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ABSTRACT 

 
This study aimed to identify risk factors associated with necrotizing enterocolitis (NEC) in 

preterm infants including enteral nutrition factors, neonate and maternal and other factors, and to 
evaluate the morbidity and mortality rate of NEC.  A five year retrospective matched case-control 
study was performed from October 1, 2002 to September 30, 2007. One hundred and twenty one 
match pairs of preterm neonates were observed. Among, neonates who were admitted at neonate 
intensive care unit at Hatyai Hospital and diagnosed as necrotizing enterocolitis were matched 
with those who were also admitted at the same hospital with different diagnosis during the same 
period. There were matched one-to-one for + 125 grams. Univariate analysis, Likelihood ratio 
test, multivariate analysis by conditional logistic regression, odds ratio (OR) and 95% Confidence 
Interval (CI) were employed. 

There were 121 preterm neonates who were diagnosed as necrotizing enterocolitis. The 
morbidity rate was 2.83 per 1,000 live, mortality rate was 27.27 percent. The case patients had 
statistically significant higher scores on the risk index than did control patients (p < 0.05), which 
indicated that cases were more sick or were at unstable clinical status than controls.  

Data from multivariate analysis indicated that the statistically significant risk factors of 
NEC were the intake of full strength formula before diagnosis of NEC (adjusted OR = 10.17, 
95% CI = 3.18-32.53), intravenous lipid (adjusted OR = 7.69, 95% CI = 2.61-22.67), patent 
ductus arteriosus treated with indomethacin (adjusted OR = 4.14, 95% CI = 1.58-10.80) , 
exchange transfusion (adjusted OR = 7.07, 95% CI = 1.69-29.57), apnea (adjusted OR = 3.03, 
95% CI = 1.11-8.26), risk index score (adjusted OR = 1.43, 95% CI = 1.02-2.00) and maternal 
fetal distress (adjusted OR = 11.71, 95% CI = 1.27-107.93). Enteral nutrition, intravenous lipid 
and ischemic bowel could be multifactorial etiologies of NEC. However, in our study, 



intravenous lipid increased the risk of NEC, which contrasted to the other previous studies. Lipids 
exhibit immunosuppressive effect and increase susceptible to infection, especially in preterm 
neonates who had immature immune system. In addition, lipids serve as the precursors of 
eicosanoids that cause mesenteric vasoconstriction and might leads to NEC. Among all fed pairs, 
early and trophic enteral nutrition trends to decrease NEC but was not statistically significant. 
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1.1 ����	�������� 

 

Necrotizing enterocolitis (NEC) �������������ก� !"ก�#$%!&'(�)#*!+,�& -�. &
.'��ก/0!"�1 �+1,!�+2�!$-��2!ก �(�34*���564�3�ก� 07089�!�4�  .'�����#��41-ก� 1�+%!&�� ก
:(������ก !-$"1/ก� ;<%!& NEC 3�.1,'�= &>+�$�'�"?���@���.1ก1,�&ก"� >$� ���; *!+'� 
1-5 %!&�� ก. ก�ก/0��� "$)�*3�4!C7*�D�+4�"ก�� ก. ก�ก/0�"?&4�0 4 2!� ���; 1-3 1,!�� ก�ก/0
��F�> 1,000 @� (Lee, et al., 2003) :�ก �+&��%!& National Institute of Child Health and Human 
Development Neonatal Network � ���X#4 "Y!�� /ก� >$!-$"1/ก� ;<%!& NEC  *!+'� 1-3, 10-12 
.'� 13-20 3��� ก�?(�4�"ก��กก�,� 1,750 ก "� �?(�4�"ก�*!+ก�,� 1,500 ก "� .'��?(�4�"ก 500-750 
ก "�1��'(�0"$ .'�!"1 �ก� 1�+ *!+'� 29 3��� ก�?(�4�"ก�*!+ก�,� 1,500 ก "� =0+!"1 �ก� �ก/0 
NEC '0'&3��� ก�����!�+-@  �<��กก�,� 36 #"�0�4< �� ก�"?&4�0����ก/0 NEC >$�,� ������ ก�ก/0
ก,!�ก(�4�0 *!+'� 88 .'������� ก�ก/0@ $ก(�4�0 *!+'� 12 (Rennie, et al., 1999)  

#(�4 "$3�� ���X)�+ �+&��:�ก#_�$"�#-%��>�0̀ก.4,&F�1/�4� �F/�� 3��a 
>.X. 2540-2544  >$!-$"1/ก� ;<%!& NEC 2.7 1,!�� ก�ก/0��F�> 1,000 @� .'�!"1 �ก� 1�+ *!+'� 
13.64 (:"��/�� X �d �F/+����<, 2545) �!ก:�ก��?�� ก��� !0F��/1��=!ก�#�ก/0@���>/ก� 1����
 *!+'� 50 =0+@���>/ก� ���>$��ก 2  !"�0"$. ก )0*.ก, ����'(�)#*1�$1"� .'�����'(�)#*#"?� >$
 *!+'� 25-35 .'� 4-10 1��'(�0"$ (Rennie, et al., 1999; Srinivasan, et al., 2005) 

 #��41-ก� �ก/0 NEC +"&)�,� �$.�,F"0 .1,�F2�!�,��� 4 �5::"+4'"ก)0*.ก, ก� �ก/0ก,!�
ก(�4�0 ก� )0* "$!�4� C,����& �$$��&�0/�!�4�  (enteral nutrition) ก� 1/0�F2?!.$@��� �+ .'�
ก� %�0�'2!0%!&'(�)#* =0+ 2 �5::"+. ก����#��41-%!&ก� �ก/0= @��กก�,� *!+'� 90 (Srinivasan, 
et al., 2005)  

ก� X9กg�+*!�4'"&.$$ matched case-control 3�1,�&� ���X =0+ Frantz .'�
@;� (1975) >$�5::"+�#��+&%!& NEC )0*.ก, ก� 3#,#�+#��#�02! (p value = 0.001)  ����1/0�F2?!
3�ก �.#�'2!0 (p value = 0.002) .'�ก� )0* "$ enteral nutrition (p value < 0.001)  ��_9&ก� 
1 �:>$�F2?! Klebsiella spp. 3�!-::� � (p value = 0.03) 0"&�"?�����ก� %�0�'2!0%!&'(�)#* ก� 



 

 

2 

)0* "$ enteral nutrition  ,��ก"$�F2?!.$@��� �+3�'(�)#*!�:����#��41- ,��#(�@"6%!&ก� �ก/0 NEC 
�!ก:�ก��? Bunton .'�@;� (1977) >$�,��5::"+���#,&C'�(�34*�ก/0ก� %�0�'2!0%!&'(�)#*����#��41-
%!&ก� �ก/0 NEC )0*.ก, ����%�0!!ก8/�:� (p value < 0.002)  ก� 3#,#�+#��#�02! (p value < 
0.03) !+,�&) ก`1�� Stoll .'�@;� (1980) )�,>$@���.1ก1,�&%!&�5::"+�#��+&��&0*���� 0� �� ก
.'�ก� )0* "$ enteral nutrition 1,!ก� �ก/0 NEC .1,>$ก� �ก/0 NEC 3��� ก�ก/0ก,!�ก(�4�0#7&_9&
 *!+'� 94 0"&�"?�ก� �ก/0ก,!�ก(�4�0:9&����#��41-#(�@"6%!&ก� �ก/0 NEC !+,�&) ก`1��ก� X9กg�
%*�&1*� 3�#,��%!&ก� �/�@ ��4<%*!�7'>$�,� +"&%�0� ��0̀�%!&ก� �/�@ ��4<.$$1"�.� �F/&8*!� 
.'�$�&ก� X9กg�3�#,��ก� �/�@ ��4<1"�.� �0��+�)�,3F*ก� �/�@ ��4<.$$:"$@7, 

 �!ก:�ก��? La Gamma .'�@;� (1994) ก',��_9&%*!# -����.1ก1,�&:�กC'
ก� X9กg�3�1,�&� ���X.$$+*!�4'"& 89�&�"ก>$�,��� กก'-,�����ก/0 NEC ��ก� � "$�>/��� /��1  
enteral nutrition 1,!�"���กก�,��� กก'-,�@�$@-� =0+�� กก'-,�0"&ก',����!�ก� ��&@'/�/ก@&���
ก,!�� /��34* enteral nutrition ��กก�,� 89�&!�:����#��41-�(�34*��ก� � "$�>/��� /��1  enteral 
nutrition 1,!�"���กก�,�  )0*.ก,  ก� X9กg�+*!�4'"&.$$ matched case-control %!& McKeown .'�
@;� (1992) >$�,��� กก'-,�����ก/0 NEC ��ก� � "$�>/��� /��1  enteral nutrition 1,!�"���กก�,�
ก'-,�@�$@-� (40.7 + 19.4 .'� 33.1 + 21.9 ml/kg/day 1��'(�0"$, p value < 0.05) .'��� กก'-,�
0"&ก',����@,� risk index score �*!+ก�,�ก'-,�@�$@-� (5, range [0 t 9] .'� 6, range [0 t 9] 
1��'(�0"$; p value < 0.01) 0"&�"?�:9&��!�ก� ��&@'/�/ก@&�����กก�,� �(�34*��ก� � "$�>/��� /��1  
enteral nutrition 1,!�"���กก�,� .'�ก� X9กg�%!& Covert .'�@;� (1989) >$�,��� กก'-,�����ก/0 
NEC ������4�+3:'(�$�ก (respiratory distress syndrome, RDS) �*!+ก�,� #"�>"�d<ก"$ก� � "$�>/��
� /��1  enteral nutrition ���� ̀�ก�,�%!&�� กก'-,���?  

 #(�4 "$%*!�7'ก� X9กg��>2�!4��5::"+�#��+&%!&ก� �ก/0 NEC 3�� ���X)�+ =0+ 
:"��/�� X �d �F/+����< (2545) ����ก� X9กg�+*!�4'"&.$$ unmatched case-control 1"?&.1,�a >.X. 
2541-2544 ก� �/�@ ��4<=0+ multivariate analysis >$�,��5::"+�#��+&%!& NEC )0*.ก, �5::"+��&0*��
�� ก@2! �>XF�+ (OR = 2.15, 95 % CI = 1.22-3.79), ����1/0�F2?!3�ก �.#�'2!0 (OR = 3.55, 95 
% CI = 1.94-6.48), ����4+-04�+3:3��� ก. ก�ก/0 (OR = 2.21, 95 % CI = 1.14-4.30), ก� 
��'��+�_,�+�'2!0 (OR = 5.28, 95 % CI = 1.29-21.62), �5::"+��&0*���� 0�@2! ก� )0* "$+� 
meperidine ก,!�@'!0 (OR = 10.40, 95 % CI = 2.04-53.00) .'��5::"+��&0*�� enteral nutrition 
@2! ก� )0* "$��C#�@����%*�%*� 24 kcal/oz (OR = 2.95, 95 % CI = 1.65-5.28)  !+,�&) ก`1��3�
0*���5::"+:�กก� 34* enteral nutrition +"&%�0� ��0̀��ก��+�ก"$ก� � "$�>/��� /��1  enteral 



 

 

3 

nutrition 1,!�"�  ��_9&ก� � "$�>/��� /��1 4 2!@����%*�%*�.$$ trophic 4 2! advanced (trophic 
4��+_9& ก� � /��34*!�4� 3�� /��1 �*!+x ���!"1 ��0�+�ก"�=0+���34*>'"&&���*!+ก�,�4 2!��,�ก"$ 
25 kcal/kg/day 1/01,!!+,�&�*!+ 5 �"�. ก ; advanced 4��+_9& ก� �>/��!"1 �� ̀�1"?&.1,F,�&. ก4 2!
��+3� 5 �"�. ก%!&ก� 34* enteral nutrition  ,��ก"$ก� )0* "$ parenteral nutrition) �(�34*)�,
#��� _# -�.����&�y/$"1/����4���#�3�ก� 34* enteral nutrition )0* 

 ��2�!&:�ก%*!�7'ก� X9กg�4��5::"+�#��+&%!&ก� �ก/0 NEC 3�� ���X)�++"&%�0
� ��0̀��F/&'9ก3��5::"+��&0*�� enteral nutrition 0"&ก',��%*�&1*� 0"&�"?�ก� X9กg���?:9&�-,&%+�+C'
@���F"0�:�=0+3F*ก !$.��@/0:�ก&���/:"+ก,!�4�*�����>2?�Y��.'��>/���1/�� ��0̀�%!&�5::"+
��&0*�� enteral nutrition )0*.ก, � /��1  enteral nutrition ���)0* "$�>/��1,!�"���ก���#-0.'�� /��1 
���)0* "$�>/��1,!�"��z'��+ก,!��ก/0 NEC  ��_9&ก� � "$�>/��� /��1 4 2!@����%*�%*�.$$ trophic 
4 2! advanced 1,!ก� �ก/0= @ �>2�!�(�)�ก(�4�0.����&�y/$"1/����4���#�3�ก� 34* enteral 
nutrition �!ก:�ก��?C7*�/:"+)0*��ก� � �+-ก1<3F*.$${! <�� ���/� risk index score (��@C��ก ก) 
89�&� �ก!$0*�+����1,�&x ��� 24 F"��=�&. ก4'"&�ก/0%!&�� ก���0'!&3F*3�ก� � ���/�@���
�#��+&%!&ก� �ก/0 NEC 3�ก'-,�1"�!+,�&�>2�!4�@���#"�>"�d<%!&#����%!&�0̀กก,!��ก/0 NEC .'�
ก� 34* enteral nutrition ��2�!&:�กก� X9กg�3�1,�&� ���X>$�,�.$${! <�0"&ก',��#��� _F,�+
� ���/�#����%!&�0̀ก�>2�!�|}� ��"&ก� 34* enteral nutrition 89�&F,�+'0@����#��+&%!&ก� �ก/0 NEC 
3�#,��%!&ก'-,�1"�!+,�&���3F*3�ก� X9กg� C7*�/:"+�'2!ก3F*ก� X9กg�.$$ matched case-control �>2�!
�>/��� �#/�d/��>%!&ก� X9กg�=0+3�%"?�1!�ก� !!ก.$$�/d�ก� :"$@7, (matched design) �(�ก� 
�'2!ก�� กก'-,�@�$@-�34*��'"กg;�@'*�+ก"$ก'-,�X9กg�@2! �?(�4�"ก. ก�ก/0 89�&����1"�ก��#(�@"6 
(strong confounder) %!&ก� �ก/0= @ �>2�!34*ก� @�$@-�1"�.� ก�����1*!&�(�3�ก� �/�@ ��4<%*!�7'
��� �#/�d/��>��ก%9?� .'�%"?�1!�ก� �/�@ ��4<%*!�7'3F*ก� �/�@ ��4<.$$:"$@7, (matched 
analysis) 4 2! conditional logistic regression �>2�!@�$@-�!/�d/>'%!&1"�.� ก��!2�� x ���)�,3F,1"�
.� ����(���:"$@7, 

 
1.2 ������������ 

1.2.1 �>2�!X9กg�_9&�5::"+�#��+&��&0*��ก� 34* enteral nutrition �5::"+��&0*���� ก �5::"+
��&0*���� 0�.'��5::"+!2��x 1,!ก� �ก/0����'(�)#*��,�3��� ก�ก/0ก,!�ก(�4�0 

 1.2.2  �>2�!X9กg�!"1 �ก� �ก/0.'�!"1 �ก� 1�+:�ก NEC 
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 1.2.3  �>2�!X9กg�4�@���#"�>"�d< �4�,�&!�+-����ก/0 NEC ก"$�?(�4�"ก. ก�ก/0.'�!�+-@  �<
�� 0� 

 
1.3 ������������	 �!	"�# ���� 

1.3.1  � �$�5::"+�#��+&1,!ก� �ก/0����'(�)#*��,�3��� ก�ก/0ก,!�ก(�4�0)0*.ก, �5::"+:�กก� 
34* enteral nutrition �5::"+��&0*���� ก �5::"+��&0*���� 0�.'��5::"+!2��x �>2�!
>"~��ก� 07.'�� ก '0!"1 �ก� �ก/0= @.'�@���>/ก� ���:��ก/01����  

1.3.2  � �$!"1 �ก� �ก/0.'�!"1 �ก� 1�+:�ก NEC 
1.3.3  #��� _ก(�4�0.����&�y/$"1/����4���#�3�ก� 34* enteral nutrition  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

5

 2 

 

 

 

2.1  NEC 

2.1.1   

2.1.2   

2.1.3   

2.1.3.1    

    2.1.3.2   enteral nutrition 

    2.1.3.3   

    2.1.3.4   

2.1.4  /  

2.1.5   NEC 

2.1.6   NEC 

2.1.7   NEC 

2.1.8   NEC 

2.1.9  NEC  

 

2.2    

2.2.1   

2.2.2   

2.3  Enteral nutrition  

2.3.1  /  

2.3.2    

2.3.3   

2.3.4   

2.3.5   trophic feeding  

2.3.6  /  



 

6

2.3.7   NEC 

2.4  Parenteral nutrition  

2.4.1  /  

2.4.2   NEC 

2.5  Matching in epidemiology  

2.6   risk index score 

 

2.1  NEC 

 

  (Srinivasan, et al., 
2005)  NEC  . . 1960 (Santulli, et al., 1960) 

 (Lee, et al., 2003)  

 

2.1.1    

 

   NEC   1-5 

 (neonatal intensive care unit : NICU)  1-3 

 1,000  (Lee, et al., 2003; Srinivasan, et al., 2005)  

   NEC  

(Kliegman, et al., 1993; Lee, et al., 2003; Srinivasan, et al., 2005) 

 36  NEC   NEC 

 90  10  (Kliegman, et al., 1993; Srinivasan, 

et al., 2005)  1,350-1,500   30-32  

   (Kliegman, et al., 1993; Lee et al., 
2003)  (Srinivasan, et al., 2005; Caplan, 

et al., 2006)   

