(2021) 21:142
Deng et al. BMC Surg
https://doi.org/10.1186/s12893-021-01141-2

RESEARCH ARTICLE

Open Access

Surgical management of traumatic
diaphragmatic hernia: a single institutional
experience of more than two decades
Xicheng Deng1* , Zuosheng Deng2* and Erjia Huang3

Abstract
Background: We present here our experience with surgical management of traumatic diaphragmatic hernia, trying
to find out the era impact of different periods on the outcome and risk factors of mortality.
Methods: A series of 63 patients with traumatic diaphragmatic hernia were referred to us and operated on during
March, 1990-August, 2017. The patient records were reviewed and statistically analyzed to demonstrate injury characteristics and to find out optimal treatment strategy, risk factors of death as well as the difference between two periods
(1990–2005, 2005–2017) divided by introduction of computed tomography at our institution.
Results: The overall mean age was 31.2 ± 16.3 years old with a female to male ratio of 11/52. The mechanism was
penetrating trauma in 19 cases (30.2%), and blunt trauma in 44 cases (69.9%). Two thirds of the patients in the second
group (2005–2017) yet none in the first group (1990–2005) underwent computed tomography. Ten patients (15.9%),
of which 8 in the first and the other 2 in the second group (p = .042), had late diagnoses. The most commonly used
incision was a thoracotomy (n = 43, 89.6%). There was no statistical difference in etiology or mortality between the
two periods. Univariate analysis showed survivors were younger, and had lesser injury severity scores (ISS) and lower
American Association for the Surgery of Trauma (AAST) grade than non-survivors. By multivariate logistic regression
analysis, increased age (odds ratio, 1.275; p = .013) and greater ISS (OR, 1.174; p = .028) were risk factors of death in all
patients.
Conclusions: High-definition computed tomography has significantly improved the preoperative diagnosis rate. The
transthoracic approach could be used in selected cases with traumatic diaphragmatic hernia with good outcomes.
Patients with greater ISS and advanced ages are at a higher risk of death.
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Background
Diaphragmatic injuries were first described in 1541 by
Sennertus [1]. This condition is not uncommon with an
incidence as high as 5% for patients hospitalized after
motor vehicle accidents and 15% for patients after penetrating injuries to the lower chest and upper abdomen
[2–4]. And almost half of these injuries develop into hernias [5]. In view of its location between the abdomen and
chest, an injured diaphragm is almost always associated
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with other thoracic or abdominal injuries [5] and potentially life threatening.
The advances in trauma diagnosis, critical care
and surgery have greatly changed the management
of diaphragmatic injuries over the last two decades.
Diagnostic modalities include from traditional plain
radiographs [6], ultrasonography [7], to computed
tomography (CT), diagnostic laparoscopy [8–10] and
thoracoscopy [11]. Moreover, surgery has evolved from
open thoracotomy or laparotomy to minimally invasive
endoscopy procedures. Here we conducted this study
to summarize the characteristics of traumatic diaphragmatic hernia (TDH) as well as associated injuries, and
to examine the effect brought by the introduction of
CT. We also tried to identify predictors of death in this
study.

Methods
Data collection

The study was approved by the Institutional Review
Board of First People’s Hospital of Chenzhou and all
methods were performed in accordance with the relevant
guidelines and regulations. Informed consent was waived
for retrospective nature of the study. The inclusion criteria were patients with TDH who underwent surgical
treatment from March 1990 to August 2017 at our institution, a tertiary referral center. The diagnosis may have
been made before or during surgery. If the hernia diagnosis was made during operation or not within 72 h upon
admission, it was defined as a late diagnosis. Exclusion
criteria: 1. patients who only received conservative management after injury; 2. acute patients (injured within
3 days) who had been surgically treated before admission to our institution and had not received a secondary operation. Specifically, the study period was divided
by the year 2005 when the CT was introduced at our
institution and has changed the diagnostic mode significantly. Patient records, operative reports, and discharge
summaries were collected retrospectively to obtain data
of patient demographics, type of injury sustained and
mechanisms, operative procedures, and survival. We categorized mechanisms of injury as blunt trauma for motor
vehicle collision (MVC), crush injuries from fallen walls/
buildings, and penetrating traumas for gunshot wound
(GSW) and stab wound (SW). Injury Severity Scores
(ISS) [12] for each patient were calculated by the same
person throughout (one of the authors: X.D.). All patients
were analyzed according to the mechanism of injury,
ISS, time point of diagnosis, associated injuries, surgical
routes, including thoracotomy, laparotomy or thoracoabdominal incisions and outcomes. For the classification of
diaphragmatic injury, the American Association for the
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Surgery of Trauma (AAST) diaphragmatic injury score
[13] was used.
Patient management and operative details

