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    Abstract



Objectives Due to lack of sufficient data it is difficult to understand fully the pattern of abdominal injury after an earthquake. This study aimed to evaluate the pattern of abdominal injury by analysing the data of trauma patients with abdominal injury incurred during the 2008 Wenchuan earthquake.





Methods We retrospectively reviewed the medical records of 37 387 inpatients. Among them, 883 (2.36%) cases of abdominal injury were deemed eligible and enrolled for analysis. The data analysed included demographics, category of abdominal injury, associated injury type, cause of injury, treatment and clinical outcome, as well as risk factors for death.





Results Abdominal injury was often accompanied with multiple injuries. Injury of the abdominal wall was the most frequent type of earthquake-related abdominal injury (32%). The spleen was the most commonly injured abdominal organ (18%). Of the 883 patients evaluated, 221 cases received operations and 41 cases died. The highest death rate was found in patients with haemorrhagic shock (28/41, 68.3%) caused by intra-abdominal bleeding.





Conclusions Abdominal injuries are relatively uncommon in earthquake disasters and often present with associated injuries. A timely and complete diagnosis of both abdominal as well as associated injuries is of primary importance in the treatment of patients with abdominal injuries. Knowledge of different types of abdominal injury, and their relative proportions, prevalence of associated injuries, risk factors and final clinical outcomes observed in this study may be of valuable reference in dealing with major earthquake events in the future.
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Introduction

On 12 May 2008, an earthquake with a magnitude of 8.0 on the Richter scale struck Wenchuan County, Sichuan Province. This earthquake caused catastrophic losses in terms of human health, infrastructure and assets. It was reported that over 69 000 people were killed and approximately 400 000 people were injured.1 Patients were transported from the scene of injury to surrounding hospitals by various means, including ambulances, military vehicles and helicopters or even on the backs of volunteers. To make best use of the medical resources, patients were first triaged and then hospitalised or transferred between different hospitals: stable patients were transferred to hospitals in other provinces, while patients with fractures not necessitating immediate surgery were transferred to nearby hospitals.2


After the Wenchuan earthquake, establishing a seismic injury information platform to provide accurate data for injury analysis and relevant standard treatment became a top priority. For this purpose, all the medical data of the 37 387 earthquake injury patients admitted to 701 hospitals were collected and analysed. In reviewing these data, 883 cases of abdominal injury have been screened and evaluated. The present study was undertaken to evaluate patterns seen in these patients with abdominal injuries sustained in the earthquake.

From the available data on earthquake injuries, the main causes of death outside the hospital were asphyxiation, head trauma and penetrating abdominal injuries.3 ,4 Among all the injury types, abdominal injuries were generally serious and often fatal.5 People with abdominal injuries often died before extrication as a result of serious bleeding.6 ,7 Understanding the disaster epidemiology is crucial for proper planning in case of similar disaster events in the future.

According to previously published research, abdominal injuries account for a relatively minor portion of earthquake injuries and therefore no studies focusing on their characteristics have previously been made.2 ,6 ,8


In previous surveys of this Wenchuan earthquake, abdominal injuries lumped together with lower back, lumbar spine and pelvic injuries ranked fourth in frequency among earthquake injuries, accounting for 11% of the total 1770 inpatients.8 Among the 92 patients admitted to West China Hospital of Sichuan University for brain injuries sustained in the Wenchuan earthquake, nine patients (9.8%) concomitantly had abdominal injuries.9 It was reported in the earthquake that a small military hospital admitted 468 patients, among which six cases sustained significant abdominal injuries, and four of the six required urgent laparotomy.4 Here, we summarise and present the full spectrum of abdominal injuries arising from the Wenchuan earthquake, 2008.



Methods

Retrospective analysis of the medical records of patients with earthquake-related injuries admitted to 701 hospitals was performed. Those patients who died before admission or went missing were not included in the present study. Data of the patients' demographics, on-spot situation, transfer, chief symptom, admission, type of injury, treatment, final diagnoses and discharge were recorded in detail. All data were computerised and recorded in the form of a table. Information collectors were trained before formal data collection. When the database became available, we inputted the terms ‘liver’, ‘cholecyst’, ‘pancreas’, ‘spleen’, ‘stomach’, ‘kidney’, ‘duodenum’, ‘intestine’, ‘colon’, ‘bladder’, ‘diaphragm’, ‘abdominal’ into the computer, and found 3122 results. The duplicate results and patients with no abdominal injury were excluded; thus 883 patients were eligible for analysis.

