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Abstract: Introduction: Emphysematous pyelonephritis is a rare and potentially fatal infectious disease caused in 80% of the cases by
the bacteria Escherichia coli and Klebsiella sp. which mainly affects the renal parenchyma, collecting system and perirenal tissue.
Furthermore, this pathology can be characterized as an aggressive bacterial invasion leading to important systemic changes,
accumulation of air in the upper regions of the urinary tract and even tissue necrosis. Objective: Due to the high morbidity and
mortality of this disease, the objective of this work is to characterize the pathophysiological mechanisms and promote a clinical
approach to emphysematous pyelonephritis. Methodology: The research consists of a retrospective literature review, with the objective
of elucidating the aspects involved in the pathogenicity of emphysematous pyelonephritis. For that, the Pubmed, Medline and SciELO
databases were used. Results: From this study, it was possible to observe that bacteria, when invading the upper urinary tract, begin to
trigger a metabolic process of glucose fermentation with production of carbon dioxide and other gases, implying the presence of air in
the renal parenchyma causing strong compression of the structures. Blood pressure and impairment of functions, which may trigger
necrosis. Conclusion: In summary, this study is important for a pathophysiological approach to emphysematous pyelonephritis and
adequate clinical investigation aiming at a more accurate and early diagnosis, therefore, an optimization of the therapeutic plan as well

as a better quality of life for the patient.

Keywords: Urinary Tract Infection, Pathophysiological Mechanisms, Emphysematous Pyelonephritis

1. Introduction

Since ancient times, with the development of medicine and
the advent of clinical observation of patients in an approach
centered on anamnesis as well as physical examination,
nephrology has always aroused human curiosity and
instigated science to understand its pathophysiological
mechanisms as well as its clinical aspects. incessantly
seeking the cure of those diseases. The first to identify
impairments in the urinary tract were the Egyptians in their
process of mummification of corpses around 8000 BC, it
was only in 3200 and 1200 BC that the first writings about
nephrology appeared, with lithotomy surgery initially
described around 600 BC . Centuries later, in the period of
the Roman Empire, the need for an updated medical
treatment for urinary pathologies was recognized and some
publications appeared with descriptions of plants and
empirical knowledge used to achieve this objective. In the
Renaissance  period, with the technical-scientific
development, the splendor of science and the beginning of
the modern age in the 18th century, the first anatomical and
histopathological descriptions were made thanks to the
development of microscopy and the work of great scientists
such as the Belgian Andreas Versalius who contributed in
the dissection of cadavers used to elucidate anatomical and
pathophysiological aspects of the human body, mainly in the
definition of fundamental structures to understand the works
of modern nephrology.

Since then, with the advent of technology, new techniques
and innovative treatments have been improved that allow
understanding and treating the mechanisms of nephrological
diseases. In this context, it is known that emphysematous
pyelonephritis is one of the main diseases of the urinary

tract with high morbidity and mortality and many diagnostic
difficulties caused by its rapid evolution as well as its
complex pathophysiological aspects. The first case of this
disease was described in 1898 thanks to the work of
researchers Kelly and MacCallum in the description of a
situation of pneumaturia. It was only in 1962, with studies
and clinical trials by Schultz and Klorfein, that the term
“emphysematous pyelonephritis” was officially introduced
and used by them to define this disease. Emphysematous
pyelonephritis is a rare and potentially fatal infectious
disease with an overall mortality rate of up to 43%, caused
80% of the time by the bacteria Escherichia coli and
Klebsiella sp. that mainly affect the renal parenchyma,
collecting system and perirenal tissue. Furthermore, this
pathology can be characterized as an aggressive bacterial
invasion leading to important systemic changes,
accumulation of air in the upper regions of the urinary tract
and even tissue necrosis. Between 60% and 70% of cases
are related to diabetes mellitus with uncontrolled glycemia,
this comorbidity results in the production of gases in the
renal parenchyma that affect organic hemostasis.

Furthermore, the main symptoms are similar to those of
acute pyelonephritis, consisting of the classic triad of fever,
vomiting, and flank or lumbar pain. It is evident that its
evolution, however, is much more serious if compared to
common pyelonephritis, with its mortality rate reaching
70%, which is why it is considered a urological emergency.
In addition, it tends to progress to renal failure and sepsis,
mortality increases considerably if adequate treatment is not
provided in a timely manner. This disease is more prevalent
in women, with a ratio of 6:1, because the urethra of women
is shorter than that of men and closer to the anus, which
increases the incidence of urinary tract infections and,
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consequently, the emergence of urinary tract infections.
emphysematous pyelonephritis. Bilateral involvement of the
kidneys is rare between 5 and 6%, the left kidney is the
most affected with 67% compared to the right, which has
23%.

2. Methodology

This work was prepared from a retrospective literature
review in the Med, SciELO and Medline databases. The
keywords used were “Urinary Tract Infection”,
“Physiopathological =~ Mechanisms”,  “Emphysematous
Pyelonephritis” and their corresponding words in English
“Urinary Tract Infection”, “Pathophysiological
Mechanisms” and “Emphysematous Pyelonephritis”.
Exclusion criteria were: articles that did not correlate the
theme of emphysematous pyelonephritis as well as articles
that were not between the period from 2001 to 2022.

