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Objectives for Session

• Discuss platelet transfusion in the context of 
treating NEC in very low birth weight infants

• Examine the effects of platelet storage on platelet 
pro-inflammatory factor release and the 
confounding role of illness severity

• Present updated findings for this population on 
platelet transfusion thresholds and outcomes
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Background

• NEC is a leading cause of mortality in very low birth 
weight (VLBW, < 1500 grams) infants

• NEC is characterized by intestinal inflammation and 
necrosis although the exact pathogenesis is unknown

• ~ 7% of VLBW infants develop NEC, with a 15-30% 
mortality rate

Neu and Walker, NEJM 2011

Lin and Stoll, Lancet 2006

Patel et al. N Eng J Med. 2015
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NEC-related deaths by postnatal age
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NEC risk factors:                        

-prematurity

-formula feeding

-bacterial colonization

-?  RBC transfusion

Pathophysiology: Trigger the 

activation of pro-inflammatory 

signaling, ultimately leading to 

bowel necrosis.  

Recently identified risk 

factor:  Severe anemia has 

been identified as a significant 

risk factor for NEC, although 

the underlying mechanisms 

remain unclear



NEC and Short Bowel Syndrome
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Background 

• Severe thrombocytopenia (platelet counts <60 x 109/L) is 
common in infants with NEC and a biomarker of poor 
outcomes.

• Prior studies have suggested an association between 
number of (platelet transfusions) PTXs and worse 
outcomes among infants with NEC. 

• We recently presented our data at AABB National 
Meeting 2018 on platelet transfusion rates in VLBW 
infants adding to one other publication by Keir et al.  
2015 from Canada.   
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Frequency of  platelet transfusion by 

gestational age

Study Cohort:
Multicenter, Atlanta, GA 

(2010-2014)
Patel et al. AABB. 2018

Canadian Neonatal Network

(2004-2012)
Keir et al. Transfusion. 2015

Population:
Birth weight < 1500 g 

(N=598)
GA < 30 weeks

(N=14,868)

Gestational age in weeks

23 69% 32%

24 41% 34%

25 28% 25%

26 27% 16%

27 15% 11%

28 7% 9%

29 10% 6%

30 8%

>30 11%

23 to 26 weeks 34% 24%

22 to 28 weeks 24% 17%
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Postnatal age at platelet transfusion

Patel et al. AABB. 2018

Many platelet transfusions 

administered on DOL 2-4
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Background 

• Greater severity of illness may confound the 
association among infants with NEC who receive 
PTX.

• The underlying mechanism for the association 
may be mediated by pro-inflammatory factors 
released by platelets. 

• The effects of storage on platelet pro-
inflammatory factor release and the confounding 
role of illness severity on NEC outcomes have not 
been determined. 

11
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Background

12

• Pro-inflammatory cytokines (TNF-α, IL-1, IL-6, IL-8 implicated 
in pathogenesis of NEC) show increasing levels during 
non-LR-platelet storage.  

• Platelets also contain multiple cytokines:  CD40 ligand, 
regulated on activation of normal T cells and secreted 
(RANTES), TGF-beta 1 and PF4, all released from platelets 
during storage (and LR does not prevent their accumulation). 

• Platelet activating factor (PAF) has been implicated as a key 
mediator of intestinal inflammation and necrosis in models of 
NEC.

Markel TA. et al. Shock 2016; Khan SY et al. Blood 2006; Fujihara M. et al. Transfusion 1999; Wadhwa M 

et al.  Vox Sang 2002; Caplan MS et al. Lipids 1991; Cho SX et al. Expert Rev Mol Med 2016 



Background
• Neuropeptide Y (NPY), made in megakayocytes, stored in platelets,    

a potent vasoconstrictor of splanchnic vessels during stress. The 
increased platelet levels have been found under different stress 
conditions.

• NPY enhances:
- neutrophil adhesion to endothelial cells
- induces histamine release from mast cells
- stimulates macrophage adhesion, chemotaxis, phagocytosis   
- superoxide anion production 
- profound inhibitory effect on gastric emptying and acid secretion
- inhibits gut motility

- inhibits exocrine pancreatic secretion 

• Thus, theoretically, a rise in the NPY plasma levels of preterm 
neonates with NEC could have an aggravating influence on intestinal 
ischemia and inflammation.