Diagnoses of the patients undergoing surgery were based on the final hospital diagnosis made by the surgeons of the respective hospitals at which treatment was undertaken, and were confirmed by the surgical operative notes. Diagnoses for patients who did not undergo surgery were based on clinical manifestations, physical examination, CT scans, abdominal B-ultrasonography, diagnostic peritoneal centesis and clinical observation.



Results

From a total of 38 378 eligible earthquake injury cases treated in 701 hospitals (including facilities ranging from local health clinics to general university teaching hospitals), 883 (2.3%) earthquake patients with abdominal injuries were evaluated. Similarly, in the Hanshin and Northridge earthquakes abdominal injuries accounted for approximately 1% of hospitalised patients.6 For the Wenchuan earthquake, patients' ages ranged from 23 months to 97 years, with a mean of 39.1±21.5 years. The percentage of male (51.5%) and female (47.2%) patients was approximately equal, and the remaining 1.3% had no gender information.

The age group spanning 10–19 years accounted for the largest proportion (20.1%) while the age group spanning 20–29 years was distinctly lower (8.6%) than neighbouring groups (30–39 years group accounted for 17.5%) (figure 1). From the data available we found that 24.2% of the patients from the 10–19-year-old age group were injured at school. In this respect there is a partial correlation between patient age group and location of injury. Schools were in session at the time of the earthquake, and a number of schools were reported to have collapsed during the event.8
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Figure 1 
Distribution of abdominal injury patients among age groups.






Classification by abdominal organs

Of the 883 patients who had abdominal injuries, the most common injury type was injury of the abdominal wall (31.5%, 278/883), followed by spleen (18.1%, 160/883), kidney (16.3%, 144/883), small intestine and colon (12.2%, 108/883) and liver (7.1%, 63/883) injuries. Forty-two patients (4.8%, 42/883) sustained concurrent injury to two abdominal organs. Among these patients, the most common combinations were spleen and kidney injury, liver and kidney injury and liver and spleen injury. These three types together accounted for 50% (21/42). Twelve (1.4%, 12/883) cases had concomitant injury of three or more abdominal organs. The death rate for multiple abdominal injuries was 11.9% (5/42), mainly due to haemorrhagic shock secondary to liver and/or spleen rupture.

Liver injury accounted for 7.1% (63/883) of all abdominal injury cases. The most common injury type of liver injury was liver rupture (n=21), contusion plus laceration (n=18), simple contusion (n=17), liver subcapsular haematoma (n=2), intrahepatic haematoma (n=3) and hepatic ligament damage (n=2). Altogether, 18 cases received laparotomy, while one case received vascular intervention. The remaining cases were given conservative treatment. The death rate was 7.9% (5/63) among cases with liver injury.

Spleen injury accounted for 18.1% (160/883) of all abdominal injuries. The most common injury type was rupture of the spleen. Fourteen cases were diagnosed with spleen subcapsular bleeding or haematoma. Of the 104 cases that underwent operation, 96 were treated with splenectomy and seven underwent spleen repair. Only one case was treated by vascular intervention. Among all the patients with spleen injury, three died (1.9%).

Kidney injury accounted for 17.0% of all abdominal injuries (144/883). The most common injury type in this group was contusion of the kidney (78.5%, 113/144). There were two cases of kidney rupture and eight cases of kidney subcapsular haematoma. Among the kidney trauma cases, 53 cases involved the left kidney, 58 cases involved the right kidney and nine involved both kidneys. Only three kidney trauma cases underwent operation, two for kidney repair and the other for nephrectomy. No deaths were noted.

Injury of the small and large intestine accounted for 12% (108/883) of all abdominal injuries. Among them were 61 cases of small intestinal trauma, 10 of colon trauma and seven of concomitant injury. Besides perforation of the small or large intestine, minor injury types such as intestinal wall contusion were also observed. Intestinal injuries were often accompanied by retroperitoneal haematoma and bladder trauma. Seventy-nine (73.1%) of the above 108 intestinal trauma patients received surgical treatment. Of the intestinal injury patients, six died (5.6%, 6/108), two cases due to septic shock secondary to rupture of the large intestine, two cases due to haemorrhagic shock and the remaining two with multiple organ dysfunction syndrome because of trauma involving multiple bone fractures.

Ten (1.1%) cases of pancreas or duodenal injuries were noted. Four patients underwent emergency operation, one to stop bleeding and three to repair rupture of the duodenum.

