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Diagnostic value and disease evaluation significance
of abdominal ultrasound inspection for neonatal
necrotizing enterocolitis
Li Wang', Yinghui Li?, Jian Liu?

ABSTRACT

Objective: To summarize abdominal plain X-rays and ultrasound characteristics of 144 cases of Neonatal
Necrotizing Enterocolitis (NEC) and to analyze diagnostic value and disease evaluation significance of
abdominal ultrasound inspection for NEC.

Methods: Clinical data of 144 NEC patients were retrospectively analyzed from February 2014 to December
2015. The patients were divided into suspected NEC group (N=74) and confirmed NEC group (N=70)
according to amended Bell-NEC classification and diagnostic criteria. Meanwhile, we divided them into
internal medicine treatment group (N=95) and surgery/death group (N=49) according to clinical prognosis
and took records of their clinical manifestations, laboratory inspection results and abdominal plain X-rays
and ultrasound characteristics.

Results: For confirmed NEC group, the detection rate of portal venous gas (PVG) and dilatation of intestine
by abdominal ultrasound was obviously higher than by plain X-rays (P<0.05). Abdominal ultrasound
inspection revealed that the incidence rate of dilatation of intestine, bowel wall thickening and ascites
(acoustic transmission difference) of the surgery/death group was higher than that of the internal medicine
treatment group by comparing risk ratio (RR) and 95% confidence interval (Cl) of RR; the difference was
statistically significant (P<0.05). The abdominal plain X-rays inspection only showed the result that dilatation
of intestine and free intraperitoneal air was more often found in the surgery/death group (P<0.05).
Conclusion: Compared with abdominal plain X-rays, abdominal ultrasound has certain clinical value
and offers more advantages in some aspects; therefore, it can be considered as the reference index in
prediction of clinical prognosis.
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is up to 15%~30%.>° Part of infantile patients have
unfavorable prognosis. A research indicated that
the clinical prognosis of NEC was closely related
to its severity.* Thus, early diagnosis and timely
treatment is the key factors which affect the clinical
prognosis of NEC.

In recent decades, the research of diagnosis and
treatment for NEC goes deeper while people get
more and more acquaintance of it. The current
diagnosis of NEC mainly relies on abdominal
plain X-rays and observation of patients’ clinical
manifestations.” Abdominal plain X-rays is
currently the standard imaging method for
evaluating NEC; however, it has limitations. On the
one hand it can neither observe dynamically nor
detect intestinal necrosis and enterobrosis in time
for it is discontinuously dynamic and it also cannot
find existing enterobrosis which leads to disease
exacerbation and delayed treatment; on the other
hand repeated radiography will do more damage
to infantile patients by causing more ionizing
radiation.®” In recent year’s studies on abdominal
ultrasound is gradually applied to early diagnosis
of NEC and shows the advantages of convenience,
real time and dynamic.%

Diagnostic value for NEC was earliest recognized
in year 1984. Until year 2005 the importance of
abdominal ultrasound for early diagnosis of NEC
was gradually recognized by more and more
researchers after the publication of feasibility
study report (FSR) on evaluating infantile patients’
intestines by adopting color Doppler ultrasound
(CDUS) and the summary report by Kim et al. in
which it was found that the assessment of grey
scale ultrasound of bowel wall was helpful to the
diagnosis of NEC."

To analyze the value of abdominal ultrasound
in diagnosis and severity evaluation of NEC, this
study collected the clinical data of 114 infants
who were diagnosed as NEC, aiming to provide a
theoretical basis for the diagnosis and treatment of
NEC.

