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Introduction
It is perhaps not surprising that in the first few days following very preterm birth, both clinicians and
parents are preoccupied with the things that immediately relate to survival prospects - usually breathing
and circulation. However, it has become much clearer over the last decade that very early nutrition
in these babies has much longer lasting consequences than many would have imagined. These
consequences are not just for growth but also neurodevelopment and biochemical and metabolic
adaptation to life outside the womb. Early nutrition is a challenge because these babies have a bowel
that is too immature to digest enough milk for nourishment and therefore rely on intravenous feeding or
parenteral nutrition (PN). Technological advances now allow clinicians to administer specially designed
neonatal PN through a special drip inserted into the circulation system. This provides the protein and
energy (as sugar and fat) needed for growth (the macronutrients) as well as fluid, minerals, vitamins and
other ‘micronutrients’ needed for balanced healthy nutrition. PN buys time to allow the gut to adapt to
digesting milk, particularly in the first two weeks of life.

Nutrition, head growth and later neurodevelopment
Despite the routine use of neonatal PN for more than 30 years, it is well recognised that most very
premature babies fail to grow properly and this has long-term consequences for growth1-3. Of particular
importance is head growth, as this is a direct measure of brain growth4,5. In a population-based study,
babies born less than 29 weeks were shown to have poor head growth for the first four weeks of life,
followed by ‘catch-up’ growth6. The presence of catch-up growth suggests early nutritional deficiency.
Despite catch-up growth, the expected head growth potential is not achieved7 and poor early head
growth affects later brain growth8,9 . Following Hack’s original work associating head circumference
(HC) at eight months with later IQ10,11, more recent preterm cohorts have reproduced similar findings
correlating head growth from birth to discharge with improved neurodevelopmental outcomes at
two years5,12,13 and 4-6 years13-16. Studies measuring the early nutrient intake in very preterm babies
consistently show nutritional deficiencies when compared to the international recommendations17-19.
Deficiencies in the protein and energy intake in the first week of life have been associated with poorer
neurodevelopmental outcomes20.

Why do nutritional deficiencies still occur with neonatal PN?
Understandably, in the early days of neonatal PN, clinicians were
reluctant to give high quantities of protein, sugar (glucose) and fat (lipid)
because of concerns about the effect on the baby’s body chemistry
and metabolism. Unfortunately, lack of research meant this approach
persisted for decades. The survival of more immature babies also
increased the complexity of managing body fluids and chemistry and
therefore increased the challenge of administering neonatal PN.
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Nutrition was given the lowest priority when there was a
need for other intravenous fluids and drugs - as a result,
some neonatal PN was not administered to the baby. Lack
of adequate research evidence has led to wide variations in
clinical practice, prescribing practice and neonatal PN service
provision18-19. These limitations affected the outcome of a
previous PN study evaluating early head growth21-22 and were
highlighted in two recent UK reports23-24.

Developing the SCAMP nutrition regimen
In 2006 the neonatal and pharmacy teams at the Liverpool
Women’s Hospital and Royal Liverpool Hospital collaborated
on a different approach to neonatal PN formulation, prescribing and administration. The standardised,
concentrated, neonatal PN regimen was designed to simplify manufacture, prescription and ‘protect’ the
nutrition from other changes in the fluid and drug management. We showed for the same PN nutrient
content, protein intake could be increased by 20 per cent, a remarkable increase in efficiency25. We then
designed a second formulation to deliver the maximum protein and energy intake recommended for
very premature babies. The Standardised, Concentrated Additional Macronutrients Parenteral (SCAMP)
nutrition regimen was the result (see Table 1). We designed a study to compare SCAMP and the original
regimen (the control)26.

Table 1: Comparing the nutrient content of SCAMP and control PN (150ml/kg/day)

Protein (amino acids) g/kg/day
Sugar (glucose) g/kg/day
Fat (lipid) g/kg/day
Energy (kcal/kg/day)

SCAMP

Control

3.8
16.2
3.8
105

2.8
13.5
2.8
85

Primary aim
To compare the difference in head growth (the change in HC, between entering the study and day 28 of
life) in babies receiving the SCAMP nutrition regimen and those receiving the control PN.

Secondary aims
To compare SCAMP and control regimens with respect to:
1. Important preterm complications including mortality.
2. Other growth measurements.
3. Infection rates and complication rates of lines in the circulation.
4. Nutrient levels in the blood including blood glucose control.
5. Body chemistry including salt levels (electrolytes) in the blood.
6. Other factors relating to the safe and optimal use of neonatal PN.
7. Neurodevelopmental follow-up at 2-3 years of age.

