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The Clinical Analysis of Traumatic Diaphragmatic Injuries

Sung Kook Ahn, M.D.*, Dong Won Kim, M.D.*, Kyu Seok Cho, M.D.*,
Joo Chul Park, M.D.*, Seh Young Yoo, M.D.*

We evaluated fifty three cases of traumatic diaphragmatic injuries that we have experienced from
Jan. 1973 to Oct. 1994. The age distribution of the pateint was ranged from 1 to 74 years. Sex ratio is
39: 14 with male dominence.

The traumatic diaphragmatic injuries were due to blunt trauma in 37 (Left 22, Right 15) cases and
penetrating trauma in 16 (Left 9, Right 7) cases.

In blunt trauma, Preoperative diagnosis of the diaphragmatic injuries was possible in 27 patients (72
%), and in penetrating trauma, 14 patients(88 %).

Among 37 in blunt traumas, 22 (58 %) cases, and among 16 in penetrating traumas, 13 (88 %) cases
were operated within 24 hours.

The most common herniated abdominal organ in the thorax was stomach (14/53).

The traumatic diaphragmatic repair of 50 cases were performed by thoracic approach in 23 cases,
thoracoabdominal approach in 8 cases and abdominal approach in 19 cases, and in 3 cases, not oper-
ated.

Hospital mortality(including not operated patients(3)) was 17% (9/53) and the causes of death
were intracranial hematoma (1), hypertensive encephalopathy (1) and asphyxia (1), and among operated
patients(6), combined head injury(2), multiorgan failure(2), hypovolemic shock (1), and pulmonary
edema & renal failure(1). All deaths had related to the severity of associated injuries.

(Korean J Thorac Cardiovasc Surg 1995;28:1167-73)
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Table 1. Age and sex distribution in traumatic diaphragmatic Table 3. Symptoms and signs in traumatic diaphrgmatic in-
injuries uries
A Sex Type. of injury Tetat Symptom and sign Blunt Penetrating Total
e
8 Male  Female BT PT Dyspnea 27 9 36 (69 %)
0~ 9 1 3 4 4 Chest p.ain . 25 6 31 (60:A))
10~19 4 4 3 ) 4 Abdomwal pain 18 10 28 (540A>)
20~29 1 1 7 8 15 Abdominal rigidity 12 11 23 (44 OA))
30~139 10 2 5 6 1 Decrease of breatl.l sounds 11 6 17 (33 oA))
40~49 10 1 1 1 12 Change.of mtmlallt.y 10 3 13 (25°A>)
50~59 3 2 4 4 Abdominal dlst.e-nsnon 5 2 7013 0A>)
60~69 | 2 2 Nausea & vomiting 6 6 (12%)
70~ 1 1 Extremity pain 5 5(10%)
Shock state 1 4 5(10%)
Total 39(74%) 14(26%)  37(70%) 16(30%) 53(100%) Subcutaneous emphysema 2 2( 4%)
PT: Penetrating trauma, BT : Blunt trauma
. L . 245 719 &5, s il FEF S R A
Table 2. Location and modes of injury in traumatic diaphrag- o
matic injuries god - Soll thsle] ¥48 AAlska
Mode Right Left Total
iy < =}
Blunt injury
Traffic accident 12 17 29 1.0 Y MY By
Falling down 2 5 7
Assault ! ! QR EEE 1A FE 744717 sl o 205 ol A
15 2 37 400 Ate) 7} 38(12%)A = 718 Bk, divl= At
Penetrating injury 14 392 (74%), A7} 143 (26%)= 2.8:1 0]} =7
Stab wound 6 8 l Ape] gl 20l A 40hAto] oA Bkt D]
Dunshot : ] ‘ AL, A4S Al B 3ol BT AL A
; . . c}. Ao W AbE wIE: 14 2E 20474 E4do]
1
74, FFAre] 193, 204 W0AI7RA = FAdo] 12
Total 22 31 53

