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Abstract

Purpose Traumatic diaphragm rupture is a rare trauma

that is easily overlooked. A missed diagnosis would result

in chronic traumatic diaphragmatic herniation (CTDH).

Surgical repair is the standard treatment that is conven-

tionally performed by laparotomy or thoracotomy.

Laparoscopic repair has been reported, but its efficacy

remains controversial. In this study, we present our novel

technique and experience of laparoscopic repair of CTDH

and analyze the feasibility and effectiveness of this

procedure.

Methods We conducted a prospective collection with

retrospective review of patients with CTDH treated at

Chang Gung Memorial Hospital, Taiwan, from 2000 to

2013. The demographic characteristics, surgical procedure,

perioperative results, length of hospital stay (HLOS) and

follow-up were record and analyzed.

Results There were 114 patients with traumatic dia-

phragm hernia, and 24 of them had CTDH with a mean age

of 54.9 ± 13.3 years. The HLOS was 15.08 ± 8.17 days.

Regarding the surgical method used, 19 patients had open

surgery, and 5 patients underwent laparoscopic surgery.

The demographic distribution, trauma mechanism, location

and size of CTDH were comparable. In the laparoscopic

group, the patients had a shorter median HLOS (6 days)

than in the open surgery group (16 days; p = 0.002). There

was no mortality or recurrence in both groups.

Conclusions In this study and literature review, patients

had laparoscopic repair with a smooth recovery. Laparo-

scopy provides good surgical exposure, allowing easy

repositioning of the herniated content and a smooth repair

of the defect without the morbidity of laparotomy. For

CTDH, with caution, we can apply this technique with an

acceptable result.

Keywords Diaphragm rupture � Laparoscopic surgery �
Diaphragm hernia

Introduction

Diaphragmatic injury remains a challenge in trauma set-

tings and accounts for approximately 1 % of all torsal

trauma patients [1, 2]. Although the diagnostic technology

has advanced, there are still 9–41 % of patients with a

missed diagnosis [3–7]. Due to symptomatic silencing and

spontaneous hemostasis, these patients might be over-

looked and might be delayed in being diagnosed for

months, even years, after the initial traumatization [8, 9].

The gradient of pressure between the thoracic and

abdominal cavity can enlarge the defect of the diaphragm,

leading to chronic traumatic diaphragmatic herniation

(CTDH) [1, 2]. Herniation of abdominal organs might

remain asymptomatic for years after the trauma, and only

in a few cases presenting with acute gastrointestinal and

cardiopulmonary symptoms [10]. High mortality has been

reported if patients have strangulated viscera in CTDH [2,

11].
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Surgical repair is the standard management of

diaphragmatic injury, and should be applied as soon as the

diagnosis is confirmed. Conventionally, this injury is

repaired by laparotomy or thoracotomy. With the

improvement in instruments and familiarity of minimally

invasive surgery, diagnostic laparoscopy has been advo-

cated in recent years [5]. However, the therapeutic usage of

the laparoscopic procedure for diaphragmatic injury

remains infrequent. However, CTDH is somewhat different

from the acute injury. CTDH induces intense fibrosis and

severe adhesion, which leads to difficulty in the reduction

of the herniated viscera and repair of the diaphragmatic

defect. Therefore, limited experiences have been published

about laparoscopic repair for CTDH [1, 3, 9, 12].

In this study, we present our experience with laparo-

scopic repair of CTDH and review the current literature to

evaluate the feasibility and safety of laparoscopic repair of

CTDH.

Materials and methods

Study population

We conducted a prospective data collection from the

Trauma Registry at Chang Gung Memorial Hospital

(CGMH), Linkou, Taiwan, which is a Level I trauma center

in Taiwan. Demographic data, medical, perioperative and

hospital course, follow-up and information regarding

complications were recorded into a computerized database

prospectively. By the diagnostic timing of TDH, we iden-

tified CTDH as the diagnosis of traumatic diaphragm her-

niation after the same admission of the injury episode. We

performed a retrospective review of all patients with

CTDH who were treated at our institute from January 2000

to December 2013. The study was approved by the Internal

Review Board of CGMH.

All of the patients were managed by the trauma team

from the emergency bay arrival to discharge. All of the

management utilized the same clinical protocol. Demo-

graphic information was collected with the results of

physiological and biochemical data and imaging findings.

In addition, the herniation side, time to diagnosis and

associated injury were recorded. All of the patients with

traumatic diaphragm herniation were enrolled into the

standard protocol (Fig. 1). The surgical method (open or

laparoscopic surgery), operative time and perioperative

recovery were recorded.

