362 AR 69 % 2 45 (2011-2)
(%)
100 -
80
(77 other
60 - {771 176-191 del 16bp
[ R143W
] G45E Y136X
40 + V371
235delC
20
0

ol 0-3vo.

4-5y.0.

6-v.0.

3 GJB2BEFEROERERRERCOK" L5

W AANTHEOHHEZECHESRTE
D, ANILNF2BIRTIBoMME LTHA
T 5H

¥ 72 G/B2 MG FEREMTIE, HW, ©»F
Wy, PAE IR 00 B S ) R SR AR & TR
LA SR, G/B2RMRTERIZ L 2 HED
FRRIGAS M & L TR ICHIATRETH 57

b. SLC26A4 BEFERICLZHEE : IF

WHEHVETH L £/ 5 ETT HHEE

MR FEBET 2K U DlER
fxElE Lo (R5). TREHEERORK %25
20% XA S ONEH BB RWZEIND
EHE STV AR, fix ONEHFEOTTY
R AT IR AT VIR E LTS
AT ol = DA & ko 7o B G
ZLMEEINL LIV EH2HED TV
— T TR ol U T, FARIRE & £ 9
Pendred i 15 8% 0 J5 A T (SLC26A4) 73R I
12 TR A R o 72 O R RIS
o TWhAI ENWLENIERTWEY. LA
Do TR 2ODRELFERLEFZLON TV
g RIS O RTEARICR, @ SLC26A4 1
EPER, QEGT %ML I EORRNE
B LT ‘SLC26A4 s F R Ay &k
SR OEBREE ELCHBE, mgsha

ERELEZOND, HEFBINIHEOZ
AT, TR RN FAERER (D F W, Wikflﬁ
JESE) 70 2 3L A B AT il e e gt L
TLND T LD,

biallelic(GkEdH L BHAE~T u#oEK) &
SLC26A4 #{z T2 % b D H 39 A
Eﬁw%%V&w Whoks, #7, FIwv
FURIE O ), TR TR E R
ﬁﬁ‘u’jb"(m@%ﬁfnftfb L, HRARRED S
FESERE T D MAEDKE Do PR E & b

M T A BRSED Y. £ with
DM D SEBENOMEE # 2 5h, BT

TSI DZEE)(92.3 %), HETT(88.0 %) & JBb 72,
F2UANT06% OBETOTVOEIFZR
D7z 10 A(27.8%) O BFE THRBIEO & bF %
BDH, TRT 12RO Td - 727
WHE R X B OO, BiEERO®E
Wi SN R b o BMETBZENICLDY,
MM (B 5), O F i SRR T %
B LT, SLC26A4 B TARDFED SR
BEAOEE BRI RE L o7
c. 3IharRUTBEF 1555A>G,
3243A>G R  ETES, AUHE
DOERHR AR FTRE
v k3 b3y R 7 DNALS 16,568 koA




363

2350e/C ( 176-191de( 16bp (1=8)

235delC / R143W (r=8)

BE SRAYBERERBIRE

fdi v ) — X —BURIRE DR (341)

235de! C / GASE Y136X (n=12)

{

2R839SREEBERE

235delC  2350ei C (n=35)

2RRIRERSRIERE

-muunannnnmanmmm

r g N§ ]

H ek /

B Ny T lw*
io§f I (EELARNIPI P yin

1 m : VAT 1 4 e
L i SEPO 1 g & e

8 m - i 2 i
g au-nnntnnﬁwnwmme Wﬁ - amtnnwunuinaﬁmmwu
G ] — 1 § - ) 1§ -

e gh 7 A ¥ i Hr
” ! g I 1y % r e
§ m g 3 e 8 P % He 3

N - I,, © i ZRRES o g = g =

: ” m : “ m : y 4 i 2 e §
X amnw-nuﬁunnnmmwmm c&rfnumlunnnmmmmm awan»nun-nnummumm u«.nhaa-nnnanmmm
m, ¥ m 11 m A m # Jl# M

0] ¢ § T f N5 T £
s 3 3 SRt i W iw :

1 s & EXFE.- 8 5

e SocRRTESRRYE k .n:uuuunm-mmwwm e ‘.a-uua;-n-ﬂmuuu 32°PRAINELERSLAE
g H .mgu § HM
¥ . Pog AL b :
1 ! vog iy f i 1§
& .ww g m -~ & m V. w .u b m W
: i T g § 3 - § {1
L & ! HE 3 8 1
4 en-nuiunhanmmm auu»nhn-»mwxmmwmu i mﬁﬁfaaqu-nuﬂﬂmmmm uananntnmnnmum

2000 4000 8000

&
B
=
o
%
¥

125 250 50 1000

®
[
i
5
mw
-
3
Qo
F&
X
M
m
#
=




H A<k 69 2 2 %5 (2011-2)

100 -

120

NG 2 1%
o0 20 0 60 80 (&)
20+ e
. o AR
05— | — @ramry

(dB)

5 SLC26A4 MEFERICELIHMEBED CTHMA EHBOETE

(e X 9 51D

b h, SEBEHMERRTRETCHL 13
KONEOEREAkRETFEZa— FL, Ml
IANE—EEIII DTS S I XF
1) 7 DNARSZHETHTI»HIbPa Y FUT
ABEST B0, Y hay FY 7TRIEFOER
CrAaERIBRBELRETS HADI D
Ay FYTERSHEELHEL TWDE I LN
MLNTWDEAY, BCHESRVWERLLT
12SrRNA 4 1 @ 1555A>G % %, tRNALeu
(UUR) &1z T @ 3243A>G ERPHO N TV 4.
£ ¥R & — I X B AR AT TR R KL
o B I BEA TS, RARIEOHIEOE
ERERBETERTDH .

1) 3 b3y RUYTEEF 1555A>G6 TR
W, STREFHCI ba v B TRIET
1555A—G R L 7 3 7 BB AR EICN T 5
RS L OREEA W S kot TOK
WAk A E N 5 RS HIERE O 3% DEFH
REoTWAHI EBMESINTEY, Z O#n
FERICEAMBERESLVEINA Y AT BE
O¥E, ZEMICI RV ZVI EPHERN ST
WaY 77 Y BRI X 5 IR
ZHDE, HBICERBRWEINSZ
AL ERY, T3/ BOEHAPURIE SN
BT WEAE Z EAER IR TY

22 7R AOANTHE O DAL EH DR
10%42, 727 3 7 BOBEAHUIESEIC X 1 LR
W% X7 L2 ATHEEGIZERS L #9560 % 2
COEREB-TVY LEAoTIOER
BHAAOSHERGREBEOERRFERO—2
ThHhhHLEZLNS.

ZOMETERIC X 2 HBEORIE. BHRE
EF 5L ThD Lo TRIEEOEND
SWOREAL Y MCh b, HEOREICIIMEAZ
Ak XAt BRI AR TRk, RPRRE
EERER T, HWEME) ZENSVE AR
#LoBEORICIET I REAIREOR S
AT L, Wb LR HEOL CHREL 3
RS 27, ORI ICEIE
O EHSNY, FEESHGRETEEICS
2. BUE, JoiEBEHE S RIS OB (5T 2w
O—HEHIZ o TV 513D, BEBRED—DL
L CAMERBED T RIS 2 > T A (RAAHE
— T - TV ZELBARIHHE).

