
DISCUSSION

The e ffica cy  o f  A C E  in h ib ito r Ena lap ril in  trea ting adults w ith  congestive heart 

fa ilu re  has been w e ll approved. In  con junction  w ith  conventiona l therapy, Ena lap ril 

can p rov ide  bene fic ia l hemodyna im ic effects, increase cardiac ou tpu t, decrease 

system ic vascular resistance, increase exercise capab ility  and p ro long  su rv iva l. 

Recently, a sm a ll sample o f  uncon tro lled study also show  ena lap ril is h e lp fu l in  

managing ch ild ren  w ith  congestive heart fa ilu re . The ra tiona le  fo r  th is  study is to 

con firm  the ro le  o f  Ena lap ril in  the treatment o f  ch ild ren  w ith  congestive heart fa ilu re  

by a desirable random ized placebo con tro lled  study.

5.1 M odified and unprocessed procedures during the im plem entation

A cco rd ing  to  the in it ia l proposal, there were some procedures be m od if ie d  or 

unprocessed due to some lim ita tio n  and feas ib ility  prob lems in  our ins titu te .

W hen we designed proposal, we considered that in  ped ia tric  popu la tio n  there is a 

strong age re lated drug response and d isposition . D iffe re n t group age ch ild  may have  

d iffe ren t causes o f  congestive heart fa ilu re , age should be at least d iv ide d  o r s tra tified . 

In  our o r ig in a l proposal, we choose age from  3 to 12 years in  ou r tr ia l. B u t recently , 

the c ity  o f  Shanghai is campaign fo r fu rthe r b ring  down m o rta lity  be low  age 5, our 

institu te  is now  focusing more at the younger age ch ild ren  acco rd ing  to the 

government's demand. Base on th is situation, our sample age has been sh ifted  to  the
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younger group w h ich  is be low  3 years o id . Th is age change w i l l  help our hospita l to  

prov ide better treatment to a group o f  yonder ch ild ren  in  the real c lin ic a l setting in  the 

future.

Based on the p rim a ry question o f  the study, a m in im um  sample size (in c lu d in g  5%  

drop out) o f  114 patients should be enroled in  th is tr ia l. The actual number o f  patients  

in  th is study now  is up to 84. The main reason is the delay o f  im p lem en ting  o f  th is  

tr ia l because o f  the unexpected natural disaster. W e actua lly  started th is  tr ia l from  

September instead o f  March. Since sample size was not completed, the conclusions o f  

th is  tr ia l should be applied cautiously.

A cco rd ing  to the proposal designed last year, the end po in t o f  th is  study is one 

month. Based on the loca l p o lic y  change fo r average hosp ita liza tion  and medica l 

insurance coverage, the average hosp ita liza tion  our c ity  now  is be ing set around 12- 

14 days, it  is therefore im possib le fo r us to  keep most o f  our patients remain in  the 

hospita l around 30 days. 60% o f  our patients came from  other c ities every year, we so 

fa r are not able to con tro l the out patients fo llo w  up in  ped ia tric  ca rd io logy popu la tion  

in  order to avo id  some con found ing factors. Thus the end po in t was set fo r 14 days. 

Th is we believe made the results more va lid  and re liab le .

The N ew  Y o rk  func tiona l c lass ifica tion  measurement was not conducted in  th is  study. 

Since the patients age had been sh ifted be low  age 3, N K  func tiona l c lass ifica tion  is 

no t va lid  fo r th is group o f  patients.

5.2 M ethodology considerations

5.2.1 Effectiveness of randomization procedures
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Inspection o f  the data (Table 4.1-4.4) revealed no s ign ifican t d iffe rences between  

tw o  groups w ith  regard to demographic characteristics, hemodynam ic , c lin ic a l 

baseline and labo ra to ry tests as w e ll. The near equivalence o f  trea tm ent groups at 

baseline b y  s tra tified  patients w ith  the ir e tio logy o f  CHF, a llow ed  va lid  between  

groups comparisons. For the variables being monitored and documented the success 

o f  random iza tion  m ethod was adopted in  th is  study.

5.2.2 Design features

Th is was a random ized, doub le -b lind , con tro lled  c lin ic a l tr ia l w h ich  m in im ized  

the selection bias, measurement bias and other con found ing  factors as lik e ly  as 

possible. B y  using the s tra tify  strategy, the d iffe ren t e tio logy  o f  C H F  was w e ll 

balanced in  bo th  group.

