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Clinical and metabolic consequences of two regimens

of total parenteral nutrition in the newborn
M F WHITFIELD, L SPITZ, AND R D G MILNER

Department ofPaediatrics and Department ofPaediatric Surgery, University ofSheffield

SUMMARY The clinical and metabolic effects of two regimens of total parenteral nutrition delivering
the same amino-acid (2- 8 g/kg per 24 h), fat (4.8 g/kg per 24 h), and glucose (12 g/kg per 24 h)
load over 24 hours were studied. The regimens differed in the distribution of the infusate during the
24-hour period. With the continuous regimen (7 infants) all nutrients were infused together at a

constant rate, whereas with the sequential regimen (9 infants) the daily doses of Vamin/glucose and
Intralipid were infused together, followed by the glucose dose. The infants studied had a mean

birthweight of 2-8 kg and mean gestational age of 37-9 weeks. Blood levels of glucose, lactate,
pyruvate, 3-hydroxybutyrate, acetoacetate, alanine, glycerol, and insulin were measured
longitudinally from day 1 to day 21 of total parenteral nutrition. The 7 infants who received the
continuous regimen had blood metabolite levels comparable with those of infants fed enterally, with
minor fluctuations. Insulin levels were higher than in enterally-fed infants. The 9 infants who received
the sequential regimen had wide fluctuations in alanine, glycerol, insulin, 3-hydroxybutyrate, and
acetoacetate levels with high peak levels of ketones at the end of the Vamin/glucose and Intralipid
infusion, falling to low levels at the end of the 24-hour cycle. There was a gradual reduction in the
peak ketone levels from day 6-8 to day 18-21. Clinically unsuspected hypoglycaemia occurred on 6
occasions in each group of infants. There was no significant difference in the incidence ofjaundice or

infection between the two groups, and the weight velocity during total parenteral nutrition was
similar. Wide fluctuations in the infusion rates of individual substrates should be avoided during
total parenteral nutrition in the newborn.

Parenteral nutrition is now an established part of the
management of infants with potentially recoverable
gastrointestinal problems. Since the work of
Dudrick et al.1 many investigators have sought to
refine the technique by improving the composition of
the infusate and techniques of administration.
Several studies have investigated the metabolic
responses to amino-acid, fat, and carbohydrate
infusions but few studies have compared the
metabolic effects of different regimens in the clinical
setting.2 3 The present study was designed to
compare the metabolic consequences of two regimens
of total parenteral nutrition (TPN) having the same
overall composition but differing in the rate of
infusion of the constituents within 24 hours. The
study was conducted to evaluate prospectively a
change in the routine TPN schedule used for surgical
infants in the Trent Regional Neonatal Surgical Unit
at the Children's Hospital, Sheffield.

Patients and methods
Patient selection. Any infant with an abdominal
disorder of sufficient severity to need the direct care
of a neonatal surgeon was eligible. Infants were
chosen who could not tolerate any enteral feeding at
the time of admission to the study and who were
expected to require more than 7 days of TPN.
Infants of more than 30 days' postnatal age were
excluded. Allocation to TPN regimen was by date of
admission to the study; between September 1977
and July 1978 infants were allocated to the sequential
regimen (SR) and between August 1978 and July
1979 to the continuous regimen (CR). Informed
parental consent was obtained in each case.

Infusate composition and delivery. All infants were
given a parenteral infusate of the same composition
at the rate of 150 ml/kg per 24 hours with increasing
nutrient delivery as shown in Table 1.
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Clinical and metabolic consequences oftwo regimens oftotalparenteral nutrition in the newborn

Table 1 Composition ofinfusate receivedby study infants either with sequential or continuous totalparenteral
nutrition regimen
Day ofTPN Vamin*Iglucose 20%t Intralipid 10%t Glucose 0-18% Saline/4-3% Calories Protein Fat

(ml) (ml) (ml) glucose (ml) (g) (B)

1 12 6 24 102 48 0 7 1-2
2-4 25 12 50 57 70 1-5 2-4
5 onwards 40 24 80 0 104 2-4 4-8

*Plus 4 ml Pedel, tplus 4 ml per 24 h Vitlipid infant, tplus Solivito 0-5 ml, dipotassium hydrogen phosphate 1 mmol, heparin 150 units, 30%
sodium chloride as required.
All doses (except that of Vitlipid infant) are given per kg per 24 hours.
All proprietary products are marketed by Kabi Vitrum, Ealing.

