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ABSTRACT
Objective: To investigate the difference in the characteristics between patients with emphysematous
pancreatitis (EP) who survived and those who died.
Methods: PubMed search was performed to gather EP cases from March 1959 to February 2019.
Forty-two articles with 58 EP cases were identified and met the study’s inclusion criteria. The elderly
were defined as individuals aged >65 years. Data on patients’ demographics, clinical symptoms,
laboratory results, treatments, outcomes, and mortality were collected and analyzed by chi-square test
and Student’s t-test. p-Value <.05 (2-tailed) was set as the significance level.
Results: Forty-seven men and eleven women aged 61.3 ±15.9 (mean± standard deviation) years were
included. The elderly accounted for 43.1% (n¼ 25) of cases. There were 20 mortality cases, and 38
cases survived, with an overall mortality rate of 34.5%. Sex, underlying diseases, etiologies, and labora-
tory results were not significantly related to mortality. Older age was significantly related to mortality
(p¼ .001). The shock was more commonly seen in the mortality group (100%) than in the survival
group (21%) (p< .001). In contrast, fever was less frequent in the mortality group than in the survival
group (25 vs. 71%, p¼ .002).
Conclusions: EP patients have a high mortality rate (34.5%). Older age, afebrile status, and presence
of shock are associated with high mortality. To improve the survival of this aggressive group, a further
prospective investigation involving a larger sample size is necessary.
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Introduction

Acute pancreatitis (AP) is a commonly seen emergency in
daily clinical practice. It has a wide range of severity degrees.
The majority of AP patients experienced a benign course,
but approximately 5–10% of AP patients developed acute
necrotizing pancreatitis (ANP), with morbidity and mortality
risk increased in patients with organ failure and infectious
complications1.

Gallstones and alcohol consumption are the main and
important causes of AP2. Other important causes include
hypertriglyceridemia, post-endoscopic retrograde cholangio-
pancreatography (ERCP), medications, genetic causes, and
pancreatic duct injury3–7. Some rare causes of AP include bil-
iary sludge and microlithiasis, hypercalcemia, infections, bil-
iary obstruction, biliary cysts, and idiopathic factors8–11.

Infected pancreatic necrosis (IPN) may occur in as high as
40% of patients with ANP12. The mortality rate of IPN was
reported to be 9.8%-47% in combination with early severe
pancreatitis, despite advanced modern intensive care13–16.
Emphysematous pancreatitis (EP), characterized by gas
appearing within or around the pancreatic necrosis, is an
uncommon variant of ANP. Gas-forming bacteria may reach

the pancreatic bed by the bloodstream, lymphatic channel,
fistula from the nearby bowel, translocation from the trans-
verse colon, or reflux via opening of the ampulla of Vater17.
Although the presence of air itself does not definitely repre-
sent infection, EP was previously regarded as a fulminant
type of IPN. Several case reports mentioned the potentially
high mortality of EP despite aggressive surgical interventions,
and there were also cases successfully treated with antibiot-
ics alone18–22. We aimed to identify the risk factors of mortal-
ity in EP by retrospectively collecting EP cases through a
PubMed database search, and to investigate the difference in
characteristics between EP patients who survived and those
who died.

Materials and methods

A retrospective cohort study was designed to investigate the
risk factors of mortality in patients with EP. By searching the
PubMed database using the keywords “emphysematous
pancreatitis”, “gas-forming pancreatitis”, and “pancreatitis,
pneumo-retroperitoneum”, 73 articles were found primarily
from March 1959 to February 2019.