13
Clarke JG et al.  Lancet 1987; Tilan JU et al FASEB J 2013; Myers AK et al.  Regul Pept 1993; Paiva

SP et al.  Neuropeptides 2016; Yang H . Peptides 2002; Fagerstan JP. et al. Inflamm Res 2000
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Methods:  Study 1

• Neuropeptide Y (NPY) (potent splanchnic vasoconstrictor 
released by platelets) was measured by ELISA at different 
times during storage of the following components:

a.  In FFP 

b.  In the supernatant of LR-A-PLTs

14

Day 2 Day 3 Day 4 Day 5

Day 2 Day 3 Day 4 Day 5



Children’s Healthcare of  Atlanta | Emory University

Methods:  Study 2

• Evaluated the relationship between PTX rates and death in a 
multicenter cohort of VLBW infants with NEC, adjusting for illness 
severity. 

• Study Design:  Secondary, retrospective analysis of a prospective, multi-
center observational birth cohort study investigating TT-CMV.  Study from 
January 2010 – February 2014 at 5 hospitals in Metro-Atlanta.

• Definitions:  

- NEC defined as Bell’s Stage 2 or greater

- Onset of NEC determined by the time of first clinical signs of NEC     
(eg.  emesis, bloody stool, etc.)

- All blood products administered were prospectively recorded

• Statistical Analysis:  PTX rates estimated/compared b/t surviving and 

non-surviving infants with negative-binomial distribution regression 
modeling with adjustment for BW and ISS at onset of NEC using the SNAP-II 

15
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Results: Study 1                                                 
NPY levels in LR-A-PLTs increase during storage

16

• NPY levels were measured in 

individual LR-A-PLTs right 

before release for transfusion. 

• Columns and error bars 

represent the geometric mean 

and 95% confidence interval 

of 5 (Day 2), 11 (Day 3) and 

4 (Day 4/5) samples per time 

point; test for linear trend, 

p < 0.001.

• NPY levels were serially 

measured in two LR-A-PLT 

units on days 3 and 4/5 of 

storage;(p = 0.02 for increase 

over time).

N=5

N=11 N=4

N=8
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Results: Study 1                                       
PF4 levels in LR-A-PLTs increases during storage

17

• Columns and error bars 

represent the mean and 

95% confidence interval of 

5 (Day 2), 11 (Day 3) and   

4 (Day 4/5) samples per 

time point; test for linear 

trend, p < 0.001. 

• Association between 

NPY (y-axis) and PF4        

(x-axis) protein levels from      

8 samples of fresh frozen 

plasma (FFP) and 17 

samples of platelet (PLT) 

with both NPY and PF4 

levels (p < 0.001 by linear 

regression, R2 = 0.63).

N=8

N=5 N=11

N=4
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Results: Study 2                                 
Clinical characteristics of  infants with NEC  

18

Characteristics N=44

Gestational age in weeks, mean ± SD 26.6 ± 2.3

Birth weight in grams, mean ± SD 820 ± 250

Male gender 20 (46%)

Race

Black 31 (71%)

White 11 (25%)

Other 2 (5%)

Singleton birth 34 (77%)

Small for gestational age 14 (32%)

Receipt of antenatal steroids 33 (75%)

Death 13 (30%)

Patent ductus arteriosus 17 (39%)

Intraventricular hemorrhage (grade 2 or greater) 9 (21%)

Ever fed breast milk 43 (98%)

.
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Results:  Frequency of  Transfusions 

in the immediate post-NEC period

19

Type of blood product

Receipt within 24 hrs

after NEC onset, 
number (%) of infants

Receipt within 48 hrs

after NEC onset, 
number (%) of infants

Red blood cell 28 (67%) 33 (79%)

Platelet 5 (12%) 11 (26%)

Fresh frozen plasma 8 (19%) 11 (26%)

Cryoprecipitate 0 1 (2%)

Any of above 31 (74%) 34 (81%)
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Results:  Transfusion rates for NEC 

and non-NEC VLBW infants

20

Incident rate ratio (IRR)                 

for platelet transfusion                  

5.3 [95% CI 4.5-6.2]

• 409 PTX during 37,413 infant days of follow-up among 598 infants 
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Results:  Transfusion Rates after 

onset of  medical and surgical NEC

21

• Platelet transfusion rates were higher among 14 infants with surgical 

NEC, compared to 25 infants with medical NEC.

• Infants who died on the day of NEC onset not included. 

IRR for platelet transfusion 

12 [95% CI 4.1-34]
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Results:  Mean platelet count at first 

platelet transfusion 

22

• Platelet trajectory and count at timing of first platelet transfusion to reflect 

general platelet transfusion practices at centers involved in this study 

(108 infants and 1078 platelet count measurements). 

• Model-based means and 95% confidence intervals were estimated from 

repeated measures model.

Mean plt ct

74,000
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Results: Summary

• NPY levels increased over time in the supernatant of               
LR-A-PLTs and were 4.4-fold and 8.9-fold higher than in 
FFP on days 2 and 3 of storage, respectively (P < 0.001).  

