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Abstract. – OBJECTIVE: The present study 
was planned to explore the role of 8-isomer-
ic-prostaglandinF2α (8-iso-PGF2α) levels at the 
multiple sites of cerebrospinal fluid in children 
with intracranial hemorrhage.

PATIENTS AND METHODS: 90 children with 
intracranial hemorrhage were admitted to Sur-
gery Intensive Care Unit (SICU) of our hospital 
from January to December 2013 and were se-
lected as study subjects. They were divided in-
to group A (n=30), group B (n=30) and group 
C (n=30). The group A was given convention-
al treatment, the group B was treated with min-
imally invasive puncture and the group C was 
treated with cerebrospinal fluid decompression. 
After 1 d, 2 d, 3 d, and 7 d of hospitalization, en-
zyme-linked immunosorbent assay (ELISA) was 
used to detect the 8-iso-PGF2α levels in periph-
eral blood of children in all groups. On the day 
of admission and 10 d after treatment, 3 groups 
of children were implemented with brain nucle-
ar magnetic resonance spectroscopy for metab-
olite analyses.

RESULTS: On the day of admission there were 
no significant differences in the 8-iso-PGF2α 
levels among group A, B and C. Further, after 1 
d, 3 d, 7 d of hospital stay, the 8-iso-PGF2α lev-
els in peripheral blood showed a gradual down-
ward trend, and decline range of the group C 
was greater than that of group A and B (p < 0.05). 
After 10 days of treatment, there were signifi-
cant differences in the bilateral temporal lobe 
and hippocampal NAA/Creatinine (Cr), Cho/Cr, 
mI/Cr and NAA/mI among group A, B, and C. The 
survival rate of group C was higher than that of 
group A and B (p < 0.05). On the other hand, the 
prevalence of sequelae was significantly low-
er than that of group A and B (p < 0.05). The 
amount of blood loss in children with intracra-
nial hemorrhage was positively correlated with 
the levels of 8-iso-PGF2α in peripheral blood (r 
= 0.546, p < 0.05) as observed by Spearman cor-
relation analysis. 

CONCLUSIONS: 8-iso-PGF2α plays an im-
portant role in the pathogenesis of intracranial 
hemorrhage, and could be utilized as a biomark-
er of oxidative stress in children with intracrani-
al hemorrhage. Further, cerebrospinal fluid de-
compression is a better method of treatment for 
intracranial hemorrhage.
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Introduction

Intracranial hemorrhage is a severe disease 
characterized by intracranial hypertension, con-
vulsions, jaundice and respiratory failure1. Intra-
cranial hemorrhage progress has been reported 
to be very fast but variable levels of long-term 
neurological sequelae exist2. Important causes 
for intracranial hemorrhage included premature 
birth, hypoxia and a lack of vitamin K3-5. Further, 
the evolving development of the economy and the 
improvement of medical technology improved 
the survival rates of premature infants. Howev-
er, this increased the occurrence of intracranial 
hemorrhage.

Late Vitamin K Deficiency Bleeding (LVKDB) 
is the major cause of intracranial hemorrhage for 
1-6 month old infants. Further, China is one of 
the countries experiencing high morbidity. About 
50% LVKDB has been reported to be intrace-
rebral hemorrhage6. Reports showed that7,8 the 
incidence of intracerebral hemorrhage is (4.4-
7.2)/100000. 2011. Netherlands reported that its 
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incidence was (0.5-3.3)/100000 in 2011. However, 
there are no large-scale clinical studies on intra-
cranial hemorrhage in China.

8-iso-Prostaglandin F2α (8-iso-PGF2α) is the 
stabilized end product produced after free rad-
icals induced impairment of lipid membranes 
polyunsaturated fatty acids (arachidonic acid)9. 
Further, this end product could accurately reflect 
the levels of lipid peroxidation, corresponding to 
the extent of damage in organ tissue. Moreover, 
it is an ideal biochemical index to evaluate the 
degree of oxidative damage10. Keeping in mind 
these views, the present study explored the role 
of 8-iso-PGF2α levels at the multiple sites of 
cerebrospinal fluid in children with intracranial 
hemorrhage. 

