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Summary: Organized hematoma is a benign and non-neoplastic lesion, however, differential diagnosis from
neoplastic diseases is always problematic, and patients are often forced to sustain excessive surgical invasion. We
retrospectively studied the characteristics of imaging findings of organized hematoma of the maxillary sinus, and
estimated the validity and effectiveness of endoscopic sinus surgery for the treatment of this disease. Three patients
(2 men and a woman, ranging in age from 50 to 62 years) with organized hematoma of the maxillary sinus who
underwent endoscopic sinus surgery were retrospectively analyzed. The diagnosis was provisionally made based
on the findings of preoperative computed tomography (CT) and magnetic resonance imaging (MRI), and was con-
firmed by histopathological examinations of surgical specimens. CT revealed a well-defined expansile mass in the
unilateral sinus associated with thinning and expansion of the medial sinus wall in all the cases. On contrast-
enhanced images, patchy heterogeneous enhancement was observed. Intermingled low/intermediate/high signal
intensity was seen on both T1- and T2-weighted MRI. The lesions were curetted via an endoscopic middle meatal
antrostomy with the assistance of a microdebrider. None of the patients received arterial embolization or blood
transfusion. Histopathological findings were consistent with those of organized hematoma. Their postoperative
courses were uneventful, and all the patients are currently free from disease. We conclude that organized hemato-
ma of the maxillary sinus can be successfully treated by endoscopic sinus surgery under accurate preoperative
diagnosis and careful surgical planning.

Key words organized hematoma, maxillary sinus, endoscopic sinus surgery, microdebrider, computed tomogra-
phy, magnetic resonance imaging

ease has also been sporadically documented in the

INTRODUCTION English literature in the 1990s and 2000s [2-10].

Organized hematoma is a benign hematoma-like
pseudotumor, which preferably arises in the maxillary
sinus. Less frequently, such a lesion may arise from
the pericardium, cerebrum, adrenal gland, cerebello-
pontine angle, etc. Organized hematoma of the maxil-
lary sinus was first described by Tadokoro [1] in 1917
in the Japanese literature. The occurrence of this dis-

Although the disease is essentially benign and non-
neoplastic, differential diagnosis from neoplastic dis-
eases including malignancy has been always prob-
lematic, and patients have been often forced to sustain
excessive surgical invasion. In recent years, however,
indication of endoscopic surgery is increasing for the
treatment of this disease under precise preoperative
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imaging examinations. We herein studied the charac-
teristics of imaging findings of organized hematoma
of the maxillary sinus, and estimated the validity and
effectiveness of endoscopic sinus surgery for the
treatment of this disease.

PATIENTS AND METHODS

Three patients with organized hematoma of the
maxillary sinus who were treated in our department
from 2004 to 2006 were retrospectively analyzed on
the basis of their medical records. They were 2 men
and a woman, ranging in age from 50 to 62 years. The
diagnosis was provisionally made from the findings of
preoperative computed tomography (CT) and mag-
netic resonance imaging (MRI), and was confirmed by
histopathological examinations of surgical speci-
mens.

RESULTS

The patients’ clinical features are summarized in

Table 1. The chief complaints were nasal obstruction,
nasal bleeding, and bloody rhinorrhea. None had a
past history of nasal or paranasal sinus surgery. Two
patients were receiving anticoagulant drugs for the
treatment of underlying diseases. These drugs were
halted during the perioperative period. On anterior rhi-
noscopy, the lateral nasal wall was medially displaced
in cases 1 and 3, and a blood clot was seen in the mid-
dle nasal meatus in case 2. CT revealed a well-defined
expansile mass in the unilateral sinus associated with
thinning and expansion of the medial sinus wall in all
the cases (Fig. 1). On contrast-enhanced images, patchy
heterogeneous enhancement was observed (Fig. 2).
The lesions showed intermingled low/intermediate/
high signal intensity on both T1- and T2-weighted
MRI (Fig. 3). From these findings, we suspected that
the lesions were probably organized hematomas. Be-
cause contrast enhancement was only patchy, preop-
erative arterial embolization was not performed in any
of the cases. Macroscopically, a dark-reddish crumbly
lump consisting of blood clots and fibrous tissue filled
the sinus of each patient. The lesions were curetted by

TABLE 1.
Summary of patients’ profile
Anticoagulant Total blood i
Case Age/Sex Side Chief complaint Underlying disease drug loss during Op§rat10n
g surgery time
1 62/M R Nasal bleeding Old myocardial infarction Warfarin 250 ml 80 min
Nasal obstruction
2 50/F L Bloody rhinorrhea Anorexia nervosa -) 250 ml 70 min
3 57/M L Nasal obstruction Ischemic heart disease Aspirin 350 ml 110 min

Fig. 1. Plain CT of case 2 showing a well-
defined expansile mass in the left maxillary sinus.

Fig. 2. Contrast-enhanced CT of case 2 show-
ing patchy heterogeneous enhancement.
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Fig. 3. MRI of case 2. The lesion shows intermingled low/intermediate/high signal intensity on both
T1- (A) and T2- (B) weighted MRI.

Fig. 4. Photomicrograph of case 2. The lesion comprises hemorrhage and blood clots coexisting with neo-
vascularization and fibrosis without evidence of neoplasm. (H & E stain, original magnification X200)
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Fig. 5. Postoperative CT of case 2. The sinus is
completely clear 16 months after surgery.

piecemeal via endoscopic middle meatal antrostomy
with the assistance of a microdebrider. In case 2, the
mass was broadly based on the lateral wall of the si-
nus, whereas the other portion of the mass was readily
separated from the sinus mucosa. In the other cases,
no obvious base was seen, and the border between the
lesion and sinus mucosa was endoscopically unclear.
The lesions were eradicated as thoroughly as possible,
but small remaining tissue was left, particularly, on the
anterior and inferomedial walls in the sinus. Total
blood losses during surgery were 250-350 ml, and no
blood transfusions were needed. Operation times were
70-110 min. Intraoperative frozen-section analysis
was performed in 2 patients, showing consistent find-
ings with those of organized hematoma and no evi-
dence of malignancy. In the other patient (case 2), an
almost definite diagnosis was preoperatively obtained
from typical radiographic findings, and thus, an intra-
operative pathology consultation was not arranged.
Microscopically, the lesions comprised hemorrhage
and blood clots coexisting with neovascularization
and fibrosis without evidence of neoplasms (Fig. 4).
Their postoperative clinical courses were uneventful,
and all the patients are free from disease 2-4 years af-
ter surgery (Fig. 5).

DISUCUSSION

Since organized hematoma of the maxillary sinus
was first described by Tadokoro [1] in 1917, a number
of authors have reported this disease in the Japanese
literature. On the other hand, in the English literature,

there are only few papers on this disease. A case report
by Ozhan et al. [2] in 1996 is the first English docu-
ment about organized hematoma of the maxillary si-
nus, which was associated with von Willebrand’s dis-
ease. At a later time, in the 2000s, organized hematoma
of the maxillary sinus was reported in patients without
bleeding diathesis [3], and was recognized to often be
an idiopathy. This disease has been otherwise referred
to as hemophilic pseudotumor [2] or a hematoma-like
mass [6], but the term “organized hematoma” is most
commonly accepted [3,5,7-10].

It is important to read the characteristics of imag-
ing in order to make an unerring preoperative diagno-
sis. On CT, an organized hematoma generally exhibits
a well-defined expansile mass in the unilateral sinus
often associated with thinning or resorption of the sur-
rounding bone. The medial sinus wall, particularly the
uncinate process, is most frequently eroded, and re-
sorption of the posterior, superior and anterior sinus
wall is sometimes observed [8]. The lesion may show
heterogeneous X-ray density, but calcification is rarely
seen. No bilaterally-affected case has been reported to
date. On contrast-enhanced images, enhancement is
usually patchy and heterogeneous [7-10], but may oc-
casionally be faint and unremarkable [2-4]. More con-
spicuous characteristics are seen on MRI. The lesion
has a clear contour often surrounded by edematous si-
nus mucosa, and shows intermingled heterogeneous
low/intermediate/high signal intensity on both T1- and
T2-weighted MRI [2,6,9,10].

Because the clinical and radiographic appearance
of organized hematoma is similar to that of neoplasms
such as hemangioma, papilloma, schwannoma, carci-
nomas, sarcomas, and lymphoma, most of the previ-
ous cases have undergone surgical resection via a
Caldwell-Luc operation, Denker’s operation, or a lat-
eral rhinotomy approach. However, considering the
benign and non-neoplastic nature of organized he-
matoma, a less invasive surgical approach is desirable.
Recent reports have described an endoscopic approach
to evacuating this lesion [5,7-9]. In the present pa-
tients, organized hematoma was curetted by piecemeal
via endoscopic sinus surgery with the assistance of a
microdebrider. The middle meatal approach may be
insufficient for the access to the anterior and infero-
medial walls of the sinus, and in the present cases,
small remaining tissue was left behind in the sinus.
However, the disease eventually cured in all the cases,
indicating that combination with other approaches
such as inferior meatal and transcanine antrostomy is
basically unnecessary.

There are several requirements for the application
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of endoscopic sinus surgery in order to achieve good
treatment outcome of this disease: First, the preopera-
tive diagnosis needs to be made as accurately as pos-
sible. The radiographic findings mentioned above give
convincing clues for making a diagnosis. Second, if
there is underlying bleeding diathesis, it must be thor-
oughly controlled. Even in patients without bleeding
disorders, organized hematoma may still be hemor-
rhagic, but the lesion generally shows only weak and
patchy enhancement, as in the present study. Preopera-
tive arterial embolization has not been performed in
the reported or present cases, and is thought to be un-
necessary. Third, intraoperative frozen-section analy-
sis is advisable because the preoperative diagnosis is
often in doubt. If neoplasms including malignancy are
suspected by pathology consultation, other surgical
procedures such as a Caldwell-Luc operation, Denk-
er’s operation, midfacial degloving or a lateral rhinot-
omy approach should be immediately indicated.
Fourth, the use of a microdebrider is strongly recom-
mended in combination with an endoscopic approach
for the evacuation of the maxillary sinus, particularly,
the anterior and inferomedial portions of the sinus.

CONCLUSION

We retrospectively studied the characteristics of
imaging findings of organized hematoma of the maxil-
lary sinus, and estimated the validity and effectiveness
of endoscopic sinus surgery for the treatment of this
disease. We would like to emphasize that this disease
can be successfully treated via an endoscopic ap-

proach. Accurate preoperative diagnosis and careful
surgical planning play key roles in attaining this goal.
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Summary: To achieve a safer living related liver transplantation (LRLT) using the right lateral sector, anatomi-
cal variations of the portal vein, hepatic artery and bile duct for the right lateral sector and their three dimentional
(3D) relationship were assessed by integrated 3D-CT images. 52 patients who underwent contrast enhanced multi-
detector row CT (MD-CT) and MD-CT cholangiography were enrolled. Data from contrast enhanced MD-CT
were used to reconstruct the 3D images of the hepatic artery and portal vein. 3D images reconstructed from
MD-CT data of the hepatic artery, portal vein and bile duct were integrated into a single image. The dual branch-
ing of the right lateral portal vein was observed in 22 (42.3%) patients. Three (5.8%) had dual right lateral ducts
and 14 (26.9%) had dual right lateral arteries. Among them, “south-turning” artery and “north-turning” bile duct
was observed in 22 (42.3%). “South-turning” artery and “south-turning” bile duct were 3 (5.8%). “North-turning”
artery and “north-turning” bile duct were 2 (7.4%). Only 27 (51.9%) had single portal vein, bile duct and artery for
the right lateral sector, those were preferable as candidates for right lateral sector graft transplantation. 3D anatomi-
cal variations of portal vein, artery and bile duct for the right lateral sector were complexed, and only half of the
donor candidates had preferable hepatic structures for right lateral sector graft transplantation. Understanding of
the 3D hepatic structures by 3D-CT may contribute to a better definition of anatomical contraindications for LRLT

which may further results in more safe and widely applied right lateral sector graft LRLT.

