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The most challenging diagnostic issue in the management of thoracoabdominal wounds concerns the assessment of asymptomatic 

patients. In almost one-third of such cases, diaphragmatic injuries are present even in the absence of any clear clinical signs. The 

sensitivity of noninvasive diagnostic tests is very low in this situation, and acceptable methods for diagnosis are limited to videolap-

aroscopy or videothoracoscopy. However, these procedures are performed under general anesthesia and present real, and potentially 

unnecessary, risks for the patient. On the other hand, diaphragmatic hernias, which can result from unsutured diaphragmatic lesions, 

are associated with considerable morbidity and mortality. In this paper, the management of asymptomatic patients sustaining wounds 

to the lower chest is discussed, with a focus on the diagnosis of diaphragmatic injuries and the necessity of suturing them.
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INTRODUCTION

The “thoracoabdominal zone” is defined as the area 

superiorly delimited by the fourth intercostal space (anterior), 

sixth intercostal space (lateral), and eighth intercostal space 

(posterior), and inferiorly delimited by the costal margin.1 

This area is similar to that referred to as the “intrathoracic 

abdomen,” which is the torso region demarcated by the 

nipple line, costal margins, and scapulae.2 The abdominal 

viscera (i.e., liver and spleen) lie below this area, with their 

precise location varying based on the movement of the 

diaphragm muscle, which follows the respiratory cycle. 

Hence, a penetrating wound in this area could injure the 

diaphragm muscle or any thoracic viscera (i.e., lung, heart, 

great vessels, and esophagus), in addition to the abdominal 

organs. These multiple possibilities make initial diagnostic 

assessment in such cases challenging.1-4

The standard initial approach to hemodynamically 

unstable patients sustaining thoracoabdominal injuries 

is surgery (laparotomy or thoracotomy).5 Laparotomy is 

preferred for injuries exhibiting clear signs of peritonitis.4 

Operative treatment is also used in stable patients for whom 

the diagnosis of a cardiac, major vascular, or esophageal 

injury is defined.4,5 This is preceded by a comprehensive 

diagnostic work-up, which depends on the suspected injury 

and may involve focused assessment sonography for trauma 

(FAST), computed axial tomography (CT), angiography, 

and/or endoscopy. 

The most challenging diagnostic issue in this situation 

concerns asymptomatic patients.1,3,6,7 Some studies have 

reported that diaphragmatic injuries can be present in up to 

30% of such cases despite the absence of clinical signs. Until 

recently, the sensitivity and negative predictive value of the 

available diagnostic tests have been considered as very low 

for the diagnosis of penetrating diaphragmatic wounds.5-10 

These wounds are usually no more than 2 cm long, and there 

is no visceral herniation to the thoracic cavity.1 Therefore, 

the most sensitive diagnostic methods are videolaparoscopy 

or videothoracoscopy.11-15 
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These procedures are undertaken under general 

anesthesia and present real risks for the patient. However, 

failure to suture a diaphragmatic tear could ultimately 

lead to a diaphragmatic hernia. The mortality associated 

with complicated diaphragmatic hernias is believed to be 

considerable in this setting.2,3,16 Considering these points, 

approaches to wounds in the lower chest may vary among 

surgeons and institutions.

Recently published data have shed new light on this 

subject. Experimental studies have demonstrated that the 

injured diaphragm can heal and, consequently, development 

of diaphragmatic hernias is not the rule after penetrating 

injuries to the diaphragm.17,18 Furthermore, no diaphragmatic 

hernia has been reported after nonoperative treatment 

of penetrating wounds to the liver, in which diaphragm 

injuries may be inferred in some cases.19 The accuracy of 

the new generation of computerized tomography scans 

has been shown to be considerably high for detection of 

diaphragmatic wounds, and mortality following deferred 

treatment of diaphragmatic hernias may be lower than 

previously estimated.20-24 

Some questions in the management of asymptomatic 

patients sustaining thoracoabdominal wounds remain 

unanswered: 

1. Should these patients be systematically submitted to op-

erative procedures such as videolaparoscopy or videotho-

racoscopy in order to diagnose a possible diaphragmatic 

injury?

2. Should the diaphragmatic injury always be sutured? 

2. Can these patients be initially observed, undergoing 

operative procedures only if a diaphragmatic hernia de-

velops? 

2. How high are the morbidity and mortality risks for de-

layed repair of diaphragmatic hernias?

Incidence of diaphragmatic injuries

The incidence of diaphragmatic injuries depends mainly 

on the location of the wound and the mechanism of trauma. 