o} Qg o2A F, olFEe AbtEe] FUHY
4 gleh. o)oll M= A3 sha o] Ao st F4-2| F5E
A G A S 39 DA FEALT A4
A PR A4S o2 A D 23 ARl o
& YAEA T Fd 23S A3

cHeat 3 2y

At o st FH-e] At 19739 1
QEE 1994 109744 oF 2137 A A &4
At 5390 (G- A B 39 S AR o
eél, Aétg 9,])\3-_,] &E ul _).:AOL‘;’__?,] .Z_AJ- al z_jF_ Eu]-_/.*_
Ab, Ay, AR A 79 £28A17L, FAE

#, BEAel 14382 FFAo] W3kow, 404 o]Fl=
Aol 1838, AgAo] 125 FAbo) dif-o|%t}(Table

1).

A 23 447t F 378 (0 %)Z o] Fel= ALFA
317} 298, FAa) 74, FEL 1A b B84l
23 A= F 168 (30%)2 °)F 148 F71 27
Apgo) Alojgl e, Foll &g A5 P kel A%
b st 4zt 194 ek A S AR B3

o] AL z}=o] 223, $2o] 15 P, VFEAS] Y
3}2o0] 93, $-Zo] 72t} (Table 2).
LEMUEF

gApe] 27 FAL A FHd BAQle) ZFTF
o] 362 (69%)= 713 B3k, FF 312 (60%), 5% 28
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Table 4. Associated injury in traumatic diaphragmatic injur-
ies
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Table 5. Pre-operative diagnostic method in traumatic dia-
phragmatic injuries

Injury Blunt - Penctrating  Total Diagnostic method No. of cases
Chest Plain chest film or Abd. film 53
Hemothorax 25 13 38 (713%) UG series* 3
Pneumothorax 3 8 11 21%) Chest CT 3
Lung injury 8 4 12 (23 %) Artificial pneumoperitoneum 2
Pericardium injury 1 1(2%) Barium Enema Studies 2
Abdomen BT PT  Total
Hemoperitoneum 7 8 15 (29%)
Spleen rupture 10 ) 12 (23%) Diagnosed before operation 27 14 41
Liver injury 5 5 10 (19%) Diagnosed during operation 10 2 12
Stomach perforation 2 4 6 (12%) BT: Blunt trauma, PT: Penetrating trauma
Colon perforation 6 2 8 (15%) * UGI: Upper Gastro Intestinal
Pancreas injury 1 1 2(4%)
Bladder rupture 8 8(15%)
& kidney injury .
Retroperitoneal hrr.** 2 1 3(3%) Table 6. T.im'e_ in.terval from injury to operaion in traumatic
Fracture diaphragmatic injuries
Rib fracture 11 3 14 (27%) BT PT
Other bone fracture 25 25 (48%) Total
CNS™ Rt Lt Rt Lt
Head injury 9 9 (17%) less than 24 hours 8 14 6 7 35
Spinal cord injury 1 1(2%) I~ 5 days 3 3 2 8
Vessel 5~10 days 1 1 2
20 days o)A} 1 1 2

* One blunt case is inferior vena cava tearing. Three cases of penetrating
injury are hepatic vein rupture, portal vein rupture, hepatic artery lacer-
ation

** CNS: Cranial Nerve System
** hrr. : hemorrhage

# (54 %) 5 FAEN o, FF2AE= T4 &
F5 A2 174 (33%), B473 239 (44%), 94424
103 (19%) R 541, 24 45 55 8 9 ddrt o]
F TESAL 72 4 #Aol AT 23S, A¥ &
¥z Q3 43d = 5 @Rl A o] A=
t}(Table 3).

