CHAPTER 3
RESEARCH METHODOLOGY

3.1, Research questions and Objectives

3.1.1 Research Questions:

o Primary question

In children (age 3 years or below) with congestive heart failure caused by
congenital and acquired heart diseases, whether Enalapril in addition to conventional
therapy, can increase 30% patients with their cardiac contractility improved as

.compared to conventional therapy alone?

« Secondary questions:

(1) .Are there any clinical changes between two groups?

(2) . What are the side effects in patients treated with enalapril?

3.1.2  Objectives



* General objectives

(1). To assess the hemodynamic and clinical effects of enalapril added as an
additional drug in the treatment of children with congestive heart failure in
conjunction with conventional therapy.

(2). To evaluate the possible side effects of enalapril in pediatric patients.

«  Specific Objectives:

(1). To evaluate the changes of left ventricular systolic function by measuring the
Left Ventricular End-Systolic Wall stress/Rate corrected fiber shortening relation
(LVESWS/VCFc RELATION) between two groups.
(2) . To observe the clinical and symptomatic changes in terms of weight, heart
rate, respiratory rate, heart size (cardiac-thoracic ratio) and liver size.
(3) . To monitor the possible side effects Enalapril which may cause dropping

blood pressure, electrolyte disorders, severe cough, syncope or even renal failure.

3.1.3  Hypothesis

Enalapril added as an additional drug in conjunction with conventional therapy

has significant beneficial hemodynamic and clinical effects on children with

congestive heart failure caused by congenital and acquired heart diseases.



32  Conceptual framework

Congestive heart failure in childhood IS a clinical syndrome that reflects the
inability of the myocardium to meet the metabolic requirements of the body,
including those needs incurred by the growth process. In pediatric clinical setting the
following issues must be considered before designing a trial to deal with some
complicated situation.

First, The nature of status in childhood may arise as a consequence of: excessive
work load imposed on cardiac muscle, usually by structural defects; intrinsic
alterations in myocardial performance, or a combinations in mechanical and
myocardial elements. This is one of major difference to compare with the status in
adults(most CHF are due to hypertension, myocardial infarction with the consequence
of myocaridial dysfunction).

Secondary, in pediatric population, there has a strong age related drug response
and disposition, especially between the groups of young age children and old children,
the dosage and serum half life time will be different respectively. Third, unlike the
adults, measureing the cardiac function is avery tough task. In different age groups, it
may need different approach to evaluate the heart performance. So, for carrying a
clinical study related heart function, these facts must be considered seriously. That is
also the reason why this study only choose pediatric population age below 3 years old,
and only enrolled CHF caused by congenital and acquit heart diseases, this will make
subjects more homogeneous. Since majority of patients with CHF may have a chance
to be further surgically corrected, the one of main purpose for treatment of CHF, is try

to improve and stabilize cardiac function as soon as we can, choose two weeks as a
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check point to measure the heart function is clinically meaningful, however the
further or long-term follow-up study should be done afterward.

Left ventricular function frequently influences the choice and timing of cardiac
surgery, as well as long-term survival, in children with congenital heart disease.
Abnormality of ventricular shape, hypertrophy and loading conditions exist and may
be altered by medical and surgical interventions, thus the commonly used load-
dependent indexes of systolic function, such as ejection fraction, may be difficult to
interpret. It is difficult and also crucial to choose a sensitive and appropriate
parameter to represent hemodynamic status in child which some times has the
combination of congenital structural defects, myocardial dysfunction and medical
intervention, left ventricular end-systolic wall stress and its relation with rate-
corrected velocity of fibber shortening index, so far, it is the most suitable and

acceptable for using in pediatric patients although it is not a perfect one.

321  Operational definition:

1. Left Ventricular End-Systolic Wall stress/Rate corrected fibber shortening
relation(LVESWS/VCFc RELATION). Where: Left ventricular end-systolic wall
stress represents the force developed by the myocardium after the onset of
contraction; rate-corrected velocity of fibber shortening represent the index
myocardium performance during ejection, and was normalised by the heart rate. This
index is a sensitive measure of contractile state that is independent of preload and

incorporates afterload (18"20).



3. Heart rate: Defined as heart beat per minute measured by ECG. Measured RR
interval in seconds and divided by 60.
4. Respiratory rate: Defined as respiration time per minute measured by chest
auscultation.
5. Syncope: Defined astemporary loss of consciousness and postural tone.
6. Abnormal renal function: Defined as serum creatinine two times higher than

high normal range for that age.

