointed out this 
limitation, it inadvertently implies that 
any child able to undergo complete 
CMR study has adequate perfusion to 
allow a compensated state without 
causing orthopnea or pulmonary edema 
while lying flat over extended period of 
time and still has normal conscience 
level and respiratory reserve to hold 
breath whenever asked during study. 
Renal function tests are also a pre-
requisite for Gadolinium contrast 
injection indicating all these children 
also have a normal renal perfusion. 
Overall, all these parameters directly or 
indirectly imply that all children 
completing CMR study under conscious 
spontaneous breathing have normal 
vital organ functions. This novel concept 
has not been implied previously for 
evaluating stroke volume in children 
with varying left ventricle ejection 
fraction (LVEF). 

So, in this study, we aimed to find the 
variation in stroke volume with varying 
LVEF in vivo setting in children with 
normal vital organ functions, utilizing 
CMR effect of various cardiac factors on 
LVSVi. It could, as a result, help 
maintaining a minimum stroke volume 
required to sustain vital organ functions 
in such children despite varying LVEF.

METHODS

This observational comparative study 
was conducted at The Children's 
Hospital, Lahore, Pakistan from 
December 2018 to November 2021, 

after obtaining ethical approval from 
institutional review board. All children 
below 18 years' age presenting to 
hospital, already booked for CMR for 
tissue characterization having normal 
renal function test, liver function test, 
with no clinical signs of heart failure 
were included in the study, after 
obtaining a written consent from the 
parents. Children with congenital heart 
defect or chronic lung disease were 
excluded from the study. Normal vital 
organ functions, defined as normal renal 
profile (normal blood urea nitrogen and 
serum creatinine), liver function 
(normal alanine transaminase, alkaline 
phosphatase), neurological status 
(conscious, alert, following commands), 
respiratory (normal breathing, normal 
oxygen saturation in room air, able to 
intermittently hold breath for CMR 
image acquisition) and cardiovascular 
system (New York Heart Association 
Class I or II, able to lie flat for more than 
30 minutes, normal peripheral pulses 
and warm peripheries with no inotropic 
support) were documented as a 
perquisite for inclusion in the study. All 
these parameters were already a pre-
requisite for CMR according to hospital 
protocols. Hence, all children enrolled 
in the study already did comply with 
operational definition of normal vital 
organ function. CMR was performed in 
all these children using 1.5T Philips 
Ingenia MRI scanner for documenting 
LV status in terms of function, volume 
and tissue characterization as per 

6institutional protocol.  CMR when 
performed without anesthesia usually 
requires around 45 to 75 minutes lying 
flat on scanner table and frequent 
breath holds ranging from 4 to 10 
seconds for Cine Steady State Free 
Precession (SSFP) CMR images. This 
limitation of CMR without anesthesia 
was invariably utilized as standard for 
documenting a clinically normal cardiac 

6and respiratory status.  Considering 
10% incidence of low cardiac output in 
various condit ions in chi ldren, 
hypothesized frequency of outcome 
factor in the population (p) 5% ±5, 
confidence limits 5% and design effect 
1, using formula sample size n = 
[DEFF*Np(1-p)]/ [(d2/Z21-α/2*(N-
1)+p*(1-p)], sample size was calculated 
to be 170 with confidence level 97% 
with OpenEpi, Version 3, open source 

7calculator.  Volumes were calculated 
using stacks of cine Steady-State Free 
Precession images in short and long axis. 
Flow studies were performed using 
phase contrast (PC) imaging. To limit 
any motion or rate disparity, all 
sequences were recorded at 25 phases 
per cycle. Post processing was 
p e r f o r m e d  t h r o u g h  P H I L I P S  
IntelliSpace portal and confirmed using 
Medis MR suite Qflow and QMass 
software. Cardiac factors included all 
cardiac physiological parameters 
calculated during routine CMR including 
right and left ventricular systolic and 
d i a s t o l i c  v o l u m e s  
(LVEDV/RVEDV/LVESV/RVESV), left 
ventricular ejection fraction (LVEF), 
Heart rate (HR), Cardiac output (CO) 
and Cardiac Index (CI). Factors were 
also indexed to body surface area for 
detailed evaluation.

