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— Abstract —

The Effect of Six Sigma Activity in Major Trauma Patients on
the Time Spent in the Emergency Department

Hyun Soo Kim, M.D., Ok Jun Kim, M.D., Ph.D,. Sung Wook Choi, M.D., Ph.D.,
Eui Chung Kim, M.D., Ph.D., Young Tae Park, M.D., Tae I Ko, M.D.!, Yun Kyung Cho, M.D.’

Department of Emergency Medicine, CHA Bundang Medical Center, CHA University,
Department of Emergency Medicine, CHA Gumi Medical Center, CHA University"
Division of Cardiology Department of Internal Medicine, CHA Gangnam Medical Center, CHA University’

Purpose: This study was conducted to shorten the time spent at each stage of treatment and to reduce the
total amount of time patients spend in the emergency department (ED) by applying Six Sigma in the treatment
of major trauma patients.

Methods: This is a comparative study encompassing 60 patients presenting to the ED of Bundang CHA
Hospital from January 2008 to December 2008 and from July 2009 to March 2010. The stages of treatment for
major trauma patients were divided into six categories (T1: total emergency department staying time, T2: dura-
tion of visit-radiologic evaluation time, T3: duration of visit-consult to department of admission, T4: duration
of consultation-issue of hospital admissions time, T5: duration of visit-issue of hospital admissions time, T6:
duration of issue of hospital admission-emergency department discharge time) and the total time patients spent
in the ED was compared and analyzed for periods; before and after the application of Six Sigma.

Results: After the application of Six Sigma, the numerical values in four of the six categories were signifi-
cantly reduced; T2, T3, T4, and T5. However, the average of the total time patients spent in the ED did not
show any remarkable change because the T6 increased highly. The level of Six Sigmaincreased 0.17o.

Conclusion: The application of Six Sigma for major trauma patients in the ED resulted in a significant
improvement in the error rate for the total time patients spent in the ED. The Six Sigma activity has shown
great potential. Therefore, the project is expected to bring better results in every stage of treatment if the levels
of the hospital facilities are improved. (J Korean Soc Traumatol 2010;23:119-127)

Key Words: Six Sigma, Emergency department, major trauma patients
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Table 1. Sigmalevel
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Z Six SigmaE YASHE S ZEEZ FrH(Table
Sigma 3|7} Eo}bA A 6-sigmadl 717 AFE
AP omEt} Six Sigma BFo o W
= AAZ NAshed 23449 DMAICE 7

% ]38} 3 (Define) ©lell LAt &A1 e
(Measure) ¥A18S ¥41383 (Analysis) ©]2
A 8ka (Improve) WA AA7F Q=g AsE
=2 2] (Control) 3= WAZ AL o)A HHY
2 71E AAE NS 5 H AF9 Six Sigma
Hlwste] BYE AVt o RFAREAE YotaoEA
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A YA oRIA e AHY, FZIRBAL SF
JRAEY £l AR F LFATAHNN B
ARAA AR AZL AF AL FAAY o7 wA=
FAE st EEOE 4RI o1& Agayth A
Aol BLE WAL BF 12S Faor, 24 oA
AN 28HE AZE B R ARHAL 4 BA
AR Bob o2 AAsAT Telx BF AFY Six
Sigma %S MAFOEN BEYW /)Fe] e BFEe
N4 Ang dotrgron BAH BA4E Ba AFALY
9% RE AZsel oHd AA Aol 3 SFARA
B ARAZ Aol MRS 232 BASLA sk

7371%= A el 1 FEE Aol Six Sigma EF A
20089 1998 T 12971A9] 713kl SR RAH
Fote] Sl dde 92389} Six Sigma EF
] 20099 7€RE 20108 3Y7HA o] 71 7bel S BAl
of
=

o]

E

ydst 9 3AES A U= etk 18
T AR FTANEASAE A AESHOE
A FG7F A A o 2] A3ste] 1SS (Injury Severity Score)
7} 158 o]Ao] At RTS (Revised Trauma Score) 7} 73
kel Y e TS UNRARE HYSNL & AT
HFo®E SATE(27-9) &40 Ao 94AA A

Sigmalevel Defect per million opportunities %
1Sigma 690,000 30.9%
2Sigma 308,537 69.1%
3Sigma 66,807 93.3%
4Sigma 6,210 99.4%
5Sigma 233 99.97%
6Sigma 34 99.99966%
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— AdF 9! Six Sigma EF& TF FFALEA SHFAL AFAL A

Ge FAL A7 Ul AASUL, Six Sigma BEF
A% £ 1§59 we] S04 98 B 2]
2L ARG BN AR F 5 wsBow A
A5 B, A F B WhsaAY SFA WelA
g £F AUE BRE Adste] AA BE AF 04
AL 747} G0 el itk

2 g Ao, SHA TBIAS SHETERAL &
3 Q" o] Fofsigion, ol st &5 <A 2 &
DMAIC (Define, Measure, Analyse, Improve, Control) Z}74
Sd| vlAEh(28) DMAICY 7t ©HA| = thaat 2

