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Abstract: 

 

Optimising postnatal growth facilitates better long term neonatal neurodevelopmental outcomes. 

Early postnatal growth is often hindered by a variety of factors unique to the extrauterine 

environment and digestive immaturity both contributing to reduced enteral feed tolerance during 

the first few days and weeks after birth.  

 

Preterm infants display varying levels of pancreatic insufficiency that are related to gestational age 

and providing digestive enzyme supplementation, may be one way in which to improve postnatal 

growth in enterally fed preterm babies.   

 

In this review, we explore which exocrine pancreatic enzymes are deficient in preterm babies, the 

methods by which exocrine pancreatic function is measured, potential avenues by which digestive 

enzyme replacement might improve postnatal growth failure and which babies might benefit most 

from this intervention.  
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Introduction 

 

Early postnatal growth is essential for improved long-term neurodevelopmental outcomes and 

survival in preterm babies [1, 2] but may be hindered by high energy expenditure, an immature 

gastrointestinal tract and increased nutrient losses [2, 3]. As a result, few preterm babies grow along 

the same trajectory that their birth centile would have predicted [4].  
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Adequate nutrition in preterm infants is reliant upon both nutrient supply and assimilation. The 

European Society of Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) provide up-

to-date recommendations on optimum nutrient requirements for preterm babies [1].  

 

While it is well established that adequate nutrient supply is essential for growth, attention has recently 

turned to the role of preterm assimilation in augmenting nutritional gains. One area of emerging 

interest within this field, is the role of accessory glands, and in particular the exocrine function of the 

pancreas.  

 

Exocrine pancreatic insufficiency leading to malnutrition is well described in children and young adults 

with cystic fibrosis (CF) [5]. More recently, exocrine pancreatic insufficiencies have been described for 

term and preterm infants [6] which has led to further research on pancreatic exocrine dysfunction and 

the effect of pancreatic enzyme replacement therapy in preterm babies with faltering growth.  

 

The aim of this review is to summarise current understanding of functional immaturity of the exocrine 

pancreas in preterm babies and to review the methods by which pancreatic exocrine function is 

evaluated. We explore the use of exogenous pancreatic enzymes in studies aimed at optimising 

nutrient digestion and describe how pancreatic replacement therapy might help specific groups of 

preterm infants with compromised growth. 

 

Historical recognition of pancreatic functional immaturity in preterm babies 

The first histological examinations of the pancreas describing maturational differences in pancreatic 

exocrine function between term and preterm babies date back to the 1940s [7]. The ontogeny of 

common pancreatic enzymes has been well described and summarised in a recent review by Mehta 

et al. [8]. While enzyme activity is detectable in human foetal pancreatic tissue from before 20 weeks' 

gestation, each enzyme appears and develops individually over time [9]. As a result, extremely 

preterm infants may have lower levels of pancreatic enzymes at birth, as compared to late preterm or 

term infants [10]. It has been postulated that this insufficiency may be targeted to achieve better 

postnatal growth.   

 

Measuring exocrine pancreatic function  

 

Much like our understanding of the functional development of the pancreas, functional testing 

methods have evolved considerably over the last several years.  Original invasive sampling collection 
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has been replaced by less invasive breath, serum and stool measurements of pancreatic enzymes, and 

products of digestion [11].   

 

Indirect tests of pancreatic function are categorised into: (1) measuring products of pancreatic enzyme 

activity in urine or stool (pancreolauryl test); (2) analysing undigested and unabsorbed food 

components in stool (faecal fat excretion, efficiency of fat/nitrogen absorption) or the analysis of 

oxidation products of digested and absorbed fat in expired air (breath tests); or (3) measuring 

pancreatic enzymes in serum (amylase, lipase, trypsinogen, elastase-1) or stool (chymotrypsin, lipase, 

elastase-1) [12]. While these tests are considered less invasive, less expensive and less time 

consuming, their application in paediatrics practice poses some practical challenges.  [12]. 

 

Measurement of faecal elastase 1 (FE1) is the most convenient marker of exocrine pancreatic 

insufficiency [13]. Elastase shares a common development pathway with other proteolytic enzymes, 

and as such, low levels observed in patients with pancreatic insufficiency parallel those of other 

proteolytic enzymes [14]. Elastase is itself relatively resistant to digestion so that faecal elastase is 

thought to reflect pancreatic secretion. 