5.2.3 Generalizability
The sample popu la tion  in  th is  study covered most com m on causes o f  congestive  

heart fa ilu re . E na lap ril treatment is base on the conventiona l therapy and added an 

add itiona l vasod ila to r. Fo r clear d e fin it io n  o f  in c lus ion  c rite ria  and exc lus ion  crite ria , 

th is study has lim ite d  age (be low  3 years o ld ) and a ll the patients were observed  

during  the hosp ita lized  period. So the results o f  th is study should be applied fo r  those 

hosp ita lized patients w ith  congestive heart fa ilu re  caused by congen ita l heart defects  

or im pa ired heart fu n c tio n  in c lud ing  post cardiac surgery and d ila ted  m yocard iopathy.

5.3 Therapeutic effects
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Present tr ia l has con firm ed  that adding E na lap ril in  con junc tion  w ith  conventional 

therapy can p rov ide  add itiona l benefit both in  hem odynam ic and c lin ic a l aspects

5.3.1 Hemodymanic effects

The present study approved that E na lap ril added as an add itiona l drug can prov ide  

more bene fic ia l hemodynam ic effects to  compare w ith  conventiona l therapy alone. 

O ur study design is use a load independent le ft ven tr icu la r sys to lic  fu n c tio n  index to 

demonstrate the change o f  cardiac co n tra c tility  before and a fte r trea tm ent w ith in  and 

between the group. B y  comparing in d iv id u a l L V W S -V C F c  index before and after 

treatment in  each group w ith  the normal rage o f  L V W S -V C F c  index, th is  study show  

55% patients in  Ena lap ril group had th e ir cardiac co n tra c tility  L V W S -V C F c  index  

moved up in to  a norm al range to compare w ith  o n ly  23%  in  the con tro lled  group. 

Proportiona l d iffe rence is s ta tis tica lly  s ign ifican t. In  order to  m a in ta in  some im portan t 

signals, we at the same tim e, compared absolute change o f  V C Fc . Results show both  

group before and afte r treatment had s ign ifican t increase. I t  ind ica ted  that by using  

either d ig o x in  w ith  d iure tics alone o r added ena lap ril a d d itio n a lly , can im prove  

cardiac co n tra c tility  w ith in  a short period. B y  com paring absolute mean change 

before and a fte r study between tw o  groups, th is  study show  a strong signal tha t an 

add itiona l increase o f  V C Fc can be p rov ided by E na lap ril. B y  illu s tra tin g  the va ria tion  

o f  mean change o f  V C Fc between tw o  groups, E na lap ril g roup also show  a w ide  

range o f  va ria tion , th is  indicated each in d iv id u a l response to ena lap ril very  

d iffe ren tly . The norm a l range o f  L V W S -V C F c  used in  th is  s tudy is based on 40
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normal ch ild ren , age be low  3 years o ld  in  our institu te . I t  has a strong corre la tion  

coe ffic ien t: r= -0 .72 , VCFc=-0 .0072LVW S-t-1 .6288 . Th is index has also been tested 

and reported by several in te rna tiona l institu tes(20,23) w h ich  showed: in traobserver 

va r ia b ility  o f  V C F c and LV W S  was 2.3 and 3.2% ; in terobserver v a r ia b ility  o f  VCFc  

and LV W S  was 3 .6%  and 5.5% . L inea r regression demonstrated exce llen t corre la tion  

fo r  separate observers de te rm in ing  V C Fc (r=0 .91) and LV W S  (r=0 .93 ). Corre la tions  

were also exce llen t fo r 1 observer repeating determ inations o f  V C Fc (r=0 .96 ) and 

LV W S  (1=0.95).

U n lik e  the results in  adu lt pa tien t(8,ll), ou r results show  the change o f  shortening  

frac tion  before and a fte r treatment w ith in  and between group have no s ign ifican t 

differences. Experiences in  adults, patients who can achieve by  ena lap ril were the 

s ign ifican t change o f  shortening frac tion  and cardiac chamber d imension, whereas the 

unde rly ing  p rob lem  in  adults w ith  heart fa ilu re  is usua lly  pump fa ilu re . In  pedia tric  

patients pa rticu la rly  in  those w ith  congenita l heart defects, preload and a fterload  

situa tion varied qu ite  d iffe re n tly , the change o f  preload and afte rload w i l l  d e fin ite ly  

in fluence the shorten ing frac tion . So shortening frac tion  is not a sensitive parameter 

represent the real cardiac con tra c tility  status in  pedia tric patients, and is some tim e  is 

d if f ic u lt  to in te rp re t its c lin ic a l e ffectiveness(23).

