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Abstract

Angiogenesis plays a vital role in the development of tumor progression and metastasis as well as ascitic 
formation.Several clinical trials with agents targeting the specific angiogenic factors such as the vascular epithelial 
growth factors(VEGF), vascular epithelial growth factor receptor (VEGFR), platelets -derived growth factors (PDGF) and 
fibroblast -derived growth factors (FDGF) has gained major progression in the setting of adjuvant and maintenance 
treatment of epithelial ovarian cancer. We summarize the clinical trials of the antiangiogenic agents with focusing on 
the primary end points as well as the secondary end points in the primary as well as recurrent settings and discuss the 
benefits and probable limitations of this agents in the treatment of epithelial ovarian cancer.

Key words: Angiogenesis, Epithelial Ovarian Cancer Vascular epithelial growth factor

Epithelial ovarian cancer (EOC) has the highest 
mortality among gynecological cancers  in the United 
States[1], with almost 75% of the disease occurring at 
the advanced stage[2]. Despite aggressive  surgical 
interventions and novel chemotherapeutic agents, 
there was only a limited improvement in the 5-year 
survival of patients with ovarian cancer during the 
past decades, i.e., from 37% in 1975–1977 to 46% in 
1999–2005[3].

The standard treatment for EOC involves either 
a primary debulking surgery followed by six cycles 
of platinum-based chemotherapy or three cycles 
of neoadjuvant chemotherapy (NACT) in patients 
deemed to have suboptimal probability of surgical 
success (>1 cm residual tumor) followed by another 
three cycles of platinum-based adjuvant chemo-
therapy[4,5]. Although different routes and sched-
ules of chemotherapy delivery have resulted in a 
slight improvement in the survival of patients with 

advanced disease[6,7,8,9], there remains an urgent 
need for more effective treatments.

Tumor angiogenesis is an essential component of 
cancer growth and metastasis. It is mediated by key 
angiogenic molecules such as the vascular endothe-
lial growth factor (VEGF) and its two receptors: VEGF 
receptor-1 (Flt-1) and VEGF-2 (KDR). VEGF and VEGF 
receptors are expressed in EOC; moreover, increased 
VEGF expression has been associated with the devel-
opment of malignant ascites[10,11,12]. Other angiogen-
esis pathways involved in the pathogenesis of ovarian 
cancer include platelet-derived growth factor (PDGF) 
and fibroblast growth factor (FGF). Higher PDGF 
levels have been observed in ovarian carcinomas 
than in benign tissue and malignant ascites, and have 
been linked to poor survival; evidence has shown 
similar involvement of the FGF pathway in ovarian 
angiogenesis[13,14,15].

Of the antiangiogenic agents being evalu-
ated[18,19,20], bevacizumab (Avastin; Genentech, 
South San Francisco, CA, USA)  is the most widely 
studied. In a phase II trial in patients with untreated 
stage >IC EOC, primary peritoneal cancer (PPC), fallo-
pian tube cancer (FTC), or uterine papillary serous 
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carcinomas, the overall response rate was 75% with 
a median progression-free survival (PFS) of 29.8 
months[21]. This result has led to a phase III trial—
Gynecologic Oncology Group (GOG) 218 study.

Here we present the most recent results of 
clinical trials regarding the utility of antiangiogenic 
agents in the treatment of epithelial ovarian cancer.

Front line settings

GOG 218
In the GOG 218 study, the effect bevacizumab 

was assessed in patients with stage III and IV EOC; 
bevacizumab was administered at the dose of 15 
mg/kg every 3 weeks for up to 15 months. The trial 
consisted of three treatment arms: (a) standard intra-
venous paclitaxel and carboplatin, (b) intravenous 
paclitaxel and carboplatin in conjunction with beva-
cizumab, and (c) intravenous paclitaxel, carboplatin, 
and bevacizumab with continuation of bevacizumab 
as a single agent for an additional 10 months as main-
tenance therapy.

The main finding of the study was a significantly 
improved PFS of 3.8 months when bevacizumab was 
administered concurrently with chemotherapy and 
continued as maintenance therapy. An overall survival 
(OS) benefit was not evident in GOG 218. Nonethe-
less, because 40% of patients in the chemotherapy-
only group subsequently received bevacizumab at 
progression, a potential OS benefit would have been 
difficult to demonstrate in this study[22].

ICON7
This is a phase III, open label, Medical Research 

Council -sponsored academia-led Roche-supported 
trail to evaluate the use of bevacizumab and to 
support a front line ovarian cancer filing with the 
European Medical Agency (EMA).

A total of 1,528 patients were given carbo-
platin (AUC 5 or 6) and paclitaxel 175 mg/m2 every 
3 weeks for 6 cycles with or without bevacizumab. 
Bevacizumab (7.5 mg/kg) was concurrently adminis-
tered every 3 weeks for 6 cycles and continued for 
an additional 12 cycles or until disease progression. 
Interim analysis of the ICON-7 study showed an 
overall PFS advantage for patients receiving bevaci-
zumab for 2.4 months at all stages (FIGO stage I–IV). 
In the high-risk group (suboptimally debulked stage 

III residual disease, i.e., tumor size >1 cm, or stage IV), 
a median OS benefit of approximately 8 months was 
seen with bevacizumab [hazard ratio (HR), 0.64, P = 
0.002)[23]. The final data of the study revealed that 
the median OS was 58 months and that bevacizumab-
based therapy does not increase OS compared with 
placebo. On the other hand, a benefit of 9.4 months 
in median survival time was observed in the patients 
at high risk of progression. Thus, some women with 
high-risk disease may benefit from bevacizumab.

OCTAVIA
This was a single-arm, phase II front-line study 

evaluating bevacizumab with weekly paclitaxel and 
every 3 weeks of carboplatin, followed by beva-
cizumab maintenance therapy for up to 1 year in 
patients with stage I/IIA (with grade 3 or clear cell 
histology) or stage IIB/IV disease of any grade. Overall, 
the safety profile of weekly paclitaxel in combination 
with bevacizumab and carboplatin was comparable 
to that observed in ICON7[24].

AGO-OVAR12/LUME-Ovar
Nintedanib (BIBF 1120; Boehringer Ingelheim, 

Ingelheim, Germany) targets VEGFR-1, -2, and -3, 
PDGFR-α/β, FGFR-1, -2, and -3, members of the 
v-src sarcoma viral oncogene homolog (Src family),  
and fms-like tyrosine kinase 3 (Flt-3). In a phase II 
randomized controlled trial comparing nintedanib 
250 mg twice daily with placebo as maintenance 
therapy in patients with recurrent EOC, PPC, or FTC 
who responded to their last chemotherapy regimen, 
the primary endpoint of 36-week PFS was 16.3% with 
nintedanib versus 5.0% with placebo (HR, 0.65; 95% CI, 
0.42–1.02; P = 0.06), which led to the AGO-OVAR12/
LUME-Ovar1 study, in which patients with EOC, PPC, 
or FTC were accrued for nintedanib combined with 
carboplatin/paclitaxel in first-line settings, followed 
by nintedanib maintenance therapy until disease 
progression or for a maximum of 120 weeks. The data 
on the primary endpoints of PFS is expected to come 
out in 2016.

AGO-OVAR16
Pazopanib (GlaxoSmithKline, London, UK) targets 

VEGFR-1, -2, and -3; PDGFR-α/β; FGFR-1 and -3; and 
c-kit. In an open-label Phase II trial[25] evaluating 
pazopanib 800 mg/day in patients with pretreated 
recurrent EOC or PPC with a complete cancer antigen 
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(CA)-125 response to initial platinum-based chemo-
therapy and subsequent CA-125 elevation to >42 U/
mL. The primary endpoint of the CA-125 response 
was seen in 11 of 36 patients (31%; 95% CI, 16–48%).

AGO-OVAR16 is a randomized, double-blind, 
phase III trial (n = 940) to determine whether pazo-
panib 800 mg/day administered for up to 24 months 
prolongs PFS compared with placebo in women with 
nonbulky, FIGO stage II–IV ovarian cancer, which has 
not progressed after front-line chemotherapy. The 
data presented at the 2013 Meeting of the American 
Society of Clinical Oncology showed that pazopanib 
maintenance therapy significantly improved PFS 
(median 12.3 versus 17.9 months; HR = 0.766; P = 
0.0021) with some class-specific adverse effects that 
led to early discontinuation and dose reductions.

TRINOVA-3 
AMG 386 (Amgen; Thousand Oaks, CA, USA) is a 

peptide–Fc fusion protein that targets angiogenesis 
by inhibiting the binding of both angiopoietins-1 and 
-2 to Tie-2 receptor[26]. Patients with stage III or IV 
disease with no prior anticancer or experimental 
therapy for EOC, PPC, or FTC prior primary debulking 
surgery within 12 weeks  were randomized to receive 
first-line carboplatin/paclitaxel combined with AMG 
386, followed by AMG 386 maintenance therapy 
for 18 months until disease progression. The study 
was initiated in December 2011, with the final data 
collection for the primary endpoint of PFS expected 
in 2016.

Recurrent settings

OCEANS
A total of 484 patients enrolled in a randomized, 

multicenter, blinded, placebo-controlled phase III 
trial testing the efficacy and safety of bevacizumab 
with gemcitabine and carboplatin compared with 
gemcitabine and carboplatin in platinum-sensitive 
recurrent EOC, PPC, or FTC for 6–10 cycles. Bevaci-
zumab or placebo was then continued until disease 
progression. The primary endpoint was PFS by the 
Response Evaluation Criteria in Solid Tumors (RECIST);  
secondary endpoints were the objective response 
rate, duration of response, OS, and safety.

PFS in the bevacizumab arm was superior to that 
in the placebo arm (HR, 0.485; 95% CI, 0.388–0.605; 

log-rank P < 0.001; median PFS 12.4 versus 8.4 months). 
The objective response rate (78.5% versus 57.4%; P 
< 0.001) and duration of response (10.4 versus 7.4 
months; HR, 0.534; 95% CI, 0.408–0.698) significantly 
improved with the addition of bevacizumab[27].

AURELIA
This is a randomized, 2-arm phase III trial to 

assess the efficacy and safety of bevacizumab in 
combination with a range of chemotherapy regimens 
(including paclitaxel, topotecan, and liposomal doxo-
rubicin) in patients with platinum-resistant ovarian 
cancer. At median follow-up of >13 months, median 
PFS was significantly prolonged with chemotherapy 
plus bevacizumab versus chemotherapy alone (6.7 
versus 3.4 months, respectively; HR, 0.48; 95% CI, 
0.38–0.60; P < 0.001)[28]. With median follow-up 
time of 27.4 months, 264 of 361 patients died. Beva-
cizumab improved median OS from 13.3 to 16.6 
months compared with chemotherapy alone. Never-
theless, this survival benefit did not reach statistical 
significance. It is worth noting that the AURELIA trial 
did not have sufficient statistical power to detect a 
significant difference in OS, and the interpretation 
of OS was confounded by preplanned crossover at 
disease progression in the chemotherapy arm. A total 
of 40% of patients in the chemotherapy arm received 
bevacizumab after disease progression. A more 
pronounced OS benefit was observed in the cohort 
treated with paclitaxel (HR, 0.65; median 22.4 versus 
13.2 months).

TRINOVA-1
This is a phase III, randomized, double-blind trial 

of weekly paclitaxel plus angiopoietin-1 and -2 inhib-
itor trebananib or placebo in women with recurrent 
ovarian cancer. A total of 919 patients were enrolled 
who fit the following criteria: partially platinum-
sensitive or -resistant recurrent ovarian cancer, one 
prior front-line platinum-based regimen, and allowed 
to receive two additional cytotoxic regimens. The 
addition of trebananib significantly prolonged the 
primary endpoint of PFS from 5.4 to 7.2 months (HR, 
0.66; P < 0.001). The response rate was 38% in the 
trebananib arm compared with 30% in the placebo 
arm. Preplanned interim analysis showed an overall 
favorable OS trend for trebananib, which was not 
statistically significant. The main toxicities observed 
in the trebananib arm were edema, pleural effusion, 
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and ascites. VEGF-associated adverse events such as 
hypertension, proteinuria, and arterial thrombotic 
events were not increased in this study.

TRINOVA-2
This study evaluated pegylated liposomal doxo-

rubicin in combination with either placebo or AMG 
386 in previously treated patients with EOC, PPC, or 
FTC who had <3 prior platinum-based chemotherapy 
regimens or who had a platinum-free interval of 
<12 months from the first platinum-based therapy. 
The study was initiated in March 2011 and is to be 
completed in April 2014.

TRINOVA-3
Patients with stage III or IV disease with no prior 

anticancer or experimental therapy for EOC, PPC, or 
FTC prior primary debulking surgery  within 12 weeks 
were randomized to receive first-line carboplatin/
paclitaxel combined with AMG 386, followed by AMG 
386 maintenance therapy for 18 months until disease 
progression. The study was initiated in December 
2011, with the final data collection for the primary 
endpoint of PFS expected in 2016.

ICON6
Cediranib (Recentin; AstraZeneca, Wilmington, 

DE, USA) is a tyrosine kinase inhibitor targeting 
VEGFR-1, -2, and -3; PDGFR; FGFR-1; and c-kit[29]. 
The ICON6 trial evaluated the addition of 20 mg/
day cediranib to platinum-based chemotherapy—
concurrently with chemotherapy—with cediranib 
continued as a maintenance therapy for 18 months 
in patients with a first relapse of platinum-sensitive 
ovarian cancer. The restricted means analysis showed 
a statistically significant benefit in both PFS and OS 
in the cediranib maintenance arm although a higher 
discontinuation rate was reported with cediranib. The 
median OS in the control arm of ICON6 was shorter 
that that of the OCEANS study (20 versus 35 months). 
These data might imply that fewer patients received 
poststudy antiangiogenic therapy (39% in OCEANS, 
with no disclosure in ICON6).