METHODS

One hundred and forty-four NEC patients who
were hospitalized in the hospital from Feb. 2014 to
Dec. 2015 were selected for this study. Among them,
110 patients were malesand 34 patients were females;
the gestational age of those patients was from 25.1
to 40 weeks (average (33£3) weeks); there were 108
premature infants (75%) and 36 full-term infants
(25%). Premature infants’ birth weight was from
740 to 4410 g (average (2045+798) g). Patients who
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were diagnosed as NEC according to the Practical
Neonatology (the fourth edition) and the amended
Bell-NEC classification and diagnostic criteria,"
developed NEC within thirty days after birth, have
underwent abdominal plain X-ray examination and
ultrasound (interval of two examinations less than
24 hour), had completed hospitalization data and
whose parents had signed informed consent were
included in the study. Patients who suffered from
intestinal malformation (congenital megacolon,
intestinal atresia, malrotation of intestines, etc.)
or complicated congenital heart disease were
excluded.

Grouping: According to clinical manifestations
of 144 NEC infantile patients, they were divided
into suspected NEC group (N=74) and confirmed
NEC group (N=70) with reference to the amended
Bell-NEC classification and diagnostic criteria.
Meanwhile, they were also divided into internal
medicine treatment group (N=95) and surgery/
death group (N=49) according to clinical prognosis.
Four patients in the internal medicine treatment
group died as they rejected the operation.
Abdominal  Ultrasound and Plain X-rays
Inspection: Bedside abdominal CDUS and plain
X-rays inspection were immediately performed
once suspected NEC cases were found. The time
interval between abdominal CDUS and X-rays
inspection was less than three hours. Bedside
CDUS and plain X rays inspection were performed
every 6 to 12 hours according to disease conditions
of infantile patients. All the abdominal ultrasound
inspections used Voluson E6 Color Doppler
Diasonograph (General Electric Company, Fairfield
City, Connecticut, USA) with linear array transducer
frequency of 7 to 12 MHz and were completed by
an ultrasound specialist. X-rays inspection used
SIMENSMOBILETT XP Digital DR apparatus and
the results were reviewed by a radiologist.
Statistical Analysis: All data were processed by
SPSS ver. 21.0. Enumeration data with normal
distribution were expressed as mean and standard
deviation (SD); comparison between groups
was performed by t test. Measurement data not
conforming to normal distribution were expressed
as median and inter-quartile range; comparison
between groups was performed by rank sum test.
Enumeration data were processed by chi-square
test. When the minimum theoretical value was
greater than 1 and less than 5, it was processed by
corrected chi-square test. The results of abdominal
CDUS and plain X-rays were described by risk ratio
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Table-I: Comparison of basic information and laboratory inspection indexes between two groups.

Definite group (N=70) Suspected group (N=74) t/Z/X? P
Gestational age (week) 34.2+3.5 33.1+4.1 1.46 0.163
Birth weight (kg) 2.07£0.76 2.05+0.82 -0.02 0.972
Outset day (d) 11.87.9 14.248.1 -1.25 0.241
TWBC (x109/L) 9.744.8 8.945.8 0.39 0.683
ANC (x109/L) 5.844.7 6.1+4.7 -0.62 0.541
PLT (x109/L) 277.2+126.2 261.2+128.1 0.61 0.573
CRP (mg/L) 5.0 (1.1,39.0) 9.5(3.0,44.7) -1.05 0.269

Notes: CRP value was expressed as [M (P25, P75)] and all other numeric values were expressed as mean+SD.

(RR) and confidence interval (CI). When P was less
than 0.05 or RR 95% CI excluded 1, the difference
had statistical significance.

RESULTS

Comparison of Basic Information between the
Suspected NEC Group and Confirmed NEC Group:
The differences of gestational age, birth weight,
outset time, total white blood cells (TWBC), absolute
neutrophil count (ANC), platelet count (PLT) and
level of C Reactive Protein (CRP) between two
groups had no statistical significance (Table-I).

Comparison of Imaging Results of Abdominal
CDUS and Plain X-rays between Suspected Group
and Definite Group: The difference of dilatation of
intestine, reduced inflation of intestine and bowel
wall thickening in suspected NEC group had no
statistical significance. In addition, abdominal
ultrasounds detected out five cases of PVG while
no founding by abdominal plain X-rays. According
to the chi-square test of the results of abdominal
ultrasound and plain X-rays in definite NEC
group, the difference of PI, free intraperitoneal
gas, reduced inflation of intestine and bowel wall

thickening had no statistical significance. But
the rate of dilatation of intestine by abdominal
ultrasound was higher than plain X-rays. The
difference had statistical significance. Details are
shown in Table-II and III.

