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Emphysematous cystitis:

a 6-year experience with 13 cases
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ABSTRACT

Background and Objective: Emphysematous cystitis (EC) is a rare urinary tract in-
fection (UTI) with nonspecific clinical manifestations. Most cases are found in patients with
diabetes mellitus (DM). Early diagnosis and treatment are important for the prognosis. The
purpose of our study is to analyze the features of patients with EC for the epidemiology, mi-
crobiology, clinical symptoms, imaging examination, treatment, prognosis, and prevention.
Materials and Methods: We summarized the clinical data of 13 patients with EC for
medical history, laboratory and radiological examinations, treatments, and results. We ana-
lyzed the reported risk factors to determine whether these factors were related to the failure
of conservative treatment. Results: All but one of the patients were women, and all but one
had DM. All patients were diagnosed using computed tomography (CT). Escherichia coli (E.
coli) and Klebsiella pneumoniae (K. pneumoniae) were the two major microbes identified in
our series, accounting for 69.3%. Twelve (92.3%) patients received conservative manage-
ment, and one underwent partial cystectomy. All the patients recovered and no death was
recorded. Conclusion: EC is a gas-forming UTI common in women with DM. Early diagno-

sis and appropriate treatment are required to prevent surgical intervention.
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INTRODUCTION

Urinary tract infection (UTI) is a common disease worldwide,
especially in patients with diabetes mellitus (DM). Emphysema-
tous cystitis (EC) is a rare UTT that results in gas formation within
the lumen or wall of the bladder. More than 70% of patients with
EC have DM. The presence of air in the urinary system was first
reported as “pneumaturia” in 1671." “Emphysema” of the bladder
was described by Eisenlohr in 1800s.”! “Emphysema pyelonephri-
tis (EPN)” was reported by Kelly almost at the same period.

The term, “cystitis emphysematosa,” was first portrayed by Bailey in
1961.”) The clinical symptoms of EC are often atypical, leading to
sepsis in some patients due to delayed diagnosis. Recently, an in-
creasing number of cases of EC have been reported as a result of a
better understanding of this unusual disease. EC has not been well
elucidated because of a lack of early diagnostic clues. In our study,
we summarized the characteristics of 13 patients with EC, includ-
ing the epidemiology, microbiological findings, clinical symptoms,

diagnosis, treatment, prognosis, and prevention.
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MATERIALS AND METHODS

The clinical data of the 13 patients with EC were collected from
the Department of Information of the Shengjing Hospital of
China Medical University (Shenyang, China) between 2013
and 2019. The diagnosis of EC relied on clinical manifestations
and typical computed tomography (CT) findings, showing
gas formation within the lumen or wall of the bladder. We
retrospectively analyzed the demographics, microbiological results,
clinical manifestations, diagnosis, treatment, and prognosis of these
patients.

The basic treatments included fluid resuscitation, blood glucose
control, antibiotic application, and retention catheterization. The
success of basic treatment was defined as clinical alleviation and
gas reduction or disappearance on CT images. Broad spectrum
antibiotics were administered until the results of bacterial culture
were obtained. The drug was adjusted according to the sensitivity
of urinary tract pathogens. Uncontrolled progression resulted in
partial cystectomy in one patient. All patients were followed up for
six months and agreed to disclose their data.

'This study was approved by the Ethics Committee of Medical Re-
search and New Technology, Shengjing Hospital of China Medical
University. The measurement data of normal distribution were ex-
pressed as meansstandard deviation (SD). The measurement data
that do not conform to the normal distribution are expressed as
quartile ranges. The enumeration count data were expressed as the
number of cases (percentage).

RESULTS

Clinical data

The characteristics of the 13 patients are shown in Table 1. All but
one of the patients were female. The average age of the patients was
54.1+15.8 years (range 25-76 years). All but one of the patients
had DM (2 type 1 and 10 type 2). The average course of DM was
4.123.0 years (range 0.2-12 years). One patient had diabetic keto-
acidosis and two others had diabetic nephropathy.

The average course of EC was 62.2 + 74.9 days (range 1-242 days).
The main clinical symptoms included abdominal pain (61.5%),
hematuria (46.2%), dysuria (30.8%), nausea/vomiting (30.8%), and
fever/chills (15.4%). One patient (7.7%) developed hypotension

due to severe SCpSiS.