Multiple studies have shown that measurement of FE1 levels is sensitive in children [13, 15, 16]. FE1 

concentrations of >200 μg/g are considered to reflect normal pancreatic function [17] with FE1 

concentrations <200 μg/g indicating a degree of pancreatic insufficiency.  

Low FE1 levels are associated with impaired catch up growth in infants born at <28 weeks gestation 

[10]. It is therefore hypothesised that by supplementing pancreatic enzymes, this might counteract 

growth failure attributable to pancreatic insufficiency. 

 

Digestive enzyme supplementation in preterm infants  

 

The use of digestive enzyme replacement treatment (DERT) in preterm infants is based upon the 

historical use of DERT in infants and children with CF [18] where it has been shown to be essential for 

nutrient digestion and absorption and for growth and development[18, 19]. Three types of DERT have 

been evaluated in preterm babies, recombinant human bile salt–stimulated lipase (rhBSSL), porcine 

pancreatic enzymes (formulated with an acid-resistant coat), and digestive enzymes (lipase and 

protease) of microbial origin.   

 

In infants, digestion of triglycerides is achieved through the action of gastric lipase, pancreatic lipase, 

and bile salt-stimulated lipase (BSSL) [20]. Bile salt-stimulated lipase is an endogenous pancreatic 
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enzyme, as well as being found abundantly  in breast milk [21]. BSSL in breast milk compensates for 

the limited capacity of infant pancreatic enzymes during the first months after birth. Babies receiving 

donor breast milk however, do not have BSSL supplemented in the milk, as BSSL is denatured in the 

pasteurisation of donor milk and ultimately deactivated [22]. As a result, preterm infants receiving 

donor or formula milk have limited fat digestion capacity. It has been suggested that recombinant 

human BSSL (rhBSSL) may play a role in fat digestion in these infants. Recombinant human BSSL 

(rhBSSL) is produced from hamster ovary cells [23], transgenic mice [24, 25] and cows [26]. 

 

Porcine pancreatic extracts [27] containing lipase, protease and amylase have also been shown to 

benefit patients with exocrine pancreatic insufficiency [28]. Whereas BSSL only improves fat digestion,  

pancreatic extracts may additionally aid carbohydrate and protein digestion. First sold as Kreon® 

(Abbott Laboratories GmbH, Hannover, Germany) there are now numerous generic formulations on 

the market [29]. 

 

As  pancreatic enzymes are rapidly inactivated by pepsin in the acidic environment of the stomach, 

they are coated with an acid-resistant surface that releases the enzymes only after passage to the 

alkaline lumen of the duodenum [30]. The need for acid-resistant coating can ben obviated by 

microbial enzymes (lipase, protease, and amylase) from Rhizopus oryzae and Aspergillus oryzae that 

are intrinsically acid-resistant. A mixture of these enzymes (Nortase®, Repha GmbH, Langenhagen, 

Germany) is licensed in Germany to treat exocrine pancreatic insufficiency without patient age limit 

[31].  

 

Evaluation of studies using DERT in preterm infants  

 

Several studies using purified pancreatic enzymes, rhBSSL and microbial digestive enzymes have  been 

conducted in preterm babies to evaluate their effect  on improved growth. One double-blinded phase 

2 study investigating rhBSSL supplementation in preterm infants receiving pasteurised human milk or 

formula showed that one week of treatment with rhBSSL significantly improved growth and long-chain 

polyunsaturated fatty acid absorption compared to infants in the placebo group [23]. In particular, 

rhBSSL treatment significantly improved mean growth velocity compared with placebo (mean 

16.86g/kg/day vs 13.93g/kg/day, P = < 0.001) and significantly decreased the risk of suboptimal growth 

(<15g/kg/day) (30% vs 52%, P = 0.004). However, these positive results did not translate in a follow on 

phase 3 multicentre, prospective, randomised, double blind trial which disappointingly showed no 
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effects on growth velocity (16.77 vs. 16.56 g/kg/day, 95% CI [-0.40; 0.83]) or Bayley 

neurodevelopmental scores at 12 months of corrected age [32].  