Comparison of Imaging Results of Abdominal
CDUS and Plain X-rays between Internal Medicine
Treatment Group and Surgery/Death Group: This
study described the relationship between the
results of abdominal ultrasound and the clinical
prognosis of infantile patients using RR and 95% CIL.
The difference of dilatation of intestine, bowel wall
thickening and ascites between two groups had
statistical significance. The RR of above mentioned
three clinical manifestations of the surgery/death
group was higher than that of the internal medicine
treatment group, indicating the above three clinical
manifestations could be considered as the factors
for foreseeing unfavorable clinical prognosis.
The RR of reduced inflation of intestine and slow
down of intestinal peristalsis was less than 1, thus
they were not the factors for foresting unfavorable
clinical prognosis. Details are shown in Table-IV.
The RR of free intraperitoneal gas and dilatation of
intestine of the surgery/death group was obviously

Table-II: Comparison of characteristics between abdominal plain X-rays
and abdominal ultrasound in suspected NEC group [N(%)]

Item Abdominal plain X-rays Abdominal ultrasound X? P
(N=81) (N=96)

Pneumatosis intestinalis 0 0

PVG 0 5(5.2)

Free intraperitoneal gas 0 0

Dilatation of intestine 25(30.9) 16(16.7) 2.531 0.086

Spasticity of intestinal loop 2(2.5) /

Reduced inflation of intestine 25(30.9) 24(25.0) 0.634 0.462

Bowel wall thickening 23(28.4) 16(16.7) 1.892 0.148

Slowed intestinal peristalsis / 40(41.7)

Disappearance of intestinal peristalsis / 6(6.3)

Ascites / 0

Notes: / indicates no observation for the item or there is no statistical significance in difference between two groups;
n indicates the number of times of abdominal plain X-rays or ultrasound inspections.
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Table-III: Comparison of characteristics between abdominal plain X-rays

and abdominal ultrasound in d

efinite NEC group [N(%)]

Item Abdominal plain X-rays Abdominal ultrasound X? P
(N=91) (N=84)

Pneumatosis intestinalis 14(15.4) 18(21.4) 0.542 0.469

PVG 15(16.5) 29(34.5) 4.361 0.036

Free intraperitoneal gas 11(12.1) 13(15.5) 0.227 0.637

Dilatation of intestine 34(37.4) 49(58.3) 4.796 0.032

Spasticity of intestinal loop 15(16.5) /

Reduced inflation of intestine 23(33.0) 34(40.5) 0.495 0.472

Bowel wall thickening 35(38.5) 24(28.6) 1.032 0.318

Slowed intestinal peristalsis / 37(44.0)

Disappearance of intestinal peristalsis / 14(16.7)

Ascites / 56(66.7)

Notes: / indicates no observation for the item or there is no s

tatistical significance in difference between two groups;

N indicates the number of times of abdominal plain X-rays or ultrasound inspections.

higher than that of the internal medicine treatment
group; and the difference had statistical significance
(P<0.05) (Table-V).

DISCUSSION

NEC with high clinical incidence is a disease
frequently happened to newborns. But because
of its non-typical early clinical manifestations,

Table-IV: Comparison of characteristics

wrong timing of surgery and concealed onset of
partial cases, it severely threatens lives and health
of newborns and leads to delayed treatment and
high mortality.’? Abdominal plain X-rays were the
main method for diagnosis of NEC in the past;
however, X ray shows obvious defects due to its
low specificity.’*** In recent years, the diagnostic
value of abdominal ultrasound for NEC diagnosis

of abdominal ultrasound between

internal medicine treatment group and surgery/death group [N(%)]