Upon admission, patients were first managed conservatively to stabilize respiratory and circulatory status.
Meanwhile, workups were performed to make clear
diagnoses preoperatively. If the patient was unstable
or presented with a large open wound, an exploratory
procedure was planned and performed as soon as possible. The majority of this series was approached via a
posterolateral thoracotomy. If the injury was mainly
abdominal, a laparotomy would be chosen. In cases with
thoracic-abdominal injuries, a combined thoracoabdominal approach would be used to access both the chest and
abdomen. Crush and firearm injuries might cause a large
area of soft tissue defect after debridement, whereby a
Dacron patch might be needed to alleviate tension after
repair. Otherwise, we chose to close the hernia directly
with pledged interrupted mattress sutures. When necessary, the ruptured edge of the diaphragm could be
sutured to the intercostal muscles or around the ribs. All
sutures used were silk ranging 4–7 metric. A chronic hernia usually suggested massive adhesion between hernia
contents and the chest and there might be difficulty finding and repairing the diaphragm. Extensive mobilization
is necessary before restoration of hernia contents and
closure of ruptured diaphragm.
Statistical analysis

Data analysis was performed using SPSS version 17.0 for
Windows (IBM, Armonk, NY, USA). All quantitative data
were presented as mean values ± standard error of the
mean. Early mortality (during hospitalization or within
30 days following operation) was used as the endpoint.
All patients were analyzed according to the mechanism
of injury, Injury Severity Scores (ISS), time point of diagnosis, associated injuries, surgical routes and mortality
using the Student t test or the Chi-square test. Multivariate logistic regression was used to determine significant
risk factors of the probability of non-survival. P ≤ 0.05
was considered significant.

Results
A total of 63 patients (52 males, 82.5%) with traumatic
diaphragmatic hernia were identified in patient record
documents from 1990 to 2017 (36 cases in 1990–2005
as the first group, 27 cases in 2005–2017 as the second
group). None of the 63 patients was excluded. The mean
age for all was 31.2 ± 16.3 years old (range, 0.5–69).
Penetrating TDH occurred in 19 of 63 (30.2%) compared with 44 from blunt injuries (69.8%). Stab wounds
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Table 1 Demographics of the population

Table 2 Imaging modality in different periods

Total, n (%)

Blunt, n (%) Penetrating,
n (%)

P value

Patients No

63

44 (69.8)

19 (30.2)

N/A

Mean age,
years ± SD

31.2 ± 16.3

33.5 ± 19.7

23.6 ± 9.5

.042

Male

52 (82.5)

Mean ISS ± SD

26.6 ± 20 .7 36.3 ± 23.2

AAST grade

2.1 ± 0.7

36
2.8 ± 0.9

2005–2017

P value

Penetrating (19)/Blunt (44)

8/28

11/16

.113

Chest X-ray (63)

36

27

1.000

Ultrasound (44)

23

21

.235

Barium meal (7)

4

3

1.000

CT scan (19)

0

19

.000

Preoperative diagnosis

28/36 (77.8%)

25/27 (92.6%)

.002

Mortality

5/36

2/27

.685

Mechanisms

16

N/A

20.8 ± 17.4

.029

1.5 ± 0.3

1990–2005

.014

Survival to discharge

56 (88.9)