Sequential regimen. This was a modification of the
method of Harries4 in which nutrient solutions were
infused sequentially in a 24-hour rotation. The total
daily doses of Vamin/glucose and 20% Intralipid
were infused together, followed by 10% glucose
then, on days 1-4, 4 3% glucose/0- 18% saline
(Fig. 1). With SR the infusions were administered
using standard microdrip (60 drops/ml) paediatric
giving sets and the rate of infusion was adjusted
manually.

Continuous regimen. With the CR, infants received an
infusate of constant composition prepared by mixing
prescribed amounts ofVamin/glucose plus Pedel, and
10% glucose plus additives in the burette of a
Travenol paediatric TPN set (Travenol, Thetford).
The glucose and amino-acid infusion was controlled
by a servo-regulated peristaltic infusion pump (Ivac

_ f t t)tt t

6

' CR

2

0
0 3 7 24o 7 14

Time (hours)

531, Ivac UK, Harrow) and the Intralipid plus
Vitlipid given as a constant infusion using a syringe
pump (Vickers, Basingstoke, Hants). A Millipore
filter was included in the amino-acid and glucose line
with CR.
During the first 5 days of TPN the dosage of

amino-acids, fat, and glucose was increased to full
dosage by increasing the infusion rate of these
nutrients (CR) or by increasing the duration of the
appropriate infusion (SR) (Fig. 1).

Administration. Patients eligible for inclusion in the
study were assessed for recruitment by one of us
(M F W). TPN was withheld until acidosis, electrolyte
disturbances, hypoglycaemia, and early-rise indirect
hyperbilirubinaemia had been treated, or until
48 hours postoperatively. The composition and
timing of the infusion was prescribed daily taking

4 Dly 5 onward

t t

24 0 lb 24

Vcunin/glucose 20'l. lntralipid j0%3 GGucose k4J31/.Gcose/0ll8. saline

Fig. 1 Nutrient infusion patterns with sequential regimen (SR) and continuous regimen (CR). Metabolite sampling times
are indicated by arrows.
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170 Whlitfield, Spitz, and Milner

into account gastrointestinal fluid and electrolyte
losses. The beginning of each 24-hour cycle was

designated as 1000 hours. The infusate was given by
peripheral vein, the site being changed every 2 days.
Blood urea, electrolytes, and capillary blood gases

were measured daily in the first week ofTPN and less
often thereafter. Haemoglobin, neutrophil count,
platelet count, calcium, and magnesium levels were

measured twice weekly and bilirubin weekly. If the
bilirubin level was raised (>30 mol/l) aspartate
transaminase (AST), glutamate pyruvate trans-
aminase (GPT), alkaline phosphatase, and
conjugated and unconjugated bilirubin were

measured. The serum was inspected for turbidity
before 1000 hours twice weekly, or more often if the
infant showed clinical deterioration, and after
centrifugation at metabolite sampling times. Daily
Dextrostix and urine sugar measurements were

carried out by the nursing staff and the infants were

weighed twice weekly. During the recovery phase,
infants were considered to be receiving supple-
mentary parenteral nutrition as soon as they
tolerated any enteral intake of feed. Supplementary
parenteral nutrition was stopped when more than
100 kcal/kg per 24 h was tolerated enterally. The
infants were seen in the follow-up clinic, their weight
recorded, and liver function tests carried out if these
had been abnormal previously.

Metabolite monitoring. Blood samples for metabolite
and hormone measurements were obtained on days 1,
4, 6-8, 12-14, and 18-21 ofTPN with both regimens
at times coinciding with the end of each infusion
period with SR (namely day 1, times 0, 3, 7, 24 h;
day 4, times 0, 7, 14, 24 h; day 5 and after, times 0,
10, and 24 h (Fig. 1) to permit direct statistical
comparison between regimens.
Blood samples (200 [LI) were collected for meta-

bolite measurements from a prewarmed heel and
ejected into 200 [LI chilled 6% perchloric acid using a
constriction pipette. At the same time 500 tl
capillary blood was collected in a chilled centrifuge
tube containing EDTA and Trasylol for insulin
assay. The samples were centrifuged at 4°C, separated
and stored at -30°C.