Hanna et al.25 studied 105 patients with diaphragmatic 

injuries and found that the external wound was located at 

the thorax, abdomen, or both in 46%, 19%, and 35% of 

cases, respectively. Madden et al.2 reported that 19% of 

the patients who underwent exploratory laparotomies due 

to penetrating wounds to the lower chest and abdomen 

sustained diaphragmatic injuries. 

Among asymptomatic patients with thoracoabdominal 

wounds who routinely undergo videolaparoscopy, the 

incidence of diaphragmatic injuries ranges from 7% to 48%.1 

Solda et al.1 reported diaphragm injuries in 24.6% of patients 

with penetrating wounds to the thoracoabdominal area, and 

several other studies have reported similar incidences of 

approximately 20%.11,12,26 

Murray et al.6 observed these lesions in 42% of patients 

with penetrating wounds to the left thoracoabdominal region. 

Leppäniemi and Haapiainen27 reported “occult diaphragm 

injuries” in 17% of patients with penetrating trauma to 

the left thoracoabdominal area. The majority of patients 

sustaining diaphragmatic lesions have additional associated 

injuries. The incidence of isolated diaphragmatic injuries 

ranges from 2 to 12%.28,29 

Diagnostic workup to assess diaphragmatic injuries

It is critical to highlight the difference between blunt 

and penetrating traumas. Victims of blunt diaphragmatic 

injuries usually have large defects in the muscle, allowing 

the abdominal viscera to enter the thoracic cavity.30 In these 

cases, chest X-rays are usually informative. However, the 

size of the tear in penetrating traumas is smaller, and “real” 

hernias are infrequent.1,3,6 Therefore, any exam that bases 

diagnosis on the presence of herniated viscera into the thorax 

is not sufficient for penetrating trauma.

A normal physical examination is observed in 20-45% 

of patients with diaphragmatic lesions, and radiological 

findings are minimal in the majority of these cases1. Murray 

at al.6 prospectively studied 119 patients with penetrating 

injuries to the left thoracoabdominal region. Diaphragmatic 

injuries were identified in 42% of patients; of these, 31% 

did not have abdominal tenderness, 40% had normal chest 

X-rays, and 49% had an associated hemothorax. 

Radiological investigation is useful for victims of 

gunshot wounds to the thoracoabdominal area, as the 

trajectory of the projectile can be determined. This is not the 

case for victims of stab wounds. Diagnoses, therefore, should 

not be based solely on the physical examination.1,8-10 Chest 

X-ray, wound exploration, and pneumoperitoneum have all 

been tested,1,2,7-10,16 but none has demonstrated sufficient 

accuracy and reliable negative predictive value. Moore et 

al.31 examined the accuracy of diagnostic peritoneal lavages 

in detecting diaphragmatic lesions. Using 1,000-10,000 red 

cells/mm3 as the laparotomy threshold, they reported 90% 

accuracy; however, the negative predictive value was 25%. 

Until recently, imaging technology has not been routinely 

used to assess patients sustaining penetrating injuries to the 

abdomen. Older technology using spiral CT scans has not 

shown optimal results in detecting abdominal injuries.8,32 

Recently published data suggest improved results with more 

advanced CT equipment. Stein et al.20 analyzed the role of 

multidetector-row CT in the diagnosis of penetrating injuries 

to the diaphragm. The authors reviewed the admission CT 

of 803 patients sustaining penetrating torso injury during 
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a four-year period. These scans were classified into three 

categories: positive, negative, and equivocal. Diaphragmatic 

injuries were detected in 67 patients and excluded in 736. 

If CT was used to exclude diaphragm injury, the sensitivity 

(94%), specificity (95.9%), and accuracy (95.8%) were 

consistently high. Unfortunately, this equipment is not yet 

widely available. Furthermore, diaphragmatic injuries would 

remain undetected despite the high accuracy of the exam. We 

believe that more studies are necessary to confirm the role 

of multidetector CT scans in the diagnosis of diaphragmatic 

injuries in penetrating trauma. 

Natural course of diaphragmatic wounds

Diaphragmatic hernias develop over three distinct post-

trauma periods. During the acute period directly following 

trauma, the diaphragm is ruptured, which may be overlooked 

during diagnosis. This is followed by a quiescent period in 

which there are no symptoms. The third period is associated 

with symptoms and, eventually, necrosis of the herniated 

viscera.

