Traumatic diaphragmatic ruptures: clinical presentation,
diagnosis and surgical approach in adults

Traumatische Zwerchfellrupturen: klinische Prasentation,
Diagnosestellung und chirurgisches Vorgehen beim Erwachsenen

Abstract

Objective: Traumatic diaphragmatic injuries are rare, but potentially Sabine Hofmann®
I|fe-.threaten|ng due to hgrnlatlon of abdomlpgl or.gans |n.to the pleu.ral Marko Kornmann®
cavities. They can be easily overlooked on initial diagnostics and a high . .
index of suspicion is required. The aim of this retrospective study was Doris Henne-Bruns
to analyze the clinical presentation, diagnostic methods and surgical Andrea Formentini®

management of patients with diaphragmatic rupture at our institution.
Methods: A retrospective study was performed to analyze our experience
with patients suffering from traumatic diaphragmatic rupture. Charts
were reviewed for sex, age, side-location, concomitant injuries, time-to-
diagnosis, diagnostic methods, surgical approach and outcome.
Results: Fourteen patients (median age: 46 yrs, range 18-71, 9 male,
5 female) with diaphragmatic injuries (left side: 10, right side: 4) were
treated between July 2003 and September 2011. Mechanism of injury
was a penetrating trauma (14%), blunt trauma (50%) and others (36%).
Associated abdominal injuries included spleen rupture (n=3), liver lacer-
ation (n=2), abdominal wall laceration (n=2) and gastric perforation
(n=1). Computed tomography was the most sensitive diagnostic method.
All patients underwent trans-abdominal repair of the diaphragmatic
defect (direct suture: 10, prosthetic mesh insertion: 4). Associated ab-
dominal procedures included splenectomy (n=3), liver packing (n=2),
abdominal wall reconstruction (n=2) and partial gastric resection (n=1).
Morbidity and hospital mortality rate were 36% and 0%, respectively.
Median postoperative hospital stay was 17 days (range: 7-40 days).
Conclusion: Morbidity and mortality of diaphragmatic ruptures are mainly
determined by associated injuries or complications of diaphragmatic
herniation like incarceration of viscera or lung failure. Early diagnosis
helps to prevent severe complications. Spiral CT-scan is the most reliable
tool for acute diagnosis of diaphragmatic rupture and associated visceral
lacerations. Laparotomy is an adequate surgical approach for diaphrag-
matic repair, especially in cases of associated abdominal organ injury.
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Zusammenfassung

Einleitung: Zwerchfellhernien sind selten, aber potentiell lebensgefahr-
lich durch Hernierung von intraabdominellen Organen in die Pleurahdh-
len. Sie kbnnen in der initialen Diagnostik leicht Gbersehen werden und
meist ist ein dringender klinischer Verdacht notwendig, um die Diagnose
zu stellen. Ziel dieser retrospektiven Studie war es, das klinische Bild,
diagnostische Methoden und die chirurgische Vorgehensweise in Bezug
auf Patienten mit Zwerchfellrupturen, die an unserem Institut behandelt
wurden, zu evaluieren.

Methoden: Eine retrospektive Studie wurde durchgefihrt, um unsere
Erfahrungen mit Patienten mit traumatischer Zwerchfellruptur zu unter-
suchen. Krankenakten wurden hinsichtlich Alter, Geschlecht, Seitenlo-
kalisation, Begleitverletzungen, chirurgischem Vorgehen, Diagnostik,
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Zeitspanne bis zur Diagnosestellung und klinischen Ergebnissen ausge-
wertet.

Ergebnisse: 14 Patienten (medianes Alter: 46 Jahre, Spanne: 18-71
Jahre, 9 mannlich, 5 weiblich) wurden mit der Diagnose einer trauma-
tischen Zwerchfellruptur (rechte Seite: 4, linke Seite 10) wurden in un-
serer Klinik im Zeitraum von Juli 2003 bis September 2011 operativ
behandelt. Unfallmechanismen waren penetrierend (14%), stumpf (50%)
und andere (36%). Assoziierte Abdominalverletzungen beinhalteten die
Milzruptur (n=3), Leberruptur (n=2), Bauchwandverletzung (n=2) und
Magenperforation (n=1). Computertomographie war die Untersuchungs-
methode mit der héchsten Sensitivitat. Alle Patienten wurden Uber
einen transabdominellen Zugang operiert, 10 erhielten einen Verschluf}
des Defektes mittels direkter Naht, 4 wurden mit einem Kunststoffnetz
versorgt. Assoziierte Baucheingriffe beinhalteten die Splenektomie
(n=3), ,Packing” der Leber (n=2), Bauchwandrekonstruktion (n=2) und
Magenteilresektion (n=1). Morbiditat und Mortalitat wahrend des sta-
tionaren Aufenthaltes betrugen 36% und 0%. Der mediane postopera-
tive Krankenhausaufenthalt waren 17 Tage (zwischen 7 und 40 Tagen).
Schlussfolgerung: Morbiditat und Mortalitat von Zwerchfellrupturen
werden hauptsachlich durch assoziierte Verletzungen oder Komplika-
tionen bei Hernierung wie Inkarzeration der Bauchorgane oder Lungen-
kompression bestimmt. Eine frihzeitige Diagnose hilft, schwere Kom-
plikationen zu verhindern. Spiral-Computertomographie ist das verlass-
lichste diagnostische Mittel in der Akutsituation und ebenfalls geeignet,
begleitende Organlasionen nachzuweisen. Die Laparotomie ist ein ad-
aquater chirurgischer Zugangsweg zur Zwerchfellrekonstruktion, beson-