M IETP D RO O I LA HEMIC
FEHRAEZITVABIET L EPEETH S,
R ks DL b o EEAE PN ISR AT Vv
Sh5A% HERROED O VR EHEELC
WLCTRATHEORVEIRICESZ LHES
o3 bay FY T #HET 1555A>G ERIZHE



frd ) — X — BURIEF DR 7. (341) 365

gﬂ:&m& el

T

6 3hIALKYTPHREFI555A>CERBEORREEEYH— F O™ & b k)

%2 NMYR7BEERODHHETRA b

(1) KR : ERICHEBEZ AV ?
(2) FIKHE © 7 3 7 FCHHAPUR I X 2 AWV ?
(3) WO s e s O, SEEATYE O MEME IR

(4) MzFFrA

SR L TIE 73/ ERBEARREEORS
RMEGTAHZ IS EEREIXS L RE T
W THHI LD, BAEEZAELORMHETIEI

Fay FYT7TRIETFERODRAI V-V TV A
FLARMETTAEEDICED N — F(R6) 2R
A LFPBHIICBD TV 5",

R2IINA VAT BEEROFHTRAS Vb
ZonTF DA, lk, TALREEROE
Wz LIcHhA ) A7 BEICBREBEHEOT 3
J BB R oG b, BEFAEC
B - RKiEAR B % 3R R B AR & RO 72
oA Hot 73 EHEEESALEE
S & 0 R e & A U RS o 22900 B
EXhTWh, 4k, ZOX) PR T
WL S EATFHENLVEMY A FTHLRED

BERTF RIS ARET I LHLETH .

2) I paY KU ZBEF3243A>6
TRIWICLDAEORHRR
tRNALeu(UUR) 815112317 5 3243A>G %
SRR & I 2 5 i B O LB R T &
LTHHRTWABRETFERTHL. HH
IR R 2 22T 5 R E S E# D 0.3-3%
CEDLRAT EMNMONTWA2Y, I bay

FY 7ETIUILEREMET A LICXDY,
BB T (EEERE, EITHEOAE) B TFNTSE
2L LB ICEPHED TR IE AT HEIC & .
COERE, ARROEIR & ALRRIE & P
33 ba v FY 7HEE EE Mitochondrial
encephalopathy, lactic acidosis and stroke -
like episodes(MELAS)#EFIIC BV T H D 5
hTwa, %€ CRETERNMELAS, B
R, SRR oS aRERRITON
BB SRTHRWVD, WEZTLTATH
T5AI—DEEHRE>TWDHTIR RN
MrrEZLRTWS I baryF) 7TRIZFE
Bel ZREMI MY FYTEHARI b
YREUTHREORERELTVWENNTTET
FSAI-)HNMELE RS ATOTFTAI=D
o —EMUEIC s (MEE B L) WK
FERPRIET B vbhTwa, #HO#MET
BRETREMLONTO TS A I —DHEEEH
TWAHIEILRDY, REBCEIVATRTTA

I-OHSRAE L L S, —RHICITREER,

B, NERETATOT I AI—DHIEDE
W EAHEXRTWA, BRIk
5 A3 —0EE L BRERIHMT 2L E20

gg



366 H A< 69 % 2 %5 (2011-2)

naA BTELLHMLARVEELE . 3243
ERBZOEMBICDE 2 ERIERYAT T
75 23— LAVICHIET 5L ShTWaY
AFUT TR I — O & AR E IR L,
AFOTT A I — LRV LR B ERIEFR
MNERFLLENDY.

gEEgc, 3243A>GERICHE D MR KR
ASHE TR, REREER, REHEERLT
B, EERETENEERED/ Y — ¥ &R
0 @EOEGFEILEDLZEIRETH D
A AT L 2BA IR A THE & B
22 ERmCELTE ERREZTCR
WA & R R MR D v b u— v EfTY,
fFFRatHER TFHITAC ENZEF LW,

8. HWEOHEBEHI LY TD
A b

BEEHREIGETOERRE L REY, &
ZEAOBEHREI D L) ATHEAD
FAF YT 4T AT Db B REEY % B
PR RETH L. BIETFBHORRE
EFESCRRErY ) v 7 EEBITERT
SEAaZEF LW EHEHRE LTREINL
CERPEREEORE TS CIRIEFIREY
A TREL, MRRREAY VR YT

rrbIET EFTRERE LTEST TV A,

ERA2ERE T SRZ T Ll L Tl
%@ﬁﬁ%%ﬁ%ﬁofwéﬁ.%ﬁwﬁﬁ%
ERECIAMEED A H = X 5, Tk, GHROFM

ik b B BIRGERE L REPRIZFOZ L
(2o T IEREZ M HER AT C & 2 AR {ES M
BEr OB EETH LY. LKA Y b & LA
FIoRT.

U)75477bﬁﬁ&$m1m6#%ﬁw
H S B L EA D 5. BEO MR TSRO
i 2947 v P REOSROBRICNT
LiEHA RO LB LS, H IR
Lk b R M BE AR L TAT ) O
FLW,

(2) FERETIHEE S N, BRI
FHE AL & 42 ) 2N ERO TR HHEDE
Fc o Ladit 2 il w UK R 5 2 5.

(3) B BRI AS L & 7 ) BRI
WL, EEE R A TINE % T RERE & AT
ZITEERERTH DI L ERIT S,

(4) BRBETIEESheVE, AR
EHMEMNRLIRY, #2126 BIEER,
Z sk { — R PR fa eI 3O & i)
T2 BEOBES BERRENE?DHL(ZH
FORETFHEBEE WIRLERRELS)C
YIS LTHET . 0% ) Wkaksl
EORE, MBI EEETH - THHKAERT
AR ITTFEOAHEEIC RS EBRLE
FRRFAELTWLEA, B SRR 3R
i cHhFEREREA s ) —= Y 7I2E5
BRE RUMEASHEA Y P THHILEBR
¥ 5.

B 3

1) Morton CC, Nance WE: Newborn hearing screening—A silent revolution. N Engl ] Med 354: 2151

-2164, 2006.

9) FAEER—: XZ 2 EBET. EIHIR 2006.

3) kR BEOMEH Y 1) ¥ 7SR L Tol R B M E TS 2 52T

H SRR 101: 727738, 2008.

4) Usami S, et al: The responsible genes in Japanese deafness patients and clinical application using
Invader assay. Acta Otolaryngol 128: 446-454, 2008.

5) Ohtsuka A, et al: GJB2 deafness gene shows a specific spectrum of mutations in Japan, including a
frequent founder mutation. Hum Genet 112: 329-333, 2003.

6) Abe S, et al: Application of deafness diagnostic screening panel based on deafness mutation/gene
database using Invader assay. Genet Test 11: 333-340, 2007.

7) Tsukada K. et al: A large cohort study of GJB2 mutations in Japanese hearing loss patients. Clin

Genet 78: 464-470, 2010.



8)

9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)

20)

) — X —BREFOHER(341) 367

Fukushima K, et al: Better speech performance in cochlear implant patients with GJB2 ~related
deafness. Int J Pediatr Otorhinolaryngol 62: 151157, 2002.

Tono T, et al: Cochlear implantation in a patient with profound hearing loss with the A1555G
mitochondrial mutation. Am J Otol 19: 754-757, 1998.

Usami S, et al: Non-syndromic hearing loss associated with enlarged vestibular aqueduct is caused
by PDS mutations. Hum Genet 104: 188-192, 1999.

Suzuki H, et al: Clinical characteristics and genotype —phenotype correlation of hearing loss patients
with SLC26A4 mutations. Acta Otolaryngol 127: 1292-1297, 2007.

Usami S, et al: Prevalence of mitochondrial gene mutations among hearing impaired patients. J
Med Genet 37: 38-40, 2000.

Usami S, et al: Genetic and clinical features of sensorineural hearing loss associated with the 1555
mitochondrial mutation. Laryngoscope 107: 483-490, 1997.

Usami S, et al: Sensorineural hearing loss associated with the mitochondrial mutations. Adv
Otorhinolaryngol 56: 203-211, 2000.

Usami S, et al: Rapid mass screening method and counseling for the 1555A>G mitochondrial
mutation. J Hum Genet 44: 304-307, 1999.

Goto Y, et al: A mutation in the tRNA(Leu)(UUR) gene associated with the MELAS subgroup of
mitochondrial encephalomyopathies. Nature 13: 651653, 1990.

Van den Ouweland JM, et al: Mutation in mitochondrial tRNA (Leu)(UUR) gene in a large pedigree
with maternally transmitted type II diabetes mellitus and deafness. Nat Genet 1: 368-371, 1992.
Ohshima T, et al: Bilateral sensorineural hearing loss associated with the point mutation in mito-
chondrial genome. Laryngoscope 106: 43-48, 1996.

