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ABSTRACT

Objectives: Delayed-presentation diaphragm hernias are uncommon, and surgical
management varies widely across practices. We describe our surgical experience
with delayed-presentation diaphragm hernias as a case series of 14 patients, 9 of
whom underwent minimally invasive repair.

Methods:We performed a retrospective chart review of our prospective database
of all patients treated surgically for delayed-presentation diaphragm hernia at our
institution from January 1, 2005, to April 30, 2021. We excluded patients with post-
sternotomy, post–left ventricular assist device, and previously diagnosed congenital
hernias. We recorded patient demographics, etiology, laterality, chronicity, opera-
tive details, postoperative complications, and long-term results.

Results:We performed surgical repair of delayed-presentation diaphragm hernia in
14 patients. Eleven patients (79%) were male, the median age was 61 (18-83) years,
the median body mass index was 29.2 (14.5-33.7), and 8 (57%) hernias were left-
sided. Etiology was trauma (n ¼ 7, 50%), iatrogenic (n ¼ 5, 36%), and unknown
(n¼ 2, 14%). Median time to presentation in patients with traumatic and iatrogenic
hernias was 7.5 years (6 weeks to 38 years). Nine patients (64%) underwent mini-
mally invasive repair, and 5 patients (36%) underwent open repair. We used a syn-
thetic patch in all but 2 patients (86%). Median length of stay was 5 (3-27) days. Two
patients (14%) had major complications. There were no deaths. Twelve patients
(86%) had follow-up imaging at a median follow-up of 17 months (1-192) with
zero recurrences.

Conclusions: Our experience suggests that a minimally invasive or an open
approach to patients with a delayed-presentation diaphragm hernia is safe and
effective. We recommend tailoring the surgical approach based on patient charac-
teristics, anatomic considerations, and surgeons’ experience. (JTCVS Techniques
2022;13:263-9)
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A, Laparoscopic view, left posterolateral hernia
defect. B, Minimally invasive patch repair.
/

CENTRAL MESSAGE

Minimally invasive repairs of
delayed-presentation diaphragm
hernias are safe if the approach is
tailored to patient characteris-
tics, anatomic considerations,
and surgeons’ experience.
PERSPECTIVE
Delayed-presentation diaphragm hernia is a rare
surgical disease, and literature detailing optimal
surgical management is sparse. Existing case se-
ries focus on traumatic etiology and include
acute and delayed presentation diaphragm her-
nias. We present a case series of 14 patients
who underwent surgical management of
delayed-presentation diaphragm hernia including
9 minimally invasive repairs.
Video clip is available online.
Delayed-presentation diaphragm hernias in adults are rare,
and the surgical management can be challenging. The pro-
tean presentation of these hernias leads to delays in diag-
nosis, and sometimes the etiology remains unknown.
Trauma is the most common etiology of acute and

delayed-presentation acquired diaphragm hernia.
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Abbreviations and Acronyms
BMI ¼ body mass index
LOS ¼ length of stay
VATS ¼ video-assisted thoracoscopic surgery

Thoracic: Mediastinum Jones et al
Diaphragm rupture occurs in approximately 5% of severe
thoracoabdominal traumas.1 Acute diaphragm ruptures
typically present with abdominal pain and as a component
of polytrauma; however, diagnostic tests miss up to 66%
of acute traumatic diaphragm hernias.2 The next most com-
mon etiology of delayed-presentation diaphragm hernia in
adults is iatrogenic,3 although this is a rare cause of dia-
phragm hernias. Delayed-presentation diaphragm hernias
are rare and can be asymptomatic for years, and eventual
complications carry a high risk of morbidity (30%) and
mortality (10%-20%).1,2,4,5 Minimally invasive repair is
safe for acute-presentation traumatic diaphragm hernias in
the absence of polytrauma.6 However, few reports describe
minimally invasive repair of delayed-presentation dia-
phragm hernias. One series published in 2016 reports 5 pa-
tients who underwent minimally invasive repair of chronic
diaphragm hernias.7 Given the uncommon and heteroge-
neous nature of the disease, there is no consensus in the
literature regarding optimal timing and approach for surgi-
cal intervention.