ders im Falle begleitender intraabdomineller Organverletzungen.

Introduction

The true incidence of traumatic diaphragmatic rupture is
unknown. Morgan et al. [11] reported that about 5% of
all patients undergoing emergency laparotomy for trauma
have a diaphragmatic injury and these data are confirmed
by an autopsy series after blunt abdominal trauma
showing rupture of the diaphragm in 5% of patients [2].
An analysis focusing on thoracoabdominal trauma showed
diaphragmatic injuries’ rates of 2.1% for blunt and 3.4%
for penetrating trauma [17]. However, in countries with
low violent crime rates traumatic diaphragmatic rupture
is due to motor vehicle collisions in 80-90% of cases [8].
In the future, the incidence of traumatic diaphragmatic
rupture is expected to be increasing as numbers of high
energy motor vehicle collisions rise and survival of other
previously lethal injuries improves [5]. Diaphragmatic
rupture remains a diagnostic and therapeutic challenge
to physicians. As there is no reliable radiological diagnos-
tic procedure, diagnosis is frequently missed leading to
a delay between trauma occurrence and diagnosis and
consequently to an increase of mortality and morbidity
[10]. Therefore the diagnosis of a diaphragmatic injury
requires a high index of suspicion and meticulous analysis
of the individual trauma mechanism. The involvement of
two body cavities may cause problems in identifying the
path of injury and in choosing the appropriate surgical
approach. Potential life threatening associated injuries
call for prompt operative attention whereas in case of
massive herniation with heart luxation, visceral incarcer-
ation or organ perforation diaphragmatic injuries neces-

sitate urgent attention [1]. The aim of this retrospective
study was to analyze clinical presentation, diagnostic
methods and surgical management of patients with dia-
phragmatic rupture at our institution.

Material and methods

A retrospective evaluation of patients that were treated
operatively with the diagnosis of a traumatic diaphragmat-
icinjury between July 2003 and June 2011 at the Depart-
ment of General Surgery of the University of Ulim was
undertaken. Medical charts were reviewed concerning
age, gender, clinical presentation, type of injury, diagnos-
tic methods, time to diagnosis, localization of rupture,
associated injuries, surgical approach and procedure,
hospital stay, postoperative morbidity and mortality.

Results

During the study period a total of 14 patients were oper-
ated with the diagnosis of a traumatic diaphragmatic
rupture. The median age of the study population was
46 years (range 18-71 years). There were 9 male (64%)
and 5 female (36%) patients.

The mechanism of injury was a penetrating trauma in
2 patients (14%) due to a stab wound of the abdomen
and thorax, whereas 7 patients (50%) had a blunt trauma
including traffic accidents (n=6) and fall from a tree (n=1).
Three injuries (22%) were caused by very unusual trauma
mechanisms as we assumed according to the previous
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clinical history: one patient suffered from diaphragmatic
rupture occurring after a cough induced rib fracture, one
patient became symptomatic after workout in a gym stu-
dio and one patient was pregnant and suffering from
hyperemesis gravidarum. In two patients (14%) diaphrag-
matic injury occurred probably after previous surgery op-
eration as no history of trauma was known: one patient
had undergone gastrectomy 2 years before whereas an-
other one had received surgery for a fracture of the first
lumbal vertebra. A summary of clinical patients’ charac-
teristics is given in Table 1.