Uimonen S, et al: Hearing impairment in patients with 3243A—G mtDNA mutation: phenotype and
rate of progression. Hum Genet 108(4): 284-289, 2001.

Ohkubo K, et al: Mitochondrial gene mutations in the tRNA(Leu(UUR)) region and diabetes:
prevalence and clinical phenotypes in Japan. Clin Chem 47: 1641-1648, 2001.

21) Tamagawa Y, et al: Audiologic findings in patients with a point mutation at nucleotide 3,243 of mito-

22)

chondrial DNA. Ann Otol Rhinol Laryngol 106 338-342, 1997.
Hill D, et al: Cochlear implantation in a profoundly deaf patient with MELAS syndrome. J Neurol
Neurosurg Psychiatry 71: 281, 2001.



AURIS NASUS
LARYNX

INTERNATIONAL JOURNAL
OF ORL & HNS

Auris Nasus Larynx 38 (2011) 101-107

www.elsevier.com/locate/anl

An analysis of clinical risk factors of deep neck infection

Jun Hasegawa **, Hiroshi Hidaka *°, Masaru Tateda®, Takayuki Kudo ® Shun Sagai o
Makiko Miyazaki b, Katsunori Katagiri b, Ayako Nakanome b, Eiichi Ishida?,
Daiki Ozawab, Toshimitsu Kobayashib

* Department of Otorhinolaryngology, Iwaki Kyoritsu General Hospital, Iwaki, Japan
® Department of Otorhinolaryngology-Head and Neck Surgery, Tohoku University Graduate School of Medicine, Sendai, Japan

Received 25 February 2010; accepted 8 June 2010
Available online 6 July 2010

Abstract

Objectives: To clarify the clinical risk factors that aggravate deep neck infection.

Patients and methods: Sixty-five patients with deep neck infection (abscess or cellulitis), 42 males and 23 females, who were treated at the
ear, nose, and throat department in Iwaki Kyoritsu General Hospital in the past 10 years, were retrospectively reviewed. Cases of inflammation
of the upper airway including the oral cavity, laryngopharynx, palate tonsil and salivary gland, and cases of lymphadenitis were investigated.
These patients were divided into five localized types and one wide range type according to the abscess locations as follows: oral cavity floor
type, upper deep cervical type, submandibular type, submental type, retropharyngeal type, and wide range type.

Results: Seventeen of the 65 patients had diabetes, and significantly more diabetics had the wide range type than the localized type (P < 0.05,
Fisher’s test). Diabetes complication was more often seen in the upper deep cervical type among patients aged 61 years or older, and in the
wide range type among males aged 41 years or older and elderly women aged 61 years or older. No patients with odontogenic infection or
sialolithiasis had associated diabetes mellitus. Two cases developed mediastinitis, and one was caused by retrotonsillar abscess and needed
thoracic drainage. More than half of the wide range type cases and more than a quarter of each of the localized type cases except the upper deep
cervical type also had laryngeal edema, and eight of them needed emergency tracheotomy. Thirteen of the 40 cases had bacteria belonging to
the Streptococcus milleri group (SMG), and all were detected in patients who underwent surgical drainage. Four of the 13 cases where SMG
was detected showed drug resistance to some sorts of antibiotics.

Conclusion: Oral disorders can develop deep neck infection independently of the presence of diabetes mellitus, compared with other causes.
The presence of diabetes mellitus is associated with deep neck infection, aggravating parotitis and wide spread of inflammation. Retrotonsillar
abscess often spreads to the retropharyngeal and parapharyngeal spaces, causing mediastinitis, so caution is necessary. Infection due to SMG
tends to form abscess independently of diabetes mellitus. Since more than half of the wide range type and more than a quarter of each of the

localized types except the upper deep cervical type were associated with laryngeal edema, airway management should be considered.
© 2010 Elsevier Ireland Ltd. All rights reserved.

Keywords: Deep neck infection; Mediastinitis; Retrotonsillar abscess; Laryngeal edema; Streptococcus milleri group

1. Introduction

Deep neck infection can occur at any age, and is a serious
disorder that often spreads to other organs and sometimes
proves fatal [1-9]. The incidence is decreasing, due to the

* Corresponding author at: Department of Otorhinolaryngology, Kyoritsu
Soma General Hospital, 142 Tsubogasaku, Niinuma, Soma 976-0011,
Japan. Tel.: +81 244 36 5101; fax: +81 244 35 5819.

E-mail address: junha@orl.med.tohoku.ac.jp (J. Hasegawa).

development of antibiotics and better control of laryngophar-
yngitis, tonsillitis, and upper respiratory inflammation.
However, once the inflammation extends to the cervical
potential spaces, which are formed by the cervical fascia, the
infection spreads rapidly and extensively through these
spaces, causing mediastinitis, sepsis, and laryngeal edema.
However, no standard protocol has been established for
treating or hospitalizing the patients, because of the great
variation in the causes and locations of the disease. Therefore,
in order to treat such widespread infections, we must have

0385-8146/$ — see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
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extensive knowledge of the structures of the deep neck,
lymphatic flow, etiology, microbiology, risks of complication,
and other factors that aggravate deep neck infection [9].

The present study retrospectively reviewed 65 patients
with deep neck infection treated in our department during
the past 10 years, and proposes a new categorization system
consisting of six groups according to the abscess location.
Factors including the causes, ages, risks for mediastinitis and
laryngeal edema, complication with diabetes mellitus, and
bacterial analyses were analyzed to clarify the important
indicators in treating deep neck infection.

2. Patients and methods

Sixty-five patients with deep neck infection (abscess and
cellulitis), 42 males and 23 females with mean ages of 51
and 53 years, respectively, were treated at the ear, nose, and
throat department in Iwaki Kyoritsu General Hospital from
January, 1998 to August, 2007. The clinical records were
reviewed retrospectively. Cases of inflammation of the upper
airway including the oral cavity, laryngopharynx, palate
tonsil and salivary gland, and cases of lymphadenitis were
investigated. Cases of abscess limited to the peritonsillar
space, isolated salivary gland infection without objective
evidence of deep neck space involvement, associated with
tuberculosis, or caused by foreign body, injury, or
malignancy were excluded.

The cases were categorized according to the location of
the abscess, as verified by computed tomography at the
initial presentation, into five localized types and the wide
range type as follows:

(1) Oral cavity floor type: inflammation has spread to the
oral cavity floor and caused acute cellulitis in the
sublingual space or just beneath the mucosa. This type
includes Ludwig angina, or phlegmon of the floor of the
mouth, with inflammation spreading to the submandib-
ular and submental spaces.

(2) Upper deep cervical type: inflammation has spread to
the parotid space, and in some cases, also to the
masticator and the parapharyngeal spaces.

(3) Submandibular type: inflammation has spread mainly to
the submandibular space, and in some cases, also to the
parapharyngeal space.

(4) Submental type: inflammation has spread mainly to the
submental space.

(5) Retropharyngeal type: inflammation started in the
retropharyngeal space, and then spread to the para-
paharyngeal space or the danger spaces.

(We did not consider whether these inflammations had
spread to the parapharyngeal space or not, because the
parapharyngeal space leads to both the submandibular and
retropharyngeal spaces, bordering the parotid space [2,10].
Therefore, the parapharyngeal space is often inflamed,
influenced by the inflammation of other potential spaces.)

(6) Wide range type was defined as inflammation extending
to the deep neck at areas beyond those in (1) to (5) along
the upper neck down to the lower neck including
necrotizing fasciitis, or inflammation which has spread
to two or more locations as specified by types (1) to (5),
or in which an abscess is formed inside or outside of the
cervical lymph nodes other than (1) to (5).

Bacterial culture tests were performed in 40 cases treated
by surgical drainage or puncture. Inflammatory focal region,
age, presence of diabetes mellitus, complication with
mediastinitis or laryngeal edema, bacterial analysis, and
clinical courses were analyzed.

