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Changes of Neutrophil Count in Peripheral Blood of the
Neonate with Periventricular Leukomalacia

Hwan Seok Lee, M.D., Kyung Pil Park, M.D. and Heng Mi Kim, M.D.

Department of Pediatrics, College of Medicine, Kyungpook University, Taegu, Korea

Purpose : It is now well established that infection and inflammation play an important role in the
pathogenesis of ischemic brain damage. The loss of neutrophils from systemic circulation is an asso-
ciated finding in injury mediated by granulocyte. Periventricular leukomalacia(PVL) caused by ische-
mia is the principal form of brain injury in premature infants. This study was conducted to evaluate
whether the low neutrophil count is associated with periventricular leukomalacia(PVL) in premature
infants.

Methods : Retrospective review of medical records was undertaken. Subjects were premature infants
with a birth weight of less than 1,500 gm, admitted to the Neonatal Intensive Care Unit of Kyung-
pook University Hospital. A complete blood count of peripheral blood was done within the 1st hour
of life. Neutropenia was defined as absolute neutrophil count <1,500/mm3, PVL as increased periven-
tricular echodensities followed by cyst formation on ultrasonography or corresponding signs on brain
MRL

Results : Thirteen infants out of a total population of 37 revealed neutropenia. Respiratory distress
syndrome and requirement for respiratory support were not different between infants with neutro-
penia(neutropenia group) and infants without neutropenia(control group). Intraventricular hemorrhage
(IVH) and grade 3 and 4 IVH were more frequent in neutropenia group(P<0.05). There was no sta-
tistically significant increase of PVL in neutropenia group. The neutrophil count was 18,760.0=F
10,266.1/mm’, 7,272.0%7,435.0/mm” infants with PVL and 11,131.7+3,386.5/mm’, 2407.5+1,933.1/mm’
in infants without PVL, respectively. The frequency of mechanical ventilation and artificial surfactant
therapy was higher in infants with PVL compared with infants without PVL, but statistical analysis
was not performed due to small number of subjects.

Conclusion : A low number of neutrophils in the systemic circulation was not associated with an
increased risk of PVL in premature infants. (J Korean Pediatr Soc 2003;46:966-971)
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Table 1. Demographic and Clinical Characteristics of Infants
with and without Neutropenia

Neutropenia® group  Control group

(n=13) (n=24)
Gestational age(wk) 30.8£2.2 29.7t3.1
Birth weight(gm) 1,262£196 1,200£207
Apgar score at 1 min 55%2.0 43*18
at 5 min 74%2.1 7018

Maternal PIH(%) 5(41.7) 7(29.2)

Maternal infection(%)" 6(50.0) 8(33.3)

*Abbreviation 1 PIH, pregnancy induced hypertension
"Neutropenia : absolute neutrophil count(ANC) <1,500/mm®
TClinical amnionitis, leukocyte in neonatal gastric aspirate

Table 2. Requirements 9f Respiratory Support in Infants with
and without Neutropenia

Neutropenia® group  Control group

(n=13) (n=24)

Ventilator therapy(%) 9(69.2) 17(70.8)
Surfactant therapy(%) 9(69.2) 14(58.3)
Days on ventilator

Total(day) 17.8£20.8 147154

<3 days(%) 0( 0.0) 3(17.6)

<7 days(%) 4(44.4) 8(47.1)
Days on O,

Total(day) 22241252 30.31+334

<3 days(%) 2(15.4) 7(29.2)

<7 days(%) 5(38.5) 9(375)

"Neutropenia : ANC <1,500/mm”®
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Table 3. Associatec*i Adverse Outcomes in Infants with and
without Neutropenia

Table 6. Associated Adverse Outcomes in Infants with and
without Periventricular Leukomalacia(PVL)

Neutropenia” group  Control group P-

(n=13) (n=24) value
IVH(%) 10(76.9) 10(41.7) 0.040
Gr 3,4 IVH(%) 4(30.8) 1( 4.2) 0.042
CLD(%) 3(23.1) 5(20.8) 1.000
ROP(%) 4(30.8) 10(41.7) 0.724
PVL(%) 1 7.7) 4(16.7) 0.387

Abbreviations : IVH, intraventricular hemorrhage; CLD, chron-
ic lung disease; ROP, retinopathy of prematurity; PVL, peri-
Ventr1cular leukomalacia