A total of 845 articles were found, adding up all the
databases. After reading the titles of the articles, it was
noted that some of them did not meet the inclusion criteria
of this study. Thus, it was possible to remove 105 duplicate
articles and select 740 articles to read the abstract. Of these
708 were removed based on the analysis of the abstract as
they were not consistent with the purpose of elucidating the
pathophysiological mechanisms as well as emphysematous
pyelonephritis, resulting in 32 full texts included in this
literature review. The selection criteria were studies that
compulsorily had the following inclusion criteria: Studies
published in English and Portuguese; Systematic reviews,
case reports and clinical studies; Characterization and
pathophysiological ~ mechanisms of  emphysematous
pyelonephritis and Articles published between 2001 and
2022.

3. Discussion

From the research carried out, it was observed that the
condition of emphysematous pyelonephritis arises due to
the interaction between infectious-metabolic processes
presented during bacterial colonization of the urinary tract.
These mechanisms of action are triggered mainly in
adjacent tissues, perirenal parenchyma and in the nephron
collecting system, where there is an environment conducive
to the presence of invading bacteria that, through
pathogenicity aspects, develop their anaerobic metabolic
processes such as glucoses fermentation, resulting in an
intense production of carbon dioxide and other toxic
substrates, deregulating tissue hemostasis.

In this context, the air generated by the accumulation of
carbon dioxide in the renal parenchyma can interact with
the renal tissues, triggering intrinsic and extrinsic problems
such as the strong compression of blood structures,
impairment of functions, enzymatic imbalance, metabolic
acidosis, which can, therefore, trigger a condition of cell
necrosis. This pathophysiological mechanism can be
explained by the persistent urinary infection in line with the
metabolic decompensation of substrates present in the
bloodstream, such as glucose in a clinical situation of
hyperglycemia that serves as a bacterial gradient factor for
the proliferation of pathogens and their anaerobic
metabolism fermenter responsible for the accumulation of
gases, mainly carbon dioxide that, when produced, can
expand rapidly, increase its concentration and cause
damage to kidney tissues, both intrinsically and systemic.
In addition, decreased tissue perfusion, altered host immune
mechanisms, and obstructive uropathy are important factors
in the development of emphysematous pyelonephritis. Thus,
it is understood that the probability of this infection
occurring increases in patients with diabetes mellitus due to
the high concentration of glucose in the tissues and the
decrease in the immune response, due to leukocyte
inhibition.

As for the diagnosis, the best way to diagnose
emphysematous pyelonephritis is through imaging tests,
abdominal computed tomography allows defining the extent
of the emphysematous process, in addition to allowing
classification according to severity, this test can define the
possible treatments and prognosis for the disease. Thus, the
gold standard is the classification proposed by Huang et al.,
which uses computed tomography of the abdomen and the
location of radiological findings, dividing it into four
classes: I- presence of gas confined to the collecting system;
Il - gas confined to the renal parenchyma, I11A - when there
is gas or abscess also in the perirenal space, 11IB - presence
of gas or abscess in the pararenal space, IV - bilateral or
single kidney.

Classification Location on Tomography
[ Presence of gas confined to the collector system
1l Gas confined to the renal parenchyma

1A When there is gas or abscess also in the perirenal
space

111B Presence of gas or abscess in the pararenal space

\Y/ Bilateral or single kidney

Figure 2.1: Classification of Huang et al.
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Figure 2.2: Plain abdominal radiography: radiolucency and dense striated appearance in the topography of the left kidney.
(SANTOS, Luciano Batista Silveira et al., 2010)

Furthermore, the treatment for  emphysematous
pyelonephritis consists of adequate support for the patient
with glycemic control, a sepsis protocol, hydration,
intravenous fluids administered at the appropriate time,
early broad-spectrum antibiotic therapy, correction of acid-
base balance and hydroelectrolyte disturbances. In cases of
patients with sepsis and risk factors with a worsening of the
prognostic-infection picture presenting characteristics of
polymicrobial colonization, renal dysfunction, shock and
disorientation, they should receive minimally invasive
procedures to clear the urinary tract. In more extreme and
severe cases, nephrectomy is a possibility to be used. Under
this bias, Sarvpreet et al. (2011) propose a treatment choice
based on the classification by Huang et al. Through the
identification of tomographic findings in order to reduce
mortality, since in many cases with indication of
nephrectomy as the first option, mortality reached 50% of
cases.

4. Conclusion

It is inferred, therefore, that emphysematous pyelonephritis
is a rare comorbidity with a high mortality rate, being more
prevalent in females and diabetics. The rarity of the disease
can be one of the factors that make its diagnosis difficult, so
it is essential to diagnose the disease early to improve the
prognosis of patients and avoid invasive treatment. In
addition, it is necessary to elucidate its mechanisms of
action to understand its pathogenicity aspects in order to
optimize the identification of the disease, the therapeutic
choice and offer a better quality of life as well as an
adequate clinical treatment aimed at the patient. Regarding
patient management, percutaneous drainage associated with
antibiotic therapy is a minimally invasive strategy with
good results, however, in cases of fulminant
emphysematous pyelonephritis with the presence of more
than one risk factor, nephrectomy is the most indicated
option. Historically, nephrectomy was the first treatment of
choice, but with the advent of more modern imaging,
successful renal preservation using a percutaneous drainage
procedure has been allowed, however, each treatment is
individualized according to the needs and needs of the
patient. the severity of the patient.
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