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PREFACE

Pyclonephntis 15 one of the most important present problems
of modern medicine Only within recent years has its seriousness
been generally recognized Studies of the pathology and the
clumeal course of pyelonephritis have made elear certain facts that
previously were not appreciated and, although progress has been
made 1n a better understanding of this disease, many of 1t« prob-
lems remain unsolved.

When pyelonephritis 15 acute 1ts symptoms are characteristic,
diagnosis usually 15 evident, the response to modern treatment 13
eveellent, and mortality 1s low Acute pyclonephritis 1s no longer
the problem of past years Chronie pyelonephrttis 1s different Its
symptoms often are vague and msleading, diagnoss may be
difficult, treatment is unsatisfactory, and renal damage can be so
severe that the re<ult 1s uremta and death

Recent literature concerning py clonephritis has been extensive
Opinions expressed have varied to such an evtent that 1t 13 ap-
parent that there are many things about this condition that still
are ynknown These many reports, however, have emphasized the
frequency and seriousness of py elonephritis and have made clear
one important fact-—that every effort should be made to prevent
the diseae from becoming chrone. This means early and adequate
treatment of acute pyelonephntis

This book deserihes the background of pyelonephritis and sum-
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marizes what we now know about the disease. The development,
anatomy, and phbysiology of the kidneys are presented The
pathology, symptoms, dingnosis, and treatment of acute and
chronic pyelonephritis are described. Separate chapters are de-
voted to pyelonephritis in infancy and childhood, in pregnancy,
in diabetes, and to the association of p3elonephritis and hyper-
tenston. Much of the text is based upon our own experience with
pyclonephnitis at the Massachusetts General Hospital.

The book should be uscful to students, general practitroners of
medicine, and to the oceasional internist who may know less about
this disease than 1. It is written from the point of view of a urolo-
gist

My sincere thanks go to my secretary, Miss Frances Sehwab,
for her meticulous preparation of the mannsenpt, to Donald C.
Withee of the photographic department of my hospital for his
Lelp 1 preparing the illustrations, and to Dr. Wyland F. Lead-

better for valuable suggestions.
F.H.C
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PYELONEPIIRITIS

A Russian-born laborer of 48 came to the hospital with the
complaint of increasmg evertional dyspnoea for six months He
had heen perfectly well until three years before when severe
gencralized headaches developed. However, he had continued to
work until the recent shortness of breath made this impo-aible.
Six wecks ago his appetite faled, be was nauseated, vomted
frequently, and beeame more mat more drowsy Never had
there been any unnary symptoms

Upon admisaon, he was severely dyspnocic. The breath was
uremic s blood pressure nas 200/110 Mot rales were present
at both lung bases and the heart was enlarged The neck vems
were distended and there was ankle edema e obviously was in
congestive heart fallure. Eye grounds. narrowed retinal escels
and flame-<haped hemorrhages

Signtficant laboratory findings were a clowdy unne of low
speeific grarity (1 008) with albumin 4 plus and many red and
white hlood cells (IR, and W B C.) and granular casts i the
~ediment  Urnine culture, no growth Nonprotein nitrogen (N PN),
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Tic. 1. Severe Iilateral chrome pyelonephritis with hypertension,
Death in uremm Marked destruction of renal architecture with sear-
ning, chrome inflammatory cellular mfiltration and tubular dilatation

with protemnaccous easts. Phol zraph Low power.

76 mg. per cent, CO:, 215 meq; Cl, 109 meq.; Ca, 9.0 m.eq.;
P, 6.1 m.eq , hemoglobin (Hgb.), 10.5 gm. Chest x-ray: eardiae
enlargement and pulmonary edema.

s prognosis was considered to be grave, but he improved
with digitalis and left the hospital, although the N.P.N. had risen
to 82 mg. per cent. He became progressively worse with nausea,
anorexia, muscular twitching, and disorientation. Within a month
hie was readmitted in advanced uremia, was comatose, and in 12
hours was dead.

At postmortem examination there was severe chronic pyclo-
nephritis, cardiac hypertrophy, fibrous periearditis, hilateral hiy-
drothorax, and secondary parathyroid hy perplasia (Fig. 1).

This is the short history of renal failure, uremia and death from
chronic pyelonephritis. The disease was insidious in nature, no
urinary symptoms had preceded its oncet, treatment was of no
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avail, and an accurate diagno~is was made only at autopsy This
was chronic pyclonephritis

The Past History of Pyelonephritis

For centuries pyel hritis has been a discase, Only

within recent years, however, has it been generally appreciated
that pyelonephntis, acute or chromic, has become one of the
foremost problems in mediemne At present, the diseace is recog-
mzed as an mfectious process that involves not only the renal
pelvis but chiefly the parenchyma, of the kidney and particularly
the interstitial tissues In 1929 Wilson and Schloss (1) called
attention to the fact that “pyelitss” was really a true suppurative
Jesion of the mnterstitial tissues of the kidney This statement was
based upon o postmortem study of 49 nfants who had had pyuria
Pathologieal examination of the kidneys showed inflammatory
foct 1 the mterstitial tissues often adjacent to small blood vessels.
Pyelitis obviously was a misnomer; the mote correct term was
pyclonephntis.

The contracted kidneys of chronic pyelonephntis had been
desenibed by Lahlem i 1917 (2) The natural history of the
disense was suggested by many anthors (3-5),

The publication of the chimeal observations of Longeope and
Winkenwerder (6) m 1933 built the foundation for the apprecia-
tion of the real character of chronic pyelonephntis. These authors
emphasized the importance of recognizing thi disease 1n its early
stages, particularly i childhood, dunng the puerperium, and in
obstruetive lesions of the urinary organs Their description of &
small group of cases applies well today, particularly regarding
the frequent occurrence in young women of recurring attacks of
urnary infection accompanied by lumbar pain, cardiae hyper-
trophy . retinitis, mtrogen retention, oceasionally elevated blood
pressure, scanty urimary findmgs, pyelographie changes, uremia,
and death.

Longeope ohcrved that certain patients who died n uremia,
<upposedly from chronic Bught's disease, had, at autopsy, chrome
pyelonephntis with shrunken Midneys and arregularly  dilated
renal pelves e also noticed that rome children who gave a
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history of recurrent attacks of “pyelitis” and who died in uremia
had chronic pyelanephritis. He realized that chronic pyclone-
phritts was different from the usual conception of Bright’s di-ease
and he emphasized the importance of chronic pyelonephrtis as
a cause of renal failure.

Most of Longcope’s patients (7 of 9) were y oung women nhose
symptoms before renal failure often had been vague and slight
but of long duration Frequently, the history was one of poor
health for many years with recurrent episodes of fever. Lumbar
pain and cloudy urine accompanied these epi~odes, During child-
hood or adolescence pus or albumin had heen present in the urine.
The symptoms presented when these patients were first seen by
a physician were those of renal failure. Medical advice was sought
beeause of headache, loss of weight, lassitude, dyspnoea, nausea
and vomiting, epistaxis, lumbar pain, and, at times, convulsons
All were signs of renal msufficiency. Anemia, sometimes severe,
usually evisted Retinitis with hemorrhagie evudates often was
present Edema occurred only when there was cardiac failure
Cardiac enlargement or an elevated blood pressure were ot al-
ways present but hy pertension existed in over one-half of Long-
cope’s cases Urinary abnormalities occurred n all. Large quan-
tities of urine were passed with the specifie gravity fived between
1.006 and 1,012 Only moderate traces of albumin were found and
leukacy tes almost always were present with few or no hyaline
casts, Escherichia coli was the commonest organism found by
culture. Distinet renal abnormalities were present in these cases
as demonstrated by retrograde pyelography The renal pelves were
irregularly deformed and often slightly dilated. The ealyces were
distorted and blunted.

That serious renal damage was present in Longeope's small
seriex was evident by renal function tests. Excretion of phcnqlv
sulfonephthalein often was Jess than 20 per cent. The nenprotein
nitrogen usually was elevated and the urea clearance tests were
lower than normal.

Five of Longeope's 9 patients died in urenua. At autop~y, the
kidneys were smaller than normal, searred, and distorted. The
renal pelves were slightly dilated and inflamed in varying degrees.
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On mer arcas of § 10n were pre<enit
wath marked rephoement of normat kulne) tisaue by fibrosis,

1t 15 evident that these early caces so well deseribed by Long-
cope had advanced chrome pyel hrits with considerable de-
grees of renal damage His observations elearly <howed that cer-
tan patients who died in uremia, supposedly from chrome Brght's
dicease, had chronic pyelonephritis. He also ohserved that some
clitkdren who died 1n uremia, after a lstory of persistent so-cafled
“pyehitis.” had chrome pyelonephntiz (7). Longeope's observa-
tions were an smportant contnbution and an accurate description
of cbironse pyelonephritis asat evists today.

Duning the past thirty-odd years a great many authors have
written about pyelonephritis Certmin commumeations mn this
mass of literature marh the progress that has been made m a
better understanding of pyclonepbnitis Although these studes
have <erved to emphauze the frequency and importance of this
disease and to give o clear mcture of the patholomeal changes in
the hidney, there still remain many unsolved problems.

In 1927 Braasch and Catheart (5) made a study of 251 patents
with chrome ilateral pyelonephntis, They emphasized the fact
that symptoms often were vague or lacking and they desenbed
the typieal pyelographie deformities that evsted. In ther ex-
penence about one-third of these patients recovered. one-third
were constderably improved, and one-third were not helped by
treatment  Patients who had foes of infection removed fared
better as a group than those 1n whom this was not done. Chown
£3) w a «tudy of pyura m wfants of two year- of age or less alca
called “pychtis” a musnomer since 1t seldom or pever oecurred
without mvolvement of the kidney itelf

In 1929 Bara<k (&) favored an ascending route to the kidney
for pycloticphnits m children and found E. eofi the most frequent
wfecting organism e aflo beheved that foeal infections were
wmportant contributing factors i etiology In the same year Scott
1M reparted 82 cuses of hlood stream mfections following uro-
lugseal procedures The urethira nas =aid to be the portal of entry
1 88 per cent The mortality 1n these en<es was 1S per cent and
the commonest organivm rolated was E colt Baetererma with
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chills following urethral instrumentation with positive blood eul-
tures within a few minutes was reported al<o by Barrington and
Wright (19).

At this time Camphell and Lyttle (11 in a report of 74 eases of
ureteral obstruction in infaney, with pyuria usually the only
diagnostic sizn, called attention to the importance of urinary
stasis as a predisposing and perpetuating cause of urinary tract
nfection. Ureteral obstruetion was present in nearly 2 per cent
of 2420 autopsies on pediatric cases.

The importance of an early recognition of pyclonephritis in
children was stressed by Butler and Lanman in 1937 (12). They
reported chronic pyelonephritis as a primary cause of death in
about 2 per cent of 2043 autopsies, 63 per cent bemg under 2y ears
of age. Well over one-half of their children had some anatomical
malformation of the urinary tract. The high mcidence of pye-
lonephrnitis in children was emphasized along with its seriou-ness
i mfants with or without anatomical abnormalitics. Chronic
pyelonephritis, they stated, was the commonest cause of renal
msufficeney with uremia. A relationship between chronic pyelo-
nephrilis and hyperiension was shown to cxist,

In & review of over 500 cases of pyclonepbritis at the Mayo
Climte, Braasch (13) stated that the diccase often is so mild and
symptoms so vague that the condition is recognized only on
urinalysis with culture and gram stains of the urinary sediment.
About 20 per cent of his cases were said to recover without treat-
ment Secondary ealeuli formed in only 28 of 526 cases and their
removal seldom was necessary, He also stressed the necessity of
treating foci of infection and the importance of early and adequate
treatment of acute mfections.

The late effects of acute “pyelitis” in girls were reviewed by
Wharton ¢t al (14) in a follow-up study of 30 patients. Nine had
had one attack of “pyelitis” on an average of 13 years previously
and, although 3 showed no abnormality, 9 had definite patho-
logeal changes 1n the urmary tract, although these girls were in
good health, When there had been repeated acute attacks during
the previous 10 years no permanent damage was found in any,
but when these attacks were associated with persistent patho-
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logieal changes 1n the uninary traet all but 2 of 11 had continued
symptoms. One had renal in-ufficiency, one ended with a
shrunken, funchionless kidney, and m 57 per cent there were
defimte urinary abnormalittes The authors stated that the effects
of “pyelitis” often were more grave than had been expected

In a <tudy of 172 cases of chronie pyelonephrntis by Neshit and
Conger (15) the diagnous was made 1 80 per cent by character-
wstic pyelographie changes or by patholomieal examunation. Pyelo-
grams were normal i 20 per eent. Gurls predominated three to
one and women two to ong, but in the ifth to eighth decades men
and women were even Symptoms varied from 3 months to 20
years with ¢y stitis the imtial symptom n 61 per cent. It was felt
that the diagnosis could have been made carlier in St per cent
and that carlier treatment might have helped Some degree of
renal impairment exicted 1 75 per cent and was marked m 23
per cent With progressive degrees of renal imparment, mortality
mncreased and the response to treatment was poorer. Many cases,
however, lived for years with httle effect on renal function, blood
pressure or pyeclographic changes At times, though, the disease
took a rapid and fulmmnating course. After treatment, 37 per cent
showed no great chiange, 34 per cent werc mmproved i health
and symptoms, but only 3 per eent became free of symptoms and
subsequently had repeatedly normal unines The authors felt that
all patients with acute pyclonephritis should be treated. not only
until they were symptom free, but until the urine was free of
bacterta on many examinations,

Although the small contracted hidneys of advanced ehrome
pyclonephnitss had been studied and reported early, particularly
by German authors (2, 16), the studies of Werss and Parker (17)
were largely responsible for the recent interest in pyelonephritie,
They desenbed the vascular lewions of pyelonephritis as a feature
of the dicase since these were conudered to be a factor m the
production of hypertension The relationshuip between renal and
vascular changes and hypertenaon was as follows. (a) A mild
degree of arterio-clerous of hoth hidneys usually was associated
with normal blood pressure. (b) A severe degree of artenoselero-is
i umlateral pyelonephntis mught or nught not be so aswociated.



8 PYELONEPHRITIS

(e} A severe degree of arteriosclerosis of both kidneys practieally
always was assoctated with severe hypertension, They considercd
that pjelonephritis was responsible for 15 to 20 per cent of cases
of malignant hypertension,

Changes n the glomeruli with atrophy and hyalinization as-
sociated with pyelonephritis were described by Kimmelstie] and
Wilvon (18) 1n kidneys that showed arterial or arteriolar sclerosis,

With the stimulus provided by Weiss and Parker, more at-
tention was directed to the pathology of pyelonephritis, combined
with experimental work, in an effort to trace its origin. Unilateral
pycionephritis m rabbits was produced by Mallory ¢f al. (19) by
the mtravenous jection of colon bacilli after partial ligation of
one ureter Acute pyelonephritis, similar to that in man, was
produced m the partially obstructed rablat’s kidney in 25 per
cent of the experimental antmals At the end of 2 months, the
obstructed kidneys were markedly contracted and pale gray
color. No extensive pyclonephritis was found in the unobstructed
kadney. These experiments demonsirated that urinary obstrac-
tion was a very mportant factor in the development of blood-
borne pyelonephritix

It was shown alo by Bell (20) that the obstructive form of
pyelonephntis was about 12 times as common as the nonobstruc-
tive type m autopsy material. In 32,360 autopsies, hydronephrosis
was present in 1229 and pyelonephritis was present in 60 per cent.

The relatronship between renal ischenua and hypertension was
provided by the esperiments of Goldblatt ef al. in 1934 (21) by
causing renal 1schemia in dogs through narrowing the lumens of
both renal arteries by means of adjustable clamps Permanent
hypertension was produced (22). If normal renal tiwue was
present, these experiments were not <uceessful. There were two
po~ihnhties, As a re<ult of renal ischemia a pres-or cubstance was
produced, but if a normal kidney was present this substance had
no effect. The other possibility was that the pressor substance was
neutralized by something produced by the normal kidney.

As Boyd (23) pointed out, in spite of this experimental evidence
it has heen shown that unilateral renal ischemia in man may
result in hypertension and that pyclonephritis and hypertension
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are asoctated and that occasionally 1n unilateral lesions the
hypertension 1s cured by nephrectomy.

Homer Smith (24) took a eautious attitude in this respect. He
felt that unilateral renal pathology might be the cause of hyper-
tension 1 rare nstances but that the 19 per cent of <uccesses
from nephrectomy and the fact that most urological disease did
not cause hyperten-ion, left o reasonable doubt about this hy-
pothesis If hilateral renal dicease 1s present, as 15 usually so
i advanced hypertension, nephrectomy may shorten hfe by the
removal of an important fraction of total available renal function.

Stnee the production of hypertension by the pyelonephntic
kidney s far from being completely understood, it can be stated
with considerable emphasss that a careful evaluation of all avail-
able facts hould he made before nephrectomy 1s considered

It 13 well estabhiched that pyelonephnitis 1s the result of mvasion
of the kidney by bactena The imtial infection may be the be-
ginnng of a disease that can lead to renal failure, uremma, and
death The methads by which bacteria reach the kidneys have
been debated for years. In obstructive lestons of the lower unnary
tract with reflux of infected urine up the ureters the a<cending
route 1s obvious The chills and fever with positive blood cultures
that sometimes follow urethral instrumentation indicate that
bacteria may reach the kidney by the blood stream . <pread of
infectton to the kidney from organs m the pelvis by the lvmphaties
has heen o controversial subject but sice most mvestigators have
been unable to demonstrate lymphatie pathways by which thi
can occur such a route seems unhihely

Acute pyelonephritis 1~ readily recognized by 1ts charactenstic
symptoms of ehills, fever, loin pam, panful and urgent urmation,
and kidney tenderness Modern therapy quickly relicves these
patients but each attack of acute pyelonephntis may be ~crious
because of the possble consequences. Repeated acute epimodes
mean that the imtial infeetion has not heen completely eliminated
or that reinfection has occurred In any event, repeated acute
cpr~ode~ of renal infeetion mean that progressive renal damage 13
taking place with the possthility of eventual renal falure.

Unlike acute py clonephntis, chronie py elonephntis often exists
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\/Glthout charactenstic symptoms. Here, there may be little or no

evidence of active infection and no local symptoms Pallor, easy
fatigability and loss of weight may be the only symptoms, A
diagnosis is made largely by laboratory evaminations. Large
volumes of urme are passed with a low specific gravity, mild
proteinuria, and with few leukoeytes in the sediment. Py uria often
15 intermittent and urine enltures may show no growth ilonever,
repeated cuftures and examinations of the stained sediment often
reveal the presence of active infection. Pyelography may aid in
the diagnosss by charactenstic changes in the renal calyces and
urcters but the pyelograms often have been normal in patients
with chrome pyclonephntis.

It 15 agreed that acute pyelonephritis should be effectively
treated by the appropriate chemotherapeutic agent after the
infecting organisms have been identified and sensitivity tests have
been done The treatment of chrome pyelonephritis many times
18 unsatisfactory and intelligent therapy should take into con-
suleration any complications that favor infection, the duration of
the disease, arterial status and renal function. Pyelonephritis in
diabetics often is impossible to cure. If hy pertension eaists, treat-
ment 15 quute likely to he unsatisfactory.

From the foregoing it is apparent that progre<s has been made
m a clearer understanding of pyelonephritis, Milestones in progress
were Longeope’s early and accurate descriptions of the diseace
His reports made a great impression upon internists by dif-
ferentiating chronic pyclonephritis from Bright's dicease as 2
cause of failing renal function, uremia, and death. e pointed the
way toward more accurate diagnosis and, eventually, to more
inteiligent treatment. Braasch brought to the attention of urol-
ogists the importance of pyelonephritis by his careful and com-
prebensive studies at the Mayo Clinic. Previous to this, the serious
implieations of this discase were searcely appreciated by mo-t
urologists, The frequency with which pyelonephntis occurs in
mfancy and childhood and the high incidence of obstructive
urinary tract lesions were demonstrated by Camplell. The serious-
ness of the condition in children and the relationship between
hypertension and chronie pyelonephritia were pointed out hy
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Butler, The carefut correlation between the clinical course of
pyelonephritis and the pathologieal changes that were preseut,
as portrayed by Werss and Parker, gave impetus to the more
eareful stucty of patrents with chronic renal disease and they
demonetrated the association of chropie pyelonepbritis with hy-
perten<ion, Mallory’s work resuited 1n a better understanding of
the methods by whieh repal miection takes place A great con-
tribution toward the correlation of some types of hypertension
and rena) disease resulted from the evperiments of Goldblatt
flomer Smith has tned to put the refationhip between hyper-
tension nnd umlateral renal diease on an even keel

All of these investigators have added to our knowledge of thns
senous tiease py elonephrits
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THE KIDNEY: EMBRYOLOGY,
ANATOMY, AND PHYSIOLOGY

Any discussion of pyelonephritrs ealls for a deseription of the
embryology, anatomy, and phy<iology of the kidney The adult
human kidney 1s the result of three <tages of development in the
embryo the 1 pt phros, and met i The
pronepliros and mexoncphrm degenerate, and the metanephros
persists ax the functioming adult kidney

Embryology

In the embryo, the pronephros develops late in the third week
of hfe as ahout seven parrs of tubules derived from embryonmie
nephrotomes One end of each tubule dramns the celonue eavity
amd the other end opens into the pronephrie duct which empties
mto the cloaca. The pronephros probably does not function n
the human embryo and its tubules degenerate The pronephnce
duct perusts as the wolffian or mesonephric duet (Fig 2)

The mewwnephros, or wolffian body, appear<n the fourth week
of embrvome bfe It 1s developed from the same mass of meso-

13
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THE KIDNEY: EMBRYOLOGY,
ANATOMY, AND PHYSIOLOGY

Any discussion of pyelonephntis ealls for a deseription of the
embryology, anatomy, and phyology of the kidney. The adult
human kidney 1s the result of three stages of development in the
embryo the pronephros, phros, and metanephros. The
T phros and ph il . and the metanephros
persists as the functioning adult kidney

Embryology

In the embryo, the pronephros develops late in the third week
of life as about ~even pars of tubules derived from embryome
nephrotomes One end of each tubule drams the celomic eavity
and the other end opens into the pronephrie duct which empties
mto the cloaca The pronephros probably does not function in
the human embryo and its tubules degenerate The pronephne
duct perists as the wolffian or mesonephrie duct (Fig 2)

The me~onepliros, or wolffian body, appears mn the fourth week
of embryome life. 1t 1~ developed from the same mas~ of me-o-

1
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Tic 2 Development of the Kidney A Pronephros (fifth week). B.
Mesunephros (xeventh week) C. Metanephros (eighth week), (AMter
Tatten ) From Colby, 1% I Fseential Urology, 1d 3. The Wilhams &

Wilkins Co , Balumore, 1956

nephrnie tissue as the pronephros. Mesonephirie tubules connect
with a mesonephne duct. A primitive glomerufus is developed by
the blind end of a tubule forming a cup about a knot of bleod
vessels that arise from the dorsal aorta. The me<onephros provides
the embryo with a temporary cxcretory organ. The mesonephric
tubules degenerate hy the fourth month of life, but certain of the
tubules persist to form the paradidymis and the aberrant and
efferent ductules of the male testis. The main mesonephric duct
persists as the vas deferens.,

The metanephros, or adult kiduey, develops during the growth
and degeneration of the mesonephros. The distal or collecting
portion of the kidney forms by an outgrow th of each mesonephiric
duet near the cloaca (Fig. 3). The first portion of the metanephros
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- ', - 1dney
+ 1 astema

Fia 3 Metanephros Development of the adult hidney and ureter
(After Cabot ) Trom Colby, I' 11 Iswential Urology, Ed 3 The Wil-
Lams & Wilkins Co, Baltimore, 1936

enlarges and Tengthens to form the ureters At their distal ends,
the urcteral stalks enlarge to make the renal pelvis Major and
minor calyces develop by further growth and subdivision and
collecting tubules grow from the mnor ealyces of the newly
fornied renal pelvis. The collecting tubules hranch and subdivide
and constitute the pyrammdal masses which are composed of
tubules that radiate from the ecalyces

The second portion of the hidney, the renal parenchyma,
develops by lengthening of the embryonic ureter and its pushing
mto 5 mass of nephrogenic tissue wineh surrounds the cilated
end of each ureter (Fig 4) Sceretory tubules are formed which
conncet with the collecting tubules The blind end of each tubule
beeomes cup-shaped and envelops a knot of capillaries This 1s
to form o glomerulus A then eap-ule made from the lunng of the
tubule covers the eapillary tuft and hinex the cavity mn which 1t
lies Thie 1s Bowman's eapsule The space within the capsule 18
continuous with the tubular lumen. The tubules clongate, become
comvoluted and finally conneet with collecting tubules The ar-
rangement 15 such that flwd pasang through the capillanes of the
glomerular tuft drains from the capsular <pace down the tulwules
to the calyees and to the renal pelvis. The functioning renal unit
or nepliron thus 1~ completed (Fig 5)
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Yo Popillo

* of Bertmi

Fic 6 Longitudmal seetion through the adult human kidney. I'rom
Colby, I' H Dreential Urolopy, Ed. 3 The Wilhams & Wilkins Co,
Baltimore, 1956

m front and the pelvis of the kidney po-teriorly. From thee
branches of the main arteries interlobar arteries radiate to the
houndaty of cortex and medulla where they branch as arcuate
artenies. The arcuate arteries arch across the hases of the renal
pyranuds. Branches from the arcuate arteries are the interlobular
arteries whach extend through the renal cortex. Their fine branches
enter the glomerular tufts, The capillaries of the glomeruli unite
to form a ~ingle afferent blood vescl and a smaller efferent vesscl.
The cfferent artery leaves the glomerulus and divides mto smafl
branches that travel through cortex and medulla among the
convoluted and straight tubules Veins accompany the arteries.
The interlobar veins emerge from the renal hilum and empty into
the renal veins,

Lymphatics

Lymphatic channels in the human kidney seem to be of two
group~ (Fig. 7). One group hegins in the renal cortex and follows
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THORACIC DUCT
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EXT ILIAC CRAIN

INT. ILIAG CHAIN

Fic 7 Lymphaties of the haduey and ureter From Colby, I' 11
Lsential Urelogy, Id 3 The Willhims & WilkinaCo , Baltimore, 1950

the mterlobular vessels toward the junetion of cortex and medulla
The other group ~tart« at the renal papillae and jowns the cartical
system Large trunks then follow the arcuate and interlobar blood
vesselc and emerge at the renal hilum These 1y mph ehannels then,
a<<n to eipht trunks, coune along the vascular pediele to empty
mio the eysterna chyh and the theracie duet Through thee
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channels infected material can readily enter the blood stream @).
In Rawson’s (3) description, it was said that especially note-
worthy were the lymphatic vessels which lay in close provimity
to large thin-walled venous channels that are prominent par-
ticularly m the outer half of the renal cortes. In serial sections
studied, these vessels appeared to be part of the interlobular vens
which in ths region are exeeptionally large and thin-walled. Could
this be @ route by which the kidney becomes diffuscly infected as
recurring or chronte pyclonephritis?