Discussion

There has been no major breakthrough 
regarding the treatment outcome of advanced EOC 
in the past few decades. Optimized therapeutic 

agents are urgently sought with the hope that one 
of them will delay or prevent recurrence in most 
cases of advanced-stage disease. With the advent of 
antiangiogenic drugs/biologics and the effectiveness 
demonstrated in PFS and marginal OS, it seems that 
the battle against EOC has finally come to a turning 
point.

Although antiangiogenic agents seem to be the 
most promising molecularly targeted therapeutics, 
some controversies have yet to be solved before 
large-scale clinical use is feasible.

First, the optimal dosage and duration of anti-
angiogenic agents remain to be elucidated, as seen 
in ICON7 and GOG 218, which used different doses 
(7.5 mg/kg and 15 mg/kg, respectively) and different 
durations of maintenance (18 cycles versus 15 cycles). 
In addition, the convergence of the PFS curves after 
the end of bevacizumab maintenance therapy raises 
the question of the appropriate duration of therapy. 
In ongoing trials concerning EOC, the duration of 
maintenance therapy is 24 months with pazopanib 
(AGO-OVAR16), approximately 60 weeks with cedi-
ranib (ICON6), 18 months with AMG 386 (TRINOVA-
3), and approximately 24 months with nintedanib 
(AGO-OVAR12/LUME-Ovar l). The concept of admin-
istering these molecular agents until disease progres-
sion is an intriguing strategy, particularly when the 
risk of recurrence is high. A trial comparing first-line 
chemotherapy plus bevacizumab and maintenance 
of bevacizumab for 16 cycles versus 38 cycles is in 
progress (AGO-OVAR17 BOOST), and the results are 
eagerly anticipated.

Second, the question of optimal endpoints 
needs to be addressed. According to the GCIG Fourth 
Cancer Consensus Conference, endpoints for front-
line/maintenance clinical trials need to be specifically 
defined and may include PFS, OS, toxicity, and/or 
patient-reported outcomes[30]. Although both PFS 
and OS are important, PFS is often the preferred 
primary endpoint owing to the confounding effects 
of subsequent therapy upon progression with OS.

Third, the timing of adding antiangiogenic agents 
needs to be clarified. Although both ICON7 and GOG 
218 show benefits of adding bevacizumab to first-
line chemotherapy and as maintenance therapy, 
neither trial compared this approach with mainte-
nance therapy alone. In the same way, TRINOVA-3 is 
evaluating AMG 386 in combination with carboplatin/
paclitaxel followed by AMG 386 maintenance, the 
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AGO-OVAR12/LUME-Ovar l is evaluating nintedanib 
in combination with carboplatin/paclitaxel as a main-
tenance therapy, and ICON6 also includes concurrent 
cediranib in the chemotherapy arm. The effects of 
antiangiogenic agents in the settings of neoadjuvant 
therapy and withholding the agents until complete 
clinical remission is an interesting field and warrants 
further studies.

Finally, because the PDGF and FGF signaling 
pathways appear to be involved in VEGF resistance 
described across various solid tumors, combination 
inhibition of VEGF and PDGF and/or FGF may inhibit 
angiogenesis more strongly than VEGF inhibition 
alone. These data have led to phase II trials of temsi-
rolimus (targeting mTOR) plus bevacizumab and of 
other promising combinations of novel agents to be 
explored in the near future.
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抗血管新生藥物在卵巢上皮癌的臨床實驗回顧
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摘要

　　新生血管在腫瘤惡化，轉移以及腹水的形成上扮演了關鍵性的角色。臨床實驗上針對特定血管新生

因子如血管上皮生長因子，血管上皮生長因子接受體，血小板相關生長因子，纖維細胞相關生長因子而

研發出來的藥物在治療卵巢上皮癌時無論是應用在輔助性或維持性治療上都有著長足的進步。

　　我們針對抗血管新生因子藥物的臨床實驗在治療卵巢上皮癌不論是初始或復發情境下的主要以及次

要臨床指標作了一整理，也探討了此藥物在治療上的好處以及可能的缺失。

關鍵詞：血管新生、卵巢上皮癌生長因子

*通訊作者：劉錦成　童綜合醫療社團法人童綜合醫院 癌症中心 /婦產科　43503臺中市梧棲區臺灣大道八段 699號
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Abstract

A majority of colon and rectal cancers arise from previously benign adenomas through the adenoma–carcinoma 
sequence. Discrimination between neoplastic and nonneoplastic lesions is crucial to avoid the overtreatment of 
nonneoplastic lesions. Narrow-band imaging (NBI) is a newly developed optical chromoendoscopy technique that 
highlights the microvascular structure of the mucosal surface without the inconvenience of dye spraying that is used 
in conventional chromoendoscopy. Both conventional chromoendoscopy and NBI utilize magnifying colonoscopy 
technology to achieve high diagnostic accuracy; however, magnifying colonoscopies are not routinely used in clinical 
practice. We analyzed the numerical data of the red, green, and blue components under white light (WL) and NBI in 36 
polyps. Significant differences between two lesions were compared on the basis of various characteristics, including 
standard deviation (SD), Kurt, Entropy, and Energy for each component under WL and NBI; however, SD and Kurt were 
omitted for the red component under NBI. A more homogeneous mucosal surface on a hyperplastic polyp contributes 
to the presentation. In addition, the mean of the green component under NBI achieved a significant difference that may 
have resulted from less absorption over the larger pit area in an adenomatous polyp. The accuracy of the computer-
aided diagnostic performance was higher for NBI than for WL; this was compatible with previous results from other 
clinical studies that did not use computer-aided analysis. 

Key words: narrow-band imaging (NBI); white light (WL); colorectal polyps; computer-aided analysis

Introduction

It is generally accepted that a majority of 
colon and rectal cancers arise from previously 
benign adenomas through the adenoma–carcinoma 
sequence[1]. Early detection and subsequent removal 
of adenomatous polyps have been reported to 
decrease the mortality and incidence of colorectal 
cancers[2]. Histologically, polyps are classified as 
either neoplastic lesions (adenoma, adenocarcinoma) 
or nonneoplastic lesions. A majority of nonneoplastic 
polyps are hyperplastic polyps with no malignant 
potential; however, sessile serrated lesions that may 
be difficult to microscopically differentiate from 

hyperplastic polyps are considered as precursors 
of microsatellite unstable cancers[3]. Polypectomy 
or biopsy of a polyp for histopathological diagnosis 
is considered the gold standard for distinguishing 
between adenomatous and hyperplastic polyps. If 
we can confidently differentiate between these, risks 
associated with overtreatment of hyperplasia polyps 
can be avoided. However, the accuracy of differentia-
tion is low when using conventional colonoscopy[4].

High quality images can improve diagnostic 
accuracy by enhancing the level of resolution and the 
contrast of images. Resolution denotes the capacity 
to present minute patterns and is determined on the 
basis of lens characteristics and the number of pixels 
in the charged coupled devices (CCD). Two primary 
types of diagnostic modalities are currently available 
to improve the level of resolution: the magnifying 
endoscope and the high resolution endoscope. 
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Magnifying endoscopes are equipped with an optical 
zooming apparatus that increases the level of magni-
fication. The fine mucosal surface can be evaluated in 
detail using magnifying endoscopes[5]. On the other 
hand, the high resolution endoscope (HRE) is a newer 
imaging modality that provides high quality images 
by using a higher number of pixels in CCD than in 
conventional endoscopes[5].

Conventional colonoscopy uses white light from 
a xenon source for its tissue illumination. Standard 
white light covers the full visible red–green–blue 
wavelength range (400–700 nm). The broadband, 
white-light illumination enables the endoscopist to 
observe lesions in natural light. When we use conven-
tional colonoscopes, colon polyps are recognized as 
neoplastic lesions if reddish discoloration is present 
or if the lesion is more than 10 mm in size[6]. Chro-
moendoscopy, which involves spraying dye over the 
mucosal surface, can improve the image of surface 
structures of mucosal lesions[7-8]. Kudo et al. proposed 
the pit pattern for the classification of colonic polyps 
via magnifying chromoendoscopy which has a high 
degree of accuracy with regard to differentiation 
between two polyps[9]. However, chromoendoscopy 
needs considerable time during the procedure for 
dye spraying and observation. Narrow-band imaging 
(NBI), also referred to as “optical chromoendoscopy,” 
utilizes optical interference filters that spectrally 
narrow the bandwidth of conventional white light into 
shorter wavelengths, as listed in Table 1. The shorter 
wavelength of light is within the absorption band for 
hemoglobin; images of the superficial vasculature and 
mucosal patterns on polyps can be improved. These 
changes are easily observed during endoscopy and 
are helpful to differentiate between abnormal and 
normal mucosa[10-13].

The blue illumination, which is 415 nm in wave-
length, corresponds to the first and main peak on the 
absorption spectrum of oxyhemoglobin. In addition, 
oxyhemoglobin demonstrates some absorption of 
green light, with a secondary peak at 540 nm. The 
NBI system takes advantage of these optical absorp-
tion characteristics at 415 nm of blue light and at 540 
nm of green light to evaluate the mucosal surface. 
Currently available NBI systems use two narrow-
band filters that provide tissue illumination in both of 
these spectrums of light. The image using blue light 
is sent to the blue image memory bank in the video 
processor. In addition, the same image is sent to the 
green image memory bank. The image below 540 nm 
is sent to the red image memory bank in the video 
processor. Therefore, the image using green illumina-
tion will be displayed as a red component image on 
the monitor. The 540-nm light penetrates deeply, 
and deep mucosal and submucosal vessels are 
emphasized. The image of capillaries in the superficial 
mucosal layer is strengthened by the 415-nm light.

A brown blob under low magnification is diag-
nosed as a neoplastic lesion in NBI[4]. In an NBI image, 
the subepithelial microvascular architectures as well 
as mucosal microsurface structures are enhanced 
(Fig 1). Even during magnifying colonoscopy, meshed 
capillary vessels in normal colonic mucosa and 

Table 1. The wave length used in the NBI system.

NBI system NBI filter (bandwidth) Image component

3-Band RGB

415 nm (30 nm) Blue

445 nm (60 nm) Green

500 nm (30 nm) Red

2-Band RGB
415 nm (30 nm) Blue and Green

540 nm (20 nm) Red

(a) (b) (c) (d)
Fig. 1 (a)	Non-magnified	WL	image	of	hyperplasia	polyp;	(b)	Non-magnified	NBI	image	of	hyperplasia	polyp;	(c)	Non-magnified	
WL	image	of	adenomatous	polyp;	(d)	Non-magnified	NBI	image	of	adenomatous	polyp.
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hyperplastic polyps are invisible or only faintly visible, 
and vessels on the surface of adenomatous polyps 
are clearly visible. Using magnifying NBI, a strong 
vascular pattern intensity (VPI) or meshed capillary 
vessels are recognized as neoplastic; weak, or invisible 
VPI, and such meshed capillary vessels are considered 
nonneoplastic[14-15]. 

Kudo’s pit pattern types III–V are recognized 
as neoplastic, and Kudo’s pit pattern types I–II are 
considered nonneoplastic when magnifying chromo-
endoscopy is used for observation. Moreover, the 
classification of pit patterns proposed by Kudo et al. 
can aid in accurate differentiation between neoplastic 
from nonneoplastic lesions when magnifying NBI is 
used[16]. Several studies have combined magnifying 
colonoscopy or HRE and chromoendoscopy or NBI 
to differentiate between hyperplastic and neoplastic 
polyps. With these combinations, higher accuracy 
can be achieved when compared with conventional 
white-light endoscopy[4,16]. However, HRE and magni-
fying colonoscopy are still not widely used and thus 
cannot replace conventional colonoscopy in routine 
clinical practice in Taiwan. Therefore, conventional 
colonoscopy cannot adequately achieve accurate 
differentiation between various types of colon 
polyps. Our study aimed to evaluate the diagnostic 
performance of computer-aided methods in distin-
guishing colorectal polyps using conventional colo-
noscopy with and without NBI, and possible causes of 
differences in diagnostic performance for both types 
of lesions.

Descriptive statistics quantitatively describe 
characteristics of a collection of numerical data. Mean 
and median values are commonly utilized to measure 
the central tendency of data. The standard deviation, 
which summarizes the difference of each data point 
from the mean, depicts the variability of the data set. 
Compared with the normal distribution, the shape of 
the data set can be described by skew and kurtosis. 
Furthermore, the probability of occurrence for each 
data point was integrated to measure the entropy 
and energy. Entropy and energy are widely used to 
determine the uncertainty or the complexity of a 
system, which is comparable to the situation when 
we attempt to diagnose an uncertain polyp, detected 
using white-light or NBI images.

Both light sources used in the video endoscope 
imaging system were respectively utilized to examine 
the colorectal polyp. One light source (white light) 

used standard optical filters, and the other used 
narrow-band filters. For any of the light sources, 
received intensities in every filter band were synthe-
sized and sequentially generated colored endoscopic 
images. The digital color image used three compo-
nents, including red, green, and blue colors, to 
represent the color space for display on the monitor. 
Received intensities in each filter were thereby stored 
in one of the image components.