The natural history of diaphragm injuries has not 

been adequately studied in humans. Without treatment, 

diaphragmatic healing would be impaired by the pressure 

gradient between the thorax and abdomen, as well as 

by respiratory movements.2,17 This would facilitate the 

development of a diaphragmatic hernia, especially on the 

left side.4,17 Complications are also possible on the right side 

despite the supposed “tamponade” protection offered by the 

liver. Diaphragmatic hernias have been reported on the right 

side of patients years after thoracic gunshot wounds.33 

Perlingeiro et al.17 studied the course of diaphragmatic 

injuries in rats. The diaphragmatic tear was produced by a 

videolaparoscopy throcar under general anesthesia. Animals 

were observed for six months, and complete diaphragmatic 

healing was observed in approximately 90% of the animals, 

while diaphragmatic hernias were present in 10%. 

A similar phenomenon was observed by Gamblin et 

al.,18 who studied 48 rats in an experimental model of 

diaphragmatic injuries produced by a 16-gauge needle 

puncture or 2.7-mm aortic punch. Animals were euthanized 

one month or 10 months after the operative procedure. 

Only one animal in the aortic punch group, euthanized at 

10 months, presented a small hepatic herniation through the 

diaphragm (1/12=8%). All other animals demonstrated no 

signs of herniation.

Of course, these studies do not pertain specifically to 

humans. The size of the diaphragmatic wound is a very 

important factor that cannot be controlled for in human 

trauma cases. However, at least in animals, these data show 

that the diaphragm can heal without hernia development. But 

the question remains: should every diaphragmatic wound be 

sutured? 

Several authors have reported nonoperative treatment 

of penetrating liver injuries.19,34,35 This was accomplished 

by CT assessment, which revealed the injury through the 

liver parenchyma. Some of these patients also sustained 

hemothoraces, and it is possible to infer that they might have 

had concomitant diaphragmatic injuries19. Late diagnosis of 

diaphragmatic hernias has not yet been reported. 

 Leppäniemi and Haapiainen27 analyzed 97 patients 

with stab wounds located between the nipple line, umbilical 

level, and posterior axillary lines, but without immediate 

indication for laparotomies. These patients were randomized 

into two groups: clinical observation and surgical exploration 

(laparotomy or videolaparoscopy). In the surgical exploration 

group (n=47), four patients (9%) had diaphragmatic injuries. 

Three of these injuries were isolated, and thus three of 

43 patients would have had occult diaphragmatic injuries 

if surgical exploration had not been performed. In the 

observation group (n=50), two patients (4%) showed delayed 

presentation of missed left-side diaphragmatic injuries. 

However, we cannot definitively state the number of patients 

with diaphragmatic injuries or the percentage of healing 

in the group not submitted to operative procedures, as the 

failure of imaging tests to detect diaphragmatic hernias does 

not necessarily indicate their absence.

Thus, some diaphragmatic tears on the right side could 

have been treated without operating, at least in this setting. 

It is important to stress that there is currently no specific 

protocol for nonoperative treatment of diaphragmatic 

injuries. A patient with a diagnosed diaphragmatic injury 

must currently undergo surgery for repair. 

Complications associated with delayed diagnosis

Potential  problem associated with leaving a 

diaphragmatic wound unsutured concern the reported high 

morbidity and mortality rates of diaphragmatic hernias 

when treated in the presence of complications such as bowel 

necrosis. Feliciano et al.16 stated that few topics in trauma 

surgery have raised more controversy than the delayed 

diagnosis of a diaphragmatic injury. The consequences are 

usually not immediate and are often underestimated. 

Madden et al.2 reviewed selected cases of delayed 

presentation of diaphragmatic injuries due to stab wounds. 

The sample included 28 patients, with a mean age of 32 

years, and the mortality rate was 36%. Six of the seven 

patients (85%) shown to have gangrenous viscera died. 

Based on these numbers, an invasive diagnostic workup is 

justified to eliminate even the smallest risk of overlooking a 

diaphragmatic injury. 
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The reported mortality rates due to diaphragmatic 

hernias are not consistent, and may not be as high as some 

authors estimate. Reber et al.22 reported the treatment of 10 

patients with late presentations of traumatic diaphragmatic 

hernias. Eight patients sustained blunt trauma, and two 

were victims of penetrating injuries. Hernias were present 

on the left side and right side in eight and two patients, 

respectively. The time elapsed between trauma and clinical 

presentation ranged from 20 days to 28 years. All of 

these patients underwent laparotomies, and concomitant 

thoracotomies were necessary in two cases. Only one 

patient died (10% mortality), and three (30%) sustained 

postoperative complications. 

Bergeron et al.21 evaluated the deferred treatment of 

traumatic diaphragmatic hernias due to blunt trauma. Their 

study assessed 160 patients sustaining diaphragmatic injuries 

who were diagnosed immediately after the trauma. Patients 

undergoing operations for isolated diaphragmatic injuries 

did not show higher mortality rates due to delayed repair 

than those undergoing immediate surgery. The authors 

concluded that blunt diaphragmatic rupture in the absence of 

other surgical injuries is associated with low mortality, and 

treatment can be deferred if necessary. 

