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THY . ZOWBHHRTBE D PiEETH LY,
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Laparoscopic-Assisted Appendectomy : UL T TULAA
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Fig. 1 Intraperitoneal findings of TULAA and skin incision.
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A) Transumbilical narrow single incision and laparoscopy with pneumoperitoneum are performed by use of the smart
retracter and free acssess (TOP®). The appendix is guided to the umbilical incision on laparoscopically, and appendectomy is

performed directly similar to open appendectomy.

B) The skin incision after TULAA shows good esthetic outcome.
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‘ Emergency Operation for acute appendicitis: 78 cases ‘

—_—

Other than TULAA: 48 cases " ‘

# cases with perforation or abscess presented on computed tomography

TULAA: 30 cases

Easy group: 16 cases H Difficult group: 14 cases™

#  conversion to MLA: § cases, longer than 90 minutes: 12 cases (with duplication]

Fig.2 Details of the operative procedure before construction of the prediction model.
Thirty out of 78 consecutive patients are eligible for the emergency TULAA empirically, and only 16 patients are performed
TULAA within appropriate operation time without requiring conversion.
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BL ORI LA E ST B T ARSI IR O 55 E Tl TV

—331 —

Surgical findings and postoperative outcome without prediction model.

E group (n=16)

D group (n=14)

Operation time (min.)

53.0% [49.0-59.5]%*x*

114* [105-125]**

Blood loss (g) 0 [0-0]** 0 [0-15]%**
Pathology
Catarrhal 2 0
Phlegmonous 14 5
Gangrenous 0 9
Perforation 0 4
Complication 0 Ileus : 2
Length of stay (day) 2% [2-3]** 5% [4-9]%*

*median, **interquartile range

In the D group, operative time and length of hospital stay are longer, with
presentation of pathologically severe appendicitis.

TR CrHE L7z (Table 1) DB TIE. E &
D FATEER AR < (E# vs DB, 53 45 [49.0-59.5]
vs 114 45 [105-125]) . 12 BT 90 43 LL L o> FAi g
YL, 8BIHS MLA IZ#4T L 720 D BECTII B
R R A % S FICRRD . ZEELENE 4 B
HY. GHHESL LTIEA Ly A% 2 BlZED 72,
MR HEIE D HECREWEINIZH > 72 (E B vs
D#. 2 H [2-3] vs 5 H [4-9]), WMi#EMTHOEER
T & M A AL AT R o i TiE, i (B
T vs D #E.28.0 1% [25.5-33.0] vs 38.5 1% [34.0-46.5].
p<0.01). FEIED S FHii E TORER (E B vs D #E,
20.5 W5 [16.5-24.5] vs 33.5 FE ] [24.6-56.3]. p<
0.05). CRP (E # vs D £, 0.26 mg/dl [0.08-0.58] vs
2.79 mg/dl [1.63-5.35]. p<0.005) ®3HHIZHE
% RO T2 (Table 2)o FEHEL & FAiT £ T,
CRP [ZDWTHER &7 ROC BIARIZ L A v M A
ZEIEENE 26 e, 3.8 mg/dl T - 7225, K
RES TR COMEEZZE L. BE,HF

M E CORMOA v b+ 7MH% 24 K .CRP D7 v

FF 740 megdl & L7ze B, EFHICBWTD
EHL DHOMTHEEALEZROLN, ER SN
ROC Hi#IZ L By M4 TMEAS33 R EHEFETH -
72728, BT TULAA SERREER 1 & L O] &
HIWT L. AR TILAEH % B2 TULAA 5855 8 (K
FHh BRI L 72,

MR T CT AT LA Fd Lk (Table 3) T,
HERILO KIEDOFHE (p<0.05) . HIEREF O
DOFEE (p<0.005). FH A HEFREL>05 (p<
0.05) \Retrocecal appendix DA ., /NMGIERO H I (p
<0.05). RFTEKOHEE (p<0.05) DFF6IHHEIC
HEELRROZ, REORKE, EAOFE, 5l
WIE KO FHETIIHEEELZ RO 5 o> 725 Retroce-
cal appendix (X 7 BIZFED 725, FE5E £ TORERH R
CRPEICED ST, /2, HFEEXROAMLO CT
AT OB EIZE DS, 26T 90 4L o Tk
MAZLTBY TULAA TREETEX Lholze Z0D

Table 2 Patient and blood analysis characteristics.