The spectral information of a polyp in each 
component of its color image describes character-
istics reflected from the corresponding filter band. 
Using gradient operations, the abruptness at a pixel 
could be quantitatively measured. Pixels with a higher 
gradient magnitude indicate an abrupt interface at 
these positions in the image. Therefore, gradient 
magnitudes derived from this spectral information 
are utilized to measure the heterogeneousness of a 
polyp. In this study, both spectral information and 
gradient magnitudes were objectively characterized 
using the mean, median, standard deviation (SD), 
skew, kurtosis, entropy, and energy. Diagnostic values 
of each individual feature in differentiating neoplastic 
from nonneoplastic lesions were evaluated. Further, 
a computer-aided diagnosis system, which provided 
auxiliary information in the clinical diagnosis, was 
constructed to predict histopathologies of all polyps.

Methods

Patients
This study enrolled 36 colorectal polyps from 

consecutive patients who underwent colonoscopy 
at Tungs’ Taichung MetroHarbor Hospital between 
November and December 2010. All polyps were 
polypectomized or biopsied for histological diagnosis 
after observation during the colonoscopy. 

Endoscopy and NBI system 
A standard videoendoscopy system (EVIS 

LUCERA 260 system, Olympus Optical, Tokyo, Japan) 
incorporated with NBI function was used for this 
study. NBI utilizes two narrow-band illuminations of 
415 and 540 nm, with bandwidths of 30 nm and 20 
nm, respectively. Conventional colonoscopes (CF240, 
CF260, and CF260L) were used for examination. 

Image evaluation 
When a polyp was encountered, the lesion was 
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first observed using white light. Thereafter, the light 
source was shifted to the NBI system with a control 
knob on the grip of the endoscope, and the same 
lesion was reevaluated. All endoscopic images that 
were photographed under both WL and NBI were 
stored in a digital image filing system as JPEG files. 

For any lesion, we selected one image with the 
best quality and a distinguishable border from normal 
colon mucosa for analysis. The image of the polyp 
part was totally enclosed manually along a distin-
guishable border (Fig 2). The brightest part induced 
by the endoscopic light reflection within the enclosed 
image was excluded. Further, the residual part of the 
image was left for the analysis. Spectral information 
from red, green, and blue components of each image, 
including mean, median, SD, skew, kurt, entropy, and 
energy, were recorded.

Computerized polyp features
The central tendency, dispersion, and shape for 

a set of intensities were described using descriptive 
statistics. The arithmetic average of intensities was 
measured by the following formula:
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where S (I) represents the total number of pixels 
with intensity I. Entropy and energy features were 
defined as follows:
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Finally, mean, median, SD, skew, kurt, entropy, 
and energy features were defined as computerized 
polyp features.

In colored endoscopic images, intensities stored 
in a component described characteristics reflected 
from the corresponding filter band. For each compo-
nent, intensities in the identified polyp were described 
on the basis of computerized polyp features. Further-
more, the gradient at a pixel contained derivate 
approximations in horizontal and vertical directions, 
as follows:
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Fig. 2 Image	of	polyp	part	was	 totally	enclosed	manually	
along	distinguishable	border	.	The	most	bright	part	induced	by	
endoscopic	light	reflection	within	the	enclosed	image	was	quit
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Each component of the colorectal image 
was transformed to gradient images using above 
formulas. Moreover, gradient magnitudes in the area 
of the identified polyp were described on the basis of 
computerized polyp features.

Statistical methods
The ability of each computerized polyp feature 

to differentiate nonneoplastic lesions from neoplastic 
lesions was measured using Student’s t-test. Before 
the test, the Levene’s test was performed to verify 
the equality of variance between both groups. In 
both tests, the significance level was defined as 0.05. 
The differentiating ability was further measured 
using a receiver operating characteristic (ROC) 
curve for features with significant differences in the 
t-test. The correlation between computerized polyp 
features and pathology results was formulated using 
the binary logistic regression model. Although all 
computerized features were employed in the regres-
sion, an over-fitting problem led to the failure of the 
constructed model. The forward feature selection 
was utilized to evaluate the contribution of each 
computerized feature for the regression model. 
Features with significant contributions were adopted 
to construct the regression model as a computer-
aided diagnosis (CAD) system. This computer-aided 
diagnosis system was further verified by using the 
leave-one-out method. During verification, each case 

was diagnosed by the CAD system constructed using 
remaining cases. Finally, all results were integrated 
to evaluate the diagnostic performance of the CAD 
system.

Results

Thirty-six polyps were enrolled in this study. Both 
WL and NBI images were available for 29 polyps, NBI 
images alone were available for six polyps, and a WL 
image alone was available for one polyp. Thirty WL 
images were analyzed: 15 adenomatous polyps and 
15 hyperplasia polyps. Thirty-five NBI images were 
analyzed: 18 adenomatous polyps and 17 hyperplasia 
polyps. 

Differentiating the ability of computerized spectral 
characteristics

To comprehensively explore the efficacy of the 
spectral and gradient image information in differen-
tiating the histopathology of colorectal lesions, we 
generated characterized features from the tumor’s 
intensities using red, green, and blue components. 
Thereafter, we evaluated their diagnostic values for 
distinguishing adenomatous polyps from hyperplastic 
polyps, as presented in Tables 2 and 3 and Figure 3.

For red, green, and blue components of white-
light images, statistically significant differences were 
observed between hyperplastic and adenomatous 

Table 2. The	spectral	 information	 in	 the	determined	polyp	was	described	by	the	computerized	features.	The	difference	between	
hyperplasia	and	adenomas	on	each	computerized	feature	was	measured	by	the	t-test.

Image Type Component Feature Pathology Mean±SD Levene's Test

t-test

Sig.
95% CI

Lower Upper

White Light Red

Mean
Hyperplasia 163.44±18.36

0.21 0.10 -27.89 2.75
Adenomas 176.01±22.41

Median
Hyperplasia 164.93±19.43

0.21 0.09 -30.22 2.49
Adenomas 178.80±24.05

SD
Hyperplasia 10.23±3.57

0.01 0.04 -10.23 -0.22
Adenomas 15.46±8.53

Skew
Hyperplasia -0.74±0.76

0.00 0.58 -0.58 0.33
Adenomas -0.61±0.37

Kurt
Hyperplasia 3.92±4.28

0.00 0.01 1.17 5.94
Adenomas 0.36±0.63

Entropy
Hyperplasia 5.15±0.43

0.13 0.01 -0.93 -0.14
Adenomas 5.68±0.61
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Image Type Component Feature Pathology Mean±SD Levene's Test

t-test

Sig.
95% CI

Lower Upper

White Light

Red Energy
Hyperplasia 36.15±11.38

0.42 0.01 3.46 19.29
Adenomas 24.78±9.72

Green

Mean
Hyperplasia 106.10±16.34

0.77 0.76 -10.68 14.43
Adenomas 104.22±17.23

Median
Hyperplasia 107.40±17.97

0.97 0.84 -12.15 14.82
Adenomas 106.07±18.08

SD
Hyperplasia 13.36±5.13

0.06 0.01 -12.23 -2.10
Adenomas 20.53±8.09

Skew
Hyperplasia -0.23±0.81

0.03 0.69 -0.38 0.57
Adenomas -0.33±0.35

Kurt
Hyperplasia 2.56±3.45

0.00 0.01 0.80 4.67
Adenomas -0.18±0.67

Entropy
Hyperplasia 5.54±0.48

0.35 0.00 -1.05 -0.29
Adenomas 6.21±0.54

Energy
Hyperplasia 27.52±8.74

0.18 0.00 5.42 16.54
Adenomas 16.54±5.84

Blue

Mean
Hyperplasia 77.53±15.88

0.82 0.87 -12.67 10.75
Adenomas 78.50±15.44

Median
Hyperplasia 78.67±17.02

0.84 0.89 -13.42 11.69
Adenomas 79.53±16.55

SD
Hyperplasia 12.72±5.02

0.26 0.03 -8.92 -0.60
Adenomas 17.48±6.05

Skew
Hyperplasia -0.12±0.82

0.02 0.84 -0.43 0.53
Adenomas -0.17±0.35

Kurt
Hyperplasia 3.29±4.22

0.00 0.01 0.93 5.67
Adenomas -0.01±0.84

Entropy
Hyperplasia 5.47±0.49

0.94 0.00 -0.90 -0.19
Adenomas 6.02±0.46

Energy
Hyperplasia 28.77±9.36

0.10 0.00 4.65 16.13
Adenomas 18.38±5.49

NBI Red

Mean
Hyperplasia 114.10±20.53

0.15 0.99 -18.09 18.35
Adenomas 113.97±31.05

Median
Hyperplasia 115.65±21.23

0.15 0.95 -18.42 19.71
Adenomas 115.00±32.64

SD
Hyperplasia 17.20±6.67

0.50 0.07 -9.45 0.30
Adenomas 21.77±7.44

Skew
Hyperplasia -0.37±0.53

0.98 0.44 -0.50 0.22
Adenomas -0.23±0.53

Kurt
Hyperplasia 1.03±2.08

0.04 0.30 -0.60 1.86
Adenomas 0.40±1.39

Table 2. Countinued
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polyps for some characteristics such as SD, kurt, 
entropy, and energy. Further, the distribution of 
two pathologies in the same evaluation method was 
similar, even among different color components. 
Adenomatous polyps scored higher evaluations than 
hyperplastic ones with regard to SD and entropy char-
acteristics. The spectral distribution of hyperplastic 

polyps was generally more leptokurtic. Moreover, 
evaluations for energy in hyperplastic polyps were 
larger compared with those for adenomas.

Furthermore, significance of differences between 
hyperplastic and adenomatous polyps of proposed 
spectral characteristics for red, green, and blue compo-
nents of NBI were measured. Differences in entropy 

Image Type Component Feature Pathology Mean±SD Levene's Test

t-test

Sig.
95% CI

Lower Upper

NBI

Red

Entropy
Hyperplasia 5.95±0.53

0.93 0.04 -0.75 -0.02
Adenomas 6.33±0.52

Energy
Hyperplasia 20.51±7.91

0.17 0.05 0.12 9.87
Adenomas 15.51±6.21

Green

Mean
Hyperplasia 69.72±16.66

0.45 0.05 -24.72 -0.17
Adenomas 82.17±18.88

Median
Hyperplasia 69.65±17.90

0.40 0.07 -26.46 0.86
Adenomas 82.44±21.53

SD
Hyperplasia 17.29±6.16

0.55 0.01 -10.47 -1.58
Adenomas 23.32±6.72

Skew
Hyperplasia 0.20±0.73

0.39 0.56 -0.31 0.56
Adenomas 0.07±0.53

Kurt
Hyperplasia 1.64±2.73

0.00 0.04 0.10 3.00
Adenomas 0.09±0.89

Entropy
Hyperplasia 5.95±0.47

0.65 0.00 -0.81 -0.20
Adenomas 6.45±0.42

Energy
Hyperplasia 20.08±7.41

0.06 0.01 2.05 10.37
Adenomas 13.87±4.38

Blue

Mean
Hyperplasia 55.93±13.36

0.46 0.16 -17.64 3.08
Adenomas 63.21±16.50

Median
Hyperplasia 55.53±14.31

0.40 0.21 -18.85 4.24
Adenomas 62.83±18.81

SD
Hyperplasia 14.33±5.16

0.53 0.01 -8.90 -1.59
Adenomas 19.57±5.45

Skew
Hyperplasia 0.35±0.82

0.31 0.51 -0.33 0.65
Adenomas 0.19±0.57

Kurt
Hyperplasia 2.50±3.83

0.00 0.04 0.09 4.16
Adenomas 0.37±1.22

Entropy
Hyperplasia 5.67±0.46

0.47 0.00 -0.82 -0.23
Adenomas 6.20±0.40

Energy
Hyperplasia 24.40±8.47

0.04 0.00 3.00 12.75
Adenomas 16.52±5.04

Table 2. Countinued
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Table 3. The	gradient	magnitude	 in	 the	determined	polyp	was	described	by	the	computerized	features.	The	difference	between	
hyperplasia	and	adenomas	on	each	computerized	feature	was	measured	by	the	t-test.