3. Results
3.1. Clinical subgroups

Classification according to the location of inflammation
showed that the wide range type was the most common (27
cases, 42%), with the other five localized types accounting
for 6% to 17% (Table 1).

In the wide range type, the main sites of inflammation were
located in the submandibular space and the front or inside of
the sternocleidomastoid muscle, as well as the parapharyngeal
space. Inflammation was seen spreading to the paraphar-
yngeal space in 21 patients with the wide range type and 3 with
the localized type, of whom two had diabetes mellitus and one
was suspected of being immune-compromised.

Forty-five patients underwent urgent surgical drainage
(Table 1) and 20 received only intravenous administration of

Table 1

Clinical characteristics of the 65 cases.

Type Number of cases Surgical drainage Mediastinitis Laryngeal edema Tracheotomy
1. Oral cavity floor 11 7 0 4 0

2. Upper deep cervical 10 8 0 0 0

3. Submandibular 9 6 0 4 0

4. Submental 4 1 0 1 0

5. Retropharyngeal 4 4 0 1 1

6. Wide range 27 19 2 14 7

Total 65 45 2 24 8
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broad-spectrum antibiotic agent. Two patients with wide
range type were complicated with mediastinitis, and one of
them required thoracic drainage.

Laryngeal edema was present in 52% of the wide range
type, in 36% of the oral cavity floor type, 44% of the
submandibular type, and 25% each of the submental and
retropharyngeal types. Emergency tracheotomy was per-
formed in eight patients, including one with retropharyngeal
abscess. Following successful treatment, all patients
improved and survived.

Distributions of each type by age, sex, and presence of
diabetes mellitus are summarized in Fig. 1. Diabetes mellitus
was present in 17 of the 65 patients, and was under poor
control in 16 of those 17. Diabetes mellitus was present in 6 of
the 38 localized type cases (16%) and 11 of the 27 wide range
type cases (41%), showing a statistical difference (P < 0.05,
Fisher’s test). The presence of diabetes mellitus was more
common in the upper deep cervical type among patients aged
61 years or older, and in the wide range type among males
aged 41 years or older and elderly women aged 61 years or
older. Diabetes mellitus was also found in the submental and
retropharyngeal types. The retropharyngeal type showed a
bimodal distribution consisting of infants and adults with
diabetes mellitus [11]. The oral cavity floor and submandib-
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ular types tended to occur in males of all ages and particularly
elderly females without diabetes mellitus.

Gas gangrene was found in three patients, and all of them
were suspected of being immune-compromised.

3.2. Pathogenesis

The pathogenesis of the present cases is shown in Table 2.
The oral cavity floor type was caused by odontogenic
disease and sialolithiasis. The upper deep cervical and
submandibular types were mainly caused by inflammation in
the salivary gland. The wide range type was mostly caused by
inflammation of the upper respiratory system (i.e., laryngo-
pharyngitis, tonsillitis, retrotonsillar abscess) or lymphade-
nitis, but the cause was unknown in six cases. Diabetes
mellitus was present in patients with laryngopharyngitis,
tonsillitis, sialoadenitis, and lymphadenitis, and especially in
the wide range type, all six cases had no identifiable causes.
No patients with odontogenic infection or sialolithiasis had
associated diabetes mellitus (Table 2). Surgical drainage was
necessary in slightly more patients with diabetes mellitus than
those without. Thirteen (29%) of the 45 patients treated by
surgical drainage had diabetes mellitus, compared to 4 (20%)
of the 20 patients who did not need drainage.
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w10 ~ 10
g 8 § o
5 6 5 6
5 54
§ 2 H § 2
£ [ 2, re [1 18
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Fig. 1. Distribution of each type by age, sex, and presence of diabetes mellitus.
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Table 2

Pathogenesis of the present cases. Numbers in parentheses show the numbers of cases complicated with diabetes mellitus.

Type Number ~ Laryngopharyngitis/tonsillitis ~ Odontogenic  Sialolithiasis  Sialoadenitis Lymphadenitis ~ Others/unknown
of cases

1. Oral cavity floor 11 0 5 4 0 0 2

2. Upper deep cervical 10 2() 1 0 7 (3) 0 0

3. Submandibular 9 1 2 0 4 0 2

4. Submental 4 1(1) 0 1 0 0 2

5. Retropharyngeal 4 0 0 0 0 2 2()

6. Wide range 27 17 (4) 0 0 0 4(1) 6 (6)

Total 65 21 (6) 8 (0) 5(0) 11 (3) 6 (1) 14 (7)

3.3. Bacterial analysis

Bacterial cultures of samples from the 40 patients who
underwent surgical drainage or puncture detected 68 strains,
51 aerobes, 15 anaerobes, and two fungi, such as Candida,
which could have been contaminants from the skin.

Among aerobes, genus Streptococcus was the most
common with 30 strains, consisting of 8 Streptococcus
constellatus, 5 alpha hemolytic Streptococcus, 4 Strepto-
coccus mitis, 3 Streptococcus pyogenes (A), 3 Streptococ-
cus intermedius, 3 Streptococcus salivarius spp, 2
Streptococcus anginosus, 1 Streptococcus mobilloum,
and 1 Streptococcus oralis. Thirteen cases had bacteria
belonging to the Streptococcus milleri group (SMG), and all
of them were detected from the group which underwent
surgical drainage. Meanwhile, none of the 5 cases treated
with punctures harbored the SMG. The SMG was detected
in 6 patients with deep neck infection caused by tonsillitis,
including 2 with peritonsillar abscess and 4 with retro-
tonsillar abscess, 4 with odontogenic infection, and 3 with
sialoadenitis (Table 3). Diabetes mellitus was found in only
one case of the upper deep cervical type, and the presence of
diabetes mellitus was unrelated to the detection of the SMG,
which was more common in patients without diabetes
mellitus. Four of the 13 cases with SMG infection showed
drug resistance to antibiotics such as penicillins, cephems,
carbapenems, penems, aminoglycosides, macrolides, and
lincosamides.

Anaerobes such as Prevotella and Fusobacterium were
also detected from two of the three cases of gas gangrene.

Table 3
Pathogenesis related to the type and presence of diabetes mellitus in cases
with SMG infection.

Type Pathogenesis Cases DM(+)

1. Oral cavity floor Odontogenic 2 0

2. Upper deep cervical Sialoadenitis 2 1

3. Submandibular Odontogenic 2 0
Sialoadenitis 1

4. Submental 0 0

5. Retropharyngeal 0 0

6. Wide range Peritonsillitar abscess 2 0
Retrotonsillar abscess 4

Total 13 1

4. Discussion
4.1. Clinical subgroup and pathogenesis

Deep neck infection often starts as cellulitis of the soft
tissue in an isolated area adjacent to the source of infection
[9]. Since the fascial layers of the neck and the body’s
natural defense mechanisms help to prevent further spread of
infection, there is no typical wide spread progression, but
there are various involved areas in this disease [9,12].

Some previous studies have classified deep neck
infections into several types [3-5]. For example, deep neck
abscess cases were classified according to the abscess
locations into the submandibular space, lateral pharyngeal
space (parapharyngeal space), retropharyngeal space, and
Ludwig’s angina groups, by investigating their frequencies
and the necessities of tracheotomy [3].

Our proposed classification system is specific in
differentiating not only the abscess locations for clarifying
the causal relationships but also the complication risk, by
adding the upper deep cervical, submental, and wide range
types. The inflammation in parapharyngeal space seemed to
have been caused by extension of that in localized types.
Meanwhile, we thought that the wide range type is a case of a
localized type which has spread widely beyond paraphar-
yngeal space or a case of cervical lymphadenitis which has
formed an abscess inside or outside the lymph node. By
classifying the original sources of infection, we should be
able to identify the cause of deep neck infection and the
likely subsequent complications. All types occurred across
all age groups, but males were more prone to develop deep
neck infection (Fig. 1). Deep neck infection is well known to
occur more often in males [3,5,9,13], presumably because
the infection is more likely to spread to the potential spaces
in males, because of the difference in the strength of
connective tissue between males and females [13]. In
addition, many smokers, alcohol drinkers, and drug addicts
are found among deep neck infection patients [9].

