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INTRODUCTION. Pyelonephritis may be defined as inter-
gstitial inflammation of the kidney parenchyma asnd renal pelvis
which, if not eradicated or controlled, mey progressively lead
to hypertension, renasl feilure, uremis, and death. The disease
represents & major problem which has proved to be diagnostic-
2lly and therapeutically frustrating in all fields of medicine.

Among infections in the genersl population, the incidence
of urinary tract infection is second only to the incidence of
upper respiratory tract infection. (11, 2§, 15, 55) Kass, at
Boston City Hospital, reports that nyelonephritis is the most
comnon renal lesion found at autopsy and occurs in 15-20% of
autopsies performed ot lar e‘we eral hospitals. (4L} Kass
reports that the disesss is diagnosed clinicelly in about one-
fifth of the coses which are found at sutopsy. In about one-
third of the cases of pyslonephritis found at sutopsy the
lesion is of major importsnce in the cause of death. (4i)
Machonald (56) at RBoston City Hospitel found active or hesaled
pyelonephfitis in 3%3% of 1000 consecutive sutopsies; and, in

less than one-third of these was the disgposis suspecbed.

Broda (15) at the Institute of Cerdiovascular Hesearch, Prague,

Czechoslovakia, reports as
nephritis found at autopsy escape clinical recognition.
failure of cliniesl diagnosis is not due to the in-

ability to recognizse the classic symptoms and signs of the

disease, but due to the psucity of clinical masnifestations
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of pyelonephritis in meny patients, There is no clesr method
of iéentifying pyelonephritis in the presence of lower urinary
tract infection or when its symptoms and signs are not obvious.
(11, 15, 39, 45, 56, 59, 73, 741) This may be one reason why
the relationship between pyelonephritis, uremia, and death
hes not dimished since the advent of the antibiotic ers. (37)
The disease is not particulerly prevalent Ffor any one
race (83%); =nd, prior to the first yvear of life, the incidence
is approxinately egual in either sex. Belween the ages of
one and sixty years the diseazse becomes nine times more fre-
quent in females than in males. (30, 55) Past'sixty years
of age, the incidence becomes more prevalent in men due %o
the grester incidence of benign prostatic hyperirophy. (32)
Infections of the upper urinary tresci are common in early
life, especially in zirls under three years (6), and consti-
tute 1-27 of all pedistric age hospital cases. (83}
The incidence of pyelonephritis complicating pregnency
is about 2%, the frequ&néy of antepartum snd posipartum vari-

Ie)

eties beinz sbout the same. (b)) Finnerty, at Georgetown

]

Bchool of Hedicine, reports 73 of 1130 pregnancy patients
with toxemls had pyelopephritis (25); and Peters reports 11
of 25 patients who died of toxemia sctually sulfered from
pyélonephritis masquerading as toxemir of pregnancy. (565)
The internist stetes that pyelonephritis ie responsible

for 36% of all cases of uremie (15, 17) and that it is the

e
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commonest cause of renal desth. (15) Brod (15) hes reported
that 387 of patients with pyelonephritis and normal renal
funetion have hypertension. Pyelonephritis is present in at
least 20% of all patients with hypertension (&3}, either
venign (5. 64 43, 61L) or melignant, (73, 82) ?yeloﬁephritis
also contvinues to ba listed as a commnon complicauiom of the"
Nephrotic Syndrome. (?&}

It is the purpose of this paper té point out the elusive-
ness of this disease with regard to diasgnosis.

ETIOCLOGY. In the normal state, the urinary fract appears
highly resistant to infection; therefore, pathogenic bacteris
most commonly associzted with pyelonephritis may pass through

it without producing disease. This has been shown experiment-

1

ally by placing these orgsnisms into the cavities of the blad-

o

der or kidneys, eilther directly by retrograde technigue or
indirectly through the bloodstream, (32) If, however, a con-
ition is crested to allow stasis and pooling of urine,; or
if renal tissue is damazed, such as experimental procedure

vroduces infection in a high percentage of cases. (6} It
should be noted here that comgulase positive, Staphylococcus
sureus is one of the few organisns possgessing the ability to
invade apparently normsl kidneys. (32, 70) Based on this
evidence, we may state thet there are two prereguisites to

establishment of any urinary tract infection: (1) There

mast be bacteria present capable of establishing & urinary

&
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tréc% infection, =nd (2) there must he an accessory fector
nresent o lower the resistance of the tissue to bacteriel
invasion.