Physiology

The chief function of the kidney is to regulate and control the
volume and composition of extracellular body fluids. To keep
these flinds within a constant composition is vitally important.
This plicated task 13 accomplished by glomerular filtration,
followed by regulated absorption of water and other substances
from the filtrate by the tubules and to some extent by tubular
excretion The constant levels of the various electrolytes, po-
tassium, sodium, chloride, and others 1 the plasma and mter-
stitial spaces, depend upon adequate renal function.

The plasma mamntains a remarkably constant structure that
varies even under extreme conditions within very narrow limits.
Because of the ability of the kidney to scerete large amounts of
dilute urine or small amounts of concentrated urine the water
content of the plasma varies hut little. The kidney is able to
remove various inerganic sompounds in varying amounts and to
mamtain them in the plasma at precise levels, Plasma constituents
that are important, such as glucose, proteins, hormones, and
amino acids, are carcfully conserved by the kidney. The regula-
tion of the pll of the plasma, or of the acid-base equilibrium of
the body fluids, 1s under renal and respiratory control with the
renal assignment a large one. Any variation from a pll of the
plasma from 7.4 may be serious. The complex adjustments that
are mvolved in the acid-base balance of the hlood depend upon
the preservation of a constant total fived base. This is impurtm}!
beeause the total fixed base concentration determines the osmatic
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value of the plasma and plasma acid must be entirely covered by
fixed base,

One important function of the kidneys 15 to form ammonia.
Ammonia used 1n the excretion of aexds in the urine saves fixed
base Probably, ammonig 1+ formed mn the distal tubules of the
kidney Since the reaction of the unne can vary from pH 3.0 to
pH 80 the kidney has considerable latitude in evereting erther
acids or alkahes, If the urine has a pH of about 5.0 no bicarbonate
13 excreted and other acids are excreted with less hase than
neutralizes them in the blood Plasma base, therefore, 1< concerved.

Renal function may be disturbed by many factors such as
obstruetive lesions, disturbances of the blood supply or mfections
The abihty of the kidney to meet the complex requirements
thrown upon 1t and to perform its functions properly depends
upon the struetural mtegnty of thic important organ It 1s ap-
parent that repeated episades of acute infection or the ravages of
chronic infection with destruetion of nephrons himut the ability of
the kidney to function as 1t should

1f the hidneys are discased badly, their ability to produce
ammona and to control urmary pH 1s 1mpaired and their alnlity
to excrete acrd and to conserve hase 15 Iexsened  This favors the
development of aeidosis, The mabibity of the kidney to exercte
larger amounts of base as hicarbonate by rarng the pH of the
urine hmits 1ts ability to protect the patient from alkalosis of
alkali 1 ingested, for the kidney will not remove fived base to
compensate for alkalosis since this would deplete plasma base
The kidney, therefore, 15 required to regulate the use of fived bae
1 the construetion of urmc.

Regardless of the ctiologieal factors—obstructive lesions, gen-
eralized disease, ciretlatory disease, metaholic disturbanees, or
mfection—renal insufficiency results from a reduction 1 the
number of functioning renal elements or from an mability of the
nephrons to function properly. The mechanism for the regulation
of acid base then 18 disturbed With a reduction of the hidney's
filtration eapacity, 1t mav be unable to exerete adequately «ub.
stances that normially are pre~ent in the plasma in small amounts,
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Albumimnuna commonly 13 a sign of renal disease, the protemn
of the plasma passing through the glomerulus. Casts are formed
when part of the protein hecomes molded within the renal tubules.

Tests of Renal Function

There are two kinds of tests to determune renal function (a)
tho-e that provide a gross estimation of renal efficiency, and (b)
those that give more preceise information of hidney function. The
first group of tests are those that are commonly used in the
chrueal study of the discased kidney Thewe are the ability of the
kidney to concentrate sohids, the phenol-ulfonephthalein or PS P
test, the determination of nonprotemn or urea mitrogen in the
blood wcrum, the ind: mine test and pyel hy after the
intras enous njection of one of the manv organie 1odine prepara-
tions. More aceurate information regarding renal function 1~ ob-
taned by clearance test~—urea elearanee and inulin and diodrast
clearances.

Urine concentration test The nability to concentrate solids
mavumally may be an early indieation of renal in~ufficiency If a
normal individual restricts fluds for 12 hours the urine speeimens
vouled at hourly intervals have a specific gravity of 1025 to
1032 Inalnhty to concentrate above 1020 1 an evidence of
defective tubular reabrorption

Phenolsulfoncphthalein test The P 5. test measures the ability
of the renal tubules to exerete the dye In normal indinaduals, 30
per eent 1s exereted wn the first 20 minutes and at least 53 per cent
at the end of one hour. Fractional determinations, every 15 or
20 minutes, gve a better estimation of renal function than a two-
hourly urine collection

Nonprotern and blood wrea nitrogen In ndividuals with normal
kulm-_\e, the concentration of nonprotemn nitrogen in the hlood
serum does not exceed 33 mg per cent. The normal values for
urea nitrogen 1n the blood serum are 10 to 28 mg per cent, Values
Ligher than tlus may ndiate erious renat damage There are
other canditions, however, tn witch mitrogen retention may exist
temporanly heeause of transient renal impairment  An example of
thi<1s the following
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ETIOLOGY OF PYELONEPHRITIS

How bhactena reach the kidney in many nstances of pyelo-
nephritis 1~ an important question that has not jet heen ade-
quately ansnered The three posuble routes by which this may
take place obviously are by the blood stream, through the lym-
phaties, or by direct ascent up the ureters Direct extension from
nearby septie foer occurs, but has no place 1n this discussion.

Toutes of Infection

In many eases of renal infection the route of renal invavion is
clear, but how bacteria reach the kidney mn patients who give no
clear lustory of previous urnary tract afection and yet present
themselves with advanced pyelonephritis 1= not yet clear There
has been no satifactory explanation of the method by which the
Kidney = become repeatedly infected mn infaney and childhood,
when no obstructive lesions can be detected and yet despite the
continued administration of antibacterial drugs recurrent attacks
of pyelonephnitis per~ist In such eases 1t seems that the original
renal infeetion never has been ehinmuated or that bacteria continue

3
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ETIOLOGY OF PYELONEPHRITIS

How bhactena reach the kidney i many instances of pyelo-
nephritis 15 an important question that has not yet been ade-
quately answered The three possible routes by which this may
take place obviously are by the blood stream, through the hym-
phatics, or by direct a<cent up the ureters Direct extension from
nearby septic foer oceurs, but has no place in tns discussion

Routes of Infection

In many ca<es of renal infection the route of renal mvasion 1s
clear, but how baeteria reach the kidney 1n patients wlho give no
clear hastory of previous urmary tract mfection and yet present
themselves with advaneed pyelonephntis 1= not yet clear, There
has been no satisfactory explanation of the method by which the
hidneys Lecome repeatedly infected m wnfancy and eluldhood,
when no obstructive lesions can be detected and yvet despite the
eontinued administration of antibacterial drugs recurrent attacks
of pyelonephritis persist In such cases 1t seems that the onginal
renal infeetion never has been ehminated or that bactena continue

3
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to reach the kidney from some other part of the hody. The various
theories concerning these problems, based on experimental evi-
dence are presented.

Rlood-barne Infections

Bacteria reach the kidney through the blood stream without
doubt. Tubercle hacilli arrive in the kidney by the blood from
some other focus, usually pulmonary, with the lymphatics as
intermedinry channels. Cortieal renal infections are blood-horne
from staphylocoeeal foei, often in the skin (1), In many other
disenses 1t scems evident that renal lesions oceur through the
dhissemnation of orgamsms by the hlood.

Many years ago Scott (2) reported an alarming incidence of
positive blood cultures following urological procedures with 2
mortabty of 18 per cent, The urethra was the probable portat of
entry for these serions infections, The chills and fever that may
follow instrumentation of the urethra with positive hlood eultures
obtamed dunng the ehill nre positive evidence of bacteremia and
mdheate that organisms ean reach the kiduey by the bload stream
(3}

An 88-year-old man eame ta the hospual with the chief com-
plaint of “prostate trouble ” For the past year he had had poor
anary eontrol and dribbled miont of the time

O exammmation, he was severely anemie with a b, of fews than
50 mg per cont eaneed by 1won deficiency. The prostate was three
fimes enhirged NP N, 86 nig pet cent With multiple transfusions
s Hgh rove to 14 0 mg. per eent and the NN, fell to 52 mg. per
eent The unne was stenle. Sbout 18 hours after ey~tascapic t1-
amnatron he had a shakmg chill and his temperature soue to 1022,
The blood pres-ure dropped 1o (3730, Urive, specific gt ity, 1000~
1.010; albunun, one plus; sediment, aumerans W C. Blond and
urine cultures now grew E. rols. Tie was given intraveuots ehloro-
T apite of treatment e

myertin and mt far strog
died withun 48 hours

At po-tmortem exammation, hets hemolytic <treptococci were
enltured from the blood Acute and chrone pyelonephritix were
promitent reaal lesion~ (Fig. 8}
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By - .

Tie 8 \cute focal pyclonephritis Hematogenous spread Death
from septiccrta Area of acute mfAammation within and surrounding a
group of tubules m the renal cortex Photormerograph Low power

Chinieal evidence, therefore, supports the theory that bactena
mav reach the kidney liy the blood 1 certain conditions

xpernimental evidence also gives strong evidence that bactema
may reach the kidney by the blood stream and that this route
mav be important n the genesis of pyelonephritis

1n 1932, Kennedy (4) produced renal lesions 1n rabbuts by the
intravenous injection of colon baenth with and without ureteral
obrtruction The early lewtons usnally were in the region of the
convoluted tubules or i the central portion of a papilla mn the
unobstructed hidney and m the cortex when there was ureteral
obntruction In all types of experimental infection there was a
rapul mvoltement of the entire kadney by a suppurative process,

Thesc ohzervation~ were followed by the experimental work of
Mallory ¢ al (3) Umlateral pyelonephntin was produced by
injecting colon baeilli intrasenously mto rabbits after the partial
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hgation of onc ureter. Acute pyelonephritis, similar to that in
man, was produced in the partially ohatructed kidney m 75 per
cent of the experimental animals. Extensive pyeclonephritic was
never found in the unobstructed kiduey. Four to five days after
releasing the ureteral obstruction following the intravenous in-
Jection of colon haclli, the pyelonephritic process shosed evidence
of heahng. Acute lesions were present as nhseesses in the inter-
stitial frewuex, These arose nround elumps of bacteria in the smalt
bload vessels and from arganicms that were present in the tubules,
At the end of two months, the obstructed kidnes s were markediy
contracted o about one-half ther original size and pale gray in
color The histological lesions were similar, in most respects, to
pyelonephintis m man. These authors considered that urinary
obtruction was a very iraportant factor in blood-Liorne pyelo-
neptititis,

Further suppart for the blood stream as & method of renal in-
fection was supplied by the experimental work of Bee-on ¢f al.
(6). Small lesions produced by the eleetric eautery readered an
entire segment of the kidney susceptible to E. colt infection. The
result was the same when the bacteria were introdueed into the
experimental animals by the blood stream or by way of the
urinary bladder. It was believed that this su-ceptibihty to infee-
tion in the damaged portion of the kidney was caused by renal
tubular ohwtruction.

Ascending Infections

That renal infections may occur a3 a result of direct ascent up
the urcteral lumen is a generally accepted fact (7~13). Attention
was foeused on this method by which pyclonephritis could take
place by the frequency of thus condition in infants and children
who had obstructive lesions of the urinary ergans.

Vesico-ureteral refluy had heen demonstrated to oceur by
Graves and Davidofl in 1023 (16). Little attention was paid 10
1hi> contnbution until recont years when the problers assaciated
with pyelonephititis beeame prominent. It i now apprecuaied that
the reflux of urine to the kidney through the lumen of (l{r ureter
i« a frequent cause of renal infection, Reflux occurs, at times, in
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infancy and ehildhood when congenital abnormalities associated
with obstruetion to the free fow of urine are most frequent.

\ 173 car-old boy eame to the howprtal w1th 2 hystory of pyclone-
phritis i mfaney and malautzttton For years he had had abdommal
pain, chills, and frequent urmation Hin condstion was poor, The
Teft kudney was palpable and tender. N PP N, 80 ta 85 mg per cent,
W BLC,16,500 Trme <pectfic gravity, 1000-1 012, albunun, three
plus, sedument, many pus cells; culture, X colz Blood pressure,
115/60 Hghb, 65 mg per ceut

\ cy~zogmm showed reflux up a dilated left ureter (Fig D A
hy dem: ated marked {eft hyd
and a \c~|cal duerticulum (Fig 9, B) By retrograde pyelography
the right kidney was small with elubbed ealyces and a double ureter
(Fig 9,C).

The night kidney was removed after a left nephrestomy was done
The N PN rowe to 125 mg percent He died from E cols septicemia
and chrone pyelonephritis

By delayed cystograms i children, Bunge (17) heautifully
demonstrated sesico-ureteral reflux. He believed that reflux oc-
curred only 1 disease and that in normal individuals reflux did
not oceur. Of consrderable importance was the fact that, at times,
upper urary tract disease was detected by delayed cystography
when intravenous pyelograms were considered to be normal

A 7-year-old boy had complained of attachs of chills and fever
for a year Sinee burth there had been some difficulty n vording
Urine~ specifie gravity, 1021, albumun, 0, sedmment, fes WBC,
culture, Bacillus profeus N PN, 27 mg per cent Blood pressure,
120/80 An intravenous urogram was not remarkable By a voding
cystogram, however, there was bilaterat ureteral reflus, more marked
on the rght, with marked dilatation of the right ureter and renal
pelvs (Fig 10) In sprte of many antibiotics the infection persisted
No obstruetive lesion could be demoanstrated,

‘The rote that obstructive lemons play n the tendeney to in-
futtiun wid vy guntas of pydionepurius diready has been de-
serthed. In this respeet, diseases of the Jower urinary tract are of
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H
i

T'rc 10 Vestco-ureteral reflux, more marked on the nght, with d-
lated rght ureter and renal pelvis Recurrent attacks of acute pyelo-
nephritis

special sigmfieance. Narrowing of the urinary passages ean be
present from the veseal neck to the urethral meatus

A 753 car-old man had been operated upon four years before by
transurcthral surgery for a fibrous prostate Kewidual urmes of 210
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TFro. 11 A Cystogram. Post-prostatectomy. The bladder is atonic.
B Dulateral retrograde pyelograns Both renal pelves are dilated. The
ureters are tortuous and narrowed at their lower ends Chrome hilateral
pyelonephritis

to 420 ml persisted after operation. The urme was infected, I, colt
on culture Renal function was impaireld: N PN, 66 mg per cent,
PSP, 20 per cent in twe hours. Urine: speeific gravity, 1.008,
albunun, 2 plus Hgh, 13 8 mg. per cent. Blood pre~-ure, 170/90
The bladder was atome by cysto-urethrogram (Fig 11, A} nnd
by cystogram. By retrograde pyelography, both hidney pelves nere
constderably dilated The ureters were tortuous and narrowed near
the bladder (Tig. 11, B). The renal infection could not he eliminated.

Types of narrowing include urethral strictures, congenital or
acquired, enlargements of the prostate, henign or malignant;
ealeulons formation, vesieal or urethral divertienla; neoplasms;
inflammatory conditions, and disturbances of the central nervous
system that afiect normal vesical physiology. Any of these ab-
normal conditions may result in infection, reflux, pyclonephritis.
Long ago, it was known that the firct significant symptom of
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prostatism was, at times, pain in the lon, chills and fever, and a
sick patient. This was acute pyelonephntis caused by the reflux
of 1nfected residual unne to the kidney,

The high morindity and mortality caused by spinal eord m-
junies have been well deseribed 1n the past Many of the<e patients
died as a result of pyelonephntis, falling renal function, and
urerma This was brought to general attention by Prather (11)
m paraplegic patients and by Bors and Comarr (18) Now, it
should e standard practice to do cystograms and vouding cysto-
grams on all patients who have enurews, chronic pyuna, and
many disorders of bladder funetion 1 an attempt to detect
vesicoureteral reflux

Lymphatic Extension

The facts that renal infections may result from a dissenunation
of bacteria to the kidney by the blood stream or by direct ex-
tension up the lumen of the ureter are well establiched. The
evidence for extension of infection to the kidney directly by the
Iymphatics 15 not mpressine Certamn early mvestigators firmly
believed i lymphatic extenston (19, 20) MacKenzie and Wallace
(21), after a careful study of the problem, could find no evidence
that infection from organs in the pelvis reached the hidneys by
the lymphaties Iowever, 1t 15 quite possible that 1y mph channels
from the pelvis can transport bactera to the thoracte duct and
that organisms can then reach the kidney by the blood stream

Ascent by the Wall of the Ureter

In a recent convineing study, Talbot (22) has suggested another
possible route by which infection n the bladder mav reach the
Kidney. By observing the normal and abnormat physiology of the
ureter, partieularly m parapleges, associated with vewco-ureteral
reflux without mechameal obstruetion, ureteral changes could
best be accounted for by inflimmatory procesces in the wall of
the ureter Tins seemed to provide a reason for dilatation of the
lower ureter gradually spreading upward toward the hidney and
for the final 1rreversible changes from fibrous A contmous path-
way ewsts in the <ubepithehal layer of the ureter to the renal
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pelvis and to the mterstitial tissue of the kidney by which or-
ganisms can spread from the bladder to the kidney. The inflam-
matory changes in the wall of the urcter interfere with normal
penstaltic activity and stasis results. The susceptibility of the
kidney to infection is increased by a functional obstruction of the
urcter. Abnormal ureteral physiology was demonstrated hy serial
\-ray studies. The inflammatory reaction 1n the ureteral wall and
within the kidney was evident in histological sections of ureter
and kidney.

These observations of Tallot’s are interesting in that they may
erplam the dilated and tortuous ureters that are present in in-
stances of long-standing urinary tract infection. Ilere, also, is &
fourth possible route by which infection may reach the kidney
from the bladder.
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ACUTE PYELONEPHRITIS

Acute pyelonephritis has been regarded as the commonest dis-
envc of the kidney. Bacterial in ongin, it is characterized by sud-
den onset, chills and fever, loin pain, dysuria, and, at fimes,
hematuria Its presence often is unexplainable especially in un-
compheated cases, but predisposing factors are abnormahties of
the urnary organs, obstructive lesions, caleulous disease, and
operative or instrumental procedures upon the urinary or other
tracts. Incidence is lughest in the early and late years of hfe and
1t is more common in females than in males. It is more prevalent
in diabetes and m pregnaney than in vormal states. Although
most cases of acute pyelonephritis heal without appreciable dam-
age to the kidney, its course in unpredietable and recurrences are
common

Incidence
The number of admisions at the Massachusetts General Ho~-
pital of acute pyelonephritis from 1948 through 19536 i= pre~ented
in Table 2. Thi<1s not at all representative of the actual neidence
41
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TapLe 2
Incidence of JAeute Pyrlonephritis, Massachusetts General Hospital,
1918-195¢

Year o of Cases Cured ot Cured l Died
1918 30 16 1 o
1919 39 31 3 | o
1950 20 18 2 1o
1951 17 15 2 0
1952 32 28 4 1
1953 33 32 1 1
1951 17 15 2 1
1955 22 19 3 1
1036 17 11 [ 3
Totals 277 (0.15%) i 218 (89 6%) | 2010 4%) | 72 5%)

of this disease for a great number of such patients were suceess-
fully treated outside of the hospital

These fizures indseate that acute pyelonephritis 1s rot as fre-
quent 1n ho-pital admissions as chromse pyelonephntis A ligh per
cent of patients 1s eured and mortahity 1 lon

The meidence of acute pyelonephntis was 015 per cent of
hospital admivsions to the Massachusetts General Hospital during
the years 1948-1956, as contrasted with an incidence of approwi-
mately 06 per cent for ehronte pyelonephritis

Patholog

JScute pyelonephritis 1+ an active nfection particularly of the
interstitial tissues of the Kuluey. One or hoth hidneys may be
affected,

A mmn of 63 was brought to the emergency ward i coma Ne
adequate history was nvadable and he was a dignostic problem
Physieal examination was unrewarding Ihs temperatare was 101°
WBC., 16000 Bloud pressure, 113/80 1le was oligurie Unmalysis
sugar, 0, albunun, 2 plus, sediment, many W BC and granular
easts, pH, 50 N PN, 58 mg per cent Rload eulture, no growth
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o )

Tic 12 Acute pyelonephntic Death from septicemia. Both hidneys
are swollen from ntense acute mflammation Autopsy specimen.

Intensive antibacterial treatment was given but the NP N grad-
ually rose to 85, 115 and 128 He rapidly deteriorated and died in
one week The diagnosis at autopsy was acute pyelonephritis and
septicerma (Frg 12).
The diseased kudney is enlarged and, at times, considerahly so
(Fig. 12). The renal capsule may he thichened and somenlhat
] t with small pmn-pont al ~ beneath ite surface. On
cut sections, the renal parenchyma is thichened and the normal
markimgs are obscured] Radial streaks extend from the cortes to
the pelvis Multiple inflammatory areas are seattered throughout
the interstitial tissues The renal pelvis and ealvees may e of
normal size or shghtly dilated with the mucosa conge~ted and
perhaps covered with purulent evudate. The ureter often shows

simitlar changes (1),
The micro~copic appearance of acute pyclonephritis i one of
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110, 13 Acute pyelonephnitis Diffuse severe mnflammatory reaction
1n the kidney with cellular infiltration composed of polymorphonuclear
leukoeytes Abscess formation The tubules are filled with cells and cellu-
lar debnis The glomerul are less mvelved Photomicrograph Low power

an acute suppuration, This process 1s o diffuse one with severe
inflammatory changes nterspersed with arcas of normal paren-
chyma (Fig. 13) The epithelial hining of the pelvis and ealyces 15
congested and edematous with leukoeytie mfiltration of the un-
derfying conneetive tissue The medulia 1s sumilarly involved. The
collecting tubules are surrounded by polymorphonuclear leuko-
eytes and thewr tubular lumens are filled with cells and ecellular
dehris The predommant mfammatory eclls are nentrophils, but
plasma cells, iymphoeytes, and monocytes also are present The
cortex shows mimilar ehanges Microwcopie abscesses are 1 the
cortex and n the medulla. The glamerult are enty discased i the
most serious degrees of mflammation when the glomerulitis de-
sertbed by Kimmeltiel and Wil-on (2) oceurs In the acute stage
of the di~ease, degenerative vascular changes do not occur but
fibrin formation 1 the walls of affected arteroles and ~mall veins
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may result in thromboses. Tn most instances of neute pyelone-
phritis heahng is complete and renal function returny to normal
atthough focal sear formation may ocenr.

Symptoms

The onset of the disease is sudden and patients with acute
pyclonephritis are really sick. The characteristic symptoms are
shaking chills, a tugh temperature, costoveriebral tenderness, and
frequent and painful urination. At times, symptoms are severe,
partieularly when the blood stream is invaded. Urually, however,
the disease is of short duration, particulerly in uncompheated
cases with present therapy. Oceasionally, Jower abdominat pain
is an early symptom, especially in women, and an intra-abdeminal
teston may be suspected. Sudden, severe fumbar pain with acute
pyelonephritis has been the first symptom of prostatism, caused,
{ believe, by vesico-ureteral reflus.

In infaency and early childhood, the early symptoms of amte
pyclonephritis may be difficult to evaluate since pain, sometimes
abdominal, is difficult to localize and the prewenting symptoms
often are nausea and vamiting and a sick chitd.

The severest forms of acute p)clonephritis oceur in wudden
blockage of n kidney nssociated with prostatism and in diabetics
where there is necrosis of the repal papillae with extensive renal
damage. This 1= diseussed again under pyelonephtitis in diatietics.