Complication with diabetes is well known to exacerbate
deep neck infection [3,5,6,14], but the clinical characteristic
of aggravation remains unclear. In this study, complication
with diabetes mellitus was more often seen in the upper deep
cervical and wide range types (Fig. 1). Surgical drainage was
performed in 45 cases, and 13 (29%) were complicated with
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diabetes mellitus. Many cases complicated with diabetes
mellitus had unclear primary regions but extensive
inflammation outside the capsule which tended to spread
outwards with increasing seriousness.

The present study identified three cases of upper deep
neck type caused by sialoadenitis, which does not contradict
the previous report that parotid abscess is strongly related to
diabetes mellitus [15]. Therefore, we believe that since
diabetes mellitus tends to aggravate deep neck infection,
especially in the upper deep cervical and wide range types, it
is also involved with aggravation of parotitis and wide
expansion of inflammation.

Declining neutrophil function resulting in impaired
phagocytosis and decreased bactericidal action occurs in
the elderly patients requiring hemodialysis, and patients
with diabetes [5,6]. Systemic hyperglycemia results in
derangement of the immune system including the neutrophil
function, cellular immunity, and complement function.
Therefore, glycemic control is crucial in the management of
diabetic infections [6]. Moreover, diabetic infections might
be populated with various bacterial flora, so it is important to
obtain culture and sensitivity data for their management [6].

Although the present study found little difference in the
incidence rate of diabetes mellitus between patients requiring
surgical drainage and those not, this result does not deny the
necessity of surgical drainage. Even a patient with diabetes
mellitus could probably be cured by intravenous administra-
tion of antibiotic alone, before the condition became so bad
that surgical drainage was needed. However, once an abscess
is formed, inflammation spreads rapidly unless surgical
drainage is performed. Therefore, diagnostic imaging or
immediate surgical drainage should be considered, especially
in patients with diabetes mellitus or poor immune reaction
associated with a high-degree of inflammation.

The causes of deep neck infections vary according to the
standards or the patients surveyed [3,6], and the prevalence
of cases with unknown cause has been reported from 17% to
67% [3,4,7]. The present study suggests that inflammation in
some structures carries a high risk of deep neck infection as
shown in Table 2. Laryngopharyngitis or tonsillitis was
responsible for 21 (32%) of all cases of deep neck abscess
(63% of the wide range type), and 2 cases of the upper deep
cervical type were also due to the spread of inflammation
around the palate tonsil to the masticator and the parotid
spaces. These conditions are considered to cause deep neck
infection, and if complicated with diabetes mellitus, may
become even more aggravated.

Spread of inflammation in the odontogenic region caused
five (45%) of 11 cases of the oral cavity floor type, and two
(22%) of 9 cases of the submandibular type (Table 2).
Inflammation of the second and third mandibular molars is
known to drain to the submandibular lymph nodes, but
odontogenic infection can also affect the submental lymph
nodes [9,12,16,17]. One of our cases of the upper deep
cervical type required surgical drainage, because the
odontogenic infection had spread and formed an abscess

around the mandibular bone, directly extending to the parotid
space. Since odontogenic infection may spread to the
surrounding structures, causing the danger of mediastinitis
[7,18], all odontogenic infections should be treated thor-
oughly.

In the present study, there was no case that was obviously
caused by odontogenic infection or sialolithiasis. This may
indicate that oral disorders can develop deep neck infection
with or without diabetes mellitus, compared with causes of
other causes (Table 2). We think that unsanitary oral cavity
conditions and poor immune condition are involved in deep
neck infection as previously suggested [9].

Among the deep cervical structures, an understanding of
the anatomy of the cervical fascia, which is the fibrous
connective tissue that envelopes and divides the structures of
the neck and creates potential spaces, is critical for assessing
the location of a deep neck infection and predicting the
extent of infection, because infections in these spaces can
result from direct extensions from other spaces of the head
and neck, or from the primary sites [2,8]. The paraphar-
yngeal space is divided into the prestyloid and poststyloid
compartments. The prestyloid compartment, the bottom of
which is partitioned by the hyoid bone, is connected to the
submandibular and sublingual spaces, and also to the
retropharyngeal space [7,8,10,19]. The poststyloid compart-
ment is the carotid space and leads to the mediastinum
[10,20]. On the other hand, the danger space, which is
located behind the retropharyngeal space, extends into the
posterior mediastinum, and mediastinitis occurs if inflam-
mation spreads to that area and then downward [2,11,19,21].
Infection is reported to pass through the retropharyngeal
space in 70% of cases, the carotid space in 21%, and the
pretracheal space in 8% [1]. Thus, there are several routes
that infection can take to spread from the neck to the
mediastinum. If the infection is likely to spread to these
danger regions, complete and total treatment including
urgent drainage will be essential.

In one of our two cases with mediastinitis, the cause was
unclear and infection had spread into the mediastinum
through the pretracheal space. It had a complication of
diabetes mellitus. Meanwhile, the other had no complica-
tions and was caused by retrotonsillar abscess, and infection
had spread through the pretracheal and retropharyngeal
spaces, and thoracic drainage was needed. In fact, retro-
tonsillar abscess occurs close to parapharyngeal and
retropharyngeal spaces (Fig. 2A), so it often spreads to
these spaces, leading to life-threatening complications [22—
24]. In our present study, the cause for deep neck infection
was peritonsillar abscess in 7 cases, and retrotonsillar
abscess in 8 cases. In addition, while 5 of the 7 peritonsillar
abscess cases had complication of trismus, it was only one
that had it among the 8 retrotonsillar abscess cases. This may
mean that unlike peritonsillar abscess (Fig. 2B), retro-
tonsillar abscess does not usually cause trismus, presumably
because it is anatomically far from the masticator space.
However, this condition must not be overlooked as deep
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Fig. 2. (A) Representative case of retrotonsillar abscess (arrow) in a 39-year-old female. (B) Representative case of peritonsillar abscess (arrow) in a 34-year-

old male.

neck infection may result. Therefore, we consider that both
peritonsillar abscess and retrotonsillar abscess carry high
risk of developing deep neck infection and sometimes also
cause mediastinitis, so we should make an immediate
diagnosis and surgical drainage.

The airway must also be examined and treated at the
initial visit, because inflammation in the neck can spread to
the larynx. In our series, more than a quarter of each
localized type, excluding the upper deep cervical type, and
more than half of the wide range type were associated with
laryngeal edema (Table 1). These types are considered to
carry the risk of edema of the larynx, and the complication
ratio of laryngeal edema is high in patients with serious deep
neck infection. Oral intubation may be difficult in patients
with serious deep neck infection, because of trismus, neck
swelling, mass effect, or edema of the tongue, pharynx, or
larynx, but urgent airway control may become necessary.
Therefore, we should not hesitate to perform emergency
tracheotomy in order to immediately secure airway
management. In addition, patients with neck infection
who underwent tracheotomy had shorter stays in the hospital
and intensive care unit compared with those who were
intubated [25]. This suggests that tracheotomy provided
better use of critical care resources with reduced cost.

4.2. Bacterial analysis

Various aerobic and anaerobic bacterial species causing
deep neck infection have been detected [3,5,9]. The members
of the SMG are normal inhabitants of the mucosal surface of
the mouth capsule, and include S. constellatus, S. intermedius,
and S. anginosus. Inrecent years, the SMG has been suspected
to be involved in not only oral infection but also in such
systematic purulent diseases as empyema, hepatic abscess,
and cerebral abscess [26-29]. The SMG was responsible for
33% of the deep neck abscess cases in a previous series [28],
emphasizing the importance of these bacteria. SMG infection
of the mucosal surface results in production of tissue-
destroying enzymes and immunosuppressive substances. Asa

result, the phagocytic and bacteria-killing abilities of
neutrophil cells are suppressed, and the infection spreads
rapidly. SMG infection also induces growth of resident
anaerobes in the oral cavity, resulting in synergic infection
[26-29]. In addition, it is reported that SMG caused cervical
necrotizing fasciitis [29]. If the SMG is detected as the
causative microorganism of oral infection, measures to
prevent worsening of infection and strict control of the whole
body as well as the local area are necessary [29].

