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Disclosures

I will be discussed the use of probiotics for the prevention of 
NEC, which is not an approved indication by the US FDA. 

I am not endorsing the use of any specific probiotic product. 



Free and specialized psychological assistance to family members of 
affected babies available throughout Brazil. 

Established in Brazil, in 2016, by a multidisciplinary group, including TV presenter and mother of 

extreme premature triplets Isabella Fiorentino, to raise awareness of NECROTIZING ENTEROCOLITIS. 

Creation of a NEC network for the spread of information and connection with 
foreign specialists and researchers.

Building up of a database with information about NEC in Brazil, open to 
hospitals and doctors interested in participating. 

Instituto PGG



Close working partnership with: 

• We invite you to learn more about our project, join our network and
refer affected family members to our psychologists:
contato@pequenosgrandesguerreiros.org

www.pequenosgrandesguerreiros.org

• Join us at the NEC Society 2019 Symposium, 5 - 9 June, Ann Arbour,
Michigan, US

www.necsociety.org

Instituto PGG



Overview

1. Discuss trends in the current incidence of NEC
2. Review risk factors for NEC
3. Highlight potential strategies to prevent NEC



Necrotizing enterocolitis (NEC)

• NEC is multifactorial disease, characterized by intestinal 
inflammation and necrosis although the exact pathogenesis 
is not fully elucidated

• Case‐fatality rate of 15‐30%

Neu and Walker, NEJM. 2011
Lin and Stoll, Lancet. 2006
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Patel RM, et al. N Engl J Med. 2015

Deaths caused by NEC by postnatal age
Causes of death for 6075 deaths among 22,248 live births

at 25 US academic centers within the Neonatal Research Network



Horbar et al. JAMA Pediatr. 2017

756 US VON Centers
n=408,164

Trends in incidence of NEC in US

~7%

Under 5%

Brazilian Neonatal Network (2012‐2013) incidence 7.7% 
Guinsburg et al. J Matern Fetal Neonatal Med, 2016



756 US VON Centers
n=408,164

Trends in incidence of NEC in US

In 2014, 75% of NICUs
achieved NEC rates of 
the best performing 
25% of NICUs in 2005 

Horbar et al. JAMA Pediatr. 2017



To prevent NEC, need a 
framework to address the 
major causes (drivers)

#preventNEC



Prevent NEC
Dysbiosis

Prematurity

Abnormal intestinal oxygenation 

Inconsistent feeding

Non-human milk feeding

Drivers

Aim

Framework for major drivers of NEC

#preventNEC
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Feeding approaches and risk of NEC

Rose and Patel. Sem Fetal Neo Med. 2018



Effect of breastfeeding on NEC

Meinzen‐Derr et al. J Perinatol 2009

Analysis of 1272 infants
In a NRN trial. 
13.6% died or developed 
NEC after 14 days. 

The risk of NEC or death after 14 days was decreased by a factor of 
0.83 (95% CI 0.72 ‐ 0.96) for each 10% increase in the proportion of 

total enteral intake as human milk



Moreno. JAMA Pediatr. 2016

Is donor milk, when 
mother’s milk is not 
available, a safe and 
effective intervention to 
prevent NEC?



Effect of donor milk on NEC (DoMINO trial)

Outcome Donor Milk 
(n=181)

Preterm formula 
(n=182)

Risk difference 
(95% CI)

NEC, Bell stage 2+ 1.7% 6.6% ‐5% (‐9 to ‐1)*

Total weight gain 1551 g 1532 g 30 g (‐98 to 158)

Mean cognitive score 93 95 ‐2 (‐6 to 2)

Cognitive score <85 27% 16% 11% (2 to 20)*

*P <0.05

O’Connor et al. JAMA. 2016
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MILK Trial (NICHD Neonatal Research Network)

P: Extremely preterm infants (< 29 wk) whose mothers 
unable to provide sufficient breastmilk (n=670)

I:  Donor human milk
C: Preterm formula
O: neurodevelopment at age 22‐26 months of donor 

human milk as compared to preterm infant formula 
as the in‐hospital diet for infants

https://clinicaltrials.gov/ct2/show/NCT01534481
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Standardized feeding associated with less NEC

Jasani and Patole. J Perinatol. 2017

Standardized feeding protocol associated with lower risk of NEC 
Risk Ratio: 0.22 (95% CI 0.13‐0.36) based on 14 studies (n=18,160)



Effect of slow vs. fast rates of advancement 

Oddie et al. Cochrane Database Syst Rev. 2017

No reduction in risk of NEC with slower advancement of feeding 
(up to 24 ml/kg/day) compared to faster advancement

Risk Ratio: 1.07 (95% CI 0.83‐1.39) based on 10 studies (n=3738)



Effect of slow vs. fast rates of advancement 

Oddie et al. Cochrane Database Syst Rev. 2017

Similar findings among extremely preterm infants (< 28 wk or < 1000 g) 
and among SGA infants or infants with IUGR



Is routine monitoring gastric residuals needed?

