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Abstract

BACKGROUND

Emphysematous pancreatitis (EP) is a rare, severe form of acute necrotizing pan-
creatitis characterized by gas in pancreatic or peripancreatic tissue, with a high
mortality rate.

AIM

To assess the diagnosis, treatment, and outcomes of EP through a series of case
studies.

METHODS

This case series was conducted in intensive care units at the Second Affiliated
Hospital of Anhui Medical University. Patients were included if they were
diagnosed with pancreatic necrosis and gas via computed tomography from June
2018 to June 2024. Patients were categorized into early and late EP groups based
on the timing of the appearance of the bubble sign and into extensive and com-
mon types based on the distribution range of the bubble sign. The data recorded
included sex, age, aetiology, Acute Physiology and Chronic Health Evaluation II
score, Sequential Organ Failure Assessment score, Bedside Index for Severity in
Acute Pancreatitis score, subtype, gas distribution extent, aetiological diagnostic
basis, pathogen categories, intervention measures, and prognosis.

RESULTS

Among the 15 patients, 66.7% had a biliary aetiology and extensive type of EP,
47.1% had early-onset EP, and 73.3% had confirmed aetiological evidence [6 based
on bacterial culture, 4 based on both routine culture and next-generation
sequencing (NGS), and 1 solely based on NGS]. The common pathogens were
Escherichia coli and Klebsiella pneumoniae. Six patients survived. Among the 2
patients who did not undergo percutaneous drainage or surgical treatment, 1
survived. Of the 6 patients who underwent percutaneous drainage, 2 survived, 2
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survived after subsequent surgery, and 2 died without surgery. Among the 6 patients who underwent surgery
alone, 5 died and 1 survived. Among the early-onset EP patients, 4 survived; among the late-onset EP patients, 2
survived. Among the common EP types, 4 survived; among the extensive EP types, only 1 survived.

CONCLUSION

The mortality rate among patients with EP is considerable, and NGS enhances pathogen identification accuracy.
Despite the debate on conservative vs surgical management, the STEP-UP strategy remains viable. Aggressive
antimicrobial therapy, early percutaneous catheter drainage, and other minimally invasive interventions, along
with delayed surgical intervention, may improve patient prognosis.
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Core Tip: Emphysematous pancreatitis (EP) is a rare and severe condition with high mortality. This study highlights the role
of next-generation sequencing in improving pathogen identification and emphasizes early percutaneous drainage, aggressive
antimicrobial therapy, and minimally invasive interventions. Delayed surgery, when necessary, may improve outcomes,
especially in early-onset and common-type EP patients.
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INTRODUCTION

Approximately 20% to 30% of patients with acute pancreatitis (AP) will develop acute necrotizing pancreatitis (ANP)[1,
2], and approximately one-third of these patients will develop infected pancreatic necrosis (IPN)[3], making it a
potentially fatal disease. If gas is present within the necrotic tissue, it is referred to as EP. EP, a condition that can severely
impair one's quality of life, is associated with alarmingly high mortality rates, estimated to be between 32% and 40%[4].
However, there are contradictions in the literature regarding the causes of gas formation in emphysematous pancreatitis,
diagnostic criteria, treatment, and prognosis. The most common cause of gas production in or around the pancreas is a
bacterial infection, typically by gas-forming bacteria[5]. However, when gas is detected on a computed tomography (CT)
scan, there should be a high suspicion of infection. The cause of gas production could also be a gastrointestinal fistula
(stomach, colon, or duodenum) or external gas entry caused by percutaneous puncture. There is currently no consensus
on the diagnostic criteria for EP. Some scholars classify gas in the pancreas or around it caused by gastrointestinal fistula
as EP[6], whereas others exclude it[7]. Although most experts define this entity as IPN[8], some patients show no
evidence of infection in clinical practice[9], so one aim of this study was to determine the actual proportion of these
patients with infected necrosis and to analyse the reason. Traditionally, EP is considered a critical form of ANP and is
characterized by a very poor prognosis and a strong indication for surgical intervention[5]. However, with the tremen-
dous progress made in critical care medicine over the past few decades, the clinical outcomes of some EP patients treated
conservatively have significantly improved[10]. Therefore, this study aims to provide a comprehensive description of the
clinical characteristics and outcomes of patients with EP in our centre and to explore its clinical diagnosis, treatment, and
prognosis by integrating the relevant literature.