@ Define: o] AHFA 395 FaAM FF5AG
ze] F SHYASAEH ARFAZ B e 180%
ol ® FAE 3AL, olel F SHOAFEAME AFAZ
< A AT SAE Hrketr] S8 -k A

Table 2. Goa Time of Duration

ot
oft
|

AF A AIZ s Y- 9 BA ke B3RS 7h7h 204,
150% o] ¥ A= H sl th(Table 2). o= 2007 &

7l 2
TFIE 7 FE7 AR 2 87| AHIHEAFA S
2 3329 ¢5& Fyseh(1l)

@ Measure: 2008 19%H 9 1297149 712 =
5 FF 717 T BY SFEAEHY Wds & 54
& m7ixe ME FAHE Al ol =EIEIHL
(Fig. 1), %9 71+g A =
Q3 gAI R AEFEHeH, 7 dAL AAHS &
st BAEHY 74 dAE £ SFYBRAE AFAIT
(T1), WA A A AIZH(T2 E:
QOZAIZHTI), BP9 -49% 2

[¢]
AZHT6) 22 WA 7t T1-62 A
® Analysis: ¥ AEE A 3te] A7ko
At 1 s EQsAY AQAIT S7Hd d%s =
F A+ 84 E fishbone diagram ©]2t3 £8] & Ishiakawa
diagram ©. 2 4 83 th(Fig. 2).(12,13)
@ Improve: B4% 222 £ 7+ dAM 28

Stage Goal time (minutes)
Total emergency department staying time (T1) <180
Time after visit to radiologic evaluation (T3) <20
Time after visit to the issue of hospital admissions (T6) <150
ED Visit :> Initial management of EM [:"> Prescription

U

E Consult to Specialty ‘ c:l Radiological evaluation

g

Clinical decision (::] Trauma Team Activation

0

Further prescription/
Issue of hospital admission :>

Discharge ED

Intervention/
QOperation/
|CU admission

Fig. 1. ED (Emergency Department) process map for major trauma patients
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Absence of emergency-only elevator

Lack of communication
with each department

\

| Absence of emergency-only CT room

\

Delay participation of staff or
senior resident

Delay radiological evaluation ]

Delay admission

E

Delay consultation

Custom

Delay discharge
emergency room

Discharge
of ED

Deficiency of intensive care unit

Shortage of ability to grasp severity of patient

/

Delay of preperation of operation room
and intervention room

Fig. 2. Fish bone diagram and factors associated with longer emergency department staying time

Table 3. Demography of patients

Total Patients Before Improvement After Improvement

Number 120 60 60

Mean age (yr) 47 48.6 454

Sex (M:F) 341 5:1 171

Emergency operation 38 19 19
A7 BES A% AN Yo DEAT 0% 72 BAel 1 BF o/FY BARS AFHOE ARSI FE
2H6A L&A A8 EAANY ZR2IYLS SPSS ver 1201 kors A8}

® Control: 7HAFE EAHOE A&37]e] A 2009 93, Minitab2 AR&3lo] Six Sigma #< FatAth £
949l d 9 697A9) 712 elg A2 e Qe A9 BFS SPRE T-0HL ARSI, p00se) 7
3717 B UREvh 2 wAle pARle) dESel B S BASHOE felstky elsich
of 9 Six Sigma $5e) 1Y Aol B BelE o
23 BAYL shebste] Aty 40l Bt g /) nz o
A RE AA gsaiAL F7149 FAE & 9l
A Frieskith 2000 d 7ol A 2010 3€7kA] A E A AT A e F 120822 Six Sigma EF o4 12
AS AEstArh N Fetel $a7k 609 o), &5 F Y Feke] &

7} EA= Six Sigma #F o|dd &F o|Fe] 7t & Al 609 ol ATH(Table 3). €173 718 &5 A & &
AL @A FAFSEY WAL, T F BEFES B FoAFARL og £l MY BRI (Fig. 3). Y H=
gk Al @A Six Sigma #e Tt HMARE Lop 738 A7Y 7 Boktk(Fig. 4). SETFES AW &4
HYth Six Sigma &F oA AL MG 717 F v &% A F 247 19800 FAA Ale §F 44
SHIABAEHE Tl FEHAA dd3 dAE F TF o g A= &F A 19, FF Foll= gldd
geate] gl FgEE S5 FFHoE A Measure @AONA AL Zb @A O] Ht AQAI>
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20
16 D Before Six Sigma activity
m After Six Sigma activity

10

5

i Traffic accident  Slip down aIIing down  Stab wound
Fig. 3. Comparison of trauma mechanism before and after Six Sigma activity

Neurosurgery
Orthopedic
surgery
Cardiothoracic - m After Six Sigma activity
surgery O Befor Six Sigma activity
General surgery !
Urology :I
0 10 20 30 40 50