Although case‐control studies suggest residual volumes increase prior 
to NEC, no studies have shown routine measurement of gastric 

residuals prevents NEC



Example of feeding protocol at Emory
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Importance of commensal bacteria



Dysbiosis in NEC

Dysbiosis

Patel and Denning. Pediatr Research. 2015



Dysbiosis in NEC

Dysbiosis

Patel and Denning. Pediatr Research. 2015



Dysbiosis before NEC

Warner et al. Lancet. 2016



Can probiotics prevent the 
potential consequences
of dysbiosis?

Probiotic: a microorganism (such as 
lactobacillus) that when consumed (as in 
a food or a dietary supplement) maintains 
or restores beneficial bacteria to the 
digestive tract  [source: Merriam‐Webster]



Meta‐analyses of probiotics in preterm infants

Patel and Underwood. Sem Ped Surg. 2018



Probiotics and NEC

*unpublished

46 RCTs enrolling 12,185 preterm infants
Risk ratio of effect of probiotics on NEC: 0.5 (95% CI 0.4 ‐ 0.6)

Risk difference: ‐0.03 (95% CI ‐0.03 to ‐0.02)



Cumulative meta‐analysis 

Patel and Underwood. Sem Ped Surg. 2018



Probiotic use in the US

Based on a 2015 survey, 70 (14%) US NICUs were 
supplementing probiotics in VLBW infants 

Viswanathan et al. J Perinatol. 2016



Mostly commonly used probiotics in US

Probiotic brand Strains NICUs using 
probiotics, n (%)

Culturelle Lactobacillus rhamnosus GG 19 (27%)

Biogaia Lactobacillus reuteri 10 (14%)

Gerber Soothe Lactobacillus reuteri 10 (14%)

Florababy Bifidobacterium breve, infantis, bifidum, 
longum, Lactobacillus rhamnosus 6 (8%)

Viswanathan et al. J Perinatol. 2016



Sawh SC, et al. Peer J, 2016

Which probiotic do I choose?



Label vs. actual content

• 16 probiotic products containing bifidobacterial
species examined using DNA‐based methods and 
confirmed using culture‐based techniques. 

• “many bifidobacterial probiotic products differ from 
the ingredient list … Only 1 of the 16 probiotics 
perfectly matched its bifidobacterial label claims in 
all samples tested, and both pill‐to‐pill and lot‐to‐lot 
variation were observed.”



Effectiveness of probiotics in preterm infants

Patel and Underwood. Sem Ped Surg. 2018



Routine supplementation of LGG

Kane et al. J Pediatr. 2018
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RBC transfusion, anemia and NEC

Primary objective: To test the hypothesis that the risk of NEC is greater in VLBW infants 
exposed to RBC transfusion compared to non‐transfused VLBW infants

Secondary objective: To determine if exposure to severe anemia (hemoglobin ≤8 g/dL) 
is an independent risk factor for NEC in very low birth weight infants

Patel RM et al. JAMA. 2016



RBC transfusion not associated with NEC

Patel RM et al. JAMA. 2016



Severe anemia associated with NEC

Patel RM et al. JAMA. 2016



Hay S et al. Semin Perinatol. 2017

Updated meta‐analysis of transfusion and NEC



Enrollment complete (n=1824) and follow-up ongoing 

ClinicalTrials.gov Identifier: NCT01702805

Transfusion of Prematures (TOP) Trial



Feeding during RBC transfusion

Jasani et al. Adv Nutr 2017



0d 15d 90d30d 75d45d 60d

Patel RM et al. JAMA. 2016

The overall risk of developing NEC within 48 
hours after RBC transfusion was 0.49% 
(7 events following 1,430 RBC transfusions).

Risk of NEC following transfusion



Feeding during RBC transfusion
http://neoepoch.com/wheat‐trial

Planned enrollment of 4,500 preterm infants



Askie et al. NeOProM collaboration. JAMA. 2018

Oxygen targeting and risk of NEC



Use of near infrared spectroscopy (NIRS)
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Interventions



Patel et al. Clin Perinatol. 2017

Effect of quality improvement on NEC
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378 centers (n=60,485) 



Conclusions

• Experience from others centers supports the potential of efforts 
to prevent NEC

• Breastfeeding is the most important intervention to prevent NEC 
• Suggest a long‐term timeframe, given NEC is multifactorial and 
multiple drivers (potential causes) may need to be addressed

• Additional research is necessary to better understand causes of 
NEC and higher quality evidence to guide prevention efforts



Obrigado !!

@institutoPGG

@ravimpatelmd

rmpatel@emory.edu