Key words liver transplantation, right lateral sector, MD-CT, 3D image

INTRODUCTION

Living related liver transplantation (LRLT) was ini-
tially introduced in pediatric patients [1], but recently
it has been widely applied for adult patients because
of the scarcity of cadaveric donors in Japan [2]. In
adult-to-adult LRLT, small for size grafts are often
transplanted because the resected liver volume is op-
timized for donor safety. Fan et al. [3] reported that
safe donation is possible only when the estimated re-

sidual liver volume is over 30%. Leelaudomlipi et al.
[4] indicated that 25% of the potential donors had a
large right lobe which accounted for more than 70%
of the whole liver volume. Therefore, the right lobe
graft retrieval is not possible in all potential donors.
In contrast, a left lobe graft usually does not satisfy
the recipient metabolic demand [5]. To overcome this
problem, a right lateral sector graft is newly intro-
duced [6]. According to volumetric studies [4,7], in
9-18% of potential donors, the right lobe volume ex-
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ceeds 70% of the total liver volume and the right lat-
eral sector has a volumetric advantage than the left
lobe.

However, it is obvious that the procurement of the
right lateral sector has technical difficulties. Only a
few centers are using the right lateral sector graft for
transplantation [7,8-10]. The high number of either
unrecognized or extemporaneously handled biliary
and vascular variants pose high risk both to the donor
and the recipient [11]. Preoperative understanding of
the anatomical variations of the sectoral and the seg-
mental bile ducts, the hepatic artery and the portal vein
is essential to evaluate the feasibility of the right lat-
eral sector transplantation, and to achieve safe trans-
plantation.

Newly developed multi-detector computed tom-
ography (MD-CT) images of the portal vein, the he-
patic artery and the bile duct enable us to define the
variations of the segmental hepatic structures accu-
rately [12,13] and the three dimension (3D) integrated
images contribute to surgical simulation in a better
way.

This study was aimed to define the anatomical
variations of the portal vein, the hepatic artery and the
bile duct for the right lateral sector based on the inte-
grated 3D images in order to help in framing the guide-
lines for transplantation.

MATERIALS AND METHODS

Patients

Between November 2002 and December 2006, 73
patients underwent contrast enhanced dynamic
MD-CT and MD-CT cholangiography in our depart-
ment, in ordinal clinical schedule for preoperative
evaluation. After review these cases, 66 patients who
met the following inclusion criteria were selected: age
over 20 years, no tumor in the liver/hepatic hilum, no
tumor located in peripheral sites in the liver which is
more than 30mm in diameter, no previous hepatic or
biliary surgery. 3D images of the portal vein, the he-
patic artery and the bile duct were reconstructed in all.
14 patients were excluded from the study because of
the poor quality of the 3D images. Consequently, 52
patients were enrolled in this study. There were 40
males and 12 females with age ranged from 42-78
(mean 65) years. The pathological diagnosis in these
patients were as follows: hepatocellular carcinoma-24,
cholangiocellular carcinoma-4, extrahepatic bile duct
cancer-7, pancreatic cancer-3, papilla vater carci-
noma-1, gall bladder cancer-5, adenomyomatosis-1,

gall stones-5, chronic hepatitis-1 and liver hemangi-
oma-1.

MD-CT protocol

All dynamic CT studies were performed with
MD-CT (Asteon multi ver. 1.5 Toshiba, Tokyo or
LightSpeed Plus, GE Yokogawa, Tokyo). Patients re-
ceived 100 ml of iopamidol with an iodine concentra-
tion of 370 mg/ml (Iopamiron 370; Nihon Schering,
Osaka, Japan) as intravenous contrast for vascular im-
aging. The contrast medium was injected at a rate of 4
ml/sec. with an automatic power injector. Three or
four phase scanning was performed with a single
breath-hold helical technique at 3 mm collimation, 3.5
helical pitch and 0.75 sec gantry rotation speed. Data
from the artery dominant phase and the portal vein
dominant phase were used to reconstruct the 3D im-
ages.

For biliary imaging, in 38 cases, CT scan images
were acquired 30 min after the intravenous infusion of
100 ml of biliary contrast agent (Meglumine isotrax-
ate, Biliscopin; Shering, Berlin, Germany) at a rate of
0.1 ml/sec. (DIC-CT). In all 38 cases, DIC-CT and dy-
namic CT scan were performed on different days. In
14 cases having a percutaneous transhepatic biliary
drainage (PTBD) tube, biliary enhanced CT was per-
formed after the administration of 3-15 ml of 6% bil-
iary contrast agent (Meglumine sodium amidotrizoate,
Urografin; Shering, Berlin, Germany) through the
PTBD tube (PTBD-CT). The adequate volume of the
contrast agent was determined by the previously per-
formed PTBD cholangiography.

Image interpretation

Analysis of the image data was performed based
on the source images and the 3D postprocessing im-
ages on commercially available workstations (Intage
rvse, KGT, Tokyo and VertualPlace, AZE, Osaka). 3D
reconstruction of the hepatic vasculature was made
using a volume rendering algorithm. The volume ren-
dered images were obtained in projections selected to
depict the course of the hepatic vasculature best. The
resulting 3D images of the hepatic artery, the portal
vein and the bile duct rendered for each step of the
artery dominant phase, the portal vein dominant phase
and the DIC-CT/PTBD-CT respectively were care-
fully reviewed and compared with the axial source im-
ages to ensure that no important structure was inad-
vertently deleted from the 3D images. 3D images of
the hepatic artery, the portal vein and the bile duct
which were adjusted to position each other focusing at
the hepatic hilum on 2D axillary, sagital and coronary

Kurume Medical Journal Vol. 55, No. 3, 4, 2008



3D ANATOMY OF HEPATIC VASCULATURE AND BILE DUCT 45

Fig. 1. Integrated image of the 3D portogram, angiogram and cholangiogram.

imaging sequences were further integrated into a sin-
gle image (Fig. 1). To increase the accuracy, 3D im-
ages were reconstructed by three surgeons who are
experts in hepatico-biliary anatomy and 3D recon-
struction (A. Y., H. S and K. O with 8, 12 and 26 years
of experience respectively). The study was regarded
as diagnostic when both the biliary and the vascular
structures were significantly enhanced to allow relia-
ble determination or exclusion of anatomic variants
especially in a surgical perspective.

In this study, anatomical variation of each of portal
vein, artery and bile duct for the right lateral sector
was investigated. Further, as it is important for opera-
tion to know the anatomical arrangement of the right
hepatic duct/artery, the right paramedian segmental
duct/artery and the right lateral segmental duct/artery
in the hilar area [17], the 3D relationship of segmental
hepatic duct/artery to portal vein was assessed. The
segmental artery/bile duct branches which run and
course to the dorsal and cranial side of the right para-
median portal vein are termed “north turning” artery/
bile duct branch, and those which run and course to

the ventral and caudal side of the portal vein are termed
“south tuning” branch, as Kawarada et al. [17] named
in the previous report. Intrahepatic structures are
termed according by the Couinaud’s terminology [14].
Namely, the right paramedian portal vein/artery and
bile duct are corresponding to the right anterior portal
vein/artery and bile duct in Zollinger’s classification
[15,16]. The right lateral portal vein/artery and bile
duct are corresponding to the right posterior portal
vein/artery and bile duct.

RESULTS

Diagnostic examination

In 52 of the 66 evaluated patients, the MD-CT
studies were considered as diagnostic. The study was
not diagnostic in the remaining 14 patients because of
the poor timing of the contrast and the image acquisi-
tion. One patient had poor arterial phase images, 9 had
poor biliary images and 4 had both. Portal imaging
was satisfactory in all patients.

Kurume Medical Journal Vol. 55, No. 3, 4, 2008
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Type A Type B Type C
RPM
R L L RPM
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Type D TypeE
P4
RPM P8 F
2
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Fig. 2. Anatomical variant of portal vein.

Type A: 42 cases (80.8%), Type B: 3 cases (5.8%),
Type C: 6 cases (11.5%), Type D : 1 case (1.9%),
Type E : 0 cases (0%)

RPM: right paramedian portal vein, RL: right lateral
portal branch, R: right portal vein, L: left portal vein,
P5: portal vein for the segment 5, P8: portal vein for
the segment 8, P4: portal vein for the segment 4, F:
right sided round ligament

Single ductal pattern

I) Im)
RLD RLD
LHD
RPMD RPMD
Dual ductal pattern
V)
RPMD

Analysis of the portal veins

Branching pattern of the right portal vein was de-
fined into 5 types according to Nakamura’s classifica-
tion (Fig. 2) [18]. Standard anatomy with bifurcation
of the main portal vein into left and right was seen in
42 patients (type A, 80.8%). Anatomical variations
were observed in 10 patients. Trifurcation of the right
paramedian portal vein (RPM), the right lateral portal

Type 1 Type2 Type 3

RPM

RL M
RL

Fig. 3. Anatomical variant of right lateral portal vein.
Type 1: 30 cases (57.7%), Type 2: 10 cases (19.2%),
Type 3: 12 cases (23.1%)

*RPM: right paramedian portal vein, RL: right lateral
portal branch, M: main portal vein, L: left portal vein

1119) V)

vI) VII)

RPMD

RPMD

RPMD
0 RPMD
j RLD RLD
RLD RLD

Fig. 4. Anatomical variants of right lateral duct (RLD).
I: 33 cases (63.5%), 11 8 cases (15.4%), II: 5 cases (9.6%), IV : 3 cases (5.8%), V: 1 cases
(1.9%), VI: 1 cases (1.9%), VII: 1 cases (1.9%)
RPMD: right paramedian duct, RLD: right lateral duct, LHD: left hepatic duct
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Single arterial pattern

a) b) ©) d)
MHA
RPMA RPMA RPMA RPMA
RLA ¢
RLA
GDA
smMa  RHA
Dual arterial pattern
¢ f )
RPMA LHA RPMA
RLA RLA
RLA GDA
RLA

Fig. 5. Anatomical variants of the right lateral artery (RLA).
a) Normal anatomy: 33 cases (63.5%), b) RLA branched from replaced RHA from SMA: 3 cases
(5.8%), c) RLA branched from replaced RHA from GDA: 1 case (1.9%), d) RLA branched from
MHA; 1 case (1.9%), e) Dual RLAs from RHA: 9 cases (17.3%), f) Dual RLAs from replaced
RHA from SMA: 4 cases (7.7%), g) Dual RLA from RHA and from GDA: 1 case (1.9%)
RLA: right lateral artery, RPMA: right paramedian artery, RHA: right hepatic artery, SMA: superi-
or mesenteric artery, MHA: middle hepatic artery, GDA: gastroduodenal artery

a) “North-turning” duct/artery

b) “South-turning” duct/artery

Fig. 6. Running pattern of the light lateral duct/artery.
RPD: right paramedian duct, RLD: right lateral duct,
RPM: right paramedian portal vein, RL: right lateral por-
tal vein

vein (RL) and the left portal vein was seen in one pa-
tient (type B: 5.8%). In 6 patients, RPM was arising
from the left portal vein extrahepatically (type C:
11.5%). Origin of RPM from the intrahepatic part of

the left portal vein was seen in another patient (type D:
1.9%). The anomaly in which multiple RPMs origi-
nating from the left portal vein (type E) was not seen
in any of our patients.

We have classified the branching pattern of RL
into 3 types according to its origin from the right por-
tal vein (Fig. 3). In type 1, RL originated from the right
portal vein as a single trunk (n= 30, 57.7%). In type 2,
although there were two RLs, they originate from the
right portal vein by a common ostia (n=10, 19.2%).
Origin of two RLs through separate ostia was defined
as type 3 (n=12, 23.1%).

Analysis of the biliary system

The pattern of branching of the biliary system in
the right lobe is classified into 7 patterns based on the
tributary from the right lateral sector (Fig. 4). Forty-
nine cases have single right lateral duct (RLD) (I, II, Il
and IV) and 3 have dual RLDs (V, VI and VII ). I is the
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normal anatomy in which RLD and the right parame-
dian duct (RPMD) join to form the right hepatic duct
which further joins the left hepatic duct to form the
common hepatic duct. 1l is trifurcation of the RLD, the
RPMD and the left hepatic duct. In IIl, RLD joins the
left hepatic duct (Couinaud’s caudal right paramedian
duct) [14]. IV is the joining of the RLD to the common
hepatic duct (Couinaud’s caudal right lateral duct)
[14]. V is dual RLD insertion into RPMD independ-
ently (Fig. 8c). In VI, there are two right hepatic ducts
each formed by the joining of separate RPMD and
RLD. VII is multiple RLDs and RPMDs. Incidence of
each pattern in our series were I, 33 (63.5%) patients;
I, 8 (15.4%); I, 5 (9.6%); IV, 3 (5.8%); V, 1 (1.9%);

VI, 1 (1.9%) and VII, 1 (1.9%) patient.