   NEC  

 NEC  2   

90   90 
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 NEC  (Kliegman, et al., 1993; 

Srinivasan, et al., 2005)  NEC  2-5  

  , 

, , , 

 (cyanotic congenital heart disease)   (Rennie, et al., 1999) 

 

2.1.2    

 

   NEC  distal ileum  ascending 

colon   

  (  , 2545; Srinivasan, et al., 2005) 

 

2.1.3    

 

 NEC   4  

  enteral nutrition   (Lee, et al., 
2003; Srinivasan, et al., 2005; Caplan, et al., 2006) 

  (polymorphonuclear leukocyte) 

   (endogenous 

inflammatory mediators)   tumor necrosis factor (TNF), prostaglandin, leukotriene 

 platelet activating factor (PAF)  (mesenteric 

vasoconstriction)  (Schnabl, et al., 2008) 

 

2.1.3.1    

 

  90  NEC  

  

  

secretory IgA, intestinal T lymphocytes   
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  (Rennie, et al., 
1999; Lee, et al., 2003; Updegrove, et al., 2004; Srinivasan, et al., 2005; Caplan, et al., 
2006) 

 NEC (Rennie, et al., 1999) 

 

2.1.3.2   Enteral nutrition 

 

 enteral nutrition   NEC 

  90  NEC  enteral nutrition 

  enteral nutrition  NEC 

 (Rennie, et al., 1999; Caplan, et al., 2006) 

 enteral 

   NEC 

 enteral nutrition    

  continuous  bolus feeding 

 (Srinivasan, et al., 2005)  NEC 

 

 (immunoprotective factors)   growth factor 

  secretory IgA   platelet activating 

factor-acetylhydrolase (PAF-AH)  6  

 PAF  (inflammatory mediator) 

 (mucosal injury) (  , 2549; Rennie, et al., 
1999; Updegrove, et al., 2004; Caplan, et al., 2006) 

 (hyperosmolar formula)  enteral nutrition 

  mucosal injury (Book, et al., 1975; White, et al., 
1982) 

 Frantz  (1975)  enteral nutrition 

 

NEC  
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 (short chain fatty acid)   

 (hydrogen gas)  (intestinal distention) 

  (mucosal perfusion) 

 (hypoxic mucosal injury)  NEC (Rennie, et al., 1999; 

Srinivasan, et al., 2005)  

 

2.1.3.3    

 

 NEC    (vascular congestion), 

 (hemorrhage)  (ulceration) 

 (ischemia)  superior mesenteric artery 

 mesenteric artery  NEC  

  , , , 

  mesenteric artery 

   diving reflex  stress 

 

      

(Srinivasan, et al., 2005)  

   patent ductus 

arteriosus (PDA)   

 indomethacin   

 cyclooxygenase  

 portal   

 (thrombus formation)  NEC (Frantz, 

et al., 1975; Bunton, et al., 1977) 
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2.1.3.4    

 

 NEC  

  NEC  

   

Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Salmonella spp. 
 Acinetobacter spp. (Speer et al., 1976  Kliegman et al., 1979) 

 (peritoneal fluid) 

 20-30  NEC 

  

(Srinivasan, et al., 2005) 

NEC  2  1)  (normal bowel 

flora)  (necrosis) 

   

 2)  (toxin producing organism) 

 endotoxin  Clostridium perfringens, Clostridium 
difficile, Staphylococus epidermidis  

  

 (Srinivasan, et al., 2005) 

   

 E. coli  Streptococci  Bifidobacterium 

(normal bowel flora)   NICU 

 normal bowel flora  NEC (Lee, et 
al., 2003) 

  . . 1980  NICU 

 Escherichia coli, Klebsiella spp.  

Staphylococcus epidermidis ( ) 

 NEC (Srinivasan, et al., 2005) 
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2.1.4  /   

 

 

  3    

(abdominal distension),  (bilious vomiting)  

 3  

 (sepsis)   , , 

 (shock)  3-10  (  

, 2545; Srinivasan, et al., 2005) 

 , 

, , ,  

  

 (disseminated intravascular coagulation, DIC), 

 (septic shock),  (hypovolemic shock), 

, ,   (  , 

2545; Srinivasan, et al., 2005)  

 (pneumatosis intestinalis)  1 

  ileum  colon  

 (hepatic portal vein)  2 

 mesenteric  portal  pneumoperitonium (

)   3 

 NEC   

 NEC   (intestinal 

dilatation),     NEC 

  

 (neutropenia/thrombocytopenia),  

(anemia),  (metabolic acidosis)  hypovolemic shock, 

respiratory acidosis 
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  occult blood  (  , 2545; 

Srinivasan, et al., 2005)  

 

                  
 

 1 Pneumatosis intestinalis   2 Portal vein gas 

 : Springer SC, et al., 2003   : Springer SC, et al., 2003 

 

 
 

  3 Pneumoperitonium 

 : Springer SC, et al., 2003 
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 Bell  (1987)  

 modified Bell s criteria  NEC  3 stages  stage I (suspected NEC), 

stage II (define NEC)  III (advanced NEC)   

 

2.1.5   NEC 

 

 NEC 

 (Israrl EJ, et al., 1996)  1 

 

 1  NEC 

 

1.  

2.  nasogastric tube 

3.  

4.   

5.   

6.  

7.  

 : Israel EJ, et al., 1996 

 

 (nil per os : NPO) 

  stage 1  NPO 

 48-72   stage 2  NPO  2  central 

venous catheter   NPO 

  (  , 2545; 

Srinivasan, et al., 2005) 

 penicillins  cephalosporins  aminoglycosides 

 ampicillin  gentamicin  

anaerobic bacteria   metronidazole  clindamycin  14 
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 intraperitoneal infection  (  

, 2549) 

 6  

  

 third space 

(  , 2545; Srinivasan, et al., 2005) 

   

pneumoperitonium   , 

 bicarbonate, 

,  (cellulitis),  fix loop of 

bowel  24  (  , 2549) 

 NEC  50  

 2   (explore laparotomy)  

primary peritoneal drainage (PPD) , 

  

  

PPD 

 1,000   

 PPD  

 drain 

 laparotomy  PPD  laparotomy 

 Toronto  1,000   

NEC  PPD  laparotomy  69  22 

  (  , 2549) 

 

2.1.6   NEC  

 

 NEC   4  

 NEC  
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   enteral antibiotic, enteral immunoglobulin, enteral 

probiotics  (Bell, et al., 2005) 

 2  

 

 2  NEC 

 

  absolute risk 

reduction 

 number needed 

to treat 

 enteral antibiotic 0.089* 11 

 0.084* 12 

 0.069** 15 

 enteral immunoglobulins : IgG  IgA  0.066* 15 

 enteral probiotics 0.025** 40 

 antenatal steroids 0.019* 54 

 enteral nutrition  * - 

 enteral immunoglobulin : IgG  * - 

*  absolute risk reduction  meta-analysis  

**  absolute risk reduction  2  

 :  Bell, et al., 2005 

  

 (Lee, et al., 2003) 

 3  

 

 3  NEC  

 

 antenatal steroids 

 

 enteral antibiotics 

 :  Lee, et al., 2003 
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    Lactobacillus bifidus  

normal bowel flora  (pathogenic organisms) 

 PAF-AH  PAF  inflammatory mediator 

  50  NEC (  

, 2549)  Lucas  (1990)  prospective multicenter 

  NEC 

 (  

48%  ;  10-86%)  (OR = 3.3, 95 % 

CI = 1.6-6.8  OR = 3.5, 95% CI = 1.5-8.1 )  

  

 NEC  Bauer  (1984)  randomized control trial 

  NEC 

 (RR = 0.26 : 95% CI = 0.10-0.66 ; p value = 0.002)  

   (restrict fluid therapy)  NEC 

 (  , 2549)   Bell  (2001)  meta-

analysis  parenteral   3 

 358   (

 5  90-120 ml/kg/day)  NEC 

 (  5 

 140-170 ml/kg/day) (RR = 0.30, 95 % CI = 0.13-0.71)  

   enteral antibiotic  NEC  

  intestinal bacterial 

ecology  (  , 2549)  Bury  

(2001)  meta-analysis  enteral antibiotic 

 5  456   enteral 

antiobiotic  NEC  placebo (RR = 0.47, 95 % CI = 0.28-0.78) 

 3  

314   enteral antiobiotic  bacterial resistant 

 placebo (RR = 1.73, 95 % CI = 1.00-2.97)   
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  (Lee, 
et al., 2003)  4 

 4  NEC  

 

 enterala 

 trophic feedinga 

 enteral immunoglobulinb 

 supplement L-argininec 

 supplement egg phospholipidsc 
c 

 enteral probioticsc 
a  
b  
c  

 :  Lee, et al., 2003 

 

   enteral immunoglobulin (IgG)  NEC  

 supplement L-arginine, egg phospholipids  

HCl   enteral probiotics  

Bifidobacteria, Lactobacilli   

  probiotics   

 (sepsis),  (meningitis), 

 (endocarditis)  (  , 2549)   

   enteral nutrition  

 trophic  minimal enteral feeding (

)  (  , 

2549)   

   

, , 
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  enteral antibiotics   

probiotics  (  

, 2549)   

     

 NEC  NEC  1)  

(thickening milk feed)  2  NEC 

 cereal  gastroesophageal reflux 2)  

transpyloric feeding  3)  PDA  

 (good 

standard neonatal care and practice)  , ,  

  umbilical catheter,  blood exchange transfusion,  

orogastric tube,  

 NEC (  , 2549)   

 

2.1.7   NEC 

 

Frantz  (1975)  retrospective matched case-control (1 : 2) 

  1970-  1973 

 54   + 50  

 98  

 NEC  (p value < 0.05)  

, ,  DIC  

enteral nutrition  NEC  Klebsiella 

 (p value < 0.001  p value = 0.03 ) 

 enteral nutrition 

 NEC 

Bunton  (1977)  retrospective matched case-control (1 : 3) 

 1972-  1974 

 15   (+ 7.5 % ) 
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 45   

32.1 + 2.9  32 + 3.1   matched analysis 

 NEC 

 (p value < 0.05)   birth asphyxia  

  

Stoll  (1980)  retrospective matched case-control (1 : 3) 

 1977-  1979 

 35   + 250  

 (+ 2 )  98  

 unmatched chi-square 

   enteral nutrition  NEC 

  one way analysis of variance 

 NEC   NEC  

,  (p value = 0.02, p 

value = 0.01  p value = 0.05 )  NEC 

 NEC 

 NEC  94  

  

 

 

Uauy  (1991)  multicenter retrospective cohort 

 1988-  1989  (500-1,500 )  2,681  

 8   National Institute of Child Health and 

Human Development  proven NEC (NEC stage II  III)  269  

 logistic regression models  NEC 

  (center of birth), , , , 

 (maternal hemorrhage),  (premature rupture 

of membrane, PROM)  (cesarean section) 

 NEC (p value < 0.05)  
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 NEC     PROM, 

 25     

 1,000   apgar  5   7  NEC 

  (prenatal care),  

 (pregnancy induced hypertension)  4 

 

 4 :  Odds ratio (OR)  95% confidence interval (CI)  

NEC  Mantel-Haenszel logistic regression 

  

 

    
  : Uauy RD, et al., 1991 

 

Mckeown  (1992)  matched case-control (1 : 1)  

. .1985-1989   

 59  

 31.2 + 3.8  31.2 + 3.5  

 24  risk index score 

 risk index score  (5, range [0-9]  6, range [0-9] 

; p value < 0.01)  enteral nutrition 

  enteral nutrition   
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conditional logistric regression  

 enteral nutrition  full strength formula (24 kcal/oz)  NEC 

 (OR = 9, 95% CI = 2.90-27.91  OR = 9, 95% CI = 3.19-25.42 

)  enteral nutrition 

 (  46.3 + 25.3  23.0 + 23.8 ml/kg ) 

 interaction effect  enteral nutrition 

 NEC  risk index score  effect modifier 

  enteral nutrition  NEC 

  odds ratio  NEC  risk index score    odds 

ratio  NEC  1.77  3.05 (95% CI = 1.21-2.58  1.35-6.89 ) 

 risk index score  4  8  risk index score 

  risk 

index score   enteral nutrition 

 41   

  

 NEC  enteral nutrition  

 enteral nutrition  

(La Gamma, et al. ,1994)  risk index score 

 NEC 

 NEC  enteral nutrition 

    (2545)  

unmatched case control   (1 : 1)  2540-

 2544  NEC  154  

 154   multivariate analysis 

 NEC   (OR = 2.15, 95% CI 1.22-3.79), 

 (OR = 3.55, 95% CI 1.94-6.48),  (OR = 2.21, 95% CI 1.14-

4.30),  (OR = 5.28, 95% CI 1.29-21.62),  meperidine 

 (OR = 10.40, 95% CI 2.04-53.00)  24 kcal/oz (OR = 

2.95, 95% CI 1.65-5.28)  enteral nutrition 
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,  

 20 ml/kg/day  (McKeown, et al., 1992)   

  NEC  

, ,  enteral nutrition 

  NEC  

 enteral nutrition   NEC 

  enteral nutrition  

 enteral nutrition  

 enteral nutrition  

NEC  trophic  advanced  

 

2.1.8   NEC 

 

 Frantz  (1975)  Mayo  

  1970-  1973  NEC  4.7  7.3 

  NEC 

 91  65 

Stoll  (1980)  Grady Memorial 

   1977-  1979  NEC 

 3.2  1,000   

 0.4  64.2  1,000   2,500 

 1,000    (case fatality rate) 

   0  57  2,500  

1,000   

Uauy  (1991)  multicenter retrospective cohort 

 1988-  1989  (500-1,500 )  2,681  

 8   National Institute of Child Health and Human 

Development   NEC 

 PDA 
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 ( ) 

 NEC  2    G  A (  

NEC   22.4  13.7 ) 

 11  (range = 1-37 )  5  (range = 1-55 )   

 NEC    H (  NEC   3.9) 

 19  (range = 3-54 )  

 NEC  2  

 PDA  8  19.7  

 NEC  PDA 

 37.8  NEC 

 

 NEC   

 PDA 

 

   (2545) 

  2540-  2544   NEC 

 2.7  1,000   13.64   

     NEC 

 3.2  1,000   NEC 

 2.7  1,000   NEC 
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2.1.9   NEC 

 

 

Uauy  (1991)  multicenter retrospective cohort 

 26   NEC  23  

 31   NEC  11  (p value < 0.001)  25 

 NEC   NEC 

 30   

  NEC   Mckeown  (1992) 

 NEC   pearson correlation 

coefficient  -0.69  -0.64  

 NEC  

 

2.2    

 

2.2.1   

 

   

 

  

    3 

 (  , 2540)  

2.2.1.1    3 

  5  

 

 

 

 

 



 

25

 5  WHO and European Pediatric Groups 

  

1.  (preterm)  37*  

2.  (term)  37-41**  

3.  (post term)  42  

*37   37   37  +6  

**41   41   41  +6  

 :  1   , 2540 

 

 WHO  37  

  37-38  

   

2.2.1.2      

Low birth weight (LBW)   2,500  

Very low birth weight (VLBW)   1,500  

Extremely low birth weight (ELBW)   1,000  

2.2.1.3   

 (intrauterine growth curve)  

 5 (  , 2540) 
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  5  

 

 
 :  , 2540 

  3   10th percentile  

90th percentile   large for gestational age (LGA), appropriate for gestational 

age (AGA)  small for gestational age (SGA) 

  6 

  

  (  , 2540) 

 

 6   

 

 Neonate risks 

Preterm RDS, recurrent apnea, infection, hypoglycemia, hypocalemia, 

hyperbilirubinemia, NEC, intraventricular hemorrhage 

Post term perinatal asphyxia, meconium aspiration, pneumothorax 

Small gestational  

age 

perinatal asphyxia, hypoglycemia, polycythemia, congenital malformation, 

chronic intrauterine infection, massive pulmonary hemorrhage 

 :  , 2540 
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2.2.2   

 

 , 

,    

  

  parenteral nutrition  

   

 

  

 NICU  2   1) enteral nutrition 

  

 (premature formula)  2) parenteral nutrition (  , 2549)   

 7  

  

 ( ) 500-700 700-900 900-1200 1200-1500 

 (kcal)     

 60 60 65 70 

Resting expenditure 45 45 50 50 

Miscellaneous expenditure 15 15 15 20 

 (accretion) 29 32 36 28 

 (kcal)     

Parenteral nutrition 89 92 101 108 

Enteral nutrition 105 108 119 127 

 :   , 2549 

 

2.3 Enteral nutrition  

 

 (tube feeding)  
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    (  , 2546)  

 

2.3.1  /   

 

    

  (  , 2546) 

 : 

-  

-   

-  

-  distal small bowel  colon fistula 

-  biliary atresia, cystic fibrosis 

-  

 

-  recurrent aspiration  

 : 

-  

-   amino-acidopathies 

   :  

-   /

  

-  

-  
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2.3.2    

  

  

 (  , 2549)  

2.3.2.1  

    (  

32-34 ), ,  1,500 

 30 

   1  1  

 

2.3.2.2     

  

  

2.3.2.3   

 

-   34  

 -   

 -     

 -     

 2  nasogastric tube  orogastric tube 

 orogastric tube   (apnea)  periodic breathing  

 nasogastric tube  nasogastric tube 

   

 nasal septum erosion, otitis media 

  2   1) intermittent bolus feeding (gavages) 

  4-8   15-30 

 2) continuous feeding  pump 
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 8  

 

    

Oral 

 

  

 

  

 

 20  

 

Intermittent 

bolus 

feeding  

 /

 60 /  

 

  

 

 

Continuous 

feeding  1,000  /

 

 intermittent bolus 

feeding 

  

 6-8  

 

