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Introduction

Background: Diaphragmatic injuries following blunt or penetrating thoraco-abdominal
trauma are rare, but can be life-threatening. Rib fractures are the most common associated
injury in patients with a traumatic diaphragmatic injury (TDI). We hypothesized that the
pattern of rib fracture injuries could dictate the likelihood of acute TDIs.

Methods: A retrospective study was carried out between April 2014 and October 2018
to analyze patients with TDIs and rib fractures at a major trauma center in London, United
Kingdom.

Results: Over the study period, 1,560 patients had rib fractures, of whom 14 had asso-
ciated diaphragmatic injuries. Left-sided diaphragmatic injuries were found in 8 patients
(57%) . A significant proportion of the rib fractures were located posterolaterally (44.9%).
The highest frequency of fractures was found in ribs 5-10, which accounted for 74% of
all the fractures. Ten patients underwent surgery, of whom 7 were diagnosed with a dia-
phragmatic injury intraoperatively after video-assisted thoracoscopic surgery assessment
of the pleural cavity. Two patients died due to severe injuries of other organs and the re-
maining 2 patients were managed conservatively.

Conclusion: Our series of patients demonstrates a relationship between significant rib
fractures and diaphragmatic injuries in trauma patients, and the diagnostic difficulties in
identifying the condition. We found that the location of the rib fractures and the pattern of
injury in patients with TDIs were much lower and posterolateral in the chest wall without
a preference for laterality. We suggest using a thoracoscope in patients undergoing chest
wall surgery post-trauma to aid in diagnosing this condition.

Keywords: Rib fractures, Trauma, Traumatic diaphragmatic hernia, Video-assisted thorac-
ic surgery

ing trauma [3]. The mechanism of TDI is predominantly
thought to involve increased intra-abdominal pressure sec-

Diaphragmatic injuries following blunt or penetrating
thoraco-abdominal trauma are rare, but can potentially be
life-threatening. The diagnosis of these injuries is difficult
and is often overlooked despite the use of several imaging
techniques. The rate of missed diagnoses using computed
tomography can be as high as 63% [1], leading to delays in
treatment and subsequent increases in morbidity and mor-
tality [2]. The true incidence of traumatic diaphragmatic
injury (TDI) is unknown, but has been reported to be ap-
proximately 2.1% for blunt trauma and 3.4% for penetrat-

ondary to blunt abdominal trauma [4]. This is thought to
lead to a laceration of the posterolateral part of the dia-
phragm, which is the weakest part during embryonic de-
velopment.

In contrast to TDI, rib fractures are one of the most com-
mon traumatic injuries in patients who present with blunt
thoracic trauma and are found in approximately 10% of all
trauma patients. Rib fractures are also the most common
associated injury in patients who have a diagnosed TDI [5].
The number, location, and degree of displacement of the
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fractured ribs dictate the likelihood of further intra-ab-
dominal or intra-thoracic injuries. In particular, fractures
of the lower ribs have been associated with a higher likeli-
hood of diaphragmatic injury. We hypothesize that such
diaphragmatic injuries may be secondary to penetrating
trauma from the fractured lower ribs (in the presence of
raised intra-abdominal pressure). The aim of this retro-
spective study was to focus on this less well described sub-
group of TDI patients with concomitant rib fractures. In
particular, we analyzed their clinical presentation, meth-
ods of diagnosis, and the surgical management at our in-
stitution.

Methods
Patients

This was a retrospective evaluation of patients admitted
to a major trauma center based in London. Patients admit-
ted with chest wall injuries and diagnosed with a diaphrag-
matic injury were identified between April 2014 and Octo-
ber 2018 from the prospectively maintained UK Trauma
and Research Network Database, which records all injuries
sustained. Patients with TDI diagnosed at the intraopera-
tive stage were identified by evaluating the medical records
of all patients who underwent a thoracic surgical procedure
at St. George’s University Hospital, London. Medical re-
cords were reviewed concerning sex, age, mechanism of in-
jury, pattern of injury, diagnostic methods, associated inju-
ries, surgical approach, hospital stay, and postoperative
morbidity and mortality.

Ethical approval

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. It should be
noted that this was a retrospective study and the study de-
sign, review, and analysis were in compliance with our in-
stitution’s ethical standards for retrospective studies. The
study was approved by the Institutional Review Board of
St. George’s University NHS Hospital (IRB approval no.,
00010095).

Human and animal rights and informed consent

This article does not contain any studies with animals
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performed by any of the authors. Informed consent was
obtained from all individual participants included in the
study. No identifying information is present in the present-
ed work.