Analysis of the arteries

The branching pattern of the right lateral artery
(RLA) is demonstrated in Fig. 5. The single RLA was
observed in 38 patients (73.1%) and dual RLAs in 14
(26.9%). A single RLA arising from the right hepatic
artery was seen in 33 patients (Fig. 5a). RLA was origi-
nating from a replaced right hepatic artery from the
superior mesenteric artery in 3 patients (Fig. 5b) and
from the gastroduodenal artery in one patient (Fig 5c¢).
RLA arising from the middle hepatic artery as an ac-
cessory artery was seen in another patient (Fig. 5d).
Among patients with dual RLAs, in 9, arteries were

a) “south-turning” artery and “north-turning” bile duct

cramal /

RLD @¢» RLA
dorsal @ ventral

caudal 13 (48.1%)

b) “south-turning” artery and “south-turning” bile duct

7 (25.9%)

2 (7.4%)

¢) “north-turning” artery and
“north-turning” bile duct

@

2(7.4%)

Fig. 7. Running pattern of right lateral portal vein, artery and bile duct for right later-

al sector.

Schemes of the sectional plane of the orifice of the RL are presented at the right inferior

corner of each figure.

a) “South-turning” artery and “north-turning” bile duct, both artery and bile duct run
through the cranial side: 13 cases (48.1%), artery runs through the ventral side with bile
duct running through the cranial side: 7 cases (25.9%), and with bile duct running

through the dorsal side: 2 cases (7.4%).

b) “South-turning” artery runs through the cranial side with “south-turning” bile duct run-
ning through the ventral side: 2 cases (7.4%), and with bile duct running through the

dorsal side: 1 cases (3.7%)

¢) “North-turning” artery runs through the cranial side with “north-turning” bile duct run-
ning through the cranial side: 2 cases (7.4%)
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RLD

“north-turning”
RLA

““south-turning” ,'<south-turning”
RLD RLA

“south-turning”

“nigrth-turning” “south-tdrning”
RLA RLA

Fig. 8. A case of the dual arteries and the dual bile ducts.

a) RLs were dual, with separate ostia. RLAs and RLDs also were dual. Both RLAs and RLDs showed “north-turning” and “south-
turning”. The portal vein, bile duct and artery for the right paramedian sector show dual branchings as antero-ventral and antero-
dorsal pattern.

b) RLAs were dual. RLAs showed “north-turning” and “south-turning”.

¢) RLDs were dual. RLDs showed “north-turning” and “south-turning”.
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originating independently from the right hepatic artery
(Fig. 5e). In 4 patients, dual arteries were taking off
independently from the replaced right hepatic artery
from the superior mesenteric artery (Fig. 5f). Combined
supply from a right lateral branch of the right hepatic
artery and a branch of the common hepatic artery was
also seen in another patient (Fig. 5g).

3D relationship of the artery, the bile duct and the
portal vein

3D relationship of the artery and the bile duct to
the right lateral sector with reference to the portal vein
branches were studied. As showing Fig. 6, we defined
the right lateral bile duct/artery which run dorsally and
superiorly to RMP as a “north-turning” duct/artery
and the bile duct/artery which run ventrally and inferi-
orly to the right portal vein and RMP as a “south-turn-
ing” duct/artery [17]. In 49 patients with single RLD,
44 had the “north-turning” duct (Fig. 6a) and 5 had the
“south-turning” duct (Fig. 6b). In 3 patients with mul-
tiple RLDs, one had both of the “south-turning” vari-
ety and the other two showed a combination of the
“north-turning” and the “south-turning” ducts (Fig.
8c). Among 38 cases of single RLA, 8 had “north-
turning” artery and 30 had “south-turning” artery. Out
of 14 dual RLA cases, in 6, a combination of “north-
turning” and “south-turning” (Fig. 8b) arteries were
observed. In the remaining 8 cases, all had “south
turning” arteries.

3D reconstruction of the single artery-bile duct-
portal vein combination for the right lateral sector
which was observed in 27 patients is shown in Fig.7.
A combination of “south turning” artery and “north
turning” duct was the most frequent pattern (22 cases).
In all of them, the artery was running cranial or ventral
to the bile duct and the portal vein at the sectional
plane of origin of RL. The bile duct was sited cranial
to the portal vein in 20 cases and dorsal in 2. The
“south turning” artery- “south turning” bile duct com-
bination was observed in 3 cases and the “north turn-
ing” artery-south turning’ duct combination in one.
Among patients with these two patterns, 4 had the ar-
tery sited dorsally or cranially to the bile duct.

Case presentation (Fig. 8, a, b, c)

RLs were dual, with separate ostia. The dual arter-
ies show “north-turning” and “south-turning”, and the
dual bile ducts also show “north-turning” and “south-
turning”. The portal vein, bile duct and artery for the
right paramedian sector show dual branchings as an-
tero-ventral and antero-dorsal pattern [19].

DISCUSSION

Reliability of the 3D MD-CT on the anatomical
evaluation of the living liver donors has been reported
in several articles [12,13,20-23]. The advantages of
MD-CT are mainly faster scanning capability, im-
proved temporal resolution, improved spatial resolu-
tion and increased effectiveness of the intravascular
contrast agent. Sakai et al. [12] reported that, compar-
ing with conventional angiography, 3D CT angiogra-
phy depicted the extra hepatic arteries and the aberrant
arteries successfully and also depicted the intrahepatic
segmental arteries with a high detection rate. These
results are comparable with the other published litera-
ture [13,21]. The portal venous system was also clearly
visualized by MD-CT with a high accuracy rate [13].
However, a problem is that 3D reconstruction imaging
does not protect against potential misinterpretation
during post-processing. As authors did in this study, to
increase the reliability of 3D vascular images, it is im-
portant to check and pick up the missing branches on
sequential 2D images after automatic reconstruction
of 3D vascular images by the surgeon himself who is
an expert in the anatomy of the hepatic structures.

Contrast enhanced CT was used in this study for
the biliary system. Chen et al. [24] reported that CT
cholangiography had a good correlation with the im-
ages from the endoscopic retrograde cholangiography
and the intra-operative cholangiography, and it de-
picted the tertiary and the quarternary branches of the
biliary tree in 99.6% of cases. Accurate depiction of
the biliary tree by excretory MR cholangiography us-
ing biliary contrast agent Mangafodipir trisodium is
reported recently [25,26]. However, Yeh et al. [22] in-
dicated that the biliary enhanced CT cholangiography
enabled significantly better biliary tract visualization
than the conventional or excretory MR cholangiogra-
phy either alone or in combination. IV contrast en-
hanced CT cholangiography is rarely performed in
North America partly because of the perceived high
risk of the contrast agent [27,28]. However, adverse
contrast agent reactions of the biliary enhanced CT
can be decreased to 1-3% (similar to the conventional
IV contrast enhanced CT) using slow infusion of the
contrast agent and premedication with intravenous
diphenhydramine [29-32]. Severe side effects which
resulted in death were reported to be 0.01% [30,33].

For the understanding of the 3D anatomical rela-
tions, integration of the images of the artery, the portal
vein and the bile duct will be extremely useful.
Dynamic enhanced CT and biliary enhanced CT were
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performed at different times in this study because of
the possible accelerated adverse effects of the vascular
and the biliary contrast media. Each scan was per-
formed with the same focus of view and in post-
processing, the 3D position of each image was ad-
justed accurately on sequential 2D images of axial,
sagital and coronal view, focusing the hepatic hilum
especially the right portal vein.

Ramification of the first branch of the portal vein
has a few anomalies compared with the bile duct and
the artery [13]. Nevertheless, as to RL, the single por-
tal vein cases were only 57.7% and others had a com-
mon ostia at origin or dual branches without a com-
mon right lateral branch. Kyoto team reported that
dual portal branches can be reconstructed safely using
technical modifications with or without interposed ve-
nous graft when the bifurcation is extraparenchymal
[18]. However, in institutions with a few experience of
LRLT reconstruction of multiple portal branches
should be risky and challenging.

Biliary reconstruction is the most challenging part
in liver transplantation. Failure to recognize even mi-
nor intrahepatic branches crossing the dissection line
can result in severe postoperative bile leak and other
complications. The incidence of biliary complications
inright lobe LRLT is reported to be 10.8-17.5% [18,34]
and this is high compared to left-sided liver graft.
Nakamura et al. [18] reported that, among 120 right
lobe grafts, 43 had dual bile ducts and 4 had triple ori-
fices. Surgical options in multiple ducts can be double
reconstructions or reconstruction as a single orifice
with or without duct-plasty. They reported that all the
biliary variants were successfully reconstructed with
an acceptable complication rate (9.3% bile leaks and
8.5% stenosis) in grafts with multiple biliary orifices
and concluded that there are no definite contraindica-
tions in the biliary anatomy which can preclude a
transplantation. However, in right lateral sector LRLT,
biliary variantions are more complicated. The duct
which runs along the ventral side of RPM is relatively
easy to dissect and reconstruct. However, in our series,
in 43 cases, RLD showed a ‘north turning’ pattern-
RLD runs along the dorsal side of RPM. The ‘north
turning’ duct is difficult to dissect while procuring the
graft because the right paramedian portal vein inter-
feres the dissection. According to Sugawara et al. [35],
when the bile duct was sited dorsally to RPM, they
pulled the dissected right portal vein and RPM crani-
ally and after that they were able to dissect the bile
duct from the surrounding connective tissues. They
described that there are no anatomical variations of the
bile duct which contraindicate a right lateral sector
procuring. Even though, in dual duct cases especially

when one duct runs dorsally to the right lateral portal
vein and the other ventrally, reconstruction of dual
ducts partitioned by the portal vein should be unac-
ceptably difficult. We observed 2 cases with this
anomaly.

Because hepatic arterial thrombosis is one of the
serious complications after transplantation, arterial
anomaly is also a critical consideration in right lateral
graft transplantation. The incidence of hepatic artery
injury in procurement was significantly higher in
grafts with aberrant arterial anomaly and arterial in-
jury was associated with an increased risk of arterial
thrombosis [36]. One of our cases had an aberrant
RLA arising from the middle hepatic artery. As this
anomaly is very rare, accurate anatomical understand-
ing of this artery during the graft procurement is dif-
ficult if preoperative imaging of the segmental arterial
anatomy is not clearly revealed. This study also re-
vealed that 73.1% of cases had a single RLA and
26.9% had dual RLAs. Among the 38 single artery
cases, 8 had ‘north turning’ right lateral artery. In 6
among the 14 dual artery cases, both or one of the dual
arteries was ‘north turning’. These ‘north-turning’ ar-
teries are also difficult to dissect. Further, the arterial
branch or branches for the right lateral sector are thin-
ner and shorter than those of the right lobe graft or
left-sided graft. Reconstruction of all dual arteries may
be difficult in right lateral sector transplant. Whether
the presence of multiple arterial branches increases
the incidence of hepatic arterial thrombosis remains
controversial. Soin et al. [39] recommended that livers
with aberrant right hepatic arteries should not to be
used because these grafts require multiple arterial re-
constructions with a high incidence of postoperative
arterial thrombosis. Some institutions are not using
left liver grafts with multiple arteries because of the
technical difficulties of reconstruction [40,41]. On the
other hand, Ikegami et al. [42] recommended to recon-
struct only the thickest artery if intraoperative doppler
shows pulsatile arterial flow and arterial signal in the
corresponding segment of the non-anastomosed arter-
ies. The Tokyo team [43] proposed a simple test on the
back table for the selection of single hepatic arterial
reconstruction in grafts with multiple arteries. Even
though, preoperative precise identification of the he-
patic arterial variants by imaging and the accurate as-
sessment of the feasibility are essential components of
a successful right lateral graft LRLT.