A man of 68 was admtted to the hospital beeause of urmary
retention andd left flank pain, He was debydrated, acutety sck with
chills and fever The left hidney was tender. The prostate wax
modeeately entarged Blood pressure, 140/86 Urine:rpecific gravity,
1 016; albumin, 1 pius, sugar, 0; sediment, I, and W.B C,; culture,
alpha hemolytie strepitorocet W.B C,, 20,000

Binod chemistriess N.P\N,, 44 mg pet cent; Na, 133; K, 49, €1,
90, COy, 3. Fasting Moo sugar, 161,

The rght kadney was normal by intravenous pyelography but the
feft hadney was only fumtly visuidzed His gaen wav releved by
pa~ding a entheter 1o the left Lidney. Urine from this Kidney nas
full of pus cells and ~treptocorei were cubtured. & retrograde Ieft py~
clogram shawed an irregularly dilated ureter anda ragred vennd ol
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T1a. 15 Necrosis of the renal papillie A man of 71 with prostatic
obstruetion Death from severc sep-r~. The left Kidney is severely dam-
aged with necrosis of all the renal papillae Autopsy specimen

Diagnosis

The typical symptoms of chills, fever, loin ache, and urinary
symptoms suggest the diagno-is of acute pyelonephritic. When
these are accompanied by pyuria the diagnosis is apparent. At
time~, however, the urine is elear while the temperature 1~ n~ng
and pus cell~ appear only later when the suppurative process in
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the kidney communicates with the excretory apparatus In other
words, the urine is normal when only the interstitial tissue of the
kidney 15 infected and the renal tubules are not yet involved
Duning this stage of the discase urine cultures may he positive in
the absence of pyura (3).

Early 1 an attack of acute pyelonephritis fever, leuhoeytoss
and abdominal tenderness may simulate an intra-abdorunal proc-
es~ such as acute appendicitis The absence of sigmficant unnary
findings at this time may lead to errors in diagnoss

Exammation of the urine usually ~shows important changes that
help 1n dhagnoss Albummn s present m varying amounts Bactera
will be found by culture or in the stamed <ediment at some time
dunng the course of the mfection The gram stain will tell whether
the orgamams are cocer or baeith and this will be an aid m de-
termining the hest immediate treatment Cultures of freshly
procured urine will 1dentify the bucteria and give their sensitivity
to antibacterial agents

Quantitative bacienal counts have been advocated as a method
of dotcrmlmng the presence of active urmary traet infection
Marple (4) advocated the agar pour-plate technic for quantitative
hactenal counts. This was emphasized by Sanford of o (5) who
felt that hacteriuria of approximately 1000 viable organisms per
ml was neces-ary for a ciagnowis of mfection and that the presence
of a moderate number of bacterta by stained smear was suggestive
of wgmficant baeterruna

A thorough study of tlns problem was made by Kass (6) It
was his opinion that even a few bactena from the kidney could
Yead to the presence of a great many buctena in the bladder urine
Unine from the renal pelvis of patients wath hidney infections was
saud to have contaned as few as 10,000 baeteria per ml while, at
the same time, the Lladder unine contaned more than 10° or-
gmsms per ml True bacilluna probably esisted when the bace-
terial counts were 10* or more per ml of unne Counts lower than
this were conwidered probable eontanmination

Most wniters agree that the quantitative estmation of bacteral
Population i the urine 1+ subject to many vanables Thewe are
dilubon Il of the wnne, the stage of the renal dwease, the
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presence of obstructive Jesions, the brand of infecting organiom,
and whether antibacterial drugs have been admmstered, It i
mmportant that urine specimens he carcfully obtained and
promptly processed Clese cooperation with the bacteriologist
will pay dividends.

Methods of collecting urine for study have been the subject of
considerable debate. This applies particularly to the u-e of the
catheter to obtain speeimens. The usually accepted method- have
been a clean-voided specimen in the male. This means & cleansing
of the glans and meatus and urine collected in a sterile container
after some urine has been passed to wash out organi~ms from the
distal urethra. There simple precautions are neces-aty since it is
wel known that in the male the meatus and nearby skin are
heavily populated Bacteria have been reported present at a depth
of 5 em. 1n the normal male urethra (7). Such studie~ have varied
and it has been uncertain that the bacteria present were in fact
pathogenic In this respect, quantitative tests would scem to I:o
important. Unneces<ary catheterization of the male, I helieve, i
generally recognized. The clean, voided specimen usually i~ 8
reasonably reltable method for the collection of urine specimens
from the male.

With the female, the situation is different. The normal female
urethra harbors bacterra In 50 per eent of 114 normal pregnant
women, bacteria were found to be present in the urethra (8). Since
this is o, it has been suggested that the use of the catheter may
drive organisms into the biadder. This undoubtedly is true l.vul
it is difficult to infect the normal bladder even by the introduction
of pathogenic organisms The abnormal bladder often is infected,
or readily hecomes so, but the use of a eatheter usually i~ neces-
sary in «tch caves. Cyatiti~ may result, but it is not apparent how
often cystitis leads to pyelonephriti-, Voiding specimen~ cl‘.unnc
in women have heen suggested (9), but they all seem ('Om[ﬂl(:.‘ﬂ(‘d
and their teehnic undignified. With eare and sterile precauntion,
catheterization is a reasonably safe method for collectunig unint
specimens in the female. R

Prophy lactic chemotherapy may have a place in the prey cntion
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of infection folloning catheterization or instrumentation When
an mlying catheter 15 present, however, prophylactic chiemother-
apy only elunmnates organisms that are susceptible to treatment
and favors the establishment of resistant strams Prophylactic
treatment with sulfonamides was said to be a failure 1 prevent-
ing urinary infections after vaginal operations. Infections oc-
curred as often in treated patients as in those who recened no
prophylactic treatment. When prophylanis was given, Strepfo-
corcus fecalts infections were said to be likely to oceur (10)

Rotntgen Ezcmnalion

X-ray exanunation is necessary in all eaces of acute pyelone-
phrttis. Plain films give an estimation of the size and position of
the kidneys and the presence or aheence of caleuli Intravenous
imection of one of the orgamic 1odine preparations provides
valuable information regarding renal Iunetion, abnormahtics of
s1ze and position and, of particular importance, the presence of
obstructive lesions that predispose to infection

In acute uncomplicated pyclonephrntis, intravenous urography
uually shows no abnormalitics Retrograde studies are mdicated
only when the diagnosis is obscure Renal function 1s httle, if
any, disturbed in spite of the diffuse mveolvement of the kidney
by the mfectious proces~. The renal pelvia and caly ces are sharply
outlined and usually appear normal At most, there may be <hght
ifatation of these structures but there are no gro-s abnormabities
of significance (Fig. 16). In infancy and childhood, roentgen
examination 15 of the greatest umportance since congemtal urinary
tract abnormalities are common and are responsible for many of
the instances of acute nfectron. This 15 true alwo in preguancy and
deabietos

Teeatment

Acute pyelonephnitis, uncomplicated, almost alnay+ responds
well to modern treatment Certamn compheated mfections mav
respond to treatment (Fige, 17, 18, 19)

Pifective therapy 1< bhased upon wdentifieation of the mfectmy
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Fia lG Acute pyelonephritis, .\ woman of 41 with ncute E. coli

phritis. Retrograde pyelog were made for good reasons at
(hou;,h they are reldam indicated in acute renal infections, The right
renal pelis i< a little duated and the upper left caly 1< trreguly from
acute inflammation

arganesm and its sumceptibility to the many availshle antibac-
terial agents that we now have. This is the hasis of intelligent
therapy.

How patients with acute pyelonephritis fared in our hands i=
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Tte 17 Acute pyelonephritis and carcinoma of the cerviv A Post-
operitive intravenous pyelogram Considerable dilatation of right renal
phre Pyuria with E. coli in unne B One month later, The hydro-
nephrosik hs disapprared  Both hidneys normal Unime stenle after ap-
Propride antshacternnl treatment

presented in Table 3, The results of treatment, even in cases
compheated by obstructive lesions, calculs, ete., have been good
and mortality has heen Jow. Most of the deathw occurred when
virulent orgamsms reststant to antibacterial treatment were pres-
ent,

Prognosis

Many mstances of acute pyelonephritis respond well to ade-
quate doses of the sulf ide« but a good resp does not
ftcesanly mean » complete cure The serious results of made-
Quate treatment of the mutial attack of renal nfection cannot
be overemphasized. Here 15 the one chance of preventmg re-
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PYELOXEPHRITIS

TG, 18. Acute pyeloncphritis and lymphatic leuhemia, Both k-
neys are mfiltrated with this disease. Superimposed acute renal nfee-
tion, £ eols and B, proters. Theacute mfection was cured by appropnte
medieal treatment  Intrasenous pyelogram.
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Fie 19 Acute pyelonephnitis and lymphoma .\ woman of 38 with
evere acute left renal infection, £ eoft nnd nonhemolytic streptocaces
I urine, Left neph ¥ Intrasenrous pyel

urring amylar episades and preserving renal funetion Treatment
hould he continued not only unul the patient 1~ ¥ mptom free
a0d the urine is normal but until repeated unne eattures are
bacteriq free With every precaution tahen, however. repeated
epiodes of neute mlection may take place aither hecause the
intal infeetson ha~ neser heen completely eliminated or hecaywe
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TanLE 3
Results of Treatment, Massachusetts General Hospital, 1918-1956
T o Cured Not Cured Dred
Uncomplicated 196 | 181 (92.4%) | 15(7.6% 3(25%)
Complicated 81} 67 (82.7%) | 14 (17.3%) | 2(2.4%)
Total 277 | 248 (89.6%) | 20 (10 +%) | 7 (2 5%)
TaBLE 4
Bacleriology, Massachuscits General Hospital, 19}8-1956
No of Cases Per Cent (Apiwor )
E colt 177 633
Staphylococel 17 6.1
Streptacocer 9 33
B pyocyancus 2 07
B. proteus 9 3.2
Mived infections 49 7.7
No growth 13 4.5
Not cultured 1 0.3
Total 27 100.0

the kidney continues to receive pathogenic organisms from some
focus.

In early plicated acute pyelonephritis E. colf is the n-ual
responaible orgamsm In 277 eases of acute pyelouephritis at .ﬂm
Massachnsetts General Hospital, E colt was the only organism
cultured in 176 or 63.5 per cent of the cases (Table 4). In com-
plicated cases or where there have been repeated epicodes of in-
fection other bactena «uch as B. profeus, Bacillus pyocyancus and
enterococei often are present.
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TREATMENT OF URINARY
TRACT INFECTIONS

Chemotherapy and the Antibiotics

The past lustory of the treatment of urinary tract infections >
interesting. Years ago, treatment attempted to modify or to elimi-
nate bacterta by foreing fluids and changing the urinary pH. A pH
of less than 5.0 was necessary to have a bactericidal effect o most
bacteria. Extreme dilution of the urine was found to hinder only
slightly bacterial multiplication. These methods had only a Iimited
suceess,

Hexamethylenetetramine (methenanune, Urotropin) once was
a common remedy for urinary infection~. This compound in an acid
medm breaks down to hiberate formaldehyde as a bactericidal
agent. Sodium acid phosphate was added to acidify the urine. Thc
success of this therapy was limited and it often caused imtation.
Hesylresoremol (Caprokol) was used on the theors that it reduced
the surface tension of the urme. Pyridium followed in 1926 and
Serenium in 1930 as urinary antiseptics. Vaccines were given 8

(]
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be as effective as its derivatives in the treatment of uncomplicated
E. coly wfections The later modifications, however, are said to
have a broader range of action with respect to other organisms and
to be less toxic than sulfanilamde (6).

Sulfapyridine

This agent was found to have no place in urinary infections be-
cause the precipitation of the insoluble acetyl form of the drug
caused blockage of the renal tubules. Hematuria occurred in about
25 per cent of patients given this drug. Sulfapyridine proved to be
the most toxic of the sulfa drugs.

Sulfathiazole

This was mtroduced in 1940 and was found to be superior to
sulfamlamide and to be effective in small doses This drug, how-
ever, required a high fluid intake since the nonsoluble acety ! sulfa-
thiazole also could cause blockage of the renal tubules. Sulfa-
thiazole was rapidly absorbed and quickly excreted by the kidney.
1t was effective in many types of infections, especially those caused
by staphylococei and S. fecalis.

Sulfadiazine

This preparation gave a higher coneentration in the blood than
sulfathiazole and was less tonie than any of the previous sulfon-
amides. Effective blood levels were reached within two to four
hours and 90 per cent of the drug was eliminated by the kidneys
Sulfadiazine was said to be effective in infections cﬂuecl'l by E
coli, streptocoeel, pneumococel, and the Friedlander’s bacillus,

Subsequent modifications of the sulfa drugs have bren too
numerous to mention With all the competition these drugv.lm\c
had in recent years they still hold a place in the treatment of urinary
infections Their advantages are reasonable safety, although
patients may beeome sensitive to their use and continued trcatm.cn!
may have to be stopped, ease of administration, and the cﬂ’c?mc-
ness of these drugs ngainst many different invading bacteria. If
they are used, the most soluble preparations a{ul tho?c of ‘Io\\.
tonicity should be preseribed In acute uncomplicated infections
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and sulfadimitine (Elkosin) 1n experimental infections in auimal,
Of particular interest has been the powibility of preventing, by
its use, preloncphritis in pregnancy and in the puerperium in
women with persistent baeilluria. It is believed this long-acting
antibactenial drug, with its smaller and less frequent doscs than
others, may be useful (8).

Penialllin

Tlus i a mold discovered by Fleming (9) in 1920 but it was not
used as an antihacterial agent until 1941 when such agents were
sorely needed dunng World War IL. It was then found that thi
antibiotic was highly effective against coceal infections (10).
Effective as pencillin proved to be, it was soon recogmzed that
stapliylococer became increasngly resistant to its use. At the
present time, susceptible strains of these organism- number only a
refatively small per cent. Of 448 strains of Staphylococcus aureus
wolated from wound mnfections tested at the Massachusetts General
Ho~pital i 1957, only 38 per cent were penicillin sensitive, Re-it-
ant strains were present chiefly among hospital patients, whereas
n patients who had had no hospital admisions the staphylococe
were more Likely to be sensitive to pemteillin, Enterocaceal urinary
tract mnfections usually have responded well to penieilln

Streptomycin

Denived from a streptomyces, this antibiotie was introduced m
1045 After ntramuscular injection, streptomy cin appears ir! t!m
urine withm one hour and 63 per cent isexcreted in the urine within
12 hours Its concentration in renal tissue i said to Le twice that
in the blood The actitaty of streplomycin increases five to ten fimes
with cach umt werease w the pIf of the urine, so alkalics should b
green during treatment fo keep the wrinary pH as near pH 80 as
posstble.

Although streptomyein 15 very effectine against many gmm:
negative bacteria, its effectiveness ix impaired by lhfc frequency
and rapidity with which hacteria hecome streptomycint restant.
1t usually lowes its effectiveness after about five days of treatment
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said to be a variation in the sensitivity of different strains of the
saxoe species of bacteria These drugs diffuse into all body fluids
and tissues and are excreted in the urine. Ten {o 20 per cent of the
emount ingested is excreted i the urine in the first 12 hours

Urinary tract infections caused by susceptible bacteria usually
respond well to treatment, with the tetracyclines but relapses sfter
treatment have been high. Ease of administration and relative
effectiveness have led to a widespread use of these drugs in the
treatment of urinary tract infections {12).

The tetracycline group of drugs is espeeially effective against
snfections eaused by B, coli, derabacter aerogenes, staphyloeoed
and enterocacel, Oxytetracycline {Terramyein) is more effective
than the other against P. acruginosa. Tetracy chine (Achromy rin) b
most effective against Profeis mirabilis. In surgical infections, thee
drugs are effectsve 1 most cases caused by E. eoli and 1. acrogenes
but they are of very limited value in infections caused by B.
proteus and Pseudomonas. Staplivtocoect kave become inereasingly
resistant to the tetracyclines.

A disadvantage of this group of antibioties has heen their tend-
ency to cause gastrointestinal disturbances. Severe or fatal >mp(.x_\'~
Joroccal lesions of the intestmal traet have heen reported follawinz
their use. In this respeet, oxytetracychne (Terramyein) j- said to
be accountable for such trouble in about 30 per cent, chlortetra-
eychne (Aurcomyein) in approximately 20 per cent, and tefra-
cyeline (Aehromyecin} in only 5 per cont of cases. .

X The customary dose for adults of the tetracyclines is 1O g
dayly divided into four doses. Capsules of mg. 250 cach are tahen
by mouth, Sterile ponder is available for intravenotts we bt die
care shoukl e taken not to mive the drups too fast or in too con-
centrated solutions since this may lead to a chomicﬂl‘Dm_“'““‘
Intramuscular wjection is painful and rectal administration isu--

fes<,

Erythromycin o

Deprived from a streptomyces, this antibiotie, ﬁ}:’c po,‘"““l:f
5o nseful chiefly in staphylococeal and enterococenl infoc {lorll* of
the urinary tract. Bacteria may become resistant to thiv dms
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positive and gram-negative organisms. It was hoped that this
agent could be used mn B. profeus wfections since it did have a
favorable effect against these stubborn bacteria and there was
little tendency for the orgamicms to become resistant The dose
advised 15 0 5 gm. dissolved in 2 ml, of sterile physiological saline
solution given mtramuscularly four times a day.

Although Neomyem is highly effective agamst E. coli, .
acerogenes, S. aureus and P acruginosa, unfortunately it has serious
toxic effects Because of toxicity to the ear and the kidney,
Neomyein 1s used only in desperate situations. One gram daily i
said to be safer than doses of 2.0 gm (15).

Kanamycin

Recently discovered by the Japanese, this antibiotic is said to
be predominantly bactericidal, It 1s samilar 1n structure and ac-
tivity to neomyein. Kanamyem is particularly active agam\T the
staphylococeus, E. col: and the acrobacters and has variable
activity agamst B. profeus and pneumococer Major torie effects
are on the kidney and on the cighth nerve If uced with caution
hecause of its tovieity, kanamycin should be useful in the treat-
ment of difficult staphylococeal urinary tract fections. Doses of
035 to 20 gm. daily in adults and 15 to 50 mg. per kg. of body
weight a day mn mfants have been advised, given as 2 to 4 doses
every G to 12 hours (16).

Polymyvin B
Polymyin 18 a generic name for antibiotics elahorated in the
fermentation of various media by strains of Bacillus l»ol{/nxyrn, a
spore-forming bacilus found in soil (17). This amibmt'w is P’:i'
manly active against gram-negative bactena especially £, coli am
P. acruginosa Tt 1s not useful in infections caused by B. profeus
or hemolytic streptocoeci. It is one of the few agents cffectise
agamst P. acruginosa The 1 Jed dose is 2.5 mg. per Hi:
of hody weight divided into 4 doses given intramu~cularly c\cr,t
6 hours. The drug should have 25 mg. to 50 me. of 1 per cent
aine added to lessen the pain of the injections. 3
prggeumt ol symptoms nlmor:t invariably oceur when polymyxin
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given by mfmth and is irritating when it is given intramuscularly.
It 1s administered intravenously in doses of 2.0 gm. daily.

Combinatious of Antibiotics

A comprehiensive study of the effectiveness of antibiotic rom-
biations was made by Jones and Finland (24). They felt that
sach comhination e inad treatment because there
1s & tendency to use the came total dose of the combination as of
the single agent so that the effective dose of either drug i~ not
given. Advacating the wse of the antiwotic combinations «tudied
(’GUMI not be justified by their data and was considered to be haif
practice

Dounling (25) eonchuded that the adminictration of combina-
tions of antilnoties was indicated only in a few lughly selected
conditions and that they have been advoeated in other conditions
w which they not only do no good but actually may be harmful.
When combined therapy is indicated, the antibioties <hould e
given separately.

The ehanging pattern of pathogenic bacteria to autibacterial
agents i iHustrated 1 the tabulations compifed by Dr. L. J.
Kunz and Dr M. Swartz of the bacteriology department of the
Mas<achusetts General Ho~pital.

Dunng a three-year period, penicillm and streptomyein had
gamed in therr effectivencss against the staphylocoecus (Talle
5) The tetracyelines, on the other hand, bad lost ground in this
respert Chioremyeetin and erythromycin had held thetr own in
effeetiveness. The effecttvenes of penicillin was temporary, for
shortly after this roport Jess than 40 per cent of the staphylococeal
strams were sensitive to penieilln. Bacitracin was seldom used.

As reported w Table 6, the tetracyelines again seemed to be
loring thewr effectiveness in all types of urinary infections. Bac-
teria appeared to have become mare resistant to Fumd:m(;.u
espeeially i fections caused by E. ooli and B, proteus where it
fad been mo-t effective. Chloromycetin retained its place av an
effectsve agent m most of these infections, espeeially the-e t":m«l
by B. profeus and E. coli. In spite of their toxieity, polsmyxin and
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TABLE 3

o

° of Path

Bacteria {;
Massachusetts General Hosprtal

71

ct) to Antibiolacs,

Avtibiote

Apri-June 1954
Per Cent densitive

Apni-Tune 1957
Per (nt Senmtn e

Pemerllin
Streptomyein
Terramyan
Aurcomyein
Achromyein
Chloromyectn
Erythromyein
Bacitraem

TasLE 6

Urinary Tract Pathogens, Massachusetis General Hospital

Apnl Juve t9:7

Per Cent \esitne

l 352 Jame 154 |
ef Cect Cemattive
Antiliotie: i |
! Eah jn pv.,..,‘g;,:;",!
Streptomyem 38 48 2 4 53
Terramyem 64 18 6 | 38
Aurcomyem 57 1810 | 2
Achromyem 67 1 | 20 1 39
Chloromy eetin 82 | 50 40 o
Turadantin 81 & I 7166
Taly tryn | S N
Neomy on ot b oo \ 61 | o

E wh B ,,.n-;} B pro-

H cyonems

R

58 | 18
1] o0
3] o
1| 3
82 | 22
30 | 18
- ‘ )
9% | 75

Neomyem appeared to be most effective m the worst types of
unnary mfeetions
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CHRONIC PYELONEPHRITIS

One of the most serious afflictions of the kidney is caused by
the long mdolent course of chronic pyelonephritis. Bacterial in
orign, many years often elapse before smoldering infection de-
stroys so many functioning renal elements that the kidney no
longer 13 able to perform its many tasks efficiently. The final out-
come is uremia and death. The pathological changes are charae-
tenstic. Symptoms often are vague and micleading Diagnosis
may be difficult. Treatment is unsatisfactory. Prognosis is un-
certam. Many of the facts concerning this dicease are discussed
in Chapter 1.

Alaborer of 37 came to the hospital beeau-c of wenhness and lo-s
of strength. His N.P.N. was 58 mg, per cent and his blood presure
was 138/92. Unmne: speeifie gravity, 1,010-1.012; albumn, 4 plus,
sediment, a few R.B.C. and W.B C.; culture, S albus By intra-
venous urography there was no visible right hidney function and
the left kidney was poorly visualized A retrograde right pyelogram

showed a small shrunken hidney (Fig 20).
e did poorly on medical treatment and was readmitted ten

74
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Fra 20 Clironie pyelonephritis A man of 37 wath «evere biliteral
rena) disease The nght kideey 15 «mall and the ealyees are dilated The
pehis and esbvees of the hirger left hidney also are wrregalirly ditated
NPN, 20 mg per cent Blood pressure, 160, 100 Death i urcnua m
2 years Retrograde pyelograms
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Ty

Frc 21, Chronie pyelonephritis, sexere, bilateral, Death in uremis
Chronic tion with widespread searring, extensiv glumrm'l.lr
hyalmization, tubular destruetion and arteral thichening. Sparse in-

P B

fl y mfiltrate. T ograph, Low poner.

months later. At this time his N P.N, was 74 mg per cent e was
nauscated and was vomiting. The blood pressure was 160/100 and
there was marked retinopathy. Hgb., 10.2gm The N.P.N, gradually
rose to 260 mg per cent; CO;, 13 7. His heart was enlarged The
bload pressure rose to 180/120

Withm ten days he died in uremia from chronic pyelonephntis

(Iig 21)

Pathology

The gros» renal changes of long-standing chronie py elonephrits
are kidneys that arc pale and shrunken. Kidney size may I’(:
reduced to one-third of normal. Although the di-case ('ommogl.\
involves both kidneys, it may be more advanced on one s.id? {I'ig
22). Atrophy may be so great that congenital hy poplasia i< sus
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T, 22 Cheonre pyelonephntis with atroplae nght hadney A woman
of 22 wuh Loocolt unnary taet tnfection. The oyl badney s amall
iweght, 25 gm ) The feft hidney s hypertrophied Right nephrectomy
Retrogrde gy thygrams

pedted hfferentiation between these (w6 conditions 1< not alway s
ample (1) (P 23

Grossly the renal capele 1 white and firm and stnps away
with ~ome dilienlts The sxternal ~urface of the kadney 1l 52
~earred and wregulir with <hatlow or deep depressions, Normal
Qe forms lobular inilges between ~earved area~ ({1 24
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Fia 23 Renal hypoplasia and chronte pyelonephntis Recurrent at
tachs of chills and fever Urine infected with E. colt. The left Rdney
undeveloped The ureter 13 dilated. Left retrograde pyelogram Teft
nephro-ureterectomy.
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I'is 21, Chrome pyeloneplintis Both hidneys are <hrunken with
searred irregular surfiees A man of 31 Hy pertenvion for 4 years, blood
pressure, 2407140 Narrowed reml artenies Death an uremia Autopy
epecimen

Cut «cetions of the diccasert hidney <how varying changes de-
pending upon the extent of renal mvolvement The relatne
amounts of cortex aml medulla mav not be changed but n ad-
sanced disease the cortex 15 dimimchied m size and the medutla 1=
more promnent, Reattered throughout the parenchyma are pale,
whitish striations that represent areas of fibrous tissue The pelvis
and calvees may be normal or dilated with thickened, fibrotic
walls The ureter 1= either of normal wize or dilated and tortuous
from wflammatory reaction and fibrows (2)

Micro~copiealls. the histologieal abnormalities are thowe of
ehrome nflammation. When there iv active infection, poly morpho-
nuelear leukoey tes are present in the tubules and in the interstitial
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T16. 25 Chrome pyelonephritis with diffuse interstitial searring and
marhed thichening of the blood vessels, Photomerograph Low power.

tissue Later, the mterstitial tissue Is infiltrated with lymphocy tes,
plasma cells, monoeytes, and neutrophils. In the diseased arca¥
of the medulla there 1s an increase in fibrous tissue (Fg. 23) The
collecting tubules are either normal or dilated with atrophie
epithelium and their Jumens are filled with colloid-hike easts The
tubules in the cortex show similar changes (Fig. 26).