Item *(N=103) **(N=55) X2 or (corrected X?) P RR 95%CI
Free intraperitoneal gas 0 13(23.6)

Pneumatosis intestinalis 10(9.7) 8(14.5) (0.058) 0.815 1.5 0.3~4.6
PVG 20(19.4) 15(27.3) 0.846 0.357 14 0.8~3.1
Dilatation of intestine 31(30.1) 34(61.8) 8.407 0.000 2.1 1.2~3.2
Reduced inflation of intestine 37(35.9) 17(30.9) 0.259 0.623 0.9 0.4~1.7
Bowel wall thickening 19(18.4) 23(41.8) 6.056 0.007 24 1.3~4.6
Slowed intestinal peristalsis 50(48.5) 23(41.8) 0.492 0.487 0.8 0.5~1.5
Disappearance of intestinal peristalsis  10(9.7) 9(16.4) 0.483 0.476 1.8 0.7~5.4
Ascites 16(15.5) 42(76.4) 21.806 0.000 19.6 3.7~254

Notes: N indicates the number of times of abdominal plain X-rays or ultrasound inspections;
*: Internal medicine treatment group; **: Surgery/death group.

Table-V: Comparison of characteristics of abdominal plain X-rays between
internal medicine treatment group and surgery/death group [N(%)].

Item *(N=110) **(N=62) X2 or (corrected X?) P RR 95% CI
Free intraperitoneal gas 0 11(17.7)

Pneumatosis intestinalis 7(6.4) 7(11.3) (0.452) 0.516 2 0.4~7.6
PVG 7(6.4) 9(14.5) (1.287) 0271 25 0.8~8.6
Dilatation of intestine 30(27.3) 30(48.4) 4.611 0.027 1.8 1.2~3.0
Reduced inflation of intestine 40(36.4) 15(24.2) 1.358 0.242 0.7 0.2~1.2
Bowel wall thickening 43(39.1) 32(51.6) 1.463 0228 13 0.9~2.2
Spasticity of intestinal loop 9(8.2) 9(14.5) 0.717 0.403 2 0.7~6.4

Notes: N indicates the number of times of abdominal plain X-rays or ultrasound inspections;
*: Internal medicine treatment group; **: Surgery/death group.
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is gradually taken seriously. The application of
ultrasound for early clinical diagnosis of NECs is
becoming more popular with the greatimprovement
of resolution of ultrasonic probe. It can precisely
diagnose NEC symptoms of infantile patients by
presenting clear images of tissue structures such
as portal vein, intestinal wall and enterocoelia in
ultrasonogram.® Therefore abdominal ultrasound
has its unique diagnostic value for NEC compared
with abdominal plain X-rays.

This study indicated that abdominal CDUS was
more effective in detecting PVG compared to plain
X-rays during both suspected period and confirmed
period, suggesting high sensitivity of abdominal
CDUS. It has been generally acknowledged that
there are two ways for free gas going into portal
vein. As to the first way, with increase of internal
pressure and dilatation of intestine, free gas in
the enteric cavity infiltrates into venules on the
intestinal wall because of the swelling and necrosis
of intestinal mucosa and the damage of mucosal
barrier, then the free gas goes back to portal vein
through mesenteric vessel; the second way is direct
infection of aerogen in intestine and enterocoelia.'®
But PVG is also clinically generally seen in patients
with symptoms of non-necrotizing gastrointestinal
mucosa lesions, ileus, dilatation of intestine, pelvic
and peritoneal abscesses, etc.” Therefore, the
existence of PVG needs to be determined by referring
to high risk factors and clinical manifestations of
patients after examination using ultrasound. In
addition, during initial period of NEC, the small
and tiny changes of medical conditions in intestine
such as reducing of intestinal wall blood perfusion,
edema, slowed intestinal peristalsis, small-scale
peritoneal effusion, etc. cannot be easily found by
plain X-rays; however, ultrasound inspection could
obviously detect all above mentioned changes.”
In this study, 41.7% patients of the suspected NEC
group were found slowed intestinal peristalsis. In
the confirmed NEC group, 44.0% patients were
found slowed intestinal peristalsis and 66.7%
patients were found with ascites. Therefore,
abdominal ultrasound has unique advantages in
these aspects compared to abdominal plain X-rays.