40 (63.5)

16 (25.4)

.734

Mortality

7 (11.1)

4 (9.1)

3 (15.8)

.670

N/A not available, AAST American Association for the Surgery of Trauma

Table 3 Incisions with etiology of blunt and penetrating
diaphragmatic injuries

caused 14 (73.7%) of the 19 penetrating injuries, and gunshot wounds resulted in the rest. Motor vehicle crashes
resulted in 27 of 44 blunt injuries (61.4%), and crush injuries for the rest. The mean age (23.6 ± 9.5 years old) in the
penetrating group was significantly younger (p = 0.042)
than in the blunt group (33.5 ± 19.7 years old), while the
mean ISS (p = 0. 029) and AAST grade (p = 0. 014) were
significantly lower in the penetrating group than in the
blunt group. Out of the 63 cases, 45 were injured in the
left, 16 in the right and the rest 2 in both sides (p = 0.002)
(Table 1). Patients with acute TDH usually present with
significant respiratory or circulatory symptoms, such as
respiratory distress from atelectasis, hemothorax or mass
effect of hernia content or hypotension or even shock
from major bleeding or delayed transfer. For chronic
TDH, patients usually presented with abdominal pain,
ileus, or vomiting.
There were 33 associated injuries including 3 head injuries, 8 thoracic, 11 abdominal solid organs, 5 abdominal
hollow viscera, 3 pelvis and spinal. The stomach was the
most frequently found organ herniating into the chest (32
of 63, 50.8%), followed by the spleen (17 of 63, 3.0%), and
the small bowel (9 of 63, 14.3%). The TDH was diagnosed
preoperatively in 53 of 63 patients (84.1%). Late diagnosis was made in 10 including 6 (9.5%) diagnosed during
operation in the same hospital stay, and 4 (6.3%) missed
initially and diagnosed 4 months to 12 years later. Two
thirds of the patients (19/27) in the second group compared with none in the first group underwent CT scan.
Ten patients (15.9%), of which 8 in the first group and the
other 2 in the second group (p = 0.042), had late diagnoses. (Table 2).
The patients received 65 operations in total, one for
each patient, except for two patients who had been
injured bilaterally in the chest and underwent two separate procedures each. The most common operative
approach was thoracotomy, in 43 cases. The rest included

Causes n (%)

Thoracotomya

Laparotomy

Thoracoabdominal
incision

MVC 27 (42.9)

23

3

1

Crush 17 (27.0)

14

2

1

SW 14 (22.2)

5

4

5

GSW 5 (7.9)

3

1

1

Total 63 (100)

43 (68.2)

11 (17.4)

9 (14.2)

a

: including 2 bilateral thoracotomies patients, each patient counted as one

GSW Gunshot wound, MVC motor vehicle collision, SW stab wound, TDH
traumatic diaphragmatic hernia

Table 4 Univariate analysis for the prediction of non-survival
Survivors
(n = 56)
Mean age, years ± SD

ISS ± SD

30.2 ± 16.7

Non-survivors (n = 7)
41 ± 18.8

25 (11.7)

47 (17.9)

46

6

Sex

Male
Female
AAST grade ± SD

P value
.017
.026
1.000

10

1

1.4 ± 0.3

2.9 ± 0.7

.014

ISS Injury severity score, SD standard deviation, AAST American Association for
the Surgery of Trauma