Metabolite measurements were carried out in
duplicate using sample aliquots of 10 ,ul for lactate,
alanine, glycerol, 3-hydroxybutyrate (3 HOB), or
20 [lI for pyruvate and acetoacetate (AcOAc) in an
Aminco-Bowman spectrophotofluorometer {V A
Howe, London) using standard enzymatic methods
scaled down for fluorometric use with 1 ml cuvettes.5
Glucose was determined spectrophotometrically.6
Insulin measurements were made by radioimmuno-
assay in duplicate using Wellcome insulin binding
reagent and a human insulin standard. Plasma
amino-acids were measured using unidimensional
paper chromatography, or a Rank Hilger amino-acid
analyser.

Statistical analysis. The significance of differences in
melabolite levels was assessed using Student's t test
after normalisation of data if necessary. Longitudinal
data were analysed using the paired t test if possible.
Incidence of jaundice and complications was
assessed for significance using Fisher's exact test.

Results

Patients. Details of infants in the two study groups
are given in Table 2. The groups were similar but
differed in primary diagnosis. Seven of the infants in
the SR group and 4 in the CR group required
operations. One infant in each group died of
complications related to primary diagnosis but
both had received prolonged parenteral nutrition
and had gross disturbances of liver function. One
infant from the SR group died suddenly (SIDS) at
home aged 7i months.

Growth. There was no significant difference in mean
(± SD) weight velocity during TPN (SR, 8*9±3*5;
CR, 9- 3 ±5. I g/kg per 24 h) or in body weight growth
to 1 year after expected date of delivery between the
two groups.

Complications of TPN. Eight of the 9 infants in the
SR group developed late-rise hyperbilirubinaemia
(>30 ,umol/l) 7 of whom also had slight increases in
AST (>50 units/l) and GPT (>35 units/l). One

Table 2 Details ofinfants recruited to the two study groups

Regimen Gestational age at Birthweight Diagnosis Age at start of Duration of Duration of
birth (weeks) (kg) TPN (days) TPN (days) SPN (days)

Mean Range Mean Range Mean Range Mean Range Mean Range

SR (n =9) 37-9 34-40 2-72 1-90-3-95 NECin5. 7.3 2-16 22.1 12-47 18.8 0-69
Exomphalos in 3.
Meconium-
peritonitis in 1

CR(n=7) 37.9 30-40 2.94 1-363-49 NECin7 8-7 5-11 17-9 10-27 18.1 0-62

TPN=total parenteral nutrition, SPN=supplementary parenteral nutrition, NEC=necrotising enterocolitis.
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Clinical and metabolic consequences oftwo regimens oftotal parenteral nutrition in the newborn

infant in the SR group had persisting increases in
GPT, AST, and adenosine deaminase at 8 months.
Four of the 7 infants in the CR group had late-rise
hyperbilirubinaemia, 3 of whom had transient
increases in AST and GPT.
These differences were not significant (Fisher's

exact test P=0.38 and P=0.36) for hyperbili-
rubinaemia and raised levels of enzymes between
the two groups. There was no significant correlation
between duration of parenteral nutrition and peak
late-rise bilirubin level or liver enzyme increases.

Resiting peripheral infusions became a difficult
problem in infants requiring prolonged parenteral
nutrition. Infusion-site sepsis and bacteraemia with
the same organism occurred twice in the 9 infants in
the SR group and on four occasions in 7 infants
receiving CR. This difference is not significant, nor

were there any significant differences in the frequency
of blood transfusion, thrombocytopenia, or electro-
lyte difference in the incidence of serum turbidity at
1000 hours, but metabolite samples drawn at the
end of the Intralipid infusion phase of SR were

often lipaemic.
At necropsy the 2 infants who died in hospital

had similar findings with bile plugs in liver canaliculi,
increased hepatic collagen, some fatty infiltration of
hepatocytes, and pigment deposition in the Kupffer
cells. Examination of the lungs showed a moderate
amount of positively staining fat within vessels and
lung parenchyma.