4. SHE A

O o

TR S Rx= o, FAA, 1A, AT &
A 5 teFdlon, ol5F %%'A*Jol 7 42 ¥¥ &
2ok Fell Fukd &2 FAA, i) 259
(“48%)= 7h4 Wty 5224 1 al(zl%) L E |
(15%), 71% 32 (6%) S-olddct. Aol 2% &)
Aol go] 138 (25%)= 73 ¥skew, 71§ 83 (15
%), A4} 43 (8 %), 5-FZA 323 (6%), A dhEAto]

12 o] xeH(Table 4).

BT: Blunt trauma, PT: Penetrating trauma
Rt:Right, Lt: Left

5.

™
m
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H

A Ao A G F¥ X-A B Adsiela,
X9 g4le] kA Algdo] AdE g A AAH =
QdE o} 5 AL} < FIEE A3 99
A wp o g FEAd s 2= 534S 419 (77
%)l A s an, YA 129 (23 %) A= TSl R
@3S & 4= 9lslc}(Table 5).

6. TUF FSAIMKIS 22412 AER

TAF FE FEA7RAY 28 A3 oAk FF{l
w2}, A3E A7) 2o S B, T4 AT 34
#A F 2284 24 X7} o]U]of] o] A=l 0w, 10
A o)A Addd A% 487} A} BEAQ A= 16
g F 385 AL 138 A 24 X7} o] o] o] A] 8
=] 2t} (Table 6).
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Table 7. Herniated abdominal organs into the thorax in trau-
matic diaphragmatic injuries
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Table 9. Postoperative complication in traumatic diaphrag-
matic injuries

Organ BT PT Total BT Pt Yol
Stomach 7 7 14 Atelectasis 5 5
Liver 5 2 7 Empyema thoracis 2 2
Spleen 6 1 7 Wound infection 4 8
Omentum 6 3 9 Sepsis 1 1
Colon 4 6 10 BT: Blunt trauma, PT: Penetrating trauma

Small bowel 2 2

BT : Blunt trauma, PT: Penetrating trauma
No herniation: 13 cases (Blunt 7, Penetrating 6)

Table 8. Surgical approach in traumatic diaphragmatic injur-
ies

BT T Total
Thoracotomy 18 5 23
T-A approach 5 3 8
Laparatomy i1 8 19
Not operated 2 1 3

BT : Blunt trauma, PT: Penetrating trauma
T-A approach : Thoraco-abdominal approach

7. €EE S5RET|

AL e A B AUl 2 232 ¥
A 299, FE/FA) 1 A4 LA e, A7 2E
A4 143, 9 102, A 94, 24, vRo] z4z} 7
4, &4 24 ik (Table 7).

8. 2| X =

FeA A2 e s 49 A5 MEEe) 183, AF
Ego] 53, H=e] 1A Alf=lla, dF3e] 7
T AMFEol 5, MEFHE] 39, /MEEo] 84 Al
Faigon 3 78 A4 5 st (Table 8).

9. % FYEE A AlZH

¥ PFL T A4S 51 s, F 297t
wAsig on, #5A3e] A4S A3 49, AYZF 1#
gt} (Table 9). 5323 92l (17.98 %)~} AP¢3tsdct. 8=+
FAe g olgh 3 AEF AR o] F 2= HEAS]
FHer £ 8 4 Y AUE A ANA M8
=F Aaigch A 63 5 3L EF A

g A$2 34 =343 2 AUgtez w3
E 294 X2 FErF AYA S22 Q7 AAvh]
w3 B9k ¥, TEF AR’ Ao dd
W2 AN Fukd &40 E AR oRATEA
9 FyEAe] 7z} 2ol e, A AR 23R
AFE ARAZ QD HAFo g $F 1Yt AdsE A
271 138 ik UnA 18 Ao Q13 ANE
A Bz qldA] A g R A} A4 st
A2 F3}A X85 F Aaslgl ) (Table 10).
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Table 10. Analy5|s of mortality cases in traumatic diaphragmatic injuries

