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D isturbances of acid-base equilibrium  in infants 
witli congestive heart failure

By
P. F. F ek ete

P a e d ia tr ic  S ection  o f th e  N a tio n a l I n s t i tu te  o f  C ardiology, B u d ap es t 

(R eceived  J u ly  11, 19 7 3 )

I n  116 in fan ts  w ith  congestive  h e a r t  fa ilu re , th e  p H , p C 0 2a n d  s t a n d ­
a rd  b ic a rb o n a te  w ere d e te rm in ed . H a l f  o f  th e  p a tie n ts  had  ac id o sis  w h ich  
w as m o s tly  o f  th e  re sp ira to ry  ty p e . T h e re  w as  a  h igh ly  sign ifican t d iffe ren ce  
in  p H  be tw een  th e  su rv iv o rs  an d  th e  p a t ie n ts  who died. C 0 2 re te n tio n  
d iffered  also  s ig n ifican tly  in  th e  tw o  g ro u p s  o f  in fan ts. A n a lm o s t lin ea r 
co rre la tio n  could  be observed  b e tw een  h y p e rc a p n ia  and  le th a li ty . S uch  
a lte ra tio n s  could n o t be  observed  in  th e  s ta n d a rd  b icarbonate  level. D e te r ­
m in a tio n  o f  th e  ac id -base  p a ram e te rs  is e sse n tia l in  in fan ts  w ith  co n g es tiv e  
h e a r t  fa ilu re , since a  reduced  p H , b esides a n  increased p C 0 2, is in d ic a tiv e  
o f  a  p rogression  o f  th e  disease.

Acid-base equilibrium, as one of 
the numerous regulatory mechanisms 
of circulation, is particularly im­
portant to the understanding of the 
fundamental physiologic character­
istics of infants [3, 5, 7, 12, 19, 20]. 
In the present study, the acid-base 
parameters were determined and eval­
uated in infants with congestive heart 
failure.

Mater ia l  and Method

A  to ta l  o f  116 in fa n ts  m ore th a n  8 days 
o f  age w as s tu d ie d  d u rin g  th e  fou r-year 
period  N ovem ber, 1968, to  N ovem ber, 1972.

T he ac id -base  p a t te rn  (p H , p C 0 2, 
s ta n d a rd  b ic a rb o n a te , base  excess) was 
dete rm ined  in  a r te r ia liz e d  cap illa ry  blood 
b y  A st r u p’s m e th o d  an d  th e  nom ogram s of 
S igo a a rd -An d e r s e n  [17] and  T h e w s  [23].

In  all cases, d e te rm in a tio n s  w ere carried  
o u t on  th e  d a y  o f  adm ission  an d  before 
d ru g  tre a tm e n t. I n  fu r th e r  m a n a g e m e n t 
s ta n d a rd  th e ra p e u tic  princip les w ere em ­
p loyed . In  cases w ith  reduced  b ica rb o n a te , 
b ica rb o n a te  w as in tro d u c e d  in  th e  usual

a m o u n t o f  m E q  b icarbonate  =  b a se  excess 
X b o d y  w e ig h t X 0.3. A rtific ia l re s p ira ­
tio n  was n o t  app lied  in  a n y  o f  th e  cases.

A c c o rd in g  to  th e  usage co m m o n  in 
p a e d ia tr ic  cardio logy, n o t o n ly  p a tie n ts  
u n d e r  o n e  y e a r  o f age b u t a ll th o se  u n d e r  
2 y e a rs  w hose body  w eight d id  n o t  exceed  
10 kg , w ere  regarded  as in fan ts .

D e v e lo p m e n t w as expressed in  p e r ­
cen tile  v a lu es  according to  th e  A n th ro p o ­
m e tr ic  C h a r t  o f th e  C h ild ren ’s M edical 
C en te r, B o sto n . S ta tis tica l an a ly s is  w as 
c a rr ied  o u t  b y  St u d e n t ’s t te s t .  P a t ie n ts  
w ho d ie d  w ere p resen ted  in  sp ec ia l g ro u p .

