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INFANTS DELIVERED BY FORCEPS APPLICATION
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" GLUGAGON TOLERANCE TESTS

Birth after forceps application involves a certain
degree of trauma and it is not surprising’that the homeostatic
-mechénisms maintaining the internal equilibrium may be
affected by the degree of trauma inflieted during birth. This
group includes eight full=term infants. Usual do?age of
glucagon (30 1g./kZ., i.m.) was administered both on the first
and eighth days to evaluate the hepatic glucose output.
RESULTS:

The results of the mean concentratidns of plasma glucose,
inorganic phosphorus, potassium, urea and total amino acid
nitrogen (TAN) before and after glucagon administration on the
first (within two to three hours after birth) and eighth days
are illustrated in Table 25 and 26 respectively. The net
inereases in the plasma‘glucose levels are summarised in
Tabke 27. Fig. 8a represents the behaviour of the above
" mentioned parameters, while the net increases are shown in
Fig. Qa.

First day:

The plasma glucose level before glucagon administration .
is found to be 40.6 + 5.,%1 (mean + S.E.) mg./100 ml. This
level is comparable to the level observed in the full-term
norial infantse

The magnitudes of the net increases at 20, 40 and 60

miputes are higher, although not significant, than those

observed in the normal group at similar periods,
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The maximum level of 90.1 + 7.48 (mean + S.E.) mg./100 ml.
is seen at 60 minutes after glucagon adﬁinistration, with a
net increase 0f 49,5 + 5.66 (mean + S.E.) mg./100 ml,

The net increases are lower at 90, 120 and 150 minutes
in this group than those observed in the normal group at
similar time intervals on the first day of»life.
| At 150 minutes, the plasma glucese level of 49,9 + 5.16
(mean + S.E.) mg./100 ml, is seen with a net increase of
9.% + 6.88 (mean + S.,E.,) mg./100 ml, over the basal level,

The basal plasma inprganic ﬁhosphorus level.at the
initiation of glueagon tolerance test is found teo be
516 + 0,64 (mean + S.D.) mg./100 ml. The level shows a
| gradual fall apté 60 minutes, followed by a rise at 90 minutes.
The signifieant fall of 1.3%6 mg./100 ml, is nbkticed at 150
minutes (t = 3.16; «001 £ P £ ,01)., This net decrease is
comparatively more than that found in the nkrmal group.

The basal plasma potassium level is found to be
4481 + 0.52 (mean + S.D.) mEq/L. before glucagon administration.
A trend of decrease in potassium level is evident, Maximum
decrease of 0,51 mEq/L. is observed at 90 minutes., Appreciable
rise is not seen thereafter. |

The basal plasma urea concentration of 30,0+ 16.24
(mean i-S.D.) mg./100 ml. is observed initially. High level of
urea concentration is seen in one of the infants (F 8)., The
level is theﬁ gradually increased upto 120 minutes and has

attained a maximum level of 35.0 + 14.73 (mean + S.D.)mg./100 ml.
with a net increase of 5.0 mg./100 ml, '
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The initial plasma TAN concentration of 5.45 .+ 0.85
(méan + S.D.) mg./100 ml. is seen before the administration of
glucagon. Significant fall of 1.63 mg,/100 ml, is observed at
90 minutes (t= 2.86;5 +01< P < .02)., Upward trend is then
observed during the rest of the tolerance period,

Eighth days

The basal plasma glucose concentration is found to be

i

55.0 + 3,71 (mean + S.E.) mg./100 ml, This level is

© . significantly higher than that observed on the first day in the

same group of infants (t = 2.19;  L02<P< «05). However, it
is significantly lower than that observed in the normal group
on the eighth day of life (t = 3,025 .001 < P .01).

The trend of gquicker response is not visualised on the
eighth day though'the net increase at 20 minutes is somewhat
more than that observed on the fifst day in the same infants.