Methods
All premature babies were started on the control PN as soon after birth as possible - our standard
clinical practice at the time of the study. Following parental consent (before day 5), babies born under
29 weeks gestation and weighing less than 1200g were randomly allocated to either stay on the control
PN regimen or switch to the SCAMP nutrition regimen. The babies continued to receive their allocated
treatment until day 28, when all babies receiving PN would revert back to the control regimen. Neither
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clinicians nor parents knew which regimen the babies received (blinding). The babies’ HC was carefully
measured at study entry and then weekly until 36 weeks corrected gestational age (4 weeks before
due date). Other growth measurements including weight were performed at the same time. Detailed
information about all sources of fluid, nutrient and drug intake was collected every day for the first 28
days of life. This included nutrient intake from any milk received. Detailed information about laboratory
results was also collected every day during this period. Information about all important complications of
prematurity up until discharge was also recorded.

Results27
The study showed that during the 28 day study period, the SCAMP regimen delivered an average of
8.7g/kg more protein and 188kcal/kg more energy than the control regimen. The actual protein and
energy intakes over the first four weeks of life are compared in Figures 1a and 1b.

Fig 1a: Protein intake (g/kg), weeks 1-4

Fig 1b: Calorie intake (kcal/kg), weeks 1-4
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The change in HC by day 28 was 5mm greater in the babies receiving the SCAMP regimen than
those babies receiving the control regimen (Figure 2). This difference reached a high level of statistical
significance (p<0.01) meaning that these findings are very unlikely to have arisen by chance. In fact,
the difference was already apparent by day 14 of life (see Figure 2). The more premature babies (24-26
weeks gestation) appeared to benefit most.

Fig 2: Change in HC (mm) in the first 14 and 28 days of life
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These findings prove that increasing protein and
energy intake using the SCAMP regimen in the
first 28 days of life improves head growth.
This was the main aim of the study.

These findings prove that increasing protein and energy
intake using the SCAMP regimen in the first 28 days of life
improves head growth. This was the main purpose of the
study. Head growth is important because it tells us about
brain growth. Using mathematical equations, the 5mm difference in HC achieved with the SCAMP
regimen can be translated into an estimated difference of 6 per cent in brain weight.
Head growth was still measured in babies after the study intervention was completed on day 28. After
day 28, both SCAMP and control babies received the same nutrition - in fact very little PN is required
by this stage, most babies receive all their nutrition from milk. During this period, both SCAMP and
control groups demonstrated the catch-up growth described earlier6. However, the difference in HC
demonstrated between the two groups on day 28 (5mm) persisted, so that at 36 weeks corrected
gestational age (CGA) – 4 weeks before due date – there was still a 5mm difference. This indicates that
early nutrition interventions improve early head growth and that later catch-up growth does not close
the gap.

The SCAMP nutrition study has also provided lots of other very important information:
1. There were benefits for early weight gain in SCAMP babies, although less marked than for head
growth27.
2. There was no difference in mortality or other serious preterm complications when comparing SCAMP
and control babies27.
3. There was no difference in line (drip) infections or other line complications when comparing SCAMP
and control babies28.
4. Despite giving higher amounts of sugar, there were no more problems with blood sugar control in
SCAMP versus control babies29.
5. The improved growth in SCAMP babies was associated with increased requirements for some
electrolytes (salts)30.
6. There is a need to modify the amino acid formulation (building blocks of proteins in PN)31.

There is still more information to come:
1. More detail about nutrient levels in the blood and body chemistry.
2. Information about the cost-effectiveness of the SCAMP nutrition regimen.
3. Results of the neurodevelopmental follow-up at 2-3 years.

Why are the SCAMP study findings important?
Only by doing randomised controlled trials (studies that allocate babies to one of two treatments by
chance) can the benefits of better nutrition be proven. Ultimately, the aim is to prove that optimising
PN in very premature babies improves later brain function and neurodevelopment. Very large studies
are required to show benefits for later neurodevelopment and intelligence because so many factors
can affect this outcome. Such studies take many years and are extremely complex and expensive,
particularly in very premature babies. Because of the known relationship between head and brain
growth and later neurodevelopment, proving head growth is improved by the SCAMP nutrition regimen
is an important first step. It is particularly important to demonstrate that improving early PN has head
growth benefits that last long after the premature baby has finished receiving PN. The SCAMP nutrition
study provides the evidence required to justify the much larger studies to investigate the effects of PN on
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neurodevelopmental outcomes and intelligence in older children who were born very premature.
While neurodevelopmental follow-up at 2-3 years is planned in the babies in the SCAMP nutrition study,
the study is unlikely to be large enough to show a difference between the SCAMP and control groups.