The data was entered in SPSS v. 20 and 
analyzed using its statistical software. 
Mean with standard deviation was 
calculated for normally distributed data 
confirming through Shapiro-Wilk test 
considering smal l  sample s ize. 
Frequencies were calculated for 
nominal data. Pearson and Spearman 
correlation were calculated for 
quantitative and qualitative data 
respectively. Cardiac function as 
analyzed in terms of LVEF and children 
were further categorized as normal or 
borderline low (EF >50%), impaired 
(EF 36-49%) and severely impaired (EF 

8<35%) for further evaluation.  
Student's T test was used to find 
statistically significant difference in 
variables among three sub groups 
according to e ject ion fract ion 
considering p<0.05 as significant. 
Correlation was calculated between 
LVSVi and various cardiac factors. 
Multivariate analysis was performed to 
examine significant cardiac factors 
affecting LVSVi. 

RESULTS

A total 175 patients, up to 18 years old, 
were enrolled in the study during the 
specified duration. Three patients could 
not complete the study due to 
arrhythmias while two had severe 
claustrophobia. After exclusion of these 
5 cases, 170 were finally included in the 
data analysis. Demographic profile was 
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tabulated [Table 1]. There was no 
significant difference in age, height, 
weight, surface area or hear rate 
between either gender (p=0.12). Left 
and right ventricular volumetric analysis 
showed varying impairment in cardiac 
function on basis of ejection fraction 
(EF) [Table II]. Children were further 
analyzed as normal or borderline low 
(EF >50%), impaired (EF 36-49%) and 
severely impaired (EF<35%) LV 
systolic function subgroups based on 

8operational definit ion.  Cardiac 
performance in terms of pulmonary and 
systemic stroke volume and cardiac 

output varied significantly with EF 
[Table II].

LV end diastolic volumes (LVEDV) in 
children with impaired LV function 
remained relatively similar to normal 
LVEF children group though increased 
significantly as EF fell below 36% in 
severely impaired LV function category. 
When indexed to surface area, LVEDVi 
was increased in 8/13 (62%) children 
with severely impaired LV function 
against those with the rest of children 
(20/157, 12.7%), p<0.001. LV end 
systolic volumes (LVESV) also showed 
similar trends though the increase in 

volumes showed a more gradual 
progression from normal to severely 
impaired LV function group. LVESV was 
increased in only 9/120 (7.5%) in 
normal children, increased to 10/37 
(27%) in children with impaired LV 
function while nearly all children (12/13, 
92%) with severely impaired LV 
function had marked increase in LVESV, 
p<0.001. LV stroke volume showed 
significant decline with LV function 
impairment, p<0.001. RV end diastolic 
volume (RVEDV) was slightly higher in 
children with impaired or severely 
impaired LV function though the 

TABLE I:  DEMOGRAPHIC PROFILE OF THE STUDY PARTICIPANTS

Variables p value

LV 
Volumetric 
assessment

Variables
Total patients (N=170), 

[mean+SD]

Borderline low or normal 
LV function group (n=120), 

[mean+SD]

Age [years]

Male (n, %)

Weight [kg]

Height [m]

Surface area [m2]

Heart rate 

[Beats Per Minute]

Test duration 

[minutes]

Impaired LV function group 
(n=37), 

[mean+SD]

Severely impaired LV 
function group 

(n=13), [mean+SD]
p value

14.3±3.3

121 (71%)

51.2±19

1.56±0.2

1.47±0.36

79±15

65±13

14.3±3.2

84 (70%)

51.2±18.8

1.57±0.19

1.47±0.35

77±14

64±13

14.9±3.2

26 (70%)

52.8±18.7

1.56±0.19

1.49±0.36

82±15

66±12

13.2±3.8

11 (85%)

47.5±21.5

1.48±0.28

1.39±0.43

84±21

73±14

0.52

0.6

0.18

0.26

0.11

0.23

0.56

SD: standard Deviation; LV: left Ventricle; m: meters; kg: Kilogram; %: percentage

TABLE II: VENTRICULAR DIMENSIONS AND CARDIAC FACTORS IN THE STUDY PARTICIPANTS

Total patients 
(N=170), 

[mean + SD]

Borderline low or 
normal LV function 

group (n=120), 
[mean + SD]

Impaired LV 
function group 

(n=37), 
[mean + SD]

Severely impaired 
LV function  

group (n=13), 
[mean + SD]

LV Indexed end diastolic volume, 
2[LVEDVi, ml/min/m ]

LV Indexed end systolic volume, 
2

[LVESVi, ml/min/m ]