The post-operative recovery time, complications, and

length of hospital stay (HLOS) were collected. All of the

patients were followed-up in the outpatient department, and

associated complications or sequelae were collected. The

follow-up time was from the date of emergency department

arrival to 31 December 2014. We excluded patients without

a definite diagnosis of TDH or lost to follow-up. Further-

more, the data set was further limited by age to include

patients older than 17 years. Patients who had congenital

hernia or an intact diaphragm were excluded from this

series.

Surgical procedure: the pledgeted suture method

During the operation, the patient was placed in the supine

position under general anesthesia, and a nasogastric tube

and Foley tube were inserted. To prevent possible tension

pneumothorax, the chest tube was prepared. A 10-mm

subumbilical incision was made. A 10-mm visible trocar

was inserted in the incision, and then a 30� rigid 10-mm

Fig. 1 The chest plain film of chronic traumatic diaphragmatic

herniation. a The elevated left hemi-diaphragm with gastrothorax.

The arrowhead is indicated at the nasogastric tube left pleural cavity.

b Post-operative chest plain film revealed the re-position of the

stomach and diaphragm
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videoscope was inserted. The pneumoperitoneum was

increased to 12 mm Hg. One 5-mm port was created at the

subxiphoid area at the proper height. Another 5-mm port

was inserted at the left or right pararectus line at the proper

height under direct visualization (Fig. 1). Next, the herni-

ated viscera were explored, and the abdominal cavity was

examined. The adhesion and fibrosis were dissected with

an ultrasonic device, and then the hernia was reduced with

blunt forceps. The fibrotic and fragile tissue at the edge of

the diaphragm was removed, and then the size of the dia-

phragm defect was measured. After dissection and removal

of the fibrotic edge, the pneumoperitoneum was reduced to

9 mm Hg to facilitate reapproximation of the edges of the

diaphragm. Furthermore, an Fr.12 Pigtail drainage was

inserted at the sixth intercostal space under the laparo-

scopic guidance before closure of the diaphragm.

The pledgeted suture method was applied for CTDR

repair. Several double-armed 2-0 nonabsorbable braided

polyester sutures with tiny Teflon pledgets were placed 1

cm from the edge of the diaphragm. Next, the knots were

tied on the pledgets to compress the diaphragmatic edges

together on the abdominal side of the diaphragm (Fig. 2b,

arrow, pledgeted suture method the diaphragmatic edges

were hold between two pledgets). Finally, the defect was

closed gradually (Fig. 2c).

Statistical analysis

Fisher’s exact test was used as appropriate to compare

categorical variables. Quantitative variables were com-

pared using the Mann–Whitney U test. The odds ratios and

95 % confidence intervals were calculated by logistic

regression in the case of qualitative variables and by linear

regression for quantitative ones. Statistical analysis was

performed using SPSS v 20.0 for Macintosh (SPSS, Inc.,

Chicago, IL, USA). A p value less than 0.05 was consid-

ered statistically significant.

Results

Study population

There were 114 patients with traumatic diaphragm hernia,

and 24 of them had CTDH. The cohort consisted of 24

patients: 20 males (83.3 %) and 4 females (16.7 %). The

mean age was 54.9 ± 13.3 years. Seventeen patients

(70.8 %) were injured due to a vehicle collision, and six

patients (25.0 %) were injured due to a fall. Seventeen

patients had left side diaphragmatic herniation, and six

patients had right side diaphragmatic herniation. There was

one patient with a diaphragmatic defect on both sides. The

ICU LOS was 2.79 ± 2.78 days, and the HLOS was

15.08 ± 8.17 days. Five patients had post-operative com-

plications (20.8 %).

By the surgical method, 19 patients were divided into

the open surgery group, and the other 5 patients were

included in the laparoscopic surgery group. There was no

obvious difference in age, gender, trauma mechanism, or

location of herniation between both groups (Table 1). The

median length (10.0 cm, 3.0–15.0 cm vs. 8 cm,

Fig. 2 The laparoscopic pledgeted suture procedure to repair the

chronic traumatic diaphragm hernia. a The large defect of the left

diaphragm measures 8 9 5 cm, and the edge and herniated viscera

were clear and reduced. b Interrupted sutures were applied on both

edges of the defect. The suture sites were 1 cm from the edge with

pledgets to prevent further tear of diaphragm tissue. After these

sutures were applied on both sides, the ties were secured smoothly,

and both edges of the defect were pinched together slowly. c After

suture, the defect was closed under this method without obvious

limitation
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5.0–12.0 cm, p = 0.914) and area (20.0 cm2, 9.0–45.0 cm2

vs. 30.0 cm2, 15.0–48.0 cm2, p = 0.914) of herniation

were similar between the open and laparoscopic groups,

respectively. In the laparoscopic group, the patients had a

shorter HLOS (6 days, 6–9 days) than in the open surgery

group (16 days, 6–39 days) with a significant difference

(p = 0.002). There was no recurrence or mortality in this

cohort.