 

Importantly though, a subgroup analysis, revealed a significantly higher growth velocity in infants 

small-for-gestational age (SGA) in the rhBSSL group compared to the placebo group. Of note, whilst 

higher proportions of infections, gastrointestinal intolerability, and NEC were initially seen in the 

rhBSSL treated group, this imbalance equalized during the follow-up period. The study was likely 

underpowered to reflect a true association with NEC. 

 

A further retrospective case-control study compared 26 preterm infants receiving pancreatic enzymes 

(<32weeks, <1500g) to matched controls  (N=52) [33]. Infants were selected for supplementation if 

they showed postnatal growth failure or growth restriction (defined as loss of >0.5 weight SD score 

(SDS) compared with birthweight SDS without trend to resume birth trajectories) despite intensified 

enteral nutritional support. The group reported that weight gain increased in the supplemented group 

from 13.6 (4.2–22.9) g/kg/day in the week before to 19.0 (10.9–29.1) g/kg/day in the week after 

commencing pancreatic enzyme supplementation. This was significant when compared to weight gain 

in the control group. 

Another study looked at supplementation of digestive enzymes of microbial origin in a group of 

preterm infants with clinically and biochemically diagnosed pancreatic insufficiency (FE1 levels 

<200 μg/g) [34]. Among participants in this study, digestive enzyme replacement was associated with 

a statistically significant increased weight gain and head circumference growth [34].  

 

Challenges with DERT Formulation 

 

There is limited guidance on optimum dosing regimens [18] for DERT in babies despite extensive 

experience over many years of their use in the management of newborn babies with CF[35-37]. A 

recent systematic review by Ng et al. looked at efficacy (fat absorption) and effectiveness (nutritional 

status, lung function and quality of life) of DERT regimes in all patient cohorts but could not determine 

whether higher dosing regimens of DERT were more effective than lower dosing regimens of DERT 

[38].  Furthermore, they were they unable to define the optimum timing, in relation to a meal, for 

DERT supplementation [38]  

 

Evidence on the most effective preparation of DERT to use in both infants and adults is also limited 

[19]. In their Cochrane review, Somaraju et al. evaluated 14 trials (in children and adults) [19] of 
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different enteric and non-enteric coated preparations with different formulations but could not 

perform a meta-analysis of the data, due to heterogeneity of the products used.   

 

As a result, although DERT is an established treatment strategy in infants and children with CF, there 

is limited evidence on optimum formulations, preparations, dosing and duration of treatment making 

it difficult to extrapolate DERT treatment strategies for other groups such as preterm and/or very low 

birth weight infants.   

 

A further challenge with using DERT in preterm infants relates to issues with available formulations. 

Non-enteric coated formulations are susceptible to acid breakdown in the stomach and are not 

clinically useful [39]. A recent advance in enzyme administration has been reported, describing a novel 

method of crushing enzyme beads and adding them directly to enteral formula delivered by fine bore 

(<10 Fr) nasogastric tubes, in a very low birth weight preterm infant with CF[40]. Another novel 

delivery method includes an in-line digestive cartridge containing immobilized lipase, which digests 

fat as the enteral feed passes through the cartridge. This product is currently only available in North 

America, and has not been trialled in preterm infants [41].  

 

 

 

Conclusion and Recommendations 

 

Developmental transient immaturity of pancreatic exocrine function is common in extremely preterm 

babies. It appears to be more pronounced in babies with evidence of intrauterine growth restriction 

and may contribute to growth failure during the first six months after birth. Modern testing methods 

to diagnose pancreatic insufficiency, such as stool elastase measurements, are known to be simple, 

non-invasive and accurate and represent an easy method for pancreatic assessment in preterm 

babies. 

 

While it has been postulated that digestive enzyme replacement therapy may benefit babies with 

evidence of postnatal growth failure and pancreatic exocrine insufficiency, the available evidence does 

not presently support the use of digestive enzyme supplementation in preterm infants including those 

born small for gestational age. 
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Future studies should comprehensively evaluate FE1 levels in preterm babies of varying gestations 

and validate its role in identifying babies with evidence of pancreatic insufficiency. Large adequately 

powered randomised controlled trials to evaluate whether DERT supplementation improves faltering 

growth in preterm babies, especially focusing on SGA infants, may be justified. 
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