BACTERIA., The most common neathogens associated with
pyelonephritis and found in urine culture are the coliform
bacteria with Zscherichia coli predominating. The obther
members of the group are Aerobactef serogenes and the paracolons.

The coliform bacteria are gram negative rods which esre
common inhzbitents of the gestrointestinal tract, perinesl
skin, and snterior urethra. (18, 33, 75) These organisms

have low wvirulence and limited ability to invade healthy

renal tissue. (2&) They are disease producers only when an

accessory factor allows them to become invasive. (24) ﬁheﬁ
they do invade, they apperently produce poor immunity be-
csuse the general population does not heave significant anti-
hody titers to these bacteria. (2))

Pseudomonas and Proteus appear o be more closely related
to pyvelonephritis in chronic obstructive disease or following
catheterization and instrumentation then the coliforms. (53)
Becsuse of the ability of Proteus to split ursa with the for-
mation of alkaline urine, this orgenism has alss been sssoci-
ated with the formation of phosphate stones. (&)

Staphylococei sre more freguently asscociated with cor-
tieal or perinephritic abscesses, and bladder or prostatic

infections; but cospulsse positive, Staphylococcus aureus

U1
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pyelonephritis may arise from one of th

(e

ese foel in the genite-
nrinary tract or from a distant focus elsewhere in the body.
(12, 74) The cospgulese negetive staphylococci, u

P

nsuzlly St 2T
ylococecus epidermidis, rarely caguse urinsry tract infection.

Consecuently, the cosgulase test is of grest help in differ-

entisting between pathogenic and nonpathogenic staphylococei. (61)

Enterococci are fregquent inhabitents of the anterior
urethra, though their status as

not ¢lear,

a

here

couse of pyelonephritis is
are
in which %

L

reports, howsver, that show a few cases

his was undoudbtedly the organism involved. (568)
ACCESSORY FACTORS.

The following are the most common
disorders associated with pyelonephritis:

hypozamms

v

1. Decressed general resistance. 3Such conditions eas

<

zlobulinemia (40), agrenulocytosis, or the excessive
uge of steroids may interfere with vhagzocytosis of bacteria
the blood by leukocytes Tigsue invasion by urinary

1ly controlled by the mmcous barrier and
lysozyme of the zsstrointestinal traset and by the keratin
leyer and fatty acids of the skin. Bsascteris which do invade

s &

are prompily picked up by phagocyte nd, hecsuse of their
low virulence, are soon destroyed; although they msy circu-
late briefly inside of leukocytes while the destructive pro-
cess 1is in progress. This type of sepsis is well controlled

o
[t

unlegs something interferes with the leukocyte system to
remove these cells,

s in egranulocytosis, or to inhibit

RS
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their function, =s in the excessive use of zlucocorticoids.

In both cases, the regident microflora of the skin and bowel

7

mey become invasive end establish focal infections in remote

visceral locations such as the kidney. (24)

1Y

2, Disbetes mellitus. Upper urinary tract infections

&

are 2=

times more common in disbetics then in other wersons

Y

of comparable age. (32) In uncontrolled disbetes, these
infeetions tend to be more severe and protracted; snd nécro—
tizing papillitis, a fulminating form of pyelonephritis, is
likely to occur. (6) The ressons for the high incidence of
upper urinary tract infection in disbetics are not clear.
Several hypotheses have been mede (53) in this regard:

(4) It represents part of the generalized susceptability to
infection commonly ascribed to disbefiecs. Leukocytes Of,
disbetic patients exhibit diminished zlycolysis and lsctic
acid production in vitro. The inaebility to produce lactie
acid normelly mey be an index of diminished resistance to
infection. (B) The occurrence of glycosurizs mey provide a
more Tavorsble culture medium for bacteris which misht
access to the urinery tract. (C) Relatively greater fre-
guency of bladder catheterization is used for diagnostic

purposes in disbetics. (D) Diasbetic neuropethy is occasion=-
ally =ssocizted with disturbances of bladder funciion.