In  th is  study we have shown that 4 (27% ) in  con tro l group and 6 (43% ) in  

Ena lap ril group, w ith  im pa ired  cardiac func tion  had the ir cardiac co n tra c tility  back to 

the norm al range. 12 (44% ) in  con tro lled  group and 17 (61% ) in  E na lap ril group w ith  

congenita l heart defects had the ir cardiac co n tra c tility  back to norm al range. These 

proportions have no s ig n ifican t d iffe rence. W h ile  most o f  studies in  adults resulted a 

s ign ifican t d iffe re n t change o f  cardiac func tion  w ith in  im pa ired cardiac func tion
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cases, but in  the m a jo r ity  such k in d  o f  studies, observation period is at least 3 months  

or years. Tha t m ay the ind ica tion  these effects may happen in  long  te rm  treatment. In  

order to ob ta in  whether E na lap ril w i l l  achieve s ign ifican t pos itive  results in  those 

im pa ired  cardiac fu n c tio n  patients, longer observation period is needed, w h ich  we  

expect the im provem ent w ith  the time.

5.3.2 Clinical effects

W ith  respect to  the achievement o f  c lin ica l im provem ent, we compared some 

c lin ic a l symptoms and signs before and after treatment w ith in  and between groups. 

Th is study show  a ll pos itive  results regarding in  reducing heart rate, resp ira to ry rate 

l iv e r  size and ga in ing  body w e igh t w ith in  the group. B y  com paring the mean changes 

between tw o  groups, E na lap ril group show a s ign ifican t fu rthe r im provem ent in  

change o f  heart rate and respira to ry rate and liv e r size. W e be lieve tha t in  ch ild ren  

w ith  congen ita l heart disease vo lum e overload is the results o f  large system ic to  

pu lm ona ry shuts, va lve  regu rg ita tion  o r o u tflow  tract res tric tion . So, the causes o f  

C H F  in  ch ild ren  m ay be more com p lex than adults, thus A C E  in h ib ito r  no t o n ly  act 

as, lik e  in  adults, a com b ina tion  o f  a fterload reduction and in h ib it io n  o f  salt and water 

re tention , i t  also may result in  an increase o f  system ic b lood  f lo w  and a decrease in  

the size o f  le ft to r ig h t shut o r regu rg ita tion  in  ped ia tric  patients. A C E  in h ib ito r  

decrease system ic vascular resistance and increase the capacitance o f  the system ic  

vascular bed w i l l  d im in ish  pu lm ona ry congestion-24*. That is part o f  the reason w hy  

A C E  in h ib ito r can have tremendous im pact in  reducing the congestive symptoms in



4 4

ch ildren . In  the aspects o f  ga in ing  body w e igh t and changing the cardiac size by  

measuring the cardiacthorecic ra tio , th is  study can not f in d  a s ign ifican t d iffe rence  

between tw o  groups. I t  is con trad ic to ry to the results o f  p revious uncon tro lled  study 

(14'25). B u t rather th is result can be in terpreted that E na lap rii may not he lp too much to 

reduce the cardiac size o r E na lap rii may e ffe c tive ly  change cardiac size in  long term  

treatmet, fu rthe r study is needed.

I t  was suggested that t im in g  o f  cardiac surgery in  those w ith  in tracard iac shunts 

can be altered by the use o f  A C E  in h ib it io n 05’26*. B u t th is study showed no d iffe ren t 

between tw o  groups w h ich  number o f  im proved su ff ic ie n tly  fo r  surgery to  be 

deferred. Expert consent te ll US, we may no t be able to achieve such pos itive  result 

base on 14 days treatment, tim e m ay s t il l is a factor.

5.3.3 Laboratory tests and side effects observation

We found serum potassium  s lig h tly  increase in  both group, change has no 

s ign ifican t d iffe rence. In  both group the percentage o f  rece iv ing  sod ium  potassium  

supplements has no d ifference. A nd  percentage o f  rece iv ing  add itiona l d iu re tic  

regimens . In  Ena lap rii group, Serum sod ium  increased s ign ifican t, bu t ove ra ll change 

between tw o  groups show no d iffe rence. The response o f  increase sodium  

concentra tion in  th is  study is o f  some in teresting. S im ila r ly  like  p revious uncon tro lled  

study(27), the increase o f  serum concentra tion may not necessary mean to ta l body  

concentration increased, because hyponatra taem ia is a m ark o f  severe heart fa ilu re  

and is associated w ith  h igh  concentra tion o f  both ren in  and an tid iu re tic  hormone. It  

also is a consequence o f  water overload. The to ta l body sod ium  concentration may be
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norm a l o r even h igher. W hen E na lap ril increasing the renal b lood f lo w  the im m edia te  

and short te rm  response may lead to  a increase o f  serum sodium  concentration by  its  

an ti-ren in  horm one effect.

