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ture  following  blunt  trauma  occurs  rarely.  Classically  described
ptures  are  often  associated  with  multiple  organ  injuries.  The
.  The  goal  of  this  study  was  to  analyze  and  to  discuss  the
agnosis  and  management  of  these  injuries.
lticenter  retrospective  study  included  patients  seen  between
rn  Alpine  Emergency  Network  [REseau  Nord  Alpin  des  Urgences
d  surgical  data  from  all  patients  sustaining  blunt  diaphragmatic

 men  and  13  women),  median  age  44,  were  included.  The  prin-
oad  or  traffic  accidents  for  22  patients.  Diaphragmatic  rupture

 patients.  Diagnosis  was  delayed  in  two  patients,  at  11  days
al  accident.  Chest  X-rays  were  diagnostic  in  18  of  29  patients.
stigation  since  it  was  performed  in  all  patients  and  confirmed
pair  was  surgical  via  a  midline  laparotomy  in  27  patients,  via

oracoscopy  in  one.  Three  patients  died.
xploration  in  the  unstable  blunt  trauma  patient,  the  surgeon
ly  poor  diagnostic  performance  of  chest  X-rays.  Accurate  diag-
n  of  the  diaphragmatic  cupolas.  In  the  stable  trauma  victim,
oracic  CT  with  reconstruction  can  lead  to  early  diagnosis,  which
onditions,  whether  by  laparotomy,  laparoscopy  or  thoracoscopy,
d  expertise.
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ost-traumatic  diaphragmatic  ruptures  occur  rarely,  the
ncidence  having  been  estimated  between  0.7  and  8%  of  all
lunt  thoraco-abdominal  trauma  [1—4].  The  first  descrip-
ions  date  from  the  16th  century:  in  1541  Sennertus  reported

 case  of  intrathoracic  migration  of  abdominal  organs
hrough  a  diaphragmatic  rupture,  and  in  1579,  Amboise  Paré
escribed  the  first  ‘‘delayed  complication’’  of  diaphrag-
atic  rupture  when  he  performed  an  autopsy  in  a  young

aptain  of  the  French  Artillery,  who  had  survived  a  firearm
enetrating  injury  to  the  abdomen.  He  died  eight  months
ater  because  of  necrosis  due  to  strangulated  colon  through

he  diaphragmatic  rupture  [5].  Paré  also  described  a  patient
ith  a  strangulated  stomach  after  blunt  trauma  [6]. The
echanism  of  injury  implies  a  sudden  change  in  the  pres-

ure  between  the  thorax  and  the  abdomen  or  a  tear  of
he  diaphragmatic  attachments  [7],  explaining  why  trau-
atic  ruptures  of  the  diaphragm  are  classically  found  after

igh-energy  blunt  trauma.  This  also  explains  why  there  are
ften  several  associated  thoracic,  abdominal  and/or  pelvic
njuries  [4]  and  why  it  is  considered  a  factor  of  severity  in
he  multiple  trauma  setting  [8].  Diagnosis  is  difficult:  clin-
cal  signs  are  often  respiratory  and  therefore  not  specific
9],  chest  X-rays  do  not  perform  well,  as  they  are  falsely
egative  in  48%  of  cases,  and  CT  scans  can  be  mislead-
ng,  even  if  this  is  the  investigation  of  choice  [10]. For
lunt  trauma,  non-operative  management  has  become  the
tandard  management,  which  no  longer  allows  correcting  a
issed  diagnosis  during  operation.  The  delay  in  diagnosis

an  range  from  a  few  days  to  several  months  or  even  years
fter  the  initial  trauma  [11].  The  low  incidence  of  this  injury
xplains  why  there  are  many  isolated  case  reports  but  only
wo  large  French  series  reported  before  2000  [12,13].