 :  , 2549 

    enteral nutrition  NEC 

  90  NEC  enteral nutrition  LaGamma 

 (1994)  enteral nutrition  NEC  

9  enteral nutrition   
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 9  NEC  enteral nutrition 

 

 enteral nutrition  

 enteral nutrition 

  

 

 feeding intolerance  

 transpyloric  gastric feeding 

 bolus  continuous feeding 

  (pH) 

 

 

 apnea, asphyxia 

  

 :  LaGamma, et al., 1994 

 

2.3.3    

 

 NEC  enteral nutrition 

 parenteral nutrition   parenteral nutrition 

  

 metabolic  

hypertriglyceridemia, hypercalcemia, hypophosphatemia, fluid overload (La Gamma, et al., 
1994)  

 enteral nutrition 

  retrospective  prospective  

 NEC  risk index score 

 enteral nutrition  
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 matched case-control  McKeown  (1992) 

 . .1985-1989  (  1 : 1)   

  59  

 enteral nutrition  enteral nutrition 

 (5.1 + 2.2 , 7.7 + 5.1   ; p value < 0.01)  enteral 

nutrition   NEC   risk 

index score   

 enteral nutrition  

 meta-analysis  Kennedy  (2000) 

  1  

(Davey, 1994)  60   enteral 

nutrition  (  4 )  enteral nutrition  

(  4 )  NEC (RR = 0.53, 95 % CI = 0.11-2.70)  

 

2.3.4    

 

 enteral nutrition   

feeding intolerance  NEC   prospective  

retrospective  

  NEC  

enteral nutrition  

La Gamma  (1994)  

  NEC  enteral nutrition 

  NEC 

  

 matched case-control  McKeown  (1992) 

 enteral nutrition  [18.6 + 8.1 ml/kg/day  

16.9 + 13.9 ml/kg/day; p value < 0.05]  risk 

index score  [5 (range 0-9)  6 (range 0-9)  ; p value < 0.01] 
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  enteral 

nutrition   Covert  (1989)  matched case-control 

 RDS   enteral nutrition 

 

 Book  (1976) 

 29   enteral nutrition 

  10  20 ml/kg/day  NEC (RR = 

1.40, 95 % CI = 0.27-7.18)  matched case-control  Anderson 

 (1991)  19  (  1 : 2)  

 38  

 enteral nutrition  (27.8 + 16 

ml/kg/day  16.8 + 11 ml/kg/day ; p < 0.0005)  

enteral nutrition  20  25 ml/kg (LaGamma, et al., 1994)  

 

2.3.5   Trophic enteral nutrition  

 

 parenteral nutrition 

  trophic enteral nutrition 

 parenteral nutrition 

  (  , 2544; La Gamma, 

et al., 1994)  

 trophic enteral nutrition  24 

   100 ml/kg  2 

 (LaGamma, et al., 1994)  0.1-24 ml/kg/day 

(  , 2544)  0.5-1 ml/kg/   2-3  (  , 

2549)  NEC, GI obstruction, GI perforation 

   birth asphyxia 

 pressor  (

 , 2544)  
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 1,500   trophic enteral nutrition 

  (Dunn, et al., 1988; Troche, et al., 1995) 

 

(Troche, et al., 1995)  indirect hyperbilirubinemia 

 cholestasis (Dunn, et al., 1988)  NEC  (La Gamma, et al., 
1994) 

 meta-analysis  Tyson  (2005) 

 NEC  trophic 

enteral nutrition  NEC  

 9   650  

 trophic enteral nutrition (  

 25 kcal/kg/day  5 )   parenteral nutrition 

 NEC (RR = 1.16, 95 % CI = 0.75-1.79) 

 trophic  advanced (  5 

 enteral nutrition  parenteral nutrition)  1 

  144  

 advanced  NEC 7   

trophic  NEC  1   advanced  NEC  trophic 

 (RR = 0.14, 95% CI 0.02-1.07)  

 

2.3.6    

 

 1997 American Academic of Pediatrics  

  NEC 

 

   gastric emptying (

)   lactase  

(  , 2544)  
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  (hyperosmolar formula)  

enteric medication   prospective 

  osmolality  (pregestimil; 650 mOsm/l: 24 kcal/oz) 

 NEC  (premature formula; 359 mOsm/l: 20 kcal/oz) 

(OR = 3.5; 95% CI = 1.03-11.86, p value < 0.02)  (Book LS, et al., 1975) 

   

   (

 32-34 )  34  

  (tube feeding) 

  1) intermittent bolus 

feeding (   4-8   15-30 

)  feeding intolerance 

 gastric emptying  

 2) continuous feeding (  pump)  

 orogastric tube  nasogastric tube 

  (

 , 2544;  , 2549)  

  

 2.3.7   NEC 

 

   NEC 

 hypoxemia  

  

  (Bell, et al., 1980; Tammela, et al.,1992)  

   matched case-control  Anderson  (1991) 

 19  (  1 : 2)  

 38  

 intravenous fluid, parenteral  enteral nutrition  5  180.7 + 44 
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ml/kg  149.7 + 35 ml/kg (p value < 0.01) 

 

 

2.4  Parenteral nutrition (PN) 

 

 

    

  (  , 2546)  

 

 2.4.1  /   

 

  /  

 (  , 2546)   

- 

   (short bowel syndrome),  

(inflammatory bowel syndrome), NEC,  (paralytic ileus), 

 

-   

 (gastroschisis), , tracheoesophageal fistula 

-  enteral 

 enteral  

-  

-    hypermetabolic  

 

-      

-  

-  

  :  

-  
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-    

  

-  

   

  enteral nutrition 

   (short bowel syndrome), NEC  

 1,000  enteral 

 enteral    RDS  

parenteral nutrition  

 parenteral nutrition  peripheral vein  

central vein  peripheral vein  

 

 enteral  

central  parenteral nutrition  1  

 central vein  fluids  

 fluids  parenteral nutrition 

 1  

 parenteral nutrition 

   metabolism 

   macronutrients  micronutrients 

  macronutrients   

   micronutrients  vitamins, trace elements  

electrolytes 
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 10  parenteral nutrition 

 

 /kg/day 

  10 kg :  8-10 g/kg/day (Glucose infusion rate : GIR > 5) 

 20-25 g/kg/day (GIR 17) 

 :  7 g/kg/day (GIR 5) 

 :  10 g/kg/day (GIR 7) 

 < 12.5%  peripheral line  25%  central line 

  1 kg :  0.5 g/kg/day  3.5 g/kg/day ; 

 1.5 kg :  3 g/kg/day 

  :  0.5 g/kg/day  3 g/kg/day 

 :  1 g/kg/day  4 g/kg/day 

 :   , 2546 

 

2.4.2   NEC 

 

 

  eicosanoids  

(inflammatory mediators)  oxidation  

arachidonic acid  (cell membrane)  

phospholipids  lipoxygenase  lipoxins  leukotrienes 

 cyclooxygenase  prostaglandins  

 

  

 (mesenteric vasoconstriction)  (Schnabl, 

et al., 2008)  
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  6  eicosanoids 

 

   
  : Schnabl KL, et al., 2008. 

 

2.5  Matching in epidemiology  

 

Matching  (analytic study) 

  confounding 

factor  (  , 2541)  matching 

(  , 2541)  

2.5.1  Individual matching  matching   

   subject   

2.5.1.1  continuous    cholesterol   2  

 

2.5.1.1.1  Exact matching   

   case  42   control  42  

2.5.1.1.2  Caliper matching  

    case  42  

 control  case  5   control 

 37-47  

 caliper size  0.25 
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 standard deviation    standard deviation 

 (Sekhon, 2007)  

 2.5.1.2   categorical     continuous  

   categorical matching  define 

 subgroup  strata   strata 

    

 40  45   

   Individual matching  case-control 

 hospital-based  sampling  potential control 

 

 

 

2.5.2  Group matching  matching   

  

  strata  

  

   4  

 4  

 group matching  individual matching 

 case-control   source population 

   

  

   interview comparison group ( ) 

 interview index group ( )  

 information bias   group 

matching  individual matching 

   matching  

 

  odds ratio 
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 (precision)  

  

 confounder  1) 

 (matched design)  2)  (matched 

analysis) (Schlesselman, 1982) 

 

2.6   Risk index score 

 

La Gamma  (1985)  NEC 

 risk index score (  )  24  

  1,500  (  1  

 1,000 ),  32 ,  (initial fraction inspired 

oxygen, FiO2  0.21),  (on ventilator),  PDA, 

 (umbilical artery catheter, UAC),  (hypotension),  

intraventricular hemorrhage   apgar score  5  6  1 

  2   low risk of NEC (

 6)  high risk of NEC (  6) 

  NEC  risk index score 

 enteral nutrition /   enteral nutrition 
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����� 3 

 

��	�ก������ 
 

3.1  ������ก������ 
 
 Matched case-control study 
 

3.2  �����ก����ก����������������� ก!� 
 

���ก�ก��ก���ก������� �!"��#$ก���#ก%�&���'(")*+,���ก-�ก�ก��.�/0,�$�1���&�2� 3#4/-3�  
1 361�78 2545 :;/ 30 ก#�,�,� 2550 
 
3.3  "������#�$ 

  
 >#0�?�� &@"&�ก��+�A#,7�#4/��4 &@"��,�83�8B�7'�+ก 7 
 
3.4  &"�'�������� 

 
7���+C��!���3#+�,��/A�กD(3� (Schlesselman, 1982) �#/��4 

 
 

 
 
 
 
 ก����� 

P0   = �#3��ก�� expose &����กก16�87+$768 .�,!"�8(1A�กก��>;ก%�������/0$+�� ���ก
ก16�87+$7688�.�ก�DP�"�#$ enteral nutrition ����ก#$ 71 % �#/�#4�A;/ก����� P0 = 0.71 

m = [Zα /2  +   Zβ   √ P (1 Y P)   ] 
2/ (P -  1/2) 2 

P =      R / (1 + R) 
M = m / Pe 
Pe = ( P0 Q1 +  P1 Q0 ) 
P  = P R / 1 + P  (R-1) 
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R    =     7��ก���D� ,/!�/ก���ก�� NEC ��̀ �/A�ก3"�/ก����7+�8�D� ,/�� �0� 8!;4� 3 ���� 
  �#/�#4�A;/ก����� R= 3 

M   =    A���+�7(��#4/�8� 
 m    = A���+�7(��� P8���8`��ก#� 

Pe   = .�ก�D�� Aa0$7(���  exposure P8���8`��ก#�  
 P1    = D#�D�+�!�/���กก16�8>;ก%��� :(ก expose 

Zα  =     7��D:�3�8�3�b��&3".7"/)ก3�-��7+�871���71` ��@�����  1 -$$ two-tailed test 

ก�����  α =  0.05 �#/�#4� Zα  = 1.96 

Zβ   =    7��D:�3�8�3�b��&3".7"/)ก3�-��7+�871���71` ��@�����  2 

 ก����� β = 0.2   �#/�#4� Zβ = 0.84 
-��7��&�D8ก��!"�/3"� 

 P0 = 0.71 
 P = 0.75 
 R = 3 
 P1 =  P0 R / 1 + P0 (R-1) = 0.88 
 Q1 = 1 Y P1 = 0.12 
 Q0 = 1 Y P0  = 0.29 
 Pe  =  0.34 
 m = 29 
 M = 86 

�#/�#4�Aa3"�/8�A���+�3#+�,��/�,��/�"�,�#4/�8� 86 7(� 
 

3.5  ��	�ก��)�'*�+�กก�������������ก�����ก������ ก!� 

 

 3.5.1  *ก,-$�����	�ก��)�'*�+�กก������������*&.�ก��� ก!� 

���กก����� ก!� (Study group) 7`� ���ก�ก��ก���ก�����e; /P�"�#$ก��+���Af#,�)g� NEC 
&���'(")*+,���ก-�ก�ก�� .�/0,�$�1���&�2� .�,�กh$!"�8(1,"���1#/A�ก�+@�a�$�,�
���ก 5 )i 3#4/-3� 1 361�78 2545 :;/ 30 ก#�,�,� 2550 .�,&@"�กCj?7#��1`�ก�#/��4 
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*ก,-$)�'*&.�&�����กก����� ก!� (Inclusion criteria of study group) 

���ก�ก��ก���ก�����e; /P�"�#$ก��+���Af#,�)g� NEC 3�8 Bellls staging (B�7'�+ก !) 
-1a8�@�+�3����,��/�"�, 24 @# +.8/  
���กก����)��)�� (Control group) 7`� ���ก�ก��ก���ก������� P8��)g� NEC &���
'(")*+,���ก-�ก�ก��.�/0,�$�1���&�2� .�,�กh$!"�8(1,"���1#/A�ก�+@�a�$�,����ก 5 
)i 3#4/-3� 1 361�78 2545 :;/ 30 ก#�,�,� 2550 .�,&@"�กCj?7#��1`�ก�#/��4 
*ก,-$)�'*&.�&�����กก����)��)�� (Inclusion criteria of control group) 
���ก�ก��ก���ก������� P8��)g� NEC -1a8�@�+�3����,��/�"�, 24 @# +.8/ .�,8�1#ก%Ca
71"�,ก#$���ก&�ก16�8>;ก%��#/��47`� �4����#ก-�ก�ก�� ± 125 ก�#8 �� �!"��#$ก���#ก%�3#+&�
.�/0,�$�1ก�����̀��1#/ก16�8>;ก%�B�,&�@�+/ 2 )i -1a8��a,a�+1����0#ก�#ก%�3#+&�
.�/0,�$�1�,��/�"�,&ก1"�7�,/ก#$�a,a�+1��� ก16�8>;ก%�P�"�#$ก��+���Af#,B�+a NEC 

D���*D�� :  
���ก��A#$7(�.�,ก���1`�ก���กก16�87+$768&�"8�7���4����#ก-�ก�ก������ก#$ก16�8>;ก%�
&�@�+/�� ก�����P+"1�+/��"� (caliper size) .�,7���+CA�ก7�� 0.25 !�/7�� standard 
deviation (SD) !�/�4����#ก-�ก�ก��ก16�8>;ก%� .�,7�� SD !�/�4����#ก-�ก�ก��ก16�8>;ก%� 
����ก#$ 415.07 �#/�#4� caliper size ����ก#$ 0.25 x 415.07 = 103.77 -3���̀ �/A�กก��A#$7(�
�"+,�4����#ก-�ก�ก��B�,&�@�+/�#/ก1��+ ���&�"P�"A���+�3#+�,��/>;ก%��"�, �#/�#4��8` �
0�A��C�:;/-�+��/�� D�8��:)s�$#3�P�"A��/ '("+�A#,A;/+�/-'�A#$7(��"+,�4����#ก-�ก�ก�� ± 
125 ก�#8 .�,P8�0$7+�8-3ก3��/��/D:�3�!�/�4����#ก-�ก�ก��&����ก�#4/D�/ก16�8 (p 
value = 0.1189) 
 

 3.5.2  *ก,-$�����	�ก��)�'*�+�กก��������������ก�กก��� ก!� 

 *ก,-$)�'��ก&��ก����� ก!����ก����)��)�� (Exclusion criteria of study group and   

control group) 7`� ���ก�ก��ก���ก������� 8�)�a+#3�,"���1#/&��+@�a�$�,�P8�D8$(�C? 
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3.6 ก����"�)�'ก������ 

H�#���ก����� 7 ก��$-�+7��ก��+�A#, 
 

 

���������	
�����ก 

�J���กก��KD. enteral nutrition   

������L�����*"+���  
� ก��P�"�#$ enteral nutrition ก����ก�� NEC  
� ก��P�"�#$�����-$$ full strength formula 
���������*"+���  
� )��8�3� enteral nutrition �� P�"�#$�0� 83��+#�8�ก�� D6�ก����ก�� NEC  
�J���กก��KD. enteral nutrition  (*M#�����กก�������L'.��� enteral 

nutrition  ก��"*ก�'N�)��O�)��) 

������L�����*"+���  
� ก��P�"�#$�����-$$ full strength formula 
� @��������/+�u�ก��&�" 
� ก��)�#$�0� 8)��8�3���̀�7+�8�!"8!"�-$$ trophic ��̀� advanced enteral 

nutrition  
� �a,a�+1��� ��� 8&�" enteral nutrition ��h+��̀�@"� 
���������*"+���  
� )��8�3� enteral nutrition �� P�"�#$�0� 83��+#�8�ก�� D6�ก����ก�� NEC  
� )��8�3� enteral nutrition �� P�"�#$�0� 83��+#��f1� ,ก����ก�� NEC 
�J���+�" P 

���������*"+��� 
� ก��&�"P!8#���/�1���1̀����� 
������L�����*"+��� 
� )��8�3��+8!�/ intravenous fluid, parenteral/enteral nutrition 8�ก�� D6�

ก����ก��.�7 
� )��8�3��+8!�/ intravenous fluid, parenteral/enteral nutrition 8�ก�� D6�

ก����ก��.�7 (�f0�a���กก16�8�� P�"�#$ enteral nutrition ก����ก��.�7�#4/7(�) 
 

NEC ���������	
�����	� 
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3.7 ��	�'R�*"�"ก������ 

 

 &�O"��"��� 1 S�.�������"� ก&.���� (H�)T"�ก �)  