11 laparotomies, 9 thoracoabdominal incisions (Table 3).
Of the 63 cases, 7 died. Four died of severe multi-organ
failure and 3 of delayed referral from underresourced
primary treating hospital. The rest were discharged uneventfully. No significant difference in mortality between
two periods was found.
Univariate analysis showed older age (p = 0.017),
higher ISS (p = 0.026) and AAST grade (p = 0.014) were
associated with non-survival (Table 4). Multivariate
logistic regression analysis suggested that advanced age
(p = 0.013) and higher ISS (p = 0.028) were predictors of
death (Table 5).
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Discussion
Our results show that the majority of the cases were
caused by blunt injuries. Older mean age, higher ISS
score and AAST grade in blunt group were significantly
different than in penetrating group. The age difference
implicates a socioeconomic impact on the mechanisms
of injury. Higher ISS score and AAST grade seem to suggest more severe injuries from blunt mechanism. However, different mechanism did not translate to difference
in mortality in multivariate analysis. A number of series
showed more patients with traumatic diaphragmatic
injury (TDI) suffered from penetrating trauma as compared with blunt trauma [5, 14] while other series have
suggested that the majority of TDI, up to 80%, resulted
from blunt trauma [8, 15–18]. Lewis [5] thought that
these discrepancies in frequency are likely the result of
variations in geographic and socioeconomic factors of
the study populations. In our TDH cohort, blunt trauma
was predominantly more frequent. Presumably, this is
because we had selectively excluded the cases of TDI
without herniation. We speculate that since a lot of TDI
were not able to be recognized promptly, especially those
with penetrating injuries without typical herniation.
These cases might have been missed in some previous
studies. And it may also have added to the discrepancies
in frequency of injury mechanisms. The most common
causes of TDH in our series (MVC, GSW, and SW) are
consistent with previously reported data. [8, 14, 17, 19,
20] MVC comprised 61.4% of all cases, which was by far
the most common cause. All [5], or at least a large proportion [17], of penetrating injuries were due to stab and
GSWs, which was consistent with our study.
It is suggested that diaphragmatic injuries be diagnosed before the complications like diaphragmatic hernia
and strangulation occur since mortality and morbidity increase after the herniation and strangulation of
the abdominal viscera in the thoracic cavity. However,
according to our experience, in a significant proportion of the cases diaphragmatic injuries were insidious
with no visible signs on Chest X-ray, which was reported
to be very useful and with sensitivities up to 94% in the
presence of a hernia [21]. In the early period, we utilized
conventional chest X-ray, abdominal ultrasound and
barium meal trying to achieve early diagnoses. Though
all cases enrolled in the study presented with herniation,
as reported previously [22], some of them were not diagnosed in a timely fashion. The most common incidence
of delayed diagnosis was the right-sided diaphragmatic
rupture [23]. According to reports, only 17% of the cases
of right-sided rupture are diagnosed with chest X-ray
[24]. In our study, 6 (60%) cases of delayed diagnosis were
of right-sided hernia. Another important reason probably is the films were interpreted by surgeons. Although
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they were able to identify all cases of diaphragmatic hernia, many cases of injury without a typical hernia were
missed [5, 25, 26]. Furthermore, sometimes the hernia
might have been mimicking an elevated diaphragm or it
might have been misdiagnosed for hemothorax or encapsulated effusion especially in the right hemithorax with
the liver herniating into the chest. As mentioned above,
there were 4 delayed diagnoses which were confirmed
4 months to 12 years later after discharge from hospital.
Delayed or missed diagnoses may place patients at risk
for morbidity and mortality [27–29]. In some cases, it
could be insidious for delayed hernia formation or small
openings [30, 31]. In the recent period, we have been
using CT scan (initially, 16 multi-slice, then 64 multislice) characterized by high space definition and multiplaner reconstruction to help diagnose and have achieved
a minimal number of missed diaphragmatic injuries. CT
has greatly enhanced the possibility of early diagnosis and
is reported to have a sensitivity of 71% (78% for the left
and 50% for the right) and a specificity of 100% and an
accuracy of 88% for the left and 70% for the right-sided
injuries. [32] With CT scan, the early diagnosis rates have
become significantly higher than it was before (p = 0.042)
(Table 2).
The incidence of associated injuries was 52.4%, and the
most common associated injury was rib fracture followed
by intra-abdominal injuries, which were similar to previous series [18, 33]. Some studies have suggested a nearly
100% incidence of associated injuries, different from
ours. This may be explained by the different enrollment
criteria. In our study, all patients died before admission
were excluded while some previous studies included such
patients. Since associated injuries add to ISS scores, suggesting higher mortality, those who died before hospitalization probably had higher ratio of associated injuries.
The operative approach of choice is affected by whether
there are associated injuries. Though it was reported
that the incidence of associated additional intra-abdom-