LV ejection fraction, [LVEF, %]
2Indexed LV ejection fraction, [LVEFi/m , %]

RV Indexed end diastolic volume 
2

[RVEDVi, ml/min/m ]

RV Indexed end systolic volume 
2[RVESVi, ml/min/m ]

RV ejection fraction [RVEF, %]

Indexed RV ejection fraction 
2

[RV EFi/m , %]

LV Stroke volume [ml]

RV Stroke volume [ml]
2

Indexed LV Stroke volume [ml/m ]
2

Indexed RV Stroke volume [ml/m ]

Cardiac output [CO, L/min]
2Cardiac index [CI, (L/min)/m ]

86±34

42±31

54±12

39±16

118±48

59±37

52±13

38±16

61±20

62±20

42 ±12

43±13

4.7±1.5

3.2±1.1

81±24

33±12

60±7

44±15

113±45

52±29

56±11

41±16

66±19

67±20

46±12

46±13

5.0±1.4

3.5±1.2

78±20

43±12

44±4

32±11

129±39

69±29

47±11

34±13

50±18

55±18

34±10

37±11

4.0±1.4

2.7±0.9

149±68

118±65

24±9

18±7

140±79

104±76

30±13

25±16

41±11,

41±11

31±7

31±7

3.3±0.7

2.5±0.8

<0.001

<0.001

<0.001

<0.001

0.65

<0.001

<0.001

0.001

0.001

<0.001

<0.001

<0.001

<0.001

<0.001

RV 
Volumetric 
assessment

Cardiac 
output 
parameters

SD: standard Deviation; LV: left Ventricle; RV: Right ventricle; m: meters; %: percentage
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difference remained insignificant, 
p=0.21. Even when indexed to surface 
area, RVEDVi remained similar in all 
groups p=0.65. Indexed RV end systolic 
volume (RVESVi) was significantly 
increased in children with severely 
impaired and impaired LV function 

(44/50, 88%), p<0.001. Consequently, 
RV stroke volume was also significantly 
decreases in impaired LV function group 
(n=24/37, 65%) and severely impaired 
LV function group (n=11/13, 84%), 
p<0.001. Cardiac output decreased 
significantly with impairment in LV 

function, p<0.001. Cardiac index was 
significantly lower in impaired and 
severely impaired LV function groups 
though remained relatively similar 
between themselves (p<0.001).

Indexed stroke volume followed Frank 
Starling curve in children with normal 
EF, was damp in children with impaired 
LV function and did not follow the curve 
in children with severely impaired EF. 
This finding was further evident from LV 
dilatation as a measure of improving 
stroke volume as long as the impairment 
was not severe. As the LV function 
deteriorated, marked LV dilatation 
ensued with no improvement in stroke 
volume, [Figure 1]. Similarly, low EF 
patients (EF <49%) did not show 
increase in stroke volume with increase 
in heart rate (HR), [Figure 2].

Centiles were calculated for indexed 
stroke volume in children with normal 
(LVEF >50%) and low LVEF (<49%) to 
demonstrate the dispersion of values 
[Figure 3]. Indexed stroke volume 
(LVSVi) decreased with decrease 
ejection fraction however; the lower 
limits of normal curve in normal and 
impaired LV function group remained 
similar. Lower limits of indexed stroke 
volume normal curve remained 23ml at 
-2SD and 15ml at -3SD in both normal 
and low EF groups.

LVSVi did not correlate with heart rate 
in children with low EF (Pearson's 
correlation R -0.24, p=0.09) unlike the 
significant correlation between stroke 
volume and heart rate in children with 
normal EF (Pearson's correlation R -0.2, 
p=0.16). Similarly, LVSVi did not 
correlate with LV or RV parameters, 
including LVEDVi, LVESVi, RVEDVi, 
RVESDi) (p=0.09-0.84). Multivariate 
analysis did not find any factor affecting 
LVSVi significantly (p=0.06-0.42).

 DISCUSSION

Stroke volume plays an important role 
in maintaining vital organs perfusion. 
Any acute or acute on chronic 
deterioration results in a cascade of 
events termed as low cardiac output 
syndrome culminating into multi-organ 

9failure.  Stroke volume is independent 
of various cardiac parameters and is 
mainly dictated by actual cardiac 

10contraction strength.