According to some studies [4,7], in 9-18% of po-
tential donors, the right lateral sector has volumetric
advantages compared to the left lobe. However, anom-
alies of the hepatic vasculature cause further limita-
tions for the feasibility of transplantation. The indica-
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tions for the right lateral sector transplantation should
have been deliberate at least in institutions which have
only a few experiences. In our study, cases having sin-
gle portal vein, single artery and single bile duct are
only 27 among 52 (Fig. 9). Therefore, to increase safe
right lateral sector LRLT and to overcome donor short-
age, accurate preoperative anatomical evaluation and
excellent surgical technique coping with the particular
anatomical variant is required. Anatomical under-
standing based on the 2D images may not be sufficient
at operation. The understanding of the 3D vascular
and biliary anatomy revealed by this study will con-
tribute to a better definition of the anatomical con-
traindications for transplantation which may further
results in more safe and widely applied right lateral
graft LRLT.

Portal vein

Bile duct

Hepatic artery

single .
— recommend
single (27cases)
(27cases) multiple
Singl (Ocase)
(30cases) single
multiple (3cases)
(3cases) multiple
(Ocase)
single
single (6cases)
(8cases) multiple
multiple (cases)
(22cases) single
multiple (8cases)
(14cases)
multiple
(6cases)

Fig. 9. Anatomical variants of right lateral portal
vein, bile duct and artery.
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Summary: The aim of this study was to evaluate of the quantification of Pneumocystis jiroveci using a real-
time PCR assay. We tried to verify whether quantification was really effective in differentiating between carriage
and Pneumocystis pneumonia (PCP) using real-time PCR with or without sample species normalization for classi-
fying each sample species (sputum, bronchoalveolar lavage : bronchoalveolar lavage (BAL), and total samples).

Twenty-two positive samples previously examined by conventional qualitative PCR were subjected to real-time
PCR. Of these 22 lower respiratory tract specimens, 10 were BAL samples and 12 were (induced) sputum samples.
According to our clinical diagnostic criteria, 17 were PCP and 5 were non-PCP. In the 12 sputum samples the con-
centrations of Pneumocystis-specific DNA detected in the non-PCP patients did not differ significantly from those
in the PCP patients. The data were normalized using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the
housekeeping gene to exclude differences due to the number of human cells in collected samples. After normaliza-
tion, the Pneumocystis-specific DNA/GAPDH-DNA ratio in the non-PCP patients was higher than that in the PCP
patients. In the BAL samples (10 samples), the mean concentration of Prneumocystis-specific DNA detected in the
PCP patients was 9.6 times higher than that in the non-PCP patients (P=0.058), and after normalization, the
Pneumocystis-specific DNA/GAPDH-DNA ratio in the PCP patients did not differ significantly (P=0.19) from that
in the non-PCP patients. Although the present study indicated that normalization using GAPDH might be not help-
ful but BAL specimens are recommended over sputum specimens for the diagnosis of Pneumocystis Pneumonia
by quantification with real-time PCR.

Key words PCP, realtime PCR, normalization, GAPDH, BAL
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INTRODUCTION

P neumocystis  jiroveci, formerly known as
Pneumocystis carinii f. sp. Hominis, is an important
cause of morbidity and mortality, causing
Pneumocystis pneumonia (PCP) in patients whose im-
mune systems have been compromised due to disease
and/or immunosuppressive treatments. The standard
method for the diagnosis of PCP is microscopic ex-
amination of stained (Giemsa and Grocott techniques)
invasive lower respiratory tract specimens from bron-
choalveolar lavage (BAL), lung biopsy, aspirates or
induced sputum specimens. This method has relatively

low sensitivity but high specificity [3,13,17,29,33].
Molecular detection systems such as PCR techniques
have the potential to provide a higher degree of sensi-
tivity than microscopic examinations [1-4,7,8,12,16,1
7,20-23,25,28,29-32]. Due to the high sensitivity of
molecular methods, Prneumocystis jiroveci DNA has
been detected in respiratory samples from patients
without PCP, probably representing either coloniza-
tion or subclinical infection, at a rate of 2.2-40%
[7,9,15-22,24,25,27,28].

It is thought that real-time PCR, as recently de-
scribed [5,14], might be useful in distinguishing be-
tween colonization and clinical disease. This sugges-
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tion is based on the hypothesis that PCP patients
should have a higher organism burden than colonized
or subclinically infected patients, and that this would
be reflected by a higher amount of Prneumocystis ji-
roveci DNA present in the extracted specimens from
PCP patients. However, sample quality and quantity
can vary significantly from person to person, and the
quality of the sputum and the rate of retrieval of BAL
fluid can differ each time a sample is collected.

Therefore, we postulated that normalization using
GAPDH, a human house-keeping gene, might over-
come these limitations, and evaluated the quantifica-
tion of Pneumocystis jiroveci using a real-time PCR
with sample species normalization.

MATERIALS AND METHODS

Subjects

Samples for this study came from all patients eval-
uated by the Department of Medicine, Division of
Respirology, Neurology, and Rheumatology, and other
2 divisions (Gastroenterology, Nephrology) and other
2 Departments (Pediatrics, Acute medicine), Kurume
University School of Medicine and other hospital
(Kurume University Medical Center) between May
2000 and August 2004 who presented with clinical
symptoms of pulmonary infection associated with im-
munosuppression, thus justifying a search for
Pneumocystis in BAL and induced sputum specimens.

Thirty-two positive samples, previously examined
by conventional qualitative PCR, were utilized for
real-time PCR. In 22 of these 32 samples, we were
able to verify the data. Ten samples were excluded
because the PCR would not be able to evaluate.
Therefore 22 lower respiratory tract specimens were
collected from 22 patients with immunosuppression
due to various diseases and/or immunosuppressive
treatments: 10 BAL samples and 12 induced sputum
samples. The ten BAL samples comprised 5 speci-
mens retrieved by washing with only 20 ml of 0.9%
NaCl (BAL-20) due to the patient’s severe respiratory
status. Four were retrieved by washing with 100 ml
of 0.9% NaCl (BAL-100) and 1 was retrieved by
washing with only 10ml of 0.9% NaCl (BAL-10) due
to the patient’s age (only 2 months).

Preparation of DNA specimens

Patient sputum samples were incubated with an
equal volume of Sputazyme (semialkaline proteinase,
200 mg/vial; Na,HPO,, 16.25 mg/ml; KH,PO,, 2.88
mg/ml [pH 7.2]; Kyokuto Pharmaceutical Co., Ltd.

Tokyo, Japan) at 37°C for 10 min. The samples were
centrifuged at 1,600 X g for 15 min. The pellets were
resuspended in 0.5 ml of TE buffer (10 mM Tris-Cl,
1 mM EDTA [pH 7.5]) and then spun for 10 sec at
13,000 X g. This procedure was repeated twice, and
the final pellet was resuspended in 200 ul of InstaGene
DNA Purification Matrix (Bio-Rad Laboratories,
Inc.). The mixture was incubated for 15 min at 56°C,
vortexed for 10 sec, incubated for 8 min at 100°C, vor-
texed for 10 sec and then spun at 13,000 rpm for 2
min. The BAL fluid samples were centrifuged at 1,600
X g for 10 min. The pellets were resuspended in 1 ml
of phosphate-buffered saline and then incubated with
an equal volume of Sputazyme. These samples were
treated in the same manner as the sputum samples.
We used 2 ul of this supernatant as the DNA sample.

Conventional PCR

PCR was performed according to Honda et al.
[11]. For the detection of Pneumocystis-specific DNA,
the primers PAZ102-E (5’-GATGGCTGTTTC-
CAAGCCCA-3’) and PAZ102-H (5’-GTGTACGTT-
GCAAAGTACTC-3’), derived from the mitochon-
drial large subunit rRNA (mtLSUrRNA), and which
amplified a 346 bp sequence, were used as reported
previously [31].

Real-time PCR with the LightCycler

PCR conditions: The real time PCR assay involves
LightCycler technology, which combines rapid ther-
mocycling with on-line fluorescence detection of the
PCR products. The reactions were performed in a vol-
ume of 20 ul of a mixture containing 0.01 mM of each
primer and 2 ul of LightCycler FastStart DNA Master
SYBR Green I (Roche Diagnostics GmbH Roche
Applied Science Nonnenwald 282372 Penzberg
Germany) containing FastStart Tag DNA polymerase,
reaction buffer, dNTP mix (with dUTP instead of
dTTP), SYBR Green I dye, and 10 mM MgCl,. The fi-
nal concentration of MgCl, was adjusted to 3 mM. The
samples were placed into LightCycler capillaries
(20ul) (Roche Diagnostics GmbH Roche Applied
Science Nonnenwald 282372 Penzberg Germany),
capped, centrifuged for a few seconds in a micro-centri-
fuge using appropriate adapters, and placed into the
LightCycler rotor. An initial preheating step of 10 min
at 95°C was used to activate the DNA polymerase, de-
activate UNG, and melt double-stranded DNA. Next,
a touch-down procedure followed, consisting of 15
sec at 95°C, annealing for 10 sec at temperatures de-
creasing from 65 to 60°C during the first 11 cycles
(with 0.5°C decremental steps in each cycle), and ex-
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tension at 72°C for 15 sec, and acquisition of the fluo-
rescent signal from the samples at 80°C for 2 sec to
increase the specificity of PCP specific DNA.
Acquisition of the fluorescent signal from the samples
was performed at 82°C for 2 sec to increase the spe-
cificity of GAPDH DNA. The transition rate of tem-
perature was set at 20°C/sec for denaturation to an-
nealing and from annealing to extension and extension
to denaturation. A total of 45 cycles were performed.
The PCR products were subjected to analysis by elec-
trophoresis on a 2% agarose gel to confirm the effi-
ciency of the melting curve analysis.

Standards and external controls: To obtain standards
for real-time PCR, P. jiroveci-positive BAL samples
(by Grocott smear) were used. The extracted DNA
(described above in Preparation of DNA specimens)
was used for amplification of the major surface glyco-
protein (MSG) gene of Pneumocystis [14]. A PCR
method previously described [11] was modified for
the real-time assay. The commercially synthesized
primers (Operon Biotechnologies, Inc. Tokyo, Japan)
JKK14/15 (5’-GAA TGC AAATCY TTA CAG ACA
ACA G-3’) and JKK17 (5’-AAA TCA TGA ACG
AAA TAA CCA TTG C-3’) amplified a 250-bp seg-
ment of the multicopy MSG gene family [14]. The
amplified products were subjected to electrophoresis
in agarose gels, and bands were visualized with UV
light following ethidium bromide staining.

To detect amplicons (Prneumocystis DNA) in aga-
rose gels (TBE buffer), trimmed gel slices and the
chopped pieces were used for DNA extraction with
Quantum Prep Freeze’N Squeeze DNA Gel Extraction
Spin Columns (Bio-Rad Laboratories, Inc.) according
to the manufacturer’s recommendations. The extracted
DNA was amplified using JKK14/15 and JKK17 prim-
ers, and the amplicon was confirmed as a 250 bp se-
quence by electrophoresis in agarose gels (described
above). The GAPDH samples were confirmed in the
same manner as the respective Pneumocystis samples.
The commercially synthesized primers (Operon
Biotechnologies, Inc. Tokyo, Japan) GAPDH-sense
(5’-CTT CAC CAC CAT GGA GAA GGC-3’) and
JKK17 (5’-GGC ATG GAC TGT GGT CAT GAG-3’)
amplified a 260-bp segment. The concentration was
determined using a ND-1000 Spectrophotometer
(NanoDrop Technologies) and the A260 and A280 op-
tical density measurements. Sample species normali-
zation was calculated as the ratio of Pneumocystis-
specific DNA/GAPDH-DNA. GAPDH was used as a
housekeeping gene.

Data analysis

Diagnosis of PCP based on microscopic examina-
tion of stained samples is difficult because of the low
sensitivity for detection of Pneumocystis cells. The
criteria that we used for confirming ongoing pneumo-
cystosis were clinical findings of PCP with character-
istic X-ray findings (new bilateral diffuse interstitial
infiltrates), dyspnoea with/without arterial hypoxae-
mia (partial pressure of arterial oxygen <70 mmHg)
as well as response to anti-Pneumocystis treatment but
resistance to other antibiotics or response to both
anti-Pneumocystis treatment and other antibiotics.
Based on these diagnostic criteria, the quantities and
normalized quantities were evaluated. Statistical as-
sessment of these characteristics was performed using
the Fisher’s test and G test (P<<0.05 was considered
significant). Statistical assessment of differences of
the mean of Pneumocystis DNA concentration
[X1/10fg/ul] from PCP or non-PCP cases was per-
formed by the unpaired Student’s t-test (P<<0.05 was
considered significant).