These studies do not specifically address the mortality 

associated with complicated diaphragmatic hernias (i.e., 

gangrenous viscera in the thorax). Furthermore, some of 

these studies assessed victims of blunt trauma for whom the 

diaphragm defect was expected to be larger and the risk of 

viscera strangulation was lower.21,22 Recently, several studies 

have reported low mortality in the treatment of complicated 

diaphragmatic hernias.16,23,24,36-38 Nevertheless, the rate of 

complications and mortality in the treatment of complicated 

diaphragmatic hernias needs to be further addressed. 

The active search for penetrating diaphragmatic 

wounds

The ideal treatment should be based on the preoperative 

diagnosis of the diaphragmatic injury, such that only patients 

sustaining these injuries undergo operation. However, current 

imaging technology limits proper diagnosis. Considering 

the possible complications associated with unsutured 

diaphragmatic wounds, a protocol for actively searching 

for diaphragmatic injuries is justified. Currently, the most 

sensitive and specific methods are videolaparoscopy and 

videothoracoscopy.1,11-15

The advantages of videosurgery are evident: the 

diaphragm can be directly viewed and easily assessed,1,12-15 

muscular stretching permits better visualization of the defect, 

and concomitant abdominal lesions may be observed and 

treated. Moreover, the contents of the thoracic cavity can 

be aspirated and the diaphragmatic lesion laparoscopically 

treated.14,15

Concerns related to creating a hypertensive pneumothorax 

with the pneumoperitoneum has not been shown to be a 

major problem.39 The diaphragmatic lesion can usually be 

recognized in patients sustaining stab wounds. 

The situation is a bit more complicated when gunshot 

wounds are the cause of trauma, as the trajectory is often 

unpredictable. Assessment of the splenic flexure of the colon 

in the left upper quadrant is often difficult. Some caution is 

required to completely rule out other injuries. Perforations in 

the small bowel and colon may be difficult to see, especially 

when hematomas or free blood are present in the abdominal 

cavity.1,40 Finally, visualization of the posterior portion of 

the diaphragm with videolaparoscopy may be difficult, 

particularly in posterolateral wounds. 

The sensitivity and specificity of videolaparoscopy 

are very convincing. Friese et al.26 prospectively studied 

34 hemodynamically stable and asymptomatic patients 

sustaining penetrating thoracoabdominal wounds. All 

patients underwent diagnostic laparoscopy to assess 

the diaphragm, followed by confirmatory celiotomy or 

videothoracoscopy. There were seven true positive, 30 true 

negative, one false negative, and no false positive tests. 

The specificity (100%), sensitivity (87.5%), and negative 

predictive value (96%) were all high. The single false 

negative case was due to a hemoperitoneum associated with 

a splenic lesion that warranted laparotomy.

Solda et al.1 studied asymptomatic patients sustaining 

penetrating wounds to the thoracoabdominal area. All 

patients routinely underwent videolaparoscopy. A total 

of 73 patients, 62 of whom were victims of stab wounds, 

were analyzed. Diaphragmatic injury was diagnosed in 18 

patients (24%), eight (44%) of whom demonstrated isolated 

diaphragmatic injuries. Laparoscopic suture was possible in 

six of these cases. 

Videolaparoscopy allows not only diagnosis, but also 

treatment in selected cases40,41. Zantut et al.41 examined the 

use of videolaparoscopy in penetrating abdominal traumas. 

Of the 510 patients studied, laparotomy was avoided in 277 

(54%) and diaphragmatic injuries were laparoscopically 

treated in 16 cases. Only 10 patients presented complications, 

all of which considered minor.

Videothoracoscopy is another available method used 

to assess asymptomatic patients with thoracoabdominal 

wounds.14,15 It aids assessment of the posterior portion 

of the diaphragm. Selective tracheal intubation is not 

essential, but is recommended. The pneumoperitoneum is 

not needed, further thoracic evaluation may be carried out 

(i.e., pericardium window and projectile trajectory), and 

some lesions can be treated (i.e., lung suture). It is always 
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our policy to perform a videolaparoscopy or laparotomy 

to evaluate the abdomen in cases of diaphragmatic lesion 

diagnosed by videothoracoscopy. 

Dorgan et al.15 studied the role of videothoracoscopy 

in 51 patients sustaining thoracic trauma. Nine of 24 

patients (37.5%) with thoracoabdominal wounds sustained 

diaphragmatic injuries. Videothoracoscopy failed to detect a 

large right-sided diaphragmatic rupture due to blunt trauma. 

