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Factors influencing mortality in traumatic ruptures of
diaphragm

Travmatik diyafragma riiptiirlerinde mortaliteyi etkiyen faktorler

Arife Polat DUZGUN, Mehmet Mahir OZMEN, Baris SAYLAM, Faruk COSKUN

BACKGROUND
Diaphragmatic injuries are infrequent but severe injuries,
associated with high morbidity and mortality.

METHODS

The hospital records of 58 patients with traumatic rupture of
diaphragm which was diagnosed during surgery in emergency
department during last five years were re-evaluated, in order
to identify the factors on mortality.

RESULTS

The mean age of patients was 33 years. The most common cau-
se of diaphragmatic rupture was penetrating injury (52%). The
overall mortality rate was 21%. Preoperative diagnoses were
accurately made in only twelve (20%) patients and remaining
46 patients were diagnosed during surgery. Rupture was loca-
ted on the left side in 42 patients. Intrathoracic herniation was
seen in eleven cases. Presence of herniation has no effect on
mortality (p=0.155). All cases with mortal course were blunt
trauma and the most common cause of death was haemorrha-
gic shock. Associated injuries were present in 88% of the pati-
ents; 92% of the mortal cases had an associated injury.

CONCLUSION

The diagnosis of diaphragmatic injury is important due to in-
creased morbidity and mortality in traumatic victims. Blunt
trauma, increased grade of injury, presence of shock, blood
transfusions over three units and splenic injury are factors inf-
luencing mortality in traumatic ruptures of diaphragm.

Key Words: Associated injury; diaphragmatic rupture; mortality;
revised trauma score; systemic inflammatory response syndrome score.

AMAC
Diyafragma riiptiirleri sik goriilmeyen fakat yiiksek morbidite
ve mortalite ile seyreden ciddi yaralanmalardr.

GEREC VE YONTEM

Acil serviste son bes yil i¢inde travmatik diyafragma riiptiirii
saptanan 58 hastanin dosyas1 mortaliteyi etkileyen faktorleri
belirlemek i¢in incelendi.

BULGULAR

Hastalarin ortalama yas1 33, mortalite oran1 %21 ve en sik
diyafragmatik riiptiir nedeni penetran yaralanmalard1 (%52).
Sadece 12 hasta (%20) ameliyat oncesi donemde diyafragma
riiptiirii tanis1 alirken kalan 46 hasta ise cerrahi sirasinda tani
aldi. Kirk iki hastada sol diyafragma riiptiirii saptandi. Intra-
torasik herniasyon 11 hastada saptandi. Herniasyon varligi
mortaliteyi etkilemedi (p=0,155). Mortalite ile seyreden tiim
hastalarda kiint travma vardi ve en yaygin 6liim nedeni
hemorajik sok idi. Hastalarin %88’inde eslik eden yaralan-
malar vardr ve mortal seyreden hastalarin %92’sinde eslik
eden yaralanma mevcut idi.

SONUC

Travmali hastada diyafragma yaralanmasinin tanisi yiiksek
morbidite ve mortalite nedeni ile 6nemlidir. Travmatik diyaf-
ragma riiptiirlerinde mortaliteyi etkileyen faktorler; kiint trav-
ma, yliksek yaralanma siddeti, sok varligi, iic tiniteden fazla
kan transfiizyonu ve dalak yaralanmasidir.

Anahtar Sozciikler: Diyafragma riiptiirii; eslik eden yaralanma; mor-
talite; revize edilmis travma skoru; sistemik enflamatuvar yanit
sendrom skoru.
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Factors influencing mortality in fraumatic ruptures of diaphragm

Diaphragmatic ruptures (DRs) are infrequent
but are severe injuries, associated with high mor-
bidity and mortality which occurs in 3-5% of mul-
tiple traumas'* and is a marker for severe trauma.

Surgeons are increasingly facing with DRs
because of the increase in high-speed vehicular
crashes and the routine use of plain chest
roentgenograms in the evaluation of trauma vic-
tims, and the advance in trauma care systems."”

