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Abstracts
Purpose A prospective study was conducted to conlirm
the satety and efficacy of the selective sac extraction
mcthod (S5EM) of inguimal herm repairs in chaldren,

Methuonds

dence of any complication related 1o the S5EM, or hernia

Primmary endpoints ol the study were the mei-

ol the S5ENM, Tength ol incision at the end ol operation, and
duration ol
manifestation of herma was also examined.

Resufts Between October 2008 and December 20000
total of 317 repairs, 145 male repairs and 172
repairs, were perfermed by applymg the 55EM. There were
three operative conversions, and the success rate of the
SSEM was 99 %5 in both male and female patients, The
length of ncision ranged from 4.0 to 12,5 mm (median

operation,  The incidence  of  contralateral

female

B ) and was =T mmoan 92 5% repaars, The incisional
length Tor male repairs ranged from 400w 1225 mm
fmedian 6.0 mm) and was =70 mmoin 86 % repairs, while
it ranged from 0 1o 9.0 mm (median 3.5 mm) in female

repairs and was <05 mmoan 96 5 repairs, The duration of

the operation for unilateral repair ranged from 9 o 66 min
imedian 21 miny. Eighty percent of repairs were examined
=14 months (median 12 months) alier the operation.
There wis one (0.4 %) recurrence among 250 repairs and
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twer (17 %00 cases al testicular dislocation among 113 male
repairs. Contralateral hernia presented in P9 (9.5 95 of 199
patients with unilateral hernia who underwent the follow-
upe.
Ceviclusions The Teasibility ol the S5EM was recon-
firmed, and 1t owas revealed that the complication and
recurrence rales were low and acceptable. The S5EM s
sale and effective, and should be a standard method Tor
repairing inzuinal hernia in childeen,

Kevwords  Ingoinal hernia repair - Selective sac
cxlraction method (S5EM)

Introduction

We previoosly reported aonovel techmgue for mguoinal
hermia repair in children, the selective sac extraction
method (S5EM), by which satisfactory surgical and cos-
menc results could  be o achieved  without  laparoscope
assistance [10 2] The S5EM is a technigue o munimal
surgical invasiveness in which only the hernia sac 15
selectively extracted from an extremely small skin incision
instead of elevating the entire cord structures o male
hernias, I Female hernias, the round ligament s elevated
and the herniz sac is extracted without pulling the sur-
rounding muscular and fscial tssoes out of the wound. In
a retrospective study, the wechnical feasibility of the S5EM
wis examined, and the success res were 88 % in omale
and 96 %o female repairs [T Follow-up nterviews
revedled nooadverse events such as postoperative compli-
cations or hernia recurrence, while excellent parental sat-
istaction with wound cosmesis was evident,

Sinece it s essential w conlirm e salety and eflicacy ol
the S5EM in a prospective manner betore it is used as a
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standard procedure, o study was conducted, In this manu-
seripl, we report the Jew, acceplable rates of operative
complications and hermin recurrence ol the S5EM. along
with improvements in the soccess rates and operative
techniques, and propose that the S5LEM should be o stan-
dard procedure Tor inguinal hernig repair in children.

Materials and methods
Study design

The subjects were children with inguing] hernia aged
<16 vears, Those with incarcerated or trreducible hernia,
sliding hernia of the evary Thernin with palpable ovary at
repatr ), and hermiz assoctated with an undescended wests or
Lurge hydrocele were excluded. The number of patients was
expected 300 during 2 vears. Patients were 1o be examined
in outpatient chinics two limes postoperatively, at | oweek
and at | ovear alter surgery. Primary endpoints of the study
were the incidence of any complicanon related to the S5EM
mcluding wound mlection, westicular dislocaton, and 1es-
ticular atrophy, or hernia recarrence. Secondary endpoints
included the success rate (rate of completion) of the S5EM,
length ol mersion at the end of the operation, and doration of
aperation. The incidence ol contralateral manifestation of
inguinal hernia during the Tollow-up was also examined,
The study was reviewed and approved by the institu-
Doakkwo Medical
Kaoshigave Hospital and informed consent was oblained
from the parents or guardians of all the recruited patients,

tomal - review  hoard ol Lintversily

Fatient recruitment

Bevween October 2000 and December 2001, 357 consec-
utive inguinal hernia repairs were performed  in 333
patients, Study paricipation was declined by 16 patients
and anather 22 patents were excluded from the study
according o the exclusion onteri shiding of the ovary
(o= 100, hernia asseciated with an undescended 1estis or
large hvdrocele (v = G}, incarceration or irreducible hernia
(= &), and an unknown reason (1 = 1 Excluding these
AR patients, a ot of 295 patients, 139 males and 156
females. were recrumted. The patients” ages ranged from
Fmonth e 13 yvears Dmedian 3 vearsh There were 22
(7.5 %) patients with bilateral herniz, and o tal of 317
repairs, 145 male repairs and 172 female repairs. were
pertormed by applying the S51EM.

SS5EM procedure

The procedure of the SSEM was previously reported [ 2]
In briet, in male patients, the spermatic cord is located by
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1 Springer

palpation o determine the site ol the skin incision, In
gl herni, the spermanc cord 15 thickened and feels as
i two pieces of silky cloth are being rubbed [2]0 A small
skin crease mncision s made above the internal inguinal
ring. in other words, where the spermatic cord overlies the
pectineal line ol the pubic bone lateral 1o the pubie
twbercle, The superficial Fescias and the aponcurosis ol the
external oblique muscle are elevated and incised. After the
meuinal canal s apened, the cremaster muscles are gently
separated frome the inguinal Lizament and the spermatic
cord is identified. In the S5EM, the entire cord structure is
not pulled out of the wound, The internal spermatic Tascnm
isoesposcd between cremasteric muscle lihers, and the
hernia sac s identifed and selectively estracted from the
small wound by pushing back the muoscular and fascial
tissues into the wound. The sac is then opened and tran-
sected, and only s proximal part is extracted Trom the
wound. Atter the neck of the sac is freed sufficiently, a
probe inserted into the sac points in the direction of the
pelvis (stands perpendicularlyy, indicating that the internal
inguinal ring is just beneath the wound, The vas and the
testicular vessels are seen at the bottom of the proximal sac
without exposing their entire length, At least the vas shoulid
be adentitied before the sac is doubly ligated with non-
absorbable sotures, Finally, the wound s closed layer o
liver.

I female patients, an incision is made where the hernia
sac is felt passing over the pectineal line by palpation. The
inguinal canal is opened and the hermi sac s identified
between musele Tthers. The entire sac is selectively
extracted from the wound, and opened o contirm the round
lzament and the presence or absence of shding of the
ovary or fallopian tube, The see s doubly ligated without
transecting the hernia sac. and the wound is closed.

Statistical analysis

Staistical analysis was performed with SPSS20001 (5P'S5
Tapan Inc, Tokyo, Tapan). Mann-Whitney™s 07 st was
applicd to compare continuous variables, povalues <1105
were defined as significant.