E group (n=16) D group (n=14) P value
Sex : Male/Female 5/11 5/9 1
Age 28.0% [25.5-33.0]** 38.5% [34.0-46.5]** <0.01
BMI (kg/m®) 20.2% [18.7-21.1]%x* 20.6*% [19.0-21.6]** 0.88
Time to operation (hr) 20.5% [16.5-24.5]%* 33.5% [24.8-56.3]** <0.05

>24 hours 4 (25%) 10 (71.4%)
Past history of appendicitis 2 (12.5%) 1 (7.1%) 1
WBC (/uL) 12,800% [10,685-14,950]** 14,250* [12,100-16,025]** 0.76
CRP (mg/dl) 0.26* [0.078-0.580] ** 2.79% [1.63-5.35]%* <0.005
>CRP 4.0 mg/dl 1 (6.3%) 6 (42.9%)

*median, **interquartile range

Significant differences are found with age, time to operation, and value of CRP.
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Table 3 CT findings.

CT findings E group (n=16) D group (n=14) P value
Maximum diameter (mm) 10.1% [8.48-11.8]%* 10.7* [9.87-13.2]** 0.26
Inflammation of root 1 (6.3%) 7 (50%) <0.05
Peri-appendiceal inflammation 0 7 (50%) <0.005
With fecalith 5 (31.2%) 6 (42.9%) 0.71
With fecalith of root 1(6.3%) 3 (21.4%) 0.32
Maximum diameter ratio of fecalith/ 0 4 (28.6%) <0.05
swelling appendix >0.5
Small bowel distention 0 5 (35.7%) <0.05
Retrocecal appendix 0 7 (50%) <0.005
Peri-appendiceal ascites 1 (6.3%) 6 (42.9%) <0.05
Pelvic ascites 4 (25%) 6 (42.9%) 0.44

*median, **interquartile range
Significant differences in CT findings include inflammation of appendiceal root, appendicular inflammation,
maximum diameter ratio of fecalith / swelling appendix > 0.5, retrocecal appendix, peri-appendiceal ascites

and small bowel distention.

728 retrocecal appendix (AT T ¥ T D72HD 1
HH & LCiIA#E:Y &l L 72,

Pl &y, Wi CHEMET L BER T, IR
HALFRRAERT A CT AT RRTF 09 B [FE
5 FAli £ T 24 BEFE LL 1] [CRP 4.0 mg/dl DL 1], [H
ERBOKIED V], [MEFFOED Y ], [FH
S HEERREL > 05]. UNGIEED Y ], (R
K] ©7HH %S TULAA RERF & L7
(Table 4) o

PR R T PR R & 2 2 BED A & IS 5 &
R T A% R BIZONEBOE G I3 T §
LIEMIZH - 72 (Fig. 3)o FtERTF253 HHLUT (3
HUT) L 4EBMUE 4 HDLE) 12BF5ERD
FEIZ3 HLIT T 72.7% (16 61,722 B1) (2% LT,

Table 4 Difficulty factors for emergency TULAA.

- Time to operation >24 hours

+ CRP >4.0 mg/dl

- Inflammation of appendiceal root

- Peri-appendiceal inflammation

+ Maximum diameter ratio of fecalith/swelling appendix >0.5
+ Small bowel distension

- Peri-appendiceal ascites

Seven factors are selected as difficulty factors for TULAA.

4 JPL 0% (06786 ThHotze Plldb,
XS TULAA IWEER 34 %z 17~ b L. 3 HB
ToOWAE% [BEA TULAA BIESEE M FEER ] & §
BYHE TV EVER L 720

MEd @ FMlE T VAR, it 64 B0 B 5

dif::;]]ltl;efraz:ors E group (n) Total (n) Ez'it:p“(f%]

0 11 12 91.7
1 3 7 42.3
2 I 1 1 100
3 I | 2 50
4 0 6 0
6 0 2 0
0%  25%  50%  75%  100%

. E group —| I} group

Fig. 3

Intergroup distribution of the number of difficulty factors before construction of the prediction model.