'("+�A#,P�"D�"�/-$$$#��;ก!"�8(1�#/��4 
 &.����#+O"U�"&�����ก )�aก�$�"+, �4����#ก-�ก�ก��, �D"���$>��%a, 7+�8,�+/
D�+�D(/, ��,67��B?8����, >�D��, �0>, ���ก�ก���� .�/0,�$�1���&�2���̀�
���กD�/3��A�ก.�/0,�$�1�̀ �, ก��&@"�7�̀ �/@�+,��,&A, ก��&D�D�,D+�Da�̀�, 
7�� apgar score ��  1 ���� -1a 5 ���� -1a7�� risk index score .�,)�a�8��A�ก
B�+a3��/ w ��  24 @# +.8/-�ก�1#/�ก��!�/���ก 
&.����#+O"U�"&�����'� )�aก�$�"+, ��,68����, )�a+#3�ก��71�� (A���+�7�#4/
�� 71��, A���+�$63�, A���+�7�#4/�� -�"/$63�), )�a+#3�ก��x�ก7��B? (antenatal 
care : ANC), ก��P�"�#$,�ก���71��, ก��&@",�/B�+a-��กe"��!Ca3#4/7��B? 
+�u�ก��71��, B�+a!�/8����ก���71�� 
T�ก���������ก��&�����ก )�aก�$�"+, vital signs (body temperature, 
respiratory rate, pulse rate, blood pressure) &�!Ca-�ก�#$-1a!Ca����#ก%�3#+
&�.�/0,�$�1  
H���ก��"*ก�' NEC &�����ก )�aก�$�"+, ��ก��'��)ก3�!�/�a$$��/����
����� (intestinal sign), �a$$3��/ w !�/���/ก�, (systemic sign), 7+�8'��)ก3�
!�/B�0:��,�#/D�+��,�B�,&�@��/�"�/ (abdominal roentgenographic), '1ก���0�a
�@`4�&��1`��-1a�6AA��a (hemoculture/stool culture result) �+8:;/+�u�ก���#ก%�
-1a'1ก���#ก%� 
T�ก��������D.���V�����ก��&�����ก )�aก�$�"+, 
1. Blood chemistry P�"-ก� sodium, potassium, chloride, total carbon dioxide, 

calcium, phosphate, magnesium, triglyceride, blood urea nitrogen (BUN), 
creatinine (Cr), albumin (alb), glucose, microbilirubin 

2. Hematology P�"-ก� white blood cell (WBC), neutrophil, lymphocyte, 
hemoglobin, hematocrit, red blood cell (RBC), platelet (plt), prothrombin 
time (PT), partial thromboplastin time (PTT), 7�� INR (international 
normalized ratio) 
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3. Acid base values P�"-ก� pH, PCO2, PO2, serum HCO3
_ (serum bicarbonate), 

%SO2 (% oxygen saturation) 
4. Vital signs P�"-ก� body temperature, pulse rate, respiratory rate, blood 

pressure 
&.����*ก����ก��ก��L'.��� parenteral nutrition )�aก�$�"+, 
1. )��8�3�!�/ intravenous fluid, parenteral nutrition -1a lipid �� P�"�#$A��/3��

+#� (ml/day) 
2. )��8�3�!�/ intravenous fluid, parenteral nutrition -1a lipid �+83��+#� 

(ml/day) 
3. )��8�3�!�/ intravenous fluid, parenteral nutrition -1a lipid �+83���4����#ก

3#+��; /ก�.1ก�#83��+#� (ml/kg/day) 
&.����*ก����ก��ก��L'.��� enteral nutrition )�aก�$�"+, 
1. D(3������, 7+�8�!"8!"�!�/01#//��&�D(3������ (kcal/oz), )��8�3� 

enteral nutrition �� P�"�#$&�-3�1a7�#4/ (ml) 
2. +�u�ก��&�" 
3. )��8�3� enteral nutrition �� P�"�#$A��/3��+#� (ml/day) 
4. )��8�3� enteral nutrition �� P�"�#$A��/3���4����#ก3#+��; /ก�.1ก�#83��+#� 

(ml/kg/day) 
5. )��8�3� enteral nutrition �� P�"�#$�0� 83���4����#ก3#+��; /ก�.1ก�#83��+#��8` �

���,$ก#$+#�ก�����"� (ml/kg/day) 
6. 01#//���� P�"�#$A�ก enteral nutrition 3��+#� (kcal/day) 
7. 01#//���� P�"�#$A�ก enteral nutrition 3���4����#ก3#+��; /ก�.1ก�#83��+#� 

(kcal/kg/day) 
8. )��8�3��+8!�/ intravenous fluid, parenteral nutrition -1a enteral nutrition 

3���4����#ก3#+��; /ก�.1ก�#83��+#� (ml/kg/day) 
9. ก��P�"�#$,�ก����+8ก#$ enteral nutrition  
&.����S���&�� parenteral nutrition ��� enteral nutrition )�aก�$�"+, 

1. )��8�3��+8!�/ intravenous fluid, parenteral nutrition -1a enteral nutrition 
3���4����#ก3#+��; /ก�.1ก�#83��+#�8�ก�� D6�ก����ก�� NEC (ml/kg/day) 



 

 

48 

2. )��8�3� enteral nutrition �� P�"�#$�0� 83���4����#ก3#+��; /ก�.1ก�#83��+#�8�ก
�� D6�ก����ก�� NEC (ml/kg/day) 

3. )��8�3� enteral nutrition �� P�"�#$�0� 83���4����#ก3#+��; /ก�.1ก�#83��+#��f1� ,
ก����ก�� NEC (ml/kg/day) 

 
&�O"��"��� 2 ก��#���,����'.�"���	���ก��� ก!� 
 .7�/ก��+�A#,��4'���ก��0�A��C�-1aP�"�#$7+�8��h�@�$A�ก7Caก��8ก��
0�A��C�A��,u��8ก��>;ก%�!�/.�/0,�$�1���&�2� (B�7'�+ก A) �0` �!��กh$
!"�8(1,"���1#/A�ก�+@�a�$�,����ก�ก��ก���ก����� 5 )i 3#4/-3� 1 361�78 2545 :;/ 
30 ก#�,�,� 2550 

   

  &�O"��"��� 3 ก��� ก!�"R����� 

1. 7#��1`�ก���ก�ก��ก���ก������� �!"��#$ก���#ก%�&���'(")*+,���ก-�ก�ก��
.�/0,�$�1���&�2�3#4/-3�+#���  1 8ก��78 2549 :;/ 31 u#�+�78 2549 .�,
�1`�กก16�87+$768�� 8��4����#ก-�ก�ก��&ก1"�7�,/�� D6�ก#$ก16�8>;ก%�-3�1a case 
A���+� 10 7(� 

2.  �กh$!"�8(1A�ก�+@�a�$�,�!�/���ก-1a$#��;ก!"�8(11/&�-$$$#��;ก!"�8(1  
3. -ก"P!-$$$#��;ก!"�8(13�8-�+��/�� D�8��:)s�$#3�P�"A��/-1a���!"�8(1�� 

P�"8�&@"&�ก��7���+C!���3#+�,��/�� &@"&�ก��>;ก%� �+8:;/8�ก����D�$
7+�83�/!�/-$$�กh$!"�8(1 .�,'���ก��0�A��C�A�ก-0�,?'("�@� ,+@�2�"��
ก68���+@>�D3�?A���+� 1 ���� 

 
 &�O"��"��� 4 ก��*กW�&.����ก��� ก!� 

1. �$�+�!"�8(1A�ก�+@�a�$�,�!�/ก16�8>;ก%�-1aก16�87+$768 -1a$#��;ก
!"�8(1&�-$$$#��;ก!"�8(1 (B�7'�+ก /)  

2. +�u�ก���กh$!"�8(1 
2.1 �กh$!"�8(1)�AA#,A�กก��&�" enteral nutrition -1a parenteral nutrition, 

)�AA#,��/�"�����ก!�/���ก�#4/D�/ก16�8 A�ก�a�# /ก16�8>;ก%�P�"�#$ก��
+���Af#, NEC 
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2.2 �กh$!"�8(1)��8�3� enteral nutrition, parenteral nutrition, intravenous 
-1a lipid !�/���ก�#4/D�/ก16�8 A�ก�a�# /ก16�8>;ก%�P�"�#$ก��+���Af#, 
NEC 3�8)��8�3��� P�"�#$A��/A�ก$#��;ก!�/0,�$�1 

2.3 ก��7���+C��)��8�3� enteral nutrition �� P�"�#$�0� 83��+#�8�ก�� D6�ก���
�ก�� NEC -1a)��8�3��� P�"�#$�0� 83��+#��f1� ,ก����ก�� NEC !�/ก16�8
>;ก%�P8��+8+#��� P�"�#$ก��+���Af#,B�+a NEC ��̀ �/A�ก���กP�"�#$ 
enteral nutrition P8�7�$31���#4/+#��0` �)��/ก#��73��� �ก��A�กก��
�)��,$���,$ก#$)��8�3� enteral nutrition !�/ก16�87+$768 

2.4 ก�C����กP8�P�"�#$ enteral nutrition ก����ก�� NEC Aa8�7��)��8�3� 
enteral nutrition �� P�"�#$�0� 83��+#�8�ก�� D6�ก����ก�� NEC ����ก#$ 0 

2.5 ก��7���+C��7��)��8�3� enteral nutrition �� P�"�#$�0� 83��+#��f1� ,ก���
�ก�� NEC 7���f0�a+#��� 8�ก��)�#$�0� 8)��8�3� enteral nutrition �����#4�
-1a+��7��a�?�f0�a���กก16�8�� P�"�#$ enteral nutrition  ก����ก�� NEC 
�#4/7(� 

2.6 '("+�A#,���ก��)�a�8�� risk index score (B�7'�+ก ก) .�,&@"B�+a3��/ w ��  
24 @# +.8/-�ก�1#/�ก��!�/���ก-1a&�"7a-��!"�1a 1 7a-�� ��ก
���ก8�B�+a�#/ก1��+!"�&�!"���; / �#/��4  

 2.6.1 �4����#ก-�ก�ก���"�,ก+�� 1,500 ก�#8 
 2.6.2 �4����#ก-�ก�ก���"�,ก+�� 1,000 ก�#8 ($+ก�0� 8 1 7a-�� ก�C�

�4����#ก-�ก�ก���"�,ก+�� 1,000 ก�#8) 
 2.6.3 ��,67��B?8�����"�,ก+�� 32 D#)���?  
 2.6.4 7�� apgar score ��  5 ���� �"�,ก+�� 6  
 2.6.5 ก��&�"��กe��A� 
 2.6.6 ก��&@"�7�̀ �/@�+,��,&A 
 2.6.7 B�+a PDA 
 2.6.8 ก��&D�D�,D+�Da�̀� 
 2.6.9 B�+a7+�8�#�.1��33 �� 
 2.6.10 B�+a intraventricular hemorrhage  
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  &�O"��"��� 5 ก��S���T�ก������ 

&.����#+O"U�"&��ก������������  
���������*"+��� )�aก�$�"+, �4����#ก-�ก�ก�� ��,67��B?8���� 7�� apgar score ��  
1 ���� -1a 5 ���� -1a7�� risk index score  
������L�����*"+��� )�aก�$�"+, )i�� �ก�� �0> >�D�� D:���� �ก�� �#3��ก��3�,
��̀����@�+�3 ก���A��2�3�$.33�8��,67��B? 
&.�����J���กก��KD. enteral nutrition  

������L�����*"+��� )�aก�$�"+, 
ก��P�"�#$ enteral nutrition ก����ก�� NEC 
ก��P�"�#$�����-$$ full strength formula ก����ก�� NEC 
���������*"+��� )�aก�$�"+, 

  )��8�3� enteral nutrition �� P�"�#$�0� 83��+#�8�ก�� D6�ก����ก�� NEC  
&.�����J���กก��KD. enteral nutrition ��� parenteral nutrition (��*)���D$

*M#�����กก�������L'.��� enteral nutrition ก��"*ก�' NEC ��O�)��)  

������L�����*"+��� )�aก�$�"+, 
ก��P�"�#$�����-$$ full strength formula ก����ก�� NEC 

  @�������� 
  �a,a�+1��� ��� 8&�" enteral nutrition ��h+��̀�@"� 

ก��)�#$�0� 8)��8�3���̀�7+�8�!"8!"�-$$ trophic ��̀� advanced enteral 
nutrition 

  +�u�ก��&�" 
���������*"+��� )�aก�$�"+, 

  )��8�3� enteral nutrition �� P�"�#$�0� 83��+#�8�ก�� D6�ก����ก�� NEC  
)��8�3� enteral nutrition �� P�"�#$�0� 83��+#��f1� ,ก����ก�� NEC  
&.�����J���+�" P 

������L�����*"+��� )�aก�$�"+, 
ก��&�"P!8#���/�1���1`����� 
���������*"+��� )�aก�$�"+, 
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)��8�3��+8!�/ intravenous fluid, parenteral nutrition -1a enteral nutrition 
8�ก�� D6�ก����ก�� NEC  
)��8�3��+8!�/ intravenous fluid, parenteral nutrition -1a enteral nutrition 
8�ก�� D6�ก����ก�� NEC (�f0�a���กก16�8�� P�"�#$ enteral nutrition ก����ก�� NEC 
�#4/7(�)  
&.�����J�����'.�"���'�  
���������*"+��� )�aก�$�"+, ��,68����  
������L�����*"+��� )�aก�$�"+, ��,68������ 3#4/7��B? (8�กก+�� 20 )i, �"�,ก+��
��̀�����ก#$ 20 )i), ก��x�ก7��B?, ก��71�� (71��)ก3���̀�'��3#�71��), )�AA#,
ก��P�"�#$,�ก���71�� P�"-ก� ก��P�"�#$,� antibiotic, pethidine, steroid, B�+a
!�/8����ก���71�� P�"-ก� fetal distress, ก��8�P!"ก���71��, B�+a�4������ก���
71��8�กก+�� 24 @# +.8/ (PROM)  
&.�����J�����'.�"���ก  

������L�����*"+��� )�aก�$�"+, B�+a!�/���ก�1#/�ก�� P�"-ก� ���ก�,6���,&A, 
B�+a!����กe��A�, B�+a RDS, ก��&@"�7�̀ �/@�+,��,&AB�,&� 24 @# +.8/, B�+a
�6C�B(8����/ก�,3 ��, B�+a7+�8�#�.1��33 ��, shock, ก���)1� ,�:��,�1`��, ก��&D�
D�,D+�Da�̀�, PDA, PDA �� P�"�#$ก���#ก%��"+, indomethacin, B�+ae��, ก��&�"
�1`��, ก��&�"�1`����+8ก#$ก���)1� ,�:��,�1`��, ก��3���@`4�-1aก��P�"�#$,�ก��
��+8ก#$ enteral nutrition  
&.���� NEC (*M#��ก����� ก!�) 

1. 7���+C�#3��ก���ก��-1a�#3��ก��3�,A�ก NEC 3#4/-3� 1 361�78 2545 :;/ 30 
ก#�,�,� 2550  

2. ��7+�8D#80#�u?�a�+��/��,6�� �ก�� NEC ก#$�4����#ก-�ก�ก��-1a��,67��B?
8���� 

3. A��-�กก���ก�� NEC 3�8�a�#$7+�8�6�-�/!�/ก���ก��.�7.�,  Bellls 
staging 

4. A��-�กก���ก�� NEC 3�8'1ก���0�a�@`4�&��1`��-1a@���!�/�@`4��� 0$  
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3.8 *)�+����+����K�.K"ก������ 

 
   1.  -$$$#��;ก!"�8(1 (B�7'�+ก /) 
   2.  -$$)�a�8�� risk index score (B�7'�+ก ก) 
 
3.9 ก����*)���D$&.���� 
 

 ก��+�A#,7�#4/��4 ก�����7��7+�8�@` �8# ���/D:�3�&��a�#$�"�,1a 95 (α= 0.05) -1a
���ก��+��7��a�?!"�8(1.�,&@".)�-ก�8��/D:�3� STATA version 7.0 �#/��4 
 

1. !"�8(10`4�b��!�/ก16�83#+�,��/  
1.1 3#+-)�3����̀ �/ �)��,$���,$�a�+��/ก16�8>;ก%�-1aก16�87+$768.�,&@"7��D:�3� Paired t 

test D����#$!"�8(1�� 8�ก��-Aก-A/-$$)ก3� D�+�!"�8(1�� 8�ก��-Aก-A/P8��)g�)ก3�&@"
7��D:�3� Wilcoxon signed-ranks test �� �a�#$7+�8�@` �8# ��"�,1a 95 (p value < 0.05) 

1.2 3#+-)�P8�3����̀ �/ �)��,$���,$.�,&@"7��D:�3� McNemar chi-square test �� �a�#$7+�8
�@` �8# ��"�,1a 95 (p value < 0.05) 

2.   ��7+�8D#80#�u?�a�+��/)�AA#,�D� ,/3��/ w P�"-ก� )�AA#,��/�"�� enteral nutrition, )�AA#,
��/�"��8����, )�AA#,��/�"�����ก-1a)�AA#,�̀ � w ก#$ก���ก�� NEC !�/ก16�83#+�,��/ 
.�,ก��+��7��a�?3#+-)���� ,+ (Univariate conditional logistic regression) �"+, McNemar 
chi-square test �� �a�#$7+�8�@` �8# ��"�,1a 95 (p value < 0.05) 

3     +��7��a�?3#+-)��@�/e"���0` ���)�AA#,�D� ,/3��ก���ก�� NEC .�,ก��+��7��a�?:�:�,0�61�
A�D3�ก (Multivariate conditional logistic regression) �"+, Likelihood ratio test �� �a�#$
7+�8�@` �8# ��"�,1a 95 (p value < 0.05) 

4.   �#3��ก���ก��-1a�#3��ก��3�,A�ก NEC -D�/'1&�1#ก%Ca!�/7+�8:� -1a�"�,1a 
5.    !"�8(1���กก16�8>;ก%� 

5.1 7+�8D#80#�u?�a�+��/��,6�� �ก�� NEC ก#$�4����#ก-�ก�ก��-1a��,67��B?8���� .�, 
correlation analysis 

5.2 A���+�'(")*+,A��-�ก3�8�a�#$7+�8�6�-�/!�/ก���ก�� NEC, '1ก���0�a�@`4�&��1`��
-1a@���!�/�@`4��� 0$ -D�/'1&�1#ก%Ca!�/7+�8:� -1a�"�,1a 
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 4 
 

 

 

  4   

4.1     24 

 