C o n g estiv e  h e a rt failure w as d iagnosed  
o n  th e  b asis  o f th e  follow ing c lin ica l 
s y m p to m s  [1, 6, 18, 19, 20].

1. T a c h y p n o e a
2. T a c h y c a rd ia
3. R e s p ir a to ry  d istress (dyspnoea , cough , 

c h ro n ic  o r recu rren t sp as tic  b ro n ch itis )
4. C ard io m eg aly  (X -ray  signs o f  p u lm o n a ­

r y  congestion )
6. H e p a to m e g a ly
6. O ed em a  (especially on th e  d o rsa l su r­

face  o f  h an d s  and  feet; u n e x p e c te d  
o v e rw e ig h t)

7. R a le s  an d /o r  wheezing
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8. A n o rex ia , vom itus
9. S w ea tin g

10. D is tu rb e d  deve lopm en t
11. P a le n e s s
12. P sy c h o m o to r  restlessness, frigh tened  

fac ie s
O f  th e  116 p a tien ts , 114 h a d  a  congeni­

t a l  h e a r t  defec t w ith  p u lm o n a ry  h y p e rp e r­
fu s io n  a s  th e  p re v a le n t haem o d y n am ic  
a l te ra t io n . I n  these p a tie n ts , th e  c ircu la to ry  
in su ffic ien cy  w as asc rib ed  to  le f t  h e a rt 
fa i lu re  [2], w hile in  12 in fa n ts  m y o card itis , 
f ib ro e la s to s is  o r rh y th m ic  d iso rd e rs  w ith  
a  h ig h  h e a r t  ra te  re su lte d  in  congestive 
h e a r t  fa ilu re .

R esults 
T a b l e  I

D is t r ib u t io n  o f p H  v a lu es  in  116 cases 
o f  congestive h e a r t  fa ilu re

pH n P e r  c e n t

7.30—7.40 52 45
< 7 .3 0 57 49
> 7 .4 0 7 6

Data presented in Table I show 
that at admission normal pH values 
were found in less than 50% of the 
infants with congestive heart failure. 
Half of the patients had acidosis, 
while 6 %, alkalosis.

T a b l e  I I
D ead

p a t ie n ts S u rv iv o rs

p H
n P e r  c e n t n P e r  ce n t

7.30—7.40 3 10 49 57

< 7 .3 0 27 90 30 35
> 7 .4 0 0 0 7 8

In Table II, the high frequency of 
acidosis observed in lethal cases is 
striking. The pH value was normal 
in more than half of the successfully 
treated patients, whereas only in

10% of the lethal cases. It was also 
remarkable that alkalosis occurred 
in none of the patients who died, 
only in some of the survivors.

Values for standard bicarbonate 
and pC 02 are seen in Fig. 1.

Evaluation of the changes of the 
three parameters shown in Fig. 1 
allowed the following conclusions.

Mean pH in the dead patients in­
dicated severe acidosis, while in the 
survivors the pH was normal. The 
difference between the two groups 
was highly significant, p << 0.001.

The pC02 was elevated in both 
groups, and especially in the patients 
who later died. The difference between 
the two groups was highly signifi­
cant, p <  0.001.

Standard bicarbonate was reduced 
in both groups but the change was 
smaller than that of the pC 02. The 
difference between the two groups 
was significant, p <  0.01.

The above results indicate that the 
increased pC02 was the factor re­
sponsible for the severe acidosis in 
the patients who died.

T a b l e  I I I

p C 0 2 a n d  le th a lity  o f  in fa n ts  w ith  
congestive h e a rt fa ilu re

pCO, 
mm H g

P a tie n ts
investigated

n

P a t i e n t s  d ie d

n P e r  c e n t

< 5 0 63 l 1.6
> 5 0 53 29 56

< 6 0 88 6 7
> 6 0 28 14 86

< 7 0 101 16 16
> 7 0 15 14 93
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pH pCOj standard bicarbona
n 30 86 n 30 86 n 30 86
X 7.166 7.305 X 73.20 UU.3Q X 17.97 20.73
s 0.095 0.061 s 15.90 11.13 s и.зи UM 1
Sx 0.017 0.006 Sx 2.90 1.20 sx 0.79 OMI

t ,u 9.16 t,u 10.6 tlu 2.95
p < 0.001 p < 0.001 p < 0.01

A b b rev ia tio n s  :

n  =  n u m b e r o f cases 
X =  m ean
s  =  s ta n d a rd  d ev ia tio n

8X =  s ta n d a rd  e rro r 
t =  S tu d e n t’s te s t  
p  =  p ro b a b ility