Table 1: Clinical characteristics of study population

Patients (n=14)

Median age 46 years (18-71)
Gender 319 (64%) 1 2: 5 (36%)
Side left: 10 (71%) / right: 4 (29%)

Blunt: 7 (50%)

Mechanism of Penetrating: 2 (14%)

trauma latrogenic: 2 (14%)
Others: 3 (22%)

Morbidity )

(number of patients) | ° (367)

Mortality 0 (0%)

(up to discharge)
Median hospital stay

17 days (7-29 days)

Seven patients (50%) were admitted to the emergency
department as a consequence of trauma or because of
acute onset of symptoms and early diagnosis (<12 hours)
was made by the initial diagnostics. In two further patients
(14%) delayed diagnosis was made within 24 hours from
admission. Four patients (29%) had a late diagnosis of
rupture after a period of 4 months to 9 years from as-
sumed accident or iatrogenic trauma. Three of them be-
came symptomatic after a median of 6 months after
trauma (range: 4-10 months) whereas one patient with
a right-sided diaphragmatic rupture and consecutive
herniation of liver, stomach and colon into the pleural
cavity was diagnosed 9 years after trauma. In one case
(7%) the time spread between rupture and onset of
symptoms remained unclear.

Seven patients (50%) had chest radiographs with four
patients (57%) having suspicion of diaphragmatic rupture.
Four patients (33%) received ultrasound, but only one
(25%) was suspicious of diaphragmatic hernia. Twelve
patients (86%) had CT-Scan which revealed diaphragmatic
injury in 10 cases (83%). Interestingly, in one polytrauma-
tized patient the diaphragmatic injury remained undetec-
ted in the first CT-scan and was suspected on x-ray after
extubation two days later. In another patient the diaphrag-
matic defect was not evident on the first CT-scan, but on
the second one some days later.

The localization of the injury involved the left side of the
diaphragm in 10 (71%) and the right side in 4 patients
(29%). A description of the frequency of intrathoracic
organ herniation according to the site of injury and of
associated injuries is given in Table 2 and Table 3, re-
spectively.

Table 2: Frequency of organ dislocation according to site of

rupture
Total diaphragmatic ruptures
e n=14 (100%)
H
Organ Herniation Left-sided Right-sided
n=10 (71%) n=4 (29%)
stomach 6 (60%) 1 (25%)
colon 5 (50%) 3 (75%)
spleen 3 (30%) 0 (0%)
liver 0 (0%) 1(25%)
small bowel 1 (10%) 2 (50%)

Table 3: Frequency of associated injuries
Patients (n=14)

Associated Injury

Rib fracture 8 (57%)
Splenic rupture 3(21%)
Pelvic fracture 3 (21%)
Pneumothorax 3 (21%)
Pulmonary 3 (21%)
contusion

Liver laceration 2 (14%)
Abdominal wall 2 (14%)
rupture

Cardiac contusion 2 (14%)
Pericardial 1 (7%)
tamponade

Gastric perforation 1(7%)
Sternal fracture 1(7%)
Spine fracture 1(7%)

The operative approach was trans-abdominal in all cases.
Five patients (36%) underwent upper transverse incision
and eight (57%) midline incision. In one case (7%) the
operation was started laparoscopically, but it was con-
verted to open surgery due to the severity of the concomi-
tant liver laceration. The repair technique consisted of
direct suture of the diaphragm in 10 cases (71%). The
suture was interrupted in seven and continuous in three
cases whereas material was non-absorbable in three and
slow-absorbable in seven cases. In four patients (29%)
insertion of a prosthetic mesh was needed to ensure
tension-free closure of the defects. Associated abdominal
procedures included splenectomy because of rupture
(n=3), liver packing (n=2), abdominal wall reconstruction
(n=2) and partial gastric resection due to perforation
(n=1). In one patient segmental small bowel resection
was performed, because of an incidental intraoperative
finding of stenosis.

Postoperative complications occurred in five patients
(36%), and included both-sided pulmonary embolism
(n=1), reversible multi-organ failure (n=1) and wound-in-
fection (n=1). One patient needed several revisions due
to complications from anastomotic leakage after bowel-
resection. Persistent pleural effusion was seen in one
patient with the need of repeated pleural drainage. Pro-
longed mechanical ventilation up to three days was ne-
cessary in three patients and for 6 and 22 days in two
further patients.

There was no mortality up to discharge and no known
history of hernia-relapse. Median postoperative hospital

Jrs

GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2012, Vol. 1, ISSN 2193-8091

3/7



Hofmann et al.: Traumatic diaphragmatic ruptures: clinical presentation, ...

stay was 17 days (range: 7-40 days). A prolonged post-
operative hospital stay was mainly caused by the severity
of the associated injuries.