CONTACT Yu-Jang Su yjsu.5885@mmh.org.tw No. 92, Sec 2, North Chung Shan Rd., Taipei 10449, Taiwan
� 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
www.tandfonline.com/ijda

JOURNAL OF DRUG ASSESSMENT
2020, VOL. 9, NO. 1, 1–7
https://doi.org/10.1080/21556660.2019.1684927
Article 0010.R2/1684927

http://crossmark.crossref.org/dialog/?doi=10.1080/21556660.2019.1684927&domain=pdf&date_stamp=2019-12-03
http://creativecommons.org/licenses/by-nc/4.0/
http://www.tandfonline.com


According to the inclusion and exclusion criteria shown in
Figure 1, 42 articles with 58 EP cases were included. We div-
ided the patients into the following groups: survival group
(n¼ 38) and mortality group (n¼ 20). Data of patients,
including age, sex, history of comorbidities, etiologies, symp-
toms (abdominal pain, vomiting, etc.), clinical findings,
laboratory results, culture test results from the pancreatic
fluid, treatment procedures, outcomes, and mortality or sur-
vival, were recorded. Fever was defined as body temperature
of �38 �C, and shock as presenting systolic blood pressure
(SBP) <90mmHg or diastolic blood pressure (DBP)
<60mmHg, which requires inotropic agent administration or
intensive care. The elderly were defined as patients aged
>65 years. For patients with missing data (n¼ 4) on lipase
level, the mean lipase level was used in the analysis.

Comparative analyses of the characteristics were per-
formed between the survival and mortality groups. Relative
risk factors for mortality were also investigated. Categorical
variables were analyzed by using the chi-square test,
whereas continuous variables were analyzed by using
Student’s t-test. The significance level was set at p-value
<.05 (2-tailed). Data were analyzed using IBM SPSS 20 (IBM
Corporation, Armonk, NY) statistical software.

Results

General description of the selected cases

We included a total of 58 cases, with 13 cases from India, 12
cases from Spain, 6 cases from the United States of America,
5 cases from Canada, 4 cases from Germany, 3 cases from
England, 3 cases from Japan, 2 cases from Korea, and 10
individual cases from Australia, France, Italy, Netherlands,
Iceland, Luxembourg, Portugal, Romania, Israel, and
Singapore. Of them, one case each occurred in 1959, 1993,
1995, 2001, 2005–2008, 2012, 2015, 2016, and 2018–2019;
two cases in 1996 and 2003–2004; three cases in 1986, 2010,
and 2014; four cases in 2011; six cases in 2017; nine cases in
2009; and 11 cases in 2013.

The general characteristics of the included cases are
shown in Table 1. The numbers of treatment with drainage
in a specific year were as follows: three in 2010, two in 2013,
and one in 1995, 2003, 2011, 2014, 2015, and 2017. The
numbers of treatment with surgical interventions were as fol-
lows: four in 2017, three in 1986, 2009, and 2013, two in
1996, 2003, and 2004, and one in 1959, 1995, 2001, 2005,
2006, 2008, 2010, 2011, 2012, and 2014).

Figure 1. Flow chart of 58 enrolled emphysematous pancreatitis (EP) cases.
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Characteristics of the survival and mortality groups

There were 20 and 38 cases in the mortality and survival
groups. The comparisons between the survival and mortality
groups are shown in Table 2. EP is commonly seen in male
patients. Older age was significantly related to mortality
(p¼ .001), with age of 70.1 ± 12.2 (mean± standard deviation
(SD)) years in the mortality group and 56.6 ± 15.7 years in the
survival group. The shock was significantly more common in
the mortality group (100%) than in the survival group (21%)
(p< .001). In contrast, fever was significantly less frequent in
the mortality group than in the survival group (25 vs. 71%,
p¼ .002). Length of stay (LOS) was significantly shorter in the
mortality group (12.3 ± 22.1 days) than in the survival group

(30.8 ± 25.1 days) (p¼ .006). Sex, co-morbidities (DM), etiolo-
gies (Figure 2), laboratory tests [white blood cell (WBC)
count, amylase, lipase], and methods of treatment (drainage,
surgery) were not statistically significant between the survival
and mortality groups.

Bacteriology statistics

Positive results of the pancreatic fluid culture test were
found in 33 of the 58 cases (56.9%), with 27 cases (71.1%)
from the survival group and 6 cases (30%) from the mortality
group. Culture results were not available in 25 cases, and
multi-bacterial growth was found in 8 cases. The identified
pathogens in the pancreatic fluid are shown in Figure 3. The
five most common micro-organisms were Escherichia coli,
Klebsiella pneumoniae, Clostridium perfringens, Enterococcus
faecium, and Pseudomonas aeruginosa.