Will the SCAMP study findings change clinical practice now?
The SCAMP and control PN regimens used in this study both use the same system of PN administration
(but with different nutrient contents). The study has shown that the standardised, concentrated neonatal
PN concept is an effective way to improve parenteral nutrient intake. The study has provided extensive
safety data which has previously been lacking. It is recognised that this approach meets many of the
recommendations of the Chief Pharmacists Report on Neonatal PN24. The study has also provided
reassuring data about the impact of increased nutrition on the body chemistry of very premature babies
adapting to life outside the womb. This means that some neonatal services have already implemented
similar standardised, concentrated, neonatal PN regimens and others are using the study to develop
local versions using the same principles. A group in New Zealand have independently developed a
similar neonatal PN strategy32. There are regional projects now in place to quantify the cost-effectiveness
of this approach. The SCAMP nutrition study has also provided valuable information required to improve
neonatal PN formulations (the complex recipe of nutrients and chemicals) in the future.

References
1. Ehrenkranz RA, Younes N, Lemons JA et al. Longitudinal growth of hospitalized very low birthweight
infants. Pediatrics 1999: 104: 280-9.
2. Dusick AM, Poindexter BB, Ehrenkranz RA et al. Growth failure in the preterm infant: can we catch up?
Seminars in Perinatology 2003: 27: 302-10.
3. Clarke RH, Wagner CL, Merritt RJ et al. Nutrition in the intensive care unit: how do we reduce the
incidence of extrauterine growth restriction? Journal of Perinatology 2003: 23: 337-344.
4. Cooke RW, Lucas A, Yudkin PLN et al. Head circumference as an index of brain weight in the fetus and
newborn. Early Human Development 1977: 1: 145-9.
5. Cheong JLY, Hunt RW, Anderson PJ et al. Head growth in preterm infants: correlation with magnetic
resonance imaging and neurodevelopmental outcome. Pediatrics 2008: 121: e1534-e1540.
6. Stoltz Sjostrom E, Ohlund I, Ahlsson F et al. Nutrient intakes independently affect growth in extremely
preterm infants: Results from a population-based study. Acta Paediatrica 2013: 102: 1067–1074.
7. Clark RH, Thomas P, Peabody J. Extrauterine growth restriction remains a serious problem in
prematurely born neonates. Pediatrics 2003: 111: 986-990.
8. Cooke RW, Foulder-Hughes L. Growth impairment in the very preterm and cognitive and motor
performance at 7 years. Archives of Disease in Childhood (ADC) 2003: 88: 482-7.
9. Cooke RW. Are there critical periods for brain growth in children born preterm? ADC Fetal Neonatal
Edition 2006; 91: F17-20.
10. Hack M, Breslau N. Very low birth weight infants: effects of brain growth during infancy on
intelligence quotient at 3 years of age. Pediatrics 1986: 77: 196-202.
11. Hack M, Breslau N, Weissman B et al. Effect of very low birthweight and subnormal head size on
cognitive abilities at school age. New England Journal of Medicine 1991: 325: 231-7.
12. Ehrenkranz RA, Dusick AM, Vohr BR et al. Growth in the neonatal intensive care unit influences
neurodevelopment and growth outcomes of extremely low birth weight infants. Pediatrics 2006: 117:
1253-61.
13. Stathis SL, O’Callaghan M, Harvey J Head circumference in ELBW babies is associated with learning
difficulties and cognition but not ADHD in the school-aged child. Developmental Medicine & Child
Neurology 1999: 77: 196-202.
14. Franz AR, Pohlandt F, Bode H et al. Intrauterine, early neonatal and postdischarge growth and
neurodevelopmental outcome at 5.4 years in extremely preterm infants after intensive neonatal
nutritional support. Pediatrics 2009: 123: e101-109.
15. Ghods E, Kreissl A, Brandstetter S et al. Head circumference catch-up growth among preterm very
low birthweight infants: effect on neurodevelopmental outcome. Journal of Perinatal Medicine 2011: 39:
579-586.