Metabolite monitoring. Blood metabolite levels were
monitored longitudinally in infants receiving CR as

follows: five infants on days 1, 4, and 6-8, three
infants on days 10-12, and two infants on days
18-21. Among infants in the SR group, metabolite
measurements were carried out on seven infants
before TPN was started, five infants on day 1,
eight infants on day 4, six infants on days 6-8,
four infants on days 12-14, and three infants on

days 18-21. It was not possible to collect every
sample on every sampling day with SR.
There was no significant difference in mean

metabolite levels at the start of TPN between the
two groups (Table 3). The stability ofeach metabolite
concentration with the two regimens was compared
as the coefficient of variation for each metabolite
measured 3 or 4 times longitudinally on each
sampling day from day 4-21 (Table 4). All
metabolites measured except glucose were
appreciably more stable with CR. There were 6
blood glucose measurements of 1-7 mmol/l or less
in each group of infants in whom hypoglycaemia
was not suspected clinically and 2 measurements of
less than 1 mmol/l in the SR group. The episodes of
hypoglycaemia in the SR group were not associated

with the reduction in glucose infusion rate on
changing to 4-3% glucose (Fig. 1), 7 of the 12 low
blood glucose measurements occurred at the end of
the TPN cycle (1000 hours). The mean (± SD)
insulin levels at the time of hypoglycaemia were not
unusually high (SR 19±9 and CR 28±12 t±U/ml).
Eight glucose measurements were in excess of
6 mmol/l (2 over 14 mmol/l in the SR group; while
none of the measured levels with CR exceeded
6 mmol/l).
With the CR group, there was no significant trend

in any of the metabolite levels within each sampling
day. Mean metabolite levels were therefore cal-
culated for each infant from 3 or 4 measurements on
days 1, 4, 6-8, 10-12, and 18-21. Mean blood levels
of glucose, lactate, pyruvate, 3 HOB, and AcOAc
did not change significantly from the levels before
TPN using CR and did not change significantly
during continuous TPN from day 1 to day 21
(Table 5). There were significant increases in blood
levels of insulin, glycerol, and alanine with increasing

Table 3 Mean (± SEM) blood metabolite and
plasma insulin levels before totalparenteral nutrition

Metabolite SR Grcup CR Group All infants
(n = 7) (n = 5) (n= 12)

Glucose (mmol/l) 3-7±0-4 3-2±0-5 35±0-3
Lactate (mmol/l) 122±0*21 1*32±0 16 1*26±0*18
Pyruvate (pmol/l) 52±17 69±24 59+14
3-Hydroxybutyrate 180±25 474±234 302±101
(Amol/1)
Acetoacetate (prmol/l) 15±4 50±26 30±12
Alanine (prmol/l) 218±25 249±71 222+29
Glycerol (pmol/1) 74± 17* 96±13 84± 11t
Insulin (jU/ml) 11±2 6±2 8+2

*n=6; tn =1.

Table 4 Variability (coefficient ofvariation) of
metabolites and insulin during totalparenteral nutrition
from day 4-21 in sequential regimen and continuous
regimen

Metabolite Coefficient of variation (%) ± SD

SR group CR group Significance*
p

Glucose 35 ±23 24±15 >0.1
Lactate 37± 17 19±17 <0-01
Pyruvate 52±24 21 ±12 <0-001
3-Ilydroxybutyrate 101±38 29±27 <0-001
Acetoacetate 105±32 41 ±26 <0-001
Alanine 38 ±6 15 ±14 <0*05
Glycerol 65 ±28 41 ±33 <0*001
Insulin 71±41 26±12 <0-001

*Student's t test.
Only sampling days on which the full quota of samples were obtained
(four on day 4, three on days 6-21) were included.
No ofsampling days, n = 15 for CR for all metabolites.
SR: glucose lactate alanine insulin n = 16; 3-hydroxybutyrate
acetoacetate n = 15; pyruvate n= 14; glycerol n= 13.
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172 Whitfield, Spitz, and Milner

Table 5 Mean metabolite levelsfor infants receiving continuous regimen, measured 3 or 4 times on each sampling day, by
duration oftotalparenteral nutrition

Mean ± SEMmetabolite level by day ofTPN

Day 1 Day 4 Day 6-8 Day 10-12 Day 18-21

Glucose(mmol/l) 3-6±0-3 3 4±0 4 3-2±0-4 3-2±0-4 2-9±0-1
Lactate(mmol/1) 1-43±0-16 1-06±0-11 1.10±0-08 1.23±0-64 1-07±0-16
Pyruvate (1mol/l) 58±10 62±11 69±4 67±7 61±20
3-Hydroxybutyrate (jmol/l) 309±124 310±101 382±95 511±246 201 ±24
Acetoacetate(jimol/l) 37±12 36±9 47±16 43±19 42±13
Alanine (tlmol/l) 269±38 419±521 464±561 392±272 398±30
Glycerol(,pmol/l) 85±16 99±13 147±171 114±15 113±51
Insulin (iU/ml) 18±71 23±51 28±81 36±52 35± 7

On days 1,4, and 6-8 n=5; days 10-12n=3; andondays 18-21 n=2.
Measurement significantly greater than corresponding metabolite level before TPN; 1 =P<0 * 05; 2 =P<0 * 01.