Complications such as visceral herniation or
strangulation may arise early in the patients clinical
course or remote from the traumatic event."
Although diagnostic methods were described for
the management of traumatic rupture of the
diaphragm™®” they showed unsatisfying results."
Correct diagnosis with use of these imaging meth-
ods depends largely on the demonstration of herni-
ated abdominal contents rather than the direct
demonstration of diaphragmatic tear.

The purpose of the present study was to review
the patients operated at surgical emergency depart-
ment for traumatic rupture of the diaphragm in
order to identify the factors influencing the clinical
course.

MATERIALS AND METHODS

Ankara Numune Training and Research
Hospital is one of the biggest trauma centers of
Turkey, and around 2000 trauma cases are admitted
each year. The medical records of 58 patients with
DRs, which were diagnosed during surgery in
Emergency Department at last five years, were ret-
rospectively analyzed. Age, sex, types of injury, the
revised trauma score (RTS)®” and SIRS (systemic
inflammatory response syndrome) score,"” preop-
erative findings, associated injuries, the location of
injury, the size of the rupture, grade of organ
injury,"" herniated organs, blood transfusion, dura-
tion of hospitalization, and related mortality rates
were all recorded and the influence of these factors
on mortality was then evaluated.

Statistical analyses

All data were stored using SPSS 10.05 for
Windows. Statistical analyses were performed by
using independent samples t-test, chi-square test
and logistic regression as required. p values less
than 0.05 were considered as significant.
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RESULTS
The age and sex distribution of patients

The mean (range) age of patients was 33 (14-76)
years. Male/female (M/F) ratio was 43/15, and 74%
of patients were male. The average age and the
mechanism of injury were similar in both sex. The
overall mortality rate was 21% (12 patients, 7
male). When the mortality rates compared among
the sex groups, there was no significant difference
between groups (5/15, 33% vs. 7/43, 16%, p=0.08)
(Table 1).

The mechanism of injury

The most common cause of diaphragmatic rup-
ture was penetrating injury (52%, 30 patients).
While 72% of penetrating injuries were from stab
wounds, remaining 28% were due to other reasons
(gunshot, traffic accident etc.). Blunt injury had a
prevalence of 48% (28 patients). Blunt traumas
were mostly due to car accident (95%). All cases
with mortal course were blunt traumas (p<0.001)
(Table 1).

Preoperative findings

The revised trauma score and SIRS were calcu-
lated for each patient. Average revised trauma score
(RTS) was 6.68 (1.96-7.84) in general, it was found
to be 5.02 (1.96-6.9) in patients who had mortal
course. RTS was 5.75 (1.96-7.84) for the blunt
injuries and 7.62 (6.17-7.84) for the penetrating
injuries (p<0.001).

Average SIRS score was 2.5 (0-4) in general, it
was found to be 2.1 in penetrating trauma and 2.9
in blunt trauma and was 3 in patients who had mor-
tal course (p=0.099). SIRS score was poorly corre-
lated with blood transfusion and presence of herni-
ation (Spearman’s rho=0.395, p=0.025, p=0.012
respectively).

Only seven (12%) patients had shock status pre-
operatively and all had mortal course. All patients with
shock also had splenic injury (p<0.001) (Table 1).

Associated injuries

Associated injuries were present in 51 (88%)
patients (33 patients had only intra-abdominal
injuries, 3 had rib fractures, 2 had intra-thoracic
injury, 11 had both intra-abdominal and intra-tho-
racic injuries). Most commonly injured abdominal
organ was spleen, stomach, liver and colon.
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Table 1. The mechanism of injury and related parameters

Blunt Penetrating p
N 28 30
Male/Female 18/10 25/5 0.087 (ns)
Mortality 12 0 0.001
RTS (*) 0.242 (ns)
<4 10 (100) 6 (0)
>4 18 (11) 24 (0)
SIRS (*) 0.154 (ns)
<2 16 (25) 22 (0)
>2 12 (67) 8 (0)
Location of rupture (%) 0.214 (ns)
Right 6 (22) 8 (27)
Left 22 (78) 20 (66)
Bilateral 0 27
Associated intraabdominal 0.540 (ns)
organ injuries
Spleen 10 11
Stomach 1 14
Liver 5 8
Colon 2 5
Gallbladder 1 1
Over 2 -
Kidney 1 -
V. Cava inferior 1 -
Adrenals 1 -
Bladder 1 -
Total (no of cases) 21 23
Herniated organs 0.005
Stomach 8 1
Small bowel 5 1
Spleen 4 1
Colon 2 -
Liver 2 -
Total (no of cases) 10 1

* Number in brackets represents the persentage of cases with mortality; RTS: The revised trauma score;
SIRS: Systemic inflamatory response syndrome; ns: not significant.