MATERIALS AND METHODS

We conducted a retrospective study in which the clinical data of patients diagnosed with EP at the First Department of
Critical Medicine, the Second Affiliated Hospital of Anhui Medical University, were recorded from June 2018 to June
2024. The inclusion criteria for patients were as follows: (1) Met the diagnosis of AP; (2) CT scan results revealed the
presence of air in the pancreatic parenchyma and/or peripancreatic areas; and (3) Complete clinical and imaging data.
The exclusion criteria were as follows: (1) Air accumulation in the pancreas and peripancreatic areas caused by pancreatic
surgery or catheterization; (2) A gastrointestinal fistula confirmed by imaging examination; and (3) Missing clinical and
imaging data. Figure 1 shows the flowchart of the included patients. EP patients were categorized into early-onset and
late-onset subtypes according to a cut-off of 2 weeks from disease onset when air bubble signs were detected on CT. EP
can also be categorized based on intra-pancreatic or peri-pancreatic air bubble distribution into extensive EP (when more
than 50% of the pancreatic/pancreatic necrosis is involved and connected into sheets) or common EP (when less than 50%
is involved). Detailed records of the patients' sex, age, aetiology, Acute Physiology and Chronic Health Evaluation II
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Patients with pancreatic necrosis and gas on CT; n =163 |

148 patients excluded
(previous procedures)

’ Patients included on analysis; n =15 ‘

| |

6 patients alive | | 9 patients death

Figure 1 Flowchart of patient inclusion in the study of empysematous pancreatitis. CT: Computed tomography.

(APACHE II) score, Sequential Organ Failure Assessment (SOFA) score, Bedside Index for Severity in Acute Pancreatitis
(BISAP) score upon admission, subtypes of EP, extent of gas distribution, basis for aetiological diagnosis, categories of
pathogens, surgical intervention measures and survival status were obtained. All patients received standardized
treatment in accordance with the most recent international guidelines. Upon admission, they were comprehensively
evaluated by a multidisciplinary team consisting of pancreatic surgeons, intensivists, gastroenterologists, and
radiologists. Timely administration of broad-spectrum or empirical antibiotics was provided to patients with confirmed
or suspected infections. For those who do not respond to conservative intensive treatment, an escalated approach,
including percutaneous catheter drainage (PCD) followed by minimally invasive or open pancreatic necrosectomy, is the
preferred strategy for managing IPN. Once peritoneal infection was considered, retroperitoneal fine-needle aspiration
was performed. After performing fine-needle aspiration culture, clinical physicians provided empirical anti-infective
treatment, which was then adjusted based on the results of aetiological examinations and clinical manifestations.
Depending on the effectiveness of the anti-infective treatment and the CT findings, a multidisciplinary team discussion
was held to decide whether to perform PCD and surgical treatment.

RESULTS

A total of 15 patients were included in the study (Table 1), with a median age of 71.0 (63.0 to 76.0), an APACHE II score of
17.9 £ 5.0, a SOFA score of 6.4 £ 3.7, and a median BISAP score of 3 (3 to 4). There were 10 cases of biliary pancreatitis, 2
cases of hypertriglyceridaemia pancreatitis, 2 cases of pancreatitis for unknown reasons and 1 case of drug-induced
pancreatitis. There were 7 cases of early-onset EP and ten common subtypes of EP. CT revealed that emphysema was
distributed in different parts of the pancreas, as shown in Figure 2. There was no evidence of pathogen infection in 4
patients. Eleven patients had pathogen examination results, of which 4 patients had both bacterial culture and next-
generation sequencing (NGS) results confirming the diagnosis of infected necrosis, 1 had only NGS results, and 6 patients
had bacterial culture results only. Among the bacteria isolated, Escherichia coli (E. coli) was the most common, followed by
Klebsiella pneumoniae (K. pneumoniae) (Figure 3). Among the 15 patients, 9 died (7 due to septic shock and multiple organ
dysfunction, 2 due to abdominal hemorrhage), and 6 survived. Among the 2 patients who did not undergo percutaneous
drainage or surgical treatment, 1 survived and 1 died. Six patients underwent PCD, of whom 2 survived, 2 survived after
subsequent surgical treatment, and 2 died without additional surgery. Among the 6 patients who underwent surgery
alone, 5 died and 1 survived. Four out of 7 patients in the early-onset group survived, 2 out of 8 patients in the late-onset
group survived, 4 out of 10 patients in the common group survived, and 2 out of 5 patients in the extensive group
survived.