Table 6 Mean baseline metabolite levels measured twice in each sampling dayfor infants receiving sequential regimen
by days oftotalparenteral nutrition
Metabolite Mean ± SEM metabolite level by days ofTPN

Day 1 Day 4 Day 6-8 Day 10-12 Day 18-21

Glucose (mmol/l) 5-4±0-8 3-9±0-3 4-3±1-3 2-4±0-2 5-8±2-2
(n=3) (n=6) (n=6) (n=4) (n=3)

Lactate (mmol/l) 0-90±0-52 1-00±0-16 1-20±0-18 0-57±0-37 1-21±0-46
(n =3) (n=6) (n =6) (n=4) (n=3)

Pyruvate (pmol/l) 70±41 36±13 83±25 49±6 28±9
(n=3) (n=6) (n=6) (n=4) (n =3)

3-Hydroxybutyrate (pmol/l) 529±299 219±47 130±281 237±73 163±20
(n=3) (n=6) (n=6) (n=4) (n=3)

Acetoacetate (mol/l) 68±26 42±14 15±4 19±5 21±6
(n=3) (n =6) (n=6) (n=4) (n =3)

Alanine (pmol/l) 185±17 236±342 215±312 203±402 273±352
(n=3) (n=6) (n=6) (n =4) (n=3).

Glycerol (jumol/l) 58±2 99±26 624123 99±18 100±9
(n=2) (n=5) (n=6) (n=4) (n=3)

Insulin(tLU/ml) 9±4 11±2 14±3 11±23 11±3
(n =3) (n=6) (n=6) (n=4) (n=3)

None ofthe differences in metabolite levels on different days is significant.
Measurement different from mean metabolite level with CR on the same sampling day; 1 =P <0 *05; 2 P <0 * 02; 3 P <0 01.

Table 7 Mean metabolite levels with sequential regimen measured once on each sampling day at the endofthe
Vamin/glucose and Intralipid infusion by days oftotalparenteral nutrition
Metabolite Mean ± SEM metabolite level by days ofTPN

Day I Day 4 Day 6-8 Day 10-12 Day 18-21

Glucose (mmol/l) 6-8±1-11 4-2±1-1 3-5±0-8 2-7±0-25 3-6±0-7
(n=5) (n=5) (n=5) (n=4) (n=3)

Lactate(mmol/l) 1-09±0-09 1-17±0-22 0-82±0-18 0-63±0-08 1-11±0-27
(n =5) (n= 5) (n=5) (n=4) (n=3)

Pyruvate (tmol/l) 44±20 66±27 76±28 67±16 32±12
(n=5) (n=5) (n=5) (n=4) (n=3)

3-Hydroxybutyrate (pmol/l) 945±316 1082±3711 2220+1644 8 870±1523 264±97
(n=5) (n=5) (n=4) (n=4) (n=2) 5 ^

Acetoacetate (,mol/l) 121±48 95±25 273 ±573 7 56±-23 27±17
(n=5) (n=5) (n=4) (n=4) (n=3)

Alanine (ptmol/l) 321 ±45 4354±761 347±243 556± 122 443±36
(n =4) (n=5) (n=5) (n=4) (n=3)

Glycerol (tLmol/l) 420±159 281±581 6 227±1646 153±48 227±32
(n =4) (n =4) (n =3) (n =4) (n =3)

Insulin (gU/ml) 54+132 5 32±62 36± 14 64±23 26± 12
(n=5) (n=5) (n=5) (n=4) (n =3)

=P<0-02;3 =P<0.01;

=P<0*02; 7=P<0 01;