Table 5 Multivariate logistic
prediction of non-survival

regression

analysis

OR

95% CI

P value

Sex

0.983

0.264–2.541

0.891

Mechanism

0.639

0.131–1.567

0.233

Age

1.275

1.023–1.196

.013

ISS

1.174

0.968–1.105

.028

for

the

ISS Injury severity score, OR Odds Ratio

inal injuries was up to 100% of patients [17, 34–36], we
chose a thoracotomy as our main approach (68.2%)
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(Table 3) for an incidence of 25.4% (16/63) for associated abdominal injuries of in our series. In our experience, a posterolateral thoracotomy warrants a good
exposure of diaphragm as well as part of the abdominal
organs. We have found it easier to reduce the herniated
contents and to repair the diaphragm through a thoracotomy when there are no intra-abdominal injuries [37].
Importantly, in cases of delayed presentation, thoracotomy is an accepted approach as it is difficult to release
the intra thoracic adhesions through a laparotomy [38].
Many authors choose laparotomy or laparoscopy as the
route of choice [8–10, 39]. A Laparotomy may be used in
patients presenting with abdominal symptom or physical signs and will be more frequently used in our future
practice as more evidence coming up in favor of a laparotomy. In patients with severe injury in the junction
between thorax and abdomen, a thoracoabdominal incision may be the approach of choice. Another important
factor impacting surgeon’s choice is the familiarity and
comfort level of an approach [40], which is also the case
in this study. Surgeons should keep in mind that injuries might happen in both sides [30, 41]. A case in our
cohort presented with shortness of breath and low saturation of blood oxygen after surgical repair of left diaphragm injury. Further investigations including x-ray and
ultrasound suggested right diaphragmatic rupture and
hepatic herniation into the chest. In the early stage, the
liver had not herniated yet, so it had not been identified
before the initial operation. The patient had to undergo
another right thoracotomy and recovered without major
morbidity.
The mortality in our study (11.1%) was much lower
than that of other published series [14, 20, 42]. Several
reasons may have contributed to it. First, our study only
enrolled the patients who had survived to hospital admission, yet many had died before admission. Second, the
referrals from other hospitals were more than often limited to relatively less severely injured patients, so a lot of
severely or critically injured patient were not included.
Third, our study focused specifically on TDH, which
is only a subset of TDI. However, we found risk factors
for death similar to published studies [14, 36, 43]. Older
age (p = 0.017), higher ISS (p = 0.026) and AAST grade
(p = 0.014) by univariate analysis were associated with
non-survival. Multivariate logistic regression analysis
suggested that advanced age (p = 0.013) and higher ISS
(p = 0.028) were predictors of death. Same as previous
report [5], no difference in mortality was found between
the blunt and penetrating mechanisms. Since the volume
of cohort is small, large-scale study is warranted. Importantly, we did not identify any difference in mortality
between the two eras though the early diagnosis rate was
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higher in the second group owing to the induction of CT.
We speculate that delay in transfer resulted in high mortality of severely injured patients, which did not change
much between the two groups. Presumably, patients
successfully transferred to our institution had lower ISS
score.
It is noticeable that since the study period is very long,
during which the medical and surgical management of
TDH have involved significantly, the study does not aim
at a punctual compare between the eras as there are
plenty of confounding factors. However, it is safe to say
that new imaging modality like CT has changed diagnostic strategies for this population and may potentially
help improve the outcomes. Currently, we would perform
a CT whenever possible when an emergency case with
thoracoabdominal injury presents. And we have started
using minimally invasive techniques in selected patients.
A multi-disciplinary team including thoracic, general,
trauma surgeons, and intensivists are being established.
Hopefully, this new teamwork paradigm would result in
better outcomes.