7. hypotension: Defined as two times higher than low normal range for that age
under resting condition,

33 Research Design

This study was fully conducted as an randomized, double-blind, controlled clinical

trial.

3.3.1 Research design model

Fig 3.1 Flow chat ofdesign model
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34 The sample

34.1 Target population

Patients with congestive heart failure age 3 years or below.

3.4.2 Sample population

Patients with congestive heart failure age 3 years or below, who will be

hospitalized for CHF treatment at Children’'s Hospital of Shanghai Medical
University.

34.3 Eligibility Criteria
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¢ Inclusion criteria;

Table 3.1 Inclusion criteria
¢+ Congestive heart failure patients, who meet the Diagnosis Criteria Issued by
Chinese Medical Association(22), which is corresponding to the diagnosis criteria
described by the most text books of Pediatrics . (See appendix A).
¢ All patients must meet at least one of following categories ofthe cause of CHF:
a. Existing left-to-right shunt
b. Existing valve regurgitation
c. Leftventricular outflow obstruction
d. Ventricular dysfunction without structural defects: (dilated cardiomyopathy
post operative ventricular dysfunction, endocardial fibroelastosis...).
+ Age 3 years or below.
¢ Hospitalized patients for the treatment of CHF.
+ Agree to participate study with written informed consent from patient’s

parents.

« Exclusion Criteria

Table 3.2 Exclusion criteria

{ Patients with  abnormal renal function.  (Creatinine>0.15mmol/L, or
urea>10mmoliL)

{ Patients with hypotension at the baseline measuring.
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4 Patients with severe infection andl cause circulation system collapse, which means
unstable blood pressure, penipherdl airculation cysfunction.
{ Patierts with severe arhythmia resd adkitiondl anti-arrhythmia medication,
(Imegular beet>15 timesimin)
4 Patients with peicarclal ciseese o restrict carciomyopethy
+ CHF dLe to non-carciac encountered caLsss
4 For ethical consiceeration
a  When baseline checking, patiert's contractilty is within nomel range (%5%C))
h Patients need emergency cadac sucgry.

344 Sample size estimation

* Sample size estimation

The sanple Size s estimeted by using the formula for two independent sampes
with proportion variable. According to our clinical Suivey, aerae catiac
contractity improvement rate after one month treatment by convertional therapy is
about 5% wp and downward, after reviened and dscussed with  pediatric
cardalogsts, acfference of 30 alsolute cases Increased s regarded as the effecive
sze which will meke aclinical sgnificance

ON =2 [ ZoOV2P(HP) + ZpVP{-PO)Pi(-P)  [(Pe-PiR2

Assumng a = 0.05 .a=1% (lV\D'talled)



15

P=01 7 =128
=05 P=08

N=2[1%V2(0.65)(0.3%) + 18V0505)+03802) 12/ (08052

2N= 102

Etimated cop rate =5% total estimeted nurmoer should consickered =114

Overall, 114 cases supposed shouldl e recrutted in the: stucly with 57 petients in each

gap

35 Experimental maneuver

35.1 Sampling of population

Consecuiive sampling wes 1ssd on CHF petients dagnosed & Children's

Hospital of Sranghal Mecical University. Every patient wes dhecked by pediatric
cardlogist and those meet the eligible critena were then enrolled,

3.5.2 Randomization method

Patients meet the eligible criteria were assigned to 2 Strata, acoording to the caLses
of CHHCHF with structurdl defeds or CHF caused by impaired carciomyol
function), expecting the study will ke firished within arelatively shart period of time,
to avoid the imbelance in the number of suljleds assgned to each group, block
randomization wes adopted The block Size of 4 was selected by a senior prysician
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This person wes response to arange all the jpossile comtinetions of the chosen block
size aooorang to the rancom numioer table, selected ane of the aangement rancomly
each time and assigned the: patient accordingjy. Each patient's random nurmboer wes
ALt into one envelope labeled i orckrs. The clinical inveestigator then open the
envelope once an eligible petient wes selected and prescnbed the random nurmoer of
the petierts. Pharmecist distriouted the cugs aocording to the prescribed nuoer. The
SATe rocecre vies repested asmary time s nesded until all patients:

3.5.3 Blindness

In order to avoid potential prodlems of bias unng céta collection and assessment
doubole biind design wes adopted e triedl very hard to let both patient' s perents and
Investigators including technicians, nurses e blinced to identify of patients'
assignment until the end of trial. Nevertheless, a true double biind trial always is
tough to implemert.