Results

During the study period, a total of 1,560 patients were
identified who were admitted with chest wall trauma out
of a total of 40,000 trauma patients admitted to the emer-
gency department. Seventy-five patients had isolated ster-
nal fractures and were excluded. Of these, 14 patients were
eventually diagnosed with associated diaphragmatic inju-
ries. The median age of these 14 patients was 49 years
(range, 16-84 years) with 10 males and 4 females. There
were 8 left-sided and 6 right-sided diaphragmatic injuries.

Although the mechanism of injury of rib fractures is
usually blunt traumatic injury, 2 patients admitted with a
penetrating stab wound to the thorax had radiological evi-
dence of rib fractures (and hence were included in our
study). The remaining patients all had blunt traumatic in-
juries to the thorax (and abdomen in some cases) with the
majority being either involved in a motor vehicle accident
(5 patients) or a mechanical fall (6 patients). One patient
was physically assaulted. All patients were admitted via the
trauma pathway. A summary of the patients’ clinical char-
acteristics is given in Table 1.

All patients were admitted to the emergency department
through the trauma pathway and subsequently underwent
a computed tomography (CT) scan as part of their initial
investigations. Only 7 patients (50%) had their diaphrag-
matic injuries identified on the initial CT scan. The re-

Table 1. Baseline patient characteristics

Characteristic Value

No. of patients 14
Sex

Male 10

Female 4
Age (yr) 49.0 (16-84)
Side

Left 8 (57)

Right 6 (43)
Mechanism of trauma

Motor vehicle accident 5

Blunt: mechanical fall 6

Blunt: assault 1

Penetrating 2
Mortality 2 (14)

Values are presented as number, median (range), or number (%).
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mainder were diagnosed intraoperatively whilst undergo-
ing internal fixation of rib fractures within the thoracic
cavity/wall. The injury was on the left side in 8 patients
(57%) and the right side in 6 patients (43%). A description
of the associated injuries is given in Table 2.

Due to the nature of the study design all of our patients
had rib fractures. Of the patients with a blunt mechanism
of injury (n=12), 7 (58%) had a left-sided diaphragmatic in-
jury associated with left-sided rib fractures. In this same
sub-group of patients with a blunt mechanism of injury, 8
patients (67%) had rib injuries consistent with a flail pat-
tern on imaging. The average number of ribs fractured was
5.7 across all 14 patients. Rib fractures of the fifth through
10th ribs were more common with diaphragmatic injuries,
as shown in the graphical representation of the frequency
of each rib fracture in Fig. 1. There was a significant ten-
dency for fractures to be located posterolaterally, as dis-
played in Fig. 2. It should be noted that each of multiple
fractures on an individual rib (at varying locations) were
counted separately.

Ten patients underwent operative treatment of the dia-
phragmatic injury. Of the remaining 4 patients who re-
ceived non-surgical management (diagnosed with both di-

Table 2. Associated injuries in patients with concomitant chest wall
and diaphragmatic injuries

Associated injuries No. (%)

Splenic rupture 4(29)
Pelvic fracture 1(7)
Pulmonary contusion 3(21)
Liver laceration 3(21)
Spinal fracture 4(29)
Kidney laceration 2 (14)
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Fig. 1. Frequency of individual rib fractures.

aphragmatic injuries and chest wall trauma on initial CT
scans), 2 died from their injuries (1 patient had severe un-
controllable bleeding from a kidney laceration, and the
other patient had a severe traumatic brain injury). The re-
maining 2 non-surgical patients were managed conserva-
tively; 1 patient had a stab injury and it was felt that the
CT-diagnosed diaphragmatic injury was small enough to
be managed non-surgically, while the other patient had
several co-morbidities with high surgical risk and declined
surgical treatment. Attempts were made to follow both of
these patients 12 months after discharge, but unfortunate-
ly, they were non-responsive.

Seven of the 10 patients who underwent surgical treat-
ment for their traumatic injuries had diaphragmatic inju-
ries diagnosed intraoperatively. These patients had initially
undergone surgery for rib fixation or washout of a hemo-
thorax.

A video-assisted thoracoscopic surgery (VATS) approach
was planned in all patients. However, this approach was
used in only 5 patients, all of whom had an intraoperative
diagnosis of diaphragmatic injury and subsequently under-
went VATS-assisted repair. The other 5 patients went di-
rectly to thoracotomy due to instability; 3 patients had a
confirmed CT diagnosis of diaphragmatic injury prior to
surgery and the remaining 2 patients were diagnosed in-
traoperatively.