Limitations
This study has some limitations. It was a retrospective
case series study with an arbitrarily set dividing timepoint for the two eras. As mentioned before, the clinical
paradigm for diagnosis and management has changed
significantly over this long study period, implicating confounding factors when analyzing results. Furthermore,
this limited number of patients in our series precluded
sophisticated statistical analysis. There were some cases
who had not been managed initially at out institution but
presented later for chronic hernia, whereby recall bias
may have occurred. The exclusion of patients died before
admission may have caused selection bias.
Conclusion
Our study found that the demographics and constituent
ratio of the mechanism varied between TDH and TDI.
Diaphragmatic hernias were more common after blunt
injury chest. Right-sided rupture was a common cause of
delayed diagnosis. The application of multi-slice CT scan
has significantly increased early diagnosis rate of TDH.
But at present, we have not found significant difference
in mortality between the two groups though significant
advances in trauma management, critical care, and interventional radiology might have improved survival in the
latter era. Diaphragmatic hernia repair could be done
through a thoracotomy with acceptable results provided
there are no intra-abdominal injuries or diaphragmatic
injuries presenting late. Older age, higher ISS and AAST
grade were predictors of death.

Deng et al. BMC Surg

(2021) 21:142

Page 6 of 7

6.
Abbreviations
ISS: Injury severity scores; AAST: American Association for the Surgery of
Trauma; TDH: Traumatic diaphragmatic hernia; GSW: Gunshot wound; MVC:
Motor vehicle collision; TDI: Traumatic diaphragmatic injury; CT: Computed
tomography.
Acknowledgements
Not applicable.
Authors’ contributions
All authors made substantial contributions to conception and design, or
acquisition of data, or analysis and interpretation of data; XD, EH were involved
in drafting the manuscript and revising it critically for important intellectual
content; XD, ZD performed the surgical procedures and collected the data. All
authors read and approved the final manuscript.
Funding
No fund was received.
Availability of data and materials
The datasets used and/or analyzed during the current study available from the
corresponding author on reasonable request.

7.
8.

9.
10.
11.

12.
13.
14.

Declarations
Ethics approval and consent to participate
This study was approved and administrative permissions to access the medical records was granted by the Institutional Review Board of First People’s
Hospital of Chenzhou. Consent to participate was waived since this was a
retrospective study. Patient-related data used in this study was deidentified before its use. All procedures performed in this study involving human
participants conformed to 1964 Helsinki declaration and its later amendments
or comparable ethical standards and the ethical standards of the institutional
and/or national research committee.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Cardiothoracic Surgery, Hunan Children’s Hospital, No. 86
Ziyuan Road, Changsha 410007, Hunan, China. 2 Department of Cardiothoracic
Surgery, First People’s Hospital of Chenzhou, Chenzhou 423000, Hunan, China.
3
Department of Cardiothoracic Surgery, The Second Xiangya Hospital, Central
South University, Changsha 410011, Hunan, China.
Received: 24 November 2020 Accepted: 9 March 2021

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

References
1. Sennertus R. Diaphragmatic hernia produced by a penetrating wound.
Edinburgh Med Surg J. 1840;53(104):58–64.
2. Brandt ML, Luks FI, Spigland NA, DiLorenzo M, Laberge JM, Ouimet A.
Diaphragmatic injury in children. J Trauma. 1992;32(1548717):298–301.
3. Ward RE, Flynn TC, Clark WP. Diaphragmatic disruption secondary to blunt
abdominal trauma. J Trauma. 1981;21(7463536):35–8.
4. Zantut LF, Ivatury RR, Smith RS, Kawahara NT, Porter JM, Fry WR, Poggetti
R, Birolini D, Organ CH, Jr.: Diagnostic and therapeutic laparoscopy for
penetrating abdominal trauma: a multicenter experience. J Trauma 1997,
42(5):825–829; discussion 829–831.
5. Hanna WC, Ferri LE, Fata P, Razek T, Mulder DS. The current status of
traumatic diaphragmatic injury: lessons learned from 105 patients over
13 years. Ann Thorac Surg. 2008;85(18291194):1044–8.