Due to high fatality rate of NEC, the living quality
of survived infantile patients was also a focus. In this
study, abdominal ultrasound inspection revealed
that the occurrence rate of dilatation of intestine,
bowel wall thickening and ascites of surgery/death
group was higher than that of internal medicine
treatment group, suggesting those three ultrasound
characteristics could be considered as the reference

Neonatal necrotizing enterocolitis

indexes for predicting disease severity and early
unfavorable prognosis. Due to intestinal infection
and functional disability of intestinal peristalsis, a
great quantity of gas gathered in the enteric cavity
and the intestinal wall became thinner; and in such
a condition, enterobrosis was more likely to be
induced. Abdominal plain film suggested that, the
detection rate of dilatation of intestine was higher
in the surgery/death group. Thus dilatation of
intestine could be considered as the risk factor for
surgery or death. Thus abdominal ultrasound was
more sensitive in detecting dilatation.

The results of abdominal ultrasound inspection
indicated that ascites was a risk factor for surgery/
death because this factor might correlated to
enterobrosis. In this study, abdominal ultrasound
or plain X-rays suggested that, all the infantile
patients with free intraperitoneal gas needed
surgical treatment or found dead, which was
consistent with the result reported in the study
made by Silva et al.”® Besides, their study indicated
ascites was the risk factor for surgery/death. In a
foreign research, detecting of spasticity of intestinal
loop indicated unfavorable prognosis.®® But the
difference of our centre’s research result had no
statistical significance, which was considered to
be correlated to the low rate of reexamination of
abdominal plain X-rays in our centre. Our study
also indicated the difference of occurrence rate of
PVG of internal medicine treatment group and
surgery/death group had no statistical significance
and PVG was neither the surgical indication nor the
index for foreseeing unfavorable clinical prognosis,
which confirmed the result of Sharma et al study.”
Lack of general clinical reference standards, it was
difficult to compare the sensitivity of abdominal
ultrasound and plain X-rays to above characteristics.
But generally speaking, the imaging results of
abdominal ultrasound could be considered as the
reference index of clinical prognosis for infantile
patients with NEC.

CONCLUSION

Abdominal ultrasound is important to both NEC
diagnosis and prediction of clinical unfavorable
prognosis. Therefore, for infantile patients with
suspected or confirmed NEC, we can monitor them
dynamically and adjust treatment methods with the
changes in medical conditions to lower surgical and
death rate and improve prognosis. But there were
few re-examinations of abdominal ultrasound and
plain X-rays for the cases included in our study
so that we could not find the changes of free intra
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peritoneal gas, PVG, PJ, etc. in time, which reduced
the diagnosis to some extent. On the other hand,
these two kinds of inspections hardly proceeded
at the same time so we could not precisely
acknowledge the time sequence of changes of
characteristics in both inspections, which limited
overall evaluation of the superiority of abdominal
CDUS in evaluating NEC. In future clinical works,
time tables for abdominal CDUS and plain X-rays
examination and re-examination are suggested to
be used.

Declaration of interest: All authors declared there
was no conflict interests involved.

Grant Support & Financial Disclosures: None.

REFERENCES

1. Thompson AM, Bizzarro MJ]. Necrotizing enterocolitis in
newborns pathogenesis, prevention and management.
Drugs. 2008;68(9):1227-1238.

2. Holman RC, Stoll B, Clarke MJ, Glass RI. The epidemiology
of necrotizing enterocolitis infant mortality in the United
States. Am ] Public Health. 1997;87(12):2026-2031.