Laboratory findings and imaging examination

The laboratory findings of the 13 patients are shown in Table 2. All
patients had an increased leukocyte count in the routine urine. The
average leukocyte count of the patients was 2423.8+3441.2/uLL (range
128-10933/pL). A majority (76.9%) of the patients had hematuria. The
fasting blood glucose ranged from 8.4 to 19.4 mmol/L with an average
of 12.1£3.1 mmol/L. The glycated hemoglobin (HbA,c) ranged from
6.6% to 11.3% with an average of 8.3+1.3%, reflecting poor glycemic

control within the last two months. Two patients had azotemia, and
two had proteinuria/hypoalbuminemia.

All patients underwent abdominal CT, which revealed gas
formation within the lumen or wall of the bladder (Figure 1).

Microbiological results

The microbiological results of the 13 patients are presented
in Table 3. Escherichia coli (E. co/i) was found to be the most
common pathogenic bacterium isolated from six (46.2%) pa-
tients. Klebsiella pneumoniae (K. pneumoniae) was isolated from
three (23.1%) patients. Enterobacter acrogenes was isolated from
the urine of two (15.4%) patients, while Pseudomonas acruginosa
infection was documented in one (7.7%). Meanwhile, none of the

pathogenic bacteria was isolated from one patient (7.7%).

Table 1: General characteristics of 13 patients

Characteristic n (%)
Age (years)* 54.1 (15.8)
Female 12 (92.3)
Diabetes mellitus (DM) 12 (92.3)
Type 1 DM 2(16.7)
Type 2 DM 10 (83.3)
Duration of DM (years)* 4.1 (3.0)
DKA 1(7.7)
Diabetic nephropathy 2(15.4)
Clinical features

Abdominal pain 8 (61.5)
Hematuresis 6(46.2)
Dysuria 4(30.8)
Nausea/vomiting 4(30.8)
Fever/chills 2 (15.4)
Hypotension 1(7.7)

*Data are expressed as mean (SD). DKA: Diabetic ketoacidosis

Table 2: Laboratory characteristics of 13 patients

Laboratory examination n (%)
Leukocyte count /pL* 2423.8 (3441.2)
Hematuria 10 (76.9)

FBG* 12.1 (3.1)
HbA,c%* 8.3 (1.3)
Azotemia 2(15.4)
Proteinuria/hypoalbuminemia 2(154)

*Data are expressed as mean (SD). FGB: Fasting blood glucose
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Figure 1: Computed tomography reveals a circumfer-
ential intramural (arrow 1) and intraluminal (arrow 2)
gas of the bladder

Table 3: Pathogens isolated from 13 patients

Pathogens n (%)
Escherichia coli 6 (46.1)
Klebsiella pneumoniae 3(23.1)
Enterobacter aerogenes 2(15.4)
Pseudomonas aeruginosa 1(7.7)
No pathogen 1(7.7)

Figure 2: Computed tomography reveals gas has
nearly disappeared after treatment

Management and outcome
Of the 13 patients in our study, 12 were managed with medical

therapy, including glycemic control, urine drainage, and antibiotic
administration. Only one patient underwent partial cystectomy be-
cause of ineffective conservative treatment. All the patients recov-
ered and no death was recorded (Figure 2).

DISCUSSION

EC is a rare form of complex UTI characterized by gas formation
in the bladder wall or lumen. It is typically found in elderly women
with severe DM."”**' Women have a higher incidence than men
because they are more likely to develop UTIs."” In our study, the
ratio of women to men was 12 to 1. Predisposing factors for UTI,
such as DM, hypoimmunity, neurogenic bladder, being bedridden,
recurrent urinary retention, and lower urinary tract obstruction,
are also predisposing factors for EC.”) EC is usually diagnosed
radiologically, however, the actual incidence of EC is higher than
that reported because patients with UTIs usually do not require
CT scans. The atypical clinical symptoms cause many patients to
miss the best treatment time. At present, studies on EC are limited
and require further investigation.

The pathophysiological mechanism of EC is unclear and needs
to be clearly understood. Hyperglycemia provides more nutrients
for microbes in the microenvironment. Pathogens can intrude the
bladder wall through blood vessels or lymphatics, and decompose
glucose in urine to create gas. Therefore, gas-producing bacteria,
damaged tissue perfusion, high tissue glucose levels, and deficient
immune responses are all potential predisposing factors.” In
particular, high tissue glucose concentration can act as a beneficial
substrate for microbes to produce hydrogen and carbon dioxide
through natural fermentation processes.[9] Since, non-diabetic
patients are also susceptible to the infection, it is possible that
1 Obstruction
in gas delivery due to local inflammation or blocking processes

tissue protein and lactulose also act as substrates.

can also increase the risk of pneumouria. The release of bacterial
endotoxins in complex UTIs can be involved in inflammatory
processes, leading to urinary tract paralysis and retention."""” A
multifactorial etiology of the damaged host response to protein
or sugar fermentation might be a credible explanation for gas
production in the affected tissues.