Fig. 4. Comparison of admission department before and after Six Sigma activity
RE Define RANA Hold el /FEL 2T 2 37 228 BAS s
(Table 4). /HdZE A FHFABAEH AFAZE Six WA AR AT A ZH(T2) o] SHA] ol A
Sigma %t 9Al 0856F 70%¢© ]%94 5SS HUH(Table AE AL CTHo] AR, 71 CTA ]
5). WA BE @AM LQAZEe] ©Eo] 2 EE A ool 8o ofFol W AlZe] AQEoH, FATF B
B 2, Analysis¢t Improve @A Z} @AM o] 4 QA < AlZdedle deHolHE A& ol

— 123 —

3t7] o



— WA

A 23 @ A 23 —

Table 4. Comparison of timeinterval (minutes) before and after Six Sigma activity

Stage* Before improvement (minute+SD ) After improvement (minute+ SD) p-value'
Tl 318.6+211.5 311.5+271.9 0.8734
T2 31.8+27.0 22.0+136 0.0134
T3 535+5.2 35.0+17.3 0.0015
T4 132.6+106.0 68.2+33.0 <0.0001
T5 186.1+109.4 103.4+37.1 <0.0001
T6 118.1+111.6 208.1+205.8 0.0145
* T1: Total emergency department staying time
T2: Duration of visit-radiologic evaluation time
T3: Duration of visit-consult to department of admission
T4: Duration of consultation-issue of hospital admissions time
T5: Duration of visit-issue of hospital admissionstime
T6: Duration of issue of hospital admission-emergency department discharge time
"p-valueis derived by Group t-test;
Table 5. Comparison of sigma level (¢) before and after Six Sigma activity
Stage Before improvement After improvement Difference
Total emergency department staying time (T1) 0.85¢ 1.02¢ 0.17¢
Duration of visit - radiologic evaluation time (T3) 1.07¢ 1.360 0.29¢
Duration of visit - the issue of hospital admissionstime (T8) 1170 2.75¢ 1.58¢
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Fig. 5. Trauma call system
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o2M Fe] SFoASH AF-dH AdA HAFo- T e Ay SR ddol dA-hHAM e
3 vz dFel-dxld AER oloAl= HAE £ Foila oA FeAA AR7t e e W
MAsI] 28 AZHE 13264014 682822 E9t, Al S8 AAF7E dv $dHoR WAS WS

PG EF-SHFABAE HAAZHTE) S SA A= 712 et 1) S5 dsA A8 Feds A sk
THAEES TP P FFo] pF F 2lor A SHTEC] |FAAI|A Y] EHAS @At 63
HAh 223 FAE Alsolu gETEe] AdE A¢ I, FAE Age] 228 TheAol e Sk vE FX
A Aed 3 Fedl] FH7F SEART AdEoR 2 AlEd"dA Al TheAde A Als EH7E g
SOIAA A FAIZE] Frleke A= AT LA oA stk Lt o2 gt AjAdte] Aol Eet
Table 6. Mgjor traumatriage tool (MIST)

Mechanism of Injury ® Transport Incident:

m Desth in same vehicle

Intrusion into occupant compartment > 30 cm

Steering wheel deformity

Patient side impact

Vehicle vs pedestrian/cyclist/Motor Bicycle collision

Ejection from vehicle

m Entrapment with compression

@ Focal blunt traumato head or torso

® Falls> 3 m or paediatrics twice the child’ s height

® High voltageinjury

@ Crush injury excluding fingers/toes

® Any rapid deceleration mechanism that resultsin alarge inertia change at impact

* Patients <16 & >65 years of age, Obstetric patients >20 weeks
gestation, patients on antico agulants and patients with pre-existing
diseases are at greater risk and require ahigh index of suspicion
for seriousinjury.

* All penetrating injury

Injuries ® Head: Minor head injury with loss of consciousness or amnesic to event with
- 2 or more vomits or aseizure
- on anticoagulants
@ Open, depressed skull or signs of base of skull.
® A decreased loss of consciousnessis due to traumatic injury, until proven otherwise.
® Face: Injury with potential airway risk; severe haemorrhage.
Neck: Swelling, bruising, hoarseness or stridor.
Chest: Severe pain, paradoxical breathing, restrain abrasion
Abdomen: Severe pain, rigidity, swelling, pelvic tenderness, restraint/abrasion/ contusion.
Limbs: 2 or more proximal long bone #, amputation proximal to digits, ischemia, degloving injury.
Spinal/Back: Visible deformity.
Burns: Partia or full thickness burns
Adults > 20%
Children > 10%,
or Burnsinvolving head /neck/face/hands/feet/groin
or inhalation injury.
@ All circumferential burns or burnsin a patient with comorbidities or pregnancy

Signs and Symptom Airway: at risk, hoarseness, stridor
Breathing: RR < 10 or > 29, SpO, < 90% on air, cyanosis or respiratory difficulty
Circulation: HR >120, SBP < 90 or severe haemorrhage

Disability: GCS < 13 or paralysisg/sensory deficit Or any worsening trend in ABCD

Transport and Treatment
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