3. Morgan J, Young L, McGuire W. Delayed introduction of
progressive enteral feeds to prevent necrotising enterocolitis
in very low birth weight infants. Cochrane Database Syst
Rev. 2014;12:CD001970. doi: 10.1002/14651858.CD001970

4. Wang HL. Diagnosis and treatment of neonatal necrotizing
enteroolitis. Health. 2011;19(8):203.

5. Rojas MA, Lozano JM, Rojas MX, Rodriguez VA, Rondon
MA, Bastidas JA, et al. Prophylactic probiotics to prevent
death and nosocomial infection in preterm infants.
Pediatrics. 2012;130(5):1113-1120. doi: 10.1542/peds.2011-
3584

6. Al Faleh K, Anabrees ]. Probiotics for prevention of
necrotizing enterocolitis in preterm infants. Cochrane
Database Syst Rev. 2014;4:CD005496. doi: 10.1002/
ebch.1976.

7. Wang JR, Yu JL, Li GH, Wang M, Gao B, Li HM, Chen
JB, Zhang C. Imaging assessment of neonatal necrotizing
enterocolitis. Chin J Pediat. 2013;51(5):331-335. doi: 10.3760/
cma,j.issn.0578-1310.2013.05.003

8. Bohnhorst B. Usefulness of abdominal ultrasound in
diagnosing necrotising enterocolitis. Arch Dis Child
Fetal Neonatal Ed. 2013;98(5):F445-F450. doi: 10.1136/
archdischild-2012-302848

9.  Muchantef K, Epelman M, Darge K, Kirpalani H, Laie P,
Anupindi SA. Sonographic and radiographic imaging
features of the neonate with necrotizing enterocolitis:
correlating findings with outcomes. Pediatr Radiol.
2013;43(11):444-1452. doi: 10.1007/s00247-013-2725-y

10. Kim WY, Kim WS, Kim 10, Kwon TH, Chang W, Lee
EK. Sonographic evaluation of neonates with early-stage
necrotizing enterocolitis. Pediatr Radiol. 2005;35(11):1056-
1061. doi: 10.1007/s00247-005-1533-4

1256 Pak JMed Sci 2016 Vol. 32 No.5  www.pjms.com.pk

11. Lu M, Zhu XY, Liu DL, Lu YD, Ben XM. Clinical analysis
of risk factors of neonatal necrotizing enterocolitis. Chin
J Neonatol. 2012;27(6):382-385. doi: 10.3969/j.issn.1673-
6710.2012.06.006

12. Zhang ZB. X-ray performance of necrotizing
enterocolitis in different stages. Chin ] Contemp Pediatr.
2009;11(11):943-944.

13. Zhang LY, Jiang GP, Ye ]JJ, Xu B, Jiang ]J. Diagnostic
value of ultrasound for neonatal necrotizing enteroolitis.
Chin ] Ultrasonog. 2012;(7):633-634. doi: 10.3760/cma.j.is
sn.1004-4477.2012.07.028

14. ZhuF. Clinical value of neonatal necrotizing enterocolitis by
ultrasonic diagnosis. China Mod Med. 2015;(15):53-54, 58.

15. Garbi-Goutel A, Brévaut-Malaty V, Panuel M, Michel
F, Merrot T, Gire C. Prognostic value of abdominal
sonography in necrotizing enterocolitis of premature
infants born before 33 weeks gestational age. ] Pediatr Surg.
2014;49(4):508-513. doi: 10.1016/j.jpedsurg.2013.11.057

16. Kinoshita H, Shinozaki M, Tanimura H, Umemoto
Y, Sakaguchi S, Takifuji K, et al. Clinical features and ma
nagement of hepatic portal venous gas: four case reports
and cumulative review of the literature. Arch Surg.
2001;136(12):1410-1414. doi: 10.1001/archsurg.136.12.1410

17. Bohnhorst B, Kuebler JF, Rau G, Gluer S, Ure B,
Doerdelmann M. Portal venous gas detected by ultrasound
differenciates surgical NEC from other acquired neonatal
intestinal disease. Eur ] Pediatr Surg. 2011;21(1):12-17. doi:
10.1055/5-0030-1265204