Discussion

In this series, 10.5 % of patients with a diaphragmatic

injury developed CTDH, a finding that was comparable in

the previous literature. Minimal invasive surgery has been

adopted in the repair of diaphragmatic herniation because

of decreased tissue trauma and a rapid recovery. Thora-

coscopic repair for a missed diaphragmatic injury has been

described [13]. However, thoracoscopy requires a double

lumen endotracheal tube intubation. Furthermore, it might

just allow the repair of small lesions and might limit the

evaluation of the abdominal cavity [14, 15]. Laparoscopy is

the method of choice because it allows for intraabdominal

examination and massive reduction of herniated viscera.

Several reports have been published to prove the efficiency

of laparoscopy in acute diaphragmatic trauma [5, 16].

Unlike acute injuries, the long-standing nature of the hernia

results in a substantial defect with possible extensive

adhesion between the diaphragm and herniated viscera and

between the herniated structures themselves [6, 7]. The

surgical difficulty and complications in CTDH were

increased compared with acute injury. Consequently, lim-

ited studies have been reported on laparoscopic repair for

CTDH (Table 2). We presented our experience with

laparoscopic repair for CTDH. Compared with open sur-

gery, laparoscopic repair for CTDH showed a quick

recovery and decreased HLOS with statistical significance.

After a median follow-up of 16 months (range

6–24 months), there was no recurrent event. The safety and

feasibility of laparoscopic repair for CTDH were

acceptable.

In CTDR, viscera hernia with severe adhesion is

commonly encountered, which obscures the dissection

planes and normal anatomic landmarks. Proper dissection

of the hernia sac to prevent injury to the surrounding

viscera and to remove the fibrotic tissue will exacerbate

the defect. Therefore, primary repair or placement with a

synthetic mesh remains controversial in the laparoscopic

repair of CTDH. Primary approximation and simple suture

have been reported to easily tear tissue [3, 12], and syn-

thetic mesh placement was advised for CTDH [17, 18].

However, erosion of the bowel and adjacent structures has

been reported [3]. Moreover, the formation of fistulas and

migration of the prosthesis used were other complications

after mesh placement [10]. According to our experience,

we applied the pledgeted suture method to compress and

Table 1 Comparison of the

open and laparoscopic surgery

groups for chronic traumatic

diaphragmatic herniation

Open group

(n = 19)

Laparoscopic group

(n = 5)

p value

Age (years; median, range) 54 (28–73) 66 (48–73) 0.240

Gender (male, %) 17, 89.5 3, 60.0 0.179

Mechanism (n, %)

Vehicle collision 14, 73.7 3, 60.0 0.442

Fall 4, 21.1 2, 40.0

Others 1, 5.3 0

Location of herniation (n, %)

Left 13, 68.4 4, 80.0 0.818

Right 5, 26.3 1, 20.0

Both 1, 5.3 0, 0

Size of defect

Diameter (cm; median, range) 10.0 (3.0–15.0) 8.0 (5.0–12.0) 0.914

Area (cm2; median, range) 20.0 (9.0–45.0) 30.0 (15.0–48.0) 0.093

ICU LOS (days; median, range) 2 (0–9) 1 (0–3) 0.058

HLOS (days; median, range) 16 (6–39) 6 (6–9) 0.002

Complication (n, %) 5, 26.3 0, 0 0.544

Recurrence (n, %) 0, 0 0, 0 1.000

Mortality (n, %) 0, 0 0, 0 1.000

p value in bold indicates significant difference (p\ 0.005)

ICU LOS intensive care unit length of stay, HLOS hospital length of stay
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approximate the edge of the diaphragm together and

release the shearing force when applying ties. By helping

to reduce the pressure of the pneumoperitoneum to 9 mm

Hg, we could re-approximate the edge of the diaphragm

more easily. The edges of the defect often become fibrotic

and fragile in CTDR [3]. Careful debridement of the

fibrotic tissue and placement of the suture at the healthy

diaphragm are essential to prevent tissue breakdown and

hernia recurrence [1, 18]. Incorrect creation of shear and

compressive forces would cause cutting-through and

deformation of the fragile diaphragmatic tissue during

suture placement. We recommend using double-armed

suture placement at 1 cm from the edge to hold the

healthy tissue. Compressing the diaphragmatic tissue

between pledgets could prevent unnecessary shearing

force. Furthermore, the knots tied on the pledgets could

redistribute the shearing force from the diaphragm to the

pledgets, reducing the possibility of tissue failure. Without

placement of the mesh, possible adhesion, infection or

migration can be prevented. All of our patients had a

diaphragm defect more than 25 cm2 that could be repaired

using this method without infection or symptomatic

adhesion. Until now, no patient had recurrence after

operation whether in the open or laparoscopy group;

therefore, we recommend our method to repair CTDH

under laparoscopic surgery.