27.
28.
29.

30.
31.

Miller L, Bennett EV Jr, Root HD, Trinkle JK, Grover FL. Management of
penetrating and blunt diaphragmatic injury. J Trauma. 1984;24(5):403–9.
Somers JM, Gleeson FV, Flower CD. Rupture of the right hemidiaphragm
following blunt trauma: the use of ultrasound in diagnosis. Clin Radiol.
1990;42(2):97–101.
Murray JA, Demetriades D, Cornwell EE 3rd, Asensio JA, Velmahos G,
Belzberg H, Berne TV. Penetrating left thoracoabdominal trauma: the
incidence and clinical presentation of diaphragm injuries. J Trauma.
1997;43(4):624–6.
Ivatury RR, Simon RJ, Weksler B, Bayard V, Stahl WM: Laparoscopy in
the evaluation of the intrathoracic abdomen after penetrating injury. J
Trauma 1992, 33(1):101–108; discussion 109.
Dwivedi S, Banode P, Gharde P, Bhatt M, Ratanlal Johrapurkar S.
Treating traumatic injuries of the diaphragm. J Emerg Trauma Shock.
2010;3(2):173–6.
Ochsner MG, Rozycki GS, Lucente F, Wherry DC, Champion HR: Prospective evaluation of thoracoscopy for diagnosing diaphragmatic injury
in thoracoabdominal trauma: a preliminary report. J Trauma 1993,
34(5):704–709; discussion 709–710.
Baker SP, O’Neill B. The injury severity score: an update. J Trauma.
1976;16(11):882–5.
Moore EE, Malangoni MA, Cogbill TH, Shackford SR, Champion HR,
Jurkovich GJ, McAninch JW, Trafton PG. Organ injury scaling. IV: Thoracic
vascular, lung, cardiac, and diaphragm. J Trauma. 1994;36(3):299–300.
Lewis JD, Starnes SL, Pandalai PK, Huffman LC, Bulcao CF, Pritts TA, Reed
MF: Traumatic diaphragmatic injury: experience from a level I trauma
center. Surgery 2009; 146(4):578–583 (discussion 583–574).
Sliker CW. Imaging of diaphragm injuries. Radiol Clin North Am.
2006;44(16500203):199–211.
Reber PU, Schmied B, Seiler CA, Baer HU, Patel AG, Büchler MW.
Missed diaphragmatic injuries and their long-term sequelae. J Trauma.
1998;44(9464770):183–8.
Shah R, Sabanathan S, Mearns AJ, Choudhury AK. Traumatic rupture of
diaphragm. Ann Thorac Surg. 1995;60(8526655):1444–9.
Rubikas R. Diaphragmatic injuries. Eur J Cardiothorac Surg.
2001;20(1):53–7.
Reiff DA, McGwin G, Metzger J, Windham ST, Doss M, Rue LW. Identifying
injuries and motor vehicle collision characteristics that together are suggestive of diaphragmatic rupture. J Trauma. 2002;53(12478041):1139–45.
Scharff JR, Naunheim KS. Traumatic diaphragmatic injuries. Thorac Surg
Clin. 2007;17(1):81–5.
Waldschmidt ML, Laws HL. Injuries of the diaphragm. J Trauma.
1980;20(7392109):587–92.
Lu J, Wang B, Che X, Li X, Qiu G, He S, Fan L. Delayed traumatic diaphragmatic hernia: A case-series report and literature review. Medicine.
2016;95(32):e4362.
Ain Atif QA, Khaliq T. Traumatic Right Diaphragmatic Hernia; A Delayed
Presentation. Journal of Ayub Medical College, Abbottabad : JAMC.
2016;28(3):625–6.
Shanmuganathan K, Mirvis SE. Imaging diagnosis of nonaortic thoracic
injury. Radiol Clin North Am. 1999;37(10361545):533–51.
Khan MA, Verma GR. Traumatic diaphragmatic hernia presenting as a
tension fecopneumothorax. Hernia. 2011;15(1):97–9.
Fukunaga N, Seo H, Hamakawa H, Koyama T. Asymptomatic traumatic
diaphragmatic hernia discovered during an aortic valve replacement. J
Card Surg. 2014;29(4):473–5.
Kozak O, Mentes O, Harlak A, Yigit T, Kilbas Z, Aslan I, Akin M, Bozlar U. Late
presentation of blunt right diaphragmatic rupture (hepatic hernia). Am J
Emerg Med. 2008;26(5):638.
Askew G, Williams GT, Brown SC. Delay in presentation and misdiagnosis of strangulated hernia: prospective study. J R Coll Surg Edinb.
1992;37(1):37–8.
da Costa KG, da Silva RTS, de Melo MS, Pereira JTS, Rodriguez JER, de
Souza RCA, de Oliveira Medeiros IA. Delayed diaphragmatic hernia after
open trauma with unusual content: Case report. Int J Surg Case Rep.
2019;64:50–3.
Sirbu H, Busch T, Spillner J, Schachtrupp A, Autschbach R. Late bilateral
diaphragmatic rupture: challenging diagnostic and surgical repair. Hernia.
2005;9(1):90–2.
Kaw LL Jr, Potenza BM, Coimbra R, Hoyt DB. Traumatic diaphragmatic
hernia. J Am Coll Surg. 2004;198(4):668–9.