The maximum plasma glucose level of 95,0 + 4.31
(mean + S.E.) mg./100 ml. is seen at 40 minutes with é net
inecrease of 40,0 + 2,77 (mean + S.E.) mg./100 ml. over the
initial basal level,

At 150 minutes the plasma glucose level is found to be
557 + 3.09 (mean + S.E,) mg./100 ml., with a net rise of only
0.71 + 0.85 (mean + S.E.) mg./100 ml. — a level just
equivalenﬁ to a basal one,

The plasme inerganic phosphorus level at the initiation
of glucagon tolerance test is found to be 5.,60+1.55 (mean + S.D.)

mg./100 ml, Maximum decrease of 1.20 mg,/100 ml. is seen at

20 minutes., The level shows an uﬁward trend during the rest of
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the tolerance period except a slight drift at 60 minutes,

The initial plasma potassium concentration is found to
be 4410 + 0.73 (mean + S.D.) mEq/L. Like plasma inorganic
phosphorus level, the potassium concentration also shows ag
earlier maximum decrease of 0.80 mEq/L, at 40 minutes after
glucagon administration. Gradual increase is noticed during
the rest of the tolerance period.

The basal plasma urea concentration at the imitiation of
the.glucagon tolerance test is found to be 18,6 + 5.07
(mean + S.D.) mg./100 ml., An upward trend is seen throughout
the tolerance period. The maximum difference of 5,7 mg./100 ml.
is seen at 150 minutes. ]

Thé basal plasma TAN concentration of 3.54 + 1,26
(mean + SeDs ) mg./100 mls. is observed initially. Significant
decreaée Qf‘1.53 mg./100 ml, is seen at 90 minutes after
glucagon administration (t = 2,353y .02 < P < .05). No
appreciable increase is observed thereafter upto 150 minutes,

Representative data from the literature as regards the
behaviour of blood sugar/glucose, plasma phosphorus, potassium,
urea and TAN concentrations after glucagon administrations in
the non-h&poglyeaemic infants (delivered by forceps application)

-

are not available.
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DISCUSSION:

The infants delivered by forceps application undergo a
more traumatic birth as evidenced by an increased tissue
breakdown seen in these infants‘(McCance and Widdoson, 1954;
Acharya, 1962)., The comparatively better and quicker
response in the plasma glucose concentrations seen during the
initial phase of the glucagon tolerance tests on the first day
of 1life in the infants delivered'by forceps application could
be due to the stimulation of adrenocorticotrophic hormone
(more glucocorticoid activity) and epinephrine on account of
the stress of a more difficult birth., Furthermore,the greater
degree of - hypoxia and acidosis seen in these infants would
élso favour an augmented glycogeneolytic effect (Dawes, 1968),
This would result in an early and better hyperglycaemic
response,

Resultant hyperglycaemia of a lower magnitude\on the
eighth déy in comparison to that of the normal group, appears
to be on account of a poor replenishment of the depleted glycogen

stores in these stressed infants,.
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TABLE 25.

PLASMA GLUCOSE, INORGANIC PHOSPHORUS, POTASSIUM, UREA AND TOTAL AMINO
ACID NITROGEN CONCENTRATIONS (MEAN) OF THE INFANTS DELIVERED BY
FORCEPS APFLICATION ON' THE FIRST DAY (within 2 to 3 heurs) OF LIFE
APTER GLUCAGON (30 mng./kg., i.m.) ADMINISTRATION, (FRESENT SERIES)

Basal ___ Minutes after glucagon administration
level 20 40 &0 90 120 150

Glucose (mg./100 ml,)

Mean 4096 64,5 8549 9041 79,2 62,0 49,9
S.Eni 5431 Te31 " T.56 T+48 5.66 616 5¢16
Range 20=62 38=95 59~112 54-117 46~102 38=-86 33=69
No, 8 8 8 8 8 8 8
Inorganic phosphorus (mg./100 ml.) - .
Mean 5.1 4;80 4030 4026 4051 4.28 3085
SeDet 0.64 0.78 0.79 BT7 0.68 1.05 1.05
Range % e O= %6 G= . 2’9“ 6B 306“ 24T 20T
6.6 6.0 546 55 55 5.8 541

No. 8 8 8 8 8 8

Potassium (mEq/IL.)