3. Pregnancv. TFyelonephritils most freguently occurs

~ .

in the last %rimester. () Significant bacteriuria was found

o~
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by Kazss at Beston Uity Hospital to occur in 67% of pregnant
women, and this led %o clinically apparent pyelonephritis
later in 0%. {(19) The bacteriuria wes found to be acquirsed
before pregnancy or in the first two months of pregnancy.
¥ass pointed ouf that if hefére pregnancy or at The beginning
this bseteriuria was eliminsted, bthe disesse would not de-
velop. (49) Pyelonephritis of pregnancy is thousght by some
to be caused by dilstation of the ureters and renal pelves,
scting 28 an obstructive phenomenon which predisposes the

30)

o

kidney to infection. (2,
Recently asceumulated data, however, suggest that this
hypothesis must be re-evaluated. (AB) It hes been noted that
the incidence of bacteriuria in gravid patients, 6%, is simi-
lar to that of nonpregnant females examined at the same hos-
pital. ¥hen the incidence of bacteriuria is studied in relg-
tion bo duration of pregnancy, it zppesrs that most, if not

all, instances of baclteriuria asre acquired before the sscond
month of pregnency. This is at o time prior to merked demon-
strable changes in the urinsxyy tract. In addition, as the
ureteral dilatation and ocbstruction of urine flow incresses
with duration of. pregnency, the incidence of bacheriuris does
not increas&, These facts, plus the obssrvetion that there
appears %o be no difference in volume of residusl urine in

bacteriuric and non-bacteriuric patients st compsarable periods

of pregnancy, indicate that anatomie changes in the urinesry
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tract associsted with pregnancy do not account for the sppear-
; P £
ance of bacteriuria. (6 )

. Trauns or previous urinary iract infection. Treuma

s
It
+

or previous urinesry trasct infection lead'to scarring and
distortion of the renal pelvis with subseguent pooling of
urine, tubular obstruction, and intrarenal hydronephrosis.

(30, 64, 70} Clinicelly, this menifests itself as an increased
susceptability to re-infection. Exrperimental confirmetion of
this was obteined by De Navasguez (20) who noted the occurrence
of grem negative bacillary infection in rsbbits which had
survived preceding stepiiylococcus infection with resultant
ereas of hesled rensl scarring. In these experiments, the

active infections were confined to the dilated tubular seg-

ments immedistely adjecent to the healed scar,

g Conwenital lesions. OCongenital snomalies of the

»

geniltourinary tract are more commwon then melformations in
any other body system. (30) Accordinz to Campbell (14),
more than 10% of all humen beings are born with some urogen-
ital anomaly, snd they represent 40% of all meldevelopments.
Therefore, & search Tor urinary outflow disorders should be
mede in a2ll cases of recurrent urinsry tract infeciion in
shildren.

Common congenital snomalies (30, 55) may be classified

as follows: (A) Agenesis and aplesis, which are often asso-

ciated with pyelonephritis of the contrzlasterszl kidney. {23)
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Also included in this group asre primitive tubules, rudimentary

glomeruli, excessive interstitisl tissue, medullary dysplasis,
end common vescular anomalies; (B) Cystic disorders of the
xidney, the most common of which is polycystic disease (19);
(C) Anomelies of position such as malrotation, horseshoe kid-
ney, crossed renal ectopias, and other ectopic kidneys, many
of which have drainage difficulties; (D) Hereditary intersti-
tial pyelonephritis, which is a familisl itype in meles, that

't %,

progresses $o uremia and death; (E) Intrinsic strictures at

g

the ursteropelvic and ureterovesical juncitions, diveriticuli

of the ureter, and conzenital mezaloureter; {(F) Bladder

o

anomelies such asg congenital diverticula, snomalous ureteral

meatuses, congenital dilatation of the wesical neck in zirls

and congenitsl obstruction of the wvesical neck from fibrosis

and urethral valves; and (3) Congenital mestal stenosis.

P

©. Acguired lesions. Acguired obstructing factors

o

include: Tumors in any part of the urinary tract; caleuli;
obstruction of the wesical nsck from benign prostatbtic hyper-
trophy, chronic Ffibrous prostatitis, prostatic carcinoms;
congenital vaslves in the masle infant; urethral strichtures,
urethral and wvesical diverticula both in nmales and females;
hypertrophy of the vesiczl neck in neurogenic bladder lesions;
previcus urinary trasct infection; idiopathic periuretersl
fibrosis; and toxic lesions from druzs. (30)

7» Disturbsnce of bhlsdder innervetion. Many discrders

~O
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of the nervous system sre sssociszted with disturbances in
bladder function and with urinary tract infection. Important

exsmples are multiple sclerosis, poliomyelitis, disbetic

neuropethy, tebes dorsalis, and spinal cord injury. (5)

8. Ingtrumentation or cdetheterization. It is well
documented in the literature that in the absence of infection
the urethra mey herbor siaphylococel, strepiococci, coliform
bacteria, proteus, and pseudomonas. (A, 18, 33, 34, 36, 38, 79)
Thus, the dangers of cathelterizetlion and instrumentation of
the urethra are spparent, since such proceéures may push
these bacteris,into the bl&ddér. Indwelling catheters in
narticular are daﬁgeroﬁs (L5, 56) because they alsc allow
entry into the urinary bract vis fluld thet forms sround
the catheter. (50) It should be noted that these bacteria
have been grown from cetheter tips placed 3-5 cm. proximal