Discussion

The diaphragm is a flat, dome-shaped septum stretching
horizontally between sternum, lower ribs and the lumbal
spine and consisting of a peripheral muscular and a
central tendinous part. The diaphragm has two functions:
it is the most important respiratory muscle and it separ-
ates the abdominal from the thoracal cavity. The latter is
of major importance for clinical consequences in case of
diaphragmatic injuries [11].

Traumatic ruptures of the diaphragm are often the result
of severe accidents like blunt or penetrating trauma. Blunt
or indirect trauma is mainly caused by traffic accidents
or fall from height [18], [6]. It commonly leads to lacera-
tion of the posterolateral part as this develops as the
weakest part during embryological period and is hit by a
pressure gradient at the time of high-impact accidents
[4], [20], [14], [19]. Penetrating or direct trauma to the
diaphragm can be caused by gunshot injuries, stab
wounds or impalement lesions [11]. The ratio of blunt to
penetrating trauma is a mirror of regional socioeconomic
conditions. In the literature reports of blunt trauma are
more common (approximately 75%), but the ratio differs
from 3:1 to 1:8 according to different series [18], [9], [6],
[15].

Although the true incidence of diaphragmatic rupture is
not known, data from the literature suggests that it is an
uncommon event [18], [4]. It is seen in 1-7% of major
blunt traumas and 10-15% of patients with penetrating
trauma [15], [18]. This confirms our observation of only
14 cases over a period of 8 years in a hospital being a
regional trauma referring center.

Several papers report a higher proportion of young male
patients in the 4" decade of life with traumatic diaphrag-
matic rupture [1]. This is consistent with the observations
in our study where the median age was 46 years and
64% of the patients were male.

Road accidents represented in our study the most fre-
quent cause for injury, according to most published re-
ports [4], [1], [15], [6]. However, we also observed occur-
rence of diaphragmatic rupture as a consequence of very
unusual mechanisms (gym studio, vomiting in pregnancy,
heavy coughing). There have been several reports in the
literature about unusual causes for diaphragmatic rupture
as well, such as delivery, severe vomiting, heavy coughing,
weight lifting or strenuous swimming after a jump into
the water from a height of half a meter [13], [7].
Diaphragmatic injuries are more frequently located on
the left side [9], [1]. Left-sided ruptures after blunt trauma
seem to occur more often due to a so-called cushioning
effect of the liver, increased strength of the right hemi-
diaphragm and weakness of the left hemi-diaphragm at
the spots of embryonic fusion [1], [6], [4]. Other authors
however stated that left-sided ruptures are not more

common, but right-sided ones are easier missed and
cause a greater pre-hospital mortality [16].

A typical feature of diaphragmatic rupture has been de-
scribed as a “both ends of the spectrum” clinical
presentation [11]. There can be a variety between a
complete lack of symptoms, mild symptoms like nausea,
difficulty in breathing, abdominal, thoracal or shoulder
tip pain and acute symptoms due to visceral obstruction,
strangulation or perforation, culminating in multiorgan
failure. Especially in the presence of a diaphragmatic tear
without visceral herniation patients may be asymptomatic
for years [14]. One patient was admitted to our hospital
in a state of septic shock, because of an intrathoracic
hollow organ perforation whereas another one was first
diagnosed because of unclear liver enzyme elevation due
to a liver herniation nine years after a car accident.
Commonly associated injuries are viszeral lacerations of
the thoracal or abdominal organs and bone fractures. In
the literature, the most likely associated fractures were
pelvic fractures [14] and rib fractures [4]. Most organ in-
juries involve the spleen, the lungs and the liver [1], [11].
Our observation showed the predominant combination
with serial or singular rib fractures, followed by pelvic
fractures, fracture of the spine and sternum. Most fre-
quent visceral lacerations were splenic ruptures, pulmon-
ary contusion, pneumothorax, liver laceration and cardiac
contusion.