Results

Success rate, length of incision, and duration

ol operation

Fellowing an antraoperative diagnosis ol hvdrocele, the
procedure was converted 1o hyvdrocele repair in three
patienis: two male and one female. Inothe remaining 314
repairs, T3 male and 171 Temale, the S5EM was com-
pleted and the success rate was 99 % in both male and
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female patients, The length of incision at the end of the 314
reparrs rangeed from 40w 125 mom (median 6.0 mm), and
wats = 0 e in 292 093 5 repairs, The incisional length
for 143 male repairs ranzed from 4.0 o 1225 mm (median
.0 mm) and was <70 mm in 123 (86 % repairs, while it
ranged from 40 o 90 mm (median 2.5 mmpin 171 female
repairs and was =65 mmoin 163 (96 %) repairs. The
length of incision was significantly shorter in female than
mnomale patients (o= 007 )

The duration of the operation Tor unilateral repair ranged
fromm 9 1o O0 min Omedian 21 min), Operative times for
female repars ranged Troom 9 1o 46 mon (median 19 mang
and woere significantly shorter than Tor male repaars, [0 Lo
Oh min (median 26 ming (po= U001,

Operative complications, recurrence, and contralateral
manitestation of hernia

There were nontraoperative complications. All the
paticnts wvisited owtpatient clinies | week alter the opera-
tion, and it was confirmed that there were no early post-
aperative comphications such as wound mtection.

The second visit was scheduled o be | oyear alter the
aperation, but some patients did not show up, They were
called and remimders were sent. Finally, 2500 (20 % pal 314
repairs, 115 male wd T35 Temale repairs, were checked at
the second tollow-up examination 644 months (median
12 months) atter the operation. Among them, there was
ane (0 %) hermia recarrence inoa lemale patient, which
wits dizgnosed 3 months alter the operation. The paticent
underwent reoperation 4 months atier the S5EM and 2
laparoscopic cxamination supeested that insufiiciently high
lgation of the sae was a possible cause ol the recurrence.
Amaong the 115 male repairs, there were two (1.7 %) cases
af westicular dislocation, but there was no testucular atro-
phy. These two patients underwent the S5EM at the aee of
3 months, and the ipsilateral testis ascended after the her-
ne repanr, Testcular dislocaton was dignosed 6 and
T months after the cperation, and both patients underwent
archidopexy,

Regarding contralateral manitestation of hernia, there
were 199 patients with unilateral hernia who underwent the
second Follow-up, and 19 (9.5 %0 patients presented con-
tralateral manifestation during the follow-up periods,

Discussion

Ineuinal hernia in children can now be repaired throogh an
extremely small skin ancision [, 2], In male repairs,
injuries o the vas and testicolar vessels are avoidahle
hecause their entire Tengths are nol exposed, which is one
of the advantages of the S5EM. Alter we learned several

technigues w0 facilitate this method in the process of
techmeal mnovation, 0 became casier o accomplish the
S5EM. An important technigue s precise location of the
skin incision by palpating the spermatic cord or the round
ligament [2]. In children with inguinal herna, these
structures can be casily adentified becaose they are thick-
cned due 1o the presence of the hernia sac, The skin inci-
sion should be placed where they pass over the pectineal
hine of the pubie bone, which s the nearest pomt 1o
approsach the internal ingoinal ring throush an incision
made on the aponeurosis of the external oblique muoscle.

The other techmiques are 1o extract only the proximal
part ol the hermia sae o male patients and determine the
level of sac ligation by locating the internal inguinal ring,
The level where the sac is ligated is usually determined by
identilyving the preperitomeal (20 tssoe, Inothe SSEM. a0 s
quite important 1o identity the internal inguinal ring by
probing. 1t should be remembered that when the sac is
Ireed hizhly enough o probe inseried into the prosimal sac
stands perpendicularly. indicating that direetly bencath is
the location of the internal inguinal ring.

[ our presvions retrospectve study, the S5EM was
stuccessiul in 92 % ol repairs, and the suecess rmle was
#8 % tor male patients and 96 % Tor female patients [ 1],
The procedure was not successiul and was comverted o a
conventional open metbusd an 8 % of repairs, The reasons
for conversion were a huge or thickened sac, obesity or
thick subcutaneous tssue. malpositoning of the skin
incision, and so en. Meanwhile, in this prospective study
which wis conducted in consceutive patients and excluded
those who declined study participation or met exclusion
criteria, we achieved 9% suceess rates in both male and
Female repairs, The SSEM was converted in three patients
in whom the diagnosis was intraoperatively changed 1o
hvdrocele, Because hydrocele repar 1s more deheate than
hernia repair, closing @ small and thin processos vaginalis
that is casy 1o tear, the S5EM was not indicated in
hvdrocele repair. The dncisional length at the end al
operation was shoerter than that in the presvious stady, The
median length was shorened by 15 mm in o male patients
and 1O mm in female patients. In addition, the duration of
operation also tended wobe shorter than that ol the previoos
study, All these Tactors refllect our development and
improvement of the operative technigues for SSEM,

The main purpose of this stody was o examine the
salety and efficacy of the S5EM. There were no intraop-
crative o early  postoperative complications, However,
testicular dislocaven requiring orchidopesy wias exper-
cnced in LT % ol male repairs. Surana et al. [3] reported
that crehidopesy was performed in 3 of 104 bovs who
underwent inguinal hernia repair, due o iatrogenic crypl-
orchidism. According o this paper, dinnmished stze of the
testis was also ohserved in 6.7 % of patients. In our serices,

o .
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noe desticular atrophy was revealed by the follow-up
examination, [T there was o sigmicant injury 1o the tes-
F-wear Tallow-up
would be sufficient 1o detect @ vascular compromise and
resultant atrophy of the tests. The testicular size was

checked by comparing the apsalateral tests w the intaet

teular vessels during the operation,

contralateral testis, Inocase of bilateral repairs, they were
compared 1o the standard resticular size for the patient’s
ages As Tor anomgury 1o the vas, not only because 10 was
always ddentifed amd pushed back imo the inguinal canal
hetore ligation of the sac, but also because only a small pan
al i was exposed dormg the operanon, the possibality o
vas injury wis thought o be extremely Tow unless imjured
apparently during the operation, Regarding hernia recur-
rence, our rate of U4 % was consistent with the reported
incidences, (0 3.8 % (4. 5] We think thal our complication
and recurrence rates were relatively low and could he
deemed  acceptable when compared 1o the reporied
incidences.

The S5EM is o technique of minimal surgical inva-
siveness. Hernia repair can be performed through a mini-
mal incision withoul using laparcscopy or any special
necdles |20 Invasiveness in regard 1o postoperalive pain
wis nol evaluated inthis study, because a caudal block was
routinely performed with anesthesia and was seemingly
elfective Tor analgesin. Recently, a mim-scar ingoinal
hermiotomy., which was technically quite similar to our
S5EM. was reported |0]. The avthors concluded that the
miethod was salely accomplished in highly selected patients
and  that it improved sitislietion

parcnts’ regarding

et .
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cosmesis, We think that our approach 1o achieve excellent
surgcal and cosmenc results withoul aparoscopic assis-
Lunee seems W be swiming global acceptance litde by Dintle,
This prospective study reconfirmed the Feasibility of the
S5EM and demonstrated its low complication and recur-
rence rates. We conclode that the 55EM a5 sale and
cllective, and it should be o stendard method o repair
inguinal hernia in children.
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Successful living donor liver transplantation
for giant extensive venous malformation

Hatanaka M, Nakazawa A, Nakano N, Matsuoka K, Tkeda H,
Hamano I, Sakamoto S, Kasahara M. Successful living donor liver
transplantation for giant extensive venous malformation.