Mean 4481 4,57 4.45 4437 4,30 4,30 4435
SeDe+ 0.52 0,82 0.65 0.88 073 0.73 0.97
Range Be8= 3¢ 8= Do B % o 2w 304 30 8= 30T
6.0 5.9 5.6 564 546 5.7 5.9
No. 8 8 . 8 : 8 8 - 8 8
Urea (mg./100 ml.) \
Mean 30,0 21.8 33,8 5442 35441 3540 34.0 .
S.Det+ 16,24 16425 15439 16.82 15.87 14.73 14417
Range 21-6 22=T0 24~T0 24-T74 25-72 25-T70 25=-68
No. 8 ‘ 8 8 8 8 8 8
Total amino acid nitrogen (mg./100 ml,)
© Mean 545 4.3 390 3495 3.82 3092 4,02
SoDoi‘ Oo85 1030 1020 1026 1&57 1025 1021
Range 442= 2obm 24~ 24 B 24 3= 2.1 27
6e7 59 546 54 5¢1 504 5.1
8 8 8 8 8 8

No. 8
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TABLE 26.

PLASNA GLUCOSE, INORGANIC PHOSPHORUS, POTASSIUM, UREA AND TOTAL AMINO
ACID NITROGEN CONCENTRATIONS (MEAN) OF THE INFANTS DELIVERED BY
FORCEPS AFPLICATION ON THE EIGHTH DAY OF LIFE AFTER GLUCAGON

(30 ug./kg., i.m.) ADMINISTRATION, (PRESENT SERIES)

Basal Minutes after glucagon administration
level 20 40 60 90 120 150

Glucose (mg./100 ml.)

Mean 55.0 813 95.0 93.4 7546 63-7 5547
S;Eoi 3eT1 6.14 4431 6,16 4,35 2449 3.09
Range Z29=-66 53-96 T7=111 66~118 61=93% 56=T2 42-64
Noe T T 7 T T 7 A

Inorganie phosphorus (mg./100 ml.)

Mean 5.60 4,40 4051 4,47 4,53 4,83 4.86
S.D.+ 1.55  1.55 1,26 1.5 1.2 1.26 1.21
Range Bed= el 24T 2¢5a 26 2e6mm 269
Ted 6.6 6.4 63 646 645 644
No. T T 7 7 7 7 .1
Potassium (mEq/L.) .
Mean 4,10 3470 3430 3433 3¢ 36 3451 3469
SeDet G.73 0.80 0,73 0,75 0.57 0.54 Q.60
Range 246 2e2= 240= 242= 2 o6~ 2o 2 o4
4.7 , 444 4.0 4e4 4.4 4.3 4.3
No. 7 7 7 T 7 7 7
Urea (mg./100 ml,)
Mean 1846 2061 21.3 23.0 22.6 2349 2443
SeDet 5.07 4,38 5426 5420 6e71 7.99 5.72
Range 924 12-24 . 1328 14-30 12=-31 12-3%1 17=33
No. 7 7 7 7 T T- 7
Total .amino acid nitrogen (mg./100 ml.)
Mean 3054 2091 2.2@ 204-1 2.01 2.24 2-71
SeDat 1426 117 0.94 1.22 1.17 1.57 1,29
Range 109“' 1-7- 1.1"" 1.2"‘ N 101"" 1.1“" 1.3-'
4-08 402 . 304- 401 4'5 406 407
No. 7 7 7 7 7 7 7
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TABLE 27,

INCREASE IN THE PLASMA GLUCOSE CONCENTRATIONS (mg./100 ml.) OF THE
INFANTS DELIVERED BY FORCEPS APPLICATION ON THE FIRST
(within 2 to 3 hours) AND EIGHTH DAY OF LIFE AFTER GLUCAGON-