Most commonly injuried abdominal organ was Chest film
spleen in blunt injuries, stomach in penetrating inju-

. . : > Preoperative chest film was obtained in 42 of the
ries. None of the patients had associated head injury.

58 patients and 15 of those were considered as nor-
Preoperative diagnoses mal. Chest film could not be taken in remaining 16
patients who had undergone emergent surgery.
Diagnostic findings of intrathoracic bowel gas in
the chest were present in nine of 42 patients. Non-

Preoperative diagnoses were accurately made in
only twelve (20%) patients based on physical

examination, chest film and computed tomography specific findings, such as elevated hemidiaphragm,
(CT). Remaining 46 (80%) patients were diagnosed hemothorax and pneumothorax were present in 18
during surgery after a positive peritoneal lavage. patients (Table 2).
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Factors influencing mortality in fraumatic ruptures of diaphragm

Table 2. Pulmonary complications related to trauma
according to the chest X-ray (p=0.456)

Blunt  Penetrating

Atelectasis 0 2
Hemothorax 4 3
Pneumothorax 3 1
Hemopneumothorax 1 4
Flail Chest 1 0
Laceration 1 0

Hemothorax + Flail chest +
transection of left pulmonary artery

—_
o

p values according to chi-square test.

Chest tubes

Chest tubes were inserted preoperatively in 27
patients. The chest tubes were inserted after the
recognition of diaphragmatic injury intraoperative-
ly in the other 29 patients.

Computed tomography (CT)

CT scan was performed in only two patients
who had thoracoabdominal trauma during the ini-
tial evaluation with the suspicion of DR.
Thoracoabdominal CT was diagnostic in these
patients as they had left diaphragmatic defects.

Peri-operative findings

In 46 patients (80%), the diagnosis of diaphrag-
matic hernia could not be established before explo-
ration. Midline incision was the incision of choice
in 52 (90%) cases and in remaining six (10%) cases
thoracoabdominal incisions were used due to sus-
pected trauma to the heart, great vessels or major
bronchi.

The location of rupture

Rupture was located on the left side in 42 (72%),
on the right side in 14 (24%) and was bilateral in
two (3%) patients. The site of rupture had no influ-
ence on outcome and other parameters (Table 1).

Herniated organs

Intrathoracic herniation was seen in eleven
(19%) cases. Visceral herniation was significantly
higher in patients with blunt injury (10 patients,
91%, p=0.005). The most common herniated organ
respectively was stomach, small bowel and spleen.
Presence of herniation was found to be strongly
correlated with SIRS score, blunt injury and the
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Table 3. The grade of diaphragmatic injury (p=0.016)

Grade Alive  Deceased  Total
I (contusion) - - -
II (laceration <2 cm) 14 - 14
IIT (laceration 2-10 cm) 20 5 25
IV (laceration >10 cm) 12 5 17
V (laceration +

tissue loss >25 cm’) - 2 2

p values according to chi-square test.

grade of injury (p=0.012, p=0.005, p=0.001).
Presence of herniation has no effect on mortality
(p=0.155) (Table 1).

The grade of injury

All ruptures were graded according to previous
classification by Asensio et al."” Rupture size was
less than 2 cm (grade II) in 14 (24%) patients and
was over 2 cm in remaining 34 (59%) patients. It
was grade III in 20 (35%) patients. There were
strong correlations between grade of injury and
type of trauma (p<0.001), RTS (Spearman’s rho=-
0.379 p=0.039) and herniation (p=0.001). Location
of rupture has no affect on grade. There was no cor-
relation between the grade of injury and presence of
shock (p=0.061) (Table 3).