RESULTS AND DISCUSSION

According to our diagnostic criteria, of the 22 pa-
tients profiled, 17 had developed PCP. In the remain-
ing 5, the diagnosis of PCP was not confirmed.

Quantitative PCR

Total samples (sputum and BAL)

In the 22 samples, the mean concentrations
(X1/10fg/pl) of Pneumocystis-specific DNA detected
in the non-PCP patients and PCP patients were
3.85%107 and 3.51X10°, respectively (Fig. 1-a). The
mean concentration of the non-PCP patients was sig-
nificantly higher than that of the PCP patients
(p<0.05). The mean concentrations (X1/10fg/ul) of
GAPDH-DNA detected in the non-PCP patients was
significantly higher than that in the PCP patients
(P<0.05). The mean concentrations of GAPDH-DNA
in the non-PCP patients and PCP patients were
8.64X107 and 1.23X107, respectively (Fig. 1-b). After
normalization, the ratio of Pneumocystis-specific
DNA/GAPDH-DNA in the non-PCP patients did not
differ significantly (p=0.41) from that of the PCP pa-
tients (Fig. 1-c; the mean ratio of the non-PCP pa-
tients was 0.26 while the mean ratio of the PCP pa-
tients was 0.23). Normalization was considered
necessary because the qualities and quantities of the
various samples were variable, and the quality of the
sputum and the rate of retrieval of BAL differed from
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Fig. 1-a: PCP-DNA

Fig. 1-b: GAPDH-DNA

Fig. 1-c: PCP/GAPDH
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Fig. 1. Quantity of DNA in both the sputum and BAL samples by clinicalcategory.
Fig. 1-a: PCP-DNA concentrations in the PCP cases [n=17] and the non-PCP cases [n=5]. The mean concentrations
(X1/10fg/ul): The mean PCP-DNA concentration in the PCP positive patients was 3.51x10% the mean PCP-DNA con-

centration in the non-PCP patients was 3.85X107; P<<0.05.

Fig. 1-b: GAPDH-DNA concentrations in the PCP cases [n=17] and the non-PCP cases [n=5]. The mean concentrations
(X1/10fg/ul): The mean GAPDH-DNA concentration in the PCP positive patients was 1.23X107; the mean GAPDH-
DNA concentration in the non-PCP patients was 8.64X107; P<<0.05.

Fig. 1-c: PCP/GAPDH ratio in the PCP cases [n=17] and the non-PCP cases [n=5]. The mean ratios: The mean PCP/
GAPDH ratio in the PCP positive patients was 0.23; the mean PCP/GAPDH ratio in the non-PCP patients was 0.26;

P=0.41. Symbols: =, mean; *, P<0.05.

patient to patient. Normalization was performed us-
ing the ratio of Pneumocystis-specific DNA/GAPDH-
DNA. GAPDH is a housekeeping gene that is stably
expressed with little variation in human cells.
Therefore, we used GAPDH for normalization in or-
der to calculate the amount of PCP DNA relative to
the number of the cells calculated. However, our re-
sults showed no significant difference between PCP
and non-PCP patients after normalization. In micro-
scopic examinations of stained sputum, the smear
positive rate with instruction was higher than that
without instruction (according to the classification of
Miller and Jones)[10], and according to the classifi-
cation of Geckler et al. [6], microscopic screening
along with the rejection of unsatisfactory specimens
can minimize the unreliability of sputum culture. We
therefore considered that the evaluation of sputum
quality and preparation might be required for the
quantification of PCR studies. In the BAL samples,
the amount that was retrieved by washing with 100
ml of 0.9% NaCl (BAL-100) was variable in each
sample.

From previous reports on qualitative PCR, the sen-
sitivity of BAL samples was higher than that of spu-
tum samples [4,23,29], or was nearly equal [26,30].

In a qualitative PCR study Larsen et al. [14] re-
ported that sputum samples were PCR positive but
the differences between the PCP and non-PCP pa-
tients in the quantitative PCR results from the in-
duced sputa did not reach the level of significance.
Therefore we analyzed our data after classifying the
sample specimens (sputum and BAL).

Sputum samples (Fig. 2)

In the sputum samples (12 samples), the concen-
tration of Pneumocystis-specific DNA detected in the
non-PCP patients (n=3) did not significantly differ
from that of the PCP patients (n=9). The mean con-
centrations (X1/10fg/ul) were 6.41X107 and 6.24X10°
in the non-PCP and PCP patients, respectively (Fig.
2-a). The concentrations of GAPDH-DNA detected in
the non-PCP patients were higher than those in the
PCP patients (P<<0.01). The mean concentrations
(X1/10fg/ul) were 1.42x10% and 1.35X107 in the non-
PCP and PCP patients, respectively (Fig. 2-b). After
normalization, the ratio of Pneumocystis-specific
DNA/GAPDH-DNA in the non-PCP patients was sig-
nificantly higher (P<<0.05) than that in the PCP pa-
tients. The mean ratios were 0.41 and 0.19 in the non-
PCP and PCP patients, respectively (Fig. 2-c).
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Fig. 2-a: sputum;PCP-DNA Fig. 2-b: sputum;GAPDH-DNA Fig. 2-c: sputum;PCP/GAPDH
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Fig. 2. Quantity of DNA in the sputum samples by clinical category.
Fig. 2-a: PCP-DNA concentrations in the PCP cases [n=9] and the non-PCP cases [n=3]. The mean concentrations
(X1/10fg/ul): The mean PCP-DNA concentration in the PCPpositive patients was 6.24X10% the mean PCP-DNA con-
centration in the non-PCP patients was 6.41X107; P=0.13.
Fig. 2-b: GAPDH-DNA concentrations in the PCP cases [n=9] and the non-PCP cases [n=3]. The mean concentrations
(X1/10fg/ul): The mean GAPDH-DNA concentration in the PCP positive patients was 1.35X107; the mean GAPDH-
DNA concentration in the non-PCP patients was 1.42X10%; P<0.01.
Fig. 2-c: PCP/GAPDH ratios in the PCP cases [n=9] and the non-PCP cases [n=3]. The mean ratios: The mean PCP/
GAPDH ratio in the PCP positive patients was 0.19; the mean PCP/GAPDH ratio in the non-PCP patients was 0.41;
P<0.05. Symbols: =, mean; *, P<0.05.
Fig. 3-a: BAL;PCP-DNA Fig. 3-b: BAL;GAPDH-DNA Fig. 3-c: BAL;PCP/GAPDH
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Fig. 3. Quantity of DNA in the BAL samples by clinical category.

Fig. 3-a: PCP-DNA concentrations in the PCP cases [n=8] and non-PCP cases [n=2]. The mean concentrations (X1/10fg/
u1): The mean PCP-DNA concentration in the PCP positive patients was 4.40X 10°; the mean PCP-DNA concentration in
the non-PCP patients was 4.59X10% P=0.058.

Fig. 3-b: GAPDH-DNA concentrations in the PCP cases [n=8] and the non-PCP cases [n=2]. The mean concentrations
(X1/10fg/ul): The mean GAPDH-DNA concentration in the PCP positive patients was1.08X107; the mean GAPDH-
DNA concentration in the non-PCP patients was 3.14X10%; P=0.099.

Fig. 3-c: PCP/GAPDH ratios in the PCP cases [n=8] and the non-PCP cases [n=2]. The mean ratios: The mean PCP/
GAPDH ratio in the PCP positive patients was 0.27; the mean PCP/GAPDH ratio in the non-PCP patients was 0.039;
P=0.19. Symbols: =, mean; *, P<0.05.
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BAL samples (Fig. 3)

In the BAL samples (10 samples), the mean con-
centration of Pneumocystis-specific DNA detected in
the PCP patients was 9.6 times higher than that in the
non-PCP patients (P=0.058). The mean concentra-
tions (X1/10fg/ul) were 4.40X10° and 4.59X10* in
the PCP and non-PCP patients, respectively (Fig. 3-a).
The mean concentrations (X1/10fg/ul) of GAPDH-
DNA detected in the PCP and non-PCP patients were
1.08x107 and 3.14x10°, respectively (Fig. 3-b). After
normalization, the ratio of Pneumocystis-specific
DNA/GAPDH-DNA in the PCP patients did not dif-
fer significantly from that in the non-PCP patients
(Fig. 3-c). In the PCP patients, lung tissue is often in-
jured and a large number of human cells are obtained
from the BAL samples. GAPDH quantity might re-
flect the amounts of human cells in samples. The
samples from inflammatory lesion might have more

ETOH

inflammatory cells than those from non-inflammatory
did. Therefore, the ratios of Preumocystis-specific
DNA/GAPDH-DNA may not reflect the concentra-
tion of PCP.

Although we thought that sample normalization
with a housekeeping gene might be effective in help-
ing to determine a cut-off value, it turned out to yield
a meaningless result. This might have been due to the
underlying primary disease. In particular, results might
differ between HIV-positive and -negative cases.
Such a difference has been found in previous studies,
which have indicated the difficulty of confirming a
PCP diagnosis in non-HIV-infected cases due to the
lack of sensitivity of PCR methods (20-25%), even in
BAL specimens [5,23,25,32]. The PCR positive rate
for PCP in the HIV positive patients was higher than
that in the HIV negative patients (6/8:75%>2/8:25%)
[7].

In our cases, no HIV positive patient was PCP

TABLE 1.
Comparison of each parameters in Pneumocystis pneumonia (PCP) patinents

WBC CRP beta-D- Quanti-  Quanti-
case sample primary disease age gen- (uL) lymphcyte (mg/ glucan tave tave (PCP/
species (year) der (LYM%) luL dL) (pg/mL) PCR PCR  GAPDH)
(<11) (PCP) (GAPDH)
1 BAL-20 SLE 37 F  3800(6) 228 63 869 1.78x10°  8.92x10° 2.0
2 BAL-10 SCID 2months F 1900(36) 684 0.3 35 L15x10° 6.70x10¢  <O0.1
3 BAL-100 RPGN due to MPA 71 F  10500(15.5) 16275 59 181.1  3.03x10° 8.52x10® <<0.1
4 Spuum MG/Thymoma 71 F  6700660) 402 9.1 5631 879x10° 2.67x107 0.3
(invasive type)

5 Sputum  Lung cancer 74 M 6200(2.0) 124 6.6 2044 4.43x10* 1.77x10° <0.1
6 Sputum  Lung cancer 69 F 6900(2.0) 138 28.1 3957 2.779x10° 6.85x10¢  <0.1
7 Sputum  Lung cancer 71 M 5300(16.1) 8533 13.9 3.5 1.15x10¢  5.22x10° 0.2
8 Sputum  Multiple Myeloma 62 F 700(34) 238 24.0 29  1.71x10* 3.89x10° <0.1
9 BAL-100 MPA 67 F  10400(2.5) 260 43 2145  1.69x10° 4.64x10° <O0.1
10 BAL-20 RPGN due to mPA/Psoriasis 60 M 6800(15) 1020 6.1 1042 8.95x10° 4.58x107 <0.1
11 BAL-20 CRF/cryoglobulinemia/LC-C 72 F  8200(/) / 29 117.7  231x10° 8.64x10°  <O0.1
12 Sputum  Lung cancer,SVC syndrome 74 M 8600(3) 258 1.6 1.5 4.52x107  4.55x107 1.0
13 BAL-20  Lung cancer 69 M 8500(1) 85 30.6 13.1  1.46x10* 9.47x10° <O0.1
14 Sputum PN}/}(’)‘;?‘B‘/}’{‘,? tuberculosis/ 59 M 5900(2) 118 64 1008 3.77x10> 2.44x106 <O0.1
15  Sputum  Systemic Screlosis 64 F 6400(/) / 39 1652  1.66x10° 2.34x107 <0.1
16 Sputum  Malignant Lymphoma relapse 82 M 1900(29.5) 560.5 5.8 36 5.68x10°  6.13x10°  <0.1
17 BAL-20  SLE+chronic thyroiditis 48 M 10000(17) 1700 6.7 1347 6.46x10° 2.03x10° <O0.1

* BAL-100, BAL fluid specimen after washing with 100 ml 0.9% NaCl; BAL-20, BAL fluid specimen after washing with 20
ml 0.9% NaCl; BAL-10, BAL fluid specimen after washing with 10 ml 0.9% NaCl.