Image Type Component Feature Pathology Mean±SD Levene's Test

t-test

Sig.
95% CI

Lower Upper

WL

Red

Mean
Hyperplasia 19.50±4.37

0.17 0.02 -8.77 -0.70
Adenomas 24.24±6.26

Median
Hyperplasia 15.45±3.60

0.12 0.01 -8.11 -1.39
Adenomas 20.20±5.24

SD
Hyperplasia 17.97±6.50

0.16 0.91 -4.01 4.46
Adenomas 17.75±4.68

Skew
Hyperplasia 3.83±1.77

0.01 0.01 0.55 2.61
Adenomas 2.25±0.69

Kurt
Hyperplasia 27.21±22.25

0.01 0.01 4.98 30.13
Adenomas 9.66±5.62

Entropy
Hyperplasia 5.38±0.34

0.55 0.02 -0.64 -0.07
Adenomas 5.74±0.41

Energy
Hyperplasia 32.49±7.38

1.00 0.01 2.26 13.28
Adenomas 24.72±7.35

Green

Mean
Hyperplasia 21.28±5.09

0.07 0.01 -12.64 -1.95
Adenomas 28.57±8.73

Median
Hyperplasia 16.63±4.15

0.05 0.00 -11.40 -2.66
Adenomas 23.67±7.04

SD
Hyperplasia 20.60±7.72

0.42 0.81 -5.99 4.72
Adenomas 21.24±6.55

Skew
Hyperplasia 4.16±1.99

0.08 0.00 0.64 3.00
Adenomas 2.34±1.01

Kurt
Hyperplasia 32.57±29.51

0.10 0.01 4.58 37.96
Adenomas 11.29±11.19

Entropy
Hyperplasia 5.51±0.35

0.36 0.01 -0.78 -0.14
Adenomas 5.97±0.49

Energy
Hyperplasia 30.06±7.20

0.84 0.00 3.19 14.25
Adenomas 21.34±7.59

Blue

Mean
Hyperplasia 21.59±5.07

0.29 0.02 -10.44 -1.11
Adenomas 27.37±7.22

Median
Hyperplasia 16.89±3.86

0.09 0.00 -9.78 -2.19
Adenomas 22.88±6.04

SD
Hyperplasia 21.10±8.21

0.03 0.68 -4.10 6.15
Adenomas 20.07±4.98

Skew
Hyperplasia 4.20±2.11

0.10 0.01 0.48 2.94
Adenomas 2.49±0.96

Kurt
Hyperplasia 33.36±34.02

0.17 0.05 0.45 38.55
Adenomas 13.87±11.83

Entropy
Hyperplasia 5.53±0.35

0.75 0.01 -0.68 -0.10
Adenomas 5.91±0.43

Energy
Hyperplasia 29.54±6.92

0.90 0.01 2.53 12.88
Adenomas 21.84±6.91
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Image Type Component Feature Pathology Mean±SD Levene's Test

t-test

Sig.
95% CI

Lower Upper

NBI

Red

Mean
Hyperplasia 20.92±5.15

0.01 0.00 -20.14 -8.42
Adenomas 35.20±10.84

Median
Hyperplasia 16.65±3.11

0.00 0.00 -16.67 -7.61
Adenomas 28.79±8.68

SD
Hyperplasia 19.48±9.29

0.89 0.03 -13.62 -0.81
Adenomas 26.70±9.33

Skew
Hyperplasia 3.93±2.08

0.01 0.01 0.57 2.85
Adenomas 2.22±0.91

Kurt
Hyperplasia 31.28±27.79

0.00 0.01 6.44 36.03
Adenomas 10.05±9.10

Entropy
Hyperplasia 5.49±0.36

0.15 0.00 -1.10 -0.48
Adenomas 6.28±0.52

Energy
Hyperplasia 29.47±5.91

0.68 0.00 7.58 16.60
Adenomas 17.37±7.10

Green

Mean
Hyperplasia 21.70±5.70

0.01 0.00 -22.49 -9.78
Adenomas 37.84±11.71

Median
Hyperplasia 16.65±3.40

0.00 0.00 -18.92 -9.11
Adenomas 30.66±9.39

SD
Hyperplasia 22.48±10.46

0.94 0.07 -13.63 0.50
Adenomas 29.05±10.08

Skew
Hyperplasia 4.64±2.06

0.01 0.00 1.43 3.66
Adenomas 2.10±0.83

Kurt
Hyperplasia 40.29±26.76

0.00 0.00 17.62 45.88
Adenomas 8.54±7.69

Entropy
Hyperplasia 5.55±0.37

0.16 0.00 -1.17 -0.55
Adenomas 6.41±0.52

Energy
Hyperplasia 28.92±6.00

0.98 0.00 8.62 17.25
Adenomas 15.98±6.52

Blue

Mean
Hyperplasia 20.92±5.34

0.00 0.00 -21.06 -9.08
Adenomas 35.99±11.04

Median
Hyperplasia 16.07±3.07

0.00 0.00 -17.60 -8.44
Adenomas 29.09±8.81

SD
Hyperplasia 21.67±10.13

0.99 0.07 -12.99 0.64
Adenomas 27.85±9.68

Skew
Hyperplasia 4.75±2.02

0.01 0.00 1.50 3.70
Adenomas 2.15±0.86

Kurt
Hyperplasia 41.94±26.15

0.00 0.00 18.93 46.68
Adenomas 9.14±8.18

Blue

Entropy
Hyperplasia 5.49±0.35

0.16 0.00 -1.15 -0.54
Adenomas 6.34±0.52

Energy
Hyperplasia 30.10±5.98

0.91 0.00 8.84 17.71
Adenomas 16.82±6.86

Table 3. Countinued
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(a)	Red	component	in	WL	image (b)	Green	component	in	WL	image

(c)	Blue	component	in	WL	image (d)	Red	component	in	NBI	image

(e)	Green	component	in	NBI	image (f)	Blue	component	in	WL	image

Fig. 3 The	ability	for	differentiating	adenomas	from	hyperplasiaon	computerized	polyp	features	was	evaluated	by	ROC	analysis.
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and energy characteristics were statistically significant 
in each component. For green and blue components, 
differences between SD and Kurt characteristics were 
statistically significant. The mean of adenomatous 
polyps was significantly larger compared with the 
mean of the hyperplastic polyp in the green compo-
nent. The distribution of two pathologies for few char-
acteristics such as entropy, energy, SD, and kurt in NBI 
were equivalent to that in white-light images.

For red, green, and blue components of both 
white-light and narrow-band images, statistically 
significant differences were observed between 
hyperplastic and adenomas polyps with regard to 
characteristics of the gradient magnitude, including 
mean, median, skew, kurt, entropy, and energy. In 
addition, the difference in the gradient magnitude 
was significant for the red component of NBI. The 
distribution of both pathologies in the same evalua-
tion method was similar, even among different color 
components. Adenomatous polyps scored higher 
gradient magnitudes compared with hyperplastic 
polyps with regard to mean, median, and entropy 
characteristics. Moreover, gradient magnitudes of 
hyperplastic polyps were generally more leptokurtic. 
Furthermore, gradient magnitudes of skew and 
energy for hyperplastic polyps were higher compared 
with those for adenomas.

The differentiating ability between two 
colorectal histopathologies for spectral characteris-
tics, which were significant in previous exanimations, 
was further evaluated by ROC analysis. For white-light 
images, Az values for characteristics, including SD, 
kurt, entropy, and energy, in the green component 

were obviously higher compared with those for other 
components. SD, entropy, and energy characteristics 
in green and blue components of NBI demonstrated 
more differentiating abilities compared with those in 
the red components.

To avoid the over-fitting problem, the forward 
feature selection method was adopted to evaluate 
the contribution of each computerized polyp feature 
in the construction of the CAD system. Two features, 
including the kurtosis of intensities in the green 
component and the median of gradient magnitudes 
in the green component, were adopted to construct 
the CAD system for white-light images. The energy 
of gradient magnitudes in the green component and 
the skew of gradient magnitudes in the blue compo-
nent were utilized to construct the CAD system for 
narrow-band images.

To verify the diagnostic performance of the 
constructed CAD system, the leave-one-out method 
was adopted. The probability of each adenoma 
was calculated using the CAD system constructed 
by remaining cases in the same image type. Corre-
sponding probabilities for all adenomas were 
available. All probabilities were finally integrated 
to evaluate the diagnostic performance using ROC 
analysis, as presented in Figure 4. The area under 
the curve was 0.827 and 0.951 for CAD systems using 
white-light images and those using narrow-band 
images, respectively. Histograms demonstrated 
distributions of predicted probabilities of hyperplasia 
and adenomas for both CAD systems in Figure 5. 
Although the cut-off value was set at 0.6, diagnostic 
performances for both CAD systems have been listed 

Fig. 4 The	ROC	curves	for	the	CAD	systems	using	WL	images	(	left	)and	using	NBI	images	(	right	).
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in Tables 4 and 5. Performance indices for accuracy, 
sensitivity, specificity, positive predictive value, and 
negative predictive value were all 80% for the CAD 
system using white-light images. In addition, perfor-
mance indices for accuracy, sensitivity, specificity, 
positive predict value, and negative predictive value 
were 94.2%, 88.9%, 100%, 100%, and 89.8%, respec-
tively, for the CAD system using narrow-band images.

Discussion

It is essential to differentiate neoplastic lesions 
from nonneoplastic lesions because most colorectal 
cancers arise from previously benign adenomas 
through the adenoma–carcinoma sequence[1]. 
Accordingly, we could limit and avoid risks associ-
ated with polypectomy, including perforation and 
bleeding, if a more accurate method of differentiation 
was available. The classification of the mucosal pit 
pattern of colorectal neoplasia has been established 
since its introduction in 1994 by Kudo et al.[17]; an 

accuracy as high as 90% was achieved with this clas-
sification of the pit pattern (type I and II are nonneo-
plastic, whereas type III, IV, and V are neoplastic)[18]. 
Moreover, significantly higher accuracy has been 
achieved under NBI with magnification compared with 
conventional white-light endoscopy[4,16]. Further, NBI 
without magnification provided significant accuracy 
and sensitivity compared with conventional white-
light endoscopy[4,6]. 

Kudo et al. proposed the pit pattern of differ-
entiating colonic polyps via magnifying chromoen-
doscopy[9]. Type I pit pattern: normal round pit; type 
II: stellar or papillary pits; type III: small tubular or 
round pits; type IIIL: large tubular pits; type IV: sulcus 
or gyrus pits; and type V: nonstructural pits. Average 
pits size were 0.07 mm, 0.09 mm, 0.03 mm, 0.22 mm, 
and 0.93 mm for type I to IV pit patterns, respec-
tively[19]. Type II pit pattern has been recognized as 
hyperplastic polyps, and type IIIs, IIIL, and IV corre-
spond to adenomas. 

No statistically significant difference was 

Table 4. The	diagnostic	performance	of	CAD	system	using	
white light images.

Pathology
CAD system

Accuracy
Hyperplasia Adenomas

Hyperplasia 12 3 80%

Adenomas 3 12 80%

Accuracy 80% 80% 80%

Table 5. The	diagnostic	performance	of	CAD	system	using	
narrow	band	images.

Pathology
CAD system

Accuracy
Hyperplasia Adenomas

Hyperplasia 17 0 100%

Adenomas 2 16 88.9%

Accuracy 89.8% 100% 94.2%

Fig. 5 The	probability	for	predicting	a	polyp	as	adenomas	was	measured	by	the	CAD	system.	The	histograms	show	the	distribution	
of	all	probabilities	predicted	by	the	CAD	system	using	WL	images	or	using	NBI	images.	Further,	the	histograms	in	the	same	image	
type	were	separately	represented	in	the	different	lesion	types.
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observed between an adenoma and a hyperplastic 
polyp in mean and median characteristics of red, 
green, and blue components of WL images. For red, 
green, and blue components of WL images, statisti-
cally significant differences were observed between 
hyperplastic polyps and adenomatous polyps for 
SD, Kurt, Entropy, and Energy characteristics. The 
distribution of both pathologies in the same evalu-
ation method was similar, even in different color 
components. The information provided by lower SD 
and entropy scores correspond to leptokurtic charac-
teristics and higher scores for energy in hyperplastic 
polyps. Apparently, spectra in adenomas were more 
widely distributed compared with spectra in hyper-
plasia polyps. The pit size in types IIIL and IV lesions 
was larger compared with that in type II lesions. 
Without magnifying chromoendoscopy, type II pits 
could not be detected. Type IIIL and IV pit patterns 
were detected in few adenomas with WL without 
magnification; under low magnification, this rendered 
hyperplastic surfaces more homogeneous when 
compared with adenomatous polyps. In addition, 
this explained the information from the computer-
analyzed spectral distribution of WL images in our 
study. 

The significance of differences between 
hyperplastic polyps and adenomas for SD and kurt 
characteristics in the red component under NBI 
was lost when compared with that using WL, but 
the significance of differences between energy and 
entropy characteristics were retained. The actual 
narrow-band green light (540 nm, bandwidth 20 nm) 
was reassigned to the red component during the NBI 
observation. The absorption capability of green light 
by oxyhemoglobin was less compared with that of 
the blue light. Besides, the band width was restricted 
to 20 nm before the redistribution and reassignment 
of the green light. These factors may contribute to 
the lost significance of differences between SD and 
kurt characteristics.

For green and blue components in NBI, statisti-
cally significant differences of SD, kurt, entropy, and 
energy characteristics corresponded to their counter-
parts in WL. Notably, the mean of green components 
under NBI revealed significant differences between 
both lesions. Under NBI, the actual narrow-band blue 
light (415 nm, band width 30 nm) was reassigned 
to green and blue components, respectively. The 
average mean score of the green component under 

NBI was 69.72 for hyperplasic polyps and 82.17 for 
adenomas. The vascular portion within the adenoma 
heavily absorbed the NBI blue light. However, the NBI 
blue light penetration was more superficial compared 
with that of the green and red light. Deep penetra-
tion of the NBI blue light into the nonvascular portion 
within the adenoma was prevented by convoluted 
and deeper pit pattern growth. Because of the differ-
ence in the absorption capability between vascular 
and nonvascular portions within an adenomatous 
polyp, significant differences were observed between 
both lesion types under NBI green components.

We used different features in WL and NBI to 
construct the CAD system. Two features of the green 
component were adopted to construct the CAD 
system for WL and one feature each of the green 
and the blue component were used for NBI. Red 
component features were not helpful in constructing 
the CAD system because red light was more poorly 
absorbed by lesions compared with other colors. By 
analyzing this spectral information, we determined 
that the accuracy of the computer-aided diagnostic 
performance was higher by NBI than by WL; more-
over, these findings were compatible with previous 
findings from clinical studies without computer-aided 
analysis. 