5 Delay Mm :

! »Injuf'y mode njary ,‘“‘* o Case of Death
case 1. 41 /M BT (TA) 7 Hours Multiorgan failure
case 2. 68/ F BT (TA) not op. Asphyzxia
case 3. 45| F BT (TA) 13 Hours Head injury
case 4. 27 1M BT (TA) 4 Hours Multiorgan failure -
case 5. 47 /M BT (TA) 4 Hours Head injury
case 6. 5S/M BT (TA) 5 Hours Pulmonary edema & Renal failure
case 7. 46 /M BT (FD) 4 Hours Hypovolemia (during operation)
case 8. 45 /M BT (TA) not op. Head injury
case 9. 59/F PT (steb.) not op. Hypertensive encephalopathy

BT: Blunt trauma, PT: Penetrating trauma, TA: Traffic accdent, FD: Fall down

*15’ o] B39} ul WA FA el 9’ A-9r €453 wsk
1, o] FAre] A% 378 F 2994 REALAE FY
lojgith
H9Z Qgulc 5 v, FALC 2IRE BA &34
A o= 80~90% o)Ato] FH3oA 2 Pty B
A3, o]d FAS FHAR A-Foll= M2 A o
g hxa sl 39| Av|o)e] QdiAd A4 o2 AYd
F AAP 0. AL A FAA] 151 2 3o Wke
v} g B ol thh g 2E o) Fa glrk. 24 4|7k o] A}
AT Aol ARLBol A= 920 2z} 62l 2 23k
=4 ol o]l F 3= 539 fdA] FA Ade] g
3 7 s 57 @skew, & HdA3S e gAY
£ato] g ol FubEAl Woly] e B 4 gl
O Apate] AgollE 9:7 2 FEol YWgto} Ao]F B 5
Fibea=g
o)A B Avte] Ak W] B o]3HA FAlA
A, deFN X-AAZAE A7) 93te] oA, TR
o} 7 £83 AL 3lA9 EAb diglt v FAF
EAA] 2719 A shg Ado|)”. A9t £ake) A S
o F= e 2 o)k 7o g = 4, AET
AARALE 53] AFH Al 457 AE A 657, 75
A 8357) ol3l -9 & AFA Aol domA, elAl
Al o] A3 &5 T e JASA| =AW R 3
F59 A4, F4F "*H FH ARG A8 7o) 9
o}k A AR 4L FA9 U6 we} 371R] A
A HAF AAA 5“4“’ AAR 7] & FA7I= A4S
33k AF e Tkl o 8 ARER Ve 2y 38 9
71X & Wb FA] A A8 E AAE= ATEA
FAF 17449 ool L, EHl= AAr| 24 59§ 4

o] AAY @ddelt sl e} 2 v SolA FAbS
343k 7-Tola, AA A7 24 A o] o]y
2] 717t F<k Ade] HA X3l ALl A] o] A%
He 452 A4, ARES o A% A A} 2"
T e Al7leldt. o)™ H 7| TS AlHE A5 AL
3E @ fEo] ol 5 U . slAukEapa] By
A717F F7ANE 939 A 5o v} 3 FZA, Y29
AAFASS T olew', A9 sldo) A
o A9 spdo] F9 A7) ol fAdoezA W
Fgle] A= A= sk 94 Gt A A1 Al
| oshEeg, ¥ubz) 7Hd A W], il §5 5ol 9lS
Al AkE 98l AT el o] P Q.

dEEFT XA #d2 7H o)A A 43 A
Atet & ol 3AEARA] 8F, 71F, 52324, 394
7 Ao £7E Bol, ol ) i d A
4 EFT xAldA G2V 32 ZlebA ) 2
oA 2A1% 7 x gt -5 AAY stgA| = 95
HAe B3 $97 73 24le] AR} 8
3o, =3t 7ha-odo] Bojof & Aie) A Fr] Sl
el e e}