Average rupture size was 10.6 (2-30) cm in the
penetrating trauma, 3.5 (1-12) cm in the blunt trau-
ma. Average rupture size was 13.1 (3-30) cm in the
blunt trauma, 3.1 (1-12) cm in the penetrating trau-
ma and 13 (4-30) cm in patients with mortal course
(Table 3).

The diaphragmatic injury was repaired primari-
ly with interrupted non-absorbable sutures in 53
(92%) patients and prosthetic mesh (Prolene Mesh
Ethicon Company) in 2 (3%) patients. Ruptures
could not be repaired in 3 (5%) patients as they died
early on the operating table (Table 3).

Hospital stay

Mean duration of hospital stay for patients with a
total cure was 10 (3-30) days, Whereas the duration
of hospital stay was 2.7 days in patients with mortal
course 9 died peroperatively, one died at postopera-
tive 24th hour, one at 8th postoperative day and
other one died at 9th postoperative day. Hospital
stay of patients in penetrating trauma was 10.5 (3-
30) days and it was 9 (1-15) days in blunt trauma.
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Factors influencing mortality

The overall mortality rate was 21% (n=12). All
mortalities were seen in patients with blunt trauma
and the most common cause of death was hemor-
rhagic shock (n=7) (Table 4).

Early mortality (<24h) was observed in 17%
(n=10). Early mortality resulted from hemorrhagic
shock because of severe bleeding from associated
injuries. The majority of late deaths (>24 h) were
attributed to sepsis, multiple organ failure and
ARDS. Average blood transfusion was 2.8 units (1-
10) in mortal cases and 0.2 units (0-4) in the remain-
ing patients (p<0.002). Associated organ injuries
were present in eleven (92%) mortal cases. The size
of rupture was over 5 cm in eight (75%) cases.

The influences of factors on mortality were
analysed by using logistic regression and Backwart
Wald test. Blunt trauma, grade, blood transfusion,
presence of splenic injury and presence of shock
were all found to be factors influencing mortality.
OR (odds ratio) and CI (Confidence interval) eval-
uation revealed that only grade and presence of
splenic injury had strong ifluence on mortality (OR:
11.9, CI (1.5-92.4); OR: 84.5 CI (5.7-1253.6)
respectively.

DISCUSSION

Diaphragmatic hernia after trauma can be divid-
ed into three phases: the acute phase; patients in
whom diagnosis is correctly established immediate-
ly, up to 14 days after injury; the second phase:
patients diagnosed in the period after acute injury,
but before intestinal obstruction or strangulation
and the third phase, patients in whom correct diag-
nosis is established because of intestinal obstruc-
tion or strangulation.”™ In this study we have con-
sidered only the first phase."*'"

Diaphragmatic rupture can occur from penetrat-
ing or blunt injuries, and rarely occur spontaneous-
ly as a result of pregnancy. DR occurs in 10-19% of
victims of penetrating trauma to the thorax and
abdomen®""'¥ The major causes are gunshot and
stab wounds in penetrating trauma. DR occurs in
0.8-7% of major blunt injuries.">"' Car accidents are
common causes of blunt injury.”” Penetrating
injuries are the most common cause of diaphragmat-
ic injuries, with a ratio to blunt injury of 2:1.°" In
our study, the most common cause of DR was pen-
etrating injuries (52%).

136

Ulus Travma Acil Cerrahi Derg

Table 4. Factors influencing mortality

Factor p

Blunt trauma 0.001
Grade 0.017
Blood transfusion 0.002
Presence of shock 0.001
Presence of splenic injury 0.001

p values according to logistic regression.

The frequency of the two types of injury is a
reflection of the geographic and socioeconomic
region served by each hospital.">"** All reports,
including the one presented here, describe that the
majority of injuries occurring in men rather than in
women.'**"!

In our study, the most common trauma in female
was blunt trauma (10/15). Hemorrhagic shock and
mortality most often occurred in female patients.