Thoracotomy and laparotomy are the traditional ap-
proaches to repair chronic diaphragm hernias with or
without patch or mesh.1,2,5,7-12 Since the first report of
laparoscopic repair of a traumatic hernia in the English
language surgical literature in 1994,13 individual case re-
ports and several small case series have suggested that mini-
mally invasive approaches are safe and effective.14,15 Even
so, there is some hesitation among surgeons to embrace this
due to concern for injury to hernia contents, inability to
reduce the hernia, and difficult angles for patch or mesh su-
turing.16 This study reports our single-center experience
with the repair of delayed-presentation diaphragm hernias
using minimally invasive and open techniques.
PATIENTS AND METHODS
We performed a retrospective chart review of our prospective database

of all patients treated surgically for delayed-presentation diaphragm hernia

at our institution from January 1, 2005, to April 30, 2021. The institutional

IRB approved this study on 8/10/21 (STUDY00013639). This retrospective

study did not require written consent.

We excluded patients with hiatal, previously diagnosed congenital,

poststernotomy, and post–left ventricular assist device hernias. We re-

corded patient demographics, etiology, chronicity, laterality, operative de-

tails, postoperative complications, and long-term results. We defined

delayed-presentation diaphragm hernia as a diagnosis of a diaphragm her-

nia occurring after the initial admission associated with the inciting event

when known. We determined chronicity as the time elapsed from the

inciting event when known. In patients with an unknown etiology, we deter-

mined chronicity as the time elapsed between initial symptoms and
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diagnosis of a diaphragmatic hernia. Recurrence was any radiographic ev-

idence of recurrent hernia.

Patient demographics included gender, age at the time of surgery, and

body mass index (BMI). We determined chronicity and etiology from chart

review. Operative details included operative approach, laterality, use of

patch or mesh, operative time, and estimated blood loss. Postoperative

data included length of stay (LOS), morbidity, and mortality. Follow-up

data included most recent follow-up date, type of most recent imaging, in-

terval time from surgery to imaging, and imaging or clinical evidence of

recurrence. We use descriptive statistics and present results as median

with range for continuous variables and as frequency and percentage for

categorical variables.

Surgical Techniques
We follow the same basic surgical principles for open and minimally

invasive repairs. When preparing for surgery, we position and prep patients

as for a thoracoabdominal approach. This allows access to both body cav-

ities without repositioning, regardless of approach. Our practice is to start

most repairs laparoscopically, and we add thoracoscopy if necessary. Lap-

aroscopy facilitates hernia content release and hernia sac excision with

clear visualization of viscera. The addition of thoracoscopy is particularly

helpful for the repair of posterior defects, hernia repairs in obese patients

(BMI>30), and to repair right-sided defects in proximity of the inferior

vena cava. Thoracoscopy is also helpful to place stitches around the ribs

posterolaterally if there is no adequate rim of diaphragm for suturing. In

patients with very large right-sided hernias containing liver, we occasion-

ally start with thoracotomy because of the difficulty of reducing the liver

with minimally invasive techniques. Intraoperatively, we always open, cir-

cumferentially dissect, and attempt to fully remove the hernia sac. Dissec-

tion and resection of the hernia sac facilitate clear identification of the

edges of the diaphragmatic defect and is essential to prevent postoperative

intrathoracic fluid collections. At the end of the procedure, we always place

an ipsilateral chest tube and remove it when the output is less than 200 to

300 mL per day.

We prefer to use patch material in all patients with defects greater than

3 cm, which we secure using permanent, braided, pledgeted #2 sutures.

When patients have defects that extend laterally and result in loss of

domain of diaphragm near the chest wall, we place sutures around the

ribs to anchor the patch as shown in Video 1. Our patch of choice is a 2-

mm–thick polytetrafluoroethylene patch with 1 smooth and 1 rugated

side (Gore DualMesh, WL Gore & Associates, Inc), and we place the

smooth side towards the abdominal viscera. Our preferred suture is a

coated, braided, polyester #2 suture on a large needle (Ti-Cron, Medtronic,

Covidien).
RESULTS
We performed surgical repair of delayed-presentation

diaphragm hernia in 14 patients during our study period.
Table 1 summarizes demographics, hernia etiology, lateral-
ity, chronicity, and presenting symptoms. Nine patients
(64%) underwent minimally invasive repair, and 5 patients
(36%) underwent open repair. Table 2 summarizes the
series by approach.