Abstract: We report our success in employing LDLT as a course of
treatment for extensive hepatic VM. A 14-yr-old pediatric patient
presented at our hospital with nosebleed, fatigability, orthopnea, and
abdominal distension. He had a history of right hemicolectomy with
primary anastomosis due to VM of the transverse colon at age seven.
Coagulation abnormalities were apparent, characterized by high
international normalized ratio of prothrombin time, decreased
fibrinogen level, increased FDPs, and D-dimer. T2-weighted magnetic
resonance imaging revealed numerous, variable-sized high signal
intensity nodules. Abdominal ultrasonography and CT scan showed
hepatomegaly with multiple hypo-echogenic lesions and arteriovenous
shunting in the liver. Doppler ultrasound showed hypokinetic flow in
the hypo-echogenic lesions of liver. Immediate LDLT was performed to
avoid spontaneous rupture and DIC. The right lobe of the liver was
implanted with temporary portocaval shunt to prevent intestinal
congestion and bleeding. Pathologic examination of the explanted liver
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VM are the most common form of benign neo-
plasm in the liver. VM affects boys and girls
equally with a reported incidence of 1-2 per
10 000 births and a prevalence of 1%. Most VM
(95%) are sporadic and can occur anywhere in
the body, but are frequently seen in the head and
neck (40%), extremities (40%), and trunk (20%)
(1). VM of the colon and liver, although rare,
have been previously reported (2, 3). Most VM
are minor and require no treatment with close
follow-up (4).

Mulliken et al. divided vascular anomalies into
two distinct categories: vascular tumors (charac-
terized by endothelial proliferation arising from
preexisting vessels) and vascular malformation

Abbreviations: ALT, alanine aminotransferase; AST,
aspartate aminotransferase; CT, computed tomography;
DIC, disseminated intravascular coagulation; FDP, fibrin
degradation product; ISSVA, International Society for the
Study of Vascular Anomalies; KMS, Kasabach—Meritt syn-
drome; LDLT, living donor liver transplantation; LT, liver
transplantation; SMA, smooth muscle actin; VM, venous
malformations.

E152

confirmed the presence of an extensive hepatic VM. The postoperative
course was uneventful, and the patient remained symptom-free with
normal liver function throughout the 12-month follow-up period.

E-mail: nakagawa-a@ncchd.go.jp

Accepted for publication 27 March 2014

(congenital abnormalities in vasculogenesis with
normal endothelium). Vascular tumors are char-
acterized by rapid growth during infancy with
abnormal endothelial proliferation, followed by
gradual involution. In contrast, vascular malfor-
mation is represented by lesions composed of
dysplastic vascular channel. Although not always
apparent, vascular malformation is present at
birth. It grows proportionally with the patient’s
age and does not spontaneously regress (4).
Depending on the type of vessel involved, the
vascular malformation group was subdivided
into high-flow (such as arteriovenous malforma-
tion and arteriovenous fistula) and low-flow
lesions (such as venous and lymphatic malforma-
tions) (5). This classification was approved by
the ISSVA, and it represents the current
guidelines in the management of vascular lesions
(5-7). Most VM of the liver are asymptomatic;
however, some (especially large lesions) cause
various complications, such as KMS (8-10).
Often times, VM are incidentally detected dur-
ing abdominal imaging for other unrelated clini-
cal conditions (1, 8-12). Accurate diagnosis of



hepatic VM remains a controversy, and confu-
sion exists with regard to their classification and
treatment. Current treatment options of hepatic
VM include surgical resection, sclerotherapy,
and LT (12-14). Treatment outcome is depen-
dent on correct diagnostic evaluation and treat-
ment strategy. To date, there is no standard
treatment for VM of the liver in children. Deci-
sions concerning therapeutic approaches are con-
sidered on a case-by-case basis. For our pediatric
patient, we performed a successful LDLT for
extensive hepatic VM.

Patients and methods

A 14-yr-old male patient was admitted to our hospital with
nosebleed, fatigability, orthopnea, and abdominal disten-
sion. He had a previous history of right hemicolectomy due
to VM of the ascending colon seven year ago. At that time,
multiple hemangiomas in the liver without hepatomegaly
were pointed out by CT and abbreviation scan (Fig. 1a).
Histology of the resected colon specimen revealed concomi-
tant with cavernous hemangioma (VM). During the seven-
year follow-up period, he had no specific symptoms related
to hemangioma of the liver.

At admission, laboratory tests showed normal liver func-
tion: AST 20 U/L (normal range: 14-30 U/L), ALT 11 U/L
(normal range: 9-36 U/L), YGTP 41 U/L (normal range: 9—
48 U/L). Platelet count was slightly decreased (12 900 per
cubic millimeter). However, coagulation abnormalities were
evident: high international normalized ratio of prothrombin
time of 1.27, decreased fibrinogen level of 75 mg/dL
(normal range: 217-339 mg/dL), increased FDPs of 168.2
pg/mL (normal range: 0.0-5.0 pg/mL) and D-dimer level of
162.2 pg/mL (normal range: 0.0-1.0 pg/mL). T2-weighted
magnetic resonance imaging revealed numerous, variable-
sized high signal intensity nodules. Those findings were
compatible with extensive hepatic VM. Abdominal CT scan

(b)

Fig. 1. (a) Enhanced abdominal CT at first visit (aged
seven) shows a mass with calcification in the transverse
colon (arrow) and multiple enhancing liver lesions (arrow-
heads). (b) Seven yr after (aged 14), the liver extends into
the pelvic cavity. Whole liver volume was 7142 mL, as
determined by CT volumetric analysis.

LT for extensive hepatic VM

revealed hepatomegaly with the liver extending into the pel-
vic cavity (Fig. 1b). The estimated liver weight by CT volu-
metry was 7142 mL (678% of the standard liver volume
(15)). Hemangioma was not present in other organs. Dopp-
ler ultrasound showed hypokinetic flow in the liver’s hypo-
echogenic lesions with mild intrahepatic arteriovenous
shunting.

Results
LDLT

Prompt treatment modality was required in view
of the potential risk of spontaneous rupture and
DIC. As liver lesion was spread diffusely, surgical
resection or sclerotherapy was deemed unsuit-
able. We decided LDLT to be the best treatment
for the patient.