The  Northern  Alpine  Emergency  Network  [REseau  Nord
lpin  des  Urgences  (RENAU)]  was  created  in  2001  upon
equest  of  the  Regional  Health  Agency  with  the  goal  of  har-
onizing  practices  and  establishing  emergency  management
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igure 1. Decisional algorithm for management of polytrauma patient
A.  Mancini  et  al.

lgorithms.  This  network  congregates  24  institutions  in  the
hône-Alpes  region  of  France  and  has  allowed  the  set  up  of
everal  health  care  procedures  and  inter-institutional  trans-
ers,  in  particular  for  multiple  trauma  patients.  This  network
as  also  allowed  for  performance  of  several  large  sample
tudies,  thanks  to  the  ‘‘TRENAU’’  epidemiology  registry  in
raumatology.  All  the  institutions  in  this  network  follow  a
pecific  algorithm  dedicated  to  the  management  of  multi-
le  trauma  victims,  essentially  based  on  whole  body  CT  scan
14].  The  management  of  suspected  diaphragmatic  ruptures
s  codified  in  the  algorithm  presented  in  Fig.  1.

The  goal  of  this  retrospective  study  was  to  describe  a
eries  of  patients  managed  for  diaphragmatic  rupture  fol-

owing  blunt  trauma  seen  in  the  trauma  unit  of  the  university
ospital  of  Grenoble  and  RENAU,  and  to  discuss  the  modali-
ies  of  early  CT  scan  diagnosis  and  management.

atients and methods

ll  patients  with  the  diagnosis  of  diaphragmatic  rupture
een  in  the  trauma  unit  of  the  university  hospital  of  Greno-
le  and  RENAU  institutions  between  2009  and  2017  were
dentified  using  the  operating  room  software  programs,
edical  procedure  coding  system  and  the  TRENAU  reg-

stry.  A  specific  protocol  based  on  CT  imaging  for  multiple
njury  is  used  in  all  institutions  in  the  network.  The  mana-
ement  algorithm  can  be  seen  in  Fig.  1.  Patients  with
enetrating  trauma  were  not  included.  Demographic  char-
cteristics,  mechanisms  of  injury,  clinical  presentations,
iagnostic  modalities,  thoracic  CT  and  radiographic  findings,
ssociated  injuries,  surgical  treatment  and  postoperative
utcomes  were  analyzed.  The  timing  of  management  and
nterval  before  operation  were  also  studied.

Categorical  values  were  expressed  as  numbers  and  per-
entages.  Continuous  variables  were  expressed  as  medians
s  the  samples  were  small.  Analysis  was  performed  using
Lstat© (Addinsoft  SARL)  software.

 with the diagnosis of diaphragmatic rupture.
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Results

During  the  study  period,  31  patients  with  diaphragmatic
rupture  following  blunt  trauma  were  managed  in  three  insti-
tutions  of  the  RENAU  network.  There  were  18  men  and  13
women;  median  age  was  44  (16—88  years).  The  median  IGSII
score  was  35  (17—72).  Most  patients  were  victims  of  road
accidents,  either  as  the  driver  or  passenger  of  a  motor  vehi-

cle  (n  =  22).  Twenty-seven  ruptures  were  on  the  left  (87%)
while  four  were  on  the  right  (13%).  The  diagnosis  was  made
immediately  after  the  accident  in  29  patients  (93.5%).  Two
patients  had  a  delayed  presentation,  11  days  and  three
months  after  the  initial  trauma,  respectively,  and  in  both
cases,  with  a  picture  of  acute  respiratory  distress.  At  the
time  of  management,  21  patients  (71%)  had  respiratory  fail-
ure  (dyspnea,  hypoxia),  five  were  asymptomatic,  while  four
presented  with  isolated  thoracic  pain.  Patient  characteris-
tics  and  mechanisms  of  injury  are  summarized  in  Table  1.

A  chest  X-ray  was  performed  immediately  after  hospital
admission  in  29  patients  and  led  to  the  diagnosis  of  diaphrag-
matic  rupture  in  18  (62%)  thanks  to  three  specific  signs,
either  isolated  or  in  association:
• air-fluid  level  image;
• interruption  of  a  diaphragmatic  cupola  border;
• nasogastric  tube  in  the  thorax.