Median LOS was 5 (3-27) days regardless of approach,
although there was more variation in the open repair group
with a range of 3 to 27 days compared with 3 to 10 days in
the minimally invasive group. Significant 30-day postoper-
ativemorbidity (Clavien Dindo III and IV) occurred in 2 pa-
tients (14%). One patient who underwent a thoracotomy for
a massive post-traumatic hernia (chronicity of 38 years) had



TABLE 1. Patient demographics and hernia characteristics

Variable value

Age in years* 61 (18-83)

Gender, n (%)

Male 11 (79)

Female 3 (21)

BMI (kg/m2)* 29.2 (14.5-33.7)

Etiology, n (%)

Traumatic 7 (50)

Iatrogenic/postoperative 5 (36)

Hepatectomy for liver

donation

2 (40)

Hepatectomy for cancer 1 (20)

Anterior approach spinal

fusion

1 (20)

Transdiaphragmatic lung

resection

1 (20)

Unknown 2 (14)

Chronicity in years* 7.5 (0.1-38)

Hernia laterality, n (%)

Left 8 (57)

Right 6 (43)

Presenting symptom, n (%)

Dyspnea 5 (36)

Abdominal pain 6 (43)

Chest pain 2 (14)

Bowel obstruction 3 (21)

Dysphagia 1 (7)

Cough 1 (7)

None 1 (7)

BMI, Body mass index. *Median and range.
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a postoperative cerebrovascular accident, multisystem or-
gan failure, delayed-presentation bowel fistula that required
patch removal, and bronchopleural fistula requiring
Eloesser flap. However, he eventually recovered after
2 years and multiple operations. The other patient devel-
oped a hemothorax after combined laparoscopic and
video-assisted thoracoscopic surgery (VATS) repair
requiring washout via thoracotomy on postoperative
TABLE 2. Operative details

Approach, n Etiology, n Side, n Patch, n

Minimally Invasive

Laparoscopy, 4 Trauma, 2

Unknown, 2

L, 4 4

VATS, 1 Iatrogenic, 1 R, 1 No

Laparoscopy þ VATS, 4 Trauma, 2

Iatrogenic, 2

L, 2

R, 2

4

Open

Thoracotomy, 4 Trauma, 3

Iatrogenic, 1

L, 1

R, 3

4

Laparotomy, 1 Iatrogenic, 1 L, 1 No

EBL, Estimated blood loss; LOS, length of stay; VATS, video-assisted thoracoscopic surge
day 1. Table 3 summarizes postoperative complications.
Figure 2 shows the preoperative and postoperative imaging
and intraoperative photographs of one of our minimally
invasive repairs.
Twelve patients (86%) had follow-up imaging at a me-

dian follow-up of 17 months (1-192) with zero recurrences.
Two patients were uninsured and could not afford follow-up
imaging, but were asymptomatic at 30 and 32 months,
respectively.
DISCUSSION
Our series of surgical management of delayed-

presentation diaphragmatic hernias includes 9 patients
who underwent minimally invasive repair. In our experi-
ence, adherence to the basic principles of a tailored
approach based on patient and hernia characteristics, care-
ful lysis of adhesions, sac reduction with precise delineation
of the diaphragmatic defect, and liberal use of synthetic
patch material leads to excellent mid-term results.
Our patient cohort had various etiologies of chronic dia-

phragmatic hernia. Trauma was the most common cause for
acquired chronic diaphragmatic hernia in our experience
(50%), followed by iatrogenic hernia in 36%, most
commonly after liver resection. This is consistent with other
published reports.2,3,5,17-20 We repaired 2 hernias for which
we could not determine an etiology. These 2 patients were
not previously diagnosed with congenital hernias, and the
intraoperative anatomy was not typical of a congenital
hernia. We included these 2 cases because the
presentation, diagnosis, and management of chronic
diaphragmatic hernias is essentially the same irrespective
of congenital or acquired etiology.
We repaired 9 of 14 (64%) chronic diaphragmatic her-

nias via laparoscopy, VATS, or combined laparoscopic-
VATS approach, 3 of these were right-sided, and we
performed patch repair in 8 of the 9 patients (89%). Oper-
ative time and LOS were similar between minimally inva-
sive and open approaches; however, intraoperative blood
loss was higher in thoracotomy cases versus minimally
EBL in mL* Operative time in minutes* LOS in days*