£

to the urethrsl meatus, well out of resch of the commonly

used antiseptics. (18, 33, 36) It is ssid that cystitis de-
velops in 5% of all people following catheterization and in

S5% of all people following an indwelling catheter. (15, 25,

9 6@1 655 73 ?&)

wn

rd
; e g
e 45, 5O,

-

. No spparent causes. A reasonable large number of

patients with pyelonsphritis hsve no demonstrable sbnormesl-

wrinery tract. (44, 80)

T

[
<¥
)
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¢
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ot
e
[
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It mey be seen that the majority of the sbove fsctors

cause stasls and pooling of urine, which is regerded by some

10




authors to be one of the main causes of pyelonephritis. (10, 55)

Bell found that cobstructive pyelorephritis was 12 times more

. . . o £ g
frequent then the nonobstructive type. He found that 60-70%

of boys with chronic, recurrent, resistant pyelonephritis

had evidencs of obstrgctive uropathy; but this was not trus

of zirls. (10, 30) There heve been several mechanisms suggest-
ed to explain how urinary obstrucition produces an altered re-
sistance to infection: Increased interstitiasl pressure, urine
gtasis, diminished renal biood or lymph flow, impaired phego-
cytosis, and metabolic alterations within wverious renal cells.
(32) None of these theories hsve sdvenced beyond the stage

of speculstion.

SOURCE OF BACTERIA. While 1t is probasble that the source

~

of infecting bacteris may be the gastrointestinal tract (L1, 77)

¢]

urethra (5. 18, 33, 34, 36, 38, 75), or a focus of infection

elsewhere in the body (74), thers is considerasble disagreement
regerding the route by which microorganisms resch the kidneys.
In generel, there zre three main theories to explain how the

orgenisms reach the upper urinary tract.

1. Ascending theory. In this theory the urinary itract

sietured ss & continuous anatomlcal unit with a common

channel lined by epithelium. Hepce, inflammatory diseases
-

for all orgsns of the tract are closely allied. The ascend-

ing route of infectilon maey be Seen in patients undergoing

gatheterizetion or instrumentation, since either procedure

Pl
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mey carry vart of the natursl bacterial flora of the urethra
into the bladder. (11, 32) Vesicouréteral ref lux has been
shown to occcur in humans (27) and experimentsl animals (31);
and this permits introduction of bacteria into the renal pel~

vis with minimal, if eny, trauma. Xleeman (53) points out

thet once there is infection in the bladder, it may pess up-

ward through an incontinent vesicoureteral velve, throuzh the

ureter, and into the renal wnelvis by incressed pressure in
the bledder from overdistension, coughing, micturition, or

straining. (2, 53) It should be noted thet vesicoureteral

L

reflux may occur despite normsl-appeesring voiding cystoure-
thrograms, because the asmount of refluxing msterisl mey be
too small to visuslize on the x-rey film. (8)

vivaldi, Zangwell, Eatron, esnd Ksss (81}, who produced
retrograde infection of the rat kidney following the initia-
tion of infection in the bladdsr, showed that unilatersl

ureteral ligation protected one kidney, thus documenting the

‘role of the ureter as an important route of infection. Car-

bon particles heve also been traced from the bledder to the
kidney via the ureter. (24)

Final proof lies in the fact thaet if pyelonephritis is
initiated by retrograde technigue, a pyelitis is the first
demonstrable lesion to occur; whereas, if a pyslonephritis

ig initiated by the hemetogenous route, the first demonsirable

lesion occurs in the cortex. (2, 2I)




This theory explains the far greater frequency of spon-
teneously occurring infections in femeles, since the shord

urethra and its nearness to the anus should provide more

i}

opportunity for fecel bseteria to reach the bladder cevity.
It would explain the high incidence of pyelonephritis in
children between 6 months snd 2 years of age, especially

in girls, on the basis of fecsl soiling of diapers snd con-
temination of the urethral meatbus.

Michie (63) placed ten girls less than 10 ysars of age
into a bath with dyed water and found that all had dye in
their bladders sfter they sat down and sitood up 20 fimes

. in 6 inches of water.