Deng et al. BMC Surg

(2021) 21:142

32. Dosios T, Papachristos IC, Chrysicopoulos H. Magnetic resonance imaging
of blunt traumatic rupture of the right hemidiaphragm. Eur J Cardiothorac Surg. 1993;7(10):553–4.
33. Peer SM, Devaraddeppa PM, Buggi S. Traumatic diaphragmatic hernia-our
experience. Int J Surg. 2009;7(6):547–9.
34. Meyers BF, McCabe CJ. Traumatic diaphragmatic hernia Occult marker of
serious injury. Ann Surg. 1993;218(8257229):783–90.
35. Kearney PA, Rouhana SW, Burney RE. Blunt rupture of the diaphragm: mechanism, diagnosis, and treatment. Ann Emerg Med.
1989;18(12):1326–30.
36. Turhan K, Makay O, Cakan A, Samancilar O, Firat O, Icoz G, Cagirici U.
Traumatic diaphragmatic rupture: look to see. Eur J Cardiothorac Surg.
2008;33(18299201):1082–5.
37. Fangbiao Z, Chunhui Z, Chun Z, Hongcan S, Xiangyan Z, Shaosong
T. Thoracotomy for Traumatic Diaphragmatic Hernia. Indian J Surg.
2016;78(5):371–4.
38. Naunheim KS. Adult presentation of unusual diaphragmatic hernias.
Chest Surg Clin N Am. 1998;8(2):359–69.

Page 7 of 7

39. Ivatury RR, Simon RJ, Stahl WM: A critical evaluation of laparoscopy in
penetrating abdominal trauma. J Trauma 1993; 34(6):822–827 (discussion 827–828).
40. Soreide K, Petrone P, Asensio JA. Emergency thoracotomy in trauma:
rationale, risks, and realities. Scand J Surg. 2007;96(1):4–10.
41. Salah AA, Al-Jehani Y, El-Ghoneimy Y. Bilateral blunt diaphragmatic rupture. Lung India. 2011;28(3):212–5.
42. Williams M, Carlin AM, Tyburski JG, Blocksom JM, Harvey EH, Steffes CP,
Wilson RF. Predictors of mortality in patients with traumatic diaphragmatic rupture and associated thoracic and/or abdominal injuries. Am
Surg. 2004;70(15011920):157–62.
43. Gwely NN. Outcome of blunt diaphragmatic rupture. Analysis of 44 cases.
Asian Cardiovasc Thor Annals. 2010;18(3):240–3.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