5

16. Claas MJ, de vries LS, Koopman C et al. Postnatal growth of preterm born children <750g at birth.
Early Human Development 2011: 495-507.
17. Embleton NE, Pang N, Cooke RJ. Postnatal malnutrition and growth retardation: an inevitable
consequence of current recommendations in preterm infants? Pediatrics 2001: 107: 270-3.
18. Ahmed M, Irwin S, Tuthill DP. Education and evidence are needed to improve neonatal parenteral
nutrition practice. Journal of Parent Ent Nutrition 2004: 28: 176-9.
19. Grover A, Khashu M, Mukherjee A, Kairamkondu V. Iatrogenic malnutrition in neonatal intensive care
units urgent need to modify practice. Journal of Parent Ent Nutrition 2008; 32: 140-4.
20. Stephens BE, Walden RV, Gargus RA et al. First week protein and energy intakes are associated with
18-month developmental outcomes in extremely low birth weight infants. Pediatrics 2009: 123: 1377-43.
21. Tan MJ, Cooke RWI. Improving head growth in very preterm infants – a randomized controlled trial I:
neonatal outcomes. ADC Fetal Neonatal Edition 2008: 93: F337-41.
22. Tan MJ, Cooke RWI, Abernethy L. Improving head growth in very preterm infants – a randomized
controlled trial II: MRI and developmental outcomes in the first year. ADC Fetal Neonatal Edition
2008: 93: F342-6.
23. Stewart JAD, Mason DG, Smith N et al. A Mixed Bag: An enquiry into the care of hospital patients
receiving parenteral nutrition. A Report by the National Confidential Enquiry into Patient Outcome and
Death, 2010. http://www.ncepod.org.uk/2010pn.htm
24. Sinclair A. Improving practice and reducing risk in the provision of parenteral nutrition for neonates
and children: Report of the Paediatric Chief Pharmacists Group (2011). http://www.rpharms.com/
support-pdfs/minimising-risk-pn-children.htm
25. Mavaheer A, Grime C, Morgan C. Increased early protein intake is associated with a reduction in
insulin-treated hyperglycaemia in very preterm infants. Nutrition in Clinical Practice 2012: 27: 399-405.
26. Morgan C, Herwitker S, Badhawi I et al. SCAMP: Standardised, Concentrated, Additional
Macronutrients, Parenteral nutrition in very preterm infants: a phase IV randomised, controlled
exploratory study of macronutrient intake, growth and other aspects of neonatal care. BMC Pediatrics
2011: 11: 53-64.
27. Morgan C, McGowan P, Herwitker S et al. Postnatal head growth in preterm infants: a randomised
controlled parenteral nutrition study. Pediatrics 2014: 133: e120-8.
28. Whitby T, Morgan C, McGowan P, Turner MA. Concentrated parenteral nutrition solutions and central
venous catheter complications in preterm infants. ADC Fetal Neonatal Edition 2014: 99 (Suppl1): A54.
29. Morgan C, Burgess L, Grosdenier M et al. Hyperalimentation and blood glucose control in very
preterm infants: a randomised controlled parenteral nutrition study. ADC Fetal Neonatal Edition 2014: 99
(Suppl1): A2-3.
30. Green J, McGowan P, Morgan C. Hyperalimentation and electrolyte requirements in very preterm
infants: a randomised controlled parenteral nutrition study ADC Fetal Neonatal Edition 2014: 99 (Suppl1):
A6.
31. Burgess L, McGowan P, Morgan C Hyperalimentation and plasma levels of conditionally essential
amino acids in very preterm infants. ADC Fetal Neonatal Edition 2014: 99 (Suppl1): A41-2.
32. Cormack BE, Bloomfield FH, Dezoete A, Kuschel CA. Does more protein in the first week of life
change outcomes for very low birthweight babies? Journal of Paediatrics and Child Health 2011: 47: 898903.

2nd Floor
Chapter House
18-20 Crucifix Lane
London SE1 3JW

t: 020 7378 1122
f: 020 7403 0673

0500 618140
Monday to Friday
9.00am-9.00pm

bliss.org.uk
ask@bliss.org.uk

This publication was kindly funded by the Waterloo Foundation
Registered charity no. 1002973

Registered no. 2609219

Scottish registered charity SC040878

6