In summary, the difference between neoplastic 
and nonneoplastic lesions was significant for several 
features of spectral information and gradient magni-
tudes. Green and blue components played a more 
important role than the red component not only in 
NBI but also in WL in discriminating between both 
types of lesions. The accuracy of the computer-aided 
diagnostic performance with the use of spectral 
information was higher in NBI than in WL.
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比較窄頻影像及傳統白光影像在區別大腸息肉之診斷表現
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摘要

　　大部分的大腸癌多經由良性的腺瘤演變而形成，因為有癌化的風險，腺瘤必須切除。如果我們能正

確的分辨腺瘤與非腺瘤病灶，就可以避免非腺瘤的過度治療。

　　窄頻影像系統是新近發展的光學染色內視鏡，可以使得黏膜表淺的微細血管突顯，而沒有傳統染色

內視鏡在觀察上需要人為噴灑染劑的不便。

　　為了提高診斷正確率，不論傳統染色內視鏡或窄頻影像系統，最好能搭配放大內視鏡，但是在臨

床上，放大內視鏡的使用並不普遍。我們分析了 36個息肉病灶在白光及窄頻影像下，其紅、綠、藍三
種顏色的數位資料，除了窄頻影像紅光的 SD及 Kurt外，不論是否使用窄頻影像，兩者病灶在 SD、
Kurt、Entropy與 Energy的特徵分析均呈現統計上的差異，可能是因為非腺瘤病灶呈現較均質黏膜表
面。在窄頻影像中綠光的平均值在兩者病灶間亦呈明顯的差異，可能是腺瘤病灶具備較大的凹陷型態吸

收較少的綠光而造成。在電腦輔助診斷的表現上，窄頻影像優於傳統白光，這與以往臨床上的研究結果

相符。

關鍵詞：窄頻影像、白光、大腸息肉、電腦輔助診斷

*通訊作者：沈偉誌　亞洲大學資訊工程學系　台中市霧峰區柳豐路 500號
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ABSTRACT

Background and purpose: Previous studies demonstrate antioxidant effects of apple polyphenols (AP). In the present 
study, the potential anti-inflammatory effects of AP were examined in an animal model of lipopolysaccharide (LPS)-
induced hepatic inflammation. 
Methods: Rats were pretreated with AP for five days before intraperitonial (i.p.) administration of 5 mg/kg LPS. After 
6 h, the animals were sacrificed, and plasma alanine (ALT) levels, aspartate aminotransferase (AST) levels, glutathione 
(GSH) levels, catalase activity, and lipid peroxidation were assessed in liver tissues.
Results: Pretreatments with AP decreased hepatic LPS-induced ALT and AST levels. Moreover AP pretreatment 
preserved antioxidant catalase activity and glutathione (GSH) levels and decreased lipid peroxidation in the livers of 
LPS-treated rats. Histopathological evaluations of rat livers revealed that AP reduced the incidence of LPS-induced liver 
lesions and neutrophil infiltration. 
Discussion: The present data indicate that AP has anti-inflammatory potential in vivo and could be developed as an 
anti-inflammatory agent.

Key words: Apple polyphenol, hepatotoxicity, anti-inflammatory 

INTRODUCTION

Inflammation is a protective reaction to injury 
and infection and is characterized by heat, pain, and 
swelling. Acute inflammation is pivotal to the defense 
response, and chronic inflammation has been impli-
cated in a wide variety of disorders, such as cardio-
vascular disease, cancer, diabetes, arthritis, Alzheim-
er’s disease, pulmonary disease, and autoimmune 
diseases [1]. In addition, previous studies show that 
chronic inflammation is linked to various tumorigenic 
processes, including cellular transformation, promo-
tion, survival, proliferation, invasion, angiogenesis, 
and metastasis of cancer cells [2]. 

In normal cells, cyclooxygenase-2 is expressed 
at extremely low levels, but is strongly induced by 
growth factors and pro-inflammatory molecules 
such as lipopolysaccharide (LPS) and is activated by 
several oncogene products [3]. Previous studies show 
that cyclooxygenase-2 inhibitors block prostaglandin 
E2 synthesis, thereby inhibiting inflammation and 
conferring analgesic effects [4]. Moreover, homozy-
gous deletion of the cyclooxygenase-2 gene allevi-
ates LPS-mediated hepatocellular toxicity [5]. Thus, it 
has been suggested that cyclooxygenase-2 plays an 
important role in prostaglandin synthesis and LPS-
induced liver damage. 

Nitric oxide (NO) produced by nitric oxide 
synthase (NOS) is also known to play important roles 
in inflammation and sepsis [6], acting as a messenger 
or effecter molecule in a variety of tissues [7]. Inducible 
nitric oxide synthase (iNOS), also known as type II NOS, 
is not expressed under normal conditions. However, 
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after exposure to endogenous and exogenous stimu-
lators, iNOS can be quantitatively induced in various 
cells, including macrophages, smooth muscle cells, 
and hepatocytes, and triggers several disadvanta-
geous cellular responses that cause inflammation and 
can lead various disorders, including sepsis and strokes 
[8]. Therefore, NO production by iNOS may reflect the 
degree of inflammation and may thereby be used to 
assess the effects of anti-inflammatory drugs. LPS 
activates iNOS in Kupffer cells, endothelial cells, and 
hepatocytes [9,10]. Several natural antioxidants such 
as curcumin [11], resveratrol [12], Hibiscus sabdariffa L. 
polyphenols (HPE) [13], and tea polyphenols [14] have 
been recently shown to inhibit LPS-induced iNOS and 
prevent hepatic damage in vivo [10].

A wide variety of phenolic substances from 
edible and medicinal plants have also been reported 
to have anticarcinogenic and antimutagenic activities. 
The majority of naturally occurring phenolics retain 
antioxidative and anti-inflammatory properties, 
which appear to contribute to their chemopreventive 
and chemoprotective activities [15]. Apples are abun-
dant in polyphenols and contain a complex mixture 
of procyanidin, epicatechin, catechin, p-coumaroyl 
quinic acid, chlorogenic acid, rutin, and phloridzin. 
The procyanidins epicatechin and catechin are the 
most studied polyphenols [16] and reportedly have 
anti-allergic [17] anti-hyperlipidemic [18], anti-oxidant 
[19], and anti-tumor properties [20]. In this study, we 
investigated the anti-inflammatory effects of apple 
polyphenols AP.

MATERIALS AND METHODS

Chemicals 
AP was purchase from Asahi Co. (Japan). LPS 

(endotoxin from Escherichia coli, serotype 0127:B8), 
alanine aminotransferase (ALT), and aspartate amino-
transferase (AST) analysis kits and other chemicals 
were purchased from Sigma Chemical Co. (St. Louis, 
Mo, USA). 

Animal Treatment
Male Sprague–Dawley (SD) rats (260 ± 10 g) 

were purchased from the National Laboratory Animal 
Breeding and Research Center (Taipei, Taiwan). All 
animals were housed in laboratory conditions (18°C–
23°C, 55%–60% humidity, 12-h light/12-h dark cycle) 

for at least 1 week before experimentation. Animal 
studies were conducted according to the guidelines 
for care and use of laboratory animals and were 
approved by the Institute of Animal Care and Use 
Committee (IACUC) of Chung Shan Medical Univer-
sity. Rats were provided food and water ad libitum. 
Rats were divided into five groups of five rats and 
pretreated with 50, 100, or 150 mg/kg of AP per day 
for 5 consecutive days by gavage. On day 5, rats were 
administered i.p. injections of LPS (5 mg/kg) or distilled 
water 1 h after AP treatment. Rats were decapitated 
6 h later, and blood samples were collected for assays 
of ALT, AST, and alkaline phosphatase (ALKP). Livers 
were excised from the animals and assayed for lipid 
peroxidation levels and antioxidant enzyme activities, 
and pathological histology analyses were performed 
as described below. Body and liver weights were also 
recorded at the end of experimentation.

Hepatotoxicity Assessments 
The hepatic enzymes ALT, AST, and ALKP were 

used as biochemical markers for early acute hepatic 
damage. Activities of these enzymes and biochemical 
values were colorimetrically determined using stan-
dard commercial kits (Sigma, St. Louis, MO).

Pathological Liver histology
After removal of livers from the animals, hepatic 

tissues were immediately fixed in 10% buffered form-
aldehyde and processed for histological examinations 
using conventional methods with hematoxylin and 
eosin (H&E) staining. Liver lesions were classified 
according to morphological changes, such as neutro-
phil infiltration. The severity of liver damage was 
evaluated by examining sections under 10 randomly 
selected high power fields (×200) and numbers of 
fields with lesions, and lesion areas were recorded.

Thiobarituric acid-reacting substances
Lipid peroxidation was determined using TBARS 

assays according to the procedures of Yagi [21]. In 
these experiments, 0.5-g liver tissue samples were 
homogenized in 5 ml of RIPA buffer containing 1% 
NP-40, 50 mM Tris-base, 0.1% SDS, 0.5% deoxycholic 
acid, 150 mM NaCl, (pH 7.5), 10 µg/ml leupeptin, 10 
µg/ml PMSF, and 17 µg/ml sodium orthovanadate and 
centrifuged at 1000× g for 30 min to obtain superna-
tants. Subsequently, 0.3-ml aliquots of supernatants 
were added to 0.3 ml of TBA (1% thiobarbituric acid 
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in 0.3% NaOH), and the mixture was allowed to react 
for 40 min at 95°C in the dark. After the reaction, 
samples were analyzed using a Hitachi F2000 spec-
trophotofluorimeter with excitation and emission 
wavelengths of 532 and 600 nm, respectively. TBARS 
concentrations were expressed as equivalents of the 
standard 1,1,3,3,-tetraethoxypropane (TEP).

Catalase Assay
Catalase activity in rat liver homogenates was 

assayed according to previously described methods 
[22]. In brief, homogenates (20 ml) were added to 980 
ml of H2O2 solution containing 30 ml of ddH20, 50 ml of 
Tris–HCl–EDTA, (pH 8.0), and 900 ml of 10-mM H2O2). 
After 10 s at room temperature, the optical density 
of H2O2 was recorded at 240 nm for 1 min using a 
spectrophotometer. A unit of catalase activity was 
defined as H2O2 consumed/mg protein.

Determination of GSH contents 
We determined liver GSH contents according 

to the method of Hissin and Hilf [23]. Stock solu-
tions of the fluorescent probe o-phthalaldehyde 
(OPT) were freshly prepared in methanol (1 mg/ml). 
Homogenates were mixed with OPT and incubated 
for 15 min in the dark. Subsequently, we monitored 
fluorescence intensity at excitation and emission 
wavelengths of 350 and 420 nm, respectively. A GSH 
calibration curve was established using GSH standard, 
and GSH concentrations were expressed as mg GSH/
mg protein.

Statistical Analysis
Data are reported as means ± standard devia-

tions from three determinations. Differences were 

identified using one-way ANOVA. P < 0.05 was consid-
ered significant. 

RESULTS

Effects of AP on LPS-induced Hepatic Inflammation in 
Rats 

The effects of APs on LPS-induced hepatic 
inflammation were examined in Sprague-Dawley rats. 
In these experiments, AP ameliorated LPS-induced 
hepatic damage in rats (Table 1). In particular, 6 h 
after LPS injections, plasma AST and ALT levels were 
significantly lower in rats that were pretreated with 
150 mg/kg AP for 5 consecutive days than in control 
group rats. After pretreatments with AP for 5 consec-
utive days before LPS induction, ALKP, another index 
of hepatic inflammatory, also decreased (Table 1). 
Pretreatments with 150 mg/kg AP had no effect on 
liver and body weight (data not shown).

Effects of AP on LPS-induced Hepatic Lesions in Rats
The effects of AP on LPS-induced histopatho-

logical changes in rat livers were evaluated. Liver 
sections from the control group exhibited no inflam-
matory cells or cellular damage (Figure 1A). However, 
6 h after LPS injections, liver lesions were observed 
with inflammatory neutrophil infiltration (Figure 1C). 
In the 10 randomly selected high power fields (×200), 
lesions with areas of more than half of the field were 
observed. These LPS induced lesions were signifi-
cantly smaller (less than half of the field) and were 
observed in only a few AP-pretreated rats (Figure 1D, 
E, and F).

Table 1. Effect of apple polyphenol in LPS-induced liver inflammation 

Treatment Parameters in serum

Apple polyphenol (mg/kg) LPS (5 mg/kg) ALT (IU/L) AST (IU/L) ALPK (IU/L)

-- -- 65.8 ± 7.9 279.5 ± 36.2 275.3 ± 21.8

-- + 91.2 ± 10.3a 381.4 ± 43.9a 469.2 ± 46.5a

50 + 80.6 ± 12.8 326.1 ± 31.7 383.1 ± 37.2b

100 + 76.7 ± 10.9b 297.6 ± 29.7b 325.4 ± 38.1b

150 + 69.5 ± 8.4c 281.3 ± 31.1b 291.1 ± 29.6c

Data are mean ± S.D., n = 5.
Statistical significance analyzed by one-way ANOVA analysis.
a P < 0.01, compared with the normal group.
b P < 0.05, c P < 0.005, compared with the LPS group.
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Effects of AP on LPS-induced Lipid Peroxidation in Rats
Table 2 shows comparisons of LPS-induced 

lipid peroxidation in livers using MDA as standard. 
Pretreatment with AP significantly decreased MDA 
levels in livers from LPS-injected rats (Table 2).