The glomeruli are reduecd in number, Periglomerular fibrois 5
present The glomerular tufts undergo fibro<is which finally le-
comes hyalmized Fibrosed glomeruli are scen in the wedge-
shaped, atrophte areas in the renal cortex.

In glomerulonephritis, the primary change is a diffuse invohe-
ment of the glomeruli by an active or Liealed inNammatory preeess
(Figs, 27. 28} In ncnhro\clcm\h the firt and fundamental
change 1~ arteriolar selerows (3) (Figs 29, 30).

Vascular changes from the normal may be prominent in dirca~edd
portions of the hidney in chronje pyelonephriti~, Varying degree?
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Fw 20 Chrome pyelonephastes End «tage Dnteasnve tobubir dila-
tation with protenaceous easts Marhed oblneration of glomeruls and
severe vasenlar (hichemsag Nate the resemblance to thyrod treur
Phatomierograph Low power,

of seleross oceur an the arteries. The connective trssue of the
mtuna s wereased There 1« reduplication of the mtemal elastic
metmbrane and hypertropin and fibroas of the medta The nalls
of the artenoles are thekened ay a result of coneentne cellular
probferation The stroutly musele 1 replaced by collagen At tumes,
there s artenolar neesous nnd geute arterolitis

The vaveular chianges i ehrome pyelonephirtis are prohferatine
rather than degeneratine In the tinence of 1 pertension, thewe
Bload vessel lestans are present oty an the wearred areas of the
kulney  When by pertension exeds the Blosd vewwel changes are
more promigiest awd mare diffuse (460

These serere lep urtures from the normal in the hidney eaumed
i chrome prelonephnte end m a progres<ive destruetion of
functioning renal tue



Fi1o. 27 Chronic glomerulonephritis. .\ 24-year-old patient who died
in uremua. Diffuse involvement of the glomeruli with crescent formation,
interstitial inflammation and searring Photomicrograph. Low power.

s

Fia 28 Chronie glomerulonephntis A 43-year-old male with by per-
tensive eardiae diease, Death m uremin Both kidneys are swollen with
granular surfaces. Autop~y ~pecimen
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Te 29 Mahgnant nephroscleross Vaseular disease 15 the dominant
feature with oceastonal obliteration of glomeruh Marked concentric
Lanunation of the artenes Photomierograph Low pover

Bacteriology

Since pyelonephritis means that bacteria have invaded the
kudney, the bactenology of thns drsease 15 of importance. Identifica-
tion of the mfecting organisms 15 essential in treatment and
prognosi~ This 1s not always a simple task for often in chronie
pyclonephntis urine cultures are sterile and yet smoldering 1n-
fection may exist in the kudney.

The bactenology of chrome pyelonephntisis extremely variable.
Many times, cultures of the urine are reported no growth but,
mtermittently, pathogenic organisms may be cultured. Repeated
cultures and gram stains of the urinary sediment are necessary to
determme whether there 15 active renal infection. Infections
eaused by cocet or haell are readily differentiated by microscopic
examnation of the stamed unnary <ediment. This is an aid in
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F1o. 27. Chronie glomerulonephritie A 2-year-old pationt who died
0 uremia Diffuse mvolvement of the glomerult with erescent formation,
wterstitial wflammation and searring, Photomicrogmph, Low poner,
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Fic 28 Chronie glomerulonrphritis. A 4
tonsive cardure divease, Death in uremia, Both hidneys are swolles

granntar surfaces. Autopsy specimen,
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Fig 29. Malignant nephrosclero~s Vascular disease ts the dominant

feature with occasional obhteration of glomerult Marked concentrsc
¥ P

of the artertes P ph Low poner

Bagcteriology

Since pyelonephritis means that bactenia have invaded the
kidney, the hacteriology of thns disease 1s of importance Identifica-
tion of the mfecting organims 1+ essential i treatment and
prognosis Tlus 15 not always a simple ta<k for often in chrome
pyelonephritis ure cultures are stenle and yet smoldering in-
fection may exr<t m the kidney

The baeteriology of ehronic py elonephnitss1s extremely vanable.
Many times, cultures of the urine are reported no growth but,
1ntermuttently, pathogenic organisms may be eultured Repeated
cultures and gram stains of the urinary sediment are neccssary to
determine whether there 15 active renal mfectron Infections
caused by cocer ar bacill are readily differentiated by microscopie
exanunation of the stamed unnary seciment Tlus 15 an md 1
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TABLE 7
Bacteriology of Chronie Pyclonephritis, Massachusetts General Hospital,
1948-1956
Organism “ No of Cultures
E coly 238
Staphylococer 22
Streptococei \ 14
B proteus 27
B pyocyaneus 15
Mned bactena 416
I influenzae 2
No growth 83
Not done 31
Total 871

organisms often are B protcus, P acrugmmasa, . acrogencs,
staphylococet, and streptococer These organisms are apt to be
Tesistant to treatment and they usually cause the most severe
degrees of damage to the hidney Mined infections notorously
resst suecessful treatment Urea splitting bacterna such a« B
profens, I eeruginosa and some strains of E coli, staphylococer
and Haemophilus tnfluenzae favor ealeulous formation (7-9)

The bacteriology of chronic py elonephritis over nearly a decade
m our own expericnce 1S given it Table 7

From the figures in Table 7 1t 15 apparent that m cases of
chranic pyelonephritis cultuies of several ty pes of orgamsms pre-
domuated This s quite different from the cultural charactenstics
of acute pyelonephnitis where one type of orgamsm, w-ually E
colt, was the rule Mived bacteral populations were commonest
i the cases of complicated pyelonephritis Many of the mised
infections were 1dentified as E colt with B proteus oo B pyo-
cyancus, or all three, and most of ~uch mfections were resintant
to antibactenial treatment Many of our cases of chrome pyelo-
nephntis with a <terile unne were 1n such an advaneed stage of
the discase that they died m uremia and the diagnous was made
only at postmortem exanunation
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Symptom«

It has been said that the disarming lack of symptoms of chronie
pyel hritis has ot d its seriousness and has favored its
tendency to progress to fatal termination. If one reviews the
histories and autopsy reports of these cases, the truth of this
statement becomes evident (9).

A woman of 63 entered the hospital with a diagnosis of uremi
She had been well until two years before with no urinary sy mptoms
except for some frequency. During the past two years she hid been
anemie. Episodes of naucea and vomiting had been frequent.

At her first hospital admission her blood pressure was 155790,
Hgh, 118, N.P.N., 80~250 mg per cent. Her urine was mfected
with E. coli and B. proteus by culture. Blood chemistrics: Na, 1235
Cl, 83, K, 6.4; CO,, 17.

It was thought that ~he had a salt-loung syndrome because of
chrome pyelonephritis so she was put on a high sodm chloride
intake On this, she did very well and was able to go abroad.

Two years later she returned to the hospital in congestive failure
with an enlarged heart Her N.P N. now was 120 mg per cent With
medieal treatment she did quite well but within a year the hlood
pressure had riven to 215/115 and <he was having seizures, probably
hypocaleemic for the serum Ca was 5 8 per cent and the I 60 mg
per cent, .

On x-ray examnation, there was osteoporo<is and a compression
fracture of T5 ‘The serum creatinime was 9 8 mg. per cent. She could
concentrate her urme to only 1010. Shortly after, she died in
uaremia.

An autopsy, there nas <evere renal damage from chronie py elone-
phritis, parathyroid hyperplasia, osteitis fibrosa ey~tiea and cardiae
hypertrophy (Fig. 31.)

Many patients with chromic pyclonephritis have had no evi-
dence of active renal infection and have had no local sy mptom=.
Often, medical advice was sought becuase of pallor, lassitude,
weight loss, and easy fatigability. No other symptoms may he
present until renal failure takes place with anemia and azotema.
Azotemia may be unsuspected for years.

There may be no history of past acute infection or illnes to
suggest acute pyelonephritis although vesical irritability has heen
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a common complaint. Bacilluria, albuminuria, and pyuria may
oceur in the absence of symptoms and where no structural ab-
normalities of the urinary organs are present. Unmary abnor-
malities, however, may be detected only during episodes of acute
infeetion (10). In their review of chironic pyelonephritis, Ne<hit
and Conger (11) reported cystitis as an imtial symptom in S per
cent of cazes and costovertebral pain in 17 per cent. Symptoms
varied in duration from 3 months to 20 years. Of their patients,
75 per cent had some degree of renal impairment and in 23 per
cent this was marked.

When chronic pyelongphritis i associated with abtruetive
lesions, operative procedures, or other urinary tract abnormalties,
the causes of renal mfection are evident and sy mptoms are con-
tinuous or mtermittent until the underlymg lesion i~ corrected
In such mstances, symptoms often are so severe that urinary
diversion or nephrectomy ix necessary.

There are many conditions and diseases that nre associated
with, or that may lead to, chronic pyclonephritis Urinary ob-
struetion eaused by caleulous divease often is compheated by
renal wfection. Stones n the kidney can ohstruct part of the
calyceal system (Iig. 32). Severe ohstruction results from caleuli
mmpacted 1 the ureter with, at times, destruction of 2 kidney
(Figs. 33, 34, A and B). Hydronephrous with infeetion often
results from congenital abnormalities <uch as o natroning of the
urcter at its junction with the renal pelvis (Fig. 35) or from
abnormalities of the renal blood supply (Fig. 36, A and B).

Obstructtons of the lower urinary tract may le the canse of
chrorie mfection and severe renal damage

A 12-year-old boy was admitted beeause of urinary retention and
petsistent vonmuting  Enuresis had always been present and he had
been anemic and underdeveloped .

Hs urme was of Jow speesfie granity, 1006, with albumin 1 plus,
many leukocytes m the sediment and S alhus and E. col on cufture
The N 1P N, wac 160 mg _per eent, Urea clearance low, Serum chlo-
nides, 109, sodim, 1109, CO,, 184, PSP, 25 per cent in two
hour~ Blood pressure, 130/80

He was uremie but on catheter drainage he improved and the
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Fic 32 Pyelonephritis and renal caleult Stones m the lower portion
of the left hidney with ealectasis Cured by resection of the lower pole
of the kudney Intravenous pyelogram

NPXN dropped to 48 mg per cent An intravenous pyelogram
demonstrated hlateral hydronephrosis and a retrograde right pyelo-
gram demonstrated the renal sttuation (Fig 37, A) Residual urme
was 550 ml

At cystoscopie and panendoscopic exammation 2 congemital
valve of the posterior urethra was found After the valve was re-
sected he voided well, renal function improved, blood ehemustries
became normal and his infection cleared

At the age of 20 he was doing well 1 college, had 2 stenle urme
and normal hidneys by mtray enous pyelography (Fig 37, B)

Veucal dysfunetion caused by lesions of the central nervous
system 15 a well recognized cause of urinary chstruction, infection
and impaired renal function (Fig 38)
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16 33 Chronie pyelonephnitis and nght ureteral caleulus Hydro-
urcter and hydronephrosis. B profeus infeetion  Right nephrourcteree-
tomy Retrograde pyclogram,

Mahgnant disease of the urinary tract or of adjacent struetures,
such a~ caremoma of the urcter (Fig. 39) and carcinoma of the
cervin, may he a cause of poor urinary drainage and renal damage,
as in the following case

A woman of 50 had a Wertheim operation for cancer of the
corvix After operation severe left Mank pain deeloped with clulls
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N VAR
T 31 Chronic pyelonephnitis with nonopaque calculus 1n the lower

right ureter & colt infection A Right retrograde pyelogram B Nephro-

ureterectomy. Complete destruction of the hidney Surgical specimen

and fever Urne cultures, E colt, B pyocyaneus, B proteus and
nonhemolyhe streptococer The left hidney was grossiy diseased, its
ureter was dilated from obstruction n the pelvis Nephrostomy was
first performed and when her condition had mmproved, the left
kidney was removed (Fig 40, A and B}

Polycystic disease of the kidneys when comphicated by infection
13 senous and may be fatal (Fig 41, A and B)Y

Some generalized couditions and metabole disorders affect the
kidneys and often are associated with chrome pyelonephritis
Lupus erythematosus 1s an example (g 42)
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Fra 35 Streture of left ureteropelvic junction and hy dronephrosis,
Chronie pyelonephntic Left nephrectomy. Retrograde pyclogram

Metabohie disorders also may cause rerious renal damage. An
example 1« hyperparathyroidism.
A woman of 30 had been operated upon three months before and
a gt cell tumor beneath the right eye was remoyexl, Frequent and
argent urmatton and anorexia reeently had been present, Serum
calelum, 112, pho~phorus, 3 6, phosphate, 16 0 unit~.
Flaky ealeification wis present in both Ridneys and renal fune-
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Tia 37 Congemtal valve of posterior urethra Chromie pyelonephntic
A Duilated right ureter and nght hyd phirosis Retrograde pyelogra
B Intravenous urogram § years after resection of postertor urethral
valve Normal renal function

pyelonephntis with calesfication of healed lesions in the remil p+
renchyma Thus resulted 1n tubular damage and an mability to form
ammonia The result was actdows, mpaement of growth and hy-
pophosphatemia due to the chrome acidoss, Diagnosis, nephro-

ealeinows "
The actdosis nas well controlled with sodium ertrate and in 1952,

eleven years later, her condition was no worse.

Renal tubular acidosis may result in the deposit of caleium
the kidneys, nfection and progressive renal damage (Fig. 43).
Chronic pyelonephritis oceasionally oceurs as a complication of
severe respiratory tract infections.
A woman of 38 had had mfluenza in 1914 She began to haie
repeated attacks of renal colic 18 years later and passed many wmal
stones She had an infected urine of low specific grasity (1005



CHRONIC PYELONEPHRITIS

(aéf

T16 38 Cord bladder and chrome pyelonephntis The nght kidney
18 becomung progressively smaller Severe mixed urmary nfection, B.
proteus, E coh, S aureus Bilateral retrograde pyelograms

1012) and a pure culture of H wifluenzac Serum caleum, 130,

phospharus, 3 7, phosphata<e, 32, N PN, 47 mg per cent
Retrograde pyelograms showed blunted renal ealyces and multi-

ple calerfieations n their walls Duagnosis, nephrosclerosis (Fig 46)
There are, therefore, many conditions, abnormakities and dis-
eases that serve as a background for renal infeetion and chrome
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I'a 39, Carcmoma of ureter and chronie pyelonephritic Iiffing de-
feet i right nud-ureter with moderate by dronephrosis. Nephro-ureteree-
tomy Retrograde pyclogram.

pyel hritis. Some respond to treatment Lut many are n-
curable.

Chronic pyelonephritis has been re-ponsible for ~ome instances
of unesplained hematuria and roentgen examination often shows
no visible abnormality.

A weak and tired woman of 79 had had hematuna for six month.
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T 40 Carcinoma of cervin and pyelonephntis & Severely dam-
aged left hidney from ureteral obstruction and mfection Intravenous
uragram B Left nephrostomy previous to nephrectomy Retrograde
pyelogram

Upon admison her Hgb was 78 gm NP N, 30 mg per cent,
blaod pres-ure, 113/65 General physieal examination was normal
Urme culture, nonhemolytie streptococel.

At cystoscopie exammation blood was seen coming from the
night urcter A retrograde right pyelogram chowed dilatation of the
pelvis and calyces of a low hiduey (Fig 47) The left hidney was
normal

Becruse of the persistent and profuse bleeding the night kidney
was removed On pathological exammation there was moderate
nephrosclerows, erovon of the mucosa of the upper calyx with recent
and old hemorrhage, and & well-marked inflammatory reaction from
acute and chrome py eloncphritiz

During the course of chrome pyelonephntis, therefore, symp-
toms may be absent or shght or referable to organs other than the
hudney  Poor health may be the cluef complaint In spite of
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Tia 41. Polyeystic hidneys and pyelonephrits A woman of 63 with
bilateral abdommal masses, hypertension (blood pres<ure 200/110) and
severe sepsis, E. eolt, B. proteus and nonhemolytic streptococer in the
urine. Death in uremsa. A, Both Kidney enlarged with typical ere~centic
filing defects and widely ceparated calyeed Retrogrude pyelograms.
(See Fig. 41, )
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Fic 41 Polyeystic hadneys aud pyelonephntis B Gross autopwy
specimen ‘The hidney 15 nddled wath infected ey ~ts, (See g 41, 4)

tieatment, pyura and bacilluna sometimes peraist Whatever
symptoms may evist often are present for long periods of time
(Fig. 4S). The end 1s renal fatlure and death The course of chronic
prelonephritis 1s unpredictable, for <ome cases heal (7, 8) (Fig

Diagnosis

Cases of uncomplicated chromie pyeclonephrnitts that gie no
Iistory of acute or recurrent episodes of renal infection can be
diagnostic problems This ts especially true of those patients who
first present themselves with advanced renal falure In the past,
the diagnowis frequently was ehrome glomerulonephntis Even
today 1t 1s not unusual that a correct diagno=1< 1s reached enly at
postmortem esamination Many clinieal and laboratory pro-
cedures may be neceswary to arnve at the truth

Tests of Renal Function

These have an important place mn the clinteal mvestigation of
these patients The PS P teat 1s of value since this dy e 1s exereted
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.b;z. ‘
Tt 42 Lupus erythematowus and chronic pyelonephnitis A woman

of 50 with uncontrolled . col: urmary mfection. The calyees of both
kidneys are distorted Intravenous urogram

specifically by the renal cells (12). The P.S T, test and the estima-
tion of urea in the blood opened a new ficld in the study of renal
disease. A continued low urea clearance means serious derange-
ment of renal function. When the concentration of creatinine in
the blood rises significantly, renal damage 15 ~evere, Inadequate
excretion of the organic iodine compounds mdicates ineffective

renal plasma flow (13).
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tia 43 iy perpatathyroihism and chrome pyelonephritis  laky
ealerfication 15 present, throughout both kidney The bones are decaler-
fied Renal function 14 poor Intravenous urogram

In chrome pyelonephntis, diminsshed tubular function dom-
nates the picture and 1n termimnal renal faiture there 15 a marked
reduction 1n gl functioming renal units 14)

Urine Examunation

The excretion of abnormal quantities of urine may be an indiea-
tion of repgl impairment espeerally when the specific gravity is
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i« Culerum

Fic. 44 Chrome pyelonephntis and nephrocaleine
Pl film

posits are present 1m the parenehyma of hoth hidney s, !

fived between 1.005 and 1,012 The continual presence of S
sificant amounts of alburm in the urine alwo 1~ an indication ©
abnormal renal function.
The finding of a moderate
stamed smear 15 suggestive o
quantitative bacterial counts,
said to provide a reliable indication of
proximating 1000 viahle organisms per

number of bacteria in the urine b
f significant bacteriurin (13) aw
u-ing the agar plate 1echnie, ar
f infcetion. Bacteriuna oy
ml. of unne 1< con-idere
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Ti6. 46 Chronic pyelonephriti~ and nephroselerons caused by .
nfluenzae The renal calyces are hlunted and ealcium is deposited in
their walls Retrograde pyelograms,

urography alone may suffice. Otherwise, retrograde pyelography
should be performed to make an accurate dingnosis of the renal
fesion

Renal deformities caused by chrome pyclonephritis may be
evident by either intravenous or retrograde pyelography. Farly
changes are wregularities of the caly ceal system, often with some
blunting (Fig. 50). Later changes consist of further calyceal
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Fi¢ 47 Hemtuna from chronie pyelonephmtis The mght renal
Pehis and ealyces are dilated The uppermost ealyx i a httle arregular
Retrograde pyelogram

ilatation and narrowed nfundibuli One or both kidney < hecome
reduced 1 saze (Fig 51). When the disease has heen severe or of
long duration the evidence of severe renal damage 15 clear with
marked defornuties of the renal pelves and ealyces, complete loss
of the normal archuteeture and shnnkage of hidney substance.
Hjy pertension and uremia follow (Fig 52)
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Ti¢ 48 Chrome pyelonephnitis of 32 years duration, The ealy ces of
the nght hudney are irregularly dilated and deformed. The left hedpey
also was diseased Persistent staphy lococeus infection Retrograde pyelo-

gram

The pyelographic changes of chronie pyelonephritis cometimes
resemble those of renal tuberculosis with ealy ceal contraction and
ureteral dilatation.

A hoy of 15 was admitted because of right flink pain for six
monthe and a 30-1h. weight lows, The left kidney was normal. The
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Fie 50 Early chrome pyelonephritis The upper calyx of the right
hidney 15 dilated and wregular The lowest ealyx also i abnormal Unine
culture, E' colt Intravenous urogram

aortography will help to differentiate occlusions of the renal hlood
supply associated with pyelonephritis as a cause of an ewsting
hypertenston.
Renal Biopsy

Tis-ue from the kidney for micro~copic examination can be oh-
tained at operation or by needle puncture. Biopsy is the most
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Tie 51 Advaneed chronic pyelonephritts Begimnmg hypertenston
Both kidneys are growly abnormal Some calyces are didated The -
fundibult are narrowed and drawn out The night hidney 15 quite small
Retrograde py elograms

aceurate dhagnostic procedure Not only can the histology of the
theased hadney be studied, but the bacteriology of the ifection
may be determined, at times, by cultural methods DPostive
eultures have been ohtained 1 this way when urine cultures have
been peruistently negative
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Fie 52 Severe chronic pyelonephritis. A man of 28 with long-stand-
ing disease and conwderable renal damage. B. pyocyancus, 8. proteus
and E colt 1n urme Blood pressure, 170/70 Impending urema. Retro-

grade pyelograms

Needle biopsy, although in its early stages of use and develop-
ment, has been exceedingly useful in the differential diagno~is of
many renal lesions, It 15 not advised when a kidney i~ hydro-
nephrotic or when neoplasm is suspeeted.

When it i+ properly performed, needle biopsy scems to entail a
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Fia 53 Chrome pyel h + | The upper
calyx of the nght kidney 1 n'\rru\\ed The urcter 1s dhlated Obliquo
retrograde pyelogram

miumum of risk Thus, 1 200 cases, Kark e al (16) had only
transient renal colic from clots 1n the ureter in five patients
There were no serious compheations

Certain precaution~ must be taken to make needle biopsy a
safe procedure All patients should be 1n a hospital Prelimuinary
studies consint of cxamnation of the unne with eultures, hema-

o e
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tologieal studies, intravenous urography to determine Lidney
position, N.P.N. and P.8.P. determinations and properly typed
blood set-up for a possihle transfusion, The actual techuic of the
procedure has been well deseribed by Muehrcke cf al. and others
(17-20). In the future, this procedure doubtless will be employed
more frequently.

In addition to these elineal procedures focused upon the hidnes,
a complete examination of patients suspected of having chronie
pvelonephintis should include studies of the heart by x-ray films
and electrocardiograms, examination of the eye grounds, complete
blood studies, and serum clectrolyte determinations If this dix-
ease is kept in mind in chronically ill patients who are diagnostie
problems, there should be more accurate diagnoses made at the
bed-side.

Treatment

It hax been said that the failure to recognize the importance of
the early stages of pyelonephitis in childhoad, the puerperium
and in urological lesions has resulted in o lack of continuity 1n
the management of this di~ease and has done much to prevent &
complete cure of the initial infection (9). Tlus statement is quite
true, 1 believe, and is m agreement with what has often heen
snadl, that the best chance of curing clironic pyelonephritis i when

it 1% acute, Byery ¢ffort should be made to lop-
ment of this disease, . '

Suecessful treatment depends h
of the history, course, gros~ 2

bactenology of clironic pyelo >

fection should be studied. T
upon the duration and stage
erence to blood-vessel change r
dence of active infection, tog
the patient.

1t is generally agreed tha
phritis is ynsatisfactory. Onl
to have responded well to
response is not clear but it
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could be classified as cured and this is probably an optimistic
estimate for I had no way of knowing, in many mstances, whether
infection had recurred. Criteria of cure were normal urine, sterile
cultures, and lack of symptoms. It is quite evident from these
figures that our ability to cure chronic pyclonephritis has shown
no significant impravement over the vears of administration of the
recent antibacterial agents
Prognosis

The outcome of chronic pyclonephritis depends upon the dura-
tion of the discase, extent of renal damage, types of bacteria
present, and their susceptibility to drug therapy. Compheated
cases may be mmpossible to cure, for although infection seems to
be eliminated in many instances, recurrences are common. If only
one kidney 15 diseased, surgery may provide a possible step
toward cure, sometimes by the loss of the diceased organ Com-
plicated caes offer a better chance of cure than uncompheated
cases if renal damage is not excessive, tf the underlying lesion can
be corrected, and if the mvading bacteria are sensitive to meea-
ton.
Even if the urine becomes normal and there are no symptoms,
infection can persist i the mterstitial tissues and acute flare-up~
may take place after months or 3 ears of quicscence Some patients
continue to have pyuria, bacilluriz, and albuminuria that pesist
m spite of treatment and with a slow progrosston of renal damgﬁc
that extends over many years. Some of these patients lead active
lives for years unaware of their afffiction. Others complain of
weakness and feel generally poorly, Many finally diein uremia.