50 (10-600) 268 (179-296) 5 (3-10)

50 174 9

50 (20-500) 238 (160-546) 5 (4-8)

450 (100-2000) 280 (172-608) 4 (3-27)

100 188 6

ry. *Median and range.
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TABLE 3. Complete list of complications

Complication Open n (%) Minimally invasive n (%)

Cerebrovascular accident 1 (7) 0

Multisystem organ failure 1 (7) 0

Bowel fistula 1 (7) 0

Bronchopleural fistula 1 (7) 0

Hemothorax 0 1 (7)

Prolonged air-leak 1 (7) 0

Superficial wound infection 1 (7) 0

Chronic pain 0 1 (7)

Incisional hernia 0 1 (7)

Atrial fibrillation 1 (7) 0

Thoracic: Mediastinum Jones et al
invasive cases. Our numbers are too small to draw any
conclusions based on these results, and we used thoracot-
omy for patients with very large and complex hernias,
which likely explains the higher blood loss. In their series
of delayed presentation diaphragm hernias, Liao and col-
leagues7 included 5 minimally invasive repairs, all treated
laparoscopically without patch or mesh. In the same study,
they included 19 patients with open repairs. They reported
a LOS of 6 days for minimally invasive repairs, similar to
ours, versus 16 days for open repairs. Although they
detailed their surgical techniques, they did not report oper-
ative times or blood loss.

The decision of an open versus a minimally invasive
approach depends on patient and hernia characteristics, her-
nia size, location, laterality, and surgeon’s experience. At
our center, our experience with minimally invasive post–
left ventricular assist device diaphragm hernia repair21

was instrumental in the development of our minimally inva-
sive approaches to complex chronic diaphragm hernias. Our
Surgical management of delaye
hernia: A single-insti

Retrospective analysis
of 14 patients

• Minimally invasi
• Major complicat
• Mortality: 0 (0%)
• Recurrence: 0 (0
  • 17 months med

HERNIA ETIOLOGY

Unknown
14%

Post-
traumatic

50%
Iatrogenic

36%

A: preoperative CT. B: intrao
view. C: patch repair. D:

FIGURE 1. Summarizing objectives, methods, results, an
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current preference is to start laparoscopically in the
majority of patients and add VATS or convert to
thoracotomy or laparotomy depending on intraoperative
findings. Based on our experience with laparoscopic
diaphragm plication,22 the laparoscopic approach is best
suited for patients with a BMI less than 30 and mid or
anterior diaphragmatic defects. If the defect is
posterolateral or a patient has a BMI greater than 30, then
we generally combine laparoscopy with thoracoscopy.
Thoracoscopy optimizes visualization of the posterior
portion of the diaphragm and permits the surgeon to secure
the patch to the ribs if necessary. There are reports in the
literature of robot-assisted minimally invasive repair of
congenital diaphragm hernias,15 acute diaphragm
ruptures,23 and delayed-presentation acquired diaphragm
hernias.19 The proposed benefits of using the robotic
platform include better visualization and precise dissection
near critical structures such as the esophagus. However, it
may be challenging to use in cases where a combined
abdominal and thoracic approach is required.