Effects of AP on LPS-induced Hepatic Antioxidant 
Enzyme Activities 

Decreased GSH levels and antioxidant enzyme 

activities have been demonstrated following LPS 
treatments [24. Therefore, we investigated the effects 
of HPE on LPS-induced GSH levels and catalase activi-
ties. After treatment with 5 mg/mL LPS for 6 h, rat 
hepatic GSH levels and catalase activities decreased. 
Pretreatments with HPE for 5 days before LPS injec-
tions caused dose-dependent increases in GSH levels 
and catalase activities in rats (Table 2).

Fig. 1 Effects of Apple Polyphenol on LPS-Induced Hepatic Injury in Rats. A, normal; B, 200 mg/kg apple polyphenol; C, treated 
with 5 mg/kg of LPS; D, 50 mg/kg of apple polyphenol and LPS; E, 100 mg/kg of apple polyphenol and LPS; F, 200 mg/kg of apple 
polyphenol and LPS. Arrows point out are inflammatory neutrophils. The results were evaluated by examining the section under ten 
randomly selected high power fields (×200)

Table 2. Effect of apple polyphenol in LPS-induced oxidative status

Treatment Parameters in serum

Apple polyphenol (mg/kg) LPS (5 mg/kg) MDA (nmol/mg protein) Catalase (units/mg protein) GSH (ng/mg protein)

-- -- 61.8 ± 3.8 1367.1 ± 252.3 5.1 ± 0.6

-- + 89.2 ± 9.6a 735.6 ± 179.8a 3.1 ± 0.5a

50 + 78.5 ± 10.8 892.6 ± 203.6 3.3 ± 0.4b

100 + 72.1 ± 9.0b 1123.5 ± 289.1b 3.9 ± 0.9b

150 + 61.5 ± 7.9c 1215.3 ± 305.3b 4.7 ± 1.0b

Data are mean ± S.D., n = 5.
Statistical significance analyzed by one-way ANOVA analysis.
a P < 0.01, compared with the normal group.
b P < 0.05, c P < 0.005, compared with the LPS group.
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DISSCUSSION

Despite current medical and surgical advances, 
hepatic failure due to sepsis remains a cause of high 
mortality [25,26]. Hepatic damage is primarily medi-
ated by endotoxins of gram-negative bacteria such 
as LPS. The liver plays a central role in this process 
by clearing LPS from the serum [27]. Within the liver, 
LPS is sequestered by LPS binding proteins that facili-
tate its transfer to CD14 receptors on the surfaces 
of Kupffer cells. Macrophage activation by bacterial 
lipopolysaccharide (LPS) promotes the secretion of 
proinflammatory cytokines such as tumor necrosis 
factor-a (TNF-a) and interleukin-1b (IL-1b) and secre-
tion of secondary mediators such as leukotrienes 
and prostaglandins (PGs). These substances are 
important regulators of both innate and adaptive 
immunity. However, their uncontrolled expression 
can cause acute and chronic inflammation and can 
lead to septic shock syndrome, which is characterized 
by fever, hypotension, disseminated intravascular 
coagulation, and multiple organ failures. Moreover, 
LPS-induces iNOS and cyclooxygenase-2 expression in 
rat livers, and the cyclooxygenase enzyme possesses 
both cyclooxygenase and peroxidase functions. Pros-
taglandins formed by cyclooxygenase impair immune 
surveillance and modulate proliferation in a variety of 
cell types [28], and the peroxidase function contributes 
to procarcinogen activation [29]. In addition, during 
infection and inflammation, high NO production has 
been shown to cause DNA damage and mutation 
in vivo [30]. Furthermore, cyclooxygenase and iNOS 
overexpression may be intimately involved in the 
pathogenesis of colon cancer [31], multiple sclerosis, 
neurodegerative diseases, and heart infarctions [32].

A wide variety of phenolic substances are 
present in dietary and medicinal plants and possess 
striking antioxidant and anti-inflammatory proper-
ties, which to some extent contribute to their cancer 
chemopreventive potential. In previous studies, we 
demonstrated the presence of various polyphenols 
with antioxidant potential in Hibiscus sabdariffa L. 
extracts. We also confirmed that HPE possesses anti-
oxidant activity in vitro and demonstrated inhibition 
of LPS-induced NO and prostaglandin E2 production 
and cyclooxygenase-2 and iNOS protein expression 
in macrophages [13]. In the present study, we demon-
strated anti-inflammatory activities of AP during 

LPS-induced hepatic damage in vivo. After injections 
of LPS, AST, ALT, and ALKP were increased in the 
plasma. However, 5-day oral pretreatments with AP 
reduced the induction of these inflammatory markers 
by LPS. Furthermore, AP inhibited LPS-induced 
hepatic neutrophil infiltration, suggesting that AP 
may contribute to the prevention of inflammation 
and cancer.

Activation of NFkB is necessary for LPS-induction 
of iNOS and COX-2 promoters [33,34]. NFkB comprises 
two proteins, p50 and p65. Following exposure to 
pro-inflammatory stimuli, IkB is phosphorylated, 
ubiquitinated, and degraded, resulting in liberation 
of NFkB dimers, translocation to the nucleus, and 
transcription of target genes. In particular, JNK and 
p38 MAPK are known key players in LPS-induced 
signal transduction through NFkB. In further studies, 
assessments of liver JNK and p38 MAPK activation 
will further clarify the anti-inflammatory mechanisms 
of AP.

In summary, we observed that AP reduces liver 
inflammation and damage and improves endog-
enous antioxidant status following LPS injections. 
The present data demonstrate antioxidant effects of 
AP that limit the induction of inflammatory factors. 
However, the precise anti-inflammatory mechanisms 
remain unknown.
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蘋果多酚在動物模式中抑制脂多醣誘導之發炎作用
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摘要

背景與目的：蘋果多酚在先前文獻中被證實具有抗氧化作用，為了進一步探究其抗發炎效用，脂多醣誘

導動物肝臟發炎的模式在此被施行以進行研究。

方法：蘋果多酚預先給予動物 5天，五天後給予腹腔注射 5 mg/kg 脂多醣。6小時後犧牲動物，測定血漿
中丙胺酸轉胺酶及天門冬胺酸轉胺酶（ALT及 AST），以及檢查肝臟組織的變化。
結果：本結果顯示在發炎模式動物中，蘋果多酚可降低血漿中 ALT及 AST，並同時改善肝組織中的抗氧
化分子，包括增加 catalase活性及 glutathione（GSH）含量，並減少肝臟中的脂質過氧化現象。由組織切
片也發現蘋果多酚可降低肝臟中 LPS誘導之嗜中性球浸潤的現象。
討論：目前結果暗示蘋果多酚在動物中具有抗發炎作用，並具潛力發展為抗發炎的物質。

關鍵詞：蘋果多酚、脂多醣、抗發炎

*通訊作者：李彗禎　中山醫學大學生化暨生物科技研究所　台中市南區建國北路一段 110號
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Abstract

Obstetric and gynecologic patients with huge abdominal or pelvic lesions often present a challenging perioperative 
episode to the surgeon and to the anesthesiologist. Here we report an overweight female of short stature suffering 
from a huge pelvic tumor requiring complete resection. During the operation, she experienced a transient decrease 
in blood oxygen saturation resulting from an endotracheal tube migration into the right lung, possibly due to external 
compression from the tumor because it was retracted and positioned against the right hemidiaphragm pushing the 
internal thoracic structures toward the head. The slightly head-down effect of the Trendelenburg position must also 
be taken into consideration. After optimal treatment, the situation was remedied, and the oxygen saturation returned 
to normal.

Key words: huge mass, overweight, right hemidiaphragm compression, migration, oxygen desaturation.

Introduction

Gynecologic patients with huge abdominal or 
pelvic lesions often present a challenging periopera-
tive episode to the surgeon and to the anesthesiolo-
gist. The following report describes an incident of 
blood oxygen desaturation during the removal of a 
huge pelvic tumor.

A Case Report

A 58-year-old native Taiwanese woman suffered 
from lower abdomen discomfort and vaginal bleed-
ing for six months before visiting our gynecology 
department. Physical examination revealed a huge 
aggressive pelvic tumor mass likely of ovarian origin. 

Exploratory laparotomy with surgical removal of the 
tumor was performed.

On the day of surgery, she was slightly anxious 
and presented with a large, bulging abdomen. A 
review of her history revealed her to be rather 
healthy, apart from the illnesses mentioned above. 
However, she was of short stature, 143 cm in height, 
with a body weight of approximately 60 kg. General 
anesthesia was administered.

At the beginning of the surgical incision for 
exploratory laparotomy, the patient’s vital signs were 
stable, and the pulse oximeter reading was 100%. 
Fifty minutes later, a huge cystic tumor, which was 
approximately the size of a soccer ball, was exposed. 
To continue the exploration without obscuring the 
interior of the lower abdomen, the huge tumor, with 
its connective tissue partly released and base still 
attached, was retracted out of the abdominal cavity 
and placed temporarily on the right upper abdominal 
quadrant. After ten minutes, the patient’s pulse 
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oximeter reading began to fall from 100% to 92%.
The anesthesia machine was fully functional, 

and the pipelines were intact. Suction of the endo-
tracheal tube was performed, but no sputum was 
removed. Her blood pressure, electrocardiogram, 
and central venous pressure were normal. No 
rumbling heart sounds were heard, and no excessive 
bleeding was reported. However, breathing sounds 
from the left lung were diminished, and arterial blood 
gas data showed desaturation with a decrease in the 
concentration of blood oxygen (60 mmHg with FiO2 
= 0.5). The endotracheal tube was then retracted 
about fifteen millimeters away from the trachea 
until symmetric breathing sounds were detected 
from both lungs, and the surgeon was informed. The 
surgical assistant helped withdraw the huge tumor 
to reduce the compression on the upper abdomen. 
The patient’s pulse oximeter reading then dramati-
cally regained a normal level. The duration of the 
surgery was uneventful, with complete resection of 
the huge malignant ovarian tumor. Pathology reports 
revealed that huge pelvic mass weighed 4750 gm and 
had dimensions of 23 × 20.4 × 13.8 cm (photographs 
shown below) and was diagnosed as a left ovary 
mucinous cystadenocarcinoma.

Discussion

The patient’s body mass index (BMI) was 28.4, 
which was above the normal range and was regarded 
as overweight (range, 25–30), decreased respira-
tory reserve. The closing capacity is larger in obese 

patients and likely increases the possibility of atel-
ectasis, leading to hypoxemia in the state of general 
anesthesia[3,4,6,7,11]. The application of low positive-
end expiratory pressure may be a prophylaxis for 
respiratory preservation.

When oxygen desaturation is noted, the 
anesthesia machine and gas delivery system must 
be immediately rechecked[12]. Sputum impaction, 
particularly in the case described in this report, can 
be catastrophic if thorough suction of these secre-
tions is not performed abruptly because this may lead 
to pulmonary atelectasis[1,2,9].

Before complete resection, it was partially 
extracted and placed on the right upper quadrant 
of the abdomen. Owing to its huge size and heavy 
weight, the tumor likely compressed the abdomen 
and pushed the right hemidiaphragm toward the 
patient’s head, squeezing the internal thoracic 
contents, including the trachea, upwards. Hence, the 
endotracheal tube, which was fixed at the 20 cm mark, 
may have been forced to migrate into the straighter 
and direct right main bronchus. This resulted in 
right-sided one-lung ventilation and hypoxemia. 
The decrease in the pulse oximeter reading to 92% 
correlated with a 60 mmHg fall in oxygen tension, 
obtained from the arterial blood gas data. The situa-
tion was resolved by retracting the endotracheal tube 
until symmetric breathing sounds were detected and 
refixing it at 18.5 cm. The original tip of the endotra-
cheal tube was up to the 20 cm mark, which may be 
very close to the carina, leading to a significant risk 
of endobronchial tube migration. Subsequent lifting 

Fig. 1 Huge tumor being positioned at the right upper 
abdominal quadrant.

Fig. 2 Huge cystic tumor with size of 23 x 20.4 x 13.8 cm, and 
weight of 4750 grams
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of the huge tumor to prevent compression of the 
upper abdomen eliminated the force pushing against 
the right hemidiaphragm. This adverse condition 
returned to normal within five minutes after lifting 
the tumor from the abdomen.

The surgery was conducted in a slightly tilted 
Trendenlenburg position, which would also be a cause 
for endobronchial tube migration, resulting in one-
lung ventilation and hypoxemia. Venous air embolism 
can occur when an open vein is subatmospheric. 
Clinically, signs of venous air embolism are often 
not apparent until large amounts of air have been 
entrained. A decrease in end-tidal carbon dioxide 
or arterial oxygen saturation may be noticed before 
hemodynamic changes[1,2]. In case the approach 
described in this study had been ineffective, more 
aggressive monitors such as Doppler sonography and 
transesophageal echocardiography would have been 
necessary for further differential diagnosis[2]. Because 
the phase of oxygen desaturation in our patient 
was a short, a transient episode, more complicated 
incidents such as re-expansion pulmonary edema 
and pulmonary embolism could not be considered 
and therefore should be considered in such cases. 
Furthermore, in the surgical position described here, 
the abdominal contents are thrust toward the lungs, 
as a result of the gravitational pull, thereby increasing 
the chances of endotracheal tube migration into the 
unilateral lung, resulting in one-lung ventilation[8]. 
Fortunately, our management provided a solution.