When there is renal insufficiency or hy pertension or n.mm)una-
tion of the two, the prognosis is poor (8). Nothing will restore
wrrevoeably damaged renal units. i

The prognosia of chronie pyelonephritis .(lcpcnlk chiefly upon
the effective treatment of acute pyelonephritis. e _

A study of chronic pyelonephritis necessitates dividing these
cases into tno claswes. (a) those with complicating lesions such s
caleuli, urinary tract obstruetions and operative procedures f‘mrl‘
other systems that affect the integrity of the urinary organs; and
(b) uncompiicated infections.
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TasLE 9

Complicated and Uncomphicaled Cases of Chromie Pyclonephrites,
Massachusetts General Hosprtgl, 1948-1956

Ho of

P Cured | verowd i Died 1 Gremua

. | e

Complicated 338 (10 @ 71e | 3s0 (72 3) {7047
Uncomplicated 365 | 53 (143) 1312 855) ' 9t (25 7)

* Pigure 10 parentheses 1s percentage

The frequency of urtnary disorders followng radical surgteal
operations upon the pelvic viseera 1 well hnown Such comphica-
tions are espectally prominent after cystectomy hysterectomy,
and abdominoperineal operations for mahgnant di-ease, Lestons
of the central nervous system, such as spmal cord injuries, polio-
mjyehtss, and some generalized discases, often hase a serious effect
upon bladder and hidney.

Pyelonephritis resulting from these complicating factors should
he separated from pyclonephritis where none of these lexfons
esists In many in<tances of complicated py elonephritis the disease
can be cured by the elimmation of the compheatng factor. So the
mortality and morbidity in such cases should he lower than m
uncomplicated eaces. The treatment of uncomplcated chrome
pyefonephntis i« notoriously unsatisfactory and usually has little
or no eflect 1n the late stages of this disease Uncomplicated
chrome pj elonephritis presents the real challenge to the physician

These facts are presented in Table 9

The figures m Table 9 indrcate that chrome pyelonephritss,
complicated by other abnormal conditions, has a better chanee of
eure and less chance of death wt uremua than uncomplieated
pyelonephnitis provided that the comphicating factor ean he cor-
rected
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PYELONEPHRITIS IN INFANCY
AND CHILDHOOD

Pyelonephnitis, in 1ts many aspeets, has one of 1ts greatest im-
pacts 1n the early years of hfe Duning this period, it meidence
13 high beeawse of the frequeney of congenital defects of the
remto-uriary organs Its symptoms often are generahized and
ifficult to wterpret Its course many times 19 prolonged It<
pathology has been well deserihed ‘Treatment, many times, 1=
ineffective. Its ravages can be extreme.

A giel of 4 had a history of irritability, eprodes of lugh fever,
vonuting, and nght wded sbdominal pam for 18 months Pyuria
had heen present She had not done well en sulfonamide therapy,
wis weakly, and had enuress

Upot ndmission to the hopital, the temperature was 99 0°, blond
pressure, 90750, WBC, 9,600, NN, 24 mg per cent, Ilgh,
109gm Urme spearfie gravity, 1 018-1 020, albumun, 0, ~ediment,
few WEC, culture, no gronth Urea cleitance, 54 per cent of
norml

"
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Fia 51. Recurring pyelonephritis. The right kidney is abnormal with
dilatation of the pelvis and deformed, ragged ealyces, Retrograde pyelo-
grams

By intravenous pyelography the left hidney was normal but the
nght renal pelvis and ureter were dilated (Tig 34). At c3sto-copic
examination, the bladder and urethra were pormal, ne residual
urine was present and there was no ureterovesical reflux. Urine
cultures were perastently negative

The patient was put on chloramphemeol and followed n the
Out-patient Department. Dunng the next 2 years <he had 8 ad-
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missions to the hospital for recurring attacks of chill, fever, and
abdominal pain i <pite of long continued antibiotic treatment
Pyuna continued, 8 profeus was cultured from the urine, then £
eolt and beta hemolytic streptococer were wentified

After 3 years of care, observation and continued therapy, the
nght hydronephrosi~ was unchanged but the left hidney calyees
now were dilated Urine cultures, at tumes, were positive for various
organ~ms* E oy, B pyocyancus, S aurcus and alpha hemolytic
streptococts No treatment permanently elminated the infection
After T years of therapy renal funetion was still good but the episodes
of chlls and fever continued

This case is an example of how meffective recent antibactenal
treatment may be i chronic pyelonephntss in infancy and chuld-
hood.

Much of our knowledge concerming pyclonephnitis has come
from the study of chuldren who had this disease. Its seriousness,
frequency, and importance n the young was recogmzed and
wntten ahout over 30 years ago Thewe authors deserve great
credit for bringing to general attention a discase that had been
little understood in the past, was seldom recogmzed, and was not
treated with enough aggresaveness (1-13) AN agreerd that ob-
struction to free unnary flow was a predisposing cause of mfec-
tion Some Lelieved that acute py elonephritis could be a comphiea-
tion of upper respiratory tract mfections Foer of mfection such
s tonsils, adenauds, sinuses, teeth, gums, and middle ears were
considered by certan wnters to be mmportant factors m the
genews of pyelonephnitis In reviewing the records of recurrent
pyelonephritis 1n eluldren 1t did seem that renal infection often
followed disense 1n these areas

The commonest ob-tructive lestons in the early years of hfe
were stnetures of the ureter (Fig 53), aberrant blood vessels,
caleuhy, peri-ureteral mas-es or mflammations, contractions of the
bladder outlet, postertor urethral valves, narrowings of the
urethral meatus, and grow abnormahities of development

A 12ycir-old boy with enuresis began having chills and fever 8

manths before admission to the howpital Voiding always had been
difhcult
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Fia 35 Strcture of the ureter and pyeloncphritis Right hydro-
nephro=is from congemtal narrowing of the upper ureter. A girl of 12

Retrograde pyelogram

Ihs general condition was ouly fair. Blood presure, 118/78,
N.PN, 33 mg. per eent; creatinine, 1.2 Other chemistries were
normal An infected urine cultured £\ coft, B. protews nnd # pyocy-

ancus Re-dual urine, 150 ml,

A voiding ey <togram demonstrated bilateral ureteros esical reflux
and hydronephrosis and n funnel-<haped po-terior urcthra (Fig 36,
A). On eystoscopic and panendoscopic exammation pusterivr wre-
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thral 1alies were seen These were remnved by tran-urethral resec-
tion

He then voided well and 18 months later an mtravenous pyelo-
gram, after resmplantation of the ureters, showed an improvement
1 both kidneys (Fig 56, BB)

Gross abnormalities of development may serously affect the
urinary organs m early Ife with infection, renal damage, and
uremia This may eccur as a compheation of memngomyelocele

An8-day-old male nfant came to the hospital with a large lwmhar
meningomyelocele He was <everely 1) with high fever, pyuna, and
ablood culture positive for E colr The <ame organisms were present
in the urine Under treatment the blood stream mifectton and the

Tt 56 Postenor urethral valves A Vouding ey ~togram  Iilateral

reflux and hyd h B D'izhteen months after re-

sechion of the salves and reimplantation of the ureters Intrayenous
urogram
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P, 5
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F1e 57. Memngomyelocele and pyelonephntis .. .An 8-day-old boy
with this congemtal abnormality. Plan x-ray film B. Hugely dilated
ureters and renal pelves at the age of 3. Death in urenua at the age of

11. Cystogram.

acute pyclonephntis subsided, and the defect in the spinal cord was
repaired (Fig 57, A)

The subsequent course was one of repeatedd episodes of pyelone-
phritis The blood pressure rose to 208/148. £. colt and nonhemolytic
streptococei were cultured repeatedly from the urine

At the age of 3 a cystogram shoned hilateral reflux up both
ureters and hugely dilated urcters and renal pelies (Nig 57, B).
The urmary tract mfection with B. protews and B. pyocyaneus could
not be controlled The nonprotein nitrogen ro~c to 230 mg per cent
and he died 1n uremia at the age of 11.

Postmortem findings were severe acute and chrome pyelone-
phritis

Of 65 children at the Massachusetts General Ho-pital aged 10
or under who had recurrent or chronie py clonephritis, 28 or 3”{’“'
43 per cent had some abnormality of the urinary organs. So, with
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any c¢hild who has chrounic pyelonephritis, the chances are about
even that the urmary tract will be abnormal

The following case report 1llustrates the severe renal damage
that resulted from a congenital abnormality and chrome pyelo-
nephritis,

An 8-year-old gl had a congemtal Mtricture of the right ureter
complicated by an mfeeted hydronephrosis Two eutancous ureter-
o~tomies had been performed with poor rewults and (hon a nght
nephrostomy was dene,

Upon admisuon to the hospatal, her condition was gcod. total
renal function tests were normal and the left hadney was normyl

A nght neplhirourcterectomy was carned out and a worthless
kidney was removed Patholomesl report o 58-gm  hidney with
wevere chronie pyclonephnitis (Fig 58)

Three years later she was well with an uninfected urine

Pathology and Bacteriology

By careful study of the histologieal changes of “pyelitis™ n
children 1t beeame evident to early obeervers that the changes
consisted of a true suppurative lesion of the inter~titial tissues of
the kidney Inflammatory foer often were adjacent to small blood
vesels The smaller lesions healed without sear formation but
the more advanced lesions led to necrosis and fibrous tissue forma-
tion (6) (Fig. 59)

The relation of chrome pyelonephritis and hypertension 1
cluldren was deseribed by Butler and Lanman (10 i 1937 Post-
mortem studies of 8 patients from 3 to 11 years of age revealed
chironte prelonephntis Systolie blood pressures m these children
ranged from 140 to 230 and diastolic pressures from 110 to 170.
Two had hypertensive ernses and died of carduae failure hefore
there was sigmificant nitrogen retention Of Butler's patients, 13
hiad had chrome pyelonephintis and hy pertension before there was
appreciable diminution of kidnev function One boy of 7 was
cured of huix hypertension by nephirectomy  Pyelonephnitis was
present n the removed kdnev with maderate thichenmg of the
media and intima of the smaller arterioles Thiz was ene of the
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I 50 Severe chrome pyleanephrites with destriction of the kidney
A chuld of § No nermal renal elements Photomietograph Low power

first reported eases of pyelonephritic and hypertension cured by
nephrectomy.

An 8-verrold girt gave o htory of sonutmg and abdomnad pam
The unne contamed many pus eells, albumm plus 1, eulture, S
albus At this time, the blond pressure way 110 80 She was treated
for neute pyeloncphrits but continued to hayve abdomin it pam and
phuna

At the upe of 13 the blood proseare had risen 10 143 100 E ealt
was eattured from the unue  An mtruenous urogram demonstrted
Bilateral dapliestion of the ureters nnd renal pehses The tue lower
enlyees of the right hidney nere didited (Fig €0, A} The urnary
wfertion cowdd nat be elinyn ted by medieal tretment and dunng
the next tho yeirs the blood precure rose to 160110 Head whes
oceurred and there were repeated eprsodes of ehills and fever Bennl
func tron tests remmned normal

By abdommnal aortography, both mamn rena) artenes were normal
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Tic 60 Double urcters and renal pelves Chronie py elonephntis and
hypertension in a I3-year-old girl, A, The Jower ealyces of the nght hid-
ney are dilated and chronically mnfected. Intravenous urogram. B. Lum-
bar aortogram visualizing normal main renal arteries nnd an accesory
artery to the lower pole of the left kidney.

{Fig 60, B) Therc wns an accessory artery to the lower pole of the
left hidney

Tt was believed that the chronic infection m the lower portion of
the right kidney was responsible for the ncute episodes she had heen
having and that this might be a factor in the hypertenion The
urme now contained hemolytic streptococei resistant to all anti-
otres.

The Jower portion of the right idney nas resected. Mter opem-
tion the blood pressure was 134/04, Fve years later rhe nas well
with a stertle urine, normal renal funetion tests, and a blond pres-
sure of 131/83

Chronie pyelonephritis in children was a primary cause of (lc{uh
in approximately 2 per cent of 2043 autopsies, 63 per cent being
under 2 years of age, 37 per cent from 2 to 12 years. There was
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Ty 16
Bacteriology of Pyclonephritis in Infancy and Childhood,
Massachusetts General Hosputal, 19481958

Orpanssm. 1 No of Cases { Per Cent
:

E colt | 61 } 30 0
Staphylococer EY } 32
Streptocacet ! 3 H 2.3
I proteus ' 9 72

B pyoeyanens | L] > 0
Mied . 38 ! 907
Na gronth | 8 ! 65
Total . 126 i 100 0

an anatomieal matformation of the urinary tract i 54 per cent
of the infants and 79 per cent of the children (10} The Iagh n
adence of pselonephntis in cnidhoot and its <erinuness m -
fants with or without anatormeal abnormalities was emphasized
and it was pointed out that prelonephintis and not chronie
nephritis was the commonest cause of renal in-ufficency with
uremn at thewe ages.

As m oadults, the commonest infecting organism in pyelors.
phriti- monfaney and ehnldhood s B enli (Table 10)

OF 126 caves of acute and chronte pelonephintis in chijdew
aged 10 or vnder at the Masachusetts General {fowpital 1%
responhie organism was< £ cole in 50 per cent Mined infertiens
were fngh (367 per eent) and many of these were £ eoli v53,
staphyfococer or streptocoect as the organisms, i addition 1, £
eoft Perhaps ~ome of these mived cultures represented econtaz 7.
faon in the colleetion of urme for culture 1o these young gasie-s
When B, proteus wa~ encountered either i pure culture ov 4=+,
othier bactena, the mfection usuatly was severe and A0 0y,
coutrol

Symptome

Innfuney and childhood the ~y mptoms of pyelonngs »

2ty
or chratue, often are meager and misleading Frequest z2,¢ frmn

.
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urination with dysuria and occasionally hematuria, are commen
complaints. Loin pain may be present. The outstanding symp-
toms, however, are of the gastrointestinal tract in a great many
of these young patients. Such generalized symptoms as the failure
to gain weight, anerma, headache, apathy, and writability may be
the only real evidences of 1llness. )

Enurests m the young often has been the first complaint. Any
chuld with enuresis should have the most careful studies made of
the urmary tract since many times there is a background of in-
fection, congemtal abnormalities, and obstructive lesions as a real
cause of the enuresis.

A woman of 24 had had cnuresis since birth. When <he was I8
years old, hematuria had oceurred at mtersals for a ycar, but no
adequate studies were made,

On examination at the hospital, the hlood pressure was 120780
Soft masses were felt in the abdomen The urime was concentrated
only to 1.010 Pyuria was pre-ent and £ colt was eubtured, DS
test, 15 per cent 1n two hours

Retrograde pyelograms demonstrated huge hydronephrotic hid-
neys (Fig 61).

At operation, both ureters were strictured near the ureteropeliic
Junctions. The strictured areas were resected and thr ureters were
anastomosed Src months later there was chinteal improy ement.

This case 1s an illustration of the importance of enuresis in
childhood and the neces<ity of adequate examination to determine
1ts cause

When there 1s any degree of obstruetion at the bladder neck
or of the urcthra there is straining and difficult voiting, wually
apparent to the parents. Bed-wetting and dribbling may signily
the overflow of a bladder that is alway~ distended with urine and
easily palpable (Figs. 62, 63).

Diagnesis

Pyuria so often is the only sign of kidney infection in the young
that urmary infection always should receive serious consideration.
When the infection i< pot thoroughly and permanently eleared by
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Tie 63 Caant bilateral hydronephross Ty,
‘The first sy mptom was ehuress Retrograde e, e

adequate medical treatment complete p‘w
iestigation 1~ i order This entails may, -
repeated unnalyses, unme cultures and o,
stains of the uninary sediment, renal ‘\lnrh(, L
serum eleetroly te determinations, roentger, >
copy, panendo~copy, and oreulatory ay) r
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Fic 62 Spina Wfida, neurogenic bladder, chronie pyelonephritis and
rettal richets A girl of 12 with hdateral hydronephrosis catsed by the
vestead dysfunction Retrograde pyelograms

Only through such miestigations can a real evaluation of the
situation be made and an mtelligent course of treatment he out-
hined.

Physical Examination
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F1e 63 Renal nchets asociated with spma hifia and severe renal
dicase Same cave as Dgure 62

cluld with chronic pyelonephritis often presents the picture of a
chronieally ill patient, deliydrated, anemue, febrle, and erttically
sick, but with few localizmng signs Costovertebral tenderness may
lie pre~ent but more often abdammal tenderness 15 such that an
mtra-abdomnal lesion 1s suspeeted The diagnosis wavers from
ecarly pneumoma or meningitis to any of the acute infections of
cluldhood. Ne othier signs may he present except pyuria and in
eitlier acute or ehromte pyelonephinitts the urine, at times, may be
clear Repeated urinalyses, however, <hiould provide a clue With
proper technic, «tains of the urinary sediment or urine cultures
ghould <how that an active mfection evsts and that it has not
responded to medical treatment Then further mve-tigation 1s
indieated

Laboratory Tests

Typieally, 1 chronie pyelonephritis there 5 an acid urine,
acidowis, low CO;,. hvperehlorenua and hyperkalerma In children,
these valiies may mean renal tubular acidosis Here, there 1s apt
to be nephrocaleinosts, s pophospl: 1a and ost lacta, and
posabls. by pokalemia In urema, hyperchlorentia 1s not pre-ent.
In addition ta routine bload analyses, ncluding hemogtolun,
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smear, leukocyte count, nonprotein nitrogen or blood urea nitre-
gen, creatinine, CO; and sedimentation rates, serum electroly te
determinations should be carried out. Thee include values for
calcium, phosphorus, potassium, sodium, and chloride.

Tests of Renal Function

In acute pyelonephritis the ability of the kidney to function
efficiently is little, if any, impaired. When renal disease has been
reeurrent or long-standing, the kidney may be so severely damaged
that 1t can no longer adequately perform its many functions
Studies of renal function are especially important in chronie
pyclonephritis,

As n adults, the first evidence of renal damage may be the
passage of large amounts of dilute urine. The specifie gravity of
the urine becomes fived at Tow levels, 1.010 to 1 014, The Midney
is unable to concentrate the urine. The concentration tests meas-
ure tubular funection, Rough estimates of renal function in children
are provided by the hlood levels of nonprotein nitrogen and urea
nitrogen.

Normal ranges of plasma components as indicators of renal
function (14) are 1cported in Table 11.

Placma levels of creatimine are uweful indications of renal in-
sufficiency.

More delicate tests of renal function arce the P.S.P. and urea
concentration fests, At ey«toscopie examination, the function of

Taree 11
Normal Ranges of Plasma Compornents
fmg 2
Nonprotem mtrogen 20-30
Urea mtrogen 1015
Urea 1010
Creatimne 0 5-1.5
Sulfate (norganie) 0.3-0.6 mmoles/1
Sulfur (inorgame) 1.0-2 ?
Phosphate (inorganic) 0.5-1.5 mmoles/L
1.5-4.5

Thosphorus (norganic)
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each kidney ¢an he roughly determined by the appearance and
concentration of indigocarmine given mtravenously (50 cc ) and
the ureteral orifices watched as this blue dye emerges from each
ureter. Levels of nonprotemn nitrogen of urine, sceured by ureteral
catheterizatton, also provide an mdication of the funetion of each
kidney The time of appearance and concentration of the orgame
todine preparations for mtravenous urography also serve as tests
of renal function.

Rocntgen Examination

In all eases of pyelonephntis mn mfaney and childhood, x-ray
examination is essential The only po~sible evception might be a
single mild eprsode of pyuna with fever that re-ponds quickly to
medieal treatment, If acute epreodes recur, or if pyunia persists,
x-ray examunation must be carned out In acute pyelonephritis
x-ray exanunation usually show- no renal abnermahty or, at the
most, some <hight impairment of function (Fig G4). In acute
glomerulonephrnitis renal functien 15 kikely to be more depressed
becanse of the more diffuse damage to the renal units (Fig 63)

Satisfactory plan v-ray films will deteet abnormalities of hony
structure such ns ostecomalaein, renal rickets, and <pina Iafida
The renal outhnes give some ndication of the size, shape aad
po~ition of the kulneys. If no renal outline 15 seen the kidney may
be abent (F1ig 66) Radiopaque <hadows n the course of the
unmary tract may be calenl

More satisfactory information concerning the urnnary organs
1s provided by the adminitration of one of the organie 1odine
preparations, mtravenously 1f practical, or subcutancously m
dilute form 1n 1nfants Rocntgen visuabzation provides the vitally
needed information concerming nhnormalities of the kidneys,
ureters and bladder If adequate information 1~ not secured by
intravenous methods, retrograde pyelography should be carned
out
Delayed or Vording Cystograms

Reflux of unne from the bladder to the kidney through the
lumen of ureter 15 ar, important factor i the genews of pyelo-
nephintis,

AN
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T'ie Gt Acute pyelonephritis Normal nght hidney Some delay in
exerction by the left kidney Intrasenous urogram

A -year-old git! had recurrmg attachs of left pyclonephritis
following a virus infection The urine was infected with £ calt,
. albus and alpha hemolytic streptococer present by culture. The
bladder and urcthra were normal by ey-toscopic and panendoscopic
examination

A cy~togram demonstrated vesico-ureteral reflux up a double
left ureter and some left ealicetasis (g 67).
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F1c 63 Acute glimertdonephrstss Uxudative changes myolviug alf
glomerult Red blond ceils within the tubules. Photomierngraph  Low
poner,

The Toft ureter wa~ remplanted by the Politano-Leadbetter
technie This cured the reflux, ehmnated the infeetionand impros ed
the fanetson of the Jeft hadney

Tius phenomenon probably occurs only i disease  Vesteo-
ureteral refius has been known to nceur 1 paraplemie patients
and has Dheen a recogmized cau~e of recurrent pyclonephntis,
failing renat funetion, and a major eause of shortened fives Oniy
recontly, has vesico-ureteral reflus heen known to have c<amewhat
the same significance 1 pyelonephnits of mfaney and childhood
am

By delayed or vouding exstozrams m elnkiren, unsuspected
ahnermalities i cluldeen have been deteeted in the upper unnary
tract when intrayenons prelography showed no abnormahity This
extmination 1 essential in the study of pyelonephritis m ehildren,

L~



136 PYELONEPHRITIS

Pra. 66 Absent right kidney. The left kidney s large from enmpensa-
tory hypertrophy The right side of the trigone was not present. futra-
Yenous Urogram

A Gwyear-oid boy had been operated upon ehenhere s year before
and the left adney removed for hydronephrosis. Attacks of acute
pyelonephntis continued after opemtion.

His utine was infeeted but sterile on culture, Blood presure, 120/
60 Normal bload chemistries Residual urine, 40 to 50 ml

An ntravenous pyelogram was made and the right hudney »as
considered ta be normal 68, (Fig A). A voiding eystogram demon-
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strated bilateral vesico-ureteral reflux with considerable right
hydronephro~is and dilatation and tortuoaity of the remaimnder of
the left ureter (Ig 68, B) By panendoscopic exammnation there
was narrowng of the vesieal outlet.

At operation, the dilated lower left ureter was remosed A wedge
rescction of the bladder neck was performed and the right ureter
was remplanted tnto the bladder.

T'a 67 Veweo-uretert reflux Cheomie pyelonephntis Reflux up a
double left ureter Left caliectasis Cytogram
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Fie 68 Vesico-ureteral reflus and pyelonephntis A. The remaming
night kidney was considered normal by intravenous pyelography {lit-
eral) B A vouding cystogram demonstrates reflux on both sides with a
dilated nght renal peliis and dilatation of the remamder of the left
ureter after left nephrectomy. (See I'gs 68, Cand D)

The postoperative result was gratifying Vesco-ureteral reflux
1o longer was present (Fig 68, C) and 18 months later there was
considerable ymprovernent in the night kidney by intravenous pye-
lography (Fig 68, D) The urine was sterile,

The technic of delayed cystograms is simple. Twenty-four hours
after intravenous urography. 75 to 150 ml. of one of the prepara-
tions used for intravenous urography diluted to about 10 per cent
is instilled into the bladder by eatheter. The eatheter 15 with-
drawn and an x-ray exposure is made immediately. The patient
then ambulates and x-ray films are taken at 30 and 60 minute
wtervals (16) This simple examination often is rewarding.



n L\‘F«\\‘CY

68 Vesteo. Tetery, refluy ang 3 elo, C (‘_\xro/:r:xrn
after reuy, ireter ang Femoy af of the Jogy urcter
Mo ey uy Intrmmmm Urogryp, 18 mnnllwuhor ODeratyoy, ('unmlvr-

"ement g, gy, J

able nprey eng g, e:ppmr:mm of the rp, QAng nght kl(lnq\
Tn-.mncm

uncomphcatod p_)oloncphmn n chuldre, Usually re-
ell ¢ Teatmeny 1as Dogy Common Practiee ¢ five

he of the sulfonmmdns to thee oung Patieng, Unlew. Urine
Ctltype, and wmmm toot, Mdieqqe that “ome gje,. Preparg.
.

Acute
*Ponds 4

i if tedd ult f on of the drup. Usuafly niff
ontroj ), al ey fectyy,, and, Teatme, Ontingeqy
“Cleral y 2 reduce g, e, the hanep, f an acute
flape. In tfeer, M to he ened gy, oW |, the re
uceq g, Id e COntinye |, 10t beep led byt Bould
M adh . P some O of mey, aty ,T(‘[)(‘.'ll(‘('

o\ﬂmmnnmw of the Urine, q¢ nterya), hayve een norma} ar)
The ~of ¢ Catment of acUte py nloncplmm at the \!:wn»
huspyy, Genergy ”mplml are given iy, Table 1



140 PYELONEPHRITIS

TapLe 12
Treatment of Acwte Pyeloncphritis 1n Children 10 and Under,
Massachusetts General Hospilal, 1948-1956

No of Cases } Cured Not Cuted Died*
61 ] 58 (95 0%) 3 (5.0%) 2 @3.2%)

* Both children died from seyere renal infections:
B proteus and B. proteus and B. pyocyaneus were the invading or-
ganisms

These figures 1llustrate the excellent immediate results of the
treatment of acute pyelonephritis in children, Very likely there
were some relapses m these eases where long-term follow-up was
not possible, Cases that had repeated acute infections are classed
as chronic pyelonephri

Chronie pyelonephritis in children is a difficult disease to treat
successfully. In spite of adequate initial antibacterial treatment
and meticulous examination, the disease has been persistent or
recurrent 1n many mstances Succes~ful control of infection often
scemed to be reached only to be interrupted by other episodes of
chills and fever, sometimes while on a prolonged course of treat-
ment.