In the present study, the SMG was identified in 13 (33%)
of the 40 cases in which bacteria were detected. Their causes
were tonsillitis (peritonsillar and retrotonsillar abscess),
odontogenic infection, and sialoadenitis (Table 3), and
surgical drainage was needed in all the cases with the SMG.
We thought that the presence of the SMG might promote
abscess formation, and consequently increase the need for
surgical drainage in patients without diabetes mellitus.

Few case reports have described drug resistance to the
SMG [30], but we detected some types of bacteria with
resistance to beta-lactams, aminoglycosides, and lincosa-
mides. If the SMG has similar drug resistance, we should
perform surgical drainage as soon as possible and then
carefully observe the subsequent course, since satisfactory
improvement cannot be expected with the administration of
intravenous antibiotics alone. To prevent the spread and
development of inflammation and promote early improve-
ment, identification of the causative bacteria and selection of
antibiotics are as important as surgical drainage.

5. Conclusion

The present retrospective study investigated those factors
that aggravate deep neck infection. Males were more prone to
develop deep neck infection. Oral disorders like odontogenic
infection or sialolithiasis can develop to deep neck infection
independently of the presence of diabetes mellitus, pre-
sumably because of unsanitary oral cavity conditions and
immunodeficiency. The presence of diabetes mellitus was
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considered to aggravate deep neck infection by exacerbating
parotitis and promoting wider spread of inflammation.
Infection due to the SMG can form abscess independently
of diabetes mellitus. Retrotonsillar abscess easily spreads to
the retropharyngeal and parapharyngeal spaces and can cause
mediastinitis. Additionally, those deep neck infections that
have developed to anatomically dangerous areas required
careful treatments including immediate diagnostic imaging
and surgical drainage during the clinical course. Since more
than half of the wide range type and more than a quarter of
each of the localized types except the upper deep cervical type
were associated with laryngeal edema, we should take airway
management into consideration.
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Abstract Peritonsillar abscess (PTA) is conventionally con-
sidered to be a complication of acute tonsillitis, but no
pathogenical association has been demonstrated. To investi-
gate the precipitating factors in the pathogenesis of PTA, the
clinical status of 117 patients with PTA and 78 patients with
peritonsillar cellulitis (PC) were reviewed, comparing them
with 188 cases of acute tonsillitis as a control group. The
period between the onset of symptoms and the date of starting
hospitalized medication was 4 to 5 days in all the three groups,
with no significant differences. Higher prevalence of smoking
habit was noted in the PTA group (odds ratio, 1.92; 95%
confidence interval, 1.17-3.16). Bacteriological culture
revealed that 55 of 67 aerobic isolates were Streptococcus
subspecies, with the Streptococcus milleri group (SMG) as
the most common (20 isolates). Twenty-three anaerobic
species were isolated. Only 51% of the patients with neither
the SMG nor anaerobic bacteria were smokers, whereas 90%
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of the patients with both the SMG and anaerobic bacteria
were smokers. We hypothesize that delay or failure to receive
medical care do not contribute to the pathogenesis of PTA or
PC, and that smoking is positively correlated with the
occurrence of PTA, as well as the bacteriological character.

Introduction

Peritonsillar abscess (PTA) is the most common type of
deep neck infection and is associated with significant
morbidity and occasional mortality. Progression of PTA
leads to further compromise of the pharynx as well as the
larynx, resulting in dysphagia, and interference in the
airway. PTA is conventionally considered to be a compli-
cation of acute tonsillitis or peritonsillar cellulitis (PC) [1].
However, no studies have demonstrated the association
between PTA and tonsillitis empirically [2, 3]. Thus, the
purpose of this study was to investigate the precipitating
factors in the pathogenesis of PTA, focusing on (1) a delay
in the treatment, (2) a history of smoking, and (3) the co-
existence of the Streprococcus milleri group (SMG) with
anaerobes. Specifically, we retrospectively reviewed the
clinical features of 117 patients with PTA and 78 patients
with PC treated in the last 5 years at our department, and
188 patients with acute tonsillitis, who received inpatient
care during the same period, as a control group.

A few reports have examined cigarette smoking in
patients with PTA [4-6]. However, these studies were
comparisons with the prevalence of smoking in the general
population. The present study analyzed the prevalence of
smoking in our three patient groups.

Streptococcus  intermedius, Streptococcus constellatus,
and Streptococcus anginosus are collectively referred to as
the SMG [7]. These common inhabitants of the mouth and
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gastrointestinal tract can become aggressive and cause
abscess formation in the body [8]. Although the SMG
was not well recognized as important previously, the co-
existence of the SMG with anaerobes may accelerate
inflammation [9, 10]. We reviewed cultures obtained from
the patients with PTA, and analyzed the relationships
between prevalence of smoking and co-existence of SMG
with anaerobes.

Materials and methods
Study population

Our 117 patients with PTA and 78 patients with PC were
admitted to Iwaki-Kyoritsu General Hospital between
August 2002 and July 2007. Iwaki City has a population
of 350,000 people, and is located on the northern Pacific
Ocean side of Japan. Our hospital is one of only two
hospitals in Iwaki City which provide full-time otolaryn-
gological medical care. The other hospitals have only part
time otolaryngeal examination programs or private clinics.
Thus, almost all patients who should receive ENT hospi-
talization care are referred to our department from the local
district. Patients were routinely interviewed regarding onset
of symptoms, smoking habits, and previous medical care
before admission to our department. Patients who admitted
to smoking more than one cigarette per day on average over
the previous year were included in the smoking group.

Differentiation of PTA from PC is sometimes difficult and a
common diagnostic problem [2], so the diagnosis of PTA was
based not only on the typical clinical signs (swelling of the
involved peritonsillar tissues, with bulging of the tonsillar
pillars or soft palate), but was verified by the presence of pus
at aspiration or incision. In acute tonsillitis, both tonsils
become swollen, bright red, and/or coated in acute tonsillitis.
These physical findings are clearly different from those of PC.
All patients with PTA or PC admitted to our department
received inpatient hospital care including systemic adminis-
tration of antibiotics and hydration. The control group of 188
patients with acute tonsillitis received inpatient care during the
study period. Normally, patients with acute tonsillitis receive
outpatient medical care in our department. These control
patients had severe inflammatory findings on both sides of the
tonsils, and could not take nutrition via the mouth.

This study was approved by the ethics committee of
Iwaki Kyoritsu General Hospital, and informed consent was
obtained from the subjects.

Bacteriological analysis

*Cultures were obtained by needle aspiration of the purulent
contents or by incisional drainage. The material collected
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with a syringe or swabs was immediately sealed and
generally transported to the laboratory within 15 hours.
For aerobic bacteria, sheep blood, chocolate agar plates
were incubated at 37°C in 5% CO, for 48 hours. For
anaerobic bacteria, the specimen material was placed onto
prereduced vitamin K10 enriched brucella blood agar, and
incubated in GasPac jars for 48 hours. Plates that showed
growth were incubated for at least 7 days. Aerobic bacteria
were identified with standard methods, and anaerobic bacteria
were identified using the API 20 A (Sysmex bioMérieux Co.,
Ltd., Tokyo, Japan) including Gram staining.

Statistical analysis

The differences in frequencies between groups were
statistically examined by the chi-square test or Fisher’s
exact test. Odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated with Statview (SAS Inc., Cary, NC,
USA) using unconditional logistic regression models to
assess the strength of associations between PTA or PC and
potential risk factors.