Measurement differs significantly from mean baseline metabolite level for the same sampling day (Table6); 1 = P< 0.05; 2 =
4=P<0.001.
Measurement differs significantly from mean metabolite level with CR on the same sampling day (Table 5); 5 =P<0 .05; 6=
8=P<0-001.
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Clinical and metabolic consequences oftwo regimens oftotalparenteral nutrition in the newborn

dosage of Vamin/glucose and Intralipid from day 1

to day 6-8, but no significant change from days 6-8
to days 18-21 (Table 5).
With SR a value for baseline metabolite levels at

the beginning and end of the 24-hour cycle was

calculated by combining the results for each infant
at 0 and 24 hours on each sampling day (Table 6).
There was no significant difference between baseline
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Fig. 2 Metabolites and insulin levels before total
parenteral nutrition andon days 6-8 oftotalparenteral
nutrition with CR and SR. Datafrom Tables 3, 5, 6,
and 7. Bars indicate ± I SEM.

metabolite levels with SR and the levels before
TPN (Tables 3 and 6), nor was there a significant
longitudinal change in baseline metabolite levels on
different sampling days from day 1-21. Baseline
levels of alanine, glycerol, and insulin were signi-
ficantly lower than with CR, but pyruvate, 3 HOB,
and AcOAc levels were not significantly different
from CR (Tables 5 and 6).
There were highly significant increases in 3 HOB,

AcOAc, glycerol, and alanine at the end of the
Vamin/glucose and Intralipid infusion at 3 hours on
day 1, at 7 hours on day 4, and at 10 hours on days
6-21 (Table 7, Fig. 2) returning to normal levels by
the end of the cycle at 24 hours.

Semiquantitative amino-acid measurements on
5 infants in the SR group sampled at the end of the
cycle showed generally low levels. Quantitative
amino-acid measurements on three infants on day 7,
two infants each on days 12 and 18 receiving the
CR showed raised levels of serine, glutamic acid,
phenylalanine, and histidine compared with levels in
breast-fed newborn infants7 (Table 8).
No quantitative measurements of amino acid-

levels at the end of the Vamin/glucose plus Intralipid
infusion were made with SR.

Discussion

Two regimens of TPN giving identical 24-hour
substrate dosage but differing in substrate infusion
rates produced quite different metabolic profiles in
the infants studied. The metabolite levels before
TPN were similar to levels described previously.8 9
The longitudinal variability of metabolite levels
with CR was similar in magnitude to those in infants
receiving continuous enteral feeding.10 Lack of
uniformity of the infusion rate delivered by the
pump" may have been an additional source of
variability. The significantly greater variability of
metabolite levels with SR resulted from intended
alterations in the substrate infusion rate over 24
hours and errors in manual infusion regulation.
Chemical hypoglycaemia at the end of the 24-hour
cycle may reflect sacrifice of the minute-to-minute
infusion rate by the nursing staff in order to keep
the infusion to the prescribed volume and time.
Hypoglycaemia has been described by Lindblad
et al.3 during a continuous infusion TPN regimen
similar to CR. The possibility of neurological
damage from clinically asymptomatic hypoglycaemia
if there are adequate supplies of amino-acids and
ketones to support brain metabolism is unevaluated
and perhaps of less significance than hypoglycaemia
in the fasting newborn with inadequate ketogenesis.9
Insulin levels in the newborn have been shown to
correlate with the amino-acid infusion rate and to be
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174 Whitfield, Spitz, and Milner

Table 8 Mean (range)plasma amino-acidand taurine levels in infants receiving the continuous regimen at day 7-18
Mean (range) plasma level (Gmol/l)

Day 7 (n=3) Day 12 (n =2) Day 18 (n =2) Reference value*

Serine 481 (301-690) 620 (547-693) 513 (511-515) 80-143
Glutamic acid 159 (99-225) 401 (165-637) 230 (138-322) 36-98
Glycine 715 (629-869) 796 (610-983) 693 (589-797) 120-228
Phenylalanine 177 (107-238) 210 (189-230) 271 (227-315) 23-63
Histidine 178 (127-268) 232 (145-319) 223 (149-296) 44-85
Taurine 125 (53-197) 119 (73-164) 164 (134-197) 27-96

*IOth and 90th centiles from Pohlandt.7

increased'2 or unaffected'3 by Intralipid. TPN with
CR led to significant sustained increases in insulin
levels which remained high with continuous TPN to
day 21. With SR there were low baseline levels of
insulin, which were not significantly different from
levels before TPN, interrupted by high peak levels
coinciding with the end of the amino-acid and lipid
infusion phase of the cycle. There was no difference
in weight growth velocity between the two groups of
infants during TPN despite these contrasting insulin
profiles.
With CR the increase in fat infusion rate from day