The  chest  X-ray  was  not  suggestive  in  11  patients:  10  had
non-specific  signs  (hemothorax,  pneumothorax)  and  one  X-
ray  was  interpreted  as  normal.  Thoraco-abdominal  CT  scan
led  to  the  final  diagnosis  in  29  patients  at  the  time  of  admis-
sion  (Fig.  2).

Two  patients  with  left  diaphragmatic  trauma  had  a
delayed  presentation.  The  first  had  undergone  a  CT  upon

Figure 2. Preoperative CT scans. A. 44-year old man having sustained
injury with intrathoracic migration of the splenic flexure (open arrow). B
The CT shows a left diaphragmatic rupture with gastric collar sign (full
year-old man having sustained a motorcycle road accident. The CT shows
sign (respectively full and open arrows in C), discontinuity of diaphragm
(E). F. 3-D reconstruction of CT in an 88-year-old man presenting with le
phragmatic  injury  5

Table  1  Patient  characteristics  (n  =  31).

Median  age  (years)  44  (16—88)
Gender

Male  18
Female  13

Mechanism  of  injury
Motor  vehicle  road  accident  22
Fall  (one  patient  fell  from  a  window)  3
Two  wheel  vehicle  road  accident  2

Snowboard  1
Crush  injury  (crane)  1
Pedestrian  1
Paraglider  1

IGSII  score  (Median)  35  (1772)
Side  of  injury

Left  27
Right  4

admission,  performed  1½ hours  after  the  trauma,  but  with-
out  coronal  or  sagittal  reconstruction;  the  diagnosis  was
made  on  day  11  when  a  chest  X-ray  was  performed  because
of  onset  of  respiratory  distress.  A  review  of  the  initial
CT  scan  revealed  a  minimal  diaphragmatic  discontinuity.
The  second  patient  also  presented  with  acute  respiratory
distress,  three  months  after  the  initial  trauma,  and  the  diag-
nosis  was  made  immediately  upon  interpretation  of  the  new
thoraco-abdominal  CT  scan.

All  patients  had  associated  injuries,  summarized  in
Table  2:  26  patients  had  thoracic  injuries  (84%).  Most  often
these  were  multiple  rib  fractures  on  the  same  side  as  the

 a motor vehicle road accident. The CT shows a left diaphragmatic
. 31-year-old man having sustained a motor vehicle road accident.

 arrow) and dependent-viscera sign (open arrow). C, D and E. 21-
 a left diaphragmatic hernia with collar sign and dependent-viscera

 (double arrow in D). Sagittal reconstruction identifies the rupture
ft diaphragmatic rupture and intrathoracic gastric migration.
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Table  2  Associated  injuries.

n  %  Examples

Thorax  26  84  Rib  fractures:  24
Hemothorax:  6
Pneumothorax:  7
Sternal  fracture:  4

Spine  17  55  Transverse  apophysal  fracture:  11
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Pelvis  15  

Limbs  15  

Gastrointestinal  tract 8  

Spleen  8  

Cerebral  5  

Liver  3  

Kidney  2  

Thoracic  aorta 2  

iaphragmatic  rupture.  Seventeen  patients  had  a  spinal
racture  (55%)  while  15  had  a  pelvic  fracture  (48%).

The  median  interval  between  the  diagnosis  and  oper-
tive  management  was  5.5  hours.  Six  patients  underwent
peration  48  to  72  h  after  the  diagnosis,  either  because  of
ife-threatening  aortic  dissection,  spinal  or  pelvic  fracture
r  after  correction  of  hemodynamic  shock  secondary  to  asso-
iated  injuries.
Twenty-seven  patients  underwent  a  midline  laparotomy
23  left-sided  and  four  right-sided  ruptures)  while  three
ere  treated  via  laparoscopy  (three  left-sided  injuries)  and
ne  patient  underwent  left  thoracotomy.  The  diaphrag-
atic  tear  was  repaired  with  simple  sutures,  figure-of-eight

utures,  or  continuous  sutures,  using  braided  or  monofil-
ment  non-absorbable  material.  One  female  patient  with