“Neutropenia : ANC <1,500/mm?®

Table 4. Demographic and Clinical Characteristics of Infants
with and without Periventricular Leukomalacia(PVL)

PVL group Control group
(n=5) (n=12)
Gestational age(wk) 28.63+2.88 32.27+2.44
Birth weight(gm) 1,068+ 184 1,305*£178
Apgar score at 1 min 34*15 55%15
at 5 min 6.0£2.9 81=*0.7
Hospital days(days) 69.0118.2 46.2+20.4
Maternal infection(%)" 1(20.0) 3(27.3)
Initial total WBC count  18,760.0+10,266.1 11,131.7%+3,386.5
(/uL) (9,400-34,200) (6,600-16,600)
Initial neutrophil count 7,272.0%£7,435.0 2,4075%11,933.1
(/uL) (0-17,784) (0-7,076)

“Clinical amnionitis, leukocyte in neonatal gastric aspirate

Table 5. Requirements of Respiratory Support Associated
with the Presence or Absence of PVL

PVL group Control group
(n=5) (n=12)
Ventilator therapy(%) 4(80.0) 5(41.7)
Surfactant therapy(%) 3(60.0) 5(41.7)

16.0£27.6(0-65)
38.0+36.2(0-81)

2.8%+3.9(0-11)
7.4%9.0(0-26)

Days on ventilator(days)
Days on O(days)
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PVL group(n=5) Control group(n=12)

IVH(%) 5(100.0) 5(41.7)
Gr 3, 4 IVH(%) 2( 40.0) 2(16.7)
CLD(%) 2( 40.0) 0( 0.0)
ROP(%) 3( 60.0) 1( 8.3)

Abbreviations : IVH, intraventricular hemorrhage; CLD, chronic
lung disease; ROP, retinopathy of prematurity

E

o Aol Wy W=7} =SktH(Table 6).

wE W8T

A)
=

ofu}
]

AN o,
a
E R

A 3} (periventricular

=
f
ki
o
2 4L

leukomalacia) ©

¥ o Wl 2hubZ(choroidal plexus)ol 412
A %‘j—‘,‘(ventrlculofugar artery)? long parenchymal(ventri-
culopedal) artery2] #% 7} (penetrating branch)”’} Th= ¢
;‘(]0]1,} ZHEH?jEﬂO] o-]al*% \:ﬂ—d—o] U]é:—fs]— HAAA o

ﬂ
iy
rlo

49

s w%ole] AS o] 97 Y el HFal. wAA
e WAy gfgn} A mZote] dFE AAsE F7H
FFAAA T3 9doltt

7 4% whgo] Ao} Mk WAl Fed JTS g
s AL 2 4R Aot HAEE Alel BTk (cyto-

kine)# chemokines® A4, F#-#2Hadhesion molecules) &
A5 Fal AAE(n sitw) 9T S ¥4 F don HeE
z719) dojvt= T F A (accumulation) FA] 234
o NeEtE Ao AT i 1 18E A
ZHk2 S o}7|sla o|E <ldl] Wy ol wiz

9 b
=

Qo BYL ofel 43} 2 R BF
of G

n

b o o
>
1:[(})3. ox o

o,

B

o
-
Lo

[e)
492 B

Afo] E7}
Abgal sk

2

ox ol iy
of} off

okZ2~ wl

ox T
o & K

1 015, 16) Z]m ]

3

ol

T(_)_‘ o T =X

W &y #do] glom Wy Ao
oke] o th#e] TNF-a 9 IL-67 e wastg”.
A IL-6 FA7F A5d ol AU 2T HAFS
Aslze] wwst Zrhsta® W&ot 9k (echolucency)©)

P W

s

Hﬂ ;(1

gk Bloj= g0l = goprt HE A
Al M FF(stroke) R H el glojA FAF Aol EFII IL-
108] Folz} wEAe] o F3E Jvda BRaEoe] vt
5, 20, 21)

FA7) Aka HEA HEY A Al 2l ke BE Aol
e B A7t AldEo] g ols mad] oshu v}
o] WAFS] WNHAAGTH BA 9 e Fhel] W AR
7b om olE RAZE AT AtolEIIRIC] BiNkS Ea o}
o Hude] AF REES op|std HENS ZHsle o=