* SLE : systemic lupus erythematosus; SCID : severe combined immunodeficiency; RPGN :rapidly progressive glomerulone-
phritis; MPA : microscopic polyangitis; MG : myasthenia gravis; CRF : chronic renal failure; SVC syndrome : superior vena
cava syndrome; PN : polyarteritis nodosa; MVR :mitral valve replacement
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TABLE 2.
Comparison of each parameters in non-PCPpatinents
beta-D- N .
sample . ' age  gen- WBC lymph- CRP  glucan Quantitative Quantlta- (PCP/
case s primary disease (year) der (/ul) cyte (mg/dL) (pg/mL) PCR tive PCR GAPDH)
P Y (LYM%)  (uL) 7% Ei iy (PCP)  (GAPDH)
1 BAL-100 RPGN/MPA 60 F  3900(14) 826 438 92.3 9.19x10*  1.18x10°  <<0.1
2 sputum MPGN/mephrotic syn./Pulmonary o, dogg 6o 97 44 131x10°  296x10° 04
emphysema
3 spuum RA/RAlung(UIP)pulmonary € M 1310025) 3275 1.4 123 612x107  128x10° 0.5
emphysema
Lung cancer/DiabetesMellitus 0 p
- : . . <0.1
4  BAL-20 (type2)/CH-C 67 M 6300(8) 504 0.1 5 5.77x10°  5.09x10
5 Sputum Lung cancer 56 M 1100(14) 154 1.2 notdone 5.21x10°  1.66x10° 0.3

* BAL-100, BAL fluid specimen after washing with 100 ml 0.9% NaCl; BAL-20, BAL fluid specimen after washing with 20
ml 0.9% NaCl; BAL-10, BAL fluid specimen after washing with 10 ml 0.9% NacCl.

* RPGN:rapidly progressive glomerulonephritis; MPA : microscopic polyangitis; MPGN : membranoproliferative glomeru-
lonephritis; RA : Rheumatoid Arthritis; UIP : usual interstitial pneumonia; CH-C: chronic hepatitis C

positive (Table 1 and Table 2). This may have influ-
enced our results. We believe that, in BAL samples,
normalization using GAPDH is not useful for the di-
agnosis of Pneumocystis pneumonia. On the other
hand, for HIV negative patients, BAL specimens are
recommended rather than sputum specimens for the
diagnosis of Pneumocystis pneumonia by quantitation
with real-time PCR.

Patient profiles (Table I and Table 2)

The 22 specimens examined in this study were di-
vided into two groups, PCP and non-PCP patients. No
difference between the two groups regarding sample
species (sputum and BAL) was demonstrated, and
they were therefore analyzed together. There were no
significant differences in any parameter (sample
specimen/primary diseases without HIV/WBC/lym-
phocyte/CRP/beta-D-glucan) between the PCP and
non-PCP patients. When separated according to sam-
ple specimens (sputum and BAL), none of the param-
eters (WBC/lymphocyte/CRP/beta-D-glucan) were
significantly different between the PCP and non-PCP
patients. In the case of Pneumocystis pneumonia, it
will be difficult to reach a definitive diagnosis based
solely on the patient’s clinical condition and labora-
tory data.

The present study indicated that normalization us-
ing GAPDH might be not helpful. However, more
studies will be needed to distinguish between PCP,
subclinical infection or colonization, and to determine
cut-off values for each.

. Geckler RW, Gremillion DH, McAllister CK,
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Summary: The influence of the presence or absence of the neurovascular bundles on patient QOL were exam-
ined using the UCLA Prostate Cancer Index (UCLA-PCI) in patients who underwent radical retropubic prostatec-
tomy. The study was performed in 105 patients who were histopathologically diagnosed with prostate cancer and
underwent radical retropubic prostatectomy (During prostatectomy, the bilateral neurovascular bundles were pre-
served in 45 patients (42.8%), unilateral neurovascular bundle preservation was achieved in 24 (22.9%), and no
neurovascular bundles were preserved in 36 (34.2%)). The QOL was evaluated before and after surgery using the
Japanese edition of the UCLA-PCI, which examines 6 items. Our findings suggested that ‘urinary function, ‘uri-
nary bother’, ‘bowel function’, and ‘bowel bother’ deteriorated early after surgery, and recovered to the preopera-
tive levels in the late phase after surgery, but no significant difference was noted in the time-course among the
three groups. In contrast, ‘sexual function’ was significantly improved in the late postoperative phase only in the
bilateral nerve-spared group, but not in the unilateral nerve-spared and non-nerve-spared groups. Patients com-
plaining of ‘Sexual bother’ were more prevalent in the unilateral nerve-spared group in the late postoperative
phase, but the difference was not significant. On multiple regression analysis of factors associated with sexual
function in the late postoperative phase, only bilateral nerve preservation of was significantly associated with sexu-
al function in the late postoperative phase (p<<0.0001). In order to maintain sexual function following radical retro-
pubic prostatectomy, the bilateral neurovascular bundles should be preserved, as far as practicable.

Key words nerve preservation, prostate cancer, QOL, radical retropubic prostatectomy, sexual function, UCLA-

Prostate Cancer Index

INTRODUCTION

Prostate cancer is a rare cancer with regard to the
concept of course observation without treatment.
Considering its characteristic slow growth, the induc-
tion of severe, prolonged complications following
surgery raises questions doubt the suitability of surgi-
cal treatment as compared to radiotherapy, and physi-
cians have to obtain detailed informed consent before
surgery, covering the possible occurrence and dura-
tion of complications, surgical procedure, and adverse
effects.

Detection of localized prostate cancer has mark-
edly increased in recent years with the spread of PSA
screening, and radical retropubic prostatectomy is the
global standard procedure, taking into consideration
patient age and cancer stage. However, this procedure
causes complications, such as dysuria (urinary incon-
tinence) and sexual dysfunction (impotence), mark-
edly impairing the patient’s QOL in many cases. Of
these complications, approaches to postoperative re-
covery from dysuria (urinary incontinence) have be-
come consistent internationally. Hamada et al. re-
ported that urination is in the recovery period 3
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months after surgery, and returned to the preoperative
level 6 months after surgery [1], indicating that re-
covery in the early postoperative phase can be ex-
pected. Our hospital has succeeded in early catheter
removal, improvement of urinary incontinence, and
discharge using Noguchi’s anastomosed site-lifting
method and by developing a clinical path [2]. In con-
trast, sexual dysfunction (impotence) occurs in more
than half of patients after surgery, and their QOL is
impaired for a long time after surgery. The outcome
markedly varies among facilities, and at present no
standard, consistent approach to preservation of sex-
ual function has been developed, despite the many
studies on the influence of nerve-sparing and age on
postoperative sexual function that have been pub-
lished after Walsh et al. initially reported nerve-spar-
ing radical prostatectomy [3].

The UCLA Prostate Cancer Index (UCLA-PCI) is
a localized prostate cancer-targeted QOL question-
naire widely used internationally, consisting of 20
items covering 6 aspects of complications following
radical prostatectomy (‘urinary function’, ‘urinary
bother’, ‘bowel function’, ‘bowel bother’, ‘sexual
function’, and ‘sexual bother’), and the reliability and
validity of the Japanese edition has been confirmed
[4]. In addition to the disease-targeted QOL question-
naire, FACT-P, EORTC, and SF-36 are generally used
as health-related QOL questionnaires in other studies
on QOL, but the UCLA-PCI covers typical complica-
tions following radical prostatectomy, and consists of
only 20 items so is considered less stressful than
other indices.

In this study, we evaluated the QOL of patients
following radical retropubic prostatectomy for local-
ized prostate cancer using the Japanese edition (ver-
sion 1.2) of the UCLA-PCI, and investigated the in-
fluence of surgery on the patients’ QOL, factors
involved, changes in the QOL during the postopera-
tive period, and the influence of preservation of the
neurovascular bundles, hoping that the findings
would prove useful information to patients consider-
ing radical prostatectomy.

SUBJECTS AND METHODS

The study was performed in 105 patients who
were histopathologically diagnosed with prostate can-
cer and who underwent radical retropubic prostatec-
tomy at Kurume University Hospital and 8 related fa-
cilities between January 2002 and February 2006.
The neurovascular bundles were preserved in 69 pa-
tients (65.7%) (bilateral: 45 (42.9%), unilateral: 24

(22.9%)), and no nerves were preserved in 36
(34.3%). Regarding nerve preservation, patient’s re-
quests were given a high priority, but in most cases
the side positive on biopsy was resected. The bilateral
nerves were resected in all cases that received con-
comitant MAB treatment. The localization of cancer
in the prostate was confirmed by MRI. As a rule, the
bilateral nerves were preserved in all cases after
August 2005. The bilateral nerves were resected in all
cases with concomitant MAB treatment, as a rule.
The same operator performed all surgeries, employ-
ing the anastomosed site-lifting method via the retro-
pubic approach developed by Noguchi [2]. The clini-
cal stage was diagnosed following the 5th edition of
the TNM classification revised by the UICC in 1997.
No postoperative adjuvant therapy, such as treatment
with sildenafil citrate, was performed in any patient.

For evaluation of QOL before and after surgery,
the Japanese edition (version 1.2) of the UCLA-PCI
was used. The patients filled in the questionnaire pri-
vately, in the absence of physicians. The survey was
performed before surgery and 1, 3, 6, and 12 months
after surgery.

One and 3 months after surgery were designated
as early postoperative phase, and 6 and 12 months af-
ter surgery was the late postoperative phase. In pa-
tients who could be surveyed in both phases, answers
at 1 month were adopted as those in the early postop-
erative phase, and answers at 12 months as those in
the late postoperative phase in the investigation of
time-course changes. Complications were classified
into 6 aspects following the international criteria:
‘urinary function’, ‘urinary bother’, ‘bowel function’,
‘bowel bother’, ‘sexual function’, and ‘sexual bother’,
and were assessed by assigning a grade from 0
(worst) to 100 (best). In addition, the influence of pre-
serving or not preserving the neurovascular bundles
were investigated.

For comparison among the three different nerve-
spared groups, one-way ANOVA and chi-square tests
were used. Repeated measures ANOVA was per-
formed for comparison of changes in the time-course
UCLA-PCI among the different nerve-spared groups.
Multiple regression analysis (stepwise method) was
employed to investigate factors determining sexual
function in the late postoperative phase. A signifi-
cance level of less than 5% was regarded as signifi-
cant. Statistical analysis software (JMP version 7.0)
was used.
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RESULTS

Characteristics of patients by nerve preservation

The characteristics of patients with and without
nerve preservation are presented in Table 1. Significant
differences were only observed in the preoperative
PSA level and operation time. For the clinical stage
which divided into those with localized (T1/T2) and
non-localized (T3/T4) cases. Many patients in the
non-spared group (T3-4: 11) had lesions that were not
localized, while only one T3-4 case was present in
the unilateral nerve-spared group, showing a signifi-
cant difference (p<<0.001). On the preoperative UCLA-
PCI survey there was no significant difference in any
of the indices among the three different groups.

Changes in UCLA-PCI in groups with and without
nerve preservation

Time-course changes in urinary function (A) and
bother (B) in groups with and without nerve preser-
vation (Fig. 1): Regarding ‘urinary function’, there
was no significant difference in the preoperative val-
ues. In the early postoperative phase, the value dete-
riorated in the bilateral nerve-spared group, but recov-
ered to the preoperative level in the late postoperative
phase. ‘Urinary bother’ slightly increased with chang-
es in ‘urinary function’ in the early postoperative phase
in all 3 groups, compared to that before surgery, but
improved to a level higher than the preoperative value
in the late postoperative phase. However, these time-
course changes or differences among the groups were
not significant.