 right-sided  injury  required  concomitant  liver  packing  for
enous  bleeding  from  the  hepatic  dome  in  a  damage-control
etting.  Seven  patients  had  postoperative  complications,
ne  of  which  was  secondary  to  the  diaphragmatic  repair:  this
atient  had  an  incident  splenic  decapsulation,  aggravating
n  AAST  grade  III  splenic  lesion  that  required  splenectomy.
nother  patient  had  a  compressive  pelvic  hematoma  sec-
ndary  to  pelvic  osteosynthesis.  All  the  other  complications
ere  medical  (ventilator  acquired  pneumonia,  pulmonary
mbolism  and  catheter  infection).  Three  patients  with  left-
ided  injuries  died.  In  two  of  these  patients,  the  diagnosis
as  made  immediately  upon  arrival:  one,  with  severe  multi-
le  lesions,  died  of  multi-organ  failure  soon  after  operation,
hile  the  other  died  of  irreversible  brain  damage.  The  third
atient,  an  88-year-old  man  with  multiple  cardiovascular
o-morbidities,  who  was  diagnosed  three  months  after  the
nitial  insult  (fall  from  a  ladder),  died  on  postoperative  day
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Vertebral  body  fractures:  6
Ilio-pubic  ramus:  8
Ischio-pubic  ramus:  8
Acetabular  fracture:  6
Iliac  wing  fracture:  3
Sacral  fracture:  3
Lower  limb  fractures:  9
Upper  limb  fractures:  8
Mesenteric  injury:  2
Small  intestinal  and  colonic  perforation:  4
Gastric  perforation:  1
Duodenal  hematoma:  1
AAST  Grade  III:  4
AAST  Grade  IV:  4
Diffuse  axonal  lesions:  2
Hemorrhagic  petechia:  2
Sub-arachnoid  bleeding:  1
AAST  Grade  I:  2
AAST  Grade  IV:  1
AAST  Grade  I:  1
AAST  Grade  II:  1
Grade  II  traumatic  dissection:  2

6  after  diaphragmatic  repair  due  to  massive  pulmonary
mbolism  with  cardiorespiratory  arrest.

iscussion

udden  elevation  of  intra-abdominal  pressure  secondary  to
lunt  abdominal  trauma  can  lead  to  localized  rupture  of  the

osterior  part  of  the  diaphragm,  the  embryonic  weak  spot.
nother  mechanism  can  be  responsible  when  the  trauma

mpact  is  lateral  or  when  there  are  associated  rib  fractures,
n  which  the  peripheral  attachments  of  the  diaphragm  are
orn  [7,10,15]  (Fig.  3).  Diaphragmatic  ruptures  occur  more
requently  on  the  left  (65%  of  cases);  bilateral  rupture  is
xceptional  [1,6].  The  results  of  our  series  concur  with  lit-
rature  reports  as  we  found  that  87%  were  left-sided;  the
eft-sided  predomination  is  supported  by  cadaver  studies
16].  Two  anatomical  factors  are  advanced  to  explain  the
eft-sided  prevalence:  the  liver  acts  as  a  tamponade  on  the
ight  [7]  and  the  left  half  of  the  diaphragm  is  weakened
y  the  presence  of  the  hiatal  orifice  and  the  lumbo-costal
riangle  [17].

Focused  assessment  with  sonography  for  trauma  (FAST)
nd  chest  X-rays  is  performed  routinely  in  the  unstable
atient  arriving  the  emergency  room.  The  use  of  FAST  to
etect  diaphragmatic  rupture  has  been  described  in  the  lit-
rature  [18]  but  its  practicality  seems  limited.