Patients and Methods

Patients 
90 cases of intracranial hemorrhage children 

meeting the diagnostic standards of Late Vita-
min K Deficiency Bleeding (LVKDB) (who were 
treated by SICU of our hospital from January to 
December 2013) were selected as study subjects. 
These cases included 50 male cases and 40 female 
cases. The onset age was 35 days to 4 months. 
The total duration from attack to treatment was 
2-5 days. There were 42 cases of subarachnoid 
hemorrhage, 24 cases of subdural hemorrhage, 20 
cases of parenchymal hemorrhage, and 4 cases of 
mixed hemorrhage. All children were purely on 
breast-feeding, and there was no history of trau-
ma or hemorrhagic disease. Selected cases were 
randomly divided into three groups named A, B 
and C, with 30 cases in each group. In each group, 
general information difference had no statistical 
significance (p > 0.05). The study was approved 
by the Ethics Committee of Xuzhou Children’s 
Hospital. Signed written informed consents were 
obtained from all participants before the study.

Methods
The group A subjects took the conventional 

treatment, group B was given minimal invasive 
puncture treatment and group C subjects were 
treated with decompression of intraventricular 
hemorrhage cerebrospinal fluid. Measurement of 
8-iso-PGF2α levels was performed in peripheral 
blood of all three groups on the 1st d, 2nd d, 3rd d, 
and 7th d of hospital stay by using Enzyme linked 
immunosorbent assay (ELISA) kit (Bioleaf Bio-
tech Co. Ltd., Shanghai, China). NMR analysis 

of head metabolites was performed by: 3.0 T 
Signa HDxt superconducting magnetic resonance 
apparatus (General Electric Company, NY, USA). 
Head quadrature coils were used in eight ways 
and sponge cushion was utilized for the stabili-
zation of the subject. After 15 minutes’ rest, the 
patient was put in the scanning position. Then, 
the conventional MRI Bruker Scientific Tech-
nology Co., Ltd. (Beijing, China) and multi-body 
1H-MRS examination were conducted.

Observation Indicators
1. Measurement of the 8-iso-PGF2α levels in 

peripheral blood of three groups after their ad-
mission to hospital on the 1st d, 2nd d, 3rd d, and 
7th d, was made.

2. Analyses of head metabolites were performed 
in all three groups the first day of admission 
and on the day after the treatment by nuclear 
magnetic resonance. Through conventional 
Magnetic Resonance Imaging (MRI) scan-
ning, eligible subjects were applied point 
resolved spectroscopy (PRESS) to obtain the 
3D-CSI. The positions of chemical frequen-
cy shifts from main metabolites were associ-
ated with nerve the nervous system diseases 
(Figure 1). 

3. After the discharge, these patients were fol-
lowed up for 1 to 2 years so as to judge the 
relations between patients’ result and progno-
sis and between the amount of bleeding and 
8-iso-PGF2α levels.

Statistical Analysis
SPSS 20.0 (IBM, Armonk, NY, USA) statisti-

cal software was utilized for statistical analyses. 
Measurement data were presented as (x– ± s). 
Count data were shown by percentage. Correla-
tion analysis was performed by Spearman anal-
ysis. p < 0.05, signified statistically significance.

Results

Comparison of 8-iso-PGF2α Levels in 
Peripheral Blood of the Three Groups 
of Children 

Comparison of 8-iso-PGF2α levels of the group 
A, B, C on the first day of admission showed 
no statistical significance (p > 0.05). However, 
8-iso-PGF2α levels showed a declining trend 
after 1st, 2nd, 3rd, 7th d of hospital stay. Further, the 
decline range of group C was better than that of 
group A and B (p < 0.05), as shown in Figure 2.
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8-iso-PGF2α Level Changes of Extracted 
Solution in Minimal Invasive Puncture in 
Group B

After the treatment, 8-iso-PGF2α levels of 
extracted solution during minimal invasive punc-
ture in group B showed a gradual declining trend, 
as shown in Figure 3.

C 8-iso-PGF2α Level Changes of  
Cerebrospinal Fluid in Group C

After the treatment, 8-iso-PGF2α levels of 
cerebrospinal fluid in group C showed a gradual 
declining trend, as shown in Figure 4.

Figure 1. 1H-MRS showing the chemical frequency shift location of all metabolites: A, 1H-MRS wave; B, The location 
of the metabolites.