We are more likely to use a thoracotomy in right-sided
iatrogenic hernias because of postoperative scarring,
difficulty reducing the liver, and the technical difficulty of
suturing to the medial margin due to the proximity of the
inferior vena cava. Three of 4 patients who underwent
thoracotomy in our series had large complex right-sided
hernias. We performed a left-sided thoracotomy in 1 patient
who required concurrent rib resections and chest wall
reconstruction due to traumatic rib fractures that were
displaced into the thoracic cavity. Our single laparotomy
was in a patient who had evidence of bowel ischemia
requiring a bowel resection. In cases requiring complex
repairs or bowel resections, we strongly recommend an
open approach.
d-presentation diaphragm
tution experience

ve: 9 (64%)
ions: 2 (14%)

%)
ian follow up

Surgical management of
delayed-presentation
diaphragm hernias

requires careful
evaluation and minimally
invasive approach can be

safely used in select
patients.

CT: computed tomography

perative laparoscopic
 postoperative CT.

d outcomes of this study. CT, Computed tomography.



FIGURE 2. A, Preoperative CT scan. B, Intraoperative laparoscopic view. C, Patch repair. D, Postoperative CT (2 months after repair).

Jones et al Thoracic: Mediastinum
There are numerous studies reporting minimally invasive
repair of acute traumatic diaphragm rupture in the absence
of polytrauma.23,24 However, acute diaphragmatic rupture
and chronic diaphragmatic hernias are clinically and techni-
cally different problems. The main consideration in acute
diaphragm rupture is the presence of associated injuries,
and a primary repair is usually sufficient.25,26 Chronic her-
niation of abdominal viscera into the chest cavity results in
significant intrathoracic adhesions, very large diaphrag-
matic defects, and loss of abdominal domain. These 3
anatomic characteristics are the primary contributing fac-
tors to the technical difficulty of repairing chronic diaphrag-
matic hernias and differentiate them from acute
diaphragmatic rupture.

Our preference is to repair chronic diaphragmatic hernias
with a synthetic patch as we did in 12 of 14 patients (86%)
unless the defect is small. We generally place patch material
in hernia defects that are larger than 3 cm. We have occa-
sionally closed slightly larger defects primarily if the ability
to achieve a tension-free repair is unquestionable. To date,
there are no clear criteria for patch or mesh repair.1,5,8,9,12

We believe using a patch is the safest technique for a
tension-free and durable repair of chronic diaphragmatic
hernias because the defects are often large. When placing
a patch, we always use a smooth surfaced polytetrafluoro-
ethylene patch to reduce the possibility of fistulization.
One of our patients had a delayed bowel fistula several
weeks after discharge from his index operation and required
reoperation with patch removal. This patient had the largest
andmost chronic hernia (38 years) in our series; we repaired
his hernia via a right thoracotomy, and surgery was
extremely challenging because of the lack of abdominal
domain. He eventually recovered after 2 years and multiple
operations. Table 4 summarizes published series with
approach, use of patch or mesh, and results.
As a precaution, all of our patients with herniated colon

undergo a prophylactic bowel preparation. To date, we
have not had a problem with intraoperatively detected
bowel injury. In the case of bowel perforation, ischemic
bowel, or intraoperatively identified bowel injury in a pa-
tient with a large diaphragmatic defect, we recommend
completing the repair with biologic nonabsorbable mesh
(Covidien Permacol Surgical Implant, Medtronic).
The timing of repair depends on presenting symptoms,

the patient’s clinical status and comorbidities, the size of
the diaphragmatic defect, and the contents of the hernia.
JTCVS Techniques c Volume 13, Number C 267



TABLE 4. Existing case series of delayed-presentation diaphragm hernias

Author, year

(reference) n Etiology Surgical approach (n)

Mesh or

patch Complications (n, %)

Follow-up

(mo)* Recurrence

Davoodabadi, 20128 6 Trauma Thoracotomy (6) Yes (1)

No (5)

Death (1, 17%) N/A N/A

Tabrizian, 20129 10 Iatrogenic Laparotomy (10) Yes (3)

No (7)

N/A 36 (10-167) 1

Ganie, 20132 11 Trauma Thoracotomy (2)

Thoracotomy þ
Laparotomy (9)

No Death (3, 27%)

Anastomotic leak, exploration

(1, 9%)

N/A 1

Liao, 20167 24 Trauma Open (19)

Laparoscopy (5)

No Unspecified (5, 21%) 16 (6-24) 0

Lu, 201610 6 Trauma Thoracotomy (4)