The  most  specific  signs  on  chest  X-rays  are  the  presence
f  intrathoracic  air-fluid  level  images  or  the  intrathoracic
ocation  of  the  tip  of  the  nasogastric  tube  [7,19—21].  The
levation  of  one  diaphragmatic  cupola  in  the  absence  of
omolateral  atelectasis  and  the  blurred  contour  of  the
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Figure 3. Mechanisms and types of post-traumatic diaphragmatic
rupture (inferior view). 1: torn peripheral attachments of the
diaphragm (right crush in the figure). 2: central rupture (right ante-
rior muscular portion in the figure). 3: transversal rupture located in
the diaphragmatic dome (left anterior tendon portion in the figure).
4: postero-lateral rupture (left muscular portion in the figure).

diaphragm  are  not  specific  and  are  difficult  to  interpret
when  other  frequently  observed  concomitant  signs  are  found
in  the  trauma  patient  such  as  hemothorax  and  pneumoth-
orax.  The  prevalence  of  positive  signs  on  chest  X-ray  has
been  described  to  range  from  3  to  89%  of  cases  [19—25]. In
our  population,  chest  X-ray  led  to  the  diagnosis  in  62%  of

patients.  Several  publications  have  shown  that  chest  X-ray
performances  differed  according  to  the  side  of  the  rupture,
with  diagnoses  over  50%  of  the  time  when  the  lesion  was  on
the  left,  and  less  than  30%  when  the  lesion  was  on  the  right
[19,20].  In  our  small  sample,  two  thirds  of  chest  X-rays  led
to  the  diagnosis  on  the  left  (16  patients/25)  but  only  to  two
of  four  on  the  right.  The  rate  of  missed  diagnosis  with  chest
X-ray  was  38%  in  our  series,  concordant  with  the  12  to  66%
range  found  in  the  literature  [8].

In  the  trauma  patient  who  is  stable  or  stabilized,  total
body  CT  scan  with  intravenous  contrast  injection  (arterial
and  portal  visualization)  is  the  reference  study  for  diag-
nosis  and  workup.  CT  has  been  found  to  perform  better
than  chest  X-ray  for  the  diagnosis  of  diaphragmatic  rupture
after  blunt  trauma  with  a  sensitivity  ranging  from  14  to  71%
and  a  specificity  ranging  from  76  to  99%  in  the  literature
[10,26].  The  most  pertinent  CT  signs  are  intrathoracic  migra-
tion  of  intestinal  structures,  the  collar  sign,  corresponding
to  the  impingement  of  the  diaphragm  on  the  herniated
organ  and  the  ‘‘dependent-viscera  sign’’,  corresponding  to
the  contact  of  an  intra-abdominal  organ  with  the  posterior
pleura  in  the  absence  of  the  diaphragmatic  barrier  [27], and
lastly,  diaphragmatic  discontinuity  [10,26].  In  our  series,  CT
was  diagnostic  in  the  18  patients  with  specific  radiographic
signs  of  rupture  on  the  chest  X-rays,  and  confirmed  the
phragmatic  injury  7

rupture  in  10  patients  who  did  not  have  specific  radiolog-
ical  signs,  as  well  as  in  the  patient  who  had  a  normal  chest
X-ray  (Fig.  2).  Moreover,  in  our  center,  a  false  diagnosis  of
diaphragmatic  rupture  was  made  in  one  patient  who  under-
went  an  exploratory  laparoscopy  that  proved  the  diagnosis
false.  Other  false-positive  CT  findings  have  been  described,
most  often  related  to  postero-lateral  defects,  found  in  6%
of  the  population,  on  the  left,  that  correspond  to  asymp-
tomatic  congenital  Bochdalek  hernia  [7,10].

Because  of  difficulties  in  making  the  diagnosis  of
diaphragmatic  rupture  [7,9,10,19—21,26],  the  lesion  can  go
undetected  for  days,  months  or  even  years  after  the  trauma
[11].

Isolated  diaphragmatic  rupture  after  blunt  trauma  is
exceptional  [16].  This  was  also  exemplified  in  our  series,
where  all  the  patients  had  at  least  one  other  injury,  thoracic
in  84%  spinal  in  55%  and  pelvic  in  48%.  This  is  in  accordance
with  other  publications  [1,4,16,23,26].