When vesico-nreteral refluy was present the infection almost
always resisted antibacterial therapy. To correct reflux, Various
operations have Leen designed One of the most sucees-ful has
Leen re-tmplantation of one or hoth ureters in a submucovs
tunnel. This operation has eliminated reflux and has usually re-
sulted in an improvement to a damaged upper urinary tract and
cure of the infection.

A 2-year-old female infant, with repeated attachs of acute otitis
media caused by a staphylococeus mfection, developed pyuris, chills,
and fever Cultures of the urine grew. S. afbus, beta hemolytic
streptococei, and finally B. profens Many antibiotics farled to
elimnate the urinary tract infection.

The bladder and urethra were normal by panendoscopic examina-
tion The left hidney was normal by intravenous pyelography. The
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right kidney had good function but the superior calyx was dilated
and rregulir W\ night retrograde pyelogram confirmed this finding
(Thg 69, A). A eystogram demonctrated sesico-ureteral reflus up a
dilated right yreter (Fig 69, B)

The mght ureter was remplanted nto the bladded by a <ub-
mucous tunnel The right ureteroyesteal reflux was cured and the
severe infection was controlled (Ftg 69, C) although two years
after operation there was reflux up the left ureter. If this results in
symptoms at 1~ planned to resmplant the left ureter.

The operative technic has heen well deseribed by Politano and
Leadbetter (18).

Unlews obstructions to the free flow of urine are corrected the
chance of curing infection is slight and one can expeet recurring
attachs of pyelonephritis with progres-tve damage to the hidney

In the lower urinary tract, narrowings of the veseal outlet may
he corrected by transurethral rescetion or hy plastic operation«
on the bladder neck (sce Fig 68) Do~tertor urethral valves may
be similarly removed Strictures of the urethral meatus are easthy
cured, not by dilatation, but by a mmor plastic reparr In the
upper unnary tract, ohstructin e lesions that require correction are
strictures of the ureter, aberrant blood vessels that cross the
urcter, and the many abnormalities of development of the kd-
neys (19)

Asan chromie pyelonephnitis 1 adult life, these cases in child-
hood were dinided mto ltcated and ) d caves.
The cure rate for both groups was approxtmately the same and
not very high when the usual abihity that children have to re-
cover from 1llness 15 considered. The seriousness of chronic renal
infeetion an the carly years of hfe 1s Mlustrated by the fact that 10
per cent of these children died 1n urenna (Table 13).

Prognosia

The chance of cure of acute pyelonephritis in elildhood 15 ex-
cellent as shown i Table 12 However, thewe figures were based
upon casea of one or more eprsades of acute infection that were
promptls cured. The figures do not take mto account the cases
of acute pyeloncphntis that kept recurring n spite of adequate
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PYELONEPHRITIS AND DIABETES

Renal infection often occurs 1n diabetic patients and tlus com-
pheation may be serious Rewstance to any infection 1~ less m
diabeties than i well individtuals and infection n the kidney may
be severe, rapidly progressive and, at times, fatal, espectally when
pyclonephnitis 1s acute and associated with diabetes An espectally
dangerous and frequently fatal form of thi di-case in necrotizing
renal papsthtis The symptoms of kidney infection i dabetes
often are vague and misleading and many times have been
wrongly attributed to the diabetic state Treatment is notonously
uneatisfactory and cure 1s difficult to attamn Pyelonephntis is a
chuef factor in the death of many diabetic patients

A 49-3ear-olid diabetic woman was admitted to the hospital ward
from the OQut-pitient Department heeatse of a persitent unnary
mfection This had not responded to trentment with many drugs
Her diabetes was well controlled  Urinary ~ymptoms were msig-
mficant

The Fisting blond sugar was 170 mg per cent Blood presaure,
130/90 Unine <pecific gravity, 1 013, albumum, 2 plus, <ediment,

T
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many W.B.C PST. test, 60 per cent 1n two hours. Urine culture,
E eols senaitive only to chloramphenicol This drug failed to chmi-
nate the infection

An intravenous pyelogram was made. Total renal function was
good The left kidney was normal in appearance. The right hidney
was obyiously diseased with marhed ealicetasts (Fig. 70).

The nght hidney was removed and, although the patient felt
well, E coli persisted i the urine cultures.

i in-

I'ie. 50 Diabetes and chrome pyelonephritis. Percistent £. ol "
fection. Normal left kidney. Right hydronephrosts Right nephrectomy.
Intravenous pyelogram.
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The pathological report was chronie pyelonephrites and hydro-
nophrovis, Marhed intimal thickenng of the arteries was present

The exve itlustrates the difficulty of eradicating urmary traet
infeetion mn the diahetic

Pathology

Rignificant infection of the unnary traet was found pre-ent at
postmartem examination in 30 per eent of diabetic patients at the
New Englwd Deaconess Hoepital 11 (Fig. 71) Many of thew
patients presented a distresung preture of advancing malone-
phritic with renal or perwenal ab~cesew, degeneratsie vareular
lewsons, and renal fashure Pyclonephritis was found at autopwy m
15 tn 20 per cent of diabetses by Joron of af (2, a considerably
higher incidence than acettrs m the general population  Acute
pyelonephritss was given as the eause of death m 73 per vent of

Kz S “w-..«” {'1:’.‘54 e
%6 :

Fio, 71 Diabetes .\mu' m\\l r-hmnw pwhmvnhnm l)lﬂ'lN'nHuXu
infltration There are no peesfic fenal change< characterstie of drbetes
Phatemserograph Low poser
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307 autopsies on dibetic patients by Robbins and Tucker (3).
This is in contrast to figures of 1.3 per cent in nondiabeties,

In <ome patients with a long diabetic history, a deposit of
hyalin matenial i~ formed between the glomerular eapillary loops
with all or most of the glomeruli involved and some to almost
complete obliteration. This condition was deseribed in 1936 by
Kmmel-tiel and Wilson () (Fig. 72). It frequently iv accom-
paned by maswve albuminuria, edema, nitrogen retention and
hypertension (3). This leston has heen said always to be asomated
with some degree of pyelonephritis

A striking feature of autopsy material on diabetic patients has
heen the presence of marked kidney or bladder inflammation in
cases who have had diabetes for a relatively short time. The
mereased susceptibility of the diahetic to infection, therefore,
must originate soon after the onset of the discase (6).

APt ORI RAat

= end 5

v,

ey
h"",,&"‘ }Hézf Fr L
Fic 72 Duabetes and pyelonephriti<. I\'unmoHicIA\.\'ann glemeru-
1ar seleross and severe chronie pyelonephntis Diabetic nephropathy.
Photomicrograph. Low power.
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The histological renal lesions of pyeloneplhritis in diabetics, in
ather respects, are smilar to those deseribed under acute and
chironic pyelonephritis,

Bacteriotogy

Many different organisms are implicated in the diabette with
pyelonephritts: The commonest s E. colt, but mived populations
of hacteria oceur with considerahle frequency  Staplhy lococci often
are present with E eolt and are apt to come from septie foct ~uch
as furuncles, carbuncles, or other suppurative lesions 1. acragenes,
hemoly tic and nonhemolylic streptococer, B proteus, and B
pyocyaneus may he encountered 1 <everc mfections of the kidnes

The hacteriology of 127 cases of pyelonephritis 1 diabeties at
the Massachu~ctts General Fo~prtal is grven mn Table 14

The most frequent orgaresm isolated in pure culture m our
diabetre patients with pyelonephaitis was B enle (g 73) This
was true 1m ahout 40 per cent, Mised hactertal populations oe-
eurred with more frequency (33 per eeut)

L woman of 34 with severe diabetes was «een first 30 years ngo
At that time, ber complunts were progressne foss of weight,
polydypeia, and polyuria  Her blood <ugar way 228 mg per cent,
with glycowurtt and n blaed pressure of 110,70 During the next
14 years the had many howpital admesions for cellulitis, superfi-

Tinen 14
Bactertology 1n Diabeles and Pyelonephritis,
Massachusctts General Hosptal, 1918-1956

Organinm ) No of tasws Fer Cent
b coly . 30 ' [CR]
Staphylocc ci 2 ' 16
Rtreptocoeed i 23
B protus 1 us
Mureg i o8 5
Nopronth 3 24

Total ' 127 100

|
{
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Ti¢ 73 Diabetes and pyelonephntis £. ecoli mfection, The left renal
pelvis and ealyees show the coffeets of chrote infection. Lateral retro-

grade pyclogram

cial abscesses, and sinusitis. The diabetes was poorly controlled
m spute of eaveful treatment

In 1916 che first had acute pyelonephntis with £, colt and I
proteus eultured from the urine, Renal studies at this time showed
dilatation of the left urcter and left renal peliis and n small ght
kidney with poorly filled calyees (Fig 74).
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Y16 74 Dustietos and chrome pyelonephnts Mived mfection A
though ren t fanetron s good, both etney s show the ehinges of «hnme
fection The rght hulney ix smmall wnel the calyors aee not well flled
The Teft hadney pehus and urcter are ditsted and <ome calyees are dis-
Torted Intrasenous pyelogram

The urinary infeetton peepanded tor Promy e T \
Attacke of pyelonephritie resuined, however, with & auli persst-
ently enltured from the ure Larh attaeh of prelonephriie conld
be controfl? for @ tune hy steepromvein

T 1952 the blood preseure had ren to 130 100 She was weak
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and short of breath Blood sugar, 342 mg. per cent. The eye grounds
shawed early retinal changes. The left hidney pelvis now was di-
lated. Vision became blurred from diabetic retnopathy. She hag
continued to have E. coli in the urine up to the present time
spite of persistent drug therapy

In these mixed mnfections, B. proteus was present in 27 cases
(21.2 per cent) and B. pyocyancus was found in 18 (12 6 per cent).
These resistant organisms probably were factors in the high
mortality and the poor results from treatment in our diahetic
patients who had pyelonephritis.

Symptoms

A complete lack of symptoms referable to the kidney has been
a feature of pyelonephritis in the diabetic patient. The renal
lestons found at postmortem eaamination often have Leen cut of
proportion to the symptoms. In many patients, there has been
nothing to suggest infection of the kidneys. Frequent and uncom-
fortable urination, if present, in many instances have heen at-
tributed to the diabetes. Even in acute pyclonephritis the usual
symptoms of acute renal infection may be absent or misleading

In these acute renal infections there may be anly 1ague ah-
dominal pam and tenderness but the tenderness often is not in
the costovertebral angle. Other symptoms of acute pyclonephritrs
in these patients are fever, chills, nausea, vomiting, drowsiness,
and prostration. Acidosis and vomiting with ketonuria has heen
asertbed to the diabetes when it really was eaused by chronic
pyelonephntis and renal failure. The outstanding symptoms, at
times, have strongly suggested gastrointestinal disease, and ince
urinary symptoms were absent, pyelonephritis was not suspeeted.

In 1 or 2 per cent of all diabetic patients neurogenic bladder
dysfunction occurs as a complication. Thix results from a degen-
eration of nere fibers. DPatients afflicted with such a (lx-or.d('r
complain of difficult urination or even complete urinary retention.
This complication may Jead to serious infection of the nneary
tract with irreversible changes in the bladder and kidney <, uremia

and death (7).
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bie, 75 Dubetes, nearogenie bhidder, and chronte py eloenephntis
A, Atane, trabeculated bladder with left vesieo-ureteral refly Chsto-

kram B Bilateral hy dronephrosis and hy dro-ureters Intravenous uro-
gram

A Tyear-old woman and a severe dibetic was admutted
urmary retention

The urme was heavaly mfeeted, &7 coli, B pyncancus and 8
Protens were cultured

A cystogram demonsteated a ditited blsdder with tribeeulation
and Ieft urcterovesietl reflux (g 73, \) Both hatneys and ureters
were dilated by intrasenous urography (Fig 73, I8

The ureters were transphinted to an ol ited segment of teum
bt the patient died soon after operanion Death was bigely due to
severe chrome pyelonephntis in a deibetie

Since the development of atheroscleros 15 commonls acceler-
ated in the duabetie patient, hspertenvion asociated with pye
lonephritia <hould be rather common Tlis wa= true m our own
Pitients, for by pertenion was present i 50 or nearly 43 per eent
of 127 patients who were diabetic The eombmation of hs per-
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and short of breath. Blood sugar, 342 mg,. per cent. The ¢y e grounds
showed carly retinal changes The left kidney pelvis now was di-
Iated. Viston became blurred from diabetic retmopathy. She has
continued to have E. cols 1 the uring up to the present time in
spite of persistent drug therapy

In these mixed infections, B. profeus was present in 27 cases
(21.2 per cent) and B. pyocyancus was found in 18 (12,6 per cent).
These resistant organisms probably were factors in the high
mortality and the poor results from treatment in our dibetic
patients who had pyelonephritis.

Symptoms

A complete lack of symptams referable to the kidney has been
a feature of pyelonephntis in the diabetic patient, The renal
lesions found at postmortem examination often have Leen out of
proportion to the symptoms. In many paticnts, there has been
notling to suggest infection of the kidneys. Frequent and uncom-
fortable urination, if present, in many in<tanees have been at-
tributed to the diabetes. Even in acute pyelonephntis the usual
symptoms of acute renal infection may be absent or misleading.

In these acute renal infections there may be only vague ah-
domunal pain and tenderness but the tenderness often 1s not m
the costovertebral angle. Other symptoms of acute pyelonephritis
in these patients are fever, chills, nausea, vomiting, drowsiness,
and prostration. Acidosis and vomiting with ketonuria has heen
ascribed to the disbetes when it really was caused by chronic
prelonephinitis and renal failure. The outstanding symptoms, at
times, have strongly suggested gastrointestinal discase, and since
urinary symg were absent, pyel hritis was not suspected.

In 1 or 2 per cent of all diabetic patients ncurogenic bladder
dysfunction occurs as a complication. This results from a degen-
eration of nerve fibers. Patients aflicted with such a disordler
complain of difficult urination or even complete urinary rctcr.lllun-
This complication may lead to serious infection of the urinary
tract with irreversible changes in the bladder and kidney =, urenia

and death (7)
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P N - PSR,

16 76 Dubetes, hypertension, wd prelonephntis: The by perten-
o1 was not controlled by sympathectomy Ttenal infection coutd nog e
ehmimated The Joft renat ealvces wd uretcr are dilated The nght hid-
fey 18 s alfected Intens enous urogran

Roentgen examination al-o may be revealing by demonstrating
thﬂ'nmm~ 1 the vize of the hidney (Ing 77 If renal function
i adequate, intras encus urography 1~ ndicated and s preferable
to Sstoscopic exammnation with retrograde pyelography beeause
of the rik of mtrodueing resistant organism~ There are times,
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tension and diabetes was a serious one for 28 or 36 per cent of
our diabetic patients with hypertension died in uremia (8).

A 39-year-old dibetic woman with a blood pre-ure of 200:12)
and apparently normal kidneys had a bilateral lumbodorsal sFmp-
thectomy. A renal biopsy at thi- time was reported nepheosclerous
grade two

After operation her blood pressure was somewhat lower {100, 961
but 1t gradually elimbed to 220/110 Several years Liter, she begin
to have attacks of acute pyclonephnitis with ellls and fever. £
colt, beta hemolytic streptocorei and S albus were cultared from
the urine.

An mtrayenous urogram now showed left renal ealieetasis and a
dilated left ureter. The right hiduey was less affected (Fig 70)

Pyuria and po-itive urine cultures petsisted in spite of intensise
drug therapy.

The symptoms of cystitis with bladder irritability, frequent
uration, dysuria, cloudy urine, and hematuna all de-erve serious
consideration in the diabetic.

Diagnosis

The complete absence of urinary symptoms that so often o\i:ts
in dhabetic patients with py clonephritis often clouds the diagnost
Renal infection should be thought of in any diabetic who ha~ an
unexplamed fever, regardles~ of immedate urinary findings This
is particularly true if the diabetes is uncontrolled or inadequately
controlled. .

Fever, chills, nausea, vomiting, and drowsiness may bl;!l.llf)'
kidney infection and impaired renal function, General phiysical
exammation often is unrevealng or there may he evidence of renal
enlargement and kidney tenderness. . .

Urine examination is, of course, of importance. True infection
is deteeted by pyuria or the presence of signiﬁf‘nnt numbers of
bactera by enlture or in the stained urinary sediment.

One is often surprised to find varying degrees of mtrogen reten-
tion in these patients who are active and seem to be \\.vll. Tln;
usual tests of renal function al-o may give evidence of serious and
unsuspected degrees of renal impairment.
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bie 76, Duabetes, Wy pertension, and paelonepbrstis The by perten-
“an sas not comrolled By svmpathectomy  Renad mfeetion could not be
haun el The left ol catyees and ureter are dittesd. The nght had-
ey i doss atfected Intrtenous urogram

Roentgen exanunation alvo mat he revealing b demonstrating
differences 1 the wze of the kudney~ (Ing 77y 1F renal function
1 adequate, mtrvenons nrography 1= indseated snd i« preferalle
10 cy~toscopie exanmnation with retrograde pralography beeanse
of the rsh of troducng reststant organsms There are times,
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T'ie 77, Dibetes, hypertenwion, and chronic pyclonephrits A
woman of 63 with nght flank pain and hematuria. £, colt and S, albus
urmary mfection Blood pressure 190/90 The left hadney was normal.
The nght kidney is small with ditated and irregular ealyces, Retrogrde

night pyelogram

however, when such a risk is justified since intelligent treatment
15 based upon an accurate diagno~s (Fig. 78).

s indieated, many diabetic patients have unsuspected nfec-
tion of the kidneys. Any diabetic patient who i~ not domg well
and who~e metabolic discase is poorly controlled is a suspeet for
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116 78 Diabetes and chromre pyelonephntis Persistent urmary -
fection Ihe right kedney 1~ by dronephirotic and miccted wecondirs to
fongental stricture of the ureter Cured by night nephrectomy Bilater
retrograde py elograms

atenal comphieation. If this 1s kept 1n mind, and early and vigor-
s treatment i~ instituted, many hves may he prolonged
Treatment and Prognosis

The treatment of pyelonephritis 1 diabeties haw been noton-
oy utatifactory This hax heen our own esperience (Tahlel sy
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TapLe 15
Treatment of Pyclonephritis in Diabetics,
Massachusclts General Hosputal, 1918-1956

No of Cases Cured , Not Cured Died in Uremia.
127 J 17 (13.4%) ] 110 (86 6%) ) 35 (27.6%)

These figures tell the seriousness of pyelonephritis in diabetics,
The chance of cure was exceedingly small in our experience (134
per cent). Over one quarter (27.6 per cent) of our diabetic patients
who had pyclonephritis 25 a complication died in uremia.

Fourteen of these 127 diabeties (11 per cent) had acute pyelo-
nephritrs, Nine of these patients (643 per cent) were at Jeast
temporarily cured of their infection and five (35.7 per cent) were
not cured. Three (21.4 per cent) died as & result of the renal infec-
tion, There was, therefore, a much better chance of curmg acute
pyelonephritis in these diabetic patients than when the di-case
was chronie, but with a much lower percentage of eures than in
nondiabetic patients. The mortality of the acute infeetions (21.4
per cent), moreover, was considerably higher than in nondiabeties,

Bladder dysfunction in the diabetic has responded in some
instances to prolonged eatheter drainage together with the elim-
mation of severe infection and control of the diabetes Removal
of tissue from the bladder neck by transurethral resection has
established normal voiding for some patients Cholinergic drugs
occastonally are helpful. )

Prolonged treatment with appropriate antilacteria) drug:« is
generally advised for diabeties with pyelonephritis. Infection
caused by E. coli alone often respond to adequate doses of 1he
sulfonamudes. Mised infections are less likely to do well. The more
resistant organisms such as B proteus or 5. pyacyancus may he
inhibited by such drugs as Furadantin or chlommphen.wol. Too
often, however, the final result of intensive antibacterial treat-
ment has resulted in the appearance of organisms that were re-
sistant to all available agents.
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Neerotizing Renal Papiltitis

This 15 such an important renal complication 1 the diabet
that it deserves speenal conwderation The condition has bet
termed renal medullary neerosw, neerosts of the renal paprlia
renal papiflary necro~s, and neerotizing pyetonephrit

Pathology

The actual pathogenesss of thix condition 1 not too welt unde
stood hut 1t 15 believed to be the result of tehemue necrosis of )
renal papillae, aceompamed by a revere inflammatory proce
caused by bacterial mvawon  Although 1t ocetrs m nondabet
patients, wsually asociated with unnary obstruction neerotizsy
renal papithtis most frequently 1 a~omated with dabetes T)
fesion may affeet one or both hulney~ It oceurs 1 3 to 3 per ce
of autop~ies on drabeties.

The gro-< appearanee 1 one of miarction of one or more of ]
renal papillae The involved areas are gray or greensh yellow
contrast to the color of the rest of the hadney substanee The ti)
or most of the papillae appear neerotic and with sequestratic
when the lesjon i~ adsanced

On micro-copie examination, there 1 a complete lows of norm
architeeture, Areas of congulation neerows imvolie one or mo
pipilac. Infarcted areas are murrounded by a zone of den~e 1
flammatory exudate There 12 an inten<e cellutar mfiltration wy
polyinorphonuclear leukoeste: and mononuelear cells Periphe
alty there 1s by perenna and erdema The diseased arcas are <harp
demareated from normal renal treue (N 790 Aeute prol
nephratrs may be present i the parenchyma of the kidney ()

Symptoms

In the reported eases of neerotizing renal papdhitrs, sy mptos
have been vanable In ~ome instanees, the diseaced process b
been arnte and fulounatimg with sigo~ of overwhelming ~eps
Tapid and progressive renal falure wrenua, and earh death
other tunes, renal jnfection ~ hnown to have been present f,
weehs or monthe with acute febnile episedes endmg i ofiguna



160 PYELONEPHRITIS

Fic 79 Necrotizing renal papillitis and dubetes Junction zone of a
necrotic papilla with the area of seserc acute pyelonephrtis. Photomi-
crograph Low power.

uremia Often, the signs and symptoms of neerotizing renal papid-
Iitis have given no hint of the real situation and the lesion has
been found only at postmortem examination.

Ohguna and anuria have not Leen prominent symptoms exeept
ternunally. Occasionally, hematuria has occurred nccompanied by
renal colic and the passage of blood clots

Diagnosis

Neerotizing renal papillitis is to be suspeeted in any diabetie
who has severe acute pyelonephntis. In the past, an accurate
diagnosis has been made more often at postmortem examination
than at the bedside.

Certain features may suggest this discase in diabetic patients.
Diabeties who are eritieally ilt with chills, fever, and prostration
are good candidates for necrotizing renal papullitis. Suspicion i=
strengthened when there is a leukocytosis of 12,000 to 30,000,
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albuminuna, and pyuna Unine cultures often ~how mived tufe
tion~ such as E. cols and B protens or E coli with staphyJococar
«treptocorcey

X-ray examination has been an ard, at times, in the diagno~
Easly renal ehanges may e deteeted by mntratenous or retrogra
pyelogeaphy . Typreally, they consist of ragged irregulanities
one ar tno calyces Some difatation of the ealyees 1« present wit
out any evidence of unnary obutruction, At tunes, the renal d
formutsy has suggested mahignant drease

An important, although infrequent, diagnostie sgn has hee
the pasage in the unnte of a necrotic renal papiila This did b
oceur 1n any of our own patients, hut 1t has heen reported and
1t does happen the diagnosis t« clear

Treatment nnd Progrosey

Many of the patients with neerotzing renal papillitt have i
Lefore effeetive treatment could he instituted The hest treatme
t~ propha Laetic Thi~ imsphies good control of the diahetes vigara
treatiment of anv wfectron of the urars organs, and the corre
tion of any ob~truetive lesons that mas smpede free unnary flo

1 thas lesion i susperted  ammediate intensive treatment <hou
be darted with the agent idicated v cultures of the unne m
Austnaty tests Often the real condition has not been suspeete
or the courwe of the disease has been <o rapidiy fataf that effectr
treatment could not e wstituted

There have been a few reported instantes of survnval aft
rephrectomy Operstion ~hould be ~erwoush  conadered on
when 1t is certam that the diease 1< iimted 10 one hidney ar
that 1= mate 1+ unmsolverl aned show < o evidenee of wp urme:
of funetion With a carcful wlection of cases, nephrectomy ma
be Ufe saving
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PYELONEPHRITIS AND PREGNANCY

TRenal infection occurs frequentls enough n pregnancy to war-
rant con~deration The phy~iological and anatormeal changes 1n
the unnary tracts of pregnant women make these structures par-
ticularly susceptible to infection With present-day awareness of
the likelihood of urinary mfection during pregnancy and the eof-
fretineness of the more recent antibacterial agents, py elonephn-
tis 15 weldom the serious compheation that it was i former years.
Although my ho-pital no longer has an obstetnical service, for
completeness this brief chapter 15 devoted to pyelonephrtis and
Pregmaney

Practieally all pregnant women have alterations from the nor-
mal 1 thewr urmary organs These consint of some degree of
ureters! dilatation cluefly on the nght sde and hegmming above
the pelvie brum (Fig 80, A and B). Alo present are hy pertrophy
of musculature with some edema and increased Ansenlanty Thewe
changes occur in the nrethra, trigone, bladder, ureter, and renal
pelvis (1) Such alterations usually take place after the thud
month of pregnancy and disappear several weeks after delnery.
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PYELONEPHRITIS AND PREGNANCY

Renal infeetion occurs frequentl\ enou;:h m pregnancy to war-
rant deration, The physiol I and | changes m
the urmary tracts of pregnant women make these structures par-
tienlarly susceptible to infection With present-day anarencss of
the Ikelihood of urinary mfection during pregnaney and the ef-
feetiveness of the more recent antil 1a] agents, py el 1-
1315 seldom the <eriaus complication that 1t was in former years
Although my hospital no longer has an obstetncal service, for
completeness this brief chapter 15 devoted to pyelonephritis and
pregnancy.