As the number of difficulty factors increases, the probability of the Easy Group decreases. There are no cases with 4 difficulty
factors performed within appropriate operation time or without requiring conversion.
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‘ Emergency Operation for acute appendicitis: 64 cases

‘ Less than 3 factors: 37 cases | ‘ More than 4 factors: 27 cases

v

+ TULAA: 31 cases
« MLA: | cases”
+ OA: 5 cases™

- TULAA: 4 cases™"
- MLA: 5 cases
* OA: 18 cases

# retrocecal appendix

% # pregnant woman, severe hematologic disorder, endometriosis, perforation before operation, patient wish

# 3 3 girong patient wish

Fig. 4 Details of the operative procedure after construction of the prediction model.
Thirty-one out of 64 consecutive patients are eligible for emergency TULAA according to the prediction model.

Table 5 Clinical characteristics and difficulty scores with use of the prediction model.

=3 (n=37)

=4 (n=27)

Sex : Male/Female

Age

BMI (kg/m?)

Score distribution

Difficulty factor
Time to operation >24 hours
CRP>4.0 mg/dl
Inflammation of appendiceal root
Peri-appendiceal inflammation

Maximum diameter ratio of fecalith/swelling appendix >0.5

Small bowel distension

Peri-appendiceal ascites

14/23
37.0% [25.0-48.0]**
20.5% [19.5-22.4]%*

11/16
50.0% [37.0-67.0]**
21.5% [19.9-23.6]**

(0/1/2/3)=(7/7/15/8) (4/5/6/7)=(14/11/2/0)

25 (66%) 7 (100%)
11 (30%) 26 (96%)
5 (13.5%) 1 (78%)
12 (32.5%) 27 (100%)
7 (19%) 10 (37%)

1 (2.5%) 5 (13.5%)
0 7 (26%)

*median, **interquartile range

There are 37 cases with less than 3 points and 27 cases with more than 4 points. We present the distribution of dif-

ficulty factors.

BATMIIBWT, FHET Iz @A UareEiR
17> 7z (Fig. 4, Table 5)o THIET IV T3 HET D
FEBINL 37 BT, 31 )% TULAA @it & L7z (Table

6)o 3 BT T TULAA BIGAL & 7 o 72 EBIIE, ret-
rocecal appendix (1 %), #Lfw (1 1), FE 7% MK
EE QB SELFEANRGE (16). iEm

L& BR ORIB T BAEROBE (1 61)  EEHZE (1
) OEEF6BITH - 72, f*%k LT, 31 Bl
28 B CHT DT 7 < 90 43 LLNIZ FHT# T L 72
) o3 FHIBWTIE 90 L EE L 7228 (110 4

124 43 151 43) . #lieUZE s mb&#ot<nm
6)o FATICRKEMZEL 72 3 FliE

. retrocecal appendix

D16, KD BFEADRE % 6 7 AL B IR D
H5H1B), BIOEILIRO LD o720 DDIRE L
T REK % RO T2 - DI NS 2 1T 72 1 BT

D, BOBOZENL DSEIEEFEZ TR & E 2
b7z,

TULAA 38 1E 58 % 58 % Tl 7 VPR RCHT £ C MR
5 & 53.3% (16 B1/30 1) 225 90.3% (28 /31 1)
WCHBEIZ LA L7 (p<0.05,Fig. 5)0

—FH., FHIET VT4 ED27BlITE R
TULAA 3 1E 58 2% R & F 72 L OA 18 Bl .MLA 5 il
TULAA 4 6 % itifT L 72 TULAA % {7 L7 4 {5l %
By 7z 23 5 C ol IR BRI Tl 250 T L 72 E1A 1
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Table 6 Surgical outcome with use of the prediction model.