The patient’s 38-yr-old mother with identical
blood type acted as the donor. The liver graft, a
right lobe that weighed 447 g (1.02% of graft-to-
recipient weight ratio), was implanted. During
the recipient hepatectomy, a temporary porto-
caval shunt was introduced to prevent intestinal
congestion and massive bleeding. Significant
reconstruction (with native left portal vein and
donor ovarian vein interpositioning) was per-
formed on the right inferior hepatic vein and seg-
ment 5 of the hepatic vein to avoid potential
congestion in the graft liver. The explanted liver
weighed 1449 g (Fig. 2). The operative proce-
dure lasted 10 h and 54 min, and blood loss by
patient was 266.5 mL/kg. During the transplan-
tation, 24 units of red cell concentrates (3,
360 mL), 20 units of fresh frozen plasma
(2400 mL), and 20 units of platelet were used as
hemocomponents.

Histological findings

Explanted liver showed diffuse lesion consisting
of cavernous vascular spaces. The cavernous
walls were composed of fibrous tissue containing

Fig. 2. Gross finding of the explanted liver.
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Fig. 3. Histological findings of the colon (a) and liver (b)
(hematoxylin and eosin staining; original magnification a:
x40, b: x100). Both show vascular malformation (cavern-
ous hemangioma) with varying-sized vascular spaces lined
by flattened endothelial cells. (b) Hepatic lesion contains
trapped bile ducts and foci of parenchyma.

Table 1. LT for giant VM

liver parenchyma and smooth muscle. Elastic
lamina was unclear. Thrombosis with occasional
formation of phleboliths was seen. Immunohisto-
chemistry was positive for SMA, as well as for
CD34 and CD31 in the thin, single-layered endo-
thelium on the surface of the cavernous wall (but
negative for D2-40, Prox1, and GLUTI1). These
findings indicated that the cavernous walls were
derived from veins and displayed aberrant, irreg-
ular thickening.

Outcome

According to ISSVA classification (7), the final
pathological diagnosis was VM of the liver
(Fig. 3). The postoperative course was unevent-
ful. Coagulation abnormalities disappeared
four months after LT. During the 12-month fol-
low-up period, the patient reported no further
complications and progressed with normal liver
function.

Discussion

Multiple, progressive, rapidly growing cutaneous
hemangiomas may be associated with wide-
spread visceral hemangiomas in the liver, lungs,
gastrointestinal tract, brain and meanings. This
presentation, referred to as diffuse neonatal
hemangiomatosis, carries the risk of systemic
complications, including high-output cardiac

Indication

Previous therapies

Outcome

Study Age (yr), Gender Patient(s) characteristics
Klompmarker 27 yr Male
et al. (20) Male Size: NA
Explant 15 kg
Chui et al. (19) 33 yr, Female (a)  Size: NA
43 yr, Female (b)  Explant 10 kg (a),
4 kg ()
Longeville et al. (13) 47 yr Size: 25 cm
Male Explant 3.6 kg
Kumashiro* et al. (12) 48 yr Size: Na
Female Explant 4.2 kg
Ferraz et al. (17) 25 yr Size: 46 cm
Female Explant 7.2 kg
Meguro* et al. (10) 45 yr Size: 15 cm, multiple
Female lesions
Explant 4.8 kg
Vagefi et al. (11) 32 yr Size: 23 cm, systemic
Female Hemangiomatosis
Van Malenstein 36 yr Size: 24 cm, multiple
et al. (21) Female lesions
The present case™ 14 yr Size 30 cm, multiple
(This study) Male lesions

Explant 7 kg

Hepatomegaly
Dyspnea (a)
Abdominal discomfort (b)
Bleeding after teeth
extraction
Abdominal distention
Respiratory distress
Abdominal distention
Abdominal distention
Abdominal discomfort

Abdominal discomfort

Fatigability, orthopnea,
abdominal distention

Tranexamic acid,
cryoprecipitate infusion

In second case:
embolization (n = 1)

Resection failed
Nafamostat mesilate,
fresh frozen plasma

Embolization (n = 3)

Embolization (n = 2)

Interferon
Embolization (n = 5)

None

Normalization of liver function
and coagulation

Normalization of liver function
and coagulation

Normalization of liver function
and coagulation

Normalization of liver function
and coagulation

Normalization of liver function
and coagulation

Normalization of liver function
and coagulation

Normalization of liver function
and coagulation
Complete resolution of complaints

Normalization of liver function
and coagulation

NA, not available.
*LDLT.
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failure, hemorrhage, and neurologic defects,
accompanied by a high mortality rate. Infants
who present with multiple cutaneous hemangio-
mas should be evaluated for the involvement of
other organ systems with close follow-up (16).
Our patient did not have a history of cutaneous
hemangiomas or diffuse neonatal hemangioma-
tosis, but histopathology of explanted liver
showed extensive VM (4).

Procedures such as radiation, arterial embo-
lization, surgical resection, and LT are typi-
cally used for treatment of symptomatic giant
hepatic hemangioma (9, 10, 12). In our case,
radiation, arterial embolization, and surgical
resection were deemed difficult due to preexist-
ing thrombocytopenia and consumptive coagul-
opathy with extensive VM. It has been
reported that the long-term outcomes from
such treatment methods are less desirable than
those from surgical resection and LT (13, 17,
18). In giant hemangioma/VM, the size of
tumor may pose as a considerable risk factor
for hepatectomy mainly due to massive intra-
operative bleeding (19, 20). Precise preopera-
tive management to decrease tumor size may
increase the safety of surgery for extensive
hepatic VM (1, 5).

Taking into consideration other literature (10—
13, 17, 19, 20) together with our case, we found
10 cases of LT for giant hemangioma/VM with
KMS/severe coagulopathy, of which three were
male and seven were female (Table 1). Except for
our patient, all patients were adults (25-48 yr of
age) and received treatment before transplanta-
tion. Four patients underwent embolization, one
for resection and another was treated with inter-
feron. LDLT, which allows optional timing of
transplantation, was indicated in three patients
to ensure positive outcome (10, 12). One notable
advantage of LDLT is the relatively higher avail-
ability of potential donor as compared to cadav-
eric transplantation, which has a significant
mortality rate due to the limitation of available
donors.

As our patient’s hepatic VM was diffused
across a large area, LDLT was determined to be
the soundest and most effective treatment strat-
egy. Our findings highlight the importance of
LDLT as a treatment strategy for extensive hepa-
tic VM and that periodical follow-up is necessary
to ensure optimal timing of transplantation.
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SUMMARY

Objectives : The roles of esophageal endoscopy and mucosal biopsy in making diagnoses of gastroesopha-
geal reflux (GER) and gastroesophageal reflux disease (GERD) were retrospectively examined in children.

Methods : Thirty-four patients, whose ages ranged from 1 month to 18 years (median, 4 years), under-
went diagnostic evaluation of GER/GERD. Group I patients (n=>5) had symptoms suggesting GER, but had
no underlying abnormalities. Group II patients (n=23) had chronic symptoms suggesting GERD and under-
lying abnormalities, neurologic impairment (n=22) and post-repair of esophageal atresia (n=1). Group III
patients (n=6) were neurologically impaired but had no symptoms and underwent evaluation as a preoper-
ative examination of gastrostomy placement. Reflux esophagitis was endoscopically graded according to the
modified Los Angeles classification and grouped into grades<M, A, and>B. The results of GER studies and
the histologic findings of reflux esophagitis were compared between these groups.