DISCUSSION

In our study, we found that EP is a severe and often fatal condition with a poor prognosis. E. coli and K. pneumoniae are
common causative pathogens, and NGS helps to improve the detection rate of pathogens. The precise influence of EP
classification on patient prognosis remains a subject of ambiguity. The choice between surgical intervention and conser-
vative treatment hinges on the extent of the patient's condition and their unique health profile, and the STEP-UP protocol
represents an endorsed approach for addressing such complexities in patient care.
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Table 1 Clinical characteristics and outcomes of patients with oemphysematous

AT eE ... Percutaneous
. Distribution APACHE SOFA BISAP Microbiological Surgery
No. Age Sex  Aetiology Subtype . puncture Outcome
range Il score score score basis frequency
frequency

1 72 Female Biliary Early- Common 22 6 8 Routine culture 2 0 Death
onset +NGS

2 75  Female Biliary Late- Common 22 6 5 Routine culture 1 0 Death
onset +NGS

3 48  Male  Hyperlipidaemic Early- Common 16 6 3 Routine culture 0 1 Alive
onset +NGS

4 69  Male Biliary Late- Common 26 15 5 Routine culture 0 1 Death
onset +NGS

5 35 Male Unknown Early- Extensive 8 0 0 NGS 1 0 Alive
onset

6 76~ Male  Unknown Early- Extensive 16 3 4 Routine culture 1 1 Alive
onset

7 72 Male  Drug-induced Early- Extensive 14 5 4 Routine culture 0 2 Death
onset

8 70  Female Biliary Early- Common 22 9 4 None 0 1 Death
onset

9 70  Male  Biliary Late- Common 22 9 4 None 0 0 Death
onset

10 63 Male Biliary Late- Extensive 20 9 4 Routine culture 0 2 Death
onset

11 81 Male Biliary Late- Common 18 5 4 None 0 0 Alive
onset

12 39 Male Hyperlipidaemic Late- Common 10 3 1 Routine culture 1 0 Alive
onset

13 82 Male Biliary Late- Common 20 11 4 Routine culture 0 1 Death
onset

14 85 Male Biliary Late- Extensive 20 4 4 None 0 0 Death
onset

15 71 Male Biliary Early- Common 13 5 2 Routine culture 1 1 Alive
onset

APACHE II score: Acute Physiology and Chronic Health Evaluation II score; SOFA score: Sequential Organ Failure Assessment score; BISAP score: Bedside
Index for Severity in Acute Pancreatitis score; NGS: Next-generation sequencing.

In patients with AP, IPN is the most lethal complication with an extremely high mortality rate. Due to the rarity of EP
as a medical emergency, a special subtype of IPN[5], it is impractical to collect data prospectively. Although the number
of relevant literature reports has increased in recent years, there are few reports of large-scale case studies domestically
and internationally, and most previous research has been based on retrospective analysis; therefore, there is a lack of
relevant data to support the actual incidence of EP[11]. EP is uniquely identified by the presence of gas within the
pancreas or peripancreatic region[5,12]. This condition often occurs in patients with diabetes, chronic kidney disease,
cardiovascular diseases, or other individuals with compromised immune systems, as well as in long-term alcohol
consumers. Patients typically exhibit symptoms such as abdominal pain, nausea, vomiting, and fever[13,14].