=3 m=37) =4 »=27)
TULAA 31 4
Complete 28 (90.3%) 1
Incomplete 3 3
over 90 minutes 3 3
with conversion 0 0
Non-specialist of JSS* 28 2
Other than TULAA 6 23
MLA 1 5
OA 5 18
within 90 minutes 3 8 (34.8%)
without conversion 6 21 (91.3%)
Complication 3 3
SSI 2 2
Retroperitoneal abscess 1** 1
= Clavian Dindo III 1 0

*Japan Surgical Society, ** Clavian Dindo Grade III
TULAA is performed completely in over 90% of cases that
score less than 3 points. On the other hand, over 90% of cas-
es with more than 4 points, a procedure other than TULAA is
performed without conversion.

p <0.05

100%

80%
60%
40%

90.3%

20% (28/31)
0%

Without prediction With prediction
. Complete —I Incomplete

Fig. 5 Ratio of proper completion for emergency TULAA.
The ratio of proper completion for emergency TULAA
increases from 52.3% without any prediction, to 90.3%

34.8% (8 BI23 B) DA TH - 72A%, FHl L 7245k
WZEH 7 ST L7ZEROE AT 91.3% (21 123
B, BEIEFRFHIAICHE T L8l &) Tho7o,
Fi4EH T TULAA Z il < i S 7z 4 B (B 4.
3 4. 16 %~23 & SVRHE M E RIS 2 B,
B PEREE 2 B2 D#J)) 12 TULAA % i
ITL 7R T NS LR EBNIFRD 72 h o 7225,

I8 Ha4m
FATEERTE 3 BT 90 0P EEE L T /2 (Tabel 6) o

% =

AT HIERITN L CREEFMZ T3 52,
X2 TULAA #IESEZREZ 1] L35 720 DEET
HE TV R EER T, M A LRI IR T
CT AT LT % WV TERL L 720 AT 7V % o
MU CTTM 2T L. Z oM BET L7z E=.
BXZ TULAA T IEREFI IS N T % 22 & 31T
e MESIEF % FHITE D 2 EAVRIB S Tz,
F 720 FHEIE T IVERE O 64 Bl O &4 BHEFS A
1% 9.3% (6 /64 $51) ~T. Clavian-Dindo grade TIT Lk
FOEPHESEZRIT 1.6% (1 6l/64 1) & BIFRiE
RETHD (Table 6). AFRETIVIZ, HIE, B2
TULAA % T L TV 5, b L < E4 %, BETF
2% TULAA OEFE A ZIRET LT\ 5 fiiag TOWFHH D
it carEZON.

MERICETLAaT7Y v 7E LTIE, WL S
KETRA22 6 237 ¥ 7§ % Alvalado score 232
MIEROBWIZ L CHOEN LY, EEIZRFERD
BEIEEICET A2 Aa7) v r7rb@isshTBy ., /b
Yoo B g 0 L CREIRFT L BRI Al S, — 3 —
FiR»S2a7) v 7452 e caflikmiEsg &Ik
ZEALMERELZEINTE 2L V) HEY DIIHhIc,
Atema JJ SIZEERAT R & CTHT R ZMAGbE X
a7 v 7 HSHAE g & EHENE R R ORI
EHTHo72EHMELTWLY, L2Lars, 2
NOEORAIAT) ¥ 7%, HERODMR HIERIZH
T55DT, BWERIAT) REMNIHT 2 FillE
TIWOHEL 2 < RFREETIVIEERRIS 1B v
TEHERHGMDTOFMETVTH D EEZSNT,

SMERERL, EHEOLE. BIED O RER O
#EBHICHEENL L, REELOY A7 SINT %,
MIERIZH LT MLA 2175 % & 212, RIEZEIL
R MU ) PIFEVEIEIRE % - IRBFTERUIE OA AT~
DL L72) A7 7775 —EHESNTVDY,
HIELILE TORMICET 2 &1L, BIED S Tl
T TOPI R LIRS LI B 48 TR 31 e
IR ELTIIH 3 HMBEETH > 72 L D
B2 CTHIED O FATT 5 T TOREAREVIZ L,
ZILMHERD ) A7 HPE LD, 24 BB DL R
WD E 2D EDIEERD L EOHEY b
Bo LPETIE. S REILERNII T 5 TULAA
TEEIRG D) 27 PEAAEE LTWDEH, [5