4.2  NEC  (Univariate 

conditional logistic regression)  3   

  4.2.1   enteral nutrition    

  4.2.1.1   enteral nutrition ( ) 

4.2.1.2   enteral nutrition  enteral nutrition 

 NEC  

4.2.1.3    

4.2.2   

4.2.3   

4.3  NEC  (Multivariate conditional 

logistic regression) 

4.4   NEC ( ) 

             4.4.1   NEC 

             4.4.2   NEC  

             4.4.3  NEC  Bell s staging 

             4.4.4   NEC  
 

4.1     24 
 

  

    121  (matched case-control) 

 11  �ilcoxon signed-ranks test  Paired t-test 



 

54

  , 

,  apgar score  1  5  

 risk index score  risk index score    5  4 

 (p value = 0.0012)  

     McNemar chi-square test 

 (p value < 0.05)  , , , 

,  

  

   21.5  7.4  (p value = 0.0170) 

 11 
 

 11  
 

 1 

(n = 121) 

2 

(n = 121) 

p value 

     

(  + ) 

 ( ) 1317.48 + 415.07 1327.36 + 405.66 0.1189 a 

(  + ) 

 ( ) 30.55 + 2.84 30.85 + 2.74 0.2457 b 

[ , ( , )]    

 apgar score  1   6 (0,10) 6 (1,10) 0.8938a 

 apgar score  5  7 (0,10) 7 (1,10) 0.3695a 

 risk index score 5 (0,8) 4 (0,8) 0.0012a,* 
1  NEC 
2  NEC   + 125 

 
a �ilcoxon signed-ranks test 
b Paired t test 
* p value < 0.05 
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 11  ( ) 
 1 

(n = 121) 

2 

(n = 121) 

p value 

 ( , )    

   0.9310 c 

2002 5 (4.13) 7 (5.79)  

2003 27 (22.31) 25 (20.66)  

2004 21 (17.36) 25 (20.66)  

2005 29 (23.97) 24 (19.84)  

2006 26 (21.49) 24 (19.84)  

2007 13 (10.74) 16 (13.22)  

   0.3630 c 

 66 (54.5) 59 (48.8)  

 55 (45.5) 62 (51.2)  

    0.8790 c 

 94 (77.7) 93 (76.9)  

 27 (22.3) 28 (23.1)  

   0.2300 c 

 93 (76.9) 85 (70.2)  

 28 (23.1) 36 (29.8)  

   0.7319c 

 33 (27.3) 29 (24)  

 85 (70.2) 90 (74.4)  

   0.0170 c,* 

 112 (92.6) 98 (80.99)  

 9 (7.4) 23 (19.01)  
1  NEC 
2  NEC   + 125 

 
c McNemar chi-square test 
* p value < 0.05 
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       24  

(    risk index score) 

   

  

 enteral nutrition  NEC  

  (

 12  13) 

 

 12    24 

 
 

 24 ** 
1 

(n = 121) 

2 

(n = 121) 
p valuea 

 ( , )    

 1,500  90 (74.4) 86 (71.1) 1.0000 

 1,000  23 (19) 25 (20.7) 1.0000 

 32   74 (61.2) 65 (53.7) 0.1430 

 Apgar score  5   6  38 (31.4) 36 (29.8) 0.7680 

 115 (95) 104 (86) 0.0230* 

  83 (68.6) 68 (56.2) 0.0280* 

 PDA 4 (3.3) 1 (0.8) 0.2150 

 108 (89.3) 82 (67.8) 0.0000* 

  12 (9.9) 14 (11.6) 0.6830 
1  NEC 
2  NEC   + 125 

 
a McNemar chi-square test 
* p value < 0.05 
**  intraventricular hemorrhage  
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 13    24 

 (  enteral nutrition  NEC ) 
 

 24 ** 
1 

(n = 81) 

2 

(n = 81) 
p valuea 

 ( , )    

 1,500  57 (70.37) 54 (66.67) 1.0000 

 1,000  9 (11.11) 9 (11.11) 1.0000 

 32   45 (55.56) 37 (45.68) 0.1230 

 Apgar score  5   6  27 (33.33) 20 (24.69) 0.2130 

 75 (92.59) 67 (82.72) 0.0690 

  50 (61.73) 42 (51.85) 0.1490 

 PDA  4 (4.94) 1 (1.23) 0.2150 

 70 (86.42) 52 (64.20) 0.0020* 

  9 (11.11) 8 (9.88) 0.7960 
1  NEC  enteral nutrition  NEC 
2  NEC  enteral nutrition 

  + 125  
a McNemar chi-square test 
* p value < 0.05 
**  intraventricular hemorrhage  

 

4.2   NEC  (Univariate 
conditional logistic regression)  
    
    NEC  

 McNemar chi-square test  95 (p value < 0.05)  

 

4.2.1   enteral nutrition    
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 4.2.1.1  enteral nutrition (  ) 
    enteral nutrition  NEC 

 (p value < 0.05) (  14)   enteral nutrition 

 full strength formula (24  20 kcal/oz)  NEC  
 

 14  enteral nutrition  NEC 
 

 enteral nutrition  
1 

n = 121 

2 

n = 121 

Odds 

ratio 
95% CI p value 

 ( , )      

1)  enteral nutrition 

 NEC 

 

 

   0.0040a,* 

 13 (10.7) 31 (25.62) 1   

 108 (89.3) 90 (74.38) 3 1.41-6.38  

2)  full 

strength formula  NEC 

 

 

 

 

 

 

 

 

0.0000a,* 

 3 28 (23.1) 57 (47.1) 1   
 4 93 (76.9) 64 (52.9) 3.64 1.87-7.09  

 

(  + ) 

3)  enteral nutrition 

 NEC 

(ml/kg/day) 

14.37 + 15.34 15.31 + 14.93   0.3701b 

1  NEC 
2  NEC   + 125 

 
3  half strength formula (

 12 kcal/oz)  enteral nutrition 
4  24  20 kcal/oz  
a McNemar chi-square test, b �ilcoxon signed-ranks test, * p value < 0.05 
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4.2.1.2   enteral nutrition  enteral nutrition 
 NEC  

 
   

enteral nutrition  enteral nutrition  NEC  

 enteral nutrition 

 enteral nutrition  

enteral nutrition   81  

    risk index score 

 enteral nutrition  (p value = 0.0020)  

   enteral nutrition  

NEC  

  NEC  (

 15)   full strength formula (adjusted OR = 6.34; 95% CI = 

2.00-20.10, p value = 0.0020)   enteral nutrition 

 NEC 
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 15  enteral nutrition  enteral nutrition  

NEC  

 enteral 

nutrition  
1 

n = 81 

2 

n = 81 

Crude OR 95% CI 
Adjust 

ORc 
95% CI p value 

 ( , ) 

1) 

 full 

strength formula 

 NEC 

    

  0.0020 a,* 

 3 8 

 (9.9) 

23 

 (28.4) 

1 
 

  
 

 4 73 

(90.1) 

58 

 (71.6) 

4 1.50-10.66 6.34 2.00-20.10 
 

2)        0.4970 a 

 
62 

(76.54) 

59 

 (72.84) 

1 
 

  
 

   
5 

19 

(23.46) 

22  

(27.16) 

0.81 0.39-1.69 0.75 0.34-1.68 

 

1  NEC  enteral nutrition  NEC  
2  NEC  enteral nutrition 

  + 125  
3  half strength formula (

 12 kcal/oz)  enteral nutrition 
4  24  20 kcal/oz  
5

 50%   
a McNemar chi-square test 
c  risk index score 
* p value < 0.05 
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 15  enteral nutrition  enteral nutrition  

NEC  ( ) 

 

 enteral 

nutrition  

1 

n = 81 
2 

n = 81 

Crude 

OR 
95% CI 

Adjust 

ORc 
95% CI p value 

 ( , ) 

3)         0.3360 a 

 enteral  

nutrition 6 

31  

(38.3) 

20 

 (24.7) 

1     

 enteral 

nutrition  7 

50  

(61.7) 

61 

 (75.3) 

0.48 0.22-1.01 0.67 0.30-1.51  

4)   

 

    

  0.9190 a 

Trophic enteral 

nutrition8 

58  

(71.6) 

52  

(64.2) 

1     

Advanced enteral 

nutrition9 

23  

(28.4) 

29  

(35.8) 

0.68 0.34-1.39 1.04 0.47-2.31  

5)        0.0610 a 

 

3  

(3.7) 

15  

(18.5) 
1  

  
 

 

78 

 (96.3) 

66 

 (81.5) 
7 1.59-30.80 4.36 0.94-20.33  

6  enteral nutrition  4   parenteral nutrition 
7  enteral nutrition  4   parenteral nutrition 
8   25 kcal/kg/day 

 5  parenteral nutrition  
9   25 kcal/kg/day  5 

 enteral nutrition  parenteral nutrition  
a McNemar chi-square test 
c  risk index score 
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 15  enteral nutrition  enteral nutrition  

NEC  ( ) 

 

 

 (  + ) 

1 

n = 81 

2 

n = 81 
p value 

6)  enteral nutrition 

 NEC (ml/kg/day) 
16.46 + 14.02 20.84 + 13.80 0.0047b,* 

7)  enteral nutrition 

 NEC (ml/kg/day) 
8.77 + 6.06 11.56 + 8.20 0.0136b,* 

1  NEC  enteral nutrition  NEC  
2  NEC  enteral nutrition 

  + 125  
b �ilcoxon signed-ranks test 
* p value < 0.05 

 

4.2.1.3    
 

   NEC  (p value < 0.05) 

(  16)   
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 16    NEC 

 

   
1 

n = 121 

2 

n = 121 

Odds 

ratio 
95% CI p value 

  
( , ) 

     

1)      0.0000a,* 
3 34 (28.1) 72 (59.5) 1   

 87 (71.9) 49 (40.5) 5.22 2.56-10.65  

 

(  + ) 

1 

n = 121 

2 

n = 121 
p value 

2)  intravenous fluid, parenteral 

nutrition  enteral nutrition  

NEC (ml/kg/day) 

134.73 + 49.85 137.21 + 53.45 0.7828b 

 

(  + ) 

4 

n = 81 

5 

n = 81 
p value 

3)   intravenous fluid, parenteral 

nutrition  enteral nutrition  

NEC (ml/kg/day) 

154.48 + 39.09 155.04 + 37.23 0.9156 b 

1  NEC  
2  NEC   + 125 

 
3   parenteral nutrition 
4  NEC  enteral nutrition  NEC  
5  NEC  enteral nutrition 

  + 125  
a McNemar chi-square test, b �ilcoxon signed-ranks test, * p value < 0.05 
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4.2.2   
 

    NEC  

 fetal distress   17 

  

 17  NEC 

 
1 

n = 121 

2 

n = 121 

Odds 

ratio 
95% CI p value 

  
(  + ) 
1)  24.85 + 6.94 26.91 + 7.24   0.1654 a 

 

( , )      

2)  (n = 184)     0.1230b 

> 20   63 (64.29) 67 (77.91) 1 0.84-4.24  

< 20   35 (35.71) 19 (22.09) 1.89   

3)  (n = 226)     0.4130 b 

 27 (23.5) 19 (17.1) 1   

 88 (76.5) 92 (82.9) 0.76 0.37-1.53  

4)      0.5280 b 

 92 (76) 88 (72.7) 1   

 29 (24) 33 (27.3) 0.82 0.44-1.53  

5)       

5.1) Antibiotic  Pethidine 10 (8.26) 7 (5.79) 1.5 0.53-4.21 0.4420 

5.2) Steroid 33 (27.3) 24 (19.8) 1.47 0.82-2.64 0.1920 b 
1  NEC 
2  NEC   + 125 

 
a �ilcoxon signed-ranks test 
b McNemar chi-square test 
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 17  NEC ( ) 

 
1 

n = 121 

2 

n = 121 

Odds 

ratio 
95% CI p value 

6)       

6.1) Fetal distress 10 (8.3) 3 (2.5) 3.33 0.92-12.11 0.0670 b 

6.2)  3 (2.5) 2 (1.7) 1.5 0.25-8.98 0.6570 b 

6.3)  

 24  
17 (14) 15 (12.4) 1.17 0.54-2.52 0.6950 b 

1  NEC 
2  NEC   + 125 

 
a �ilcoxon signed-ranks test 
b McNemar chi-square test 

 

4.2.3   
   

     NEC 

 NEC    24 , 

, , , , , , 

,  PDA,  PDA  

indomethacin   NEC  

18 
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 18  NEC  

 

  
1 

(n = 121) 
2 

(n = 121) 

Odds 

ratio 
95% CI p valuea 

 ( , )      
1)  24  84 (69.4) 66 (54.5) 1.90 1.11-3.27 0.0200* 

2)  108 (89.3) 82 (67.8) 3.89 1.87-8.09 0.0000* 

3)  47 (38.8) 25 (20.7) 2.83 1.46-5.47 0.0020* 

4)  58 (47.9) 43 (35.5) 1.83 1.03-3.26 0.0390* 

5)  RDS 98 (81) 92 (76) 1.33 0.72-2.46 0.3560 

6)  66 (54.5) 43 (35.5) 2.35 1.33-4.15 0.0030* 

7)  66 (54.5) 44 (36.4) 2.29 1.29-4.06 0.0040* 

8)  77 (63.6) 49 (40.5) 3.55 1.81-6.92 0.0000* 

9)  22 (18.2) 11 (9.1) 2.22 1.01-4.88 0.0470* 

10) PDA 56 (46.3) 23 (19) 3.54 1.91-6.55 0.0000* 

11) PDA  indomethacin 50 (41.3) 16 (13.2) 4.78 2.33-9.80 0.0000* 

12)  sepsis 60 (49.6) 37 (30.6) 2.44 1.36-4.36 0.0030* 

13)  42 (34.7) 39 (32.2) 1.12 0.66-1.89 0.6860 

14)  24 (19.8) 16 (13.2) 1.53 0.80-2.94 0.1980 

15) shock 20 (16.5) 11 (9.1) 1.82 0.87-3.79 0.1110 

16)  enteral nutrition3 32 (26.4) 36 (29.8) 0.83 0.45-1.52 0.5380 
1  NEC 
2  NEC   + 

125  
3  enteral 

nutrition  NEC 
a McNemar chi-square test 
* p value < 0.05 
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4.3  NEC  (Multivariate conditional 
logistic regression) 

 

      conditional logistic regression 

   

1).  p value < 0.15   

2).  4   ,  

enteral nutrition  , ,  

3).  multivariate  p value < 0.15  

8   

-    risk index score (  24 

) 

-  enteral nutrition    2   

 full strength formula  NEC,  

-   4   , , 

 PDA  indomethacin,  

-   1    fetal distress  

  8   backward elimination 

 

4).    (p value = 0.3288) 

  NEC 

 7   19 

   NEC   

full strength formula  NEC, ,  PDA 

 indomethacin, , ,  risk index score 

 fetal distress   

  

1)  full strength formula   NEC  

10.17  parenteral nutrition  half strength 

formula 
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2)   NEC  7.69 

 parenteral nutrition  

3)  PDA  indomethacin  NEC  4.14 

 PDA  PDA  

4)  NEC  7.07 

 

5)  NEC  3.03 

 

6)  risk index score  NEC  1.43 

 

7)  fetal distress  NEC  11.71 

 

 

 19   NEC  

 

  
Crude OR 95% CI Adjust 

OR 
95% CI 

p 

value 

1)  full strength 

formula  NEC 

3.64 1.87-7.09 10.17 3.18-32.53 0.000 

2)  5.22 2.56-10.65 7.69 2.61-22.67 0.000 

3)  PDA  

indomethacin 

4.78 2.33-9.80 4.14 1.58-10.80 0.004 

4)  2.22 1.01-4.88 7.07 1.69-29.57 0.007 

5)  2.83 1.46-5.47 3.03 1.11-8.26 0.029 

6)  risk index score 1.41 1.13-1.76 1.43 1.02-2.00 0.038 

7)  fetal distress 

 

3.33 0.92-12.11 11.71 1.27-107.93 0.030 

Log likehood = -40.28  Pseudo R2 = 0.5197  Prob > chi2 = 0.0000 
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4.4   NEC ( ) 
 
4.4.1   NEC 
     

    1  . . 2545  30  . . 2550 

 32,834    

NEC  121  (  

 93  28  )  3.69  1,000  (

 20)  

 2.83  1,000   33  

 27.27 (  20)  NEC 

  0.10, 29.56  306.67  1,000 

  2,500 ,  1,001  2,500 

 1,000     0, 6.85  

146.67  1,000    
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 20  NEC 
 

 NEC 
 

 1,000  
 

( ) 

 
1 

( ) 

 

2 

( ) 

 

 

( ) 

 

( 3)  
4 

 
5 

 

1,000  75 23 11 47.83 306.67 146.67 

1,001  2,500  3,214 95 22 23.16 29.56 6.85 

 2,500  29,545 3 0 0 0.10 0.00 

 32,834 121* 33 27.27 3.69** 1.01 
1  1  2545  30  2550 
2  NEC  1  2545  30 2550 
3   case fatality rate  (  ÷ 

)  x 100 
4  NEC  1,000   rate/1,000 live births  (

 ÷ )  x 1,000 
5  1,000   rate/1,000 live births  (

 ÷ )  x 1,000 
*   93  28  

 

 

4.4.2   NEC  
 

  (Median)  NEC  12  (  2-59 

)  62.81 (76 )  NEC  2  (

 21)  NEC 

 (correlation coefficient, r = - 0.2874  - 0.344,  p value = 0.0014  

0.0001 )  
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 21  NEC   
 

 NEC ( )  ( )  (%) 

1  7  31 25.62 

8  14  45 37.19 

15  21  23 19.01 

22  28 11 9.09 

 28 11 9.09 

 121 100 

 
4.4.3  NEC  Bell s staging  
 

  NEC  121  

 modified Bell s criteria (  8)  stage IA 

 76.86    (121 )  