Diagnosis of traumatic diaphragmatic rupture remains a
challenge for physicians and most authors suggest the
need for a “high level of suspicion” to identify this lesion.
It can easily remain undetected at first examination and
diagnosed delayed after days or even years [6], [16]. This
is due to several reasons. First, the patients are often
poly-traumatized and other injuries may be more apparent
at the time of initial treatment. Second, the diaphragmatic
defect without herniation of abdominal organs can be
easily overlooked on X-ray or even CT-scan and causes
no clinical symptoms [14]. Third the findings on X-ray can
be misjudged, especially when diaphragmatic injury is
not suspected. Additionally, in patients receiving mechan-
ical ventilation with positive pressure ventilation the her-
niated organs may be pushed down [4]. Therefore it can
be helpful to repeat diagnostics after extubation. Clinical
diagnosis is hardly reliable because clinical signs are not
specific for diaphragmatic injury [1]. Nevertheless, suspi-
cion must be raised in patients with massive thoracal or
abdominal trauma when intrathoracal bowel sounds are
found on examination while breath-sounds are missing.
Accuracy of chest X-ray has been described as high as
62% for left-sided but only 17% for right-sided injuries
[11]. In our study chest X-ray (Figure 1) showed diaphrag-
matic hernia in 4 of 7 patients (57%). Abdominal/pleural
ultrasound seems to have an even lower accuracy in de-
tecting diaphragmatic rupture. Accuracy was 0% to 26%
in various studies [10], [12]. In our series in only one of
four patients ultrasound was suspicious for diaphragmatic
injury.
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Figure 1: Thoracal X-ray of a patient with right-sided
diaphragmatic rupture

Multi-slice spiral CT-scan (Figure 2) has a sensitivity as
high as 80% with a specifity of 100%, according to various
studies [11]. Moreover, when used as a diagnostic tool
in patients with blunt or penetrating trauma or poly-trau-
matized patients it allows a fast and reliable scanning of
all concomitant injuries. We observed a correct diagnosis
by CT-scan in 10 of 12 patients (83%) with no false-
positive results. Thus CT-scan is to date the study of
choice to detect diaphragmatic injury.

Figure 2: Axial CT-scan of a patient with a right-sided
diaphragmatic hernia. Tension-pneumothorax due to an
intrathoracal gastric perforation.

There is no doubt about the necessity of surgical interven-
tion to treat diaphragmatic ruptures. However, controver-
sies exist concerning the decision for surgical approach,
procedure and repair technique. Depending on the pre-
dominance of intraabdominal or intrathoracal organ injur-
ies and on the surgeons’ own experience as well as on
local hospital facilities, the cavity that is entered will be

chosen [11]. The use of thoracoscopy and/or laparoscopy
as an alternative to open surgery is limited by patient’s
general health state and the severity of concomitant organ
lesions [4]. The operative steps are equal for all ap-
proaches, consisting of hernia-reduction, repair of asso-
ciated visceral lesions and closure of the diaphragmatic
defect. Asummary of reported repair techniques is given
in Table 4. Although the technique of suture (interrupted
or running) was not homogeneous in all studies, all
authors used non-absorbable material for direct suture
as well as for prosthetic mesh. In large defects (Figure 3)
prosthetic mesh will be needed to ensure tension-free
closure [11]. Closure of diaphragmatic defects was re-
ported to be easier if early diagnosis was done, before
fibrosis develops [6]. In our series all patients received
laparotomy. Different methods and materials for direct
suture were used in ten patients whereas prosthetic mesh
was inserted in four patients. To our knowledge there
was no reported recurrence after diaphragmatic repair
during the study period.

i~

Figure 3: Intraoperative finding in a patient with a right-sided
diaphragmatic rupture, which was diagnosed 9 years after a
car accident. After the long time-interval fibrosis of the margins
has developed, with a shrinking of the tissue. Closure by
prosthetic mesh was needed because of the large
diaphragmatic defect.

Morbidity and mortality are mainly determined by the
severity of associated injuries, preoperative hernia-related
complications like strangulation, incarceration and per-
foration of abdominal viscera, pulmonary compression
or common perioperative complications like pneumonia,
shock or pulmonary embolism. Mortality rates reported
in the literature range between 10% and 35% [4]. In our
series the morbidity rate was 36% and there was no
mortality up to discharge.

In summary, traumatic diaphragmatic rupture is a rare
entity in patients with blunt or penetrating trauma and
the diagnosis is a challenge to the treating physicians.
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Table 4: Suture’s technique and material: review of the literature

Study No. Patients | Suture technique Suture material Mesh

Petrone 2007 n.s. n.s. non-absorbable non-absorbable
Tan 2009 14 interrupted non-absorbable non-absorbable
Steinau 1997 17 interrupted silk n.s.

Pantelis 2006 21 continuous non-absorbable n.s.

Celik 2010 16 Interrupted or running non-absorbable n.s.

Beigi 2010 34 interrupted or running non-absorbable n.s.

n.s. = not stated

Suspicion for this condition is the first step of detection.
The most reliable diagnostic method is a spiral CT-scan
that s helpful for diagnosing concomitant injuries as well.
Associated injuries are often associated with diaphrag-
matic rupture and determine the patient’s prognosis in
most cases. Surgical repair is mandatory and should be
performed as soon as possible to prevent potentially life-
threatening hernia-related complications.
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