(7))



2020 4 10 H KEF A 11 44 -

FE 2 & FAT F T 24 BRI DL B L 2z mEE gk ] 13,
ZILT D) AP EATLIRE~NOBITIIEE 25
1, B3 TULAA 585 PRI 72 1 B S8R9 & B
NTLOICERBRTO—D2L LTRYETHLLEE
Z bz, T/ CRP 2VEMEMERERZ FHIT 5
DICEMTHBEDHEDLDH S, Ozozan & 1%
CRP & fHIE HEEILOTFUEF TH S LWL T
BY. 2o, FEILMERIERHOF CRP
(X 3.24 mg/dl, ZEALPERIELFIL 1.7 mg/dl TH >
722, %72, MLA 75 OS ~NOfi A H # 54 2
HT-OBEY TldMLA FEfT#EDF CRP 1 4.9
mg/dl T, BAERBATEIZ 138 mgdl TH-o720 5
21X, CRP 9.9 mg/dl Ll Eid. MLA 75 OA ~D VY
Ay TT o8 —ThbEDHELH LY, AT
L7z CRP O % v b 71fE 4.0 mg/dl 1X, ZEFLIE
RO TR VIEFID S VDS, (A4 IZEIA~AD) A7
BEFALTL AL NV EEZ L, [CRP 4.0 mg/dl
Db 13853 TULAA e 05K 8 22 e B 0 Tl 3 %
TODORTD 128 LTHEYBEEZ ST,

CT Hr L & IR BR 1 B e 58 & M U 2
FERNCHER & ENTw b, Siddiqui AH S 13 HUIE JE
B JAE R IEAK - I 72 & CT Br Rid 2Lk ik
RERET D ERELTB V2 ARFICBIT AR
ERFADORIED V) |, [MERTOKED Y | [N
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Abstract

BACKGROUND : Appendicitis is the most common acute abdomen for surgeons. Its definitive therapy is still appen-
dectomy, and recently, laparoscopic appendectomy has been widely performed. In particular, transumbilical single-incision
laparoscopic appendectomy (TULAA) is also widely performed for both its minimal invasiveness and good esthetic out-
comes. However, TULAA is technically challenging, and sometimes, there are disadvantages, such as longer operation time,
conversion, and post operative complications. This study aims to produce and evaluate a prediction model that can determine
whether patients can undergo TULAA within appropriate operation time and without requiring conversion during an emergency
appendectomy.

METHODS : Firstly, we reviewed the operative outcomes of 30 patients who underwent TULAA and divided them into
two groups depending on length of operative time and whether they required conversion. The patients’ data were compared
between the two groups to identify factors associated with the surgical difficulty of TULAA. A scoring system to predict
whether TULAA can be completed in its proper time without requiring conversion was constructed according to the identified
factors. Secondly, we applied the prediction model to 64 consecutive cases of emergency appendectomy and was able to select
the operative procedure for these patients. The cases in which TULAA was properly conducted with the prediction model were
compared with those without.

RESULTS : Seven difficulty factors (time to operation > 24 hours, CRP > 4.0 mg/dl, inflammation of appendiceal root,
appendicular inflammation, maximum diameter ratio of fecalith / swelling appendix > 0.5, peri-appendiceal ascites, small bowel
distention) were identified in the patients’ group that resulted in longer operative time or requiring conversion. The number of
factors applicable for each patient was used as a prediction model. A patient with less than or equal to 3 factors was considered
as a suitable case for TULAA. Thirty-one out of 64 consecutive patients were eligible for the emergency TULAA by the pre-
diction model. The ratio of proper completion for emergency TULAA increased from 52.3% without any prediction to 90.3%
(p<0.05). There were no cases in which TULAA was changed to another operative procedure during the operation.

CONCLUSION : The prediction model may be useful for surgeons to predict which emergency TULAA cases can be

completed in an appropriate manner.

(Key words) : appendicitis, transumbilical single-incision laparoscopic-assisted appendectomy, prediction model
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