Discussion

AP can be classified as IEP and NP. The revised Atlanta classi-
fication in 2012 modernized the terminology of its natural
course, severity, and systemic and local complications,
including pancreatic fluid accumulation1. The dynamic pro-
cess of disease progression and local complication is shown
in Figure 4. The early phase (usually within the first
1–2weeks) is manifested by systemic inflammatory response
syndrome (SIRS) and compensatory anti-inflammatory
response syndrome (CARS) predisposing the patient to transi-
ent (<48 h) or persistent organ failure and risk of infection.
In the late phase, ongoing systemic inflammation and per-
sistent/transient organ failure last for weeks to months, with
progression of local complication and attack of subsequent
infection. Local complications include acute pancreatic fluid
collection (APFC), pseudocyst, acute necrotic collection
(ANC), and walled-off necrosis (WON). ANP develops in
approximately 5–10% of patients with AP, which was corre-
lated with an increased risk of infection, eventful outcome,
and high mortality1.

IPN is the most serious complication of ANP, and with
concomitant organ failure, it carries a higher risk for mortality
than sterile necrosis (35.2 vs. 19.8%)23. EP, although rare and
not specially sorted, was categorized as an IPN owing to the

Table 1. General data of 58 emphysematous pancreatitis cases.
Gender, n (%) Male, 47 (81) Female, 11 (19)
Age (mean ± SD, years) 61.3 ± 15.9

n (%) Non-elderly Elderly
33 (56.9) 25 (43.1)

Diabetes mellitus [n (%)] 14 (24.1)
Uremia [n (%)] 0 (0)
Etiology [n (%)]
Non-available 27 (46.6)
Alcohol 15 (25.9)
Gallstone 12 (20.7)
Hyperlipidemia 2 (3.4)
Perforated peptic ulcer 1 (1.7)
Alcoholþ gallstone 1 (1.7)

Fever [n (%)] 32 (55.2)
Shock [n (%)] 28 (48.3)
Epigastralgia [n (%)] 58 (100)
Vomiting [n (%)] 28 (48.3)
White blood cell count (mean± SD) 14735.8 ± 4264.9/mL
Amylase (mean ± SD) 2226.1 ± 1090.3 IU/L
Lipase (mean ± SD) 5812.2 ± 4266.8 U/L
Antibiotic usage [n (%)] 58 (100)
Drainage [n (%)] 11 (19)
Surgical intervention [n (%)] 29 (50)
Mortality [n (%)] 20 (34.5)
Length of stay (mean ± SD, days) 24.4 ± 25.5

Abbreviation. SD, standard deviation. n ¼ number of available cases.

Table 2. Comparison of survival and mortality cases of emphysematous
pancreatitis.

Survival
(n¼ 38)

Mortality
(n¼ 20)

2-Tailed
p-value

Male:female (n) 33:5 14:6 .163
Age (years) (mean ± SD) 56.6 ± 15.7 70.1 ± 12.2 .001�
Diabetes mellitus [n (%)] 7 (18.4%) 7 (35%) .203
Etiology [n (%)] .373

NA 14 (36.9) 13 (65)
Alcoholic 12 (31.6) 3 (15)
Biliary 9 (23.7) 3 (15)
Hyperlipidemia 1 (2.6) 1 (5)
Perforated peptic ulcer 1 (2.6) 0 (0)
Alcoholicþ biliary 1 (2.6) 0 (0)

Fever [n (%)] 27 (71) 5 (25) .002�
Shock [n (%)] 8 (21) 20 (100) <.001�
Vomiting [n (%)] 19 (50) 9 (45) .787
WBC count (mean ± SD, mL) 15148.7 ± 2941.3 13951.2 ± 6060.8 .413
Amylase (mean ± SD, IU/L) 2301.8 ± 947.4 2082.3 ± 1336.2 .519
Lipase (mean ± SD, U/L) 5718.9 ± 4911.8 5989.4 ± 2754.0 .789
Drainage [n (%)] 9 (23.7) 2 (10) .299
Surgical intervention [n (%)] 16 (42.1) 13 (65) .167
Length of stay (mean ± SD, days) 30.8 ± 25.1 12.3 ± 22.1 .006�
Abbreviations. NA, not available; WBC, white blood cell; SD, standard devi-
ation. n¼ number of available cases. �Indicates p< .05.