(30 ng./kg., i.m,) ADMINISTRATION, (PRESENT SERIES)

Basal | Minutes after glucagon administration
level 20 40 60 90 120 150

First day (within 2 to 3 hours)

Mean 40.6 23.9 45,3 49,5 38,6 21.4 %3
SeEex 5,31 5,21 5074 5,66 6.26 10.89 6.88
Range 20-62 10-56 26-65 25-74 16=69 -8 to 66 =10 to 49
Noo 8 8 8 8 8 8 8
Eighth day

Mean  55.0 2653 40,0 38,4 20,6 8o7 0471
SeBet 3471 2,62 2,77 4,56 3.81 2.44 0485
Range  39-66  14-35 30-~50 19~53% 9-37 1=21 -2 to 4

Noo 17 ( 7 7 7 T T




FIGURE 8a.,

~ PLASMA GLUCOSE INORGANIC PHOSPHORUS, POTASSIUM
UREA AND TOTAL g¥INo ACID NITROGEN CONCENTRATTONS (MEAN).
OF THE INFANTS DELIVERED BY FORCEES APPLICATION ON THE
FIRST (A—-.—A) AND EIGHT (A~:--4d) DAY OF LIFE 'A:E:TEE
GLUCAGON ( 30 p.g./kg., i.m.) ADMINISTRATION.

FIGURE 8b,

PLASMA GLUCOSE, INORGANIC PHOSPHORUS AND
POTASSTIUM CONGENTRATIONS (MEAN). OF THE INFANTS DELIVERED
BY FORCEPS APPLIOATIOﬁ ON THE SECOND (A—-—rA) AND

. EIGHTH (&r~'*nﬂ) DAY OF LIFE AFTER GLUCOSE (2.5 G/kg.,

oral) ADMINISTRATION.
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"FIGURE 9a.
 INCREASE IN PLASMA GLUCOSE. CONCENTRATIONS
(A'mg./100 ml.) OF THE INFANTS DELIVERED BY' FORCEPS

APPLICATION ON THE FIRST (A—.—.A) AND EIGHTH (b —.—-A)
DAY OF LIFE. APTER G—LUCAGON (30 pe- /kg.,i.m. ) ADMINISTRATION,

-FIGUREQ 9b.

INCREASE IN PLASMA GLUCOSE GONCENTRATIGNS

' (Amg /100 ml,) OF THE INFANTS DELIVERED BY FORCEPS

APPLICATION ON THE.SECOND (A—.— A) AND EIGH‘I‘H (A —B )
DAY _OF LIFE AFTER GLUCOSE (2.5 G/kg., oral) ADMINISTRATION."
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GLUCOSE TOLERANCE TESTS

A close similarity is observed between the biochemical
changes observed in the shocked animals and the changes seen
in the neonates who were deliveréd after difficult obstetric
procedure (&charya, 1962)., Glucose tolerance tests were
carried out in eight infants delivered by forceps application
with a view to assess the effects of abnormal birth on the
carbohydrate tolerance, (

RESULTS:

Tables 28 and 29 represent the results of the mean plasma
glucose, inorganic phosphorus dnd potassium conecentrations of -
the infants delivered by forceps application on the second and .
eighth days réspectively. Table 30 shows the net plasma
glucose increases after oral glucose administration, Fig 8b
illustrates the behaviour of the above mentioned parameters
after oral glucose administration, while the mean net increases
of the plasma glucose levels are presented in Fig. 9b.