There were no m a jo r side effects observed. A lthough  3 patients in  E na lap ril 

group, 1 pa tien t in  con tro l g roup remained at lo w  dosage because o f  the lo w  b lood  

pressure, the rests seem to be no more sys to lic  b lood pressure fa llin g  at day 4 and day 

14 a fte r tr ia l started even du ring  the dose escalate tim e  period. S tudy show  ch ild ren  

may are w e ll to lerated to th is vasod ila to r in  comparison o f  b lood pressure decreasing  

in  adult.

A  trend o f  decrease o f  serum creatin ine and urea was observed in  th is  study. Th is  

ind ica te tha t actual renal func tion  may be im proved by enalapril by its an ti d iu re tics  

hormone mechanism . The h igh  incidence o f  renal fa ilu re  was reported in  p rev ious  

uncon tro lled  s tudy(13), 8 in  68 patients developed renal fa ilu re  du ring  ena lap ril 

treatment. Th is inc idence is s t il l remain unexpla ined, a ll o f  these patients age were  

under 2 months w ith  severe le ft to  r ig h t shunt. In fan t w ith  large le ft to  r ig h t shunt has 

been recognized as a dom inan t r is k  fac to r fo r  renal fa ilu re  in  in fant.

5.3.4 Dosage toleration

In  th is  study, we adopted ena lap ril dosage at 0 .25m g/kg/day by escalating fo rm  

o .lm g /kg /d a y , 0.15mg/'kg/day t i l l  0 .25mg/kg/day. A  dosage fin d ing  study by L io y d (l6) 

concluded tha t E na la ril dose less than o .lm g /kg /d a y  may not be su ff ic ie n t from  the 

pharm acokine tic and c lin ic a l espects to ch ildren. B y  rev iew ing  a ll the lim ite d  

published lite ratures, the in itia ted  dose o f  these study a ll started from  o .lm g /kg /d a y ,
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m ax im  dose reach to 0 .45-0 .5m g/kg/day(1315’29’30). F o r those who received more than  

0 .3m g/kg /day were age above 3 years. Due to the lim ite d  c lin ic a l data, avo id  severe 

side effects, a fte r discussed w ith  the experts in  our ins titu te , we decided ou r dose at 

0 .25m g/kg /day. A l l  the patients seemed w e ll to lerated to  th is  dose arrangement, v/e 
should ind ica ted that the m axim um  dose o f  Ena lap ril fo r  ch ild ren  ve ry  m uch depend 

on the age and is s t ill a debatable issue. Th is study is not a dose fin d in g  study, the 

dose in  th is  รณdy should be rationale and re liab le  on the evidence presented by  

previous investiga tion . W hether dose h igher than 0 .25m g/kg /day w i l l  produce even  

better results, we be lieve so, but is not the issue in  th is  study.

5.4 Consideration of the limitations in this study

5.4.1 Short term study

The most concern o f  the lim ita tio n  in  th is study is the observation tim e  period. 

Th is study was conducted ju s t 2 weeks and outcome o f  in terest were short term  

outcomes. The results show a pos itive  e ffec t o f  E na lap ril in  increasing cardiac 

co n tra c tility , im p ro v in g  congestive symptoms, and hav ing  fa ir ly  lo w  side e ffects in  

ped ia tric  patients. Some questions are remained w h ich  th is  study w i l l  no t be able to 

resolve. In  adults, Ena lap ril not on ly  approve hem odynam ic and c lin ic  s itua tion , i t  can 

reduce the m o rta lity  and hospita lized period based on long term  treatment. W hethe r in  

ped ia tric  patients these goals can also be achieved? Im m ed ia te  and short te rm  effects  

o f  ena lapril showed a strong positive  signal, whether long term  e ffects to compare  

w ith  conventiona l therapy can produce same pos itive  results? For those w ith



4 7

congenita l heart disease, ena lapril w i l l  make any d iffe rence in  the tim in g  fo r  cardiac  

surgery when patients are altered? Thus, a w e ll designed long term  tr ia l w i l l  be 

necessary to  carry out. I t  is our d if f ic u lty  now  to manage a out pa tien t fo llo w  up 

system in  ped ia tric  ca rd io logy fie ld , w h ich  is c ruc ia l fo r th is long term  study. We 

hope such k in d  o f  study w ou ld  be able to  carry out in  the future.

5.4.2 Economic consideration

In  respect to short te rm  effects o f  E na lap ril in  p ro v id in g  add itiona l bene fit to the 

ch ild ren w ith  congestive heart fa ilu re , we believe i t  is the evidence that ena lapril 

should be added in  to conventiona l therapy. To econom ica lly  evaluate these add itiona l 

cost, the in fo rm a tio n  o f  long term  effects especia lly the change o f  m o rta lity  rate, 

reducing hosp ita lized dura tion , and reducing the burden o f  parents is necessary.
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