The method to assign petients to etther treatment group es kept by a senor
physican. The dug conpary prepared the active dugs and thelr comesponding
identical placetoos, hut the coding of the dugs and pacetos wes performed by ae
assistant and then all codked bottles wes ket by the phamreost. Each patient hed an
Unicue dug or placetn codke which remained with the patient for the duration of trial.
Oncethe eligible patient is selected, the: assignedthe patient to the group according to
the prepered amangement and tell the investigator the comesponcing labeling nurmoer
of dugs. This method would guarantee that in case of emergency dle to severe Sice
effects, unblincing of ane patient will not resut in unbinding athers
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3.5.4 Intervention

Al the eligible patients were on convertional anti-failure therapy a least 48 hours
before the heseine assessmert. The suggested maximal total digitalizing cose i
0.04mgykg, meximal cose for cluretics: Lasix is 4mgykg/day; Dinydrochlorothiazide
IS Smoykgloasy and all the patients were cigitalized within first 24 hours. Prelimnary
basdine assessment wes then camed out after 48 hous. Followed by a
echocarciograpny left ventricular systolic function assessmert, patients were assgred
rancomly by blocked randomization proceckre to either Endlapr+conventional
therapy or Placebo+oonventiondl therapy graup. All medications, clinical symptors
and lahoratory tests for each inclividual were recoroed on aspecidl prepered et

During the trial, Digoxin and diuretic regimens were allowed to e reained
uncranged. The diuretic dosae, however wes adjusied i necessary besed on
oongestive Syptos and /or Signs, this change wes reported a the final resuits. The
double-biincing will ke meintained through a doutdle-cummy design, but even though
when the cbsage of diuretics is re-justified, the bindness may e drallenged

« Initiation of therapy with Enalapril:

After beseine evaluation, all envolled patients were remained in the hospital for &
least 2 weeks. During first 3 ciys, the Enalaprl therapy vies initiated and the dose
triturated to 020mgkgyday, if tolerated. Lack of tolerance wes consickred to e a



significant clarease of blood pressre, if patient's blood pressure cearesse more than
1Fhfrom the initial level, patiert will ke allowed remain in lower dosace

Dosage for child:
o.mgkgyday (oral) for first cey;
0.15mykg/dav (oral) for seoond iy,
0.25mgkgday (oral) for third day then sae cosae (adusted by the
clinical presentation) will ke given each cay.

During first 3 ckys cosage escalation period, pulse, respiratory rate and biood
pressure will ke meastred and recorded 3 times everyoy. To keep the prnciple
investigator binded, ounng this initiation period and 2 weeks maintenance therapy,
etients were under the control of ‘third party " physician.

Time for taking the ciug: ance ady in the moming (BAM).

3.6 Measurement
36.1 Outcome variable

(1). Primary outcome:

loeally, contractiity should ke exoressedl in away that is indepencient of preloed
and afterioad. By relating the left ventricuiar endrsystolic wall sress with rate-
comected velocity of circumerential fiber snartening, it proviced an incex that is less
Cepenciert on preloed and mey some time: incomorates afterioad, heart rete and
dimension. The index shoned a constart inverse: linear regression ounng chilchood



and with a narrow 95% confidence interval, and showed no change with age or body
surface area(23).

Left Ventricular EnckSystolic Wall Sress(gion®)

This inclex wias calculated by the method of Grossmart2-1
SresSes~{1.33)(Pe){Des) (4 ey 1+(hesDes)]

where: SressesHeft ventricular wall stesS(gon®) & encksystolic; Restre left
ventricular pressureimm Ho) & endksystole; 0 and hesHet ventricular intemal
dimension and posterior wall thickness (cm) & endksystde; 13 is a conversion
factor (mm Hg to glon®); and 4 is a geametric factor that resuts form conversion of
racios to intemal dimension.

Rete-cormected velocity of aircumferental fiber shortening(VCRe)

VCFc =LVEDD-LVESD/[LVEDD*(LVETN RAR)l

Where: LVEDD =left ventricular end clastolic cimension; LVESD =left ventricuiar
encksystolic dmension; LVET =left ventricular ejection time; VR-R =square roat of
the RR interval.