2. Hemetogenoug theory. Although there is little

doubt the hematogenous route plays en importent role in the
pathogenesis of pyslonephritis (6), it éhould be noted that
the majority of cases are caused by gram negative orgsnisms
which rarely cause bscteremias. (13) Bacteremia may be due
to instrumentation of the urethra (3, 4) or %o a primary
source of infection in the body, such as con junctivitis,
"sinusitis, otitis medis, appendicitis; or wmore commonly to
chronic prostatitiﬁ, tonsillitis, or abscesses. (4, 12; 7Y
¥ith the hemstogenous route, the cortex of the kidney is
first involved, and the infection descends by way of the

el

tubules to infec

o

the pelvis within 48 hours. (24)

.

A s, In recent studies on sms=ll enimels, it has been shown



that 10,000 coliforms infused intravenously are capsble of
establishing infection in the kidney. (24} It has however,
been difficult to produce infection by this method unless the
kidney had been previously injured by urinary obstruction
(5L}, infectious scarring (20), massage (14), or cauteriza-
tion (8). It has been suggested that the pre-existing injury
appea”s to promoite recurrent chronic pyelonephritis from

coliform bacteria by local slowing of circulstion and allow-

ing production of loecal infection from the circulating

Jas

becteria. (70)

3. Lymophsatic theory. There are only limited c¢linical

observations on the role of lymphatics in the pathogenesis
of pyelonsphritis, and these do not permit conclusive def-
inition. To & lesger exbtent, similar comment may be made
concerning experimental approaches to this problem. (6,_51)
A, Lymphatic communication from the intestine directly
to the kidney: Franke (23), in 1910, demonstreted lymphatic
connections between the eppendix, cecun, and right kidney.
The passage of E. coll has been demonstrated from verious
portions of the large bowel, which is often sluggish or
atonic during pregnency, through lymphatics to those of the
right kidﬁey region. (24} These facts have been cited repeat-

edly as a possible explanation for the greater freguency of

3

right-sided upper urinary tract infection. Howsver, it should

b be noted that Frenke searched for, but failed to find, any
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similar lymphatic connection between the left kidney and the
colon to explein left-sided pyelonephritis.
B. Direct lympheatic comminication between the lower

and upper urinary tracts: It has been suggested that the

courge of events is: First, cystitis; second, migrstion of
bacteria into the rich lymphatic network of the lower urinary
tract; end third, transport by veri-ureteral lymphstic vessels
t0o the kidneys. The weak point in this hypothesis lies in

the fset that direét lymphatic communication between the low-
er and upper urinary trscts has not been demonstrated con-
vineingly. (5, 22, 79, B8i)

Sweet and Stewart (?9) andé Eisendrath and Kshn (22
believed that they had shown its existence in animals, Euﬁ
their principal evidence was lymphocytic infiltrstion in the
outer coets of the ureters fellowing inoculations of bac-

A

s nointed out by Bell (9)

e

terial cultures inte the blsdder.
these changes mey simply be due to ureteritis., Eisendrasth
and Kehn made the unwarranted assumption that the possibility
of blood stream transfer of bactefi& from bladder %o kidney
was ruled out by the fact thét the ﬁeart's blood culture wes
negative at the time of sscerifice of the animsl.
#dinsbury-White (84), in an unconvincinz but freguently
guoted piece of work, cleimed that he had demenstrated passsse
of Indis ink particles from the lower to the upper urinery

tract via lymphatic vessels in snimals. He zeve so few de-




tails that one canpot now evaluate the possible loonholes

&

or soundnessz of his work.

i

A ointed out by Beeson (6), it seems spatomicelly

&
kw

unlikely that there are direct lymphatic communications be=-

o

ween lower and upper urinesry tracts becsuse there are no
parallel chennels of blood supply. The zeneral rule is that
lymphetic drainage of s region follows its blood supply and
venous drainsge. The arteries and veins of the urinary

tract are segmsntally distributed, even at different levels
of the ureters. It would be surprising then to find that the
lymphatics run upwards from the bledder to the kidneys around
the ureters. The spermatic =znd ovsrian veins sre in separate
fascizl shesths, having no close connection with the urethra
or bladder.

The excellent study by MacKenzie and Wallace (57) shows
that dye perticles injected into the uterine cervix, bladder
wall, and ureter of & rsbbit trevel not toward the kidney,
but into the common ilisc glands, then upwerd along the aorta
to the thorscic duct. This is in oppesition to the findings
mentioned previously by Winsbury-White.