18. Alexander VN, Northrup V, Bizzarro M]. Antibiotic
exposure in the newborn intensive care unit and the risk
of necrotizing enterocolitis. Pediatrics. 2011;159(3):392-397.
doi: 10.1016/j.jpeds.2011.02.035

19. Silva CT, Daneman A, Navarro OM, Moore AM, Moineddin
R, Gerstle JT, et al. Correlation of sonographic findings
and outcome in necrotizing enterocolitis. Pediatr Radiol.
2007;37(3):274-282. doi: 10.1007/s00247-006-0393-x

20. Coursey CA, Hollingsworth CL, Wriston C, Beam C, Rice
H, Bisset G 3rd. Radiographic predictors of disease severity
in neonates and infants with necrotizing enterocolitis.
Am ] Roentgenol. 2009;193(5):1408-1413. doi: 10.2214/
AJR.08.2306

21. Sharma R, Tepas ]JJ 3rd, Hudak ML, WIludyka PS, Mollitt
DL, Garrison RD, et al. Portal venous gas and surgical
outcome of neonatal necrotizing enterocolitis. ] Pediatr Surg.
2005;40(2):371-376. doi: 10.1016/j.jpedsurg.2004.10.022

Authors’ Contributions:

LW: Study design, data collection and analysis.
YHL & JL: Manuscript preparation, drafting and
revising.

LW: Review and final approval of manuscript.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez VA%5BAuthor%5D&cauthor=true&cauthor_uid=23071204
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rondon MA%5BAuthor%5D&cauthor=true&cauthor_uid=23071204
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rondon MA%5BAuthor%5D&cauthor=true&cauthor_uid=23071204
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bastidas JA%5BAuthor%5D&cauthor=true&cauthor_uid=23071204
http://dx.chinadoi.cn/10.3760%2fcma.j.issn.0578-1310.2013.05.003
http://dx.chinadoi.cn/10.3760%2fcma.j.issn.0578-1310.2013.05.003
http://dx.chinadoi.cn/10.3969%2fj.issn.1673-6710.2012.06.006
http://dx.chinadoi.cn/10.3969%2fj.issn.1673-6710.2012.06.006
http://dx.chinadoi.cn/10.3760%2fcma.j.issn.1004-4477.2012.07.028
http://dx.chinadoi.cn/10.3760%2fcma.j.issn.1004-4477.2012.07.028
http://www.ncbi.nlm.nih.gov/pubmed/?term=Michel F%5BAuthor%5D&cauthor=true&cauthor_uid=24726102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Michel F%5BAuthor%5D&cauthor=true&cauthor_uid=24726102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Merrot T%5BAuthor%5D&cauthor=true&cauthor_uid=24726102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gire C%5BAuthor%5D&cauthor=true&cauthor_uid=24726102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Umemoto Y%5BAuthor%5D&cauthor=true&cauthor_uid=11735870
http://www.ncbi.nlm.nih.gov/pubmed/?term=Umemoto Y%5BAuthor%5D&cauthor=true&cauthor_uid=11735870
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sakaguchi S%5BAuthor%5D&cauthor=true&cauthor_uid=11735870
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takifuji K%5BAuthor%5D&cauthor=true&cauthor_uid=11735870
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moore AM%5BAuthor%5D&cauthor=true&cauthor_uid=17225155
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moineddin R%5BAuthor%5D&cauthor=true&cauthor_uid=17225155
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moineddin R%5BAuthor%5D&cauthor=true&cauthor_uid=17225155
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gerstle JT%5BAuthor%5D&cauthor=true&cauthor_uid=17225155
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wludyka PS%5BAuthor%5D&cauthor=true&cauthor_uid=15750931
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mollitt DL%5BAuthor%5D&cauthor=true&cauthor_uid=15750931
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mollitt DL%5BAuthor%5D&cauthor=true&cauthor_uid=15750931
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garrison RD%5BAuthor%5D&cauthor=true&cauthor_uid=15750931