Results
Age and sex distribution

Figure 1 shows the distribution of each patient group by sex
and age. The most common age of the patients with PTA
was in the 20s, ranging from 6 to 75 years of age. The mean
ages were 36.0+14.4 years for the 87 male patients, and
34.9+14.4 years for the 30 female patients. The most
common ages of the patients with PC were in the 20s and
40s. The mean age was 38.5+15.0 years for the 57 male
patients, and 40.2+20.5 years for the 21 female patients.
The most common age of the control patients was in the
20s, which were similar to the PTA group. However, there
were fewer patients older than 40 years compared with the
PTA group. The mean age was 29.9+8.9 years for the 128
male patients, and 28.7+10.7 years for the 60 female patients,
showing that the control group was younger than the PTA and
PC groups. The ratios of male to female (2.9 and 2.7,
respectively) were slightly higher in the PTA and PC groups
compared to the control group (2.1). However, sex was not
positively associated with the risk as shown in Table 1.

Period between onset and medical care

The periods between the onset of pharyngeal pain and
starting hospitalized medical care were compared. Almost
all patients in the PTA group underwent drainage proce-
dures within 2 days of hospitalization. The only exceptions
were three patients who underwent drainage 3 or 4 days
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Fig. 1 Age and sex distributions of patients treated for peritonsillar abscess, peritonsillar cellulitis, and acute tonsillitis

after hospitalization. Therefore, the period between onset of
pain and hospitalization reflected the period in medical care
after the onset of symptoms. The mean period for the PTA,
PC, and control groups was 5.4 days, 4.4 days, and
4.5 days, respectively, with no statistical differences (one-
way analysis of variance, F=2.09).

To further address the hypothesis that failure to receive
medical care might result in PTA, analyses were conducted
addressing whether patients had received medical care
before being admitted to the department (Table 1). In the

PTA group, 71 (61%) of 117 patients had received medical
care at another clinic, compared to 126 (67%) of 188
patients in the control group. Surprisingly, more patients
had received no medical care in the PC group (51%) than in
the PTA and control groups.

Comparison of smoking habits

Clinical records about smoking habits were not available in
four males and three females of the PTA group, one male of

Table 1 Odds ratios (ORs) and 95% confidence intervals (Cls) from logistic regression models for the association between types of disease and
sex, previous medication and smoking

Risk factor Parameter Peritonsillar Peritonsillar Acute P for trend
abscess cellulitis tonsillitis
Sex Female 30 (26%) 21 (27%) 60 (32%)
Male 87 (74%) 57 (73%) 128 (68%)
Male vs. female (reference) Crude OR (95% CI) 1.36 (0.81-2.28) 1.27(0.71-2.23) - 1.00 (referent) 0.22
Age-adjusted OR (95% CI) 1.33 (0.78-2.25) 1.23 (0.67-2.26) 1.00 (referent) 0.28
Previous medication Received 71 (61%) 38 (49%) 126 (67%)
None 46 (39%) 40 (51%) 62 (33%)
None vs. received (reference) Crude OR (95% CI) 1.32 (0.82-2.13) 2.14 (1.25-3.66) 1.00 (referent) 0.17
Age-sex-adjusted OR (95% CI) 1.25 (0.77-2.05) 2.01 (1.15-3.53) 1.00 (referent) 0.31
Smoking None 34 (31%) 35 (45%) 86 (46%)
Smoker 76 (69%) 42 (55%) 100 (54%)
Smoker vs. none (reference) Crude OR (95% CI) 1.92 (1.17-3.16) 1.03 (0.61-1.76) 1.00 (referent) 0.01
Age—sex-adjusted OR (95% CI) 1.75 (1.02-2.99) 0.90 (0.50-1.61) 1.00 (referent) 0.05
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the PC group, and two males of the control group. Smoking
habits were reported by 76 (69%) of the remaining 110
patients in the PTA group, 42 (55%) of 77 patients in the
PC group, and 100 (54%) of the 186 patients in the control
group, as shown in Table 1. The differences between the
three groups were statistically significant (chi-square test,
p<0.05). The crude and age—sex-adjusted ORs for the PTA
group were 1.92 (95% CI, 1.17-3.16) and 1.75 (95% CI,
1.02-2.99), respectively. Therefore, a patient with PTA was
about two times more likely to report smoking habits
compared with a patient suffering from acute tonsillitis.

To further investigate the relationship between smoking
and PTA, the numbers of cigarettes smoked per day were
analyzed. More than 19 cigarettes per day were smoked by
49% of patients in the PTA group, compared to 31% and
35% in the PC and control groups, respectively. Most
female patients smoked less than ten cigarettes per day in
all three groups. The risk of PTA was increased among
patients smoking >20 cigarettes/day compared to patients
smoking <20 cigarettes/day (OR, 1.80; 95% CI, 1.11-2.90).
With regard to the PC group, the risk of PC was not
increased among patients smoking >20 cigarettes/day
compared to patients smoking <20 cigarettes/day (OR,
0.84; 95% CI, 0.48-1.49). A similar incidence risk was
noted for the period of smoking. The incidence risk of PTA
was increased among patients smoking for >10 years
compared to patients smoking for <10 years (OR, 1.86;
95% CI, 1.15-3.01). With regard to the PC group, the
incidence risk was not increased among patients smoking
for >10 years compared to patients smoking for <10 years
(OR, 1.01; 95% CI, 0.58-1.75).

Bacteriological analysis

Bacteriological culture tests were performed in 65 of 117
PTA cases. Only aerobic or facultative bacteria were
recovered in 38 specimens, only anaerobic bacteria in
three, and mixed aerobic and anaerobic bacteria in 17.
Cultures showed no growth in seven cases. A total of 90
bacterial isolates and two Candida subspecies (spp.)
isolates were recovered (1.4 isolates per specimen), as
shown in Table 2.

A total of 23 anaerobic species were identified, including
Prevotella spp. (9 isolates) and Peptostreptococcus spp. (8
isolates). A total of 67 aerobic and facultative species were
detected, including Streptococcus spp. in 55 isolates. SMG
were the most common type of Streptococcus spp. (20
isolates), consisting of 13 isolates of S. constellatus and 7
isolates of S. intermedius. None of the 20 cases with
positive SMG infection had two or more isolates of the
SMG.

Half of the 20 cases with SMG infection also had
anaerobic bacteria infection. We thus divided the 65 cases
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into four groups according to the isolates of the SMG and
anaerobes: both SMG and anaerobic isolates, SMG but not
anaerobic isolates, anaerobic but not SMG isolates, and
neither SMG nor anaerobic isolates. Surprisingly, nine
(90%) of the ten patients with both SMG and anaerobic
isolates were smokers. On the other hand, 18 (51%) of the
35 patients with neither SMG nor anaerobic isolates were
smokers. Significant differences were noted among the four
groups in smoking patients (two-tailed Fisher’s exact test, p
<0.05), as shown in Table 3, but not in non-smoker
patients, as shown in Table 3.

Discussion

To investigate the precipitating factors in the pathogenesis
of PTA, the present retrospective study compared the
clinical status of 117 patients with PTA and 78 patients
with PC, with 188 patients with acute tonsillitis receiving
inpatient hospital medication. The control patients were
limited to those suffering from severe tonsillitis. If patients
with acute tonsillitis who received outpatient care had been
included in the control group, greater differences from the
PTA and PC groups might be expected. The only factor that
might be overestimated is the delay or failure of previous
medicine, whereas our preliminary analysis did not find any
significant differences in this period. Therefore, our control
group probably did not lead to overestimation of differ-
ences in the clinical status of the PTA or PC group from the
acute tonsillitis control group.