MANIPESTATIONS OF PYELONEPHRITIS., Few physicians over-
look the classical picture of pyelonephritis suggested by
chills, fever, malaise, costovertebral sngle tenderness and

bladder~type symptomatology. However, pyelornephritis is

o IS

many times overlooked because: (1) The disease is often a

16




complication accompanying some

not the primary reason for the

g5
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L

other disease process and is

patient's visit; (2) up to

of cases sre asymptomatic (53, 5)); end (3) the atypical

cases far outnumber the typicel cases. (15, 40, 42) It may

be that constitutional symptoms such es chronic fever, tired-

ness, anemis, weakness, anorexia, =nd weight loss, without

genltourinary symptoms, may be

In children, few diseases

all that are present. (6}

display such a variety of

symptoms as does pyelonephritis. Fever, in The mejority

of cases, is only slizhtly elevated, lasting 1-2 days, and

wn

is usually spiking. Fever nay

ve entirely absent in the

newborn or may be markedly elevated and vrolonged in ssvere

cases of all ages, vVhills ere

but are rarely seen in infants.

common in older children,

Pallor is often striking

at onset in severe cases, and gsstreintestinal and ceniral

nervous system symphtoms mey appear to such an extent that

Anorexis, vomiting, =2nd disrrhea mzy lesd to severe dehydra-

tion in infents. Meningismus,
stupor, and delirium zre often
persist. Abdomingl ftenderness
in infents and congtivation is
in adults. (83)

In older children 2nd edu

convalsions, prostration,
marked at onset but rarely
and bladder symptoms are rare

less frequent in children than

its, the symptoms of scute

pyelonephritis generally develop rapidly within a period
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of & few hours to one or two days. Fever may be hizh (103°-
105°) and associated with shaking chills and dull aching pain

S
in one or boith lumbsr areas. Nauses, vomiting, disrrhes, and
occasional constipation are seen, There may be frequsncy,
straining, tenesmus, dysurias, =2ndé = constent desire to urinate.
There may be pain, benderness, and gusrding in the costo-
vertebral sngle or lumbar aress produced by deep palpation
or bimsmuel examination. In some cases, psin may be poorly
localized; and the condition may be confused with appendici-
tis, pelvic inflammeiory disease, or intrauterine infection.
Turation of acute attacks is variable; even without snti-

biotic thersvy, constitutional complaints rarely last longer
£ 3 i A [

then a week. (7, 83} Recurrences may occur weeks, months,

[

or years after the ascute sttacky and may represent flare-ups
of chronie latent infection or a decreased resistance of the
urinary tract predisposing it to repeated new infections. (83)
In perhaps no other disease of fthe kidneys can fluctu-
ations in renal function be so marked and so freguent. Dur-
ing acute infections or episodes of dehydration, renal de-
compensation may nrogress to the stage of advanced uremis;
vet the éaﬁient mey be sble to recover and carry on with
adeguate, though impared, renal functicn for years. As the
diseszse slowly progresses, the zlomerulsr filtretion rate
and renal blood flow decline together proporticnally. There

is usually more disperity between the function of the right

o

18
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and the left kidneys then in diffuse renal disease, such ss
glomerulonephritis, and meximum concentreting ability tends

to become impsired esrlier. Occasiocnally, patients with
advaneed zzotenia may excrefe urine hypotonic to plasma even
when they are dehydrated. Mony patients sre unable %o con-
serve sodium on 2 low salt diet sven when only mild azotemis
is present, and polyuria and nocturia sre prominent in suech
cases. Hyperchloremic acidosis, as 2 vresult of impsired renal
excretion of acid and rezbsorption of bicarbonate, is seen

in late chronic pyelonephritis. Proteinuris is usuelly less

per dsy bul mey reach -5 gms. per dey in finel

STIC PROCEDURES. Two of the most important die

]

nostic procedures for any urinary tract infection sre :

(1) Microscopic examination of the urine sediment, =nd (2)

the guantitetive colony count. It is preferable %o collect

a morning urine specimen at & time after the bladder has been
emptisd of overnight urine. A4 number of lysed casts and white
blood cells, mulbiplied bacteria, and much debri may be pres-
ent in urine that hes been in the blsader overnighb (64,

thus meking microscoplc examination difficuls,

T

1. Urine sediment. It is to be remembered that in

acute pyelonephritis it is primarily The polymorphomuclear
leukocyte thet moves out of the inflamed ares, into the

tubules, and into the sediment of the urine. Numerous leuko-
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cytes will be seen singly or in clumps. {83) “hite blecod

A

cell casts are highly sugzestive of nerenchymal inflammation

(41) but are not commonly seen. {83) Bacteria can usually

be demonstrated in larze numbers by suiteble stains. (33)