The patient initially presented with a distended 
abdomen due to a huge pelvic mass, which pushed up 
the abdominal viscera, resembling a pregnant woman. 
Thus, the intrathoracic contents were also displaced 
upwards, which decreased the respiratory reserve[10]. 
As the huge tumor was resected, the bulging force 
waned and respiratory functions improved. However, 
the pitfall was that the heavy tumor mass was rested 
on the right upper quadrant, directing the pushing 
force to the right hemidiaphragm, resulting in one-
lung ventilation and oxygen desaturation[5]. More 
precisely, the endotracheal tube may have migrated 
to the endobronchium. 

Conclusions

Patients suffering from an abdominal or pelvic 
tumor of huge size with respect to a short, obese 

stature may present a very delicate respiratory 
pathophysiology when awake or under anesthesia[1, 

4,13]. If the resected tumor has a considerable mass, 
it is suggested that the tumor should not be placed 
on the patient’s body. The surgical position of the 
patient, particularly the Trendelenburg position, also 
has an impact that must be closely monitored for the 
maintenance of a stable physiological state during 
the surgery. It is important for the anesthetist and 
the surgeon to work closely, supported by multidis-
ciplinary concepts. Changing surgical positions may 
help avoid unstable perioperative hemodynamics 
that are well known to be hazardous to the patient 
in incidents of oxygen desaturation situations during 
the operation[1,14].
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摘要

　　有巨大的腹部或骨盆病灶的婦科患者，經常帶給外科和麻醉醫師富有挑戰性的術中狀況。以下報告

是關於一位超重且身材矮小的女性，她患有巨大骨盆腫瘤，須要作外科手術切除。在術中，她出現了肺

部通氣量降低。其中是因為氣管內管移入右側肺部而導致血氧飽和度下降。這種情況是可能因為部分被

移出體外的腫瘤安置在右腹部上方而造成右側橫膈之擠壓，繼續推擠內部臟腑往頭的方向所致。稍微頭

低腳高的手術位置亦被考慮在內。在適當的處理以後，排除了狀況，血氧飽和度恢復正常。

關鍵詞：巨大腫瘤、超重、右側橫膈肌擠壓、移除、氧飽和度下降
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Abstract

Although gout is a common metabolic disease, spinal gout is rare. Its clinical manifestation is similar to that of 
lumbar spinal stenosis with radiculopathy. This case report describes the presentation of spinal gout in a 46-year-old 
male with a prolonged history of bilateral tophaceous gout of the large and small joints of the hands, wrists, elbows, 
knees, ankles, and feet, along with neurological abnormalities of the lower limbs. His radiological findings were 
suggestive of a degenerative process. Spinal gouty arthritis was diagnosed only after the tophi in the facets were 
detected during surgery and verified in a pathological examination. The histological diagnosis confirmed tophaceous 
gout. Surgical decompression and the subsequent optimization of pharmacological treatment enabled a good recovery 
from the neurological complications. Spinal surgeons should consider spinal gout when considering the differential 
diagnoses of patients with gout and axial pain, with or without neurological deficits.

Key words: Gout, spine, tophi, radiculopathy, surgery

Introduction

Gout is a common metabolic disorder character-
ized by recurrent episodes of arthritis associated with 
the presence of monosodium urate monohydrate 
crystals in the tissue or synovial fluid leucocytes[1]. 
Gout, which is the most common cause of inflamma-
tory arthritis in men aged >40 years[2], affects 0.5%–1% 
of the men in western countries with a male:female 
ratio of 7–9:1[3]. Gouty arthritis typically affects the 
distal joints of the appendicular skeleton[4]. Patients 
present with varying clinical symptoms that range 
from back pain to acute paraparesis[5]. Because of the 
rarity of this complication, the diagnosis is usually not 
made until proven by biopsy[6]. Herein, we present 
an adult case of spinal gout, along with a review of 
the literature, and discuss the presenting symptoms, 
diagnosis, and treatment.

Case report

A 46-year-old man with a 15-year history of 
gout reported a 1-year history of lower back pain, left 
buttock pain, and numbness of the lateral aspect of 
the left foot, which was interfering with his ability to 
walk. He had a 10-year history of recurrent episodes 
of multiple tophi involving the ankles, knees, and the 
small joints of the hands, wrists, and elbows, and he 
had been prescribed nonsteroidal anti-inflammatory 
drugs (NSAIDs) as treatment. The patient had a history 
of episodic hyperuricemia with gouty arthritis attack. 
He was examined in an outpatient clinic, and NSAIDs 
therapy was initiated. Despite the drug therapy, the 
neurological symptoms in the lower limbs worsened 
and was admitted to our hospital. There was no 
history of trauma. A physical examination revealed 
a marked tenderness on the left side of the lower 
back and flank as well as numbness of the left thigh 
and leg. Multiple subcutaneous nodules suggesting 
gouty tophi were also noted in hands, elbows, and 
feet. Radiographs of the lumbar spine showed spon-
dylolisthesis of L4/L5 and bilateral degenerative 
facet arthropathy at the L4/L5–S1 level, without any 
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evidence of erosive changes (Fig. 1). Magnetic reso-
nance imaging (MRI) of the lumbosacral spine showed 
a significant narrowing of the L4–S1 left lateral 
recess, a left facet joint abnormality in the form of 
a hypertrophy of the ligamentum flavum and facet 
joints, and posterior bulging of the L4/L5 and L5/S1 
intervertebral discs (Fig. 2). In addition, we observed 
a hypointense plaque-like hypertrophic lesion in the 
ligamentum flavum along linear hyperintense mate-
rial (Fig. 2). The T2-weighted images showed isolated 
hypointense areas within the right facet joint and a 
hyperintense area within the left facet joint. Labora-
tory studies revealed a serum uric acid level of 10.5 
mg/dL and a creatinine level of 1.9 mg/dL. The results 
of all of the other tests, including the erythrocyte 
sedimentation rate, were within the respective 
normal ranges. Conservative treatment with the 
oral administration of NSAIDs and benzbromarone 
was combined with physical therapy, including trac-
tion, was administered because the clinical impres-
sion was L4/L5 and L5/S1 spinal stenosis with left 
radiculopathy. Because no definite improvement was 

observed after conservative treatment for 2 months, 
surgical intervention was scheduled. During the oper-
ation (laminectomy), chalky white material and few 
vessels eroding the left L4/L5 and S1 facet joint were 
observed to be extruding from the left side of the L4/
L5 facet joint. No pus was detected. Histological anal-
ysis revealed granulation tissue, multinucleated giant 
cells, and amorphous eosinophilic material with thin 
needle-shaped crystals that were negatively birefrin-
gent under polarized light (Fig. 3). These results were 
consistent with the diagnosis of monosodium urate 
crystals. Bacterial cultures of the specimens did not 
grow any microbes, and Gram staining was also nega-
tive. After surgery, 0.5 mg of colchicine was adminis-
tered orally twice a day for 4 weeks. The symptoms 
were resolved, and the patient was symptom free at 
the 1-year follow-up visits.

Discussion

Gout is predominantly a disease of middle-aged 
men, although asymptomatic hyperuricemia is 10 

Fig. 1. Radiographs of the lumbar spine. (A) Anteroposterior view, degenerative facet arthropathy at L4/L5 and L5/S1, and multiple 
tophi over both hip joints (white arrow). (B) Lateral view, spondylolisthesis of L4/L5, grade 1 (black arrow).
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times more common than gout[7]. Gouty arthritis 
of the axial joints, particularly of the spine, is very 
rare[8]. The prevalence of spinal involvement in gout 
is rare, although it is probably underestimated. Spinal 
involvement is being increasingly reported as physi-
cians are becoming more aware of this complica-
tion. To date, over 80 cases of spinal gout have been 
reported in the literature, and most cases involve 
only the lumbar spine[6,9-12]. Autopsy studies have 

not clearly identified that gout involves the spine, 
despite the fact that the axial skeleton is extensively 
involved [13].

The reason why this crystal deposition disease 
occasionally involves the spine is unknown. It has been 
suggested that, irrespective of the tissues affected, 
a previous injury or tissue necrosis is a prerequisite 
for urate deposition[9]. Another report has suggested 
that the factors that may induce tophi formation 

Fig. 2. (A) Magnetic resonance image (MRI) of the lumbosacral spine showing significant L4/L5 and L5/S1 left lateral recess 
narrowing, a left facet joint abnormality in the form of hypertrophy of the ligamentum flavum and facet joints, and bulging of the 
posterior disc. (B). MRI showing a hypointense plaque-like hypertrophic lesion in the ligamentum flavum along linear hyperintense 
material (white arrow). The T2-weighted image showed isolated hypointense areas within the right facet joint and a hyperintense area 
within the left facet joint.

Fig. 3. Histopathology of the lumbar specimen. (A). The sections of the specimen show the ligamentum flavum with the deposition 
of crystalline and amorphous deposits of urate, which are surrounded by macrophages, lymphocytes, fibroblasts, and multinucleated 
giant cells (arrow). The findings are consistent with those of tophi. Hematoxylin and eosin stain, original magnification 200×. 
(B). Histological examination showing granulation tissue with a focus on pale-to-bluish amorphous linear needle-like crystallized 
material, which was negatively birefringent under polarizing microscopy and highly suggestive of tophaceous gout (white arrow) 
(Scale bar = 200 μm).
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include low temperature, decreased pH, and binding 
to plasma protein[14]. Degenerative diseases of the 
spine may also be a predisposing factor, because 
most cases involving the lumbar spine predominate 
at the lumbosacral junction[15]. Serum uric acid levels 
vary greatly from normal to markedly high, and 
thus are not reliable for establishing a diagnosis of 
gout[16]. Plasma urate levels >7 mg/dL are considered 
increased, because this exceeds the saturation level 
for urate solubility at normal body temperature and 
normal blood pH[3]. In our case, despite a 10-year 
history of recurrent episodes of gout, the patient had 
no history of trauma to the lumbar spine. He did have 
a history of hyperuricemia, and the uric acid level 
was high at admission (10.6 mg/dL). The spondylotic 
inflammatory changes may have been the main 
factors that induced the deposition of urate crystals 
in the present case; however, the mechanism under-
lying the accumulation of urate crystals in the facet 
joints remains unclear.

Tophi may occur in the spine, including the inter-
vertebral discs, ligament flavum, facet joints, lamina, 
pedicles, extradural soft tissues, and filum termi-
nale[1,6,10]. The clinical presentation of spinal gout 
ranges from isolated neck or back pain to various 
neurological syndromes, including radiculopathy, 
myelopathy, and the cauda equina syndrome[17]. The 
mechanism of compression varies according to the 
vertebral level [1,17,18]. In the lumbar region, which 
is most frequently affected, radicular compression 
is linked to the massive infiltration of ligaments by 
gouty tophi[18]. Serial imaging of patients with gout 
has shown that large tophi can form quickly within 
months[19]. These rapidly growing lesions may cause 
symptoms of spinal cord compression and neuro-
logical compromise[9]. Urate crystal deposition in 
the vertebral joints may be considered an extension 
of the articular involvement of the peripheral joints, 
although its incidence remains unknown.

Radiographic abnormalities of spinal gouty 
arthropathies are nonspecific and include disc space 
narrowing with ill-defined erosion of the vertebral 
endplates and bony destruction. The MRI appear-
ance of tophaceous gout of the spine is quite vari-
able[20]. On MRI scans, tophaceous deposits in the 
spine produce abnormal signals on both T1-weighted 
and T2-weighted images that are enhanced with 
gadolinium administration[20-22]. One report has 
shown that gouty tophi on MRI are isointense with 

muscle on T1-weighted images and have a low-to-
intermediate signal intensity on T2-weighted images 
with homogeneous enhancement[21]. Another study 
has suggested that the very hyperintense lesions that 
are observed on T2-weighted images are caused by 
the high protein content in the amorphous center 
of the tophi[22]. However, the hypointensities on 
T2-weighted imaging may represent calcification, 
mature fibrous tissue, and urate crystals[13]. Even 
though MRI cannot definitively diagnose spinal gout, 
it may aid in the diagnosis of this disorder relative 
to other possible conditions, such as degenerative, 
inflammatory, infectious, or neoplastic processes. 
In the present case, sagittal T1-weighted images 
showed isointense-to-hypointense signals within the 
right facet joint, and the T2-weighted images showed 
a hyperintensity within the right facet joint (Fig. 2). 
To date, we could not find any other case reports in 
the literature in which patients with spinal gout were 
diagnosed with a baseline MRI of the spine. However, 
if gout is suspected and if neurological symptoms 
that necessitate decompressive surgery are absent, 
a computer tomography-guided fine-needle biopsy 
procedure can easily establish the diagnosis[23].

Pharmacological treatment with allopurinol and 
NSAIDs should be optimized in order to obviate the 
need for surgery[2]. Maintaining a high fluid intake 
and using alkalinizing agents may limit the precipita-
tion of uric acid and its sequelae[19]. Decompression 
surgery is probably the treatment of choice for acute 
neurological compromise, and it is indicated when 
conservative treatment fails. However, the medical 
treatment of spinal gout with steroids may be effec-
tive if the nature of the cord compression is acute 
intense inflammation, as in acute synovitis in a gouty 
attack affecting a peripheral joint[13,15]. In the present 
case, surgery was performed because of the failure of 
conservative treatment, and the symptoms subsided 
postoperatively. 

