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OVERVIEW:

URINARY TRACT
INFECTION

n
n

n

DR. B. Paudel

n

UTI is an extremely common medical problem.
Many infections resolve spontaneously, but may
progress to renal impairment/sepsis.
UTI implies causation by gram negative gut flora
of the group Enterobacteraciae. Rarely, UTI can
result from virus, fungus, TB, staph etc.
Diagnosis of UTI is the exclusion of infections
which only involve the urethra, such as
gonococcal urethritis or the acute urethral
syndrome

DIAGNOSIS:
n
n
n

n

n

n

Normal urine is sterile.
UTI: a single viable gram -ve bacterium inhabits the urinary
tract (kidney, ureters, bladder).
Most people with urinary tract infection have 104-106
bacteria/ml. The acute number will depend on the urine
flow rate, characteristics of the urine, the duration of
infection, etc.
105 bacteria/ml of “clean catch” urine to diagnose UTI is
used since at this level, < 1% of the represent
contaminants.
At counts of 1000-10,000/ml, there is a 50/50 chance the
result represents contamination (two different c/s show
same organism-confirms true infection).
The second criteria for diagnosing UTI is the presence of
pyuria (> 5 WBC/HPF) on the urinalysis.

n

n

n

n

Suprapublic aspirates: “gold standard” for diagnosing
UTI, and would reveal the true populations of infected
and non-infected women.
Clean catch collections or samples collected by “sterile”
bladder catheterization would approximate this
distribution but due to many contaminated cultures there
would be many more false positive cultures.
Random voided cultures are essentially useless – a
positive culture is much more likely to represent
contamination than true infection.
In practice, use the clean catch or bladder
catheterization technique.

BACTERIA:
n

n
n

n

n

Most infections are caused by aerobic gram
negative rods of the GI tract. The cause of
infection in uncomplicated outpatients is typically
as follows:
85%= E. coli (but only certain serotypes)
10 %= Klebsiella, Proteus, Pseudomonas,
Enterobacter
< 5%= Staph. aureus, Entercoccus,
Chlamydia, fungus, TB, etc.—via blood
stream
In hospital-acquired UTI: less likely E. Coli, more
likely another gram -ve bacterium or Staph.
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n
n