The diagnosis of EP is typically confirmed by a CT scan within the proper clinical context[15]. However, there are
contradictions in the literature regarding the diagnosis and pathogenesis of EP. Certain studies posit that EP could be a
subtype of INP[5] and that the production of gas may be related to infection. The common pathogenic bacteria are E. coli
and K. pneumoniae[11], which is consistent with the findings of this study. Some scholars categorize gas produced by
gastrointestinal fistulas as EP, whereas others hold the opposite view[7]. The presence of gas in the pancreas and/or
peripancreatic tissues on CT imaging is a primary characteristic of EP. However, some scholars believe that the condition
where only a small amount of gas is present in the peripancreatic tissues, but no gas is found within the pancreatic tissue
itself should not be classified as EP[7]. In our study, we are inclined to exclude the presence of gastrointestinal fistulas at
the time of diagnosis and include cases where gas is present in the peripancreatic tissues but not in the pancreatic tissue
in the diagnostic category of EP. With respect to aetiological diagnosis, some scholars may question whether EP is the
result of secondary infection of necrotic tissue because operating room culture or aspiration culture of the pancreas and
peripancreatic tissue is negative in some patients[9]. Indeed, in four patients, no pathological evidence was obtained in
our study. This was due to the absence of operations such as fine-needle aspiration in three patients, and in one patient,
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Figure 2 Computed tomography imaging findings in patients with hyperematous pancreatitis. A: Computed tomography (CT) scan showing gas
confined to the pancreatic parenchyma (white arrow) with pancreatic swelling; B: Gas confined to the body of the pancreas (white arrow) with significant swelling of
the pancreatic head; C: Gas confined to the pancreatic head (white arrow) with multiple gas cavities and exudate involving the right hepatorenal space; D: Gas
confined to the body and tail of the pancreas (orange arrow) with haemorrhage in the pancreatic tail (broad white arrow) and exudate involving the perisplenic and
perirenal areas; E: Gas confined to the body and tail of the pancreas with larger gas cavities (white arrow); F: Gas confined to the tail of the pancreas with larger gas
cavities (white arrow) and exudate involving the anterior fascia of the left kidney.
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Figure 3 Aetiological distribution of emphysema pancreatitis.

the operating room culture also failed to yield a positive result. A negative result for the pathogen does not rule out the
possibility of secondary infection of necrotic tissue. NGS technology has been used for examination since 2021 to improve
the detection rate of pathogens. Due to the advantages of high accuracy, short time consumption, and wide detection
range, NGS has extremely important significance for the detection of unknown species or pathogens that are difficult to
cultivate[16,17]. Among the five patients, the presence of bacterial infection was confirmed by both routine culture and
NGS in four patients; however, in one patient, the pathogen was not detected via routine culture but was via NGS
examination, and the same bacteria were also detected via routine blood culture. Therefore, NGS helps to improve the
detection rate of pathogens. The failure to detect the pathogen in the literature could be attributed to a variety of factors,
such as the inaccuracy of sampling techniques, a low bacterial count, the use of unsuitable culture media, or suboptimal
culture conditions. Additionally, other contributing factors may also play a role.

EP can be addressed through two principal methodologies: A conservative approach, encompassing antibiotic therapy,
percutaneous drainage, and endoscopic interventions, and a surgical approach, which may be conducted either through
open or laparoscopic debridement[18]. Currently, there is no consensus on the treatment of EP. However, in most of the
literature, open necrosectomy is considered the standard approach. A majority of experts agree that the presence of gas
signs on a CT scan is a clear indication for surgery. The study by Wig et al[5], the largest series published to date, reported
on 11 patients with gas-forming pancreatic necrosis, all of whom (100%) underwent surgical treatment. Nonetheless,
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some studies have noted that certain patients diagnosed with EP can be relieved through conservative management.
However, in specific cases, such as those requiring debridement of necrotic tissue for organ failure, conservative
treatment may fail. At present, a universal consensus on the treatment strategy for these patients has not yet been
reached. Although most experts tend to consider that the presence of gas within the necrotic area is not an absolute
indication for surgery, a consensus on this view has not been reached. This study aims to explore the following question:
Is the gas in the pancreas found on CT scans indeed a clear indication for surgery? In our study, among the 6 surviving
patients, 1 received only conservative management, 2 improved after PCD, and 3 survived after PCD combined with
surgery or surgery alone. Among the 8 surgical patients, only 2 survived. This finding supports a view that is not yet
widely accepted: in certain patient populations, the gas in pancreatic necrosis may be treatable by conservative treatment
and can achieve good therapeutic effects. The current standard approach for infected necrotizing pancreatitis is a
minimally invasive step-up approach with catheter drainage as the first step,Compared to PCD, surgery may increase the
risk of infection and multiple organ dysfunction[9].