In chronic infection of low grade asctivity, the disgnesis of
pyelonephritis may become very difficult on the basis of urine

gediment. In chronic indolen
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inflamastion becomes lymphocytic in cheracter and no cells
mey sppesr in the urine., {14} Further, scar tissue csnnot

produce an inflammetory exudste; and both pyuris snd bacteri-

It

uris mey occur intermittently and be detected only by repeste

urinalysis. It has been shown tha® pyelonephritis may exist

7

without disgnostic slterationz of the urine bobth clinically

¢

(15, 17, 25, 233, 37, 39, 85) and experimentally (21, 53).

A. Pyurie: Pyuria is defined as zrester than 5 white
& -

blood cells per hizh power field of centrifuged urine. (11)

fisted

Alcne, it is difficult to evaluste since 1t may arise from
kidneys, ureters, bladder, prostate, or urethra. The re-
lation of vreoperative urinsry findings to the pathologleal
conditions revealed at the operation was studied by Jackson
end others (40) in 71 patients who undérwent unilsteral
nephrectony. Pyelonephritis wes present in /12 of these kid-
neyvs., They found thet 22% of the removed pyelonepnritic

Xidneys had less than 10 white blood cells per niszsh power

field, and that 33% of those without pyelonephritis had
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more than 10 wnite blood cells ver high power field. anford
(72) has shown that the sbsence of pyuria in single or mul-
tiple urine specimens did not negate the dizgnosis of urinary
tract infection, nor did the presence of pyuris imply thet a

pyogenic urinary trect infection was always onresent.

B, Red blood cells: In contrast to the occurrence of

be looked upon with suspicion. Lt suggests the desirability

for further investigation of the patient for tumors, con-

genital snomelies, tuberculosis, urinary tract concretion,

embolism, trsuma, or glomerulonephritis; all of which can

be complicated by pyelonepunritis. (39) Although large and

agnel increases of red and white blooﬁ cells point against

pyelonenhritis, it does not yule out advenced chronic cases,

since erosion of medullary arteries may occur in this atage. (4 )
G, Glitter cells: Much discussion has been centered

around the glitier cell phenomsnon as a diagpostic feature

of chronic advenced pyelonephritis. These sre polymorpho-

nuclear leukocytes, which stein pale blue, and contain grsn-

ulss in the cytoplasm which show Brownien movement. (67, 76)

It is now thought thet the glitter cell vhenomenon depends

upon the bypotonicity of urine and is not specific for pyelo-

nephritis, since normal leukocyites produce this phenomenon

when placed in hypotonic saline. (11, 78)

At the present time the best approach to gusptitative
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estimation of the urine sediment is the Addis count, (1, 11)
Yormelly, in the adult, ebout 1,000 hyaline casts, 70,000

red blood cells, snd 200,000 leukocytes are found in a 12
hour urine specimen., More than 9,000 casts, 1,000,000 red
blood cells, and 3,000,000 leukocytes are definitely sbnormal.
Ir children, different normal limits are allowed: 10,000
cests, 2,000,000 leukoecytes, and 600,000 red blood cells.

If evidence of overt infection of the lower urinary tract

is lacking, and fThe Adais count shows more than 3,000,000
leukocytes, less than 1,000,000 red blood cells, the presence
of pus cell casts, vroteinurie less than 1 gn. per 12 hours,
then‘one can suspect pyelonephritis,

2. Juantitative colonv counts. The problem of what

constitutes & significant bacheriuria and the value of cath-
eterized vs. midstream cultures has encompassed a broad area
of controversy in the literature. (11} There is now very
zood evidence in the form of clinical investigetion combined
with vest mortum studies ho support the value of quantitative
urine cultures (45, 58, 72) and the importance of significant
bhacteriuria, which is defined a8 wmore than 100,000 pathogenic
bacteris per ml. of urine. (L6, 49, 52, &3
The principle of the guantitative urine culiture tech-

nigue is that urine is an excellent medium for growth of the
common pathogens of the urinary tract. When small numbers

of these becteris are ilnoculsted into urine, they multiply




i,

rapidly in just 8 hours &t body témperature’to a concentration
of = million or more per ml. of urine. (L, 11, 44) Thus, if a
small number of bacteris are dislodged from sn infected focus
in the kidney into the urine, one would expect to find large
numbers of bacteria in the bledder urine. (4i) dore specific-
ally, in acute pyelonephritis, one could find less than 10,000
bacteris per ml. in the kidney pelvis while urine obtained
simulteneously from the vladder would contain more than 100,000

"

bacteria per mi. {11, 4)) Exceptions to this principle are:

i

(1) astidious organisms, such es dycobacterium tuber-
culosis or fungi, that do net multiply in urine;

(2) Ureteral obstruction blocking the passa
into the bladder urine;

(3) Becteriostatic agents in the urine;

(i) High rate of urine flow combined with brief nooling
period in the bladder, thus not alimwimg time for multiplicetion;

(5) Kidney infection not draining into +the tubules;

(6) pH below 5.5 or above B8.5.