The echocarciogyapny ota of each patient then wes plotted in The nomel range
of LVESESVCFc relation presented as allinear regression line with 95% conficence
interval.

All hemodynamic stucies were conclicied a Echocardiography Lab of Children's
Hospital of Sanghai Mecical University by ane senior technician. This person fes 20
years experience in echocardography. Hss performance wies doude chedied by a
third person who hes sarme beck ground in echocardography. The instrument used in
study is HP Sonos 2500 Echo Machine. The measurement wes conclucted at besdline,
and 4hcky, two weeks after trial Sarted.
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(2). Clinical ckta

All the vanaloles were assessad at hasaline and on ciy 4 and ciay 14 aiter trial Started

Table 33 clinical vaniables

o Heart rate, respirator} rete, Liver Sze, cardiathoraoic ratio{chest X-ray) and body
weight were measured & the beseline and on 4h dlay, and two weeks after trial
darted

o Paroartage of patierts, those with congental heart disease, becane eligible for
further cardiac surgery besedl Upon thelr cardlac function after 2 weeks treatment.
To evaluate the eligible cases for cardac surgary, a 3 memboers of evaluation
gyou was formed to conolct this evaluation.

(3). Laboratory safety odta:

These tesS indude; seum Sodiunt saum poiassing Seum  Ureg; seum
Creatining
Al the tests will e assessed a beseline and 4h cay, two weeks after trial Siarted
These tests were conolicted & clinical [ab center of Chilciren's hospital of Sangral
Medical Universtly.

(4). Sce effects ooservation

Synoope: temporary oss of consaousness and posturdl tore

Abnommal serum cregtinine, UM Urea,

Abnormal electrilyte: seumpatossim, sodium

Hypotension: low blood pressure with clinical synptorrs
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3.6.2 Demographic data and baseline Data

Age: Defined a month in the identification card and recorded by physician & the
time of entry ward Sex Reoorcked from identification card. Dosage of digoxin
cosace of cluretics; Adcitional mecication i applicable; cause of CHF.

3.7 Consideration of some confounding factors and bias:

3.7.1  Selection bias

This trial is lesed on the hospitalized petients. The clinical seting which is a
teaching hospital, all the staffs involved in this studly hed a dlear consensLs to recrut
sales besed on explictt inclusion and exclusion criteria. The eligible sUedts were
sapled and allocation rancomly into two treatment group in order to keep basdine
conparable. This hed minimized the selection bias successiully.

3.7.2 Measurement bias

For most vaniables meastred in this sucy were objective, Lab test ad
Echocardograpry assessmert. There hes been a quite siabe stancerd for those [ab
tests, ad quality control wes concuded by local medical laboratory contrd
organization. Echocarciogyaphy skill would have some inpact on the utcome. We
used intemal and extemal variation assessment to redlice this problem and hed a
SUO0eSSTU resut,
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3.8 Data collection

The trained rescent wes responsble for collecting ad recording the
demographic, clinical and Sk effects evaluation ceta, A Specal senior prysician wes
response 10 check the recard whether is comedt or nat. The echocardography and
seum test resuits wes collected carefully by a research assistant. For the computer
entry ofthe cita, eachvariable wes given arame that will identfy its field in the ceta
s All the possible valles wes given a.ock in number othat it can ke ertered in the

CoMpU.

39  Data analysis

39.1 Hypothesis testing

Intention-to-reat analysis wes applied in analyzing the outcome vanables, For the
chop out patients; the reesons for crop out will ke reported and they are incluced by
using the last observation on treatment for all time paints Sulbsecuent to crop ot
Patients. All statistical tests are two-talled with sigrificance level taken & 006, All
cetaanalysis will e performed by using SPSSPCHarogram



Table 34 primary and seconcary question analys's
Questions Outcome Statistical methods

Primary Question
Comparison of - propartion of patients with cardac contractilty(LVESWS-VCFc)
within normal range between two groues

Propartions /-tedt
Comparison of LVESWS betweentwo groups

Mean+- D Studkert's t- test
*Comparison of VCFC hetween two groups

Mean+- D Sudert's t- test
Secondary Questions
Comyparison of clinical effects beweentwo groups
Heart Rete Mean+- D Stucknt'st- test
Respiratory Rete Mean+- D Stoent'st- test
Liver sze Mean +- D Stucert st- test
Carclothoracic ratio Mean+- D Stuoent'st- test
Weight Mean+#- D Studernt'st- test
Comyarison of percentage of petients become eligible for cardiac surgery:

Proportions Chi-sopiare test
Comparison of clinical effects betweentwo groups

Sick effects:
Hypotension Proportions Chi-square test*



Hypotension Propartions
Snoope Proportions
Abnomdl rendl funcion  Proportions
Cough Propartions
*1f necessary

Demographic cetaand beseline

Ap Mean +- D
SX Propartions
Dosage of digoxin Mean +- D
Dosage of diruretics Mean+- D
Etiology Propartions
Seumsodum Mean+- D
Serum potassum Mean+- D
Seumuea Mean+- D
Seum creatinne Mean+- 3D
Estimation of the magnituce of difference:

%% conficence interval will ke calculated for the mean difference of hemocynamic

and clinical effects between two groups
The meastrement took place a beselne, ey 4 and oy 14 after trial darted

Selecting cky 4 a a check point wes on the pupose of monitonng immeciate

Chi-soare testt
Chisopiare test*
Chi-souare testt
Chisouare test*

Sucent'st- test
[est

Sucent's - test
Stuokent'st- test
[est

Stuokent'st- test
Stuokent'st- test
Stuokent'st- test
Stuckent'st- test

respponse when most of case hed reached their iable drug seum level,

24
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3.10  Ethical consideration:

Angiotensin converting enzye inhibitors are etatished for treatment in ackits
with congestive heart failure with firmly positve resuits. They are known to provice
significant hemodynamic, symptorretic, and clinical improvement when added to
anti-failure treatmert. Enalapnl now hes been recommenced for petients with mild,
mockrate or severe congestive heart failure. Enalaprnil is now been used in children
with congesive heart failure, the overall findings are conparable with Siucdes in
aclits, its safety dosage hes been tesied and investigation showed no severe Sice
effects to comare with other vasodilators and captopril. Free informed consert will
e ontaned from the patient’  parents before e envdled in this study. This study
cautiously monitor the jpossiole Sicke effects; if there is any enalapnl related severe
Sicke effect, the treatment will e disoontinued.

3.11  Limitations;

This study hes limited the end poirt at two weeks after trial Started, it is a shot
term period to olosenve the efficacy of adug Therefor the long term effect should ke
camed out in the future study. The range of age in this studly is below 3years old, and
sape were besed on hospitalized petiens. So the resuits may limited to ke
generalized to awide range of chichood, However a study besed on a hospitalized
petients and focusing on a goup of sugeds who relatively hed a similar
characteristics may have afair strong validlity andreliability in the other hand
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312 Benefits of this study:

If this study can show that aokding ACE inhibitors in the menagement childl with
congestive heart failure in conjunction with conventional theray hes a significant
beneficial effects on hemodynamic and clinical cranges; it might help to confim the
role of enalapril in the treatmert of congestive heart fallure in child and offer anew
anti-failure therapeutic method

3.13  Obstacles and strategies to solve the problems:

This clinical trial wes conolicted & pediatric hospital Seting. The experience for
this kind of study is limited in that institute. In order to successfully conpete the
study, we hedl taken anecessary imeasLie to win a fully understand from the perents
and also nurses. Parents hedl some concerms regarding the term of “clinical trial”, a
0ood relationship between physicians and parerts is crucial, on daily regular bese, the
specalists aweys conmitted to communicate and answer ary questions from the
parents, this hes successiully soived same probiens. To gt full cooperation from
nurses, wes another key isse. Cotaining the involvement of nurses by concucting
short-course lecture and practioe, hed aremerkable benefit to this study

3.14  Administration and time table

Before the trial Started, permission hedl been ootained from Ethical Committee a
Children's Hospital of Sangial Mecical University. Two meetings hed been hald in
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cadiac untt, all the staff were invited tojoin, the proposal hed been introduced to all
the memters of unit at those meetings. One senior pediatric carciologist and ane
mecical resident were induded as ateam of this study. Regular meeting hed been held
for researchteam comesponcing mecical staff, nurse andtechnician attended. Soecd
record! form vies prepered,

Time Shedlle
Mar. B Ao May Je Juy Alg Sp Ot Nov. Dec Jan(®9) Feb Mar

preparation
Deta collection

Deta analysis
writing final
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