In our institution, the standard treatment for INP basically follows the STEP-UP protocol, and the presence of gas in
pancreatic necrosis is not an absolute indication for surgical treatment; however, active antimicrobial therapy, early PCD,
other minimally invasive treatments, and delayed surgery are helpful for improving the prognosis[19].

EP is an exceedingly rare medical emergency with a grim prognosis and a high mortality rate of up to 34.5%[20]. As a
subtype of IPN, the main causes of death for EP remain septic shock, multiple organ dysfunction, and abdominal
hemorrhage. In this study, among the 9 patients who died, 7 succumbed to septic shock and multiple organ dysfunction,
while 2 died from abdominal hemorrhage. In our study, the mortality rate of patients with EP was 60%, which was
significantly higher than the 23.6% mortality rate of patients with IPN during the same period. The age of the EP patients
included in our study was generally greater, which may be the reason why our patient mortality rate was higher than
that reported in other studies. In this research, EP was categorized based on the timing of disease onset into the early-
onset form (occurring within two weeks of initial onset) and the late-onset form (occurring more than two weeks after
initial onset). The early-onset subtype is associated with an extremely poor prognosis and significantly increased
mortality[21-23]. However, in our research, among the 7 patients with early-onset EP, 4 survived, indicating that the
timing of onset is not the decisive factor for patient prognosis. Some studies have classified EP into common and
extensive types based on whether the bubble sign accounts for more than 50% of the pancreatic and peripancreatic
necrotic region; patients with extensive bubble signs appearing early have a mortality rate as high as 100%[21]. However,
in our study, 2 out of 3 patients with early-onset, extensive EP survived, whereas 4 patients with late-onset, common EP
died, suggesting that the timing of onset or the extent of the disease is not the determining factor for mortality. In this
study, all 6 surviving patients had APACHE-II scores below the threshold of 18. In contrast, among the 9 patients who
unfortunately died, only 1 had an APACHE-II score below this critical value. This observation implies a potential
correlation between the APACHE-II score and the eventual prognosis of patients. Patients with EP, as a subtype of INP,
benefit from the use of NGS for aetiological diagnosis, which increases the positive detection rate. The most common
causative pathogens identified are E. coli and K. pneumoniae. The impact of EP classification on patient prognosis remains
unclear. Successful treatment necessitates the early and aggressive use of broad-spectrum antibiotics. The debate over the
necessity of surgical intervention vs conservative treatment alone continues to be a subject of discussion. The STEP-UP
protocol for the debridement of necrotic tissue remains a recognized and viable option. However, it is important to
acknowledge the limitations of this study, which was confined to a single centre and involved a relatively small and older
patient sample. The findings, therefore, may not be broadly generalizable. It is anticipated that future multicentre, large-
sample studies will yield more comprehensive and reliable clinical insights.

EP is a serious and potentially life-threatening medical condition characterized by a generally unfavourable prognosis.
NGS has shown promise in enhancing the likelihood of identifying the underlying cause, with E. coli and K. pneumoniae
frequently implicated as causative agents. The impact of the classification of EP on prognosis is still unclear, and more
research may be needed to elucidate its specific effects on prognosis. In terms of treatment, the early use of broad-
spectrum antibiotics is crucial for controlling infection and improving outcomes, but the decision to undergo surgical
treatment or to manage conservatively depends on the severity of the condition and the patient's individual circum-
stances. The STEP-UP approach currently remains the recommended method[24]. Given its associated high mortality
rate, early and prompt recognition and treatment of EP are crucial and require individualized treatment with the
involvement of a multidisciplinary team[25]. Since this study is a single-centre, small-sample study with an older patient
population, the generalizability of the conclusions is limited. To obtain more reliable and guiding conclusions,
multicentre, large-sample studies are needed. These findings could help assess the effectiveness of different treatment
methods more accurately and provide stronger evidence for clinical decision-making.

CONCLUSION

The mortality rate among patients with EP is considerable, and NGS enhances pathogen identification accuracy. Despite
the debate on conservative vs surgical management, the STEP-UP strategy remains viable. Aggressive antimicrobial
therapy, early PCD, and other minimally invasive interventions, along with delayed surgical intervention, may improve
patient prognosis.
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