Figure 2. Levels of 8-iso-PGF2α in peripheral blood for 
3 different groups.

Figure 3. Levels of 8-iso-PGF2α in extracted solution 
through a minimally invasive puncture in group B.

Figure 4. Levels of 8-iso-PGF2α in cerebrospinal f luid 
in group C.
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Concentration Comparison of 
Bilateral Medial Temporal Lobe 
Metabolite Between the Three Groups

On the first day of hospital stay, NAA/Cr, 
Cho/Cr, mI/Cr, NAA/mI between left and right 
medial temporal lobes in groups A, B and C had 
no statistical significance (p > 0.05). However, 
on the 10th day of hospital stay, the differences 
of NAA/Cr, Cho/Cr, mI/Cr, NAA/mI between 
left and right medial temporal lobe in group A, 
B, C were statistically significant (p < 0.05). Bi-
lateral medial temporal lobe conventional MRI 

and 1H-MRS wave spectrum of three groups are 
shown in Figure 5.

Concentration Comparisons of Bilateral 
Hippocampus Between the Three Groups

On the 10th day of treatment, the difference 
of NAA/Cr, Cho/Cr, mI/Cr, NAA/mI between 
left and right hippocampus in group A, B, C 
were statistically significant (p < 0.05). Hip-
pocampus conventional MRI and 1H-MRS 
wave spectrum of three groups are shown in 
Figure 6.

Figure 5. Bilateral medial temporal lope conventional MRI and 1H-MRS wave spectrum in 3 different groups.
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Comparison of Disease Development 
and Prognosis in the Three Groups

The survival rates in group C were signifi-
cantly higher than that of group A and B (p < 
0.05). The incidence of the sequel was signifi-
cantly lower than that of group A and B (p < 
0.05) (Table I).

Correlation Analysis Between 
Peripheral Blood8-iso-PGF2α Levels 
and the Amount of Bleeding 

The amount of bleeding in intracranial hem-
orrhage children was positively correlated with 
peripheral blood 8-iso-PGF2α levels (r = 0.546, p 
< 0.05), as shown in Figure 7.

Figure 6. Bilateral hippocampus conventional MRI and 1H-MRS wave spectrum in 3 different groups.
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Discussion

Infant intracranial hemorrhage belongs to a 
common nerve injury disease in pediatrics. The 
main causes responsible for this pathological 
state included birth trauma, anoxia and suffo-
cation11-13. If the condition is serious, it leads to 
irreversible brain damages via intracranial hem-
orrhage. The above pathological state further 
results in cognitive dysfunction and movement 
disorders, affecting life quality of both children 
as well as their parents14. Late Vitamin K Defi-
ciency Bleeding (LVKDB) is the main causative 
factor responsible for this deadly pathological 
state. It did so by lowering the activity of pro-
thrombin, which leads to spontaneous intracra-
nial hemorrhage15.

Related studies have shown that16 8-iso-PG-
F2α levels could reflect the lipid peroxidation 
after human ischemia reperfusion, and could be 
used for the assessment of oxidation intensity 
of free radicals in the human body. At present, 
8-iso-PGF2α level changes in neonatal cord 
blood are clear, but there are fewer reports on 
8-iso-PGF2α level changes during intracranial 

hemorrhage in variable parts of infants. The 
present study showed that 8-iso-PGF2α levels of 
group A, B, and C on the day of admission had 
no statistical significance (p > 0.05). However, 
8-iso-PGF2α levels of the three groups showed 
a significant deicing trend in peripheral blood 
after the 1st, 2nd, 3rd and 7th d of hospital stay. 
Further, the declining range of group C was 
better than that of group A and B (p < 0.05). 
Post-treatment results also showed a declining 
trend in the levels of 8-iso-PGF2α levels in 
both group B (minimal invasive puncture) and 
C. It could be inferred from above results that 
8-iso-PGF2α levels play an important role in 
the pathogenesis of intracerebral hemorrhage 
in infants. At the same time, the present study 
also confirmed that the amount of bleeding in 
intracranial hemorrhage affecting children was 
positively correlated with 8-iso-PGF2α levels 
in peripheral blood (r = 0.546, p < 0.05) as ob-
served by Spearman correlation analysis. So, pe-
ripheral blood 8-iso-PGF2α levels are beneficial 
for the early diagnosis and timely treatment of 
children with intracranial hemorrhage.