200391

e

A 46 A A 10

Zof3}

-
0
o

el

IL-6, sL-selectin level
oA ozl

A
%

o)

AT

3

H]

Fol3h

d<l CDllbe

=13
=

)

o] HilelAd 7

o] ®itel] bt

=2
[e)

Ishii

KN
=

% 7]

-
3t

73} %)

o] A" HeJ

51d

toba ST Ferreira

3
&

oS AlAL
500-1,250 gm<] "l &olelA A

7}

N

daL AT 2441

[e=]
A

5

G2k %7

AF ] AelEstel

Ao e FHF

3L
fou

3

A

2A1ZE oy &

&
T

(<0.90x10%/L) dhzdtel H]

FAT

ne
=

X

7184 7

)
=

4

&%

ol

i 1241%F

3]

[e]
T

e 7

Ey
=

H 1/4¢1

S

8hf-91 & A (cytokine induced neutrophil chemoattractant-1,

CINC-1D)eo] &A

B

el F47- 2k CINC-

k=

Azt Al

HAto]
=% (grade 3

ki3

-3

ket
=

=0
=

o] WE=7h

(interstitial emphysema),

o w0l ol

Hale

SAsIAIA Hl

Aol F7}
ol Al Alo] A (interstitium)

2=
S

75

7151 1 A%
gl=M CINC-1

5

3

=
&

7}

=
T

No

o] %

/RO]»

4=
=

7 3

&l

e

)
=

o
= =

"

2ol 7t ATt A7)olA
2 6AIZHY

ARE

e

=24
[e)

3 Mussack

11 9

& ZAS

&l

7]
S-100BE,

51
i=

AR S7reh

4

=
2

A 24 interleukin-8, soluble E-elas-

-
3t

=
e

KRl

o 2 43 s-

polymorphonuclear elastaseE 37 3]

=i
=

tin

100B, interleukin—8, soluble E-elastin % PMN elastase &%

DL RVER)

3} ABF

3
=

wo] 3

oj7e] 9om!? o)1= wolo A 71w elastasest

L
.
L
[¢

Ao}

goin M &

m]rolo]

o
Ko
A

ol
o

,EH_
o

oA T Wi e R HREol

@5 (acute respiratory distress syndrome, ARDS)2] LH o

477 B

T W AARo R ool & g

7}&

=
o

o] @ 7=}

Aol WAL olo] efe] ele] ol

L
L

3
s

1o}

S N
N
—~ T+
<
~
m Ko
o B
Ho of
B
T
o o/
X
N
w
= T
7 o
g ol
e ool
B 5
]
¢
WE
~ 5
< .
=o BH
o e
B
W
A9
N
g
Sils
B g
=
TE
I =%
-
Mo 1O
= &
w
B e
[y

215 0] gt ? ARDS A
o)
-

o) ojm

protein(CC16)#} angiogenin®]

PaOy/FiO.2t

o
.

CC16

3

2 A%

jpze]

S

MAY] F8

o B ALl A

o] waeh i)

=10)
[e)

A o] Ho|A| ol Ferreira

olell=

g W& 731 air space)olle] A

A

-

5 24

o

Bl

Fool Wah A4 o

ﬂ
)

o
ﬁo
)
o

&
oW
o

0
o
B

i

IS

o
!

2]

o
B

N
<M
-

.

BN

ﬁo
!

jpze]

8o

]
2|

HA B3t

S

BT B dA

sleted vl 7l A (chemotactic mediator)ol <]

Nfo

s AApg dmel
o] A8 QYUY ol

olp

pil

& 47 Az

=

AEdd WoAE FHo H

=3
=

EHA

el

g

A

A5 3

]

]

el
Al

o T

"o TH

ol

N Eo

"

T B!

o NI

-

omm )

o A
_L_I

X X°

e Ne

NGy

s

0 k)

=<

LM

AO

ol

N
ol

T BL

o

y

ol )

IEECE

N T

\ﬂo

i

w

o

=

W

JJo

—_

N

3

1o

o

=

.2

5

=

)

@)

=

o

2

w

N

700

Nro

TR

X K

LY

W

=K

N
W

Ho

Njo

HJ
,Eﬂ

oot} Carlton 5°& &

ol
o}

=K

33

7k

73] obd

T4

el FATel Qe

ddsts o

M 2]

il
Hh

HJ

,Eﬂ
o]
!
Nd

J|
oH

-CSF,

S
=K

jpze]