1 to full dosage was tolerated without significant
increase in ketone levels even though the lipid
infusion rate after day 4 was greater than the
maximum rate currently recommended.'4 Tri-
glyceride and free fatty acid levels were not measured
but lipaemia was rare. Plasma inspection is an
imprecise technique for evaluation of lipaemia,
however.14 Rapid infusion of amino-acids and fat
during the first phase of the cycle with SR produced
ketone levels comparable with those in diabetic
ketoacidosis and starvation but with sustained
alanine and glycerol levels, which can act as
substrates for gluconeogenesis in the newborn.
From days 6-8 to days 18-21 infusion of the same
dose of Intralipid over the same time caused pro-
gressively lower peak levels of 3 HOB and AcOAc
(Table 7). This finding may be explained by increasing
capacity to metabolise ketones with advancing
postnatal age, substrate-induced enzyme induction,
or reduced capacity to form ketones as may occur
with carnitine depletion.'5 The high levels of insulin
induced by the infusion of amino-acids and fat may
have accelerated ketone metabolism. Baseline levels
of ketone, alanine, and amino-acids had fallen to low
levels at the end of the 24-hour cycle and suggest that
substrate availability may be a limiting factor in
tissue synthesis during the glucose phase of SR.
Amino-acid levels were not measured at the end of
the amino-acid infusion phase of SR but may have
approached adversely high levels for amino-acids and
ammonia. With CR higher amino-acid levels were
attained than those found in breast-fed infants7 but

were similar to results from parenterally-fed infants
receiving the same amino-acid solution.3 The
significance of these increases is not known. Despite
the absence of taurine from the infusate and the
inability of the newborn to synthesise taurine,16
blood levels did not fall.
Ketones are readily metabolised by the neonatal

brain17 but at high levels may have toxic effects,
particularly AcOAc.18 Ketones are strong acids and
increase the acid load in parenteral nutrition.
Renal ammonia production19 and uric acid
excretion20 are reduced by moderate levels of ketones.
Recent work suggests that ketones have widespread
regulatory effects affecting many areas of inter-
mediary metabolism.21 For these reasons a regimen
ofTPN producing high levels and wide fluctuations in
ketones appears undesirable.
Rapid infusion of parenteral fat emulsion is

known to lead to fat deposition in the lungs affecting
pulmonary function and has been identified in the
lungs and brain at necropsy in the newborn.22
The findings at necropsy of the 2 infants who died
were not quantitatively different but the frequency of
lipaemia at the end of the amino-acid/Intralipid
infusion phase of the cycle suggests an increased risk
of fat deposition with this regimen. Lipid over-
loading may also have adverse effects on neutrophil
chemotaxis23 and bilirubin binding.24 The infection
rate in this study was high in a population of severely
ill infants with abdominal problems. There was no
significant difference in the infection rate between
the two groups but the numbers are small. There
was no significant difference either in any of the
indices of liver dysfunction between the two groups
to support a hepatotoxic effect of the cyclical
infusions with SR.
Although fluctuations in levels of metabolites and

hormones may be theoretically desirable to promote
optimal growth25 the fluctuations with SR were
excessive. The use of a TPN regimen with small
substrate pulses superimposed on an adequate basal
infusion rate to stimulate the 'fast feast cycle'25
seems attractive but the poor tolerance of infused
substrates and the higher energetic demands of the
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newborn make this a difficult goal to meet. Because
of the other variables in any study of long-term
TPN in human subjects it would be difficult to show
improved growth, if this occurred, with such a
regimen.

Actual infusate delivery achieved may be adversely
affected by lack of materials and trained staff,
difficulties maintaining venous access, and illness of
the infant necessitating curtailment of the prescribed
nutrient dosage. This study indicates that minute-to-
minute changes in infusion rate during TPN in the
clinical setting may have profound effects on the
infant's metabolic response to the infused substrates,
and led to the abandonment of the SR regimen in
favour of a continuous infusion regimen in our
neonatal surgical unit.

We thank the nurses and medical and surgical staff
of the Neonatal Surgical Unit, Children's Hospital,
Sheffield; Ms Lynn Pownall for help with metabolite
measurements; Dr S Variend for necropsy details;
Mrs Anne Green for amino-acid measurements; the
Statistical Advisory Service, University of Toronto,
and Mr P M Whitfield for drawing the diagrams.
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