TABLE 1.
Characteristics of Patients by Group

Preservation of nerves
Total (n=105)

Statistics
none unilateral bilateral
(n=36) (n=24) (n=45)
Age (year) 67.7 66.6 66.8 n.s.
Pre-operative PSA (ng/ml) 13.9 16.1 9.5 p=0.003
Clinical Stage T1-2 25 23 45
(before treatment of MAB) T3-4 11 1 0 p<0.001
No. of MAB 13 3 3
Operation Time (min) 165.9 166.2 150.5 p=0.023
Blood Loss (ml) 480.8 444.5 457.1 n.s.
well 5 2 11
gits‘;;)i;%tiicailion moderately 23 19 24 n.s.
poorly 1 1 5
TO-1 4 2 4
Is’f‘atzzlogical 2 27 17 30 n.s
T3 0 5 8
Urinary function 93.9 89.7 86.8 n.s.
Urinary bother 84.7 90.6 87.8 n.s.
UCLA-PCI scale Bowel function 92.1 95.8 89.7 n.s.
(pre-operative) Bowel bother 93.8 94.8 94.9 n.s.
Sexual function 24.9 38.9 34.0 n.s.
Sexual bother 77.1 79.2 73.3 n.s.

Some data on histological differentiation and pathological stage were not available. n.s.: not significant
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Fig. 1. Time-course changes in urinary function (A) and urinary bother (B) by nerve preservation. Urinary
function and urinary bother were assessed by assigning a grade from 0 (worst) to 100 (best). Points of each sym-
bol and vertical bar (one-side) indicate means and standard deviations, respectively.

Time-course changes in bowel function (A) and
bother (B) in groups with and without nerve preser-
vation (Fig. 2): Both ‘bowel function’ and ‘bowel
bother’ slightly deteriorated in the early postoperative
phase with or without nerve preservation, but recov-
ered to the preoperative levels by the late postopera-
tive phase in all three groups. There were no signifi-
cant differences in the time-course changes between
the groups.

Time-course changes in sexual function (A) and
bother (B) in groups with and without nerve preser-
vation (Fig. 3): Regarding ‘sexual function’, there
were no preoperative differences among the three
groups. In the early postoperative phase the mean

(A)

100.0 i I A
80.0 W
60.0
40.0
20.0

0.0
pre early late

scores dramatically decreased in all 3 groups, showing
a marked impairment of the QOL. In the late postop-
erative phase, recovery was favorable in the bilateral
nerve-spared group, but poor in the unilateral nerve-
spared group as well as the non-nerve-spared group.
The time-course changes in sexual function showed
significant differences among the three groups
(p=0.0015 on repeated-measures ANOVA). Regard-
ing ‘sexual bother’, no aggravation was noted in the
early postoperative phase in the non-nerve-spared
group. In the nerve-spared group, despite an improved
QOL score for ‘sexual function’, bother deteriorated
in the late postoperative phase in the unilateral nerve-
spared group, but the time-course change was not sig-

(B)

100.0
80.0

60.0 7

40.0 1 —@—non-nerve-spared
—O—nerve-spared (unilateral)

20.0 X
—O—nerve-spared (bilateral)

0.0

pre early late

Fig. 2. Time-course changes in bowel function (A) and bowel bother (B) by nerve preservation. Bowel func-
tion and bowel bother were assessed by assigning a grade from 0 (worst) to 100 (best). Points of each symbol and
vertical bar (one-side) indicate means and standard deviations, respectively.
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100.0
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Fig. 3. Time-course changes in sexual function (A) and sexual bother (B) by nerve preservation. Sexual
function and sexual bother were assessed by assigning a grade from 0 (worst) to 100 (best). Points of each symbol
and vertical bar (one-side) indicate means and standard deviations, respectively.

nificant.

Multiple regression analysis of sexual function

Of the measured indices of the UCLA-PCI, a sig-
nificant difference was noted in ‘sexual function’ in
the late postoperative phase between the nerve-spared
and non-spared groups. This finding was subjected to
multiple regression analysis (stepwise method) re-
garding age, preoperative PSA level, operation time,
blood loss, clinical stage (categorized into 2 stages),
presence or absence of nerve preservation, and preop-
erative value of sexual function (on the UCLA-PCI
scale) as explanatory variables. Nerve preservation and
preoperative sexual function value (on the UCLA-
PCI scale) remained in the final model (Table 2).
Only bilateral nerve preservation was significantly

TABLE 2.
Multiple Regression Analysis (UCLA-PCI Scale) of Late Post-
operative Sexual Function

Parameter  Standard p
estimate error value
Nerve-spared

-6.033 3.206 0.0653
[unilateral]
[bilateral] 15.443 2.658 <0.0001

Pre-operative
0.124 0.0735 0.098

sexual function

Multiple regression analysis was performed by step-wise
method (forward selection) for 7 variables (age, preopera-
tive PSA level, operation time, blood loss in operation,
clinical stage, nerve preservation and preoperative value of
sexual function).

associated with sexual function in the late postopera-
tive phase (p<<0.0001), whereas unilateral nerve pres-
ervation showed no association (p=0.0653).

DISCUSSION

Changes in the QOL following retropubic prosta-
tectomy for localized prostate cancer were prospec-
tively investigated using the UCLA-PCI. The UCLA-
PCI items ‘urinary function’, ‘urinary bother’, ‘bowel
function’, and ‘bowel bother’, tended to deteriorate in
the early postoperative phase (1-3 months after sur-
gery), but recovered to the preoperative levels in the
late postoperative phase (6-12 months after surgery),
and there were no significant differences in the time-
course changes between the nerve-spared and non-
spared groups. Regarding ‘sexual function’, the value
on the QOL scale decreased in the early postoperative
phase in both groups, but recovered in the late post-
operative phase only in the nerve-spared group,
showing a significant improvement of sexual function
compared to that in the non-nerve-spared group. On
multiple regression analysis to investigate factors as-
sociated with sexual function in the late postoperative
phase, only the presence or absence of spared nerve
showed a significant association.

Since Walsh et al. initially reported nerve-sparing
radical prostatectomy [3], there have been many re-
ports on sexual function following this surgery.
Quinlan et al. surveyed patients with preoperative ca-
pability of sexual intercourse at least 18 months after
surgery in a single facility, and found that 68% had
sufficient potency for sexual intercourse [5]. In the
study reported by Walsh et al., potency recovered in
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73% of patients after 12 months and 86% after 18
months, showing favorable outcomes [6]. Catalona et
al. reported that recovery of potency was favorable in
young patients who underwent bilateral nerve-sparing
surgery [7]. However, Litwin et al. reported that there
was no difference in postoperative sexual function
between patients with and without application of
nerve-sparing [8]. Furthermore, Talcott et al. reported
that recovery of postoperative potency in nerve-spared
patients were less than previously reported [9]. With
regard to the favorable outcomes achieved by Walsh
et al., 1/3 of their patients were treated with Viagra
(sildenafil), and it was pointed out that patient selec-
tion was involved in the outcome of recovered sexual
function [8,9]. In a review of sexual function follow-
ing radical prostatectomy reported by Dubbelman et
al., the rate of patients with potency following bilat-
eral nerve-sparing radical prostatectomy was within a
range of 31-86%, and the number of spared nerves,
age, and preoperative sexual activity were the most
important factors for the recovery of potency [10].
There is a marked variation in potency following
nerve-sparing surgery among facilities, as shown
above. Regarding the cause for this variation, Walsh
et al. assumed that the variation was due to the weight
of excised specimen, experience of the surgeon, and
age and health condition of patients [6]. We analyzed
factors associated with sexual function in the late
postoperative phase by multiple regression analysis,
and found no association with age, operation time,
blood loss, preoperative PSA level, clinical stage (cat-
egorized into 2 stages), or preoperative value of sex-
ual function on the UCLA-PCI scale. Only nerve
sparing was significantly associated with sexual func-
tion. However, a marked difference due to the number
of spared nerves (unilateral or bilateral) was noted, as
reported by Dubbelman et al. Regarding this point,
Noldus et al. [11] reported that recovery of sexual
function was significantly more favorable in the bilat-
eral nerve-spared than in the unilateral nerve-spared
group. Rabbani et al. [12] also reported that the
number of spared nerves was an influential factor for
the postoperative recovery of sexual function.

Nerve preservation is an important factor in con-
sideration of patients’ QOL following radical prosta-
tectomy, and this study clarified that bilateral nerve
sparing is desirable. Nerve-sparing is an important in-
dependent factor for the recovery of sexual function
following radical prostatectomy, separate from the
other factors, such as age and preoperative sexual func-
tion, supporting the recommendation of nerve-sparing
surgery, but it may be wise to use electric stimulation

to accurately judge the feasibility of nerve-sparing.
The results of this study may be useful in explaining
surgical procedures and the effects of radical prosta-
tectomy to patients.

We used the UCLA-PCI for the QOL question-
naire. The UCLA-PCI is a disease-targeted QOL ques-
tionnaire, covering ‘urinary function’, ‘urinary bother’,
‘bowel function’, ‘bowel bother’, ‘sexual function’,
and ‘sexual bother’ as typical complications following
radical prostatectomy. It is simple, consisting of only
20 items, and requires little time or effort on the part
of patients, so it is less stressful than other indices
[4]. However, QOL factors other than sexual function
may also determine the recovery of potency, as Litwin
et al. reported that sexual function was impaired by
the presence of urinary incontinence in 20% of pa-
tients who underwent surgery [8]. Moreover, incon-
venience in daily life, not only the age of the patient
but also the age and sexual activity of his partner, and
patient’s mental stress may affect sexuality and po-
tency. Thus, for the assessment of postoperative sex-
ual function, the QOL should be comprehensively
evaluated in various aspects by concomitantly em-
ploying FACT-P, EORTC, and SF-36 as general
health-related QOL questionnaires.

Distress tended to increase in the late postopera-
tive phase in the unilateral nerve-spared group. The
patients may have been anxious about when their
function would recover to the preoperative level, or
may have had unrealistic expectation for the spared
nerve due to inadequate explanation before surgery of
the likelihood of recovery of sexual function by uni-
lateral nerve-sparing. This was a matter of concern
regarding the suitability of radical prostatectomy for
localized prostate cancer, reconfirming that changes
in the QOL after surgery should be considered in the
evaluation of the prognosis, and detailed information
concerning sexual function, including possible changes
in the QOL after surgery should be provided to pa-
tients before surgery.

On the UCLA-PCI scale, the value of sexual
function was 32.2 before surgery, and those in the
early and late postoperative phases were 4.0 and 19.7,
respectively. These were markedly lower than those
in patients following open radical prostatectomy re-
ported by Ball et al. [13], where sexual function on
the UCLA-PCI was 59 before surgery, and 19, 24,
and 33 at 1, 3, and 6 months after surgery. These dif-
ferences may reflect the fact that reduced sexual func-
tion and activity is not regarded as so important in the
daily life of the elderly in Japan as it seems to be in
Western countries. It is also implied that differences
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in ways of thinking or habits concerning sex between
Europeans/Americans and Japanese may be involved.
Since there have been no reports concerning Japanese
sexual culture, further assessment of the QOL with
regard to ‘sex’ in Japanese may be necessary.
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Summary: To examine whether antiplatelet therapy contributes to the unfavorable prognosis of intracerebral
hemorrhage, we enrolled 253 consecutive patients (120 men and 133 women; 72.9+11.7 years) hospitalized in our
institution within 24 hrs after onset of intracerebral hemorrhage. The location and size of intracerebral hemorrhage
were determined from computed tomography (CT). Hematoma enlargement was identified on the basis of a second
computed tomography scan performed on the day after admission. An unfavorable prognosis was defined as an
outcome of worsening or death using the modified Rankin Scale (mRS).

Locations of intracerebral hemorrhage (ICH) determined from CT were the thalamus in 92 patients (36.3%),
putamen in 79 (31.2%), subcortex in 35 (13.8%), cerebellum in 20 (7.9%), brainstem in 18 (7.1%), and caudate nucle-
us in 9 (3.5%). Sizes of ICH were small and moderate in 153 patients (60%) and large in 100 (40%). Seventeen
patients (6.7%) received antiplatelet therapy for stroke prevention. Hematoma enlargement was identified in 39
patients (15.4%). Overall outcomes at the time of discharge were unfavorable (modified Rankin Scale score 5-6) in
64 patients (25.2%) and favorable mRS score (0-1~4) in 189 (74.8%). Univariate analysis demonstrated that age
=75 years (odds ratio: 2.78; 95%CI: 1.54-5.04) and presence of a large hematoma (odds ratio: 19.28; 95%CI:
8.84-42.1) were significantly related to the unfavorable prognosis. Using multiple logistic regression analysis after
adjustments for age and sex, the presence of a large hematoma was still judged unfavorable; however, antiplatelet
therapy was not related to unfavorable prognosis.