Table 2 Summary of the literature regarding laparoscopic repair for chronic traumatic diaphragmatic herniation

First author Location Size (cm) Type of repair Perioperative

complication

Hospital stay

(days)

Follow-up

(months)

Campos et al. [19] Left 7.5 Mesh No 1 0.25

Rasiah et al. [20] Left 5 Suture No 2 18

Slim et al. [21] Left 12 Mesh No 7 3

Domene et al. [22] Left 12 Suture No 5 –

Matz et al. [23] Left 5 Suture Trocar herniation 3 18

Right 10 Mesh No 5 18

Left 4 Suture No 7 18

Pross et al. [17] Left 10 Mesh No 7 2

Meyer et al. [24] Right – Suture No 6 42

Torresini et al. [25] Left 7 Mesh No – –

Shah et al. [18] Left 6 Mesh No 2 6

Schneider et al. [6] Left 6 Suture Fever, pleural effusion 18 2

Matthews et al. [3] – – Suture No 8.7 7.9

– – Suture No

– – Mesh No

– – Mesh No

Wadhwa et al. [12] Left 3 Suture No 2.3 34.8

Left 5 Suture ? mesh No

Left 3 Suture ? mesh No

Rashid et al. [14] Left 10 Mesh No 6 6

Andreev et al. [9] Left 3 Suture No 8 30

Left – Suture No 6 12

Latic et al. [7] Left – Suture No – –

Fiscon et al. [10] Right 7 Suture ? mesh No – 6

Baldwin et al. [8] Right 5 Suture – – –

Liao et al. Left 8 Suture No 10 24

Left 5 Suture No 7 21

Right 4 Suture No 8 16

Left 8 Suture No 14 8

Left 4 Suture No 6 6

Average Left (21/26; 80.7 %)

Right (5/26; 19.3 %)

Unknown n = 4

6.5 ± 2.8 Suture (18/30, 60 %)

Mesh (9/30, 30 %)

Suture ? mesh (3, 10 %)

2/29, 6.9 % 6.5 ± 3.8 15.1 ± 11.9
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Seventeen studies have been published concerning the

laparoscopic repair of CTDH [3, 6–10, 12, 14, 17–25].

Most of the authors reported single or limited case reports.

Because CTDH was rare, no conclusion could be drawn

about an optimal therapeutic option. We summarized

these studies in Table 2. Most of the CTDHs occurred or

became symptomatic remote from the initial trauma. The

laparoscopic repair of CTDH can be carried out without

intraoperative hypoxemia, tension pneumothorax or

increased peak airway pressures according to the avail-

able literature. Two cases were converted to open surgery

due to difficulty in identifying the defect completely [3].

Most of the surgeons (n = 18, 60.0 %) used direct suture

for repair, and 30 % of the surgeons placed a synthetic

mesh. Some of them used both methods simultaneously

(10 %). There was still no consensus regarding which

method is superior. Most of the patients recovered

smoothly, and the mean HLOS was 6.5 ± 3.8 days. The

long-term results were favorable after a mean follow-up

of 15.1 ± 11.9 months, and no recurrence was indicated

during the follow-up. From this series and past experi-

ence, we could confirm the feasibility of laparoscopic

repair of CTDH. Laparoscopic repair offered an accept-

able HLOS (6.5 ± 3.8 days) without recurrent herniation

after a long-term follow-up. Although the complication

rate was approximately 6.9 %, however, most of them

were grade I–II complications, which need no further

intervention. The efficacy and safety of laparoscopic

repair of CTDH should be established.

Although laparoscopic repair for CTDR seems to be

feasible, there were several considerations that need to be

emphasized. Because of the rarity of CTDH, a limited case

number comprised this cohort, limiting the power of

analysis. There was no recurrence noted in this series and

previous works; however, long-term follow-up might be

obtained in the future. Regarding the surgical technique,

during the creation of pneumoperitoneum, the inflation

should proceed slowly with caution to prevent rapid airflow

into the thoracic cavity and tension pneumothorax. The

surgeons and anesthesiologists should have a suspicion if

the patients were hemodynamically unstable during infla-

tion. The cessation of inflation and chest drain insertion

might be considered.

In this study, our patients had laparoscopic repair

uneventfully and recovered smoothly. Laparoscopy pro-

vides good orientation and surgical exposure of both the

abdominal and thoracic cavity through the defect, allowing

easy repositioning of the herniated content in the abdomen

without the morbidity of laparotomy or thoracotomy. For

CTDR, with caution, we can apply this technique with an

acceptable result.
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