The histological features of tophaceous gout 
include granuloma formation with multinucleated 
giant cells, histiocytes, and fibroblasts surrounding 
amorphous acellular material[19]. The material that 
is obtained at biopsy must be preserved in 100% 
alcohol if gout is suspected because monosodium 
urate is soluble in formalin[23]. If the specimen is 
treated with formalin, it will lead to the absence of 
birefringent crystals that are visualized under polar-
ized light. It is important to clearly communicate with 
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the surgeon about this diagnostic possibility so that 
the specimen is properly fixed[19]. Some reported 
cases of spinal gout have symptoms that mimic spinal 
infection or metastasis[1,21]. They had an acute onset 
of fever and lower back pain with neurological defi-
cits. The diagnosis can only be confirmed by a histo-
logical examination of the tissues that are removed 
during surgical decompression. A high index of suspi-
cion can help clinicians make the correct diagnosis 
in patients with clinical features, particularly hyper-
uricemia and peripheral gouty involvement. During 
the operation on our present case, the white chalky 
material extruding from the left facet joint indicated 
that gouty tophi were likely (Fig. 3), and we therefore 
soaked the material with alcohol instead of formalin. 
Other granulatomous conditions, including tubercu-
losis and fungal infections, should also be considered 
in the differential diagnosis. 

In conclusion, although rare, gouty arthropathy 
of the lumbar spine should be considered in all 
patients with neurological symptoms and known or 
suspected gout. Surgical decompression is indicated 
if conservative treatment fails to reverse the neuro-
logical dysfunction. Spinal gout should be included in 
the differential diagnoses of patients with back pain 
or neurological symptoms.
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腰椎痛風性關節炎：一病例報告

李心白1　劉思源2　謝時鵬3　施承貴4　簡言軒1*

1屏東基督教醫院骨科　2外科部　3病理科　4放射科

受文日期：民國 102 年 07 月 12 日；接受刊載：102 年 08 月 07 日

摘要

　　痛風乃一常見代謝性疾病，但脊椎的痛風仍屬少見，其臨床表徵和脊椎狹窄症併神經根壓迫類似。

此病例報告描述一 46歲男性罹患全身多處關節如手指、腕、肘部、膝、踝及足部皆有痛風石，另下肢
亦有神經壓迫症狀，放射線檢查顯示有腰椎狹窄症，其脊椎痛風性關節炎是在手術中肉眼及組織病理切

片証實。該病患經由手術減壓和適當的痛風藥物治療後已達良好的療效。脊椎外科醫師在面對脊椎疾病

處置時，應把痛風列入鑑別診斷之一，以達正確的治療。

關鍵詞：痛風、脊椎、痛風石、神經根壓迫、外科手術
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以核磁共振早期診斷日本腦炎之病例報告

高崇智1*　 李佳茹2　遲景上1　古劉愛敏1　蔡青劭2,3　高佳慧1

童綜合醫療社團法人童綜合醫院　兒童醫學部1　醫研部2　耳鼻喉科3 

受文日期：民國 102年 5月 28日；接受刊載：民國 102年 8月 23日

摘要

　　在東亞洲及南亞洲，日本腦炎是一個最重要的病毒性腦炎。本院於 2010年 7月經歷一名 1歲 4個月
大幼童，主訴咳嗽有痰及流鼻水，伴隨發燒已 7天，5天內反覆全身僵直痙攣，意識不清，經腦部MRI
檢查與日本腦炎之 IgM抗體效價四倍增加診斷為日本腦炎。日本腦炎的診斷包括季節性、居住地區、流
行地區工作或旅遊史、蚊蟲叮咬、疫苗接種、臨床表徵、血清學檢查與腦部MRI檢查等。多篇文獻指
出典型之腦部MRI特徵有助於早期診斷，因此當病患出現發燒、頭痛、意識不清，且腦部MRI出現特
徵性丘腦病變，須高度懷疑為日本腦炎。而接種日本腦炎疫苗是最直接有效的預防方法。

關鍵詞：日本腦炎、核磁共振影像、日本腦炎抗體

前　言

日本腦炎是一種以蚊子為媒介的傳染疾病，致病原

為日本腦炎病毒（Japanese encephalitis virus），屬於黃
病毒科的病毒（Flaviviridae）。在台灣，傳播日本腦炎
的主要病媒蚊有三種，分別為三斑家蚊（Culex tritaenio-
rhynchus Giles）、環紋家蚊（Cx.annulus Theobald)及白
頭家蚊（Cx. Fuscocephala Theobald）。豬可被日本腦炎
病毒感染引起病毒血症但不會發病，稱為增幅宿主，所

以豬為病媒蚊感染人類重要的病源。從 1968年起台灣
地區即對 2歲幼童展開二劑疫苗全面預防接種；1974年
則在二劑基礎接種外，於隔年再追加一劑；1983年再增
加國小一年級的追加接種。1983年以後接種政策是凡滿
一歲三個月大的幼童接種第 l劑，二星期後再接種第 2
劑，一年以後追加接種第 3劑，國小一年級再追加接種
第 4劑 [1]。在 1976年以後，10歲以下兒童的確定病例
發生率已逐漸下降，1998年以後，20歲以上確定病例
佔 93%[2]，顯示病例已以成人為主。本病例報告為 1歲
4個月大幼童，經診斷為日本腦炎，在國內有關嬰幼童
日本腦炎的文獻並不多，特提出報告，並加以討論。

病例報告

病患為 1歲 4個月大幼童，2010年 7月至本院急診
室就診，主訴咳嗽有痰及流鼻水，伴隨發燒已 7天，
5天內反覆全身僵直痙攣，意識不清，曾至其他醫院
就診，未見好轉，於是到本院就診。轉至本院時已呈

現昏迷狀態，故送小兒加護病房照護。病患於他院曾

抽取腦脊髓液檢查，白血球數為 50 U/L、紅血球數為
3410 U/L、中性球為 21%、淋巴球為 55%。本院安排
病人接受腦波、腦部核磁共振影像（magnetic resonance 
imaging；MRI）及抽血檢查，腦波報告顯示病患腦波變
慢，大腦嚴重功能不全，懷疑為代謝性腦病、腦損傷

或腦炎；腦部MRI顯示（圖 1），在 T2影像雙側腦丘
（thalamus）、左側尾核（caudate）、黑質（substantial 
nigra）及腦迴（gyrus）頭尾均有高訊號與細胞毒性水
腫，但未傷害到內部腦囊及雙側基底節；MRS（magnetic 
resonance spectroscopy）顯示乳酸出現減少了 NAA(N-
acetyl Aspartate）訊號；血清學檢查方面，單純皰疹病毒
(Herpes simplex virus；HSV)之 IgG與 IgM抗體皆為陰
性，日本腦炎之 IgM抗體效價有四倍增加註 1。根據腦

部MRI檢查與日本腦炎之 IgM抗體效價四倍增加診斷為
日本腦炎。住院第一天在尚未確診日本腦炎前，先以廣

效性抗生素使用 Augmentin、Zovirax及減少腦部發炎的

Tungs’ Medical Journal 7 (2013) 76-79
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類固醇Methylprednisolone治療，隔天改用 Rocephin治
療腦炎。病人總共住院 20天。經過治療後，症狀及徵
象好轉，生命特徵相對穩定即出院，但因病人仍無法進

食故出院時插著鼻胃管。因日本腦炎造成病患四肢無力

及語言發展不全，持續於復健科門診追蹤。

討　論

在東亞洲及南亞洲，日本腦炎是一個最重要的病毒

性腦炎 [3]。在台灣尚未施打疫苗的年代，兒童是主要病

患，但近年來都是以成人發病為主，最近五年以來，

每年的確定病例數約於 10至 30例之間 [2]。在台灣主要

流行季節集中於每年 5至 10月，高峰期通常出現在 6-7
月，因此幼童常規日本腦炎疫苗接種都集中於每年 3至
5月。本病例並未施打日本腦炎疫苗屬高危險群。根據
許麗卿等人 [1]的報告指出，3~6歲幼童完成三劑疫苗接
種者，中和抗體陽性率為 67%，接種二劑者為 66%，接
種一劑者為 33%，未接種疫苗者為 40%，顯示雖然自然
感染率高，但接受二劑以上疫苗者仍具較高保護力，因

此接種日本腦炎疫苗是最直接有效的預防方法。

病患被蚊子叮咬後，經過約 4~14天的潛伏期，初
期症狀類似感冒，包括有發燒、頭痛、疲倦、咳嗽、

噁心、嘔吐、食欲不振、腹痛與感覺異常等非特異性

症狀，易被誤診而延誤。也因沒有特殊的臨床表現，

所以單獨以臨床表現很難與其他的急性疾病如單純皰疹

腦炎做區別。利用以下三種方法可達到最好的診斷：自

腦脊髓液中培養日本腦炎病毒、偵測日本腦炎抗原、及

利用反轉錄聚合酶連鎖反應（RT-PCR）測定日本腦炎病
毒 RNA。血清學檢驗是日本腦炎檢驗最主要的方法，可

利用酵素免疫法（enzyme-linked immunosorbent assay；
ELISA）測定成對血清中日本腦炎 IgM或 IgG抗體有四
倍或更高倍上升 [4]；也可運用血球凝集抑制試驗（hemag-
glutination inhibition；HI）或補體中和試驗（complement 
fixation）偵測血清中 IgM及 IgG抗體。但血清學檢查至
少有 7天等待期且有許多限制並須要成對血清，故無法
做為早期診斷 [5-6]。衛生福利部疾病管制署對急性期血

清或 CSF檢體會採用 RT-PCR及 ELISA進行檢驗，恢復
期血清會採用 ELISA檢驗。RT-PCR陽性的檢體會進行
病毒分離。

MRI在腦炎可做為偵測損傷及損傷程度的工具，也
可用來確認或排除特定診斷。來自日本腦炎流行區域的

腦炎病人，若由MRI發現兩側腦丘損傷須高度懷疑為日
本腦炎 [7]。在日本腦炎病患腦部MRI常出現特徵性腦
丘病變，包括在 T1影像有低程度（hypointense）損傷，
在 T2影像有高程度（htperintense）損傷 [3,8-9]。在 Kalita
等人 [8]的研究報告中，日本腦炎病人電腦斷層掃描
（computed tomography；CT）的不正常率為 55.3%，而
MRI則全都出現不正常，其中腦丘損傷有 94%、基底節
35.5%、中腦 58%、橋腦 19%、小腦 25.8%及大腦皮質
19%。由此可知，在腦丘與腦丘以外的異常，MRI的敏
感度高於 CT。此論點在其他研究報告中也有相同結論
[3,10]。典型腦部MRI檢查結果有助於早期診斷，也可縮
短等待時間及避免使用不必要的藥物 [11]。

MRS是利用磁振原理研究活體腦內組織代謝產物
的定性與定量變化，提供功能與生理性訊息，代謝產

物 NAA訊號下降表示大腦的神經組織受損，在正常情
況下，它的存在表示神經元和軸突的完整性。擴散權

重影像（Diffusion-weighted image；DWI）越來越多應

圖 1　腦部MRI（axial view）顯示，在 T2影像雙側腦丘、左側尾核、黑質及腦迴頭尾均有高訊號與細胞毒性水腫，MRS
顯示乳酸出現減少了 NAA訊號。

註 1： 成對血清各經序列稀釋（1:100, 1:200, 1:400, 1:800），由 ELISA OD值比較是否有四倍上升。本案例一採檢體 1:100的
OD值為 0.275，二採檢體 1:400的 OD值大於 0.275，有 4倍增加。
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用於各種的大腦疾病，可檢測各種病毒性和細菌性腦炎

的早期病變。DWI與表觀擴散係數（apparent diffusion 
coefficient；ADC）對於日本腦炎的病程有顯著的直接關
係。在急性期，血管周圍圍管現象和充血導致局部缺血

及細胞毒性水腫，而限制擴散與低 ADC；在亞急性期，
限制擴散比率減少，ADC開始上升；在慢性期，壞死和
脫髓鞘是低信號 DWI和較高 ADC的原因 [12]。

在治療方面並無特殊的抗病毒藥物 [3]，主要為支持 
性療法，最重要為控制腦壓，其他方面如控制發燒及抽

搐、注意體液平衡、呼吸器支持、預防及治療次發性感

染，若支持療法得宜，可提升存活，改善預後。日本腦

炎的診斷包括季節性、居住地區、流行地區工作或旅遊

史、蚊蟲叮咬、疫苗接種、臨床表徵、血清學檢查與腦 
部MRI檢查等，而典型之腦部MRI特徵將有助於早期
診斷 [7,11-14]。因日本腦炎為具潛在致命性但可預防之傳

染性疾病，所以疫苗接種是最好的預防方法，另外環 
境公共衛生以及避免蚊蟲叮咬，也是很重要的預防措施。
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ABSTRACT

Japanese encephalitis is an important cause of viral encephalitis in East and South Asia. Here we report the case 
of a 16-month-old boypresenting with a 7-day history of cough and runny nose, accompanied by fever. On clinical 
presentation, he developed repetitive general spasms and unconsciousness. A 4-fold increase was detected in serum 
immunoglobulin M antibody titers for Japanese encephalitis virus. Diagnosis of Japanese encephalitis was confirmed 
on the basis of several factors: seasonality, location, work or travel within endemic areas, mosquito bites, vaccination 
history, clinical features, serology, and brain magnetic resonance imaging (MRI). These findings suggest that when 
a patient with suspected Japanese encephalitis develops fever, headache, and a change in consciousness, typical 
hypothalamic lesions identified on brain MRI can clarify the diagnosis. Currently, Japanese encephalitis vaccination is 
the most direct and effective method of preventing this disease.

Key word: Japanese encephalitis, MRI
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