The operative approach was direct closure using non-ab-
sorbable stitches in 8 patients. This involved a combination
of interrupted and continuous stitches. Two of the patients
had an injury that was deemed too large for direct closure
and therefore underwent insertion of a prosthetic mesh to
ensure tension-free closure of the defect. There were no in-
stances of mortality among the patients who underwent
surgery. Morbidities depended significantly on the associ-
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Fig. 2. Frequency of fracture locations.
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Fig. 3. Flow chart illustrating the patient pathway. ED, emergency department; CT, computed tomography; VATS, video-assisted thora-

coscopic surgery.

ated extra-thoracic injuries sustained during the initial
trauma. A flow chart illustrating the pathways of all the
patients is shown in Fig. 3. Extra-thoracic injuries were
managed by the appropriate non-thoracic surgical team.

Discussion

TDIs are a rare accompaniment to blunt and penetrating
trauma to the torso. The majority of TDIs are caused by
blunt abdominal trauma, and most of these injuries typi-
cally occur on the posterolateral aspect of the left side of
diaphragm [6]. This is thought to be due to a combination
of the congenitally weaker left side of the diaphragm and
the protection afforded by the liver on the right side. The
rate of left-sided TDR is thought to be roughly 70%-80%
in blunt trauma [7]. The mechanism of injury is thought to
involve an abrupt change in intra-abdominal pressure
causing rupture of the diaphragm in the chest cavity. The
algorithm for managing patients with TDI has traditional-
ly focused on intra-abdominal injuries and subsequent
surgical management via laparotomy. In contrast, our
study analyzed a smaller subgroup of patients who had
TDI with associated chest wall trauma. Patients without
chest wall trauma and TDI were not analyzed in this study.

Interestingly, our study found that the laterality of the
TDI in patients with associated chest wall trauma was rela-
tively evenly spread (58% left versus 42% right). This could
be explained, in part, by the possibility that the protective
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effect of the liver on the right side is negated if we hypoth-
esize that the diaphragmatic injuries are caused directly by
the chest wall fractures themselves, rather than solely by
an acute increase in intra-abdominal pressure.

Rib fractures are one of the most common injuries,
found in almost 20% of all patients with thoracic trauma
[8]. They are often associated with a number of other inju-
ries including pulmonary contusion, hemothorax, pneu-
mothorax, and even cardiac injury. Patients with rib frac-
tures often have high morbidity and mortality and there
has been an exponential interest worldwide in definitively
managing rib fractures via surgery over the last decade.
Associated diaphragmatic injuries are rare in patients with
thoracic trauma and often suggest a more severe traumatic
injury. At our institution there has been a growing interest
in the surgical management of rib fractures. Over the last
few years, we have established a chest wall injury algorithm
for the surgically treatment and management of rib frac-
tures. Routine thoracoscopy is used in all of our cases and
over the last few years we have diagnosed and treated sev-
eral diaphragmatic injuries intraoperatively. As a result, we
have retrospectively analyzed TDIs that we have diagnosed
and treated in our chest wall injury patients.

The number of rib fractures, their location, and even the
degree of their displacement can influence the degree of
further intra-thoracic or even intra-abdominal injury. We
found that in our overall population of patients with nor-
mal chest wall injuries, rib fractures were fairly evenly
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spread out over ribs 3-10. However, in the population fo-
cused upon in this study (Fig. 1) there was a much greater
tendency for fractures to involve the lower ribs, particular-
ly ribs 7-10. Indeed, the average rib fixed in our TDI popu-
lation was much lower in the chest wall than the overall
population of patients with chest wall injuries. Further-
more, as depicted in Fig. 2, the rib fractures tended to be
located more posteriorly and laterally than in our general
chest wall injury patients. This suggests that the mecha-
nism of diaphragmatic injury in patients with chest wall
injuries may be one of penetrating injury to the diaphragm
at its weakest point (posterolaterally) rather than an acute
and abrupt change in intra-abdominal pressure. It may
well the case that diaphragmatic injuries involve a combi-
nation of both processes.