Of the 18 cases of retroperitoneal haematoma, six underwent operation. One case was found to have mesenteric vascular bleeding and one was accompanied by splenic rupture.

Injury of the diaphragm was rare. Two patients were found to have diaphragm injuries, which were accompanied by liver and spleen injury, respectively.




Classification of abdominal injury by associated injuries

In this study, 136 (0.35%) patients had a single abdominal injury, while 747 (1.95%) had abdominal plus associated injuries (figure 2). For earthquake patients with abdominal injury, upper and lower limb injuries were the most common type of associated injury.
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Figure 2 
The distribution of single abdominal injury and associated extra-abdominal injury.





Associated thoracic injury was very common in patients who had upper abdominal organ injuries such as liver or spleen injury. This may be accounted for by the location of blunt trauma around the upper abdomen. Associated contusion and laceration, pelvic injury, or spinal injury was common for patients with kidney injury, most likely due to blunt trauma to the back area. Intestinal damage was often associated with pelvic injury.

In the relatively uncommon earthquake injury types, such as retroperitoneal haematoma, pelvic injury and spinal injury, large retroperitoneal blood vessels were usually impaired.




Classification by causes of injuries

In terms of the causes and mechanisms of injury, of the 786 patients (excluding cases in which the site of injury was not clear), a clear description of injury causes was possible in 714 (table 1). The leading cause of injury was trauma inflicted by heavy materials, followed by slip or fall and being crushed or pinned down by heavy materials. Penetrating wounds, traffic accidents and explosions were uncommon injury types. Liver injuries were primarily caused by blunt trauma (71.4%). This pattern was also seen in spleen injuries (66.8%, 110/160) but was less notable for intestinal injuries (52.8%, 57/108).

View this table:	View inline
	View popup



Table 1 
Different causes for abdominal injury (cases, %)





Blunt trauma injury was much more common than penetrating injury in the spleen, liver and kidney (figure 3). However, this pattern was less notable in the small and large intestine, pancreas and stomach.
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Figure 3 
The distribution of closed injury and open injury in abdominal-related patients.








Risk factors in the cases of death

Of the 883 earthquake-related abdominal injury patients, 41 cases were declared clinically dead (4.6%, 41/883) during hospitalisation. Their average age was 42.5 years. The majority were diagnosed with haemorrhagic shock (68.3%, 28/41). The mean systolic and diastolic pressure among these was 68 mm Hg and 45 mm Hg, respectively. The blood pressure of five cases was unrecordable on first measurement. Twenty-one cases died due to haemorrhagic shock in the first 12 h after injury as a result of trauma of the liver and/or spleen. Others died due to septic shock (4/41), acute renal insufficiency secondary to crush syndrome (2/41), abdominal soft tissue injury combined with other types of injury or aggravation of previous internal diseases (7/41). Of the 28 haemorrhagic shock patients, 13 were diagnosed with enterocoeliac injury, but the exact point of haemorrhage was unknown. Eleven patients had liver injury and seven patients had spleen injury. The most common type of associated injury for cases of death was thoracic-abdominal injuries (figure 4). In the 41 deaths, blunt trauma abdominal injury and penetrating abdominal injuries each accounted for 43.9% (five cases could not be clearly distinguished).
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Figure 4 
The distribution of injury types among the 41 deaths in abdominal injury patients.









Discussion

Earthquakes are the most destructive type of natural disaster in terms of human deaths, with over 3 million lives lost over the past 20 years.10 The Wenchuan earthquake, the Haiti earthquake, the New Zealand earthquake and recently the Japanese earthquake all took place in relatively quick succession. They all caused serious damage in terms of human life and social welfare.

Earthquake-related abdominal injuries are a relatively uncommon type of injury in earthquakes, but have been reported as being the fourth most common cause of prehospital death.3 Many patients' deaths were judged to be preventable, had earlier emergency care been available.11 The first 24–48 h after a severe earthquake is considered the crucial time period during which active relief efforts may considerably reduce deaths among earthquake patients. Early rescue efforts are often difficult due to infrastructural damage and subsequent lack of medical equipment and personnel, as well as the spontaneous disorder that inevitably ensues after such disasters.12 ,13 As a result of the large number of patients requiring medical care after major earthquake disasters, better epidemiological knowledge of the patterns of injury common to earthquake disasters would help better direct future disaster relief efforts. The 2008 Wenchuan earthquake in Sichuan Province gave us an opportunity to analyse a major earthquake disaster, which affected a huge number of people of which a significant portion were transferred to and treated in hospitals. This made it possible for us to investigate carefully the full medical records of a large number of patients who experienced serious trauma.