Classical  midline  laparotomy  remains  the  reference  in
the  unstable  patient.  In  this  setting,  the  diaphragm  cupolas
should  be  routinely  checked  because  of  the  poor  diagnostic
performance  of  FAST  [27,28]  and  chest  X-ray  in  the  diag-
nosis  of  diaphragmatic  injury.  In  the  patient  who  is  stable
or  stabilized,  laparoscopy,  first  described  in  patients  with
penetrating  trauma  [29,30],  then  for  blunt  trauma  [31—36],
is  gaining  in  popularity,  despite  initial  reluctance  related
to  the  risk  of  air  embolism  or  compressive  pneumothorax,
that,  in  fact,  have  never  yet  been  described  in  the  litera-
ture.  In  our  series,  three  patients  underwent  laparoscopy,
all  after  2014  (Fig.  4).  Another  limiting  factor  for  the  use  of
laparoscopy  is  the  difficulty  of  repair  on  the  right,  because
of  the  intervening  presence  of  the  liver.  In  this  setting,  a
thoracoscopic  approach  could  be  the  solution.

In  our  center,  all  diaphragmatic  ruptures  are  repaired  as
soon  as  the  diagnosis  is  made.  But  there  are  cases  when
delayed  repair  is  appropriate,  for  instance  in  the  case  of
life-threatening  associated  injuries,  as  in  our  series,  where
the  repair  was  delayed  because  of  the  need  for  endovas-
cular  treatment  of  a  ruptured  aortic  isthmus  and  splenic
embolization.  However,  in  these  cases,  the  diaphragm  was
always  repaired  within  72  hours.  In  our  experience,  we  found

that  the  anatomy  was  favorable  for  repair  when  surgery  was
entertained  early.  However,  some  teams  advocate  delayed
repair  after  several  weeks,  which  can  be  likened  to  manage-
ment  of  missed  injuries  [37].  Under  these  conditions,  fibrosis
and  retraction  of  the  borders  of  the  defect  can  complicate
surgery,  requiring  adhesiolysis  and  exposing  the  patient  to
difficult  repair  or  the  risk  of  splenectomy.  Several  artifices
have  been  described  in  the  literature  such  as  repair  over
pledgets  [37]  or  trans-costal  reinsertion  of  the  diaphragm
[38],  but,  in  some  patients  where  the  primary  repair  is
fragile  or  when  it  is  difficult  to  close  the  defect,  use  of  a
prosthesis  will  be  necessary.  With  regard  to  the  choice  of
the  prosthesis,  biological  meshes  seem  to  have  the  same  out-
come  as  synthetic  mesh  repairs  [39,40].  There  are  not  many
publications  in  the  literature  concerning  the  methods  of  fix-
ation  described  for  these  prostheses,  but  certainly,  staples
and  tackers  should  be  avoided,  above  all  in  the  peripheral
area  of  the  diaphragm.  One  recent  publication  has  reported
23  cases  of  tamponade  and/or  heart  injuries  after  use  of
these  materials  for  prosthetic  fixation  near  the  heart  (hiatal
hernia  repair  but  also  diaphragmatic  hernia  repair)  with  a
staggering  mortality  of  50%  [41].
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igure 4. Intraoperative view during laparoscopy in an 18-year-o
T scan were indicative of a left diaphragmatic rupture. A. View o
he left inferior pulmonary lobe and intrathoracic ascension of the o
igament. D. Final view after repair by two running sutures of non-a

onclusion

ach  and  every  surgeon  who  has  to  manage  trauma  patients
hould  know  the  mechanisms  of  injury,  the  potential  associ-
ted  injuries,  as  well  as  the  direct  and  indirect  radiological
igns  that  suggest  the  possibility  of  diaphragmatic  rupture.
he  diagnostic  performance  of  chest  X-ray  is  mediocre,  and
he  surgeon  should  search  for  a  loss  of  diaphragmatic  con-
inuity  routinely  during  emergency  laparotomy  for  trauma.
n  the  stable  patient,  contrast-enhanced  total  body  CT  scan
ith  coronal  and  sagittal  reconstructions  is  the  investigation
f  reference  for  these  patients  and  can  contribute  to  early
imely  diagnosis.  Repair  is  most  often  done  via  laparotomy
ut  when  the  diagnosis  is  not  obvious,  and  when  patient  sta-

us  and  local  conditions  permit,  laparoscopy  is  feasible  and
fficient.
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