Patients diagnosed with a TDI require urgent surgery
due to the high morbidity and mortality associated with
such injuries [2]. The true incidence of TDIs is unknown,
but data from the literature suggest that TDI is a rare event
[3]. The diagnosis of TDI remains elusive for physicians
and a high level of suspicion is required to identify this le-
sion. Patients are often found at both ends of the spectrum
of symptoms associated with TDIs, from mild symptoms
such as nausea to acute symptoms secondary to visceral
obstruction/strangulation. Preoperative diagnostic meth-
ods that have reported useful for TDI include plain chest
X-rays, ultrasonography, gastrointestinal contrast studies,
and CT scans. The most commonly used diagnostic meth-
od is CT, and in our cohort all trauma patients underwent
a full-body CT scan as per protocol. However, TDIs are
notoriously difficult to diagnose on CT, which is only di-
agnostic in as few as 30% of patients [9]. CT has a reported
sensitivity of 61%-87% and a specificity of 72%-100% [10].
Nonetheless, CT is the most useful diagnostic modality in
the emergency setting and, in our study, only 50% of the
patients with a TDI (and chest wall injuries) were diag-
nosed on a CT scan. The remaining patients were all diag-
nosed intraoperatively via a VATS/thoracotomy approach.
Most of these patients underwent surgery for either fixa-
tion of their ribs or washout of a large hemothorax. The
diaphragmatic injury was identified after a systematic in-
spection of the thoracic cavity using the thoracoscope to
adequately visualize the diaphragm in its entirety. Indeed,
we were able to diagnose TDI with 100% sensitivity and si-
multaneously offer repair at the same time using a com-
pletely minimally invasive approach in certain cases. This,
of course raises the possibility that the true incidence of
diaphragmatic injuries is much greater than has been pre-
viously described, especially at centers where ribs are not

fixed or where a thoracoscope is not used.

While the optimal surgical approach for rib fixation is
still controversial, at our institution we routinely use a
VATS-assisted approach in all chest wall injury cases [11].
A VATS approach has the potential to identify injuries to
other intra-thoracic structures as well as the diaphragm
and also allows us to adequately plan incisions for rib fixa-
tion. Furthermore, the increasing use of VATS (for all
types of surgery) has included patients who would not oth-
erwise be surgical candidates, thereby potentially extend-
ing the indications for TDI surgery. We strongly advocate
the use of a thoracoscopic approach/assistance in all trau-
ma cases if available.

Surgical approaches to repairing TDI usually involve ei-
ther laparotomy or thoracotomy, or sometimes both. Given
the nature of our series, all patients underwent a thoraco-
scopic/thoracotomy approach due to their thoracic injuries.
Four patients in our series did not undergo an operative
procedure despite a CT diagnosis of diaphragmatic rup-
ture. This was due to the severe nature of the trauma,
which affected multiple systems and was not deemed sur-
vivable. These patients would likely have required both
laparotomy and thoracotomy.

There is no doubt regarding the necessity of a surgical
repair in TDI, although controversy still exists regarding
the best surgical approach and repair technique. The cavity
that is entered depends on the nature of the trauma and
the presence of an intra-abdominal or intra-thoracic inju-
ry, laterality, and the surgeon’s own experience. In our se-
ries, of the 10 patients upon whom we operated, 7 had an
intraoperative diagnosis of TDI after careful inspection.
Only 3 of the patients upon whom we operated had a
pre-operative diagnosis of TDI, highlighting the occult na-
ture of this injury and the need for a high degree of suspi-
cion. Furthermore, we found that the use of a VATS ap-
proach significantly helped us not only to identify the
injury, but also to repair it through a minimally invasive
approach in some cases. The operative steps consist of her-
nia reduction (if any), repair of any visceral structures (if
any), and closure of the diaphragmatic defect. Several re-
pair techniques have been described in the literature and
there seems to be a consensus that a non-absorbable suture
should be used to approximate the defect (if possible) [5].
We used non-absorbable sutures in all our defect closures
using a combination of interrupted and continuous su-
tures. Where defects were large, we used a Prolene mesh to
repair the defect. To our knowledge, there was no recur-
rence after our repairs during the study period.

In conclusion, our series of patients re-iterates the occult
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nature of diaphragmatic injuries in trauma patients and
the diagnostic difficulties in identifying the condition. In
addition, it also demonstrates a clear relationship between
significant rib fractures and diaphragmatic injuries. As a
major trauma center, our institution sees a disproportion-
ately high number of blunt trauma patients, especially pa-
tients with thoracic injuries. We noted that a significant
proportion of our patients were diagnosed intraoperatively
using the assistance of a thoracoscope rather than pre-op-
erative imaging. This suggests that the true incidence of
TDI is much greater than we thought, particularly in pa-
tients with thoracic trauma. We also observed that the lo-
cation of the rib fractures and the pattern of injury in pa-
tients with TDI were lower and posterolateral in the chest
wall than in our general chest wall injury population,
without a trend for laterality. This has the potential to
change the traditional concept of TDIs as involving an in-
tra-abdominal mechanism of injury secondary to abrupt
pressure changes to one of a penetrating diaphragmatic in-
jury secondary to a fractured rib. We strongly recommend
the use of a thoracoscope in patients undergoing chest wall
surgery, as it not only facilitates the diagnosis of diaphrag-
matic injuries, but also has the potential for thoracoscopic
repair of the injury.
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