The clinical manifestations of EC are variable and nonspecific.
Patients can be asymptomatic or present with uncomplicated UTI
signs, such as abdominal pain, hematuria, urinary frequency and
urgency, odynuria, and dysuria.[m Fever and severe sepsis may also
occur in patients with EC and other emphysematous UTTIs, such as
EPN, thus increasing the mortality rate from 3% to 20%." ' Al-
though pneumouria can appear and represent a specific symptom, it
is seldom recognized or noticed. Pneumouria occurs in 70% of pa-
tients undergoing retention catheterization."” Therefore, no typical
clinical symptoms of EC have been reported, while approximately
7% of patients are asymptomatic and are diagnosed accidentally
during abdominal CT scans for other illnesses.”” Doctors should

Community Acquired Infection | Volume 7 | 2020



Yang ] and Wang KF: Emphysematous cystitis

pay more attention to subtle symptoms, such as abdominal swelling
pain and hematuria. If EC is not detected early, it can progress into
a more serious ascending infection, such as EPN. Early discovery
and timely medical intervention reduces mortality and the need for
surgical management.

E. coli and K. pneumoniae are the two major microbes that are sep-
arated in urine culture.’! Consistent with literature, we discovered
that E. co/i was present in 46.2% of all 13 patients, and K. pneumo-
niae was the second most frequently separated microbial species.
Other reported microbes include Enterobacter aerogenes, Pseudo-
monas aeruginosa, Candida albicans, Candida tropicalis, Proteus
mirabilis, Enterococcus faecalis, Citrobacter spp., Aerobacter spp.,
Aspergillus spp., Staphylococcus aureus, Nocardia spp., Streptococ-
cus spp., Clostridium welchii, and Clostridium perfringens.[” In
our study, only Enterobacter aerogenes and Pseudomonas aerugi-
nosa were isolated from urine in two and one patient, respectively.
One patient (7.7%) was culture-negative in both blood and urine.

Imaging examination is indispensable in the diagnosis of EC, and
plain abdominal radiography is the most common method. Studies
have revealed that plain abdominal radiography accounts for 84%
of reported cases.”” The representative radiographic findings present
a radiolucent curvilinear air around the bladder wall (Figure 3). The
presence of gas in the bladder wall is characterized by pebbles or
“bead necklace” appearance, reflecting irregular thickening of the
non-dependent mucosal surface due to submucosal blebs." CT is
needed for a definite diagnosis, and shows the severity and extent
of EC."™ CT can also be used to identify infections that are not

17151 More importantly,

obvious on plain abdominal radiography.
CT can distinguish between other diseases that can interfere, such as
vesicocolic or vesicovaginal fistula, adjacent neoplastic disease, trauma,
pneumatosis cystoides intestinalis, vaginitis emphysematosa, and gas
16,19,20

gangrene of the uterus.' ) Ultrasound can display wall thickening
and hyperechoic region dirty acoustic shadowing,”" but some authors
report that it has a low sensitivity.””! Cystoscopy is not necessary for
the diagnosis, because other examinations, such as IVU, ultrasound,
or cystography are needed for confirmation.”””

The treatment of EC is determined by the severity of the disease.
Glycemic control is a prerequisite for successful treatment. The
basic management is retention catheterization and antibiotic
administration. Retention catheterization can not only monitor
the state of urine (volume and characteristics), but also perform
bladder flushing if necessary."” Some studies reported that 90% of
patients received antibiotics intravenously, while 9% of cases were
treated with oral antibiotics alone."’ Broad spectrum antibiotics
should be used until the results of bacterial culture are obtained.
The drug is later adjusted according to the sensitivity of the urinary
tract pathogens. After clinical improvement, intravenous therapy
can be converted to oral therapy.m] However, surgical intervention
is needed in patients who exhibit poor outcomes after medical
treatment or those with necrotizing infections. The severity of
infection determines the surgical plan, such as total cystectomy,
partial cystectomy, or surgical debridement. EPN occurs when

Figure 3: X-ray of kidney, ureter, and bladder reveals
air (white arrows) existed in the bladder wall and
bladder cavity.

patients with EC develop ascending infections. Percutaneous
nephrostomy or nephrectomy should be considered to reduce the

incidence of life-threatening infections.”

The total death rate of ECs is reported to be approximately 7%.
In our series, all patients recovered without death due to early

diagnosis and appropriate treatment. The death rate could increase

to 20% when ECs develop into EPN.®!
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