 2.48 (3 )   stage IIIB  

 72.7  27.3 (88  33  )  
 (  9) 

 3   ,  gastric residual ,       

 (8 ),  bowel sound (8 )  (2 )  

 (  10)  2   

   

 stage IIIB   
 
 
 

 
 
 
 
 
 



 

72

 8  NEC  modified Bell s criteria 

stage IA
76.86%

stage IB
4.13%

stage II
9.09%

stage III
9.92%

 

 9  

 gastric 
residual  

(88 )

   
(77 )


 (102 )

 

 10  

 
 (35 )


(7 )

  /
  (5 ) 

(6 )


(39 )
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4.4.4   NEC  
 

      NEC 

 11.57  (14 )  Staphylococcus 
epidermidis  42.86 (6 )   Enterobacter, 
Enterococus, Klebsiella pneumoniae  14.29, 7.14  7.14     

 22 

    

 22  NEC 

 

  ( )  

Staphylococcus epidermidis 6 42.86 

Acinetobacter baumannii 2 14.29 

Enterobacter spp. 2 14.29 

Bacillus spp. 1 7.14 

Enterococcus spp.  1 7.14 

Klebsiella pneumoniae 1 7.14 

Serratia spp.  1 7.14 

 14 100 

 
4.5   

 

4.5.1   
 

       

 apgar score  1  5       

 (p value = 0.0170) 
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  Simchen  (2000) 

  risk index score 

 24   NEC 

 (p value = 0.0012)  

 ,   

 (p value = 0.0230, 0.0280  0.0000 ) 

 risk index score 

 (conditional logistric regression model) 

 

4.5.2   enteral nutrition    
 

 
4.5.2.1   enteral nutrition ( ) 
 

   enteral nutrition  NEC  

 

 (Rennie, et al., 1999; Caplan, et al., 2006)   

 89.3  enteral nutrition  NEC  enteral nutrition 

 NEC  (crude OR = 3)  NEC 

 McKeown  (1992)  NEC  9 (OR =9) 

 enteral nutrition  NEC  98.3 

 enteral nutrition   

   full strength formula  gastric residual, 

  NEC (Currao, et al., 1988) 

   full strength formula (

 24  20 kcal/oz )  NEC  
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(crude OR = 3.64  adjusted OR = 10.17)  enteral nutrition 

 half strength formula (

 12 kcal/oz) 

 enteral nutrition  

 McKeown  (1992)  

 24  20 kcal/oz   

NEC  (OR = 9)  

   McKeown  (1992) 

 enteral nutrition   NEC  

 enteral nutrition  NEC 

    enteral 

nutrition   enteral nutrition 

 NEC  

  

enteral nutrition    

McKeown  (1992)   enteral nutrition 

  enteral nutrition 

 (  risk index score   5  6 

 ; p value < 0.01) 

 

4.5.2.2   enteral nutrition (  enteral nutrition 
)  

     

     (  risk index score)  full 

strength formula  NEC   enteral 

nutrition  half strength formula 

   full strength 

formula  gastric residual,  

 NEC (Currao, et al., 1988) 
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growth factor  mucosal barrier , secretory IgA 

 enteric pathogens  inhibitor  proinflammatory cytokines  PAF-AH  

inflammatory mediator   (Rennie, et al., 1999; Srinivasan, et al., 2005; 

Caplan, et al., 2006)    50 

 NEC (  , 2549)   

 enteral nutrition  (  4 ) 

 enteral nutrition  (

 4 )   Davey  (1994)  

prospective  enteral nutrition   NEC  enteral nutrition  

  

  

 feeding intolerance  (Kennedy, et al., 2000) 

 advanced enteral nutrition (

  25 kcal/kg/day  5 

) 

 trophic enteral nutrition (  

 25 kcal/kg/day  5 ) 

  

 (oxygen demand)  

 (Berseth, et al., 2003) 

  NEC 

    

(2545)   

 

 

 

 



 

77

4.5.2.3    
   

    NEC  (crude 

OR = 5.22  adjusted OR = 7.69)  

 parenteral nutrition  

 NEC  

   (�anten GJ, et al.,2007)

 

 Nordenstrom  (1979)  

 (leukocyte 

migration)   

   eicosanoids 

 (inflammatory mediators) 

    enteral nutrition  

  

  thromboxane (TXA2), leukotrienes 

 (mesenteric vasoconstriction) 

 (Hsueh �, et al., 2002; Yost CC, et al., 2005; Schnabl, et al., 2008) 

 Hsueh  (1986)  NEC  PAF 

 (mesenteric vascular bed) 

  leukotriene C4 (LTC4) 

  NEC  

   NEC 

 hypoxemia (Bell, et al., 1980; Tammela, et al.,1992)  

  intravenous fluid, parenteral 

nutrition  enteral nutrition  NEC  

 

 enteral nutrition  
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4.5.3    
 

      fetal distress 

 NEC  

  NEC (Rennie, et al., 
1999)  20   NEC  

  20  

 Uauy  (1991)  25  

 NEC   high risk pregnancy 

  

     NEC 

  Uauy  (1991) 

  NEC   

 

  NEC  

     

 

 (normal bowel flora) 

 NEC (Bell, et al., 1979)   pethidine 

  apnea  (Nissen, et al., 1997) 

 NEC  

      steroid   randomized 

control trial  Bauer  (1984)  dexamethasone  5  

  12   4   

NEC   (p value = 0.02) 

 NEC  
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      , 

 24   NEC 

(Santulli, et al., 1975) 

 

 

4.5.4    
  

      

NEC   RDS  

  diving reflex  stress  

(hypoxia)  shunt  splanchnic area  

 (Bunton GL, et al., 1977; Kliegman, et al., 1984) 

 24  

  

    PDA  indomethacin   

NEC   PDA   

ductus arteriosus  aorta  pulmonary artery 

 left to right shunt (Cotton, et al., 1978; Shimada, et al., 1994; Grosfeld, et al., 
1996)  indomethacin  

  cyclooxygenase (Grosfeld, et al., 1996)  

    NEC  

 (Bunton GL, et al., 1977)  

      

, ,  

 ,  

 NEC    

 (thrombosis)  mesentery 

  NEC  (Bunton, et al., 1977)    

  (vascular lesion)  
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thrombosis  NEC (Shah, et al., 1978) 

 (umbilical vein)  portal venous congestion (stasis) 

 

 (venous thrombosis) (Touloukian, et al., 1973) 

 NEC  NEC 

 portal vein  (Touloukian, et al., 1973; Shah, et al., 1978)  

    NEC  

 (Speer et al., 1976; Kliegman et al., 1979) 

 sepsis  

 11.57  Staphylococcus epidermidis 

(42.86%)   Enterobacter, Enterococus, Klebsiella pneumoniae 

 14.29, 7.14  7.14   Uauy  (1991) 
 Staphylococcus epidermidis  35, 42  25  NEC stage I, II  III 

    18, 21  49  

 Scheifele  (1987)  Staphylococcus epidermidis 
 NEC  endotoxin  

 

        

, ,  shock 

  NEC (Bunton, et al., 1977; Caplan, et al., 2006)  

  

       enteral nutrition  

enteral nutrition   NEC (�illis, et al., 
1977)  NEC 

       
4.5.5   NEC   
   

    

NEC  (Independent variable)  NEC  

  full strength formula , , 
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 PDA  indomethacin, , 

,  risk index score  fetal distress  

  

  NEC  

 

  

 

 eicosanoids  thromboxane (TXA2), leukotrienes 

 (mesenteric vasoconstriction) 

  NEC  (Hsueh �, et al., 2002; 

Yost CC, et al., 2005; Schnabl, et al., 2008)  

 
4.5.6   NEC ( ) 
 

4.5.6.1  

 NEC  2.83  1,000  

  . . 2540-2544  NEC 2.7  1,000  

 ( ) 

  NEC  27.27 

  . . 2540-2544  NEC  

13.64  stage IA  54.54 

 stage  4.76 (  

NEC  stage IA    76.86  70.13 ) 

 stage IA   

(sepsis)  (septic shock)  11.83 

 stage IA  

2.78 
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 NEC  septic shock   NEC 

 advanced NEC  NEC   

  NEC  

 NEC 

 1,000    

 NEC 

   NEC 

 

4.5.6.2   NEC 

   

(  , 2545; Kliegman, et al., 1993; Srinivasan, et al., 2005) 

 enteral nutrition  (

)  NEC 

  (Rennie,et al., 1999) 

 

4.5.6.3   NEC  121   76.86 

 stage IA   (  , 

2545)   NEC   

2.48 (3 )   stage IIIB  

   NEC   27.27 

(33 )  5  stage IIIB  advanced NEC 

 advanced stage 

 

   NEC  3 

  ,  gastric residual   

 2     NEC 

 6  
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 NEC   stage 

IIIB   

4.5.6.4   NEC 

 11.57   Staphylococcus epidermidis  

42.86  Uauy  (1991)     

Enterobacter, Enterococus, Klebsiella pneumoniae  14.29, 7.14  7.14   
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����� 5 

 

����	
����������� 

 
5.1  ����	
 
 

- ก���	ก
������� ����ก���	ก
��	������������������������ก� ก���ก!" NEC &����ก�ก!"ก'(�
ก)�*�" �+�,  ก���	ก
� �-( matched case-control ,   1 : 1 �� �+'"<���)�*��ก,�ก�ก!" ± 
125 ก��� @	������A��,��ก���)���BC(�ก���ก!"D�� ,EF�!����F*�C<(�+E,   matched 
analysis D"�&I< conditional logistic regression ��-�(�� �K�(!��!�EC(�A��,��ก��A'�� L 
D"��กM C<(�+E���*�" 121 �+' 

 
- ก���	ก
�������� (�A��ก���ก!" NEC ��-�(�)���N��ก���ก�ก!"���D����� �E*�"&*B' 

��'�ก�  2.83 A'(���ก�ก!"��I�� 1,000 ��� @	��&กE<�����ก� ก���	ก
�&���F���S��ก'(�*�<� 
,EF� (�A��"��กE'����!���+�C	�D"��T��F&����กกEK'�������)�*��ก,�ก�ก!"�<(�ก�'� 1,000 
ก��� "������	�����UV��F���ก��&*< enteral nutrition &����กกEK'�"��กE'�� 

 
- �������������)���BC(��X��F���ก,EF���"�A'(ก���ก!"X��FE)�S�<��'�&����ก�ก!"ก'(�

ก)�*�"��กก���	ก
��� S"<,ก' X��F PDA ���S"<�� ก����ก
�"<���� indomethacin, X��F
���ก*�K"*��&�*E���ก!", ก����E�����'���E-(", �'� risk index score ,EFX��F fetal distress 
&����"�ก'(��E(" @	��X��F"��กE'���'�_EE"��!��N�E-("S��E���E)�S�< �'����!�&*<�ก!"
ก��A��C(���-�( KE)�S�< ���)�&*<�ก!"X��FE)�S�<��'�C	�&�����K" "�����ก���!�!�T��,EF&*<
ก����ก
�X��F"��กE'��A��,A'��!�� L ����	�IFE(ก��&*< enteral nutrition &����ก�����X��F
"��กE'�� (��E"����������A'(ก���ก!" NEC ��-�(���กก����E�����'���E-("��_E��!��ก���ก!" 
NEC "������	�����UV��F���X��F hyperbilirubinemia *�-( polycythemia A��,A'��!����(�ก��
��-�(*E�ก�E����ก����E�����'���E-(" *�-(*�ก�)���������)�"<�������F��"�F���  

 
- ���������������"<��ก��&*<(�*�����S"<��กก���	ก
����-( ก��S"<�� (�*��,   full strength 

formula ก'(��ก!"D�� D"�(�*������������C<�C<��'�_E�)�E��E)�S�<D"�A��,EF� ก��
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ก��S*E������E-("���S��E���E)�S�< �)�*�� ���������������� �'�,AกA'����กก���	ก
�ก'(�
*�<� �-( ก��S"<�� SC������*E("�E-("")� @	�����S�'��C<(��K����I�"�����ก D"�SC�����_E
ก"�F  X+�!�K<�ก�� �)�&*<��!��ก��A!"�I-(D"��T��F&����ก�ก!"ก'(�ก)�*�"@	����ก����b��
C(��F  X+�!�K<�ก�����S�'�� +�N� ,EFSC�������������A��A<�C(�กEK'� eicosanoids �I'� 
thromboxane (TXA2), leukotrienes @	�����"��กE'���'�_E&*<*E("�E-("")� �!��NE)�S�<*"
A�� (mesenteric vasoconstriction) �'����!��)�&*<�ก!"ก����'�A��C(�E)�S�< "������	�,�F�)�
ก��IFE(ก��&*<SC������*E("�E-("")� &����ก�ก!"ก'(�ก)�*�"�����X��FA!"�I-(*�-(
(�ก��C(� sepsis  

 
5.2  ������
�����������������ก����� enteral nutrition 

 
- ��กC<(�+Eก���	ก
�&�����K �� ,�F�)�ก��&*<��,�'&����ก�Kก��� ��-�(���ก�����(�*��

*E��(�'�����I'���V(�ก��ก���ก!" NEC  
- ก���	ก
��T��F&����กกEK'����S"<��  enteral nutrition ก'(��ก!" NEC ����+' ��-�(�� �K�"<��

A��,��ก�� (risk index score) � �'� ก����!��&*< enteral nutrition ��M� (��!��&*<���(��K�<(�
ก�'�*�-(��'�ก�  4 ���) ,EFก����� ��!����!��A�*�-(�����C<�C<�,   trophic enteral 
nutrition (ก����� ��!����!��A�*�-(�����C<�C<�C(�(�*��D"����&*<�E������<(�ก�'�*�-(
��'�ก�  25 kcal/kg/day A!"A'((�'���<(� 5 ���,�ก) ��,��D�<�E"ก���ก!" NEC ,A'S�'��
����)���B�����!A! ��-�(���กC��"A��(�'�����&I<&�ก���	ก
�S�'������(����FA����( ����
,AกA'��S"< (�'��S�กMA��ก��&*<(�*�����E)�S�<��_Eก�FAK<�ก��*E���i(��D�� ��!��ก��
���!B�A! DAC(���-�( KE)�S�<,EFก����� ��!����!��A�*�-(�����C<�C<��<(�L &�I'��,�ก
C(�ก��&*<(�*�� �)�&*<E"����A<(�ก��&I<((ก@!��� (oxygen demand) &��F*�'��ก��
�'(�,EF"+"@	� E"ก���ก!"X��FE)�S�<C�"�E-(" ����!���N�ก��&*< enteral nutrition ��M�
,EFก����� ��!����!��A�*�-(�����C<�C<�,   trophic enteral nutrition &����ก,�ก�ก!" 

-  ก��������	
������� ��� 24 ���������ก�������	��	���ก������� risk index score 
� !���"#������ก��$%& enteral nutrition ����'�กก��(�ก)�$	��������(ก�	%	&� ��� 

���ก������� risk index score ��กก��%�!����ก�� 6 '�*���	���ก�������������+��,���ก��

�ก�* NEC (high risk of NEC) *��	�/	'������"#������ก������� �����%������	$	���ก
ก01�*��ก0�� 
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5.3  �����������ก��+,ก-�.��/��0�1
 

 
- ก���	ก
�������� �'� ก��S"<�� SC������*E("�E-("")� ��!��ก���ก!" NEC ,EF��ก

ก���	ก
�&�����K �����S�'��C<(��K����I�"����ก����ก� ������"��กE'��A'(ก���ก!" NEC ����	�
ก��S"<�� SC������ enteral nutrition A'(ก���ก!" NEC "������	�����)�ก���	ก
��+�,   
prospective &����ก�����(�ก������E!�!ก��!��A<�S�',AกA'��ก�� ��-�(*�������������C(�
������"��กE'��A'(ก���ก!"D�� 

 
5.4  3	4�0����3	4��5���ก��+,ก-� 

 

5.4.1 3	4�0����ก��+,ก-�  

 

- A��,������)���&I<&�ก���� �+' ��กก���	ก
�&�A'����F���� �'� ��ก���� �+'"<���������C<��� 
ก����ก
�A��&�D����� �EC(�กEK'�A��(�'���'��ก� �)�*��ก,�ก�ก!" ��-�(�V(�ก������
E)��(������(���ก!"��ก,������k! �A!&�ก��&*<(�*�����,AกA'��ก��&�,A'EF�lA'(ก���ก!"
X��FE)�S�<��'� (�'��S�กMA��ก���	ก
�������� �'���C<(�)�ก�""��กE'�� ��-�(���กก���� �+'
"<���)����A��,�������กC	� (���)�&*<C��"A��(�'�����&I<&�ก���	ก
�S�'�( (�'��S�กMA��
_+<�!���S"<�E-(ก���กกEK'��� �K�����C<��� ก����ก
�A��&�D����� �Eก'(�*�-(*E��กEK'�
�	ก
�X��&�I'�� 2 �l ,EF��-�(����� ���� ��������l� �'� ก���ก!"A'���lก����D(ก��������
&�ก���ก!"D��S�',AกA'��ก�� ,EFก���	ก
�������� �'� ,������k! �A!&�ก��&*<(�*��
&�,A'EF�lS�',AกA'��ก�� D"�ก����� ��!����!��A�*�-(�����C<�C<�(�*��C(�,�����'��
&*B'��กC	�ก� (�ก������E!�!กC(����ก 

 
5.4.2 3	4��5���ก��+,ก-�  

 
- ��ก��A�K��F����*E�กC(�ก���� �+' �-( ��-�(C��"����E)��(���&�ก������� ���� ���กกEK'�

�	ก
�,EFกEK'��� �K� D"��)�&*<�ก!"������"KEC(��)�������ก����(�กEK'�&�,A'EF
�F"� C(�A��,�����&I<&�ก���� �+' @	��_EC(�������"KE"��กE'���F�)�&*<�'� odds ratio ��
���������� (precision) ��กC	� กE'���-( "<��C��"C(�ก���	ก
������'�ก�� ก���	ก
�,  
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�� �+'�F�)�&*<��F�!��!X��C(�ก���	ก
�"�C	� D"�&*<�'� odds ratio ���,�'��)���กก�'�
ก���	ก
�,   unmatched  �(ก��ก��� �'�ก���!����F*�C<(�+E���S"<����กก���� �+'"<�� 
regression analysis ������C��"����E)��(���S"<��กก�'�ก��&I<ก���� �+'�����(�'���"��� 
(Schlesselman, 1982)  "�����ก���	ก
������� _+<�!����E-(ก&I<�+�,   matched case-control 
,EF�!����F*�C<(�+E"<�� conditional logistic regression analysis ��-�(�� �K�(!��!�EC(�
A��,��ก��(-�� L  
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������ก ก 

	

������ risk index score  
 

Factor Day 1 

Birth weight (g) 
<  1,500 = 1 
<  1,000 = 2 

 

Gestational age (wk) < 32 wk    
Apgar score < 6  at 5 min   
Require O2   
On mechanical ventilation  
Patent ductus arteriosus   
Umbilical catheterization   
Intraventricular hemorrhage   
Hypotension   

SUM  

 

$%&�� : McKeown RE, et al.,1992. 
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������ก ( 

�)*
(*+�(,- NEC 12�3�*
ก������45*67�������8�	�-(,-9�� (Bell=s stage) 
 

4565 78ก84:;<=>? 78ก8445@@:8ABCDE78F84 ก84G4=HI@H8ก
J8I4;AKL 

ก844;กM8 

I. Suspected 
A 

 
7NOFJPQD4R8Aก86>QR
SA:L< F6NCF86TH 
F;=THBGUEVU8 

 
QL78F84BFWX7SU8ATEก45BI85
78F84กR7ETFUQXY7GR7>?, :U7A7XC
BWZกEU76, 7NHH845QL occult blood 

 
?กGDF4X7QLW;กMO5 
W[8>KU7NCG;E (ileus) 
BWZกEU76 

 
- AC78F84:8A
?8ก 
- 68?]DVL=E5 3 
=;E 

B BFQX7E IA BFQX7E IA ^GR7NHH845QL
BWX7C77กV;CBHE 

BFQX7E IA - BFQX7E IA 

II. Define 
A: 78ก84
4NE^4AEU76 

 
BFQX7E IA 

 
BFQX7E I 4R=Qก;@ bowel sound 
WC^W5BHZ@BQX<7กC:U7A 

 
ileus, pneumatosis 
intestinalis 

 
- AC78F84:8A
?8ก  
- 68?]DVL=E5 
7-10=;E 

B: 78ก84
4NE^4A?8E
กW8A 

BFQX7E I 4R=Qก;@
J8=5BWX7CB?`E
ก4CBWZกEU76, 
thrombocytopenia 
BWZกEU76 

BFQX7E IIA 4R=Qก;@QL abdominal 
cellulitis ^W5I@กU7E:L< right 
lower quadrant 

BFQX7E IIA 4R=Qก;@
I@ gas TE portal 
vein 78HQL ascites 

- AC78F84:8A
?8ก  
- 68?]DVL=E5 
14 =;E 

 
$%&�� : Walsh MC, et al.,1986. 
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������ก ( (7E,) 

�)*
(*+�(,- NEC 12�3�*
ก������45*67�������8�	�-(,-9�� (Bell=s stage)  
 

4565 78ก84:;<=>? 78ก8445@@:8ABCDE
78F84 

ก84G4=HI@H8ก
J8I4;AKL 

ก844;กM8 

III. 

Advanced 
A. 78ก84
4NE^4AQ8ก
^GRW[8>KU>QR
:5WN 

 
BFQX7E IIB 4R=Qก;@
S=8QC;EBWX7CG<[8, 
respiratory acidosis, 
metabolic acidosis, 
disseminated 
intravascular 
coagulation, BQZCBWX7C
d8=G<[8 

 
BFQX7E II 4R=Qก;@
78ก84^KCAd7A 
peritonitis, :U7AกCBHZ@
Q8ก^W57XC 

 
BFQX7E IIB 4R=Qก;@ 
ascites 

 
- AC78F84:8A?8ก  
- 68?]DVL=E5 14 =;E 
- TFU fluid 
resuscitation 
- inotrophic support 
- VR=6ก84F86TH 
- BH85VR7A:U7A 

B. 78ก84
4NE^4AQ8ก
^W5W[8>KU
:5WN 

 
BFQX7E IIIA 

 
BFQX7E IIIA 

 
BFQX7E IIB 4R=Qก;@ 
pneumoperitoneum 

 
- BFQX7E IIIA 
4R=Qก;@ก84fR8G;C 

 
$%&�� : Walsh MC, et al.,1986. 
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������ก � 

��6��H*I$J 
 

1. Advanced enteral nutrition FQ86ghA ก84?4;@BID<Q?4DQ8OF4X7S=8QBdUQdUE iC6:L<TFU
IW;AA8EQ8กก=R8F4X7B:R8ก;@ 25 kcal/kg/day J86TE 5 =;E^4กd7Aก84TFU enteral nutrition 
4R=Qก;@ก84TFU78F84:8AFW7CBWX7CC[8 (Tyson, et al., 2005) 

 
2. Anemia FQ86ghA central venous hemoglobin EU76ก=R8 13 g/dl F4X7 capillary hemoglobin 

EU76ก=R8 14.5 g/dl (KNก;ll8 :;กMI;EmNn, 2545) 
 

3. Apgar score FQ86ghA ก84E[8W;กMO5GR8A o d7A:84ก>CU^กR KLfD= VLIH4 ก84G7@KE7AGR7
ก84gPกก45GNUE ก84BSWX<7E>F=^W5ก84F86TH BIX<7?45BQDEก84QLJ8=5 asphyxia iC6
?45BQDE:L< 1 ^W5 5 E8:LFW;ASW7C (J8SfE=ก q) (KNก;ll8 :;กMI;EmNn, 2545) 

 
4. Apnea FQ86ghA ก84:L<:84กF6NCF86THQ8กก=R8 20 =DE8:L iC6:L<QLF4X7>QRQLF;=THBGUEVU8 (KN

ก;ll8 :;กMI;EmNn, 2545) 
 

5. Bell=s staging FQ86ghA ก84^@RA45C;@d7A NEC G8Q Bell ^W5SO5 77กB?`E 3 d;YE 
K[8F4;@ก84=DEDHq;6G8QS=8Q4NE^4Ad7Ai4S>CU^กR suspected NEC, defined NEC ^W5 
advanced NEC (J8SfE=ก d) (Walsh, et al.,  1986) 

 
6. Birth asphyxia FQ86ghA :84ก^4กBกDC:L<QLSR8 apgar score :L< 1 E8:LEU76ก=R8F4X7B:R8ก;@ 6 

(KNก;ll8 :;กMI;EmNn, 2545) 
 

7. Chorioamnionitis FQ86ghA ก84GDCBVXY7d7AEY[8S4<[8 iC6G4=H4R8Aก86I@>dU VLIH4B4Z= กC
BHZ@QCWPก^W5EY[8S4<[8:L<>FW77กQ8QLกWD<EBFQZE^W5dNRE (mL45I4 =Ns6=EDV, 2537) 
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8. Continuous feeding FQ86ghA ก84TFU78F84:8A45@@:8ABCDE78F84^@@ enteral 
feeding/tube feeding TE7;G48SA:L<GW7C=;EiC6TVUBS4X<7A pump (4;Vt8 7E;EGn=4?ull8, 
2549) 

 
9. Delayed enteral nutrition FQ86ghA ก84>CU4;@78F84:8A45@@:8ABCDE78F84J86TE

4565B=W8Q8กก=R8 4 =;EFW;ABกDC4R=Qก;@ก84TFU78F84:8AFW7CBWX7CC[8 (Kennedy, et al., 
2000) 

 
10. Disseminated intravascular coagulation FQ86ghA J8=5:L<QLก84ก45GNUEd@=Eก84^dZAG;=

d7ABWX7C:[8TFUBกDCWD<QBWX7CBWZก o H[8E=EQ8ก fWG4=H:8AFU7A?]D@;GDก84I@ก84WCWA
d7ABก4ZCBWX7C  ^W5 prolonged bleeding time (SR8 prothrombin time, partial 
thromboplastin time BID<QdhYE) (KNก;ll8 :;กMI;EmNn, 2545) 

 
11. Early enteral nutrition FQ86ghA ก84>CU4;@78F84:8A45@@:8ABCDE78F84J86TE

4565B=W8EU76ก=R8F4X7B:R8ก;@ 4 =;EFW;ABกDC4R=Qก;@ก84TFU78F84:8AFW7CBWX7CC[8 
(Kennedy, et al., 2000) 

 
12. Enteral nutrition FQ86ghA ก84TFU78F84:8A45@@:8ABCDE78F84>CU^กR ก84กDE78F84 

(oral feeding) F4X7ก84TFUfR8E:8AK86TFU78F84 (enteral feeding/tube feeding) BdU8KPR
4R8Aก86fR8E:8A45@@:8ABCDE78F84 GU7AQLก84:[8A8Ed7A45@@:8ABCDE78F84?กGD 
(KNE:4L 4;GEVPB7ก, 2546) 

 
13. Exchange transfusion FQ86ghA ก84B?WL<6EgR86BWX7C (KNก;ll8 :;กMI;EmNn, 2545) 

 
14. Fever FQ86ghA 7NOFJPQD4R8Aก86TEQ84C8BQX<7=;C:8A4;ก^4UQ8กก=R8F4X7B:R8ก;@ 38 oC (mL45

I4 =Ns6=EDV, 2537) 
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15. Full strength enteral nutrition FQ86ghA ก84TFUEQfKQKPG4K[8F4;@BCZกBกDCกR7Eก[8FEC
:L<TFUIW;AA8E 24 kcal/oz ^กR:84กF4X7EQ^QR:L<TFUIW;AA8E  20 kcal/oz (KNE:4L 4;GEVPB7ก, 
2546; Henderson, et al., 2001) 

 
16. Gestational age FQ86ghA 786NS44JnQ84C8กR7ESW7CF4X74565B=W8:L<G;YAS44JniC6SDCG8Q 

new Ballardws score (J8SfE=ก V) ก4OL:L<>QRQLK8Q84g?45BQDEH8ก?45=;GD?45H[8BCX7E 
(last menstrual period : LMP) (KNก;ll8 :;กMI;EmNn, 2545) 

 
17. Half strength enteral nutrition (Dilute strength enteral nutrition) FQ86ghA ก84TFUEQ

fKQKPG4K[8F4;@BCZกBกDCกR7Eก[8FEC:L<TFUIW;AA8E 12 kcal/oz ^กR:84ก (KNE:4L 4;GEVPB7ก, 
2546; Henderson, et al., 2001) 

  
18. Hyperbilirubinemia FQ86ghA unconjugated bilirubin level Q8กก=R8 15 mg/dl F4X7G;=

BFWX7AJ86TE 24 V;<=iQA^4กd7AVL=DG F4X745C;@ bilirubin BID<QQ8กก=R8 5 mg/dl GR7=;E (KN
ก;ll8 :;กMI;EmNn, 2545) 

 
19. Hyperthermia FQ86ghA 7NOFJPQDก86Q8กก=R8 37.5 oC (KNก;ll8 :;กMI;EmNn, 2545) 

 
20. Hypotension FQ86ghA J8=5S=8QC;EiWFDGG<[8 K[8F4;@BกOznก84=DEDHq;6S=8QC;EiWFDGG<[8

TE:84กBกDCกR7Eก[8FEC H5GU7AS[8EhAghAEY[8FE;ก^4กBกDCCU=6 (J8SfE=ก {) (MacDonald, 
et al., 1972) 

 
21. Hypothermia FQ86ghA 7NOFJPQDก86BQX<7=;C:8A:=84FE;กEU76ก=R8 36.5 oC F4X7BQX<7=;C:8A

4;ก^4UEU76ก=R8 36  oC (KNก;ll8 :;กMI;EmNn, 2545) 
 

22. Intermittent bolus feeding FQ86ghA ก84TFU78F84:8A45@@:8ABCDE78F84^@@ enteral 
feeding/tube feeding B?`EQXY7 o H[8E=ES4;YAd7Aก84TFU 4-8 QXY7GR7=;E ^GRW5S4;YATVUB=W8E8E 
15-30 E8:L (4;Vt8 7E;EGn=4?ull8, 2549) 
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23. Intraventricular hemorrhage (IVH) FQ86ghA J8=5BWX7C77กTEKQ7A iC6=DEDHq;6H8ก
fW brain ultrasonography (KNก;ll8 :;กMI;EmNn, 2545) 

 
24. Metabolic acidosis FQ86ghA J8=5BWX7CB?`Eก4CiC6QLก84WCWAd7A arterial pH ^W5 

serum HCO3 4R=Qก;@QLS=8QfDC?กGDd7ASR8 blood gas (KNก;ll8 :;กMI;EmNn, 2545) 
 

25. Necrotizing enterocolitis (NEC) FQ86ghA i4SF4X7J8=5:L<BกDC ulceration ^W5 necrosis 
d7A:8ABCDE78F84{h<AI@>CU@R76TEW[8>KUBWZกKR=E?W86^W5W[8>KUTFlRKR=E colon =DEDHq;6
G8Q Bellws staging criteria (J8SfE=ก d) (KNก;ll8 :;กMI;EmNn, 2545) 

 
26. New Ballard=s score FQ86ghA ก84G4=H4R8Aก86:84กiC678};6W;กMO5J86E7ก 6 76R8A

^W5ก84G4=H:8A45@@?45K8: 6 76R8A BIX<7?45BQDE786NS44JniC6=DmLd7A Ballard 
(J8SfE=ก V) (KNก;ll8 :;กMI;EmNn, 2545) 

 
27. No oral/enteral nutrition FQ86ghA ก84TFU78F84:8A parenteral 76R8ABCL6= (Tyson, et al., 

2005) 
 

28. Parenteral nutrition FQ86ghA ก84TFU78F84:8AFW7CBWX7CC[8 (KNE:4L 4;GEVPB7ก, 2546) 
 

29. Patent ductus arteriosus (PDA) FQ86ghA ก84B?~Cd7ABKUEBWX7C ductus arteriosus 
J86FW;ASW7C iC6=DEDHq;6H8กก84G4=H echocardiogram (KNก;ll8 :;กMI;EmNn, 2545) 

 
30. Placenta previa FQ86ghA J8=54กBก85G<[8ก=R8?กGD iC6=DEDHq;6>CUH8ก ultrasound กR7E

SW7C (mL45I4 =Ns6=EDV, 2537) 
 

31. Polycythemia FQ86ghA J8=5BWX7CdUESX7 S=8QBdUQdUEd7A�LiQiกW@DEH8กFW7CBWX7CC[8
KR=EกW8AQ8กก=R8 20 g/dl F4X7 SR8�LQ8iGS4DGQ8กก=R8F4X7B:R8ก;@ 65 % (KNก;ll8 :;กM
I;EmNn, 2545) 
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32. Pregnancy induced hypertension (PIH) FQ86ghA J8=5S=8QC;EiWFDGKPABEX<7AH8กก84
G;YAS44Jn (S=8QC;E systolic BID<QdhYEQ8กก=R8F4X7B:R8ก;@ 30 mmHg F4X7S=8QC;E diastolic 
BID<QdhYEQ8กก=R8F4X7B:R8ก;@ 15 mmHg F4X7S=8QC;EiWFDGQ8กก=R8F4X7B:R8ก;@ 140/90 
mmHg iC6>CUH8กก84=;C76R8AEU76 2 S4;YAJ86TE 6 V;<=iQAFW;AH8กI;ก) {h<AQ;กI@4R=Qก;@
ก84QL>dRd8=TE?uKK8=5F4X778ก84@=Q4R=QCU=6 (mL45I4 =Ns6=EDV, 2537) 

 
33. Premature mother=s own milk FQ86ghA EQ^QR:L<SW7C@NG4กR7Eก[8FEC H5TFUIW;AA8E 

20 kcal/oz (KNE:4L 4;GEVPB7ก, 2546) 
 

34. Premature rupture of membrane (PROM) FQ86ghA J8=5:L<gNAEY[8S4<[8^GกกR7ESW7C
Q8กก=R8 24 V;<=iQA (mL45I4 =Ns6=EDV, 2537) 

 
35. Preterm FQ86ghA :84กBกDCกR7Eก[8FECF4X7:84ก:L<QL4565B=W8d7Aก84G;YAS44JnEU76ก=R8 

37 K;?C8Fn (KNก;ll8 :;กMI;EmNn, 2545) 
 

36. Preterm formula FQ86ghA EQfKQKPG4K[8F4;@:84กBกDCกR7Eก[8FEC H5TFUIW;AA8E 24 
kcal/oz (KNE:4L 4;GEVPB7ก, 2546) 

 
37. Respiratory acidosis FQ86ghA J8=5:L<?7C>QRK8Q8445@86WQF86TH77ก>CU :[8TFUQL CO2 

S;<A76PRTEBWX7C4R=Qก;@QLS=8QfDC?กGDd7ASR8 blood gas (KNก;ll8 :;กMI;EmNn, 2545) 
 

38. Respiratory distress syndrome (RDS) FQ86ghA กWNRQ78ก84F86THW[8@8กTE:84กBกDC
กR7Eก[8FEC iC6G4=HI@QL78ก84F86THW[8@8ก (respiratory distress) BกDCdhYE76R8A4=CB4Z=
J86TE 2-3 V;<=iQAFW;ABกDC 4R=Qก;@QLS=8QfDC?กGDd7AJ8I4;AKL?7C (KNก;ll8 :;กMI;EmNn, 
2545) 

 
39. Risk index score FQ86ghA =DmLก84?45BQDES=8QBKL<6Ad7Aก84BกDC NEC G8Q McKeown 

^W5SO5 (J8SfE=ก ก) (McKeown, et al., 1992) 
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40. Sepsis FQ86ghA ก84GDCBVXY7TE:84ก^4กBกDC =DEDHq;6H8ก78ก84^W578ก84^KCA BVRE 
S=@SNQ7NOFJPQD>CU>QRCL CP>QRSR76K@86 {hQ 4U7Aก=E^W5/F4X7G4=HI@BVXY7TEก45^KBWX7C 
(KNก;ll8 :;กMI;EmNn, 2545) 

 
41. Shock FQ86ghA J8=5:L<QLก84WUQBFW=d7Aก84>FWB=L6EiWFDG76R8ABqL6@IW;E iC6QL78ก84

^KCAd7AS=8QC;EiWFDGG<[8 ?W86QX7B:U8B6ZE VLIH4B@8B4Z=^W5ก45K;@ก45KR86 (mL45I4 
=Ns6=EDV, 2537) 

 
42. Thrombocytopenia FQ86ghA Bก4ZCBWX7CG<[8ก=R8 150,000/mm3 (KNก;ll8 :;กMI;EmNn, 2545) 

 
43. Trophic enteral nutrition FQ86ghA ก84B4D<QTFU human milk, dilute F4X7 full strength 

enteral TE?4DQ8OEU76 o ^W5QLก84?4;@BID<Q?4DQ8OF4X7S=8QBdUQdUE iC6:L<TFUIW;AA8E
EU76ก=R8F4X7B:R8ก;@ 25 kcal/kg/day GDCGR7ก;E76R8AEU76 5 =;E4R=Qก;@ก84TFU78F84:8A
FW7CBWX7CC[8 (Tyson, et al., 2005) 

 
44. Tube feeding FQ86ghA ก84TFU78F84:8AFW7CTFU78F84 (4;Vt8 7E;EGn=4?ull8, 2549) 

 
45. Type of delivery FQ86ghA =DmLก84SW7C>CU^กR SW7C?กGDF4X7SW7C:R8F;= (normal labor) 

ก84fR8G;C:8AFEU8:U7A (cesarean section, C/S) (mL45I4 =Ns6=EDV, 2537) 
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������ก - 

	


*�$aก(b,�cd 

 
Personal data 

Name����  Sex    Male/Female         Birth date�������.�� Time�����     HN����� 
Admission date ����  Ward����..              Time��             D/C date  ����...     BW���..... 
Duration of admission ��.days   Inborn/Outborn                
Buddhism/Muslim/Christian/Other�����..��..                