#H& 9] 75 I 3 Aqte g
#7157 R A AEAS E Ut W2
FF5 X-4 #9do]} 7]E-(pneumoperitoneum)-&-
o] B3 FrFH X-Ao] kel x-go) A}l o] 59
dx el D] A= 7ol Levin #-& AHSls}
2 EEF XA oS AAEE At x8o] H= A
+X %% 9ol Pomerantz 5-2'7 £2% H9)7} glod
A F- 2 F5olv argo] i AR FelA
+ol E2d o| 55 A AY 93] 713 F83 AF=) 8

&5 A~

i ﬂ1°
tt B of

mnrﬂ.n

—1171—



BAF 9
9laA HZHar £40| ol AE| £

At 29jo) AR 2dE, F44 SRR, F
B2&3), FHAFE G5 8do) A% P 4}
719 Az Agkd FAGERA] FHRUZ SA=H = A
712 v diAe] @), ol5e] AT A AR
2 3450 QA 7] o Folefz I},

g A FA] #2 A7) dgsEd a4 S 5
ofo} ghr}. o]u] A L AFE, MF 2 NS
%, MEE So] 2y, o] &7t AE Aol 7]
o Fol] HAZFA] FAte] At JAls = TSS9
Fol] FaL H2ae Ao) o &SI 95 AT
v FAF AR 7] 7be] Assle B3] F el
A fEHE dol dhAdEAte] AS AFES Al
9 Carter 5-2'9 /| FEo] Frhe o/ =2 A, 439 &
718 AA JAHA =g = A, A, T 74
olg A& T loH, A, BATE A S F 2
o, YA, stdo] Al 7h7le] AW W= HEE B
Al Al 9 2AF e 4% AA v 3 55
AA st FH-A7) e EAolv Fh o] gl& A
£, 45 A 250 £4o] AsE= AT FESE F
Aloll #3E& MR Z 3= A, 5447 445 gl
ol AEE W E 3= A% MEES ARsw .
=3 g A B4 e &35 Fukse 3% 374
9 &AM, SR B89 sle] {3l A gl
27 EX 9 eEaAA] ABES AstE A Az}
o A% 5% 503 F AMFE 234, AF 2 AEE g,
MEE 1985 A2, o]|F FAF 30 o] Fof %
A" 28 Z2F NFES AHE 344 AE
L 0 EFFA FHALE ol 43l deisiAY, A& N
A7 4 A5 Aoy 57 59 ArtxAS AHe-st
71% 3}, Q1FEA<ql Marlex meshi} Dacron patch &
AHe-ste] AERE 33 o AP,

FEF I o2E 7Y, FFo] 7H 2oy, o]
E9dx 3, A4, A3t Sol 24 5 AU
Hood"& 375t £AF AP ES 182% 2 Rusigde
d], o]F &A™l 7.7%, FEFo} £EF) 10.5% gGrt
A z2ke] 75 53 F 9@z} Abdate] F 17.98% o Abg
5 Boed, olF 3 S A9 5 o A
A, 63l FEFolt FEF Al AR
VA 8F ™A Ao 2 Abgt 1 & A2z
£ 257 e84 A, o A4S Fakskelch
M &Aoo 2 qldte] FRAA AR xF HAYF A2 AL F
WEAAQA TG EEol A AR #ALE9] 9
olglen, &34 AP FEHZ oA usE g

of &2 %)
1995;28:1167-73

d A2 $4F AYY o2 AT Agvhel 1A 3%
A7 Qg A5 194, $EE 9o $VEY o
Bl ea R FEdoz Asto] A 297} 47 2
A, 554 dFEd 9 AV 2 AVE 14 Fol &
3ot $EF AT VA Ylolsinh. 7] A%E
7t S 98 A APucks FEAA T
9 A71E0 2 Aste] Al A9 o ¥l e