The results shown in Table III 
make it evident that, in addition to 
the acidosis, the increasing C02 re­
tention was responsible for death. 
When different values of pC02 were 
arbitrarily taken as critical thresholds, 
the subliminal ranges showed a low 
lethality. This observation, too, point­
ed to the role of the increased pC02 
in deteriorating the prognosis.

The primary role of pC02 was 
clearly revealed when the alterations 
of the standard bicarbonate were 
analyzed in relation to the pC02 values 
considered critical.

T a b le  IV
M ean s ta n d a rd  b ic a rb o n a te  in  re la tion  

to  d iffe ren t pCO 2 values

pco,
mm Hg

Patients
investigated

n
Standard biocarbonate 

mEq/1

< 5 0 63 — 19.80 ±  5.38

> 50 53 19.77 ±  4.24 p <  0.9

< 0 0 88 20.10 ±  5.09
> 60 28 18.93 ±  5.01 p <  0.3

< 7 0 101 20.28 ±  4.98

> 70 15 16.75 ±  2.82 p <  0.01

The findings shown in Table IV 
reveal that only extreme increases
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of the pC02 were accompanied by a 
significant decrease of the standard 
bicarbonate value. There was no 
significant difference between the 
groups with a critical pC02 range of 
50 or 60 mm Hg (p <  0.9 and p <  0.3, 
respectively).

On the other hand, when 70 mm Hg 
was regarded as the critical limit, 
the mean standard bicarbonate values 
for the two groups showed a signif­
icant difference, p <  0.01. This, how­
ever, agreed well with our conclu­
sion, since it was obvious that an 
extreme respiratory distress could 
lead to reduced oxygen supply and 
in this way affect the metabolic com­
ponent.

T a b le  V

L e th a l i ty  o f  congestive h e a r t  fa ilu re  an d  
s ta n d a rd  b ica rb o n a te  v a lu e s

Standard
bicarbonate

mEq/1
Patients

investigated
n

I

n

)ead

Per cent

< i 6 19 6 32
< 1 8 34 13 38
< 2 0 57 24 42
< 2 2 70 26 37

The results shown in Table У also 
supported the previous statement 
in that the degree of metabolic dis­
turbance was not closely related to 
the lethality rate.

D iscussion

A pH shift was observed in more 
than half of the infants with con­
gestive heart failure. Acidosis occur­

red in 90% of the lethal cases and 
in 35% of the survivors. Mean pH in 
the two groups was significantly 
different.

The acidosis was of the respiratory 
type. The increase in C 02 was more 
marked in patients who later died 
than in those who were treated with 
success. C 02 retention was also cor­
related with the severity of the disease 
and this could be explained by the 
pulmonary congestion manifesting it­
self with a further decrease of the 
physiologically low pulmonary com­
pliance of the infants [19], causing 
an increase of the pulmonary right- 
to-left shunt [5] and of the obstruc­
tion of the respiratory tract [1, 6, 7, 
10, 11, 12, 13, 15, 21, 22]. An almost 
linear correlation was observed be­
tween lethality and the degree of 
hypercapnia.

On the other hand, the standard 
bicarbonate level of infants who later 
died was not more reduced than that 
of the survivors and there was no 
correlation between the value for 
standard bicarbonate and the rate 
of lethality.

Significant changes in the standard 
bicarbonate value were observed only 
in cases with grave respiratory failure. 
The metabolic component of the 
acid-hase equilibrium did not prove 
a sensitive prognostic indicator.

All these findings allow to suggest 
that in infants with congestive heart 
failure determination of the acid-base 
equilibrium has a considerable prog­
nostic importance. Low pH values 
and/or increased pC02 are indicative 
of aggravation [4, 24].
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