Antiplatelet therapy may be unrelated to the unfavorable prognosis of ICH.

Key words intracerebral hemorrhage, antiplatelet therapy, hypertension, computed tomography, ischemic stroke

INTRODUCTION ondary ischemic stroke [4].

Recently, antiplatelet therapy has been recognized to
be an important therapeutic option for the prevention
of secondary ischemic stroke [1]. The Chinese Acute
Stroke Trial (CAST) [2] and the International Stroke
Trial (AST) [3] revealed that prompt daily use of as-
pirin is beneficial in patients with acute ischemic stroke
for reducing the risk of early recurrence. Therefore,
aspirin is now widely used to reduce the risk of sec-

Some studies have suggested that aspirin in-
creases the risk of hemorrhagic stroke [5,6]. Gorelick
et al. [5] stated that aspirin is a valuable and cost-ef-
fective antiplatelet agent and the benefits of aspirin
use are significantly more important than the risk of a
major intracerebral hemorrhage (ICH). However, it
has not well been documented whether the use of as-
pirin is related to the unfavorable prognosis of pa-
tients with ICH. Therefore, in this article, we retro-
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spectively reviewed the available therapy data from
medical records to examine whether antiplatelet ther-
apy contributes to the unfavorable prognosis of ICH
at the time of hospital discharge.

MATERIALS AND METHODS

We reviewed the records of 253 consecutive pa-
tients (120 men and 133 women; age, 72.9+11.7 years)
who were hospitalized in our institution within 24 hrs
after onset of ICH between January 1998 and

September 2007 (Table 1). Aspirin, warfarin, and
cilostazol were taken as the antiplatelet/anticoagula-
tion therapy for the prevention of the secondary
ischemic stroke. In all patients, the locations and ini-
tial sizes of ICH were determined from computed to-
mography (CT) and classified into subgroups using
the CT classification of Kanaya et al. [7] for the puta-
men and thalamus (Table 2-1, 2). Other locations of
ICH were the subcortex, cerebellum, pons, and cau-
date nucleus. Sizes of hematoma were classified into
small, moderate and large in each location (Table 2-1,

TABLE 1.
Baseline characteristics of 253 patients with intracerebral hemorrhage

Characteristics aspirin () Aspirin (+) Avsggzl;f warfarin (+) silostazole (+) unknown Total
(n=221) (n=17) (n=5) (n=3) (n=1) (n=6) (n=253)
men n=(%) 107 (48%) 7 (41%) 2 (40%) 1 (33%) 1 (100%) 2(33%) 120 (47%)
Wemen n=(%) 114 (52%) 10 (58.9%) 3 (60%) 2 (67%) 0( 0%) 4 (67%) 133 (53%)
mean age 72.2 78 77.2 79 70 76.6 72.9
Previous Disease
Hypetension 184 (83%) 11 (64.7%) 2 (40%) 3 (100%) 0( 0%) 1 (16.6%) 201 (79%)
Cardiac disease 15(6.7%) 5(29.4%) 4 (80%) 1( 33%) 0( 0%) 3 (50%) 28 (11%)
ischemic storke 19 ( 8.5%) 11 (64.7%) 0( 0%) 2( 67%) 1 (100%) 0( 0%) 33 (13%)
Hemorrhagic stroke 24 (10.8%) 1 ( 5.8%) 2 (40%) 0( 0%) 0( 0%) 0( 0%) 27 (10%)
Diabetes mellitus 48 (21.7%) 6 (35.2%) 0( 0%) 1 (%) 1 (100%) 1 (16%) 57 (22%)
Current smoking 52 (23.5%) 1( 5.8%) 0( 0%) 0( 0%) 0( 0%) 1 (16%) 54 21%)
Liver disease 19( 8.6%) 0( 0%) 0( 0%) 0( 0%) 0( 0%) 0( 0%) 19 ( 7.5%)
TABLE 2-1.

Computed tomography classification of intracerebral hemorrhage

Putamen
Small
Moderate
Large
Thalamus
Small
Moderate
Large
Subcortex
Small
Moderate

<3cm

Large =5cm

3=ICH<5cm

localized on the outside of internal capsule
extended to anterior or posterior limb with or without IVH

extended to anterior and posterior limb with or without IVH

localized in the thalamus
extended to internal capsule with or without IVH
extended to hypothalamus or midbrain with or without IVH

ICH: intracerebral hemorrhage, IVH: intraventricular hemorrhage
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TABLE 2-2.
Computed tomography classification of intracerebral hemorrhage

Cerebellum
Small <3cm
Moderate 3=ICH<5cm
Large =5cm
Brainstem
Small & Moderate ~ hemisphere hematoma
Large central portion hematoma
Caudate N.
Small localized in the Caudate N with or without IVH
Moderate extended to intemal capsule with or without IVH
Large extended to putamen or thalamus with or without IVH

ICH: intracerebral hemorrhage, IVH: intraventricular hemorrhage

2). Hematoma enlargement was defined by its larger
size relative to its initial size on a second CT scan
performed on the day after admission. The following
baseline characteristics were analyzed: age; sex; his-
tory of hemorrhagic stroke, ischemic stroke, cardiac
disease, or liver disease; current smoking; and hyper-
tension =>200 mmHg on admission. Daily aspirin
use, warfarin treatment, and cilostazol treatment were
also assessed as baseline characteristics (Table 1).
Univariate and multiple logistic regression analyses
were conducted for statistical analysis. The prognosis
at the time of hospital discharge was defined as favor-
able outcome scores of 0-1~4 and unfavorable out-
come scores of 5 or 6 using the modified Rankin Scale
(mRS) [8].

RESULTS

Among the 253 patients reviewed, 17 (6.7%) pa-
tients were taking aspirin (100 mg) daily before the
onset of ICH. Five patients were taking aspirin and
warfarin. Three patients were taking warfarin only
and 1 patient was taking cilostazol. The locations of
ICH determined from CT were the thalamus in 92 pa-
tients (36.3%), putamen in 79 (31.2%), subcortex in
35 (13.8%), cerebellum in 20 (7.9%), brainstem in 18
(7.1%), and caudate nucleus in 9 (3.5%). The sizes of
ICH were small and moderate in 153 patients (60%)
and large in 100 (40%) (Fig. 1). Hematoma enlarge-
ment was identified in 39 patients (15.4%) (Fig. 2).
Of 17 patients who were taking aspirin, the sizes of
ICH were small and moderate in 10 patients (58.8%)
and large in 7 (41.2%). Hematoma enlargement was

Putamen Thalamus SubcortexCerebellum Pons Caudate N.

Fig. 1. Size of the hematoma.
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Fig. 2. Enlargement of the hematoma after hospital
admission.

identified in one patient (5.8%). Of 221 patients with-
out antiplatelet therapy, the sizes of ICH were small
and moderate in 133 patients (60.2%) and large in 88
(39.8%). Hematoma enlargement was found in 35 pa-
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tients (15.9%). Hematoma enlargement was more fre-
quent in those patients without antiplatelete therapy.
The overall outcomes at the time of discharge were
unfavorable (mRS score 5-6) in 64 patients (25.2%)
and favorable (mRS score 0-1~4) in 189 (74.8%)
(Fig. 3). The outcomes of 17 patients who were taking
aspirin were unfavorable in 5 patients (29.4%) and
favorable in 12 (70.6%). The outcomes of 221 pa-
tients without antiplatelet therapy were unfavorable

%
40

245

01 2 3 4 5 6

mRS scores

Fig. 3. Outcomes at the time of hospital discharge
based on modified Rankin Scale scores.

in 56 patients (25.3%) and favorable in 165 (74.7%).
The unfavorable outcome in patients who were taking
aspirin increased slightly, but this was not statistically
significant. Patients’ death rates were 0% in patients
35-45 years of age, 6% in patients 45-54 years of age,
12% in patients 55-64 years of age, 12.5% in 65-74
years of age, 23% in patients 75-84 years of age, 32%
in patients 85-94 years of age, and 50% in patients
=95 years. Advanced patient age, especially 75 years
or older, was significantly correlated with an unfavor-
able prognosis.

Of the baseline characteristics, hypertension, car-
diac disease, ischemic stroke, hemorrhagic stroke, di-
abetes mellitus, current smoking, liver disease, and
enlargement of the hematoma were not significantly
related to an unfavorable prognosis. Univariate analy-
sis demonstrated that patient age =75 years (odds ra-
tio: 2.78; 95% CI: 1.54-5.04) and presence of a large
hematoma (odds ratio: 19.28; 95% CI: 8.84-42.1) were
significantly related to the unfavorable prognosis
(Table 3). Using multiple logistic regression analysis
after adjustments for age and sex, presence of a large
hematoma was still unfavorable (Table 4); however,
antiplatelet therapy was not related to unfavorable
prognosis.

TABLE 3.
Factors associated with unfavorable prognosis of intracerebral hemorrhage by univariate analysis

Factors § SE p-value
Age 0.053 0.014 <0.001
Age>=T75 1.025 0.302 <0.001
Sex 0.198 0.291 0.497
Hematoma (yes) 2.959 0.398 <0.001
Hematoma enlargement (yes) —-0.161 0.411 0.695
HT (yes) —0.638 0.346 0.065
DM (yes) —0.064 0.349 0.854
HL (yes) —0.800 0.468 0.087
Antiplatelet therapy (yes) 0.200 0.554 0.718

HT: Hypertension, DM: Diabetes mellitus, HL: Hyperlipidemia

TABLE 4.
Factors associated with unfavorable prognosis of intracerebral hemorrhage by multiple
logistic regression analysis adjusted for age and sex

Factors § SE Odds ratios 95%C. 1
Hematoma (yes) 2.890 0.404 17.993 8.159-39.081
Antiplatelet therapy (yes) —-0.055 0.569 0.923 0.310-2.885
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DISCUSSION

Aspirin was developed as an antifebrile and anal-
gesic medication almost a century ago. It has been
used for primary and secondary prevention of myo-
cardial infarction and ischemic stroke [6]. A recent
study reported that 30% of the patients with ICH were
taking aspirin [10] and that the use of aspirin therapy
was associated with a two-fold increase in the risk of
ICH in patients with cerebrovascular diseases
[5,6,10]. Therefore, we focused on the effect of an-
tiplatelet therapy on outcomes at the time of hospital
discharge of 253 patients with ICH. Of these 253 pa-
tients, 17 (6.7%) were taking aspirin. A large he-
matoma was identified in 100 (40%) of these 253 pa-
tients with ICH on an initial CT. We found a significant
association between the presence of a large hematoma
and the unfavorable prognosis of ICH. Hematoma en-
largement after hospital admission was found in 39
(15.4%) patients with ICH, but this enlargement of
hematoma made no difference in their prognosis. This
implied that a hematoma of sufficient size to cause
acute neurological deterioration had already formed
before admission. Some studies [1,6,11] stated that an-
tiplatelet therapy was an independent predictor for
acute hematoma enlargement and emergent death.
Recently, Hanger et al. [12] reported that warfarin
was independently associated with an increase in
early mortality, but aspirin did not increase the risk of
early death. It is unclear from their report, whether
aspirin and warfarin were associated with hematoma
enlargement after hospital admission, because a sec-
ond CT scan was not routinely performed. In the
present study, antiplatelet therapy was not associated
with the formation of a large hematoma contributing
to the unfavorable prognosis. Furthermore, there was
no statistical correlation between antiplatelet therapy
and the unfavorable prognosis of ICH. According to
the relationship between patient age and prognosis,
patients who were 75 years old or older were more at
risk for an unfavorable prognosis than those who
were younger. This finding was similar to the previ-
ous studies [10,12].

In conclusion, we found a significant association
between the presence of a large hematoma and the
unfavorable prognosis of ICH. Patients who were 75
years old or older were more at risk for an unfavora-
ble prognosis than those who were younger. Based on
our findings, we concluded that there is no statistical
correlation between antiplatelet therapy and the unfa-
vorable prognosis of ICH. However, we acknowledge

that our series is insufficiently large to draw definitive
conclusions about the relationship between antiplate-
let therapy and the prognosis of ICH. Larger series of
patients are needed to confirm these preliminary data.
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