~X

Nfo

0!

i
!
i

24A1%F o) A

ko3
T

oA A

ae
iop-

- 969 -



ojg4 9] 291

olN

Dol MAIEE Fol mrYe] FAHT Wi

X, ol

o
091_’,_'}-&
2 N
1 o2
Q=
o to
= o\ lo
e
ox i
o

k1

£ %

X o 4

o o2 4
o= Ay
k)
o
[T
PR B

N
i,
o

count)S Alg FolE gidez st FHTE wxdA
1,500/mm” mwkel ¢ FAT aE Sy WAdss
& TR 20 AAE AT 3-7d0l Aldsta o 27l wet
1-27F A SR e Fste] M7 o3 Tt & $ExE
AsAY, M CT 58 MRI AAbelAl WA g7t W
Atz o= Fxig A= ST

Z 1 T A AAoks O Aol 37 F 138 o
FAT Fad AAote]l FATSE 988+512/mm’, FAT 3t
A5 HolX ekkd 249e) tERwe] FATFE 745047412/
mm’el Aty FAT v gzl AEFE, AF Apgar
A4, AR AR nEst 9 g HEE {8 Aot ¢l
At AT FhaTe TEF v T3 HE AFEy]) ¢
b ] B HE AHX e 8Ade Uz abolg HeolA
ot sk A3 F HAY EF 9 grade 3 o139 55 M
Al Fdo] FAT HawelA 47 107(76.9%) 2 4(30.8
%) thxe] 10%(41.7%) 2 194.2%) ws) 23k
WOk L (P<0.05, 0.042) YA, gl a9 WA
shzo] WA NIEE zto]lE HolA vt MAAsFo R g3l
H gol 5 1299 dizwe] WEF 2 AT S 9dd
shst ZH2E 18760.010,266.1/mm”, 7,272.0 +7,435.0/mm”, o
Z 7H7F 11,131.7+3,3%6.5/mm’, 2,407.5+1,933.1/mm’Z 92
Azte A o =33 NHASLS o AV WEE

80.0%, deAEE A Fo REE 60.0%=2 e 41.7

ikl

|

1) Volpe JJ. Neurology of the newborn. 3rd ed. Philadelphia :
WB Saunders Co, 1995:291-9.

2) Feuerstein GZ, Liu T, Barone FC. Cytokines, inflammation,
and brain injury : role of tumor necrosis factor—alpha. Cere-
brovasc brain metab Rev 1994;6:341-60.

3) Giulian D. Microglia, cytokines, and cytotoxins : modulators
of cellular responses after injury to the central nervous
system. ] Immunol Immunopharmacol 1990;10:15-21.

4) Hallenbeck JM. Inflammatory reactions at the blood—endo-
thelial interface in acute stroke. Adv Neurol 1996;71:281-97.

5) Hirose K, Okajima K], Taoka Y, Uchiba M, Tagami H,

Nakano K, et al. Activated protein C reduces the ischemia/

reperfusion—-induced spinal cord injury in rats by inhibiting

neutrophil activation. Ann Surg 2000;232:272-80.

Weiland JE, Davis WB, Holter JF, Mohammed JR, Dorin-

sky PM, Gadek JE. Lung neutrophils in the adult respira-

tory distress syndrome. Clinical and pathophysiologic sig-
nificance. Am Rev Respir Dis 1986;133:218-25.

Sarafidis K, Drossou-Agakidou V, Kanakoudi-Tsakalidou

F, Taparkou A, Tsakalidis C, Tsandali C, et al. Evidence

of early systemic activation and transendothelial migration

of neutrophils in neonates with severe respiratory distress
syndrome. Pediatr Pulmonol 2001;31:214-9.

Christensen RD. Expected hematologic values for term and

preterm neonates. In: Christensen RD, editor. Hematologic

problems of the neonate. Philadelphia: WB Saunders Co.

2000:117-36.

9) Thommasen HV, Boyko W], Russell JA, Hogg JC, Tran-
sient leucopenia associated with adult respiratory distress
syndrome. Lancet 1984;1:809-12.

10) Ferreira PJ, Bunch TJ, Albertine KH, Carlton DP. Circulat-
ing neutrophil concentration and respiratory distress in
premature infants. ] Pediatr 2000;136:466-72.

