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The purpose of this paper is to review current
thinking about pyelonephritis. Pyelonephritis may be
defined as a ‘‘bacterial infection of the kidney which
affects the parenchyma, the pelvis, and the calyces. It
occurs in two forms, acute and chronic.”™

Clinically, acute pyelonephritis is characterized
by the symptoms of dysuria, frequency, urgency,
chills, fever, and flank pain. The urine sediment con-
tains numerous white blood cells, bacteria, and white
blood cell casts (Fig 1). A quantitative culture of the
first voided urine in the morning yields a growth of
greater than 10° colonies per ml. Renal histologic
examination reveals an acute interstitial inflamma-
tory reaction with polymorphonuclear leukocytes
and microabscess formation (Fig 2). If the infection
remits either spontaneously or with antibiotic ther-
apy, the involved areas may heal with formation of a
contracted, fibrotic scar. In contrast to the acute in-
fection, chronic pyelonephritis may be totally asymp-
tomatic. Examination of the urine sediment usually
shows changes similar to those in acute disease except
that the quantities of cells and casts may be less
remarkable. The classic pathologic picture of chronic
pyelonephritis includes interstitial infiltration by
mononuclear cells, scarring, tubular dilatation (thy-
roidization) and periglomerular fibrosis (Fig 3). The
typical chronic pyelonephritic kidney is shrunken,
contains multiple scars, and is atrophic.

The pathologic picture of pyelonephritis is not
entirely specific, particularly in the chronic state
where other processes which cause an interstitial
inflammatory reaction may give a similar appear-
ance. An incomplete list of nonbacterial causes of
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chronic interstitial nephritis includes: analgesic
abuse, other drug toxicity, tuberculosis, sarcoidosis,
gouty nephropathy, hypercalcemic nephropathy, and
ischemic vascular disease.? Initially, these disorders
may be suspected because of the presence of sterile
pyuria, but later, superimposed bacterial infection
may cloud the picture.

Bacteria invade the kidney by two principal
routes: hematogenous and retrograde? Hemato-
genous spread occurs infrequently, but when it does,
it is the means whereby most staphylococcal and
streptococcal infections are initiated in the kidney.
These infections may be severe and associated with
multiple abscess formation. Most bacterial infections
of the kidney are caused by gram-negative organisms
that reach the kidney via retrograde spread from the
lower urinary tract; the natural habitat of the major-
ity of these organisms is the gastrointestinal tract
from which they spread to the urethra and then into
the bladder and up the ureters. Approximately one
fourth of all bacterial infections involve the urinary
tract, but only a portion of these ascend above the
bladder to the renal parenchyma.

Several factors are now recognized as being of
major importance in the pathogenesis of urinary tract
infection, the first of which is sex. There is clearly a
higher incidence in females at all ages but particularly
in the childbearing years. Only in later life with the
advent of prostatic hypertrophy and associated ob-
structive uropathy does the incidence tend to increase
in the male. The increased incidence in females prob-
ably relates to the shorter urethra, the absence of the
antibacterial action of prostatic fluids, and trauma
during intercourse. Recently it has also been recog-
nized that disturbances in the bacterial resistance of
the vaginal vestibule secretions may be the factor
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Fig 6—Comparison of mean + SEM values for Ci,, Cpan, and FF between initial measurements early after injury and similar deter-
minations after more than five years in 18 patients with spinal cord injuries and persistent bacilluria.

lier, there is a high incidence of acute pyelonephritis
in pregnant females with bacilluria, and this condi-
tion, clearly, should be treated.?

For years pyelonephritis was considered to be a
major cause of end-stage renal disease. Careful evalu-
ation of patients entering dialysis and transplant pro-
grams, however, has indicated that this is not the
case.!* It is likely that many of the cases of interstitial
nephritis which were thought to be caused by infec-
tion were in actuality the end result of one of the
other causes of interstitial disease mentioned earlier.
Present estimates would suggest that no more than
15% of the patients reaching end-stage disease have
infection as the primary cause of renal failure and
virtually all of these are complicated by the presence
of stones, reflux, or other anatomic disturbance.

Information about the natural history of urinary
tract infection in man is still incomplete. As noted
above, end-stage renal disease in the absence of an
anatomic or neurologic defect in the urinary tract is
rare despite the frequency of culture-proven bacil-
luria. We have recently attempted to define more
clearly the association of chronic bacilluria and dete-

rioration in renal function by a prospective analysis
of the changes in inulin clearance (C;,) and PAH
clearance (Cpan) in a group of patients with per-
sistent bacilluria (spinal cord injury patients). Cy, is
an accurate measure of the glomerular filtration rate
and Cpay indicates the renal plasma flow.

Figure 6 demonstrates that at a mean period of
five years after the initial determinations, a statisti-
cally significant reduction in mean Cpsy from an
initial value of 643 ml/min shortly after injury to 556
ml/min at the time of study had occurred in 18 study
patients. Over the same period, there was no signifi-
cant change in C;,; there was also a significant reduc-
tion in the filtration fraction (FF). This index reflects
the ratio of C;,/Cpay and is an indicator of the state
of perfusion in the kidney. Diseases which produce
renal ischemia may be associated with a low FF.
Each of the study patients had a neurogenic bladder
and persistent bacilluria. A number had experienced
one or more severe complications such as renal
stones, reflux, or sepsis. Yet, at the time of study, all
had adequate urinary drainage. These data suggest
that there may be insidious damage occurring to the
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kidneys of these patients; however, barring superim-
position of some other insult, renal failure is unlikely
to be the cause of their death.

There will always be differences of opinion about
the work-up and therapy of patients with urinary
tract infection. Outlined below are some principles
which are generally applicable to these issues:

1. A quantitative culture, colony count, and an-
tibiotic sensitivity determination should be
performed in all pregnant women and in all
individuals suspected of having a urinary
tract infection,

2. A patient with the typical clinical picture of
acute pyelonephritis or gram-negative sepsis
should be treated with a bactericidal antibi-
otic to which the organism is sensitive for at
least 10 days.

3. Radiographic studies including an intra-
venous pyelogram and voiding cystourethro-
gram should be done after the first episode of
acute pyelonephritis in the adult male and in
all children. Similar studies should be done in
any female with recurrent infection or an ele-
vated serum creatinine. Further urologic eval-
uation should be done in all patients in whom
these studies identify a structural abnormal-
ity. Surgical correction of obstruction and se-
vere reflux should be undertaken. Mild reflux
in children may be observed during a period
of antibiotic therapy and can be expected to
disappear in 50% of cases by age 6 years and
in 65% by age 14 years.®

4. The clinical picture of cystitis and asympto-
matic bacilluria may be treated with bacte-
riostatic agents. If recurrence occurs, the
above-mentioned radiologic studies should be
done. If these are negative, prophylactic or
suppressive therapy may be tried. In the fu-
ture, tests for antibody coating of bacteria
may be helpful in differentiating upper tract
infection with renal parenchymal in-
volvement from lower tract infection.'®

5. Reculture should be done after the com-
pletion of therapy for a urinary tract infection
and on several occasions over the next two
years to determine the presence of recurrence
or reinfection.

In summary, current thoughts about the patho-
genesis, natural history, complications, and manage-
ment of pyelonephritis have been reviewed. It is now
clear that chronic urinary tract infection in the ab-
sence of some anatomical disturbance or complica-
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tion seldom leads to renal failure. Efforts should
therefore be directed toward discovering and correct-
ing derangements in the anatomical integrity of the
urinary tract at an early stage of infection.
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