Figure 2. Proportion of survival to mortality between each etiology.
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presence of gas bubbles, usually representing a pathogno-
monic sign of infection of the necrosis1. The most common
cause of gas inside or around the pancreas is bacterial infec-
tion, although there are other causes such as colonic fistula,
enterocutaneous fistula, perforated duodenal ulcer, duodenal
diverticulum, or air reflux from duodenal instrumentation17.
Infectious pathogens usually reach the pancreas through the
bloodstream, lymphatic channel, fistula, translocation from
transverse colon, or reflux via opening of the ampulla of
Vater17,24. EP was traditionally considered to be a fulminant
type of IPN and related to poor outcome, and surgical treat-
ment was believed to be standard for this entity25. Given the
step-up approach and minimal invasive strategies used in
IPN treatment, evolution of EP treatment had become more
applicable in the last 10 years. The actual incidence and mor-
tality of EP were not well known owing to the limited
researches focused on EP, with most of them being single
striking case reports and few being case series. In 57 patients

who underwent necrosectomy for IPN, EP was found in
19.3% (11/57) of cases, with mortality rate of 36.4% (4/11)25.
In that study, surgical intervention was applied to all patients
with EP. Local complications were higher in the EP group
than in the non-emphysematous-IPN group (p¼ .049), but
there was no significant difference in mortality between the
two groups (p¼ .739), owing to prompt recognition of EP,
intensive care strategy, and timely surgical intervention25.
Successful conservative treatment was demonstrated in
another study that analyzed nine initially stable EP cases out
of 242 pancreatitis patients from January 2007 to December
200919. Fine needle aspiration for culture and antibiotics
were adopted for all nine patients. Two patients required
additional percutaneous catheter drainage. Surgical necrosec-
tomy was performed in only one patient with worsening
organ failure. Only one patient requiring surgery died, with a
mortality rate of 11% (1/9)19. In a retrospective study con-
ducted between April 2003 and March 2011, EP accounted

Figure 3. Identified microbiological organisms on pancreatic fluid culture. Abbreviation. NA, not available.

Figure 4. Course of local complications in acute pancreatitis.
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for 17% (56/327) of necrotizing pancreatitis cases26. The
prevalence of organ failure in EP was 66.1% (37/56). Medical
treatment had a good response in selected stable patients
(20/56), and surgical necrosectomy was preserved for the
other 36 patients with persistent decompensated organ fail-
ure. The overall mortality rate was 10.7% (6/56). Morbidity
was higher in the surgical treatment group, but no signifi-
cant difference in mortality was found between the medical
(0%) and surgical treatment groups (16.6%, 6/36) (p¼ .06)26.

Epidemiology

Advancing age and number of chronic comorbid conditions
were reported to be strong predictors of early death among
patients with first-time acute pancreatitis27. Severe pancrea-
titis more frequently resulted in death in the oldest patients
(�80 years) (11.97%, p¼ .00) than in the patients aged
65–79 years (4.59%, p¼ .10) and younger patients (<65 years)
(2.31%)28. Among the rare studies on EP involving a larger
series, age was not focused on and the number of elderly
patients was small; thus, the influence of age on mortality
was difficult to investigate18,19,25,26. Our study enrolled
nearly-equivalent elderly and non-elderly patients (43.1 vs.
56.9%) and revealed the relationship between age and mor-
tality in EP (p¼ .001), with age of 70.1 ± 12.2 years
(mean± SD) in the mortality group and 56.6 ± 15.7-years-old
in the survival group. A similar result was also noted in
another study, with age of 66.9 ± 13.7 years in EP patients
who died and 57.1 ± 16.9 years in those who survived
(p¼ .019)29. However, age was not an independent predictor
of severity or mortality in the multivariable analysis18,19. Male
predominance was consistent with other researches, but no
statistical significance was found between sex and
mortality19,25,26.