11) Halliwell B. Free radicals, antioxidants and human disease :
Curiosity, cause, or consequence? Lancet 1994;344:721-4.

12) Buonocore G, Perrone S, Bracci R. Free radicals and brain
damage in the newborn. Biol Neonate 2001;79:180-6.

13) Saugstad OD. Mechanisms of tissue injury by oxygen radi-
cals : Implications for neonatal disease. Acta Paediatr 1996;
85:1-4.

14) Sarker AH, Watanabe S, Seki S, Akiyama T, Okada S.
Oxygen radical-induced single-strand DNA breaks and re-
pair of the damage in a cell free system. Mutat Res 1995;
337:85-95.

15) White BC, Wiegenstein JG, Winegar CD. Brain ischemic
anoxia. Mechanism of injury. JAMA 1984;252:1586-90.

16) Ikeda T, Choi BH, Yee S, Murata Y, Quilligan EJ. Oxida-
tive stress, brain white matter damage and intrauterine as-
phyxia in fetal lambs. Int J Dev Neurosci 1999;17:1-14.

17) Boveris A, Change B. The mitochondrial generation of hy-
drogen peroxide. Biochem ] 1973;134:707-16.

18) Kakinuma K, Minakami S. Effects of fatty acids on super-
oxide radical generation in leukocytes. Biochem Biophys
Acta 1978;538:50-9.

19) Taylor DL, Edwards D, Mehmet H. Oxidative metabolism,

6

=

|
=

8

=

- 970 -



20

21

22

23

24

25

=

~

)

=

fy

N

apoptosis and perinatal brain injury. Brain Pathol 1999;9:93-
117.

Radi R, Turrens JF, Chang LY, Bush KM, Crapo JD, Free-
man BA. Detection of catalase in rat heart mitochondria. J
Biol Chem 1991;266:22028-34.

Fridovich 1. Superoxide anion radical superoxide dismutase
and related matters. ] Biol Chem 1997;272:18515-7.
Dammann O, Leviton A. Maternal intrauterine infection, cy-
tokines, and brain damage in the preterm newborn. Pediatr
Res 1997;42:1-8.

Ishii H, Ishibashi M, Takayama M, Nishida T, Yoshida M.
The role of cytokine-induced neutrophil chemoattractant-1
in neutrophil-mediated remote lung injury after intestinal
ischaemia/reperfusion in rats. Respiratology 2000;5:325-31.
Mussack T, Biberthaler P, Gippner-Steppert C, Kanz KG,
Wiedemann E, Mutscher W, et al. Early cellular brain dam-
age and systemic inflammatory response after cardiopul-
monary resuscitation or isolated severe head trauma:a
comparative pilot study on common pathomechanisms. Re-
suscitation 2001;49:193-9.

Jackson JC, Chi EY, Wilson CB, Truog WE, Teh EC, Hod-
son WA. Sequence of inflammatory cell migration into lung

26

27

28

29

30

=

~

=z

=

=

Zof3}

A 464 A 10 5 20039

during recovery from hyaline membrane disease in prema-
ture newborn monkeys. Am Rev Respir Dis 1987;135:937-
40.

Carlton DP, Albertine KH, Cho SC, Davis PL, Long M,
Bland RD. Role of neutrophils in lung vascular injury and
edema after premature birth in lambs. J Appl Physiol 1997;
83:1307-17.

Albertine KH, Tosolia DL, Schuhl RA, Peters SP, Gee MH.
Physical and cytochemical properties of neutrophils acti-
vated in situ in the lung during ZAP infusion in sheep. ]
Appl Physiol 1993;74:1361-73.

O’Flaherty JT, Kreutzer DL, Ward PA. Neutrophil aggrega-
tion and swelling induced by chemotactic agents. J Im-
munol Meth 1977;119:232-9.

Speer CP, Ruess D, Harms K, Herting E, Gefeller O. Neu-
trophil elastase and acute pulmonary damage in neonates
with severe respiratory distress syndrome. Pediatrics 1993;
91:794-9.

Ment LR, Stewart WB, Ardito TA. Huang E, Madri JA.
Indomethacin promotes germinal matrix microvessel matu-
ration in the newborn beagle pup. Stroke 1992;23:1132-7.

- 971 -