Figure 3: Methodology flow diagram of the study

Figure 1: Indexed LV stroke volume (LVSVi) change with indexed LV end 
diastolic volume (LVEDVi) with varying LV function
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It has been documented previously that 
pediatric age group cardiac output is 
heart rate dependent as stroke volume 
does not increase by increasing LV 

1 1r e l a x a t i o n .  O u r  s t u d y  a l s o  
demonstrated that stroke volume did 
not correlate with LV end diastolic 
volumes. Our study did point out some 
increase in heart dimensions with 
decreasing ejection fraction. These 
findings were similar to previously 
published adult data although the 
mechanism of acquisition of stroke 
volume was variable and mostly based 

1 2on  ar ter i a l  pu l se form.  Such  
estimations are not exact and cannot be 
directly compared to our data. 
Moreover, this finding overlaps with 
findings from adult population, probably 
representing a transitional older 
population within pediatric age group in 
our study population.

The children with normal ejection 
fraction did follow Frank Starling curve. 
As the LV impairment became severe, 
s t r o k e  v o l u m e  s h o w e d  n o  
improvement with increase in LV 

4indexed volume.  It might be a reflection 
of inherent myocardial status or 
demonstration of a burnt out dilated 
heart that is not able remodel for 
improved stroke volume. Knock-in 
animal models have documented this 
finding previously highlighting a similar 

13pathophysiology.

Heart rate also seemed to play its 
positive role in healthy children, though 
in children with impaired function, any 
increase in heart rate paradoxically 
reduced cardiac output through lower 
stroke volume. The main impact of 
increased heart rate in children with 
impaired LV function was due to lesser 
diastolic filling time with smaller end 
diastolic volume. This finding also 
promotes good clinical practices by 
e m p h a s i z i n g  l i m i t i n g  u s e  o f  
c h r o n o t r o p i c  a g e n t s  d u r i n g  
management of such patients and not 

14allowing undue tachycardia.

The lower limits of normal distribution 
curve for stroke volume was very 
similar in all groups irrespective of 
ejection fraction [Figure 3]. Stroke 
volume can be calculated through 
echocardiography by measuring LV 

15outflow tract flow acceleration  
Echocardiographic measurements 

Figure 2: Change in indexed LV stroke volume (LVSVi) with increase in 
heart rate at varying LV impairment (Normal Ejection Fraction 

[EF] >50%, Low EF < 49%).

INDEXED STROKE VOLUME IN CHILDREN WITH VARYING LEFT VENTRICLE EJECTION FRACTION AND ITS CORRELATION WITH VARIOUS CARDIAC FACTORS

Figure 3: Centile distribution of indexed Left Ventricle stroke volume 
(LVSVi, ml/m2) with polynomial trendline in varying 

Left Ventricle Ejection Fraction groups



78 KMUJ 2023, Vol. 15  No.136

correlate with Cardiac MRI findings 
showing fairly high sensitivity and 

16specificity.  With availability of centile 
chart developed in this study, emphasis 
may shift from following blood pressure 
to echocardiography based bed side 

17stroke volume assessment.  Measuring 
stroke volume can provide a much 
more objective parameter guiding 

18clinical management.  It can hence, 
avoid over and under-treatment in 
children with compensated heart 
failure.

The stroke volume centiles can also help 
in managing advanced heart failure 
patients on LV assist devices, intra-
aortic balloon pump and even 

19extracorporeal life support.  These 
values can guide the management 
protocols for optimal organ perfusion 
without pushing for unnecessary extra 

20,21output.

LIMITATIONS OF THE STUDY

It was a pilot observational comparative 
study to document stroke volume in 
children with varying LV function to 
maintain a compensated state. Being a 
novel aspect of research, there has been 
scarcity of previously published data for 
comparison. Further experimental 
cohort studies are required to confirm 
these findings by evaluating changes in 
cardiac output in patients at varying 
clinical stages and individually assess the 
role of anti-failure medications as well as 
various bridge therapies.

CONCLUSION 

Indexed LV Stroke volume follows 
Frank Starling curve in children with 
normal LV function. The curve fails to 
hold in children with severely impaired 
function. Indexed LV Stroke volume 
acts as an independent variable in 
children with impaired LV function. 
Heart rate and LVEDV do not correlate 
with stroke volume. Hence, LVSVi can 
serve as a guiding parameter for clinical 
management of children with impaired 
ejection fraction in terms of increasing 
or decreasing medications to achieve 
optimal vital organs perfusion avoiding 
undue adverse effects of medications.
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