Comorbidities

In our study, no comorbid disease was correlated with mor-
tality in EP, as shown in Tables 1 and 2. There was no case
with preexisting end-stage renal disease (ESRD) in this
cohort. In an analysis of Scottish healthcare database enroll-
ing 2053 cases of AP, only 7 patients (0.3%) were previously
on dialysis. Preexisting dialysis did not predict the progres-
sion of AP severity30. In contrast, the incidence of AP in
ESRD patients on dialysis was reported at 5.17 per 1000 per-
son-years, with an overall mortality of 8.1%. The risk factors
for mortality after an AP attack in patients on dialysis were
male sex, advanced age, AP severity, and presence of dia-
betes mellitus or liver disease31. The presence of uremia was
seldom mentioned in the literature of EP and IPN. Thus, the
relationship between uremia and mortality of EP could not
be determined.

The prevalence of DM history in EP patients was 24.1% in
our study, which was a little higher than that in AP patients
reported previously (17.7–19.4%)30,32. However, no correl-
ation was found in having DM with increased mortality in EP,
similar to the previous report on AP. However, the mortality
of AP patients with diabetes did not significantly differ or

was even lower than that of AP patients without
diabetes30,32,33.

Etiologies

In our study, EP in most patients was due to idiopathic etiol-
ogies (46.6%), especially in the mortality group (65%).
Among the others with known etiology, alcohol consumption
(25.9%) and gallstone (20.7%) were still the leading two rea-
sons. Hyperlipidemia, although also a frequent etiology of AP
or IPN, was rarely found in our EP patients, specifically in
only two EP patients (3.4%), with one patient who survived
and the other who died. There is no significant statistical dif-
ference between etiology and mortality in EP patients.

Symptoms

Epigastralgia and vomiting
All EP patients in our study had epigastralgia. Vomiting was
present in 48.3% of EP patients (28/58), with both survival
and mortality groups having comparable rates (50 vs. 45%),
without a significant difference (p¼ .787).

Fever
In a study of 75 patients with AP between 1997 and 1998,
Bohidar et al. demonstrated that fever was observed in 60%
of all patients. Fever was frequently observed in those with
organ failure or with higher Balthazar CT severity scores
(83% in those scoring >7 vs. 52% in those scoring < 7).
However, only 18% (8/45) of the patients with fever was
caused by IPN. The proportion of AP patients with fever that
was not caused by infection of the pancreas was 82%, that
by pancreatic inflammation per se was 22%, and that by
non-pancreatic infection was 60%. The mortality rate,
although not statistically significant, was higher in patients
who developed fever than in those who did not (7/45 vs.
1/30, p¼ .09). In 8 patients with IPN, all had fever and 3
patients (37.5%) died34. In our study, 55.2% of all EP patients
presented with fever, which was much lower compared to
that (100%) in IPN patients with fever previously reported.
Moreover, among the EP patients, fever was surprisingly less
frequent in the mortality group than in the survival group
(25 vs. 71%, p¼ .002). In EP, pancreatic infection is usually
common, and fever is thought to be caused not only by SIRS
but also by infection and even sepsis. Inability to present
fever implies disrupted thermoregulatory response, impaired
immunity, or underlying defective inflammatory response
due to pathogen- or host-specific factors35. Higher mortality
and morbidity were reported in afebrile bacteremia patients
than in those with fever35,36. Yo et al. surveyed the risk and
outcome of afebrile bacteremia patients and found that afe-
brile patients were older than febrile patients (p¼ .007).
Older age (age � 85), nonhematologic malignancy, necrotiz-
ing fascitis, spontaneous bacterial peritonitis, and pneumonia
were positive independent predictors of afebrile bacteremia,
excluding pancreatitis, whereas E. coli infection, the most
common pathogen of EP in our study, was found to be an
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independent negative predictor of afebrile bacteremia.
Underlying comorbidities, including diabetes mellitus, ESRD,
liver cirrhosis, human immunodeficiency virus infection, and
hematologic malignancy were not significantly different
between patients with afebrile and febrile bacteremia36.
Nadkarni et al. showed a successful outcome with conserva-
tive management of 9 EP patients. All patients were not eld-
erly, without initial shock, and were febrile19. Kvinlaug et al.
also demonstrated 5 EP patients with successful non-opera-
tive treatment; of these, 2 patients were elderly, and all 5
patients had fever18. Thus, the relationship between absence
of fever and increased mortality in EP patients suggested
that afebrile EP may be a severe form of IPN. Moreover, the
afebrile status in EP may be attributed to impaired immunity
and inflammatory response rather than to old age, comor-
bidities, or microbial pathogens.