This patient underwent videothoracoscopy 30 days after the 

trauma, with a diagnosis of retained hemothorax. Seven days 

after the initial operative procedure, the patient underwent 

thoracotomy and a 15-cm right-sided diaphragmatic rupture 

was noticed.

There  i s  some  deba te  conce rn ing  whe the r 

videolaparoscopy or videothoracoscopy is the best option. 

Each method has an appropriate indication. In asymptomatic 

patients with penetrating wounds to the thoracoabdominal 

area, a videothoracoscopy should be performed in two 

situations: if placement of a thoracic tube is required 

(pneumothorax or hemothorax), or cardiac injury is 

suspected and a pericardial window is to be performed. In all 

other cases, videolaparoscopy is the best alternative. 

Videosurgery assessment or clinical observation for 

asymptomatic patients sustaining wounds to the thora-

coabdominal area 

This question, related to that of suturing diaphragm 

wounds, unfortunately remains unanswered. For many years, 

suturing of diaphragm injuries has been the rule. However, 

there are risks associated with active searches using 

videosurgery, and a selective protocol may be warranted. 

Prospective data detailing the long-term results of pure 

clinical observations of patients sustaining wounds to the 

thoracoabdominal zone are not currently available. 

Leppäniemi & Haapiainen27 studied 97 patients with stab 

wounds located between the nipple line, umbilical level, 

and posterior axillary lines. Forty-seven underwent surgical 

intervention in order to search for diaphragmatic injuries, 

which were found in four patients (9%). In the observation 

group (n=50), two patients (4%) presented with left 

diaphragmatic injuries after two and 23 months. Considering 

these numbers, we may estimate that around 50% of patients 

with left-side diaphragmatic injuries will develop hernias 

within the first year after the injury. 

It is clear that we lack the evidence to formulate a 

rule for these cases. If the surgeon believes that every 

diaphragmatic injury should be sutured, the price to be paid 

is a 70% rate of negative videolaparoscopies, in addition 

to the risks of anesthesia, iatrogenic injuries, and costs. If 

one chooses not to search for diaphragmatic injuries, the 

unpleasant diagnosis of a delayed diaphragmatic hernia 

may occur in some cases. The risk of developing a hernia 

seems to be small, but strangulation rates in patients that 

do develop hernias can be high. An active search with a 

multidetector CT during follow-up may be the best course of 

action for diagnosing diaphragmatic defects before serious 

complications develop.

Demetriades et al.35 described an algorithm for 

treating hemodynamically stable patients sustaining 

thoracoabdominal wounds without peritoneal signs. In 

this protocol, videolaparoscopy is indicated if the wound 

is located on the left thoracoabdominal area. These 

researchers accepted the risks associated with not suturing 

right diaphragmatic tears, but active searching for left 

diaphragmatic lesions was routinely indicated. We accept 

that asymptomatic patients sustaining penetrating wounds to 

the right thoracoabdominal zone may eventually be observed 

in hospitals where nonoperative treatment protocols are 

implemented. However, our current opinion is that even right 

diaphragmatic lesions should be sutured because complicated 

right-sided diaphragmatic hernias have been observed in 

clinical practice.33 Therefore, we believe that the majority of 

asymptomatic patients sustaining penetrating wounds to the 

thoracoabdominal region should undergo obligatory invasive 

investigation via videolaparoscopy or videothoracoscopy. 

FINAL COMMENTS

In conclusion, diaphragmatic injuries are difficult to 

diagnose in asymptomatic patients sustaining wounds 

to the thoracoabdominal area. With the development 

of multidetector CT scans, preoperative diagnoses may 

improve, but some diaphragmatic wounds may still be 

overlooked. Although it is possible for diaphragmatic tears 

to heal without intervention, overlooking lesions remains a 

major concern. 

The reported incidence of diaphragmatic injuries in 

patients with wounds to the thoracoabdominal area varies 

widely, from 7% to 48%, depending on the methodology of 

the study. It seems that the chance of developing a hernia is 

small; however, if a hernia does develop, strangulation of 

the herniated viscera becomes a serious risk. More studies 

assessing the mortality of complicated diaphragmatic hernias 

are needed, as insufficient data are currently available 

to definitively state a rule in these cases. Although some 

surgeons accept the practice of not suturing a right-sided 

diaphragmatic tear, active searching for a tear on the left 

side of the diaphragm is warranted. Videolaparoscopy 

and videothoracoscopy are reliable methods for ruling out 

these injuries, especially if the wound is located on the left 

thoracoabdominal area.
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