It should ve emphasized that these instances are the ex-
ception rather than the rule and are not frequently encountered

o

in practice. (i)
Kass (45) studied 25 consecutive cases of zcute pyelo-

naphritis with classical signs and symptoms and found that

all had more than 100,000 bacteria per ml., and &il but one

had wmore than 1,000,000 bacteria per ml. (47) Xass then

; b
Lo




studied individuals not thought to have pyelonephritis and
noted that the becteria counts were 10,000 per ml. or less
and frequently less than 1,000 per ml. Hsll and Sanford {(72)
indicate another dividing line between those pstlients with
active infection and vrinery contamination. Their patients
were of two groups: (1) Those with 1,000 or less bacteris
per ml. and (2) those with 10,000 or more bacteria per ml.

it is important to note that all studies heve shown that only
2-3% of patients with true bacilluris fall bebween 10,000
and 100,000 vacteriz per mi. (i), and most cultures above
10,000 are also sbhowve 100,000 bacteria per ml.

+t

A gram stain of the urine should slways be done at the

time the urine culture is plated. When bacherias can be seen

on an unecentrifuged smear, there is

35}

n 80% correlstion that
the bacterial count will be grester than 100,000 per ml.

(b, 13, hs, b, 78} Thus, we have 2 check on the validity

B3

of the culture. When bacteria are seen by zram stain and
culture shows a low number of bacteria or no growth, there
may be a lsboratory error.

Ividence has been cited to indicate that, wiih meticu-
lous technigue (35), a carefully exemined midstresm specimen
in the femsle gives results comperable to those cbtained
with & catheterized specimen. It has been shown that both

male and female urethras are normally contaminated with bac-

teria and can never be considered sterile. (5, 11) Thus,




urine flowing through this flora or through & catheter will
be contamineted. (5, 11, 31, 63) If the foregoing studies
sre correct, then the conclusion thet contaminsted urine
will contain less than 100,000 becteris per ml., whether it
is obtained from & catheter or from a carefully colliected
midstresm culture, seems vaiid (6, 11, L1, 42, 43, 5k, 59,
69, 66 Y; and that when significant bacteriuris is present,
the number of orgsvisme will excesd 100,000 per ml. by either
eollection method. (5. 17, LO).

Proper interpretation of urine cultures demands seessoned
judgment, a sharp focus on the over-all picture pfesented by
the petient, and sbove all, knowledge of the limitations of
culture reports and of ithe exact technigue used to obbain
the culture. To expect untrazined personrel to collect a
valid specimen is wishful thinking. Ideally, =21l specimens
should be obtairned by the same personnel, vusing the sane
technigue, and be in close proximity to the hacteriology
lavoratory.

3+ Pyelographys Retrogrede and intravenous pyelograms

may reveal esymmetry of size of the two kidpeys and distor-
tion of +the rensl pelwves in the pyslonephritic patient.
Normsl pyelograms, hovever, do nobt rule out the diagnosis

of pyelonephritis, since abnormal findings occur late. (83)

e BRenal biopsy. HRenal biopsy is informative in

25
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only 60% of cases bscause of the spotty distribution of l@sionsej
The proceedure is very difficult to perform on children due
to the smell target and lack of cooperation. (55)

SUMMARY AND CONCLUSION., Pyelonephritis may be défined as
interstitial inflemmation of the kidney parenchyma snd renal

a2

pelvis which, if not eradicsted or controlled, may progressively
lead to hypertension, renasl fallure, uremia and death. The
disease represents a major medical problem in all fields of
medicine because there is no clear method of identifying the
disease in the presecnce of lower urinary tract infection or

when its symptoms and signs are not obvious. The disease is
meny times not diagnosed because: (1) Up to 50% of caeses are
asymptomatic; (2) The disease is often a complication of some
other disesse process and is not looked for; (3) ?yelomephﬁitis

ney present in many ways and the atypical cases far ocutnumber

the typical ones.
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