The preoperative diagnosis of DR is always dif-
ficult in trauma victims."**** Only 20% of the DRs
were diagnosed before surgery in the present study
which is in correlation with previous reports.” The
trauma surgeon must first suspect DR and then pro-
gressively build a case to prove or disprove its exis-
tence.”*"

Although simple chest X-ray is an helpful inves-
tigation,”™ the films are often technically compro-
mised by the use of portable radiography units,
supine projection, and limited patient cooperation.
DR was reported to be suspected in only 27%
(19.4-50) of cases based on the initial chest film."”
In the current study, the initial chest radiogram was
diagnostic in only 21% (9/42) of the patients; nor-
mal films have been reported in 20-50% of the
cases which is in correlation with previous
reports.” There is an abnormal pattern of gas seen
in a right sided rupture in only the most severe
cases, and ruptures on right side are more difficult
to diagnose before operation than left-sided ones."
Despite these reports, 8 (19%) out of 42 left sided
DR’s were accurately diagnosed before operation in
our study, which was similar for the right-sided
DR’s with three out of 14 (21%) were being diag-
nosed preoperatively. This difference is probably
due to the mix pattern of our patient group as most
previous reports on this matter include only blunt
injuries.
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The mechanism of injury for blunt rupture is
thought to be a lateral impact distorting and shear-
ing the chest wall or a direct frontal impact causing
a sudden increase in intraabdominal pressure. Most
ruptures occur in the posterolateral aspect of the
hemidiaphragm as this area is structurally weak
because of its embryologic origin from the pleu-
roperitoneal membrane."” Left sided ruptures are
more common, possibly due to a buffering effect of
the liver on the right hemidiaphragm.”">"”" Injury to
the both leaflets of the diaphragm was reported to
be relatively uncommon as it was in our study
(3%).”*" Present study also confirms the predomi-
nance of left sided rupture, as so many other series
have noted.” In spite of this, location of rupture
had no statistical affect on mortality or other evalu-
ated parameters.

Isolated diaphragmatic injuries are seen infre-
quently.”™ Associated injuries were present in 51
patients in the present study, and most frequently
were belonging to spleen, stomach, liver, colon and
chest wall or lung which is in correlation with pre-
vious reports.”'****! Thus, the present study like
many others, demonstrates the necessity of careful
examination of these patients for concomittant
organ injuries.">* Non thoraco-abdominal injuries
were absent in all patients.

Visceral herniation to the thorax was seen in
19% of our patients with diaphragmatic rupture.
Herniation of the abdominal viscera into the thorax
was observed at surgery in 10 of 28 (36%) blunt
trauma patients (p=0.013), a rate similar to the pre-
vious reports of 32-64%.">*" All the blunt traumas
with visceral herniation were on the left side and
more than ten cm in seven patients (grade IV and
V) (p=0.009). The most herniated organ was stom-
ach, which was followed by small bowel and spleen
respectively in our study which is also mostly in
correlation with previous reports.”** On the right
side, because of the liver acting as buffer, hernia-
tion occurs much less frequently and in general, it
occurs more slowly and more gradually.

In our series, the majority of diaphragmatic
defects were repaired with a single layer of nonab-
sorbable sutures. There was no in hospital recur-
rence and the method of repair was not associated
with eventual outcome.

The overall mortality rate was 21% in the pres-
ent study. This result was in accordance with those
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of other series that range from 4.3% in a series of
predominantly penetrating injuries to 37% in a
series of blunt injuries with most authors reporting
17% to 25% mortality rates.™'>'>>+*

In the present study, increased mortality rates
were noted in patients who arrived emergency
departments in shock and in patients with a blunt
injury. Increased grade of injury, blood transfusions
over 3 units, presence of splenic injury had signifi-
cant effect on mortality. Pulmonary complications
and location of rupture had no statistical effect on
mortality and clinical course. Hemorrhagic shock is
most often cited as causes of intraoperative or early
postoperative deaths; sepsis and multisystem organ
failure shown as late causes of death. In order to
decrease the early mortality in patients with shock
special attention must be given to their care includ-
ing venous access, blood transfusion, drug therapy
etc; starting from transfer via the ambulance to get-
ting into the operating room.

We conclude that the diagnosis of diaphragmat-
ic injury is important in traumatic victims.
Preoperative evaluation is usually inadequate and
most ruptures were diagnosed during surgery.
Therefore, careful visual and manual inspections of
entire diaphragm are necessary. Although many
factors influence mortality, outcome is almost
entirely dependent on associated injuries so that
careful attention should be given to their diagnosis
and treatment.
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