Pregnancy and Birth History 
Type of  delivery  (    )  Normal labor    
(    )  C/S   (    )�����..   

Gestational age  �week by Ballardws score  
�..week by LMP 
Apgar score 
1 min = �.    5 min = �.    �.min = ��. 

Maternal history  
Age��     Pregnancy history   G�..P�..A�.. 
ANC (    )  No    (    )  Yes      No. of ANC visit����.times 
Maternal drugs exposure before labor  
(    )  None    (    )  Meperidine    (    )  ATB    (    )  Steroid     
(    )  ���� 
Drug use during pregnancy    (    )  No    (    )  Yes����� 
Complication during pregnancy  (    )  No    (    )  Yes���� 

Health condition of birth : 
(    )  Healthy    (    )  apgar at 5 min < 6                         
(    )  Hypotension   (    ) Hypothermia 
(    ) PDA treat with���� 
(     ) IVH        (    )  Apnea   (    ) Asphyxia       
(     ) anemia   (    )  Sepsis  (    )  RDS         
(    )  Shock   (    ) Other���........ 

Maternal illness 
(    )  None        (    )  PROM > 24 hr       (    )  Fever        (    )  Placenta previa         (    )  PIH          (    )  Shock                                    
(    )  Chorioamnionitis       (    )  Other�������� 

Physical assessment of neonate 

Vital signs    BT��.� oC     RR���../min    HR���/min    BP���..mmHg    MAP��..� mmHg  
HC���..�cm  Length���cm     
Respiratory support    (    )  Room air    (    )  Oxygen    (    )  On ventilator 
Umbilical catheterization     (    )  No    (    )  Yes��days 
CC :    ������������������������������������������ 
PI :    ������������������������������������������� 
Principle diagnosis�������������.................................................................................................. 
Comorbidity��������������������������������������� 
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Complication��������������������������������������� 

Conditions before NEC 

Intestinal signs  
(    )  Gastric residual (    )  Abdominal distention  
(    )  Occult blood stool (    )  Absent bowel sound  
(    )   Peritonitis (    )  Other����������. 
Abdominal roentgenographic   
(    )   Ileus    (    )  Pneumatosis intestinalis   
(    )  Portal vein gas (    )  Ascite  
(    )  Pneumoperitoneum (    )  Other������� 

Systemic signs  
(    )  RDS     (     )  Apnea   
(    )  Pneumonia        (     ) Asphyxia  
(     )  PDA treated with�.�����. 
(    )   Hypothermia     (    )  Hypotension       
(     )  Shock                (    )  Anemia 
(     )  Exchange transfusion   
(    )  Blood transfusion          
(    )  Polycythemia      
(    )   Hyperbillirubinemia     
(    )  Metabolic acidosis     
(    )  Respiratory acidosis 
(    )  Thrombocytopenia       (    )  DIC  
(    )  Sepsis     (    )  Other�������  

Hemoculture result  
(     )  No     (    )  Negative 
(     )  Positive�����������������. 

eeeeeee.. culture result  
(     )  No     (    )  Negative 
(     )  Positive����������� 

Treatment   (    )  Surgery             (    )  Conservative�������������������� 
Result                    (    )  Improved           (    )  Death due to���������..        (    )  Other����� 

Blood Chemistry 

Date           

Na/K (mEq/L)           

Cl/CO2 (mEq/L)           

BUN/Cr (mg/dL)           

Alb (g/dL)           

Glu (mg/dL)           

Microbilirubin(mg/dL)           

Ca/P (mg/dL)           

Mg (mg/dl)           

TG (mg%)           

Hematology 
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WBC (103/µL)           

Neutro (103/µL)           

Lymp (103/µL)           

Hb(g/dl)/ Hct(%)           

Hematology 

RBC (106/mcL)           

Plt (103/mm3)           

PT/PTT           

INR           

Acid Base Values 

pH           

PaCO2/PaO2 (mm/Hg)           

Serum HCO3
-           

SO2%           

Other lab 

Hemoculture           

Film abdomen           

Occult blood stool           

Vital signs 

BT (oC)           

Pulse (/min)               

RR (/min)               

BP (mmHg)           

Daily PN 

Date           

BW(g)           

IV volume (ml/day)           

PN volume (ml/day)           

Lipid volume (ml/day)           

Total PN volume (ml/day)           

Total PN volume 
(ml/kg/day) 
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Daily EN 

Formula �.kcal/oz (ml)           

Breast milk ...kcal/oz (ml)           

Route            

EN volume (ml/day)           

Daily EN 

EN volume (ml/kg/day)           

Increment in EN  
volume (ml/kg/day) 

          

Energy (kcal/day)           

Energy (kcal/kg/day)           

Total fluid intake 
(ml/kg/day) 

          

Oral medication (Y/N)           

Conclusion of PN + EN 
Max. total fluid intake before diagnosis ����ml/kg/day Max. increment EN before diagnosis............. 

ml/kg/day 
Mean daily positive increment EN����. 
ml/kg/day 
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������ก 4 

	

7,
�*
$�-4��6g��� 
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������ก 5 

ก��h3b�)*
�	�� Apgar 7��,�ก��	1)-(,-$��ก 

 
S5^EE 

78ก84^KCA 
0 1 2 

A= activity 
S=8QGhAd7AกWU8QBEXY7 

?=กB?�6ก A7^dEd8BWZกEU76 BSWX<7E>F=CL 

P= pulse rate  
7;G48F;=TH (S4;YA/E8:L) 

>QRQL VU8 (G<[8ก=R8 100) BกDE 100 

G= grimace 
ก84G7@KE7ABQX<7gPก
ก45GNUE 

>QRG7@KE7A FEU8B@5 4U7ABKL6AB@8 4U7ABKL6AC;A 

A= appearance 
KLfD= 

BdL6=SWY[8:;<=4R8Aก86 F4X7
{LC 

W[8G;=^CA BdL6=SWY[8:L<
^dEd8 

^CA:;YA
4R8Aก86 

R= respiration 
ก84F86TH 

>QRF86TH VU8 >QRKQ<[8BKQ7 CL 4U7AC;A 

 
$%&�� : Apgar V, et al., 1958. 
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������ก i 

ก��������,�68����J9)6��g%(,- Ballard 
 

 
 
$%&�� : Ballard JL, et al.,1991. 
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������ก j 

�E� blood pressure h�$��ก�ก�)กE,�ก2�3�) 

 

Blood pressure by gestational age Blood pressure by birthweight 

 

 
 

	1)- Linear regression 45F=R8A786NS44JnQ84C8^W5
SR8BqWL<6d7AS=8QC;E{DKi:WDS (A) ^W5>C^7Ki:WDS (B) 
iC6^KCASR8KPAKNC^W5G<[8KNCd7A 95% confidence limits {h<A
B?`ESR8?45Q8OH8กSR8BqWL<6 + 2 B:R8d7ASR8KR=EB@L<6AB@E
Q8G48�8E 

	1)- Linear regression 45F=R8AEY[8FE;กd7A:84ก^W5
SR8BqWL<6d7AS=8QC;E{DKi:WDS (A) ^W5>C^7Ki:WDS 
(B) iC6^KCASR8KPAKNC^W5G<[8KNCd7A 95% confidence 
limits {h<AB?`ESR8?45Q8OH8กSR8BqWL<6 + 2 B:R8d7ASR8
KR=EB@L<6AB@EQ8G48�8E 
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������ก k 

7���-$%& k.1 Normal laboratory ranges (,-9�-I6�
�d3�)h3lE 
 

Laboratory Premature < 38 wk GA (birth - 1 mo) 

Blood studies 
Platelet/mm3 new born : 84 - 478 x 106,  

new born > 1 wk : 150000 - 400000 
WBC/ mm3 5000 - 19500 
Bands (%) 3 - 5 
Hct (%) 28 - 42 
Carbohydrate assessment 
Blood sugar (mg/dl) 50 - 180 
Dextrostix : dextrose (mg/dl) 50 - 180 
Urine sugar < + 2 
Urine specific gravity 1.002 - 1.030 
Serum osmolarity  
(mOsmol/l) 

275 - 295 (may be as low as 266) 

Protein assessment 
Serum albumin (g/dl) 1.8 - 3.0 
Total serum protein (g/dl) 4.3 - 7.6 
BUN (mg/dL) 3 - 25  
Serum creatinine (mg/dl) 0.3 - 1.0 
Lipid assessment 

Triglyceride (mg/dl) 10-140 
Cholesterol (mg/dl) 65 - 175 (3 d - 1yr) 
LFT 
SGOT (u/L) 5 - 55 
SGPT (u/L) 5 - 45 



 

 

115 
 

7���-$%& k.1 Normal laboratory ranges (,-9�-I6�
�d3�)h3lE (7E,) 

 
LFT 
Alkaline phosphatase (mg/dl) 147 - 267 to 178 - 462 
Bilirubin : total (mg/dl) 1 - 6 (24 hr) 

6 - 8 (48 hr) 
10 - 12 (3 - 5 d) 
< 0.5 ( > 1 mo) 

Bilirubin : direct (mg/dl) < 0.5 
Anion gap  8 - 16 
Blood gas 
pH 7.35 - 7.45 
PaO2 (mmHg) 80 - 100 
PaCO2 (mmHg) 27-40 
HCO3 (mmHg) 20 - 28 
O2 sat 90 - 100 
 

7���-$%& k.2 Serum electrolyte values in preterm infants 
 

Constituent 1 wk 3 wk 5 wk 7 wk 
Sodium (mmol/l) 133 - 146 129 - 142 133 - 148 133 - 142 
Potassium (mmol/l) 4.6 - 6.7 4.5 - 7.1 4.5 - 6.6 4.6 - 7.1 
Chloride (mmol/l) 100 - 117 102 - 116 100 - 115 101 - 115 
CO2 (mmol/l) 13.8 - 27.1 12.4 - 26.2 12.5 - 26.1 13.7 - 26.9 
Calcium (mg/dl) 6.1 - 11.6 8.1 - 11 8.6 - 10.5 8.6 - 10.8 
Phosphorus (mg/dl) 5.4 - 10.9 6.2 - 8.7 5.6 - 7.9 4.2 - 8.2 
BUN (mg/dl) 3.1 - 25.5 2.1 - 31.4 2.0 - 26.5 2.5 - 30.5 
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7���-$%& k.3 Serum during childhood 

 
Constituent Specimen Age Range Range 

Calcium, ionized serum cord blood 
newborn, 3 - 24 hr 

24 - 48 hr 
thereafter 

or 

5.0 - 6.0 mg/dl 
4.3 - 5.1 mg/dl 
4.0 - 4.7 mg/dl 

4.8 - 4.92 mg/dl 
2.24 - 2.46 mEq/l 

1.25 - 1.50 mmol/l 
1.07 - 1.27 mmol/l 
1.00 - 1.17mmol/l 
1.12 - 1.23 mmol/l 
1.12 - 1.23 mmol/l 

Calcium, total serum cord blood 
newborn, 3 - 24 hr 

24 - 48 hr 
4 - 7 d 
child 

thereafter 

9.0 - 11.5 mg/dl 
9.0 - 10.6 mg/dl 
 7.0 - 12.0 mg/dl 
 9.0 - 10.9 mg/dl 
8.8 - 10.8 mg/dl 
8.4 - 10.2 mg/dl 

2.25 - 2.88 mmol/l 
2.3 - 2.65 mmol/l 
1.75 - 3.0 mmol/l 

2.25 - 2.73 mmol/l 
2.2 - 2.70 mmol/l 
2.1 - 2.55 mmol/l 

Magnesium plasma 
(heparin) 

0 - 6 d 
7 d - 2 yr 

1.2 - 2.6 mg/dl 
1.6 - 2.6 mg/dl 

0.48 - 1.05 mmol/l 
0.65 - 1.05 mmol/l 

Serum 
phosphorus  
during childhood 

serum 0 - 5 d 
1 - 3 yr 

4.8 - 8.2 mg/dl 
3.8 - 6.5 mg/dl 
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7���-$%& k.4 Changes in hemoglobin concentration, hematocrit and other markers 

of oxygen delivery 

 
Age Total hb blood 

(g/dL) 
Hct (%) MCHC * (%) Fetal hb (% of 

total) 
Group I (< 1000 g) 
2 wk 
4 wk 
9 wk 
11 wk 

 
17.2 
8.5 
7.2 
7.7 

 
47.0 
26.0 
22.0 
22.5 

 
36.6 
32.7 
32.7 
34.2 

 
83.0 
81.0 
87.1 
78.0 

Group II (1001 - 1500g) 
1 -2 days 
5 - 8 days 
2 - 3 wk 
4 - 5 wk 
6 - 9 wk 
9 - 10 wk  

 
13.8 - 16.4 
12.3 - 14.5 
9.5 - 15.7 
7.9 - 9.7 

7.4 - 10.8 
8.2 

 
42.0 - 49.4 
38.2 - 44.6 
27.6 - 39.6 
23.5 - 27.1 
18.7 - 30.3 

24.0 

 
32.3 - 33.7 
30.6 - 36.4 
33.1 - 35.3 
33.2 - 36.6 
32.9 - 37.3 

34.0 

 
83.5 - 89.7 
80.6 - 88.2 
78.2 - 88.4 
82.9 - 87.5 
75.3 - 79.1 

77.0 
Group III (1501 - 2000g) 
1 - 2 days 
5 - 8 days 
2 - 3 wk 
4 - 5 wk 
6 - 9 wk 

 
15.2 - 17.0 
13.5 - 20.1 
10.6 - 16.6 
8.4 - 14.0 
7.3 - 8.7 

 
45.9 - 49.7 
38.5 - 58.5 
30.6 - 50.2 
22.0 - 41.8 
20.4 - 23.8 

 
31.8 - 35.6 
34.2 - 35.2 
32.9 - 35.9 
33.3 - 37.7 
35.2 - 36.6 

 
83.6 - 90.8 
74.4 - 84.4 
74.8 - 86.4 
68.0 - 83.6 
61.3 - 73.7 

Group IV (2001 - 2500g) 
1 - 2 days 
5 - 8 days 
2 - 3 wk 
6 - 9 wk 

 
15.0 - 16.8 
13.9 - 17.3 
11.2 - 13.4 

14.0 

 
40.4 - 52.0 
42.0 - 52.0 
31.9 - 38.3 

44.0 

 
33.9 - 37.7 
33.1 - 35.3 
34.4 - 35.4 

34.0 

 
71.37 - 82.23 

71.4 - 84.0 
72.2 - 81.6 

43.0 
MCHC = mean corpuscular hemoglobin concentration 
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7���-$%& k.5 Reference values (range) for prothrombin time in healthy preterm 

infant 

 
Preterm infants Prothrombin time (seconds) 

day 1 
day 5 

day 30 
at 3 mo 
at 6 mo 

10.6 - 16.2 
10.0 - 15.3 
10.0 - 13.6 
10.1 - 14.6 
10.0 - 15.0 

 

7���-$%& k.6 Vital sign reference charts in newborn 

 
 Normal Average 
Pulse 100 - 170 140 
RR 30 - 50 40 
BT 36 - 37.5 - 
BP systolic : 65 - 115 

diastolic : 42 - 80 
systolic : 90 
diastolic : 61 

 
$%&�� : dU7QPWfWก84G4=H:8AFU7A?]D@;GDก84H8กi4AI68@8WF8CTFlR