Results : The parameters of 24-h pH monitoring were significantly higher in patients with grade>B than
grade<M, and endoscopic grades improved after antireflux surgery along with the improvements in reflux
index. There were no significant correlations between the endoscopic grade and the percentages of patients
in whom histologic findings of reflux esophagitis were present.

Conclusion : Esophageal endoscopy is useful for examining the severity of reflux esophagitis and monitor-
ing the effect of treatment in children with GER/GERD. The modified Los Angeles classification can also be
used for that purpose. Although treatment is seldom influenced by the results, histologic evaluation of the

esophageal mucosa should be performed to exclude other disorders.

Key Words : gastroesophageal reflux (GER), gastroesophageal reflux disease (GERD), endoscopy, esoph-
ageal histology
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Gastroesophageal reflux (GER) is common in infants,
and physiologic GER resolves spontaneously as a result

of functional maturation. In contrast, non-physiologic

50, Minami-Koshigaya, Koshigaya, Saitama GER develops in neurologically impaired children as

343-8555, Japan well as children with congenital malformations
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Table 1 Characteristics of 34 patients who underwent GER/GERD evaluation

Patient Gender . . .
aroup n Age (M/F) Underlying abnormality Symptoms suggesting GER/GERD
I 5 1 month - 11 months 5/0  None Milk vomiting (n=4), cyanotic spells

(2 months) *
1I 23 4 months - 18 years 16/7

after milk feeding (n=1)

Neurologically impaired (n=22), Vomiting, hematemesis, dysphagia, or

(9 years) post-surgical repairs of EA and  respiratory symptoms such as recurrent
CES (n=1) pneumonia, stridor, desaturation during
feedings, and asthma
111 6 1 year - 12 years 1/5 Neurologically impaired, None
(2 years) gastrostomy to be placed for

nutrition

*Range (median)

Abbreviations : GER ; gastroesophageal reflux, GERD ; gastroesophageal reflux disease, EA ; esophageal atresia, CES;

congenital esophageal stenosis

Pathologic GER causes gastroesophageal reflux disease
(GERD) that includes respiratory problems, reflux
esophagitis, malnutrition and growth retardation.

A comprehensive investigation with contrast study,
24-hour pH monitoring, and esophageal endoscopy is
necessary in patients with suspected GERD according
to the guidelines for the evaluation and treatment of
childhood GER*™”. However, particularly in children
with neurologic impairment or those with congenital
malformations, the presence of GER and its causal rela-
tionships with symptoms cannot always be defined
with these diagnostic tests.

Esophageal endoscopy is able to determine the pres-
ence of reflux esophagitis, stricture and Barrett’s
esophagus, while excluding other disorders'®'". The
endoscopic findings of reflux esophagitis are classified
according to grading systems'?. Mucosal biopsies are
taken to confirm histologically the presence of esopha-
gitis, fibrotic stricture, or epithelial Barrett’s metapla-
sia. The grading systems, however, have not been vali-
dated in children, and there are controversies
regarding the usefulness of a histologic examination in
pediatric patients'”. Esophageal endoscopy in children
usually necessitates general anesthesia or sedation :
therefore, the benefits of endoscopy must be weighed
against the minimal, but not negligible, those risks, and
the advantages and disadvantages of the examination
should be clarified. In this study, to clarify the roles of
these diagnostic tests in children with GER and GERD,
the results of esophageal endoscopy and mucosal biop-

sies were retrospectively examined.

MATERIALS AND METHODS

Patients

Between August 2007 and February 2011, 34 pa-
tients underwent diagnostic evaluation of GER and
GER-related symptoms or complications (GERD). The
ages of the patients, 22 male patients and 12 female
patients, ranged from 1 month to 18 years (median, 4
years). Twenty-eight of the 34 patients were neuro-
logically impaired due to disorders such as cerebral
palsy, chromosomal abnormalities, multiple congenital
anomalies, and acquired encephalitis. The patients
were categorized into 3 groups (Table 1). Group I pa-
tients (n=5) had symptoms suggesting the presence
of GER, but had no underlying abnormalities. The ages
of the patients ranged from 1 month to 11 months
(median, 2 months), and symptoms were milk vomit-
ing in 4 patients and cyanotic spells after milk feeding
in 1 patient. Group II patients (n=23) had chronic
symptoms suggesting GERD and had underlying ab-
normalities. The ages ranged from 4 months to 18
years (median, 9 years), and symptoms were vomiting,
hematemesis, dysphagia, or respiratory problems such
as recurrent pneumonia, stridor, desaturation during
feedings, and asthma. There were 22 patients with
neurologic impairment and 1 patient who had under-
gone repairs of the esophageal atresia and had congeni-
tal esophageal stenosis. Group III patients (n=6) were
neurologically impaired but had no symptoms suggest-
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ing GER. They underwent GER evaluation as a preop-
erative examination of gastrostomy placement for nu-
tritional support. The ages ranged from 1 year to 12

years (median, 2 years).

GER/GERD evaluation

The GER/GERD evaluation included a contrast
study, 24-h pH monitoring, and esophageal endoscopy.
Esophageal endoscopy and pH monitoring were per-
formed in all patients, and the contrast study was per-
formed in 33 patients.

For contrast study of the esophagus and the stom-
ach, an almost equal amount of barium or nonionic con-
trast medium to normal meal was introduced to the
esophagus. The stomach was then adequately distend-
ed with a contrast agent and air since an insufficiently
distended stomach can reduce reflux episodes.

Esophagogastric pH monitoring was performed to
detect acid reflux within the esophagus and to measure
the frequency and duration of reflux events over a
24-h period using a Medtronic Digitrapper™ pH 400
(Asahi Biomed, Co., Tokyo, Japan). Monitoring was
performed essentially according to the guidelines of the
Japanese Society for Pediatric Neurogastroenterology®.
Medications that alter gastric pH, such as histamine
H,-receptor antagonists and proton pump inhibitors,
were stopped at least 72 h before the study. A two-
channel pH probe was introduced to simultaneously
monitor esophageal and gastric pH profiles. The moni-
toring condition was unrestricted and daily habits were
allowed to replicate the patient symptoms. Meals, body
position, and sleeping/awaking were recorded. The re-
sults of pH monitoring were interpreted by reflux in-
dex, reflux episodes (the number of refluxes in 24 h),
long reflux episodes (the number of refluxes continu-
ing more than 5 min in 24 h), and duration of the lon-
gest reflux, all of which were automatically calculated
by the Polygram 98 Diagnostic Workstation software
for the Digitrapper ™ pH 400. The reflux index reflects
esophageal acid exposure time and was defined as the
percentage of time during which pH was less than 4.0
in the esophagus. The normal limit of the reflux index
was set at 4.0%, according to the 95th percentile value
in normal children. It was thought that symptoms were
associated with reflux events when their timings were

very close or the symptom index'” was high, and the

correlation as well as the reflux index was taken into

account when GERD was diagnosed.