MRS has the ability to analyze quantitatively 
the multiple trace metabolites in tissues, and 
could judge the local tissue metabolism and bio-
chemical changes of nervous system17,18. 1H-MRS 
is the preferred option for the quantitative as-
sessment of metabolites in human brain tissue 
non-invasively19,20. The present work also utilized 
above technology and showed that there were 
significant differences in the levels of NAA/Cr, 
Cho/Cr, mI/Cr, NAA/mI between bilateral medial 
temporal lobes and hippocampus in group A, B 
and C (p < 0.05). This signified the utilization of 
NAA/Cr, Cho/Cr, mI, NAA/Cr/mI for the diag-
nosis, identification and prognosis of intracranial 
hemorrhage in infants.

Further, the analysis of patients’ disease devel-
opment and prognosis observed that the survival 
rate in group C was significantly higher than that 
in group A and B (p < 0.05). On the other hand, 
the prevalence of sequela in group C was lower 

Table I. Comparison of disease development and prognosis in the three groups (examples).

 Group No. Death  Giving up treatment Survival  Remaining sequela

A 30 7 6 17 12
B 30 5 5  20a  9a

C 30 3 2   25a,b   6a,b

Note: Compared with group A, ap < 0.05; Compared with group B, bp < 0.05.

Figure 7. Correlation analysis between 8-iso-PGF2α 
level in peripheral blood and blood loss.
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than that in group A and B (p < 0.05). Thus, 
intraventricular hemorrhage cerebrospinal fluid 
decompression treatment had outstanding effects 
on children with intracranial hemorrhage.

Conclusions

8-iso-PGF2α levels play an important role in 
the pathogenesis of intracranial hemorrhage and 
could be used for the early diagnosis and timely 
treatment. Further, intraventricular hemorrhage 
cerebrospinal fluid decompression treatment is 
a better treatment option with minimal invasion.

Acknowledgements
This study was supported by Grant No. KC15SH037.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Mi KH, HaK KS, Hyun PS, Sun Ky, Won oK. Intra-
cranial hemorrhage in infants with cephalohema-
toma. Pediatr Int 2014; 56: 378-381.

 2) JHaWar BS, ranger a, Steven Da, Del MaeStro rF. 
A follow-up study of infants with intracranial hem-
orrhage at full-term. Can J Neurol Sci 2005; 32: 
332-339.

 3) SaWyer t. Withdrawing support for withdrawing 
support from premature infants with severe intra-
cranial hemorrhage. Pediatrics 2008; 121: 1072-
1073.

 4) golDStein rF, Cotten CM, SHanKaran S, gantz Mg, 
Poole WK, euniCe KenneDy SHriver national inStitute 
oF CHilD HealtH anD HuMan DeveloPMent neonatal 
reSearCH netWorK. Influence of gestational age on 
death and neurodevelopmental outcome in pre-
mature infants with severe intracranial hemor-
rhage. J Perinatol 2013; 33: 25-32.

 5) CHu Ko, Wang CC, rogerS MS, Pang CP. Quantify-
ing F2-isoprostane in umbilical cord blood of new 
born by gas-chromatography-mass spectrometry. 
Anal Biochem 2003; 316: 111-117.

 6) SaKaMoto M, taKaKi e, yaMaSHita K, WatanaBe K, 
taBuCHi S, WatanaBe t, SatoH K. Non enzymatic de-
rived lipid peroxide, 8-iso-PGF2 alpha, partic-
ipates in the pathogenesis of delayed cerebral 
vasospasm in a canine SAH model. Neurol Res 
2002; 24: 301-306.

 7) Bini v. Thromboelastographic profiles of the pre-
mature infants with and without intracranial hem-
orrhage at birth: a pilot study. J Matern Fetal Neo-
natal Med 2014; 23: 1-19.

 8) BaSSan H, PleSSiS, aJD. Withdrawing support for 
withdrawing support from premature infants with 
severe intracranial hemorrhage: in reply. Pediat-
rics 2008; 121: 1072-1073.