• Cohort of 598 VLBW neonates, 44 developed NEC. 

• In unadjusted analysis, PTX rate was 30.3 (95% CI 11.5-
80.1) per 100 infant-days among infants who died, 
compared to 6.0 (95% CI 3.2-11.2) among survivors 
(incidence rate ratio [IRR] 5.1; 95% CI 1.6-16.2; P=0.006).

• In multivariable analysis, there was no association 
between PTX rate and mortality                                                                
(IRR 3.0; 95% CI 0.6-15.0; P=0.18).

23
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Conclusions

• Pro-inflammatory mediators, NPY and PF4 
accumulate in platelet supernatants during 
LR-A-PLT storage. 

• For the first time a substantial time-dependent 
increase in NPY levels in the supernatant of stored 
LR-A-PLTs has been demonstrated.

• Among VLBW infants with NEC, utilization of PTXs 
is 6 fold higher than infants without NEC.  

24
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Conclusions

• Although PTX rates were not associated with 
increased mortality among infants with NEC,  the 
estimates in our study suggest the potential for an 
association (the study may have been 
underpowered to detect a difference in mortality 
among groups) that needs to be evaluated in larger 
studies.

• More studies are needed to determine if PTX rates 
in infants with NEC are associated with other 
adverse outcomes, such as short gut syndrome.

25



HOT OFF THE PRESS:                         
PLATELET  THRESHOLD STUDY 

In Premature Infants 
PUBLISHED
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Curley et al. NEJM. 2019

• Methods:

- Multicenter trial, RCT of infants < 34 weeks gestation with severe 

thrombocytopenia (UK, Ireland, Netherlands)

- RCT to < 50,000 plts/µl or < 25,000 plts/µl

- Bleeding documented prospectively with validated bleeding tool

- Primary outcome was death or new major bleeding within 28 days 

after randomization.  

• Results:

- N=600 patients studied (BW median 740 grams, GA median 26.6 wks)

- In 50 k group 90% of infants received atleast 1 transfusion (296 of 328 

infants) vs 53% (177 of 331 infants) in the 25 K group.

- New major bleeding episode or death occurred in 26% of the infants 

(85 of 324) in the 50 K group vs 19% (61 of 329) in 25K group 

(OR=1.57;95%CI, 1.06-2.32;p=0.02).

- No significant difference found between the groups with respect to 

rates of serious adverse events (25% in 50K group vs 22% in 25K 

group) OR=1.14;95%CI, 0.78 to 1.67).  

• Conclusion:   Among preterm infants with severe thrombocytopenia 

randomly assigned to plt trx thresholds of 50K versus 25K, those in 50 K 

group had significantly higher rate of death or major bleeding within 28 days 

after randomization.

PlaNeT 2 Trial 



Curley et al. NEJM. 2019
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Two prior trials of  platelet transfusion 

approaches in preterm infants

Study
Andrew et al. (1993)

N=152

PlaNeT-2 trial (2019)

N=660

Population
GA < 33 wk, BW 500-1500 g 

platelet count < 150x109/L

GA < 34 wk

platelet count < 50 x109/L

Setting
Multicenter

(Canada)

Multicenter

(UK, Ireland & Netherlands)

Intervention & 

Comparison

Platelet count (x109/L)

150 vs. 50 or bleeding

Platelet count (x109/L)

50 vs. 25

Outcome (primary) New intracranial hemorrhage Death or new major bleeding

Time to follow-up 7-10 days 28 days after randomization

Results of primary 

outcome:

28% vs. 26%

P=0.73

26% vs. 19%

OR 1.57; 95% CI 1.06-2.32

Mortality:
20% vs. 15% 

(not a study outcome)

15% vs. 10%

OR 1.56; 95% CI 0.95-2.55
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Question 1

When LR-A-Plts are stored the following changes occur to 
NPY levels (potent splanchnic vasoconstrictor released by 
platelets) in the supernatant:  

a. NPY levels dramatically decrease over the 5 day storage 
period for LR-A-Plts as compared to FFP.

b. NYP levels remain constant throughout storage as 
compared to FFP.

c. NYP levels markedly increase early during storage (day 
2) and then plateau as compared to FFP.

d. NYP levels increase 4 fold on day 2 and then increase   
9 fold on day 3 of storage as compared to FFP.

32
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Question 2

What was the mean platelet count and range for  
first PTX in this cohort of VLBW infants                     
(108 infants and 1078 plt counts measurements)?

a. 75 (50-90) x 1000/µl

b. 25 (20-50) x 1000/µl

c. 100,000 (75 – 150) x 1000/µl

d. 50 (25-90) x 1000/µl

33