Esophageal endoscopy

Esophageal endoscopy was performed to evaluate
reflux esophagitis and examine other abnormalities.
Endoscopic visualization of reflux esophagitis was in
the form of mucosal breaks (erosion and ulceration),
and was graded according to the modified Los Angeles
(LA) classification'”. Briefly, grade N is a normal find-
ing, grade M ; minimal changes, grade A ; one or more
mucosal breaks (each no longer than 5mm) confined
to one mucosal fold, grade B : at least one mucosal
break more than 5mm in length, but mucosal breaks
are confined to one mucosal fold and not continuous
between the tops of two mucosal folds, grade C ; at
least one mucosal break is continuous between the tops
of two or more mucosal folds but not circumferential,
and grade D ; circumferential mucosal breaks. A stric-
ture due to reflux esophagitis appears as a white annu-
lar infundibular narrowing with a central lumen sur-
rounded by actively inflamed or pale mucosa. Hiatal
hernia can be recognized by locating the diaphragmat-
ic ring and the Z-line.

Histologic evaluation of reflux esophagitis

For the histologic evaluation of reflux esophagitis,
mucosal specimens were taken by grasp biopsy from
the most damaged parts of the esophagus. Esophageal
mucosa 1cm above the esophagogastric junction was
also taken. Histologic findings were classified into nor-
mal, esophagitis, scar formation, and mucosal columnar
metaplasia (Barrett esophagus). The presence of
esophagitis was suggested when papillary elongation
(papillae reaching into the upper-third of the epitheli-
um) or intraepithelial inflammatory cell infiltration
were observed. Basal zone hyperplasia was not includ-
ed in the criteria of reflux esophagitis in this study
since it was sometimes difficult to objectively evaluate
the thickness of the basal zone of squamous epithelium.
The numbers of infiltrating cells and eosinophils were
counted and considered significant when the count was
more than 20 in a high-power field (HPF).

Laparoscopic Nissen fundoplication

Laparoscopic Nissen fundoplication was a routine
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Table 2 Management and outcome of patients based on GER/GERD evaluation

Contrast study Endoscopic  Histologic
Patient N Hintal Reﬂux grades of diagnosis Treatment Follow-up Outcome
group GER : index reflux (normal/
hernia esophagitis  esophagitis)
1 5 4 2 52-252 N/M (n=5) 1/3 Conservative 11 months - All symptom-
80)*  (40) (6.4)** 36 months  free

(28 months)
oI 23 20 13 0-56.2 N/M (n=7) 0/20"** Fundoplication (n=18) 0.5 month - Alive (n=20)

(87) (57) (1490 A (n=7) Tracheostomy (n=1) 53 months  Dead (n=3)
B/D (n=9) Conservative (n=4) (31 months)
111 6 4 1 0.3-90 N/M (n=4) 0/2 Gastrostomy (n=5) 1 month - 54 All alive
(67) (17) (1.7 A (n=2) Gastrostomy with months (39  without
fundoplication (n=1)  months) additional
surgery

* Numbers in parentheses indicate percentages of patients.

** Range (median)

*** Scar formation and Barrett esophagus were diagnosed in 2 patients and 1 patient, respectively.

procedure performed as antireflux surgery. It was indi- Statistical analyses

cated in patients with GERD that could not be man- The endoscopic grades of reflux esophagitis accord-
aged with medical treatments. It was also indicated ing to the modified LA classification were grouped into
when the presence of GER was confirmed by the pre- three groups : less than or equal to M (<M), A, and
gastrostomy work-up studies. Under laparoscopic greater than or equal to B (=B). The results of GER
view, the procedure was started by dividing the gas- studies and histologic findings of reflux esophagitis
trohepatic ligament, leaving the hepatic branches of the were compared between these groups. Mann-Whit-
vagal nerve intact. The distal esophagus was dissected, ney’s U-test was applied when comparing continuous
taking care not to injure the vagal nerves, and mobi- variables, and Fisher’s exact probability test or the
lized to secure 3 to 4 cm of intra-abdominal esophagus. Chi-square test was applied to the categorical data.
The diaphragmatic crura were approximated by stitch- Statistical analysis was performed with SPSS 20 (SPSS
es with non-absorbable sutures. A gap, into which an Japan Inc., Tokyo, Japan) and p-values less than 0.05
instrument of 5mm in diameter could be inserted, was were defined as significant. This study was reviewed
left between the wall of the esophagus and the inner and approved by the institutional review board of Dok-
rim of the diaphragmatic crus. The gastric fundus was kyo Medical University Koshigaya Hospital.

then mobilized with 1 or 2 short gastric vessels divid-

ed, and a tension-free wrap was made by covering the RESULTS

intra—abdominal segment of the esophagus with the Management and outcome of patients based on GER/
anterior and posterior walls of the gastric fundus. Ap- GERD evaluation

proximation of the fundus was accomplished by 3 or 4 The results of GER/GERD evaluation, patient treat-
interrupted stitches with non-absorbable sutures, and ment, follow-up and the outcome are summarized in
1 or 2 of the stitches incorporated the anterior wall of Table 2. In Group I, contrast study demonstrated GER
the esophagus. Finally, fundoplication was approxi- in 4 patients who complained of vomiting. Small hiatal
mately 2 or 3cm in length. In addition, gastrostomy hernia was revealed in 2 patients. The reflux index
was performed when feeding problems were present was 25.2 in a patient with hiatal hernia, but ranged
and pyloroplasty was added in patients with delayed from 5.2 to 6.4 in the other 3 patients. In a patient with
gastric emptying. cyanotic spells after feeding, contrast study failed to
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Table 3 Endoscopic grade of reflux esophagitis and results of contrast study and 24-h pH monitoring
Endoscopic grade of reflux esophagitis
Total
<M A§ 2B
n 16 9 9 34
Contrast study
GER 12 (75) 9 8 (100) 8 (89) 28 (85)
Hiatal hernia 7 (44) 4 (50) 5 (56) 16 (48)
24-h pH monitoring
Reflux index (% time<pH 4) 75+1.8%# 14.4x4.1 274+64" 14625
Reflux episodes in 24 h 139.3+23.0 179.7+37.7 235.1+49.0 175.4+20.1
Long reflux (>5min) episodes in 24 h 3.7x1.2 76x2.0 17.9+46** 8.5x1.7
Longest reflux (min) 19.8+£6.2 49.7+26.0 478+11.8%** 35.1+8.2

§ Contrast study was not performed in 1 patient.

9 Numbers in parentheses indicate percentages of patients.

# Mean=SE

Asterisks indicate statistically significant differences when compared with grade<M. * p=0.007, ** p=0.004, *** p=0.043

demonstrate GER but the reflux index was 7.3. Endo-
scopic grade of reflux esophagitis was N or M in all
patients in this group. Esophageal biopsy was per-
formed in 4 patients, and histology was interpreted as
normal in 1 patient and esophagitis in 3 patients. Based
on these findings, patients were treated conservatively,
followed-up for periods ranging from 11 months to 36
months (median, 28 months), and confirmed to be do-
ing well with their symptoms resolving spontaneously.