 9) KHaSaWneH Ft, Huang JS, Mir F, SrinivaSan S, tiruP-
PatHi C, le Breton gC. Characterization of isopros-
tane signaling: evidence for a unique coordination 
profile of 8-iso-pgf (2alpha) with the thrombox-
ane a (2) receptor, and activation of a separate 
camp-dependent inhibitory pathway in human 
platelets. Biochem Pharmacol 2008; 75: 2301-
2315. 

10) ClauSen F, MarKlunD n, leWén a, enBlaD P, HillereD 
l. Interstitial F(2)-isoprostane 8-iso-PGF(2α) as a 
biomarker of oxidative stress after severe human 
traumatic brain injury. J Neurotrauma 2012; 29: 
766-775.

11) navarrete CM, FieBiCH Bl, De vinueSa ag, HeSS S, De 
oliveira aC, CanDelario-Jalil e, CaBallero FJ, Calza-
Do Ma, Muñoz e. Opposite effects of anandamide 
and N-arachidonoyl dopamine in the regulation of 
prostaglandin E and 8-iso-PGF formation in pri-
mary glial cells. J Neurochem 2009; 109: 452-
464. 

12) Wentzel P, eriKSSon uJ. 8-Iso-PGF(2alpha) admin-
istration generates dysmorphogenesis and in-
creased lipid peroxidation in rat embryos in vitro. 
Teratology 2002; 66: 164-168.

13) PHaM vv, StiCHtenotHDo, tSiKaS D. Nitrite cor-
relates with 3-nitrotyrosine but not with the 
F(2)-isoprostane 15(S)-8-iso-PGF(2alpha) in 
urine of rheumatic patients. Nitric Oxide 2009; 
21: 210-215.

14) KoreCKa M, ClarK CM, lee vM, troJanoWSKi JQ, 
SHaW lM. Simultaneous HPLC-MS-MS quantifi-
cation of 8-iso-PGF(2alpha) and 8,12-iso-iPF(2al-
pha) in CSF and brain tissue samples with on-line 
cleanup. J Chromatogr B Analyt Technol Biomed 
Life Sci 2010; 878: 2209-2216.

15) SHiraKi a, KuMe H, oguMa t, MaKino y, ito S, 
SHiMoKata K, HonJo H, KaMiya K. Role of Ca2+ 
mobilization and Ca2+ sensitization in 8-iso-
PGF 2 alpha-induced contraction in airway 
smooth muscle. Clin Exp Allergy 2009; 39: 236-
245.

16) PaPaPanagiotou a, giSSiS i, PaPaDoPouloS C, SougliS 
a, BogDaniS gC, gioSoS i, SotiroPouloS a. Changes 
in homocysteine and 8-iso-PGF(2a) levels in foot-
ball and hockey players after a match. Res Sports 
Med 2011; 19: 118-128.

17) lyoo iK, Kong SW, Sung SM, HiraSHiMa F, ParoW 
a, Hennen J, CoHen BM, renSHaW PF. Multi-
nuclear magnetic resonance spectroscopy of 
high-energy phosphate metabolites in human 
brain following oral supplementation of cre-
atine-monohydrate. Psychiatry Res 2003; 123: 
87-100.

18) teSFaye n, SeaQuiSt er, Öz g. Noninvasive mea-
surement of brain glycogen by nuclear magnetic 
resonance spectroscopy and its application to the 
study of brain metabolism. J Neurosci Res 2011; 
89: 1905-1912. 



B.-X. Qi, H. Yao, L. Shang, L.-P. Sheng, X.-C. Wang, L. Zhu, X.-X. Zhang, J.-P. Wang, D.-H. Fang

4160

19) taleBPour z. 1 h nuclear magnetic resonance 
spectroscopy analysis for simultaneous de-
termination of levodopa, carbidopa and meth-
yldopa in human serum and pharmaceutical 
formulations. Anal Chim Acta 2004; 506: 97-
104.

20) BerSani FS, MiniCHino a, FoJaneSi M, gallo M, Ma-
glio g, valeriani g, BionDi M, FitzgeralD PB. Cin-
gulate cortex in schizophrenia: its relation with 
negative symptoms and psychotic onset. A re-
view study. Eur Rev Med Pharmacol Sci 2014; 
18: 3354-3367.