Practically all pregnant women have alterations from the nor-
mal i thew urmary organs, These consist of some degree of
ureteral dilatation cluefly on the night side and beginning above
the pelvie brm (Fig 80, A and B) Also present are hypertrophy
of musculature with some edera and mereased vasculanty. Thesc
changes occur m the urethra, trigone, bladder, ureter, and renal
pelvis (1), Such alterations usually take place after the third
month of pregnancy and disappear several weeks after delivery.
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¥

Fia 80 Pregnancy. A Physiologeal dilatation of both ureters and
renal petves and calyces 1n the cighth month. B Return to normal one
month after delivery Intravenous urograms.

In spite of the fertile soil lard for infection by these anatomical
and physiologreal departures from the normal, pyelonephnitis
occurs 1 only about 2 per cent of pregnant women (2).

The actual cause of these abnermalities during pregnaney has
been debated for years with no conclusive answer of which I am
aware It has been said that they occur because of hypotoma. The
result 1s ureteral relaxation and impaired peristalsis. In normal
pregnancy, there is normal ureteral tone and penstalsis until the
fourth month. Then the ureter begins to lose these functions
gradually so that by the sixth month tone and peristalsis have
practically disappeared. During the last month of pregnancy” they
return and become normal about six wecks after delivery (3).
Ureteral clistention is accompanied by elongation and nnx:ul:\ti(_m
of the ureters (4). Pyelonephritis oceurs because of urinary stasis,
the trauma of childbirth and infection (3). In 15,000 cases of
pregnancy at the New York Lying-in Hospital the incidence of
pyelonephritis was 2.02 per cent.
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Bacteriology

‘The significance of bactena in the urme of pregnant women has
been the subject of conaderable study. In normal pregnant
women, bacteria were found present n the bladder urine 1n 43 of
114 eaes before delivery and in 36 of 114 cases ten days postpar-
tum. In 10 of 40 patients who had bacteria in the bladder urine
bacterta were found alo mn the kidney unine (6} At the time of
delivery, stertle bladder urine was obtamed by catheter i 40 per
cent of women and bacterra were present i 60 per cent In 44 per
cent the organsm was S. afbus £ colr was found m 9 per cent
Only 25 per cent of the-c patients developed igns of a urmary
tract infection postpartum (7) Others believe that mest urinary
mfectrons start with E. colv Many writers have desertbed the
presence of bactena in the unne at the tume of delivery

The presence of only hacteria 1n the urine of pregnant women
does not necessanily denote umnary tract mfection Doubtless,
many of the organisms present were not pathogeme Of more
signficance is the presence i the unne of known pathogesie
bacteria, such as E. colt, together with leukocytes More accurate
mformation concernmng urinary tract infection would be provided
by such methods as quantitative bacterial counts using agar pour
plates (8). Bacteriuria approxtmating 1000 viable orgamems per
ml. of urine was conadered necessary for & certsin diagnoats of
wfection. By this techne contaminating organtsms are excluded
The presence of a moderate number of bactera n the stamed
smear of the urine also suggests real bacteriuria (9) It secrns to
be true that low colony bacterial counts from urine obtawed by
cath jon rey urethral son (10)

Pathology

Agatn, 1t 15 questionable how bacterta reach the hidney in pye-
Jonephritis of pregnancy. Evidence seems to be agatst an ascend-
mg route through the lumen of the ureter smee refiux and anti-
ertstalus arve sard not fo occur in pregnancy evcept in marked
pathologieal conditions (11). Some writers believe that bactena
reach the kidney by the blood stream whereas others favar a
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lymphatic route of extension although there seems to be no good
evidence for the latter.

In the carly stages of infection, the ureters and renal pelies
become congested and edematous with an exudate over the
mucosa. As the inflammatory proces- progresses the muscular and
connective ti-sue layers become involved and peristalis drap-
pears.

On microscopic examination, there are acute inflammatory
changes in the ureters and renal pelves with edema, cellular in-
filtration in the mucosa and submucoa and occavienally
desquamation of the epithelium In limited areas, the inflamma-
tory process extends through the entire thickne~ of the ureteral
wall mvolving all layers and eventually leading, at times, to
fibrosts and stricture formation (12).

Mont of the substance of the kidney shows inflammatory
changes with streaks of inflammation extending from the cortex
to the renal pelvis. The interstitial tissue is infiltrated with round
cells and polymorphonuclear leukocytes. The renal tuhules are
filled wath pus cells In areas, there is almost complete destruction
of the tubules with normal-appearing neighboring zones. The
blood ves-el= are engorged Some of the glomerult may show acute
mflammatory changes. Abscesses may be present within the sub-
stance of the kidney. In postmortem evaminations of 13 patients
who died from pyelonephritis of pregnancy, Baird (13) reported
that a constant feature was the presence of abseesses in the paren-
chyma of the kiduey with only moderate dilatation of the ureter
and renal pelvis.

In chrome pyelonephritrs, the kidneys are <mall and ~hmn}:on
with multiple sears on their surfaces There is massive destruction
of the tubules, fibross of the glomeruli, round cell infiltration, and
thick-walled blood vessels,

A woman of 23 had a nermal delivery at the age of 17. l()xm'n;:
the pregnaney <he camplumed of sight flank pain w hich ('Hlflllm(‘d.

On e<ammation, the blood pressure was normal. The urine nas
wfected- albumin, plus 1; culture, E. eoli.

The left kidney was normal The right Kidney was small and all
the calyces were dilated (Fig 81)
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tie 81 DPregnaney and chronic pyelonephnitis  Small, <hrunken
nght kaduey with dilated calyces Retrograde pyelogram

At operation, o 34-gm nght kadney was removed Pathologieal
Teport, chrome pyelonephritss Her symptoms dicappeared and the
urine beeame sterile

The gross and nueroscopie pathology of acute and chronte pye-

lonepliritys of pregnancy are suntar to that desenibed mn previous
chupters



168 PYELONEPHRITIS

Symptoms

Acute pyelonephritts is most apt to oecur in the latter part of
pregnancy. Its onset usually is sudden in a patient who previously
has been well. At times, there is a history of mild vesical irrita-
bility or hematuria but cystitis is predominantly a condition of
the puerperium. Typically, the onset is heralded by severe pain
m the flank, most often the right. This is accompanied by a marked
elevation of temperature, septic in type, with chills, anorexia, and
vomiting. Abdominal distention often is present. Right lower
quadrant pain caused by the acutely inflamed ureter may suggest
acute appendicitis.

Peters et al. (14) believed that pyelonephritis in pregnaney was
a majyor factor mn the production of toxemia. A high frequency of
pyelonephritis in patients with tovemia of pregnancy, however,
has not been confirmed by other observers.

Chronic pyelonephritis in pregnancy presents problems for the
attending physician. Acute flare-ups of previous renal infections
may be serious to both mother and child. Kidneys that have al-
ready been damaged during past pregnancies may not be able to
withstand further insult. If, under these circumstances, pregnancy
is to contmnue, frequent urine examinations, blood pressure read-
ings, and tests of renal function are indicated. Indications for
terruption of pregnancy have included those cases in which
there has been renal damage from previous kidney mfections to
such an extent that a continuation of pregnancy is incompatible
with maternal safety if the patient is allowed to go to term. Some
patients with previously abnormal kidneys are such poor ricks
that they cannot tolerate pyelonephritis of pregnancy (12).'

Infections of the urinary tract in the puerperium oecur in ap-
proximately 1.5 per cent of deliveries (13). These may result from
a continuation of pyelonephritis of pregnancy or from an exacerba-
tion of chronic pyelonephritis. Postpartum hladder comphieations
are a factor in these infections becausc of trauma to the lr.ladd'cr
with residual urine or urinary retention (15), Bacteriuria i raidd
to oceur in 70 per cent of patients in the puerperium hut only
about 3 per cent develop eystitis (11).
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Diagnosis

A diagnosis of acute pyel hritts m pieg vy usually 1s
reachly made from the sudden ons<et and the characteristic symp-
toms of acute kidney infection Bacteriuria alone 1s not as signifi-
cant as the presence of pus cclls and bacteria i the urine Cul-
tures of the urine will usually <how E colt although staphy lococer
and streptococer may be present In severe fections there may
be some degree of mtrogen retention

Abdominal symptoms may simulate appendteitss or acute chol-
ecystitis The rapid respirations and rapid pul-e rate may suggest
pneumonia

During pregnancy, roentgen cxammations are kept at a mni-
mum. N-ray examination may be mdteated, however, when the
response to adequate treatment has been poor or when there 1s
any reason to suspect that there may he a complieating lesion of
the urmary tract such as caleulous disease or some congenttal
abnormality

Cystoscopic examination may be neces~ary to make an gecurate
diagnowis, Until about the exghth month of pregnaney there should
be little or no difficulty 1n cathetenzing the ureters

Treatment and Prognosis

Previous to the days of effective antibactersal agents the treat-
ment of pyelonephniis of pregnaney depended chiefly upon 2 hugh
fud ntake and alkalmization of the urme. Fortunately most
patients cid well with these smple measures Cathetenzation of
the ureters and 1mgations of the renal pelyis sometimes were
required in severe infections to tide the patient- over to term

At the present time, mo~t of these infections respond dramati-
cally to treatment For il therapy the <ulf in
doses of 2 gm four or five trmes a day are chiefly depended upon
Since most urmary nfections 1n pregnancy are from E coli,
Furadantin g, 100 four time~ daily often 15 used. The antibiotics,
as a rule, are reerved for more serious or complicated mfeetions
and are selected by sensitivaty tests.

N In chrome pyelonephntis, treatment gives only temporary re-
Tief by controlling acute episodes of nfection. To prevent irreverst-
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ble renal damage in these cases it may be necessary to terminate
the pregnaney.

After deliver, all symptoms usually stop abruptly and it is re-
markable how the urinary tract return< to normal within a very
few weeks If urinary drainage is unimpaired the inflammatory
lesions will heal. Only in very severe or neglected instances will
there be any permanent changes in the urcters or the kidneys.
The chance of this taking place ean be lessened by good antenatal
care with frequent urine examinations. After delivery, treatment
should be continued until repeated urine cultures give no evidence
of infection. This apphes particularly to infections in the puerpe-
rium where infected residual unine or urinary retention has neees-
sitated sntermuttent eatheterization or an inlying catheter.

If mfection cannot be eliminated after delivery or during the
puerperium, urological investigation should be undertaken to de-
termine the cause.

Upper urinary tract infections in pregnancy may be a serious
menace to mother and child. They may require skill in their rec-
ognition and <ound treatment. Such patients should be in a ho~-
pital

The immediate mortahty from pyclonephntis duning pregnancy
is not large. Over a 7-year period at the Boston Lying-in Hospital
there were no deaths from this cause (12). In past years, others
have reported a maternal mortality of 3.58 per cent and a fetal
mortahty of 15 8 per cent (3). .

Duabetes and pyelonephntis i pregnancy i so serous that it
has been considered a reason for terminating the pregnancy (16).
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PYELONEPHRITIS AND
HYPERTENSION

A Russian-born laborer of 38 was seen in the medical OQut-patient
Department because of nereasing dyspnoca for seven months.
Previously well, except for generalized headaches for several years,
he had always worked hard. For the past six months there had been
anorexia, nausea and vomiting, vague abdominal pain and ankle-
edema There were no urmary symptoms.

Tpon admission to the hospital he was dyspnoeic The neck veins
were distended T, 99°; I, 100; IR, 25. The blood pressure was
203/120 Ankle edema was present and rales were heard at both
lung bases The heart was cnlarged by percussion and Ay was
accentuated. IIis breath suggested uremin. The retinal arterioley
were narroned, a few flame-shaped hemorrhages were scen but the
dises were normal.

Blood chemistries Hgb, 105 mg per cent; W.B C., 5000, nor-
mal differential N.P N, 76 to 82 mg per cent; COy, 21 5; C1, 109;
Ca, 90, P, 6 Urmne. speaific gravity, 1.008; albumin, plus+, wedi-
ment, R.B C, W.B.C , and many granular casts; culture, no grow th.
P ST, test, less than 20 per cent 1 2 hours. An clectrocard:ogram

12
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was consistent with left ventricular hypertrophy The heart was
derably enlarged ding to x-ray exs 10n, and there

was pulmonary edema

With sedation and drgitahis he improved enough to leave the
howpital but one month later he returned 1n a <emi-comatose condi-
tion and died the ssme day

At postmortem examination, there was severe chrone pyelo-
nephritis, eardie hypertrophy and dilatation, secondary parathy-
roid hyperplasia, and generahzed arterioselerous

Patients with hypertension have been divided into two classes
{a) those with primary or essential hy pertension, and (b) those
with secondary hypertension. In escential hypertenston no single
cause for the ligh blood pressure can be demonstrated and tins
dizgnosis 1s made by exclusion In secondary hypertension defi-
mte reasons for the elevated blood pressure can be detected al-
though the actual mechanisms that cause the hypertension are
ot fully understood

Easential hy pertension 1s a common condition Cases of hyper-
tension nhere the causes can be recopmzed are much less common
and some of these are renal m origin. This small component of
the total numaber of cases of hypertension mcludes the eases 1n
which we are interested Individuals with unilateral renal disease
associated with hypertension may be of any age, the hypertension
usually is of short duration, rapidly progresstve, and of the mahg-
nant type. As a rule, these patients do not respond well to medical
treatment but some of them hase been relieved and perhaps have
been cured by surgery (1).

Incidence of Hypertension

That hypertension 1s relatively common was shown by Puppel
and Alyea (2) Of 65,479 hospital admussions 115 per cent had
ks pertension Only about 2 per cent of these hyperten<ive patients
had surgical renal disease. Others have stated that approimately
10 per cent of hypertensive patients had demonstrable urologicel
deformities with functional imparrment (3)

Essential hypertension 15 low m incdence before the age of 20
and is present m about 25 per cent of wdwviduals at 40 (4) It was
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said also by Perera (5) that essential hypertension docs not begin
after the age of 48 or 50. The sudden onset of hypertencion below
the age of 20 or over the age of 50, therefore, should make oue
suspeet that there may exist a known cause for the Iy pertension
and that there may be a posshility of cure. Wakerlin (6) stated
that less than 5 per cent of persons under 40 had by pertension
and over 20 per cent aged over 40 years were hypertensne, Ap-
provimately 5 per cent have increased blood pressure on the hasis
of a known, altbough mecompletely understoad cause. The other
95 per cent have hypertension from unknoun causes. The 85 per
cent are the patients with essential hypertension (Ugpertensive
vascular disease) Cases of renal hypertension are in the 5 per cent
class

Other estimates of the incidence of hyperten«ion in the geperal
popalation, using a blood pressure of 160/90 as the upper himit
of normal, have been made. Of 14,849 individual~ 40 years of age
or older, 41 per cent of males and 51 per cent of females were
hypertensive aceording to Master and Marks (7).

Braasch of al, (8), in a study of 975 consceutive patients at the
Mayo Chne, reporied that 23 per cent of patients who were 30
or more years of age had hypertension and that 60 per cont of
elderly patients were hypertensive. They al-o stated that the
incrdence of hypertension in 1684 paticnts subjected to renal
surgery was no higher than m a group taken at randont. In a
studs of 264 paticnts with urological discase ob-erved for over 13
years, Hines and Lander (9) Tound that the incidence of h:\pcr-
tension was practically identical with that of a control series of
790 patients who had no urological dicca~c. Added to this, Iomer
Srmuth (10) believed that there was no convineing evidence that
the already high incidence of hypertension was increaced by
urological dicease. Unilateral renal discase might he the cae of
hypertension m rare instances hut the m.rit_\' of successea {11 per

P YR 1
ceat) coupled N ;O:Nl'
does not eaus thon!

1, he

this hypothes . o .
felt, upon concervative and recognized surgienl xnfhcnhnni, an
not upon the lope of reductng blood pressure. If bilateral disease
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i< present, and it usually 1S present in advanced hypertension,
nephrectamy mught shorten bfe by removing an important frac-
tion of total available renal funetion Baggensto and Barker (11}
found an identical incidence of hypertenston m patients with and
without unilateral renal discase, 29 3 per cent and 29 0 per cent
respectively,

Many observers have concluded that the medence of urclogical
discase 18 not greater i hypertensive patients than in pormal
individuals Pearman (12) found that wm patients with urologieal
evidence of pyelonephritis, the merdence of hy pertension was no
greater than 1 pattents with no dreease of the kidneys Goldrmg
and Chavas (13) stated that 25 per cent of Inving patients had
hypertension and that 24.2 per cent of 585 patients with umi-
lateral renal diense had I pertenvion

Many years ago, Braasch and Jacobson from the Mayo Chme
reported that in 180 cases of Inlateral chronic pyelopephritis by -
pertension was present 1 26 1 per cent Tins was only & per cent
more than they found in a control goup of patients In individuals
fess than 50 years of age, the meidence of hy pertension was twice
that of the control group The ineidence of hy pertension was sad
to be mereased vith an werease o the duratian of symptoms and
with the degree of renal deformity as shown by pyelography (14)

The nerdence of hypertension associated with acute and chrome
pyelonephntss in our own esperience 1s gisen an Tables 16 and 17

Hypestension was uncommon {4.7 per cent) in our pattents who
bad acute pyelonephntis and when present w usually occurred in
elderly patients or m dabcties The meidence of hy pertension
asociated with chronic pyelonephritis was higher {28 7 per cent),

TasLy 16
Aente Pyelanephrites and Hy; , Massach
General Hosputal, 1943-1956
T
tofettion
Shrctatdoute | o s sypestenson Dred 1n Uremia
Cured i ‘Not cured

——

a7 1B GET% {9 (0%) |4 (0%) | 2 (6%)
LT p B uTy (om0 |4 @) 2 a0%)
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TabLe 17

Chronse Pyelonephrits and Hypertension, Massachuselts
Gencral Hospulal, 19.48-1956

Cuer of Choonic | Ko ma Rl Died tn oremaa
Cured ot eured
908|230 (38 7%) [28 (11.0%)231 (80 0%)] 90 (34.7%)

but this was scarcely higher than that reported by others for
patients without renal dicease. When chronie pyelonephritis was
combined with hypertension, the infection was eontrolled in only
11 per cent of our patients and the deaths in uremia were 34.7 per
cent

All of the foregoing reports indicate that hypertension is rela-
tively common in the general population. It is low in incidence
helow the age of 20 and becomes more common at 40 to 50 years
of age. A sudden onset of hypertension in individuals under 20 or
over 50 suggests that the high blood pressure may be renal in
onigin. A close association between hypertension and the various
forrus of renal disease is held by many to he doubtful. This would
seem to apply to all patients with hypertension and te alf of those
with diseased kidneys. Unilateral renal disease associated with
hy pertension 18 discussed later.

Renal Causes of Hypertension

For a long time it has been known that hypertension may he
associated with certamn renal lexions with sufficient frequency to
seem significant although the reason for this was not at all clear.
Examples are blood pressure elevations in polycystic kidney dis-
ease, glomerulonephritis, pyelonephntis, advanced renal tuber-
culosis, some renal tumors, and other conditions in which there
had been a considerable degree of destruction of kidney tissue
(Fig. 82). Obstructions of the lower urinary tract of Jong duration
frequently were associated with elevations of the blood preswure
and with relief of the obstruction the blood pressure levels re-
turned to normal. In caces of prostatic enlargement, when this
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Fic 82 Multiple renal eysts and hypertension A man of 59, blood
ressure 1807100 Left nephrectomy resulted 1n a relief of the hyperten-
on Oblque left retrograde pyelogram

ook place, it was considered to be a favorable time for operation
Mout of these renal lesions assoeiated with hypertension mtolved
oth kidneys The evperiments of Goldblatt stimulated mterest
& the renal ongin of hypertension and contsibuted to a better
nderstanding of the cauce of certain hinds of hy pertension

The concept of a relationship between renal 1schemia and hy-
ertension was of considerable importance, as Boyd (15) stated
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The final proof of the effect of renal ischemin on the blood pres-
sure was provided by the work of Goldblatt et ol. in 1933 (16).
Renal tschemia in dogs was produced by slonly narrowmng the
tumeas of both renal arteries by means of adjustable clamps with
resulting sustained hypertension. The same result was obtained
by the complete constriction of one renal artery and remoyal of
the opposite kidney. Blood pre~sure elevation was only transient
when one renal artery was constricted and the opposite Midney
was intaet It was believed, that as a result of renal ischemia, a
pressor substance was produced, but 1f a normal kidney was pres-
ent tins substance frad no effect. Another possibility was that the
pressor substance was neutrahzed by something produced by the
mtact kidney (Fig. 83).

Most investigators have agreed that a chemical substance of
renal origin is the probably cause of the elevated blood pressure
1n experimental renal hypertension. By many, renin has been the
accepted name of this chemical agent. Page (17) believed that
renin, produced by an ischemic kidney, by itself was not a pres-or
agent but that senin required activation by hypertensinogen, &
plasma globulin, the precursor of angiotonin The resulting sub-
stance, hypertensin (or anglotonin, a polypeptide), was the presor
agent Hypertensin was said to be destroyed by the enzyme, hy-

-y E
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R
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Fie. 83. Goldblatt hidney. A woman of §6 with partial atherosclerutic
oceluston of the right renal artery. Blood preseure, 1807110, Long-stand-
1n0g hypertensn e heart disease Autopsy specimen
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pertensinase, which was produced mn normal renat tissue There-
fore, by pertension could rewult from an averproduction of hyper-
teastn or from a lack of hypertensinase. No theory i thus regard
has Leen proved or generaly accepted.

Patholog;

Clironre pyelonephritis has been regarded as a leston of primart
mportance 1 mahgnant hypertenwon (Tig 84) There seems to
he good evidence that in ehuldren there 1s a relationship between
chironic pyelonephrnitss and hypertension <ince hy pertension 1~ un-
cammon in the 3oung and py elonephritis 15 not at all uncommon
When pyelonephntis and hypertenston occur together, it has
seemedl prahable that renal wehema was the mmportant factor in
the elevated blood prescure (13)

Mot writers agree that arteral changes in the hidney have an
important beanng on the genewis of hypertenwion At the present
"L’ '“"?%r:"“ﬁ":?"?f'r‘"rv?'ffu- 3 ,';{\ !,(,. ‘,
L L5 o

A m ‘.f-w;«,, P

,
) ,\u. Y0l
jg f ‘L ‘vg“"

:.

T1e 8t Severe hilateral chmmc Py elanephrma wmth hypertenson
Extensiye reqal scaremg, glomerular by ahnzzation and foeat chronte m-
fmmtian Photonuerograph Lo poser
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time, most evidence scems to implicate 3 elonephiritis and various
vaseular lesions as the two main causes of renal hyperten<ion (4).
Conditions that affect the main blood supply to the kidney are
nell established causes of renal hypertension.

The fact that chronic pyelonephritis may lead to arterial hy per-
tension and to renal and cardiae inwufficiency was pointed out by
Weiss and Parker in 1940 (18). Their de~cription of the grow and
mucroscopic changes in the kidney was an outstanding contribu-
tion Vascular lestons in chronje or healed pyelonephritis were
prominent and they mvolved hoth the interarcuate arteries and
the arterjole of the kidney. They deseribed an merease of connee-
tive tissue in the intima of the arteries. The elastic membrane
often was duplicated. The walls of the arterioles were thickened
from a concentric proliferation of the cell.. Artertolar neerosis and
acute arteriolitis resemblmg peri-arteritis nodosa, at times, were
present. These vascular changes m pyelonephritis were said to be
proliferative rather than degenerative. A single common feature
deseribed by many other writers was arteriolonecrosis (g 85).

The pathologieal changes in the hidneys of patients with «o-
called malignant hypertension and chronie pyelonephritis have
been deseribed more recently by Saphir and Taylor (19). A ma-
jority of the parenchymal changes in the hidney were similar to
those descrihed by Weiss and Parher (20). In general, the hidneys
were smaller than normal and one kidney might be much more
involved than its mate The capsules stripped off with some dif-
ficulty leaving a kidney that was yellowish in color and with flat
sears shightly depressed beneatls the <urface. These scars were
more apparent on the cut surface. On section, the cortex was
thinned and the normal architecture was obscured. The renal
pelvis usually was slightly dilated and thickened. The tip~ of the
pyramids were flattened. Ab~cesses were present only \.\).mn there
had been an acute exacerbation of chronic pyelonephritis,

Microscopreally, the intesstitial tissue was inﬁltrnfcd "‘”I’;
Iymphocytes, plasma cells, histiocytes, and a fow eosipophils.
the infection was in an acute stage, pol,\‘mnrr.rlmnuclo:'nr leuhocy tes
predominated. In the healed ~tage, interstitial fibrosis wa« prom-
inent and large numbers of lymphocytes were present. Changes
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T'ic 83 Chronmie pyelonephntis and hypertenson Lxtensive chuone
mflammatory changes and moderate persglomerular fibrovs Photomicro-
graph Low power

in the tubules consisted of inflammatory cells withun the lumens
and small atrophie tubules The conveluted tubules and loops of
Henle were dilated and had flattened epithehum Dosinophthie
casts were in the Jumens of the tubules When these casts were
Present mn great numbers the dilated tubules fitted with coltord
resembled thyroid tissue A eharacteristic finding was concentric
Penglomernlar fibrows. Some glomeruli were fibrosed and hy-
linized especially 1n scarred areas In general, howener, the patho-
lomenl changes in the tubules and m the interstitial tissue were
More prominent than the changes in the glomeruli.