4 £

ZAsidiste o33 Fy-edFstwA = 19734 1
4 143 19943 109 31 A7 5322 A4 B)Aqt
EAFA G dA P 39 ETHVE gez o
£ 22 AFE At
. AAEEE= 200604 409 Ale]7HT2%)E 71 WSt

ou] Vhiul=28:1 & FAel 9453 @sich

2. 540912 FAlo 23 EAbo) 37(70%)H 2 ol F =
Zo] 28, $50] 15A L, FEA 2’ £A)o) 16
(30%)A 2 o] F o] 99, o] 7}

3. A9EA ] A A FA9] 45394 F 274
(713 %), B354 A5 1645 14 (88 %)}

4. AT 24 X7} ool 55 A|PB7 A= T4 223
(59 %), F54 13 (81 %)t} ol EAtoll 23 314
gtEARA] A9t A B} AlA o) o E F-9e F
ubg &4 g sl S-S 4% A9 €9
I, o] 2 QIj AGY A MHe Adog B 5 9)
o}

5. BRA79 Fuaae FAlo] 292 (81 %), AEA}
o] 10 (63%) 3, A€ A7 2& 1Ae] 1482 7}
3 skl

6. WA AFL 9(17.98%)A AT 015 8207L E4oll =17
gAGEA B, EA4del o3 HAREARA] AP
ol Wotd ol 2= At R &4 A5 Adur}
£ e A7) SHEARTE 2 AR Axe 34 3998
& % At

H#nEH

1 274, g, 25, f49. oA g2al 2aa3e B
10). o) §-2)A) 1983;16:255-9

2. Sennertus. Diaphragmatic hernia produced by a penetrating
wound. Ciled by Reid J. Edin Med Surg J 1840;53:104-7

3. Drews JA, Mercer EC, Benfield JR. Acute diaphragmatic in-
Jjuries. Ann Thoracic Surg 1973;16:67-79

—1172—



ol 2] A
1995;28:1167-73
4. Wise L, Connors L, Hwang WH, Andersons C. Traumatic in- & 12y HFA 1976,9:323-7
juries to the diaphragm. J Trauma 1973 ; 13:946-50 12. Pomerantz M, Rodger BM, Sabiston DC, Jr. Traumatic dia-
5. FFA, FAE, £2FT AT5 A4 g2ar =M (229 B phragmatic hernia. Surg 1968 ;64 : 529-33
). F2 A 1989;22:364-70 13. Hood RM. Traumatic diaphragmatic hernia (Collective
6. Estrera AS, Laday MJ, McClelland RN. Blunt traumatic rup- review). Ann Thoracic Surg 1971;12:311-23
ture of the right hemidiaphragm. Esperiences in 12 patients. Ann 14. Hill LD. Injuries of the diaphragm following blunt trauma. Surg
7. Christiansen LA, Blichert-Toft M, Bertelsen S. Strangulated

Clinic North America 1972;52:611-24

15. Strug B, Neon GP, Beall AC. Traumatic diaphragmatic hernia.
Ann Thorac Surg 1974;17:445-51

16. Carter BN, Guisetti J, Felson B. Traumatic diaphragmatic her-

nia. Am Roentg & Radium Therapy 1951;65:56-62
17. Symbas PN, Shields TW. Diaphragmatic injuries. In:Shields

TW (ed). General Thoracic Surgery. 3rd ed. Philadelphia: Lea

Thorac Surg 1985; 39:525-30
18. Schwindt WD, Gale SW. Late recognition and treatment of

diaphragmatic hernia. A clinical study. Am J Surg 1975;129:
8. Grimes OF. Traumatic injuries of the diaphragm. Am J Surg

574-8
9. Payne JH, Yellin AE. Traumatic diaphragmatic hernia. Arch
& Febiger. 1989;505-12

traumatic diaphragmatic hernia. Arch Surg 1976;94:330-3

1974,128:1-75
Surg 1982;117:18-24

10. Andrus CH, Morton JH. Rupture of the diaphragm after blunt

trauma. Am J Surg 1970;119:686-93

A, AYA, AT, llAA, £714. QA 2l 2ot SAlx|

11. o]

—1173—