In the current study among abdominal injuries, trauma to the spleen was the most common type of coeliac visceral injury; 56.8% of said patients underwent splenectomy. Most splenectomies were performed at the hospital of first admission. This was sharply contrasted with the management of kidney injury patients, of whom only 1.4% underwent surgical treatment.

Among patients registered in our database, there were no cases of gallbladder trauma, ureter trauma or ovary trauma due to earthquake injury. We deduce that these types of injury are truly rare even in major earthquake disasters.

Most earthquake-related abdominal injuries presented with associated injuries.5 One noticeable characteristic observed in abdominal injuries and their associated injuries was that their location on the body generally corresponded to injury caused by a single impact. Injury of upper abdominal organs such as the liver and spleen was often associated with chest and lung damage, while injury of lower abdominal organs such as the kidney, intestine and colon was much more likely to be associated with spinal and pelvic damage.

Special attention should be given to preventing missed diagnoses. Head trauma and injury to limbs tend to be much more obvious, while injuries to the abdomen, which may prove fatal, are much more likely to be overlooked at first glance. Therefore, a detailed physical examination, along with relevant B-ultrasound or CT scans, as well as diagnostic peritoneal centesis or even exploratory laparotomy when necessary, should be pursued so as to avoid missing these diagnoses.

After major earthquakes, such as the Wenchuan earthquake, many regional hospitals and clinics were destroyed or damaged to varying degrees, thereby limiting the facilities available to provide medical service in the disaster areas. Consequently, the surge of disaster patients brought to the remaining facilities creates a tremendous burden on the remaining medical facilities and their personnel in the short term. In the aftermath of the Wenchuan earthquake, many patients were sent to hospitals in the surrounding regions. West China Hospital of Sichuan University received as many as 2283 earthquake disaster patients in the first 15 days after the earthquake.2 In this kind of situation, optimising the allocation of available medical resources becomes a critical issue. Our experience confirmed that it was of utmost importance to have a well-developed plan for such disasters, including an effective and accurate triage system, as well as first aid and patient transfer capabilities. Among the 883 patients with abdominal injury, the highest death rate was found among patients with haemorrhagic shock (68.3%, 28/41), and the most common causes of haemorrhage were injury of the liver (11/41) and spleen (7/41). Most earthquake-related abdominal injuries presented with associated injuries, which greatly increases the risk of death. Analysis of the 41 deaths in the current study showed that abdominal injury with associated chest injury (including pneumohaemothorax, crushing of the thorax, pulmonary infection and adult respiratory distress syndrome) was much more serious than those associated with head trauma, or fractures of the pelvis or extremities. Septic shock and acute renal insufficiency secondary to crush syndrome occurred in four and two cases, respectively, which accounts for a relatively small portion of deaths. In the first 0–12 h after the disaster, 21 cases (12.7%, 21/166) died due to haemorrhagic shock caused by trauma of the liver and/or spleen. Prompt treatment for such patients is a must in order to avoid the high death rates seen, should haemorrhagic shock be allowed to develop.

The impact of an earthquake will vary depending on many variables including the magnitude, time of onset, proximity of the epicentre, local geology, population density and local building codes.14 ,15 After the Northridge earthquake in 1994, one study showed that the death rate was significantly lower even though the percentage of patients presenting with lacerations was similar to that in less developed countries.12 Improvement of first aid capabilities, triage procedures and emergency treatment techniques would significantly aid future relief efforts.

Knowledge of the different types of abdominal injury, their proportions, the associated injuries and final clinical outcomes observed in this study may be of value as a reference for dealing with similar disasters in the future.


Limitations

There are a number of limitations that need to be considered when interpreting the results of this study. For example, bias due to lost or unavailable data cannot be ruled out. In this study we only evaluated patients who were hospitalised; those who died before hospitalisation or went missing were not included. The chaos ensuing after natural disasters, such as this earthquake, make a complete evaluation of all relevant medical records highly challenging, and the difficulty only increases with the number of human casualties. In addition, the injury severity scores of some patients were not clear, therefore we could not estimate their severity of injury. Some patients' clinical outcomes were uncertain, as they were not yet fully recovered by the time of hospital discharge. Their medical records showed their condition at the time of discharge to be ‘other’.
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