Severe vaccular changes in the advanced stages of the drease
were uniformly present Within the larger blood s es<els there nas
intimal fibrosis or hyaline thickening with or without hypertrophy
of the media. The lumens of the arteries became narrowed and
deformed. The internal elastie lamina was thickened and nught
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be split into several icolated fragments. The same changes were
present in the interlobar and interlobular arteries as were found
in the arcuate arteries. Sclerouis of the arterioles was a uniform
finding and there was a cellular onionskin-like prohferation of the
walls of the vessels and marked narrowing of their lumens. Arte-
riolar necrosis was present in the glomerular eapillaries and in the
arterioles, Many of these changes were present only in pattents
who had died in uremia and so were ternunal in nature.

After a review of the many reported cases of pycloneplrits
with hypertension, the impression is gained that vascular changes
within the kidney are more likely to be related to the clevated
blood pres-ure than the pyelonephritis and that pyclonephritis
without vascular changes probably seldom results i hyperten-
sion. The two may be closely related, however, in that the severe
vascular changes with renal ischemia may be eanced by the pyelo-
nephritic process. Weiss and Parker (18) believed that the vascu-
lar changes in the kidney with pyelonephnitis were a factor in the
hypertension and that the factors responsible for :‘«llnr
lestons were slow blood flow, int[mv:hculur“ 1
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who had normal bloed pressures before operation, as reported by
Friedman ¢f al. (23).

Diceases of the Main Renal Artery

Although there has been some uncertanty about the relation-
ship between hypertension and dreases of the renal parenchyma,
it has been more evident that there 1s a clowe relatton<lup between
Iestons of the main renal artery and elevations of blood pressure
Here, the experimental work of Goldblatt i dogs finds 1ts counter-
part 1n man by a reductton of the artenal blood supply to one
Lidney. Until farrly recently, interest m hypertension and renal
drrease was focused on such conditions as pyelonephntis as a
cause of renal hypertension When the disease seemed to he hmited
to one kidney, nephrectomy frequently was performed and the
re-ults often were disappomnting

A woman of 30 came to the hospital because of <evere head-
aches At a previous admiwion 31, years before for uleeratne
colitis, her blood pressure nas 135,78

Now the blood pressure was 230/135 N PN, 27 mg per cent
Unne speeific gravity, 1021, alburmn, 3 plus, sediment, a few
RBC, and WD C, culture, no gronth There was cardie en-
largement and mild eye ground changes

By intravenous pyelography, the left hidney was small and 1ts
function nas poor The nght hidney seemed normal By transtum-
bar aortography, the blood supply to the nght kidney was normal,
A very small renal actery supplied the small left kidney (Fig 86)

A Teft nephrectomy was performed The kidney weighed only
23 gm Nephroscleroats, fibross and atrophy were present with
artenolar sclerow~

After operation there was no improvement 1 the hypertension
and she was put on medical treatment

Hypertension assaciated with renal artery lestons closely simu-
lates experimental hy pertension produced by partial eompresson
of a main renal artery

Compres~ion or narrowing of the main renal artery occurs in a
variety of conditions all of which may reduce the blood supply
to the kadney The renal artery may be compres<ed by neoplastic
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Tia 86 Chrome pyclonephritis and hypertension Small Jeft hidaey.
The blood supply to the right kidney s norma). The left renal artery i
very small Left nephrectonty with no relief of the hypertension Lumbar

aortogram,

disease primary in the kidney or by other retroperitoneal masses
or inflammatory conditions. Extravasations of blood or urine may
compress the renal blood supply hy the resulting gradual fibrosi=.
Arteriosclerosis associated with chronic pyelonephritis, arterio-
sclerotic plaques with poststenotic dilatation, embol, throm-
bosis, and stenosis from fibrous prohferation of the intima are
some of the causes of narrowing of the renal artery.
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of the first reported cases of hy pertension caused by nar-
- of the renal artery and cured by nephrectomy was that of
etter and Burkland (26) This oceurred in a boy of 513 years
1d had an elevated blood pres-ure for almost two years At
ne of operation, s blood pressure was 170/110. Renal
m was good and there were no eye ground changes After
noval of a 100-gm pelvie kidney the bload pre~sure hecame
] and remained so The main renal artery of the abnormal
- was partly oceluded by a mass of ~mooth muscle

1y subsequently reported cases provide good evidence that
ldblatt mechaniun may oceur in man (1, 4, 27-29)

953 Burns (30) tried to find out why some of his patients
ad pyelonephntis and hypertension were relieved of their
lood pressure after nephrectomy and why others were not
d. He found that in cases where the hypertension was te-
there was severe sclerosis of the renal pedicle In the cases
vere not relieved the sclerosis was shight Occasionally, a
t with selerosis was not relteved, Burns felt that if the renal
> was involved early, when functiomng renal tissue was
resent, hiypertension would exist If the renal cortex was
:d first and the renal pedicle later, the mnvolved kidney no
could produce hypertension

toms

ents with severe bilateral chromic pyelonephritis often have
blood pressures (Fig 87) In unilateral chrome pyelone-
s there may or may not be hypertension. Cases of severe pyelo-
itis with associated hypertension average to be under 50
of age. Any history of previous urmary symptoms such as
and fever, back pain, or pyuna scldom 15 grven

asionally, hematuna is the first symptom m these patients
ing may be severe and usually 1s from one kidney

The chief complamt of n woman of 60 was pamless hematuria of
»0 wechs duration There were no other xymptoms

Her blood pre<sure was 210/110 The unine was concentrated to
ly 1010 and contained many R B C and albummn plus 4 Urine
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e} i itis rpertension
I'a 87 Bilateral chronic jnactive pyclonephritis and hype m;\ ;‘m
Both lhidneys are small with compressed and irregular ealyees. I

1enous pyelogram

cultures were sterle. Hgb., 14.0 mg ; NN
fasting blood sugar, 100 my.

The left kidney showed minor chinges by intmsenous pyelog-
raphy The nght hidney exercted none of the dye At l‘.‘"““"‘p}:
exammation, indigocarmune appeared in ten minutes from the Ic!
hidney but none appeared from the right Kiduey. -

By retrograde py elogrmphy, the left hidney was Lrge from cont

mg. per cont;
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3 Hematuna with chronte pyelonephntis and hypertension

and diffuse calieetass 1n the nonfunctiomng, small right hid
Pematory hypertrophy of the left kadney with some calicctasis
le pyelograms

tory hypertrophy and there was a httle dlatatron of the renal
s and calyces The smaller nght kidney showed diffuse cali-
s and pyelectasis (Fig 88)

Iration of symptoms from the hypertension 1n favorahle
less than tywo years and often for only a few months
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Charactertstically, in the cases most susceptible to eure by
nephrectomy, there is the sudden onset of ‘an accelerated malig-
nant type of hypertension. Headaches and eye ground changes
are common Usually, these patients have no record of presvous
hypertension and the onset of the disease is not recognized until
the symptoms of hypertension occur. This often ends in the rapid
development of renal failure.

A 43ycar-old woman came to the hospital heeause of severe
dyspnoca At the age of 6 she was told she had kidney trouble but
she felt well and went through three normal pregnancies with a
normal blood pressure Six years ago on rountine phy<ieal examina-
tion for employment, she was told that her blood pressure was
ngh, She contmued to work, however, until 215 years ago when
she began to have exertional dyspnoea and frequent nose bleeds.
Two years ago, her blood pressure was 210/100 She was put on
antihypertensive drugs but did not do well There were no urmary
symptoms.

Upon admission, her blood pressurc was 210/138 The heart was
enlarged and a grade 3 systolic murmur was present. The fundi
showed advanced changes with old exudate. N P.N,, 45 mg. per
cent; Na, 138; Cl,, 99, K,, 4.1. Unne: specific gravty, 1 010; al-
bummn, plus 2, sediment, many W B.C.; culture, . coli,

By x-ray, the nght hidney was small, At ey~toscopic examination,
ndigocarnune was cxereted poorly by both kidneys. The left renal
pelvis was normal by retrograde py elography. The right renal pelvis
was large and the calyces were irregularly dilated. L. eols was cul-
tured from both sides

The N.P.N. gradually ro~e to 210 mg per cent and within four
months she died in uremia from chronic pyelonephritis

An analysis of 20 patients who had unilateral renal dieace and
hypertenston relieved by nephrectomy was de~cribed hy Perera
and Haelig (31). None of their patients gave a history of hyper-
1ension of long duration. Tnfeetion was <aid to he responsitile for
the discase in the removed kidney. Other symptoms were head-
aches, convulsions, and exe changes with hemorrhages, exudates,
and papilledema. They believed that the hypertension \.\hirh
accompanied unilateral renal disease was not only severe in -
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tensity but was of the accelerated or mahgnant type. The fre-
queney of high diastolie blood pressure values, headaches, con-
vulsions, and advanced retinopathy mn almost all patients, except
small children, supported their point of view The short istory
of 1llness suggested that the process was rapidly progressive. As
a control group, there were 20 patients whose hypertension was
beheved to be on the basis of unilateral renal disease but whose
blood pres~ures were not restored to normal following nephrec-
tomy None of these patients had eye ground changes Over one-
half had been hypertensive for over 4 years and the diastolic
values 1n only 5 patients had been 130 or over Pyelonepbritis nas
the diagnosisin only 5 of these patient<, most of them had nephro-
selorosis or congemital renal hypoplasia Perera and Haelig be-
heved that the hypertension that accompamed umlateral renal
disease was of an acute, severe, and rapidly progressive type The
sudden appearance of high elevations of the drastohe pressures n
older patients who previousty had had normal blood pressures,
they said, should make one suspicious of a definite cause for the
hypertension and this might be an axl i the selection of eandi-
dates for nephrectomy. It was suggested that the hypertension
of umlateral renal disease was different from that of hy pertensive
vaseular disease and certain chronte kidney disorders and perhaps
was related to the direct elaboration of a pressor substance against
which no eompensatory mechamms had been established

In summary, hypertension often 1s present n patients with
pyelonephritis The only symptoms usually are thowe caused by
the hypertension and not ~y mptoms related to the urinary tract
When symptoms are of short duration, severe and rapidly pro-
gressive, attention should be focused upon umlateral renal disease
a3 a possible cause of the hypertension If this 1s done, and the
symptoms are carefully evaluated, some hves may be prolonged
Ly proper treatment

Dragnosis

Of the many patients with hugh blood pressure, very few, per-
haps 5 per cent, have hy pertension from umilateral renal disease.
Small s this number may be, 1t 19 important that they be 1denti-



192 PYELONEPHRITIS

it cannot be relied upon as an indication for nephrectomy for the
relief of hypertension.

Renal Angiography and Aortography

Renal angiography, or renal arteriography, is the only accurate
method of detecting abnormalities of the renal blood supply (32).
Abnormal renal arteries and aneurysms of the main artery are
planiy visualized by this method. With clear indications for its
use and with techmeal experience, aortography with renal angi-
ography has beecome a valuable diagnostic procedure

One of the most 1mportant applications of renal arteriography
1510 the diagnosis of occlusive lesions of the main renal arterics.
The arteries may be compressed by estrinsic lesions, such as
aneurysms of the abdominal aorta or of the renal artery itself, by
renal or retroperitoneal neoplasms, or by organizing collections of
fluid that may follow renal trauma. Intrinsic lesions of the arteries
are emboli (Fig. 89), thrombosis, atherosclerohe plagues, and

Fic 89 Occlusion of the renal arteries by embolt An ‘54-) car-old
cardiac. Blood pressure 230/110 Abdominal pain and anuria. Areas of
neerosis 1n both kidneys. Autopsy specimen.
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congemtal masses that occlude the lumen of the man renal arter;
83).

Intheations for aortography as given by Poutasse and Dustar
(29) are patients of any age with hypertension who have unex
plamed differences in the size of the two kidneys as ~hown by
intravenous urography, also patients who hrve a nonfunctioning had
ey that has @ normal retrograde pyelogram. The iatter has atway:
heen convdered to be on the bass of a vaseular lesion, artenal o
Venous,

Another group of patients m whom aortography is indscate
. . L PN . o

been hiy pertensive but whose Qisence hecomes acutely mare severe
are considered to be candidates for aortography Patients watl
hypertension that develops after an attack of pam m the flan
should have aortography since the neute attack may be eauced by
thrombows of a renal artery

Tntravenous wography and renal function may be normal ever
when unslateral or Inlateral obstruetive renal artery disease v
present. There seems 10 be no doubt that lesions of the main rena
blood supply may be a eause of hypertension

In the differential diagnoss, Saphir and Taylor (19) hefievec
that the blood pressure levels were higher 1n chronie py efonephri
tis than m clironic plomerulonephritis and that the faitly con.
stant anemia n chrome pyelonephnitis distingwched s disease
from nephrosclerosis

Treatment and Prognosis

With patients who have hypertension and unitateral renal dis
2as¢, the question naturally arees as to whether nephrectomy 1
or i3 ot indicated Past records <how that, although there have
been hrilliant results 1 lowering the blood pressure and the relel
of symptoms, there also have been many disppomtments follow:
ng nephrectomy. It 15 evident that each case must be very care-
fully studied before surgery i~ decided upon  The indieations for
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aperation should be made more clear than has been true in the
past.

When bilateral renal di-ease obviously is present nephrectomy
is not indicated even if one kidney is much more abnormal than
its mate, In such instances, svmpathectomy may be considered
but this operation is not always beneficial. Medical treatment may
accomplhish more as in the following ease:

A gul of 10 had been well up to four month~ ago exeept for
enurests smee the age of 3 She lost weight, had poor appetite, he-
came pale, and often vomited Headaches became severe and her
vission became poor.

Upon admission to the hopital, her bload pressure was 210/190
The heart sounds were foud and a grade one sy<tolic murmur was
present Urmne specific gravity, 1 003-1.008; albumin, 3 plus, sedi-

Fia 90 Hypertension and bilateral pyclonephritis at 10 years of uge
A. Both urcters are dilated, the renal pelves and ealyces are dilated and
renal function 13 impaired. Retrograde pyelograms. B Left ventriculat
enlarzement bhefore treatment. (See Fige 90, C and 1),
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ment, WBC, culture, £ colt Hgh, 133 gm , N PN, 34 mg per
cent, Nz, 141, Cl, 100, K, 48, CO;, 2904 Total proten, 57
P8I, test, 45 per cent 1 2 hours

Intravenous dye was exereted rather poorly by both kidneys and
retrograde studies were made Both urcters were dilated and both
renal petves and the ealyces of both kidneys were abnormal (Fig
90, A). Indigocarmme appeared from each hiduey 1n ten mmates
m only fair concentration Aaximum urea elearance was 41 per cent
of normal

A chest x-ray showed considerable cardiac enlargement (Fiz 99,
1) and an electrocardiogram was consstent with left ventricular
hypertrophy The eye grounds <howed papilledema and pupount
hemorrhages

A benzodiovane test was negutive On protoveratrine the blood
pressure dropped to 1707100

‘The pros and cons of surgery were debated at length and ot was
deerded to perform nght and left lumbodorsal sympathectomies

Fio 90 Iypertension and bilateral pyelonephntrs at 10 years of age
E Normal heart wze 4 years later D Lumbar nortogram at the age of
20 Both renal arteries of normal size
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Renal bropsies taken at operation were reported chrome pyclone-
phrnitis and nephrosclero<is grade four.

After operation, she was much better and for nearly four years
her blood pressure ranged from 110795 to 140/100. Then the blood
pressure gradually rose to 183/130. She beeame easly tired, head-
aches returned and retinal hemorrhages appeared.

On reserpine she improved with low blood pressure readings (128/
86-150/110) and she was symptom free. The heart was much re-
duced m size (Fig. 90, C).

At the age of 20 a lumbodorsal aortogram was made. Both reral
arteries were of normal size (Fig. 90, D).

The renal lesions in which a decision for or against nephree-
tomy is likely to arise are when hypertension is ascoetated with
pyelonephntis and where one kidney is much smaller than its
mate, one probable congenitally small kidney with a normal
opposite kidney (Fig. 91), pyelonephritis associated with eal-

I'c 91 Congemtal renal hypoplasia, Normal renal nrchitecture and

no mifl. atory changes Pl h Lany pusier.
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culous disease, hydronephrosis, and congenital abnormalities, and
m any case where the symptoms and course of the drsease suggest
the possibility of a lesion of a mamn renal artery,

When hypertenston eists and one kidney 1s small and the
other kidney normal and there 1s no evidence of renal mfeetion,
the removal of the congemtally undeveloped kidney may or may
not reheve the hypertension. There seems to be no method of
determining whether the removal of the atrophre organ will or
will not reduce the elevated blood pressure before operation. The
following case 15 an example.

A 2H-year-old woman was earefully studied because of ugh blood
pressure Four years hefore, hor blood pressure was known to be
131/32 Two years later 1t was 160/100 and she had severe hend-
aches

Upon admu-sion to the ho-pttal her blood pressure was 170,100
The fundt were normal NP XN, 19 mg per cent Normal blood
chemustries Unine specifie gravity, 1020, alburnin, 1 plus, sediment,
few granular easts, culture, no growth Uren elearance, (G0-73 per
eent of normal Right hidney urme Na, 45 meq !, NPN | 14
meq L Left kidpey urme Na, 83 meq L, NPX, 44 meq L Cul
tures, no growth

By mtravenous pyelography the right hidney seemed to be
normal The left kidney was small and had 2 bifid ureter (Fig 92,
A) The heart was enlarged by Xeray (Fig 92, By

The left hidney was removed Pathologteal report weight, 23
em There was no evidence of pyelonephritis There nas mtunal
rroliferation of the renal arteries Diagnowis congenttal renal hy-
poplasia

After operation, the Llood pressure remained clevated She was
given hypotensive drugs, felt better and the heart beeame reduced
in size (Fig 92, C) Eighteen months after operatton <he became
pregnant. The blood pressuie was 2007100 and at seven months she
delivered & macerated fetus

Although 1t seems certain that hypertension can result from
renal diease, the actual mechamsm by whieh hypertenwon ts
produced and the substance that 1s responsible for 1ts production
are unknown, Until these and other prohlems are better under-
stood the dteations for operation will remarn uncertain,
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Fie 93 Unilateral renal disease and hypertension. Some night pyelec-
tais, with good renal function The left kidney 15 atrophic from ehronic
disease Left nephrectomy with no improvement in the hypertension
Intrax ehous urogram
pressure has been given as an indication for nephrectomy but in
our experience this has not always been true

aue of severe headaches

A woman of 72 came to the hospital bee:
ths before

and nausea, She had been perfectly well up to 217 mon
admission.
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Her blood pressure on entry was 200/150 NP N, 40 mg per
cent Urme* specific gravity, 1.012, slbumm, plus 2, sediment, fon
R and W.B C., culture, no growth Hgb, 16 mg per cent Cl, 83
The heart was enlarged The fundi showed hemorrhages and evu-
date She was drowsy, lethargic and had a urenue breath

By mtravenous pyelography, the nght kadney <cemed rormal
There was no dye excreted by the left hidney By retrograde exam-
imation, a small left hidney was visualized (Fig 94)

The atrophic left Kidney was removed It weighed 52 gm The

hol 1 Teport was nephrosch grade 3 There was marhed
hbro-zs and intimal proliferation of the mtrarenat artenes and hy-
alnization of the arterigles. The major renal artery was not ab-
normal.

Ater operation there was no improvement n the hypertenson

Congenital underdevelopment of one kidney with 2 normal op-
posite kidoey has been considered to be a cause of hy pertension
Many such kidneys have been removed i the hope that the by -
pertension would be relieved. Our own expertence mn this regard
also bas been disappomting. Perhaps the good results followmg
nephrectomy in these cases and m the shrunken pjelonephritic
kidney have been where vascular changes in the renal blood supply
were of an evtreme nature, although thrs does not always seem
to be true,

Hypertension associated with pyel hnitis and renal caleul
disease, hydronephrosis and congenital shnormalitieshas, at tmes,
been relieved by nephrectomy Perhaps the successes <o achieved
were because the blood supply to the diseased organ v a~ mpaired,
particularly the blood supply of the maim renal artery .\ more
careful study of the mam renal artery in <uch cases seems to be
advisable There certamly are more cases af renal caleulous dis-
¢ase and hydronephrous with normal blood pressures than with
hypertension. Qur own eypertence mn thts regard has been mdif-
ferent. Nephrectomy 1n such cases should be based on sound
Surgical ndications rather than for the possible relief of hyper-
tensjon

The most spectacular results m the relief of hypertension from
surgery have been 1n patients with demonstrable narroning of the
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16 84 Unilateral renal disease and hypertension. Sudden onset of
symptoms Normal right kidney. The left kidney had no funetion and
wasatrophic Retrograde pyelogram Noimprovement after left nephree-
tomy

renal arteries. At the present time, this can he detected only by
aortography with visualization of the renal blood supply. Of 18
cases with umlateral narrowing of the renal artery studied by
Oppenheimer, 83 per cent had hypertension. With unilateral hy-
dronephrosis or ehronic pj eloncphritis, 32 per cent had hy perten-
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sion, and with umlateral renal hypoplasia hy pertension was pres-
ent in 40 per cent. It was felt that there was no evidence that the
last two conditions by themselves produced hy pertension (27)

When hypertension and an obstructive lesion of a renal artery
east, the hypertension may be relieved and perhaps may be cured
by nephrectomy, endarterectomy, with preservation of the kid
ney, or by an artenal graft. Such procedures have been performed
successfully by Poutasse and Dustan (29) and by others

The following ease is an example of renal artery disease a~-o-
ciated with h pertension.

A 63-year-old p1perhanger was adnutted beeause of hyper tension
Tour years pressously, his blood pressure was hnown to be normal
During the next three years it was 2407100 to 270 150 m spite of
hypotenaive drugs. Severe headaches and epistasis des efoped

Upon admission, the blood pressure was 275140 There was
left ventricular hypertrophy and grade 3 eve ground changes Urme.
speatfic gravity, 1008, alburmn, 0, ~ediment, many W B C and
RBC and granulir casts; culture, B profeus and B pyocyancus
Heb, 120 gm Na, 140 meq L, K, 30 meqL, Cl, 94 meq L
CO., 34, Scrum creatwnne, 18 meq L Regitine tust negarnse
Catechol anunes normal. Creatiine elearance, 61 lters 24 hours

Roentgen examinafion. By mtrarenous pyelography the nght
hidney was normal but there was no left renal function Retrograde
pyclography demonstrated an unobstrueted left hidney thut se
ereted no urine (Fig 95, A). A renal angiogram was made and the
left renal artery was blocked near the norta (Fig 93, B)

At aperation, & flabby left hidney, gray m color, was expo-ed
Withm the left renal artery was an atheromatous plaque This was
removed and the artery was repared The hidney promptly became
pink and firm and the blood pressure dropped to 120/80 Renal
biopsy, <evere atherosclerosis and mod £ s The
left kidney ngam functioned.

His subsequent course for two months has been cveellent with
blood prescure rexdings of 150/80 and no symptom Although he
h2s not been eured of degenerative vascular discase, the rehef of
*ymptoms has been dramatic

Our own experience with nephrectomy for umlateral renal dis-
2% 1 an attempt to relieve hypertension 1s given i Table 18
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Fra. 95. Lesions of the main renal artery with hypertension, A, Non-
functiomng left kidney but with normal retrogmde pyelogram B Lum-
bar aortogram The right renal artery is of normal size but shghtly ir-
regular The left renal artery stops abruptly near the rorta beeause of an
atheromatous plaque Hypertension relieved by endarterectomy.

TanLe 18
Nephreetomaes tn Unalateral Renal Disease and Hypertenston,
Massachusctts General Hospital

Renal Lesions ( Canes ( Hypertention Hyperiansa
Calenlous disease 6 1* 5
Hydronephrosis 5 1 4
4 0 4

Congenital renal aplasia
Chronie pyelonephntis with small
Ridney B
Renal cyst
Careinoma of ureter
Total

* The patient with caleulous discase and the patient with a shrunken
pyelonephritic kidney, who were relieved of their hy pertension, had
severe narrowing of the renal artery.

1*
0

-

0
3 (15%) 17 (85%)

B
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Any discussion of the treatment of severe renal disease 15 not
complete unless tnbute is paid to the splendid accomphshments
of the medieal and surgical services of the Peter Bent Brigham
Hospital. Renal transplantation has saved a number of lives al-
ready and doubtless will save many more (34)
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have nlying catheters or drains, T believe, is wrong. Infections
caused by bacteria that are sensitive to drug therapy often are
converted to infections that are resistant to treatment. When the
antibiotics are needed most for severe infections their effectiy eness
1s lost. After all dramns have heen removed, inten<ive antibaeterial
treatment then is indicated and should be continued until all
evidences of infection have cleared.

Although the urologist undoubtedly is responable for some
nstances of urinary tract infection the rizk of this can be lessened
by careful technie, by the elimination of unneccesary instrumenta-
tion, by deferring certain procedures until the patient has been
hospitahzed, and by avoiding the unnecessary use of antihioties.

Close cooperatton between the Urological Service and other
hospital services will result in better patient care.
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