Second day:

The basal plasma glucose concentration on the second day
before administratioﬁ of oral glucose is found to be
51e1 + 3.23 (mean + S.E.) mg./100 ml, This level is nearly
equal to that observed in the full-term normal infants on the
second day of life,

Maximum level of 136.4 + 12,05 (mean i‘S.E.) mg./100 ml,
is seen at 60 minutes with 2 net rise of 85.3 + 13,07

(mean "+ S.E.) mg./100 ml. in plasma glucose level.
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At 150 minutes, a level of 63.3 + 13,62 (mean + S.E.)
mg,/160 ml, is seen with a net increase of 12.é + 16,13
(mean + S.E.) mg./100 ml,

A1l the mean net increases on the second day in this
group are lower than thosé observed in the normal infants at
similar aée periods

The basal plasma inorganic phosphorus concentration before
initiation of glucose tolerance test is found to be 6,10 + 1.14
(mean + S.D.) mg,/100 ml. The level then gradually recedes
during the entire tolerance period except at 40 minutes.
Maximum fall of 1,19 mg./100 ml, is seen at 150 minutes. Like"
glucagon tolerance test the decrease in the plasma inorganic
phosphorus is more than that observed in the normal grgup.

The basal plasma potassium concentration of 4,01 + 0,67
(mean + S.D.) mEq/L. is observed initially. Maximum fall of
0.64 mEq/L. is seen at 60 minutes after an oral glucose load.
No appreciable rise is noticed @uring the rest of the tolerance
period,

Eighth day: -

The basal plasma glucose level of 55,7 + 3.09 (mean + S.E.)
mg./100 ml. is seen on the eighth day. ©

Maximum level of 127.4 + 14.63 (mean + S.E.) mg./100 ml.
in plasma glucose level is observed at 60 minutes with a mnet
increase of 71s7 + 14¢43 (mean + S.E.) mg,/100 ml. over the
initial basal level,

The net increase in the plasma glucose concentration at

120 minutes is significantly higher than that of the full=term
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normal infants on the eighth‘dayvof life (t = 2.14; .02 «
PZ.05). At 150 minutes the level of 81.4 + 6,82
(mean + S.E,) mg./100 wl. is attained with a net increase of
25.7 4+ T84 (mean + S.E,) mg./100 ml. This increase is also
more than that observed in the normal infants at similar
interval.
| The basal plasma inorganic phosphorus concentration of
4.86 4 1.21 (mean + S.D.) mg./100 ml. is observed initially.
After glucose administration the level shows a gradual downward
trend upto 601minutes. The level thereafter shows slight .
increase. Maximum difference of 0,42 mg./100 ml. is seen at
150 minutes.

The initial potassium concentration is found o be
3.69 + 0,60 (mean + S.D;) mEq/L. The level shows a falling
trend initially, Maximum fall of 0.51 mBg/L. is noticed at
90 minutes after glucose administration, Graduval rise is
seen throughout the tolerance period,.

Representative data as regards the behaviour of '
blood/plasma glucose and/or phosphorus and potassium
concentrations in response to an oral glucose administratibn
in the infants delivered by forceps application are not

available from the literature.
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DISCUSSION:

The frends of mean net increases in the plasma glucose
concentrations in the present group are suggestive of an
increased rate of glucose disappearance on the second day of
lifes, The infants delivered by forceps application have
undergone a more traumatic birth which results in a greater
degree of hypoxia and aecidosis at birth. These factors are
responsible for the subsequent development of an increased
- rate of tissue catabolism as fepor%ed by McCance and Widdowson
(1954) and Acharya (1962). Although, no reports on the
ﬁeasurements of oxygen consumption of the stressed infants are
available in the literature, it would be reasonable to think
that the increased metabolic activities like urea synthesis
etc., seen in these infants would demand more energy. This
would result in a more rapid utilization of glucose, thus
acecounting for an increased rate of glucose utilization., This
increased utilization of glucoge is evidenced from the
magnitude of the fall seen in  the inorganic phosphorus
'concentration during the test period. Thus, hypermetabolism
seems t0 be responsible for this change.