Shock
Theoretically, in the early phase of AP, pancreatic necrosis
and peripancreatic fluid are sterile. Primary organ failure in
the early phase of AP is mostly due to severe SIRS and
increases the risk of subsequent IPN37. Immunosuppression,
decreased anti-inflammatory response, and subsequent infec-
tion occur and result in secondary organ failure in the late
phase37,38. Mortality in patients with primary organ failure
plus IPN was 49.5 vs. 36% in those with IPN and secondary
organ failure (p¼ .06) and 4% in those with IPN but without
organ failure (p< .001)37. Given that many studies have
reported a low mortality rate, it is reasonable to follow the
current consensus in treating IPN18,25,26. However, in the
mortality group of our study cohort, as high as 60% (12/20)
of the patients experienced early shock and died within the
first 2 days of admission, in which emergent surgical
necrosectomy was almost the first choice and some even
died before any intervention was attempted. This implies
that an aggressive and fulminant subtype of EP, with concur-
rent severe SIRS and IPN-related septic shock in the early
phase, might exist39. For these EP patients in the most
severe condition, with the limited timeframe for decision
making, the most appropriate approach of intervention was
not extensively studied. More investigations and trials enroll-
ing larger databases may be required to improve the survival
for these EP patients with the worst outcomes.

Outcome
In those researches demonstrating a low mortality rate of EP
(0–15.6%), most of the included patients were relatively sta-
ble or more likely to follow the “traditional” disease course
of IPN16,18,19,26. On the contrary, the high overall mortality
rate reported, ranging from 32.8 to 36.4% that was compar-
able to the 34.5% obtained in our study, probably attributed
to the participants with the “fulminant EP” course25,29.
Reported factors associated with mortality were old age,
hypotension, gas outside the pancreas on computed tomog-
raphy, initial surgical evacuation, lack of initial percutaneous
drainage, and development of multiorgan failure29.

The length of stay is 24.4 days in the overall cohort, but it
was significantly shorter in the mortality group than in the
survival group (12.3 vs. 30.8 days, p¼ .006), owing to the
high number of fulminant EP cases with extra-fast mortality.

The study has several limitations. First, the sample size is
relatively small in our study, owing to the rareness and lim-
ited studies obtained in the literature search of EP. EP
patients with the benign course may not be reported, and
the published articles overemphasized on the fulminant
cases. Two articles were studies with a relatively high num-
ber of enrolled patients, but they were not unfortunately
included in the analysis. Second, many enrolled articles were
brief case reports or small case series with incomplete
records and course mentioned, which resulted in many miss-
ing data and statistical bias. By using the mean value, we
tried our best to overcome the interference from the missing
values and to demonstrate the impact on clinical care of
patients with EP.

Conclusions

EP carries a high mortality rate of up to 34.5%. Preexisting
DM poses no significant risk to mortality in EP, although this
is more commonly found in EP than in the overall AP
patients. Following the trend of the step-up approach in
treating IPN, minimally invasive procedures are increasingly
adopted prior to open surgery. In our study of EP patients,
older age, afebrile status, and presence of shock are associ-
ated with higher mortality. Although surgical interventions
were performed more often in the mortality group than in
the survival group, surgery did not result in a significant risk
to mortality in EP patients. Despite improved outcome in the
selected groups of patients, there is little consensus on the
management of patients with fulminant type of EP. To
improve the survival of this aggressive group, further pro-
spective investigation involving a larger sample size
is warranted.
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