In Group II, contrast study demonstrated GER in 20
patients and hiatal hernia in 13 of the 22 patients ex-
amined. The reflux index ranged from 0 to 56.2 (medi-
an, 14.9), and endoscopic grade was N or M in 7 pa-
tients, A in 7 patients, and B or D in 9 patients. Biopsy
was performed in 20 patients, and mild or moderate
esophagitis was histologically diagnosed in all these pa-
tients. Among the 9 patients with grade B or D esoph-
agitis, scar formation was diagnosed in 2 patients and
Barrett esophagus in 1 patient. Fundoplication was in-
dicated in 19 patients and performed in 18 patients.
One patient was treated conservatively because the
parents refused surgical treatments. Gastrostomy was
placed in 13 patients and pyloroplasty was added in 1
patient. Of the remaining 4 patients, 1 patient under-
went tracheostomy due to severe aspiration and 3 pa-
tients with grade N or M esophagitis were treated
conservatively. The patients were followed-up for peri-
ods ranging from 0.5 months to 53 months (median, 31
months). There were three major complications after

fundoplication ; gastric volvulus, pyloric perforation,
and GER recurrence due to wrap migration, all of
which needed surgical treatment. At the end of the
follow-up, 20 patients were alive and 3 patients were
dead due to causes probably unrelated to GER, includ-
ing necrotizing enterocolitis in 1 patient and sudden
death in 2 patients.

In Group III, contrast study demonstrated GER in 4
patients and hiatal hernia in 1 patient. The reflux index
ranged from 0.3 to 9.0 (median, 1.7), and endoscopic
grade was N or M in 4 patients and A in 2 patients.
Esophagitis was histologically diagnosed in 2 patients.
While gastrostomy with fundoplication was indicated in
1 patient with grade A esophagitis and a reflux index
of 9.0, gastrostomy without fundoplication was per-
formed in the other 5 patients who were negative for
GER. The patients were followed-up for periods rang-
ing from 1 month to 54 months (median, 39 months),
and all were alive without any additional surgery at

their last follow-up.

Relationships between endoscopic grade of reflux esoph-
agitis and the results of contrast study and 24-h pH
monitoring

The relationships between endoscopic grade of re-
flux esophagitis and the results of contrast study and
24-h pH monitoring are summarized in Table 3. The
endoscopic grade of reflux esophagitis was<M in 16
patients, A in 9 patients, and>B in 9 patients. Contrast
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Fig.1 (a) Endoscopic grades of reflux esophagitis and the reflux index, (b) the number of reflux
episodes in 24 h, (¢) the number of long reflux episodes (more than 5 min) in 24 h, and (d) the
duration of the longest reflux. The reflux index, the number of long reflux episodes, and the

duration of the longest reflux were significantly higher in patients with grade>B reflux esophagitis

than in patients with grade<M. Columns with a bar indicate mean and standard error.

study demonstrated GER in 28 (85%) patients and hia-
tal hernia in 16 (48%) patients of the 33 patients ex-
amined. There were no significant correlations be-
tween the endoscopic grade of reflux esophagitis and
the rate of GER demonstration or the percentage of
patients with hiatal hernia.

The results of 24-h pH monitoring of the esophagus
were compared between the endoscopic grades of re-
flux esophagitis. The reflux index, the number of reflux
episodes in 24 h, the number of long reflux episodes
(more than 5 minutes) in 24 h, and the duration of the
longest reflux tended to be higher in patients with
higher endoscopic grades. Of these, the reflux index,
the number of long reflux episodes, and the duration of
the longest reflux were significantly higher in patients
with grade>B than in those with gradesM (Fig. la-

d).

Endoscopic grade and histologic findings of reflux
esophagitis

The relationships between endoscopic grade and his-
tologic findings of reflux esophagitis are shown in Ta-
ble 4. Esophageal biopsy was performed in 26 patients
excluding 5 patients with grade<M and 3 patients with
grade A. Inflammatory cell infiltration (=20/HPF) was
observed in 5 (45%) patients with grade<M, 6 (100
%) patients with grade A, and 6 (67%) patients with
grade>B, while intraepithelial eosinophil infiltration
was recognized in only 1 (9%) patient with grade<M
and another 1 (17%) patient with grade A (Fig. 2.a).
Papillary elongation was observed in 4 (36%) patients
with grade<M, 3 (50%) patients with grade A, and 4
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Table 4 Endoscopic grade and histologic findings of reflux esophagitis

Endoscopic grade of reflux esophagitis

Histologic findings Total
<M A >B
n 11 6 9 26
Inflammatory cell infiltration (>20/HPF) 5 (45) § 6 (100) 6 (67) 17 (65)
Eosinophil infiltration (=20/HPF) 109 1 (17) 0 2 (8)
Papillary elongation 4 (36) 3 (50) 4 (44) 11 (42)
Scar formation 0 2 (22) 2 (8)
Barrett esophagus 0 1(11) 1(4)

§ Numbers in parentheses indicate percentages of patients.
Abbreviation : HPF ; high-power field

(44%) patients with grade>B (Fig. 2b, ¢). There were
no significant correlations between the endoscopic
grade of reflux esophagitis and the percentages of pa-
tients in whom these histologic findings were seen.
Scar formation and Barrett esophagus were observed
in patients with grade>B as described above and their
incidences were 22% and 11% , respectively.

~ Fig.2 (a) Intraepithelial eosinophil infiltration (arrows)

in a patient with grade A reflux esophagitis, (b)
papillary elongation of squamous epithelium
(arrow) in a patient with grade D reflux
esophagitis, and (¢) erosion (epithelial defects) in
another patient with grade D reflux esophagitis.

Esophageal endoscopy after fundoplication
Postoperative esophageal endoscopy was performed
in 3 patients with grade D reflux esophagitis for whom
an informed consent was obtained from the parents.
The periods from fundoplication to examination ranged
from 15 months to 34 months. Along with improve-
ments in the level of reflux index, mucosal lesions of
the esophagus were conspicuously restored and endo-
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scopic grade was classified into N or M postoperatively
(Fig. 3).

DISCUSSION

GER in children causes diverse clinical symptoms.
Physiologic GER causes milk regurgitation, vomiting or
irritability in infants, but it can be managed conserva-
tively with frequent feeding, thickening of feeds, or
postural treatments. Pathologic GER in children, in con-
trast, causes complications including respiratory symp-
toms, reflux esophagitis, esophageal stricture, and con-
sequent failure to thrive. Pathologic GER frequently
develops in children with neurologic impairment as
well as in children with congenital malformations'™.
GER is a common problem occurring after repairs of
esophageal atresia (tracheoesophageal fistula), dia-
phragmatic hernia, or abdominal wall defects.

Children with neurologic impairment have abnor-
malities of the central nervous system that cause a
lifelong irreversible physical disability. Muscular spas-

Fig. 3 Endoscopic appearance of the esophagus before and
after antireflux surgery. Preoperative appearance of
grade D reflux esophagitis (a) patient 1, (c¢)
patient 2, and (e) patient 3. Postoperatively, the
mucosal lesions were restored and the endoscopic
grade was N or M (b) patient 1, (d) patient 2, and
(f) patient 3.

ticity of such children causes an increase in an intra-
abdominal pressure. Hiatal hernia is frequently compli-
cated mainly due to high abdominal pressure and
defective function of esophageal hiatus. Seizures, scolio-
sis, and respiratory distress can together promote the
development of GER. The functional ability of the en-
tire gastrointestinal tract gradually deteriorates with
age, which also predisposes to GER development. Feed-
ing problems and difficulty in swallowing are common.

In this study, patients were categorized into 3
groups. The first group consisted of otherwise normal
infants who had symptoms suggesting the presence of
GER or GERD. Patients in the second and the third
groups were neurologically impaired except for one
patient who had esophageal atresia and congenital
esophageal stenosis repaired in early infancy. The pa-
tient was neurologically unimpaired, but had suffered
from dysphagia and hematemesis for a long time due
to reflux esophagitis. GER/GERD evaluation was per-
formed in the second group because of the presence of
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chronic symptoms suggesting GER or GERD, and it
was performed as a preoperative examination of gas-
trostomy placement for nutritional support in the third
group.

To detect GER and assess a possible relationship be-
tween GER and symptoms, a comprehensive investiga-
tion with several diagnostic studies is routinely per-
formed. Barium contrast study of the upper
gastrointestinal series is useful to detect anatomic ab-
normalities including hiatal hernia. However, it is not
sensitive for the diagnosis of GER due to the short du-
ration of the study. Esophageal pH monitoring is wide-
ly used and, so far, the most reliable method to sensi-
tively detect pathologic acid reflux in the esophagus. It
can measure the frequency and duration of acid reflux
over 24-h period. The reflux index is defined as the
percentage of time during which esophageal pH is less
than 4.0. It reflects the cumulative exposure of gastric
acid to the esophagus and is considered the most reli-
able marker for GER. Esophageal pH monitoring is also
able to determine that symptoms are associated with
acid reflux events when their timings are close or
when the symptom index is highm. However, since pH
monitoring does not detect non-acid reflux, the reflux
index may be within the normal limit regardless of the
presence of reflux. Because of the usefulness and limi-
tations of each diagnostic test, it was thought that a
comprehensive work-up study is necessary to make
diagnoses of GER and GERD, and that all the results of
those studies should be taken into account when deter-
mining a patient’s treatment.

Upper gastrointestinal endoscopy is recommended as
the technique of choice in infants and children present-
ing with symptoms suggestive of reflux esophagi-
tis'”!Y. While it is generally not indicated for uncompli-
cated GER, endoscopy is regarded as a useful tool to
discover esophageal complications of GER such as re-
flux esophagitis, hemorrhage, stricture, Barrett’s esoph-
agus, and adenocarcinoma.

Reflux esophagitis is defined as the presence of endo-
scopically visible breaks in the esophageal mucosa at or
immediately above the gastroesophageal junction’. A
mucosal break is an area of slough or erythema with a
discrete line of demarcation from the adjacent, more
normal looking mucosa, and the term was adopted

since effective criteria for distinction between the endo-

scopic appearances of erosion and ulceration could not
be defined'®. There is evidence that visible breaks in
the mucosa are a reliable endoscopic finding of esopha-

5 The modified LA classification is a grading sys-

gitis
tem for the severity of esophagitis, and is useful for the
evaluation of not only the severity of esophagitis but
also the response to treatment'*'”. Although this endo-
scopic classification is widely used, the system has not
yet been validated in children. It seems that the classi-
fication is less pertinent in children since childhood re-
flux esophagitis is rarely as severe as in adults. The
present study showed that the endoscopic grade of the
modified LA classification was correlated with the re-
sults of 24-h pH monitoring. The reflux index, the
number of long reflux episodes, and the duration of the
longest reflux in patients with grade>B were signifi-
cantly higher than those in patients with grade<M. In
addition, postoperative esophageal endoscopy showed
conspicuous improvements in mucosal lesions along
with improvements in the reflux index after fundopli-
cation. These results indicate that esophageal endosco-
py and the modified LA grading system are useful in
children as well, and therefore, it is appropriate to con-
sider antireflux surgery based on the endoscopic find-
ings with the results of other GER studies. It was also
suggested that esophageal endoscopy was useful to
monitor the effectiveness of treatment.

Regarding histology of mucosal specimens of the
esophagus, there was no apparent correlation between
the histology and clinical characteristics of the patients.
Histologic criteria of reflux esophagitis, such as inflam-
matory cell infiltration and papillary elongation, could
be evaluated in children, but the incidence of their ap-
pearance were not significantly different between the
endoscopic grades. Although the incidences were low,
it may be worthwhile to underscore that the sequelae
of severe chronic GER, scar formation and Barrett mu-
cosa, were observed only in patients with grade D
esophagitis. Generally, the microscopic changes found
with reflux esophagitis can be subdivided into epitheli-
al alterations and inflammatory cell reactions'”. The
presence of intraepithelial inflammatory cells, in partic-
ular eosinophils, is used for the diagnosis of esophagi-
tis'®. Basal zone hyperplasia of the esophageal squa-
mous epithelium exceeding 20% of the epithelial
thickness and papillary elongation, that is, an increased
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stromal papillary length extending into the upper-
third of the epithelium, are widely accepted criteria for
histologic diagnosis of reflux esophagitis'®**”’. Howev-
er, in children, there seems to be a poor correlation be-
tween endoscopic grades and histologic findings, and
biopsies may not show histologic changes even in pa-
tients with severe erosive esophagitis or abnormal pH

#I7%9_ One of the explanations for

study, and vice versa
this poor correlation is a patchy distribution of mucosal
lesions®”. It is important to obtain appropriate tissue
samples by visual inspection and multiple biopsies®**.
Optimal orientation of biopsy specimens is necessary
for precise histologic appraisal®’. It is known that his-
tologic esophagitis cannot be identified in infants with
GER who are younger than 4 months, and papillary
elongation and intraepithelial eosinophils become more

' The results of the pres-

common with increasing age
ent study may suggest that the histologic criteria of
reflux esophagitis in children should be re-evaluated.
In the patients of this study, histology hardly contrib-
uted to our assessment of the severity of reflux esoph-
agitis and indications for antireflux surgery. Mucosal
biopsy, however, was not abandoned since it might be
able to exclude esophagitis from other causes. A recent
international consensus statement mentioned that mi-
croscopic changes present in GERD are not specific to
reflux esophagitis and that the primary role for esoph-
ageal histology is to rule out other conditions in the
differential diagnosis, including eosinophilic esophagitis,
infectious esophagitis, Crohn’s disease, and connective
tissue diseases™*”.

In conclusion, esophageal endoscopy is useful to ex-
amine the severity of reflux esophagitis and to monitor
the effect of treatment in children with GER/GERD.
The modified LA classification can be used for that
purpose in children as well. Histologic evaluation of
esophageal mucosa, although treatment is seldom influ-
enced by the results, should be performed so that it
may exclude other disorders in the differential diagno-
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