On the eighth day the rate of glucose disappearance as
seen from the trends of the mean net increases in the plasma
glucose éoncentrations appears to be slower. The author has

no appropriate explanation to offer for this change.
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TABLE 28,

PLASMA GLUCOSE, INORGANIC PHOSPHORUS AND POTASSIUM CONCENTRATIONS

(MEAN) OF THE INFANTS DELIVERED BY FORCEPS APPLICATION ON THE '

SECOND DAY OF LIFE AFTER GLUCOSE (2.5 G/kg., oral) ADMINISTRATION,
(PRESENT SERIES)

Basal Minutes after glucose administration
level 30 60 90 120 ’ 150

Glucose (mg,/100 ml.)

Mean 51e1 108,8 136.4 121.1 9241 63,3
SeBot 3023 5.86 12,05 14.85 15,89 - 13,62
Range . 40~62 88-132 92-171 63-184  43-176 40-140

No, 7 7 1 7 7 T

Inorganic phosyhorus (mg./100 ml,)

“lean 8.10 5451 5.6 5451 5033 4.91
SeDot 1.14 1,18 1. 09 1.05 1.14 1,05
Range 407— 4@1“ 4@1- 3@7“ 3@2“ 3-4“
708 7@6 7@7 6@9 609 ’ 6@3
No. I 7 7 7 T 7
Potassium (mEq/L.)
Eean 4,01 3,57 3637 3041 3443 3440
SaDoj‘_ 0,67 052 0,50 053 0.34 0+47
Range Do 3 2,9~ 269= 2q 6= 269~ 246
4.7 4e4 4o4 463 463 4.1

No. 7 7 7 7 7 T




134

'TABLE 29.

PLASMA GLUCOSE, INORGANIC PHOSPHORUS AND POTASSIUM CONCENTRATIONS
(MEAN) OF THE INFANTS DELIVERED BY FORCEPS APPLICATION ON THE
BIGHTH DAY OF LIFE AFTER GLUCOSE (2.5 G/kg., oral) ADMINISTRATION,
(PRESENT SERIES)

Basal ___Minutes after glucose administration.
level 30 60 90 120 150

Glucose (mg./100 ml,)

Mean 5567 96.0 127.4 123.7 100,6 81.4
SeBot+ 3,09 7,07 14,63 11.90 8661 6,82
Range 42-64 60-118 85-190 85-165 75-128 . 64_104

No. 7 7 T 7 7 7

Inorganic phosphorus (mg./100 ml.)

Mean 4,86 4,47 4,60 4,69 4,63 4,44
SeDot 1021 1,16 1.09 0,96 0,92 1.09
Rang,e 2@ 9"‘ 3@ O 2.9- 20 9= 3@ Q- 295""‘
6o4 6,1 601 5.8 5.6 6,0
No. 7 T 7 7 T T
Potassium (mEq/T. ) ‘ ’ .
Mean 3069 347 3@19 3@18 3021 3630
SeDot 0,60 0.39 0.46 0,56 0.80 0.84
Range 24— 2e¢ 3= 263~ 21 1@9"" 1«'98"‘
4,3 ! 4@1 3.7 3»7 4’00 4‘00
Noo 7 7 7 7 7 T
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TABLE 30.

INCREASE IN THE PLASMA GLUCOSE CONCENTRATIONS (mg./100 ml.)OF THE
INFANTS DELIVERED BY FORCEPS APPLICATION ON THE SECOND AND EIGHTH
DAY OF LIFE AFTER GLUGOSE (2.5 G/kg.,oral)ADMINISTRATIONe
(PRESENT SERIES)

Basal Minutes after glucose administration
level 30 60 90 120 150
Second day
Mean 51.1 577 8563 70,0 41,0 12,2
SeEet 3.23 T+38 13,07 16,77 18.54 16413
Range 40-62 28-92 30-131 1=-144 =19 to 136 -22 10 190
No. T 7 7 7 7 T
Eighth day
Mean 55.7 40,3 717 68,0 44,9 2567
SeBet 3.09 6,27 14043 12.54 9,69 T84
Range 4254 2163 21-129 21-104 13.74 1-51

Noo 7 7 T 7 7 1