The symptomatology of sore throat has been reported to
begin only 3 to 5 days from the onset of PTA [1, 6]. If PTA
develops secondary to acute tonsillitis, delay or failure to
receive medical care will lead to the development of PTA.
However, the PTA, PC, and acute tonsillitis control groups
showed no significant differences in the period between the
onset of pharyngeal pain and the date of starting hospital-
ized medical care. Also, the prevalence of previous
medication in the PTA group was almost the same as in
the control group. These findings suggest that delay in
starting to receive medical care or failure to receive
medication do not contribute to the development of PTA.
Interestingly, the PC group showed higher prevalence of no
previous medication, presumably because the attending
physicians, who were mostly expecting ENT problems,
recognized the risks of PC and immediately referred the
patients to our department without starting treatment.

Cigarette smoking is related to a wide variety of still
poorly known toxic mechanisms leading to oxidative
injury. A clinicopathological study of the palatine tonsil
found that smoking induces problems with adequate
immune response, increasing incidence of pharyngotonsil-
lar infections [11]. Since the link between smoking and
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Table 2 Culture results of

peritonsillar abscess (PTA) Anaerobic isolates

Number of isolates

Aerobic and facultative isolates Number of isolates

patients
Prevottela spp. 9
Peptostreptococcus spp. 8
Fusobactrrium spp. 3
Bacteroideus spp. 1
Other species 2
Total 23

Sterptococcus milleri group 20
Streptococcus pyogenes 9
Streptococcus mitis 9
Other Streptococcus spp. 17
Other species 12
67

quinsy was first suggested [4], only a few of studies have
investigated the relationship of smoking with PTA. These
studies found that the prevalence of smoking was higher
than that of the general population [5, 6]. Our study was
stronger than previous studies examining the association
between smoking and risk of PTA because the prevalence
of smoking habit was compared not only with the general
population, but also with patients with acute tonsillitis; and
the number of cigarettes per day and period of smoking
were also analyzed.

The smoking rates in the Japanese general male and
female populations are 39.9% and 10%, respectively,
derived from the survey by the Ministry of Health, Labour
and Welfare of Japan [12]. The prevalence of smoking in
the male patients in the PTA, PC, and control groups were
83% (69/83), 66% (37/56), and 61% (77/126), respectively.
In all three groups, ratios of smokers among male patients
were higher than in the general male population. The
prevalence of smoking in the female patients in the PTA,
PC, and control groups were 26% (7/27), 24% (5/21), and
38% (23/60), respectively. In all three groups, ratios of
smokers among female patients were also higher than in the
general female population [12].

We found significant prevalence of smoking habits in
patients with PTA (69%) compared with those with acute
tonsillitis (54%) (Table 1), higher than previously reported
[5]. This previous study defined patients in the PTA group
as those who received abscess tonsillectomy, which might
include patients with PC, whereas we defined the PTA

Table 3 Association between the existence of anaerobic and
Streptococcus milleri group (SMG)

Category Anaerobic (+) Anaerobic (-)
Smokers"

SMG (+) 9 7

SMG (-) 5 18
Non-smokers”

SMG (+) 1 3

SMG (-) S 17

“* Fisher's exact test: P<0.05

" Fisher's exact test: P>0.999

group by the presence of pus detected by aspiration or
incision. Combining the PTA and PC groups gave a
prevalence of smoking of 63%, similar to the previous
report [5]. The PTA group also had a significantly higher
prevalence of smoking >20 cigarettes/day, and significantly
longer smoking history, which are consistent with previous
findings that a longer history along with greater daily
number of cigarettes smoked are clearly correlated with
both recurrent infections and histological changes [11, 13].

Our bacteriological survey of 65 PTA cases isolated 23
anaerobic microorganisms. Only four isolates contained only
anaerobic bacteria, and the others yielded mixed aerobic and
anaerobic species. These results are consistent with previous
reports showing the polymicrobial nature and importance of
anaerobic bacteria in PTA [14, 15]. Meticulous anaerobic
culture technique showed that anaerobes were present in all
PTA cases, with only anaerobes in 19%, and aspiration
methods rather than swabs were recommended [14]. In our
study, aspiration failed to collect pus in some patients, so
specimens were collected by swabs followed by incisional
drainage. These factors might be responsible for the
relatively low rates of isolation of anaerobes (31%) and
positive cultures (1.4 isolates per specimen). Despite these
issues, our bacteriological analyses revealed some interesting
findings. The SMG was the most frequent isolate (31% of
cases), which is recently recognized as an important cause of
pyogenic infection and head and neck abscess [8, 16, 17].
Fifteen of the 20 patients with positive SMG were males,
consistent with previous reports showing a higher incidence
of infections among males [8, 18].

The detailed pathogenesis of the SMG remains unclear,
but mucous infection by normal flora is thought to occur
due to an imbalance between the organisms and host
immunodefense in the deep neck abscess, including our
previous report [9, 17]. Our bacteriological analyses
showed that patients with mixed infection of anaerobes
and the SMG had significantly higher smoking prevalence
(90%) than the other patients. Moreover, patients with
positive SMG and negative anaerobic isolation revealed
higher smoking prevalence (70%) than those with negative
SMG and positive anaerobic isolation (55.6%). These
findings indicate that cigarette smoking is correlated with
infection of pathogens which accelerate abscess formation.
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Other than smoking, a few variables are associated with
PTA. One aspect of pathogenesis may involve Weber’s
gland in the supratonsillar space, which acts to clean debris
on the tonsillar crypts, and could easily develop infections
leading to cellulitis or abscess into the supratonsillar space
[1]. Another aspect of pathogenesis is based on the similar
bacteriological and epidemiological association between
periodontitis and PTA [19, 20].Approximately 20% of 84
patients with PTA were reported to have significant dental
caries and allergies [19]. Since our study did not examine
the role of periodontitis as an independent variable, further
studies are necessary to explore whether treatment of
periodontal disease could also have a prophylactic effect
against PTA. Moreover, self report of smoking may be
unreliable, and objective test for smoking may have
resulted in a different smoking rate. More study including
the measurement of blood cotinine levels would be helpful
to overcome these limitations in accurately assessing
smoking habit.
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Abstract In patients with unilateral vestibular dysfunc-
tion, vibratory stimulation to the neck muscles not only
induces shift of the subjective visual vertical (SVV), but
also enhances the generation of nystagmus. In the present
study, the effects of neck vibration on the SVV were
compared with those on nystagmus in patients with
unilateral vestibular schwannoma (14 patients; 6 males and
8 females, mean age 54.2 years). The results indicated that
the presence of nystagmus and magnitude of the SVV were
generally correlated, neck vibration significantly increased
the abnormal shift of the SVV and the presence of nys-
tagmus, and the effects of vibration to the ipsilateral dorsal
neck were significantly larger than those to the contralat-
eral dorsal neck on the SVV, whereas no significant
difference was observed in slow phase velocity of nys-
tagmus. The present study suggests that both SVV and
nystagmus induced by vibration have many similar clinical
features and may be important in assessing the unilateral
vestibular dysfunction.
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Introduction

Human subjects can align the subjective visual vertical
(SVV) to within 2-3° of the gravitational vertical [1-4].
This subjective directional sensation is believed to be sig-
nificantly related to the vestibular otolith function, and is
shifted to the ipsilateral side to the lesion in patients with
unilateral vestibular dysfunction [1-7]. This pathological
shift of the SVV is largest during the acute phase of ves-
tibular dysfunction and is reduced by the vestibular com-
pensation process [6, 7]. Detection of such pathological
shift of SVV may be based on vibration of the neck or
mastoid area, which is known to increase the pathological
SVV shift, and is useful to detect unilateral vestibular
deficit [4]. On the other hand, neck vibration also induces
nystagmus in patients with unilateral vestibular dysfunc-
tion, of which the slow phase is directed to the lesion side
[8-11]. However, the relationship between the vibration-
induced SVV shift and vibration-induced nystagmus is not
fully clarified.

The present study compared the effects of neck vibration
on the SVV with those on nystagmus in patients with
unilateral vestibular schwannoma, examined on the same
day.

Materials and methods
This study included 14 patients with vestibular schwan-

noma, 6 males and 8 females aged 31-73 years (mean
54.2 years), who underwent assessment of the effects of
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