Laparotomy (2)

No N/A N/A 0

Testini, 20171 5 Trauma (1)

Iatrogenic (1)

Unknown (3)

Laparotomy (1)

Thoraco-abdominal (1)

Thoracotomy (1)

Laparoscopy (1)

Unspecified (1)

Yes (3)

No (2)

N/A N/A 0

Manzini, 201911 5 Iatrogenic Laparotomy (3) No N/A 22 (8-36) 0

Zhao, 20195 40 Trauma Thoracotomy (38)

Thoraco-abdominal (2)

Yes (4)

No (36)

Bowel obstruction (1, 2.5%) N/A 1

Raakow, 202112 5 Iatrogenic Open (4)

Laparoscopy (1)

Yes (2)

No (3)

None 41 (14-62) 3

Jones (present

series)

14 Trauma (7)

Iatrogenic (5)

Unknown (2)

Laparotomy (1)

Thoracotomy (4)

Laparoscopy, VATS,

or both (9)

Yes (12)

No (2)

Hemothorax (1, 7%)

Small bowel fistula, CVA,

bronchopleural fistula

(1, 7%)

17 (1-192) 0

N/A, Not applicable; VATS, video-assisted thoracoscopic surgery; CVA, cerebrovascular accident. Minimally invasive approaches are in bold characters. *Median and range.

VIDEO 1. Combined laparoscopic-video assisted thoracoscopic repair of

a left sided delayed-presentation diaphragm hernia. Video available at:

https://www.jtcvs.org/article/S2666-2507(22)00243-7/fulltext.
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Patients who present with sepsis related to suspected bowel
perforation or ischemia should undergo emergency repair
via an open approach to facilitate resections as necessary
and for better hemodynamic control. For patients who pre-
sent with mild symptoms or asymptomatic incidentally
found hernias, we typically schedule surgery as soon as
they are medically optimized and at the patient’s earliest
convenience. We consider a more time-sensitive repair on
patients who have had recent worsening of symptoms or
have symptoms affecting daily activities or nutrition. We
believe that small diaphragmatic defects with hollow
visceral herniation are also more time-sensitive because
of the potential for incarceration or strangulation.

Two patients (14%) in our series had major complica-
tions needing operative intervention: 1 in the open group
and 1 in the minimally invasive group. Both patients had
right-sided hernias and had technically challenging opera-
tions. The incidence of major complications in our report
is consistent with the reported incidence of complications
in 2 other series of 40 and 24 chronic diaphragmatic hernias
(2.5% and 21%).5,7 It is important for surgeons to be aware
of potential complications and the associated risks associ-
ated with right-sided hernias, large hernia size, and
268 JTCVS Techniques c June 2022
chronicity. We had no visceral injury in any of our mini-
mally invasive repairs. We had no operative mortality.

There are no follow-up guidelines for patients who have
undergone a repair of a chronic diaphragmatic hernia. We
recommend a baseline CT scan at 3 months postsurgery fol-
lowed by yearly follow-up and CT imaging for 5 years if
possible. The recurrence rate in our series at a median of
17 months is nil so far. Published recurrence rates range

https://www.jtcvs.org/article/S2666-2507(22)00243-7/fulltext
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from 0% to 10%with a maximum reported median follow-
up of 36 months.5,7,9

Study Limitations
We cannot draw definitive conclusions on the best man-

agement of delayed-presentation diaphragm hernias
because it is a rare problem and the sample size is limited.
Our median follow-up is less than 2 years and is probably
insufficient to determine the real recurrence rate, and we
intend to follow our patients longitudinally. Additionally,
we practice in a quaternary referral center and specialize
in minimally invasive diaphragm surgery. Our single-
institution experience and results may not be generalizable
to all institutions.

CONCLUSIONS
Chronic traumatic and iatrogenic delayed-presentation

diaphragm hernias are rare entities. Thoracic surgeons
should tailor the surgical approach to patient characteristics,
anatomic considerations, and surgeons’ experience. Mini-
mally invasive approaches are safe and effective in experi-
enced centers and when used in well-selected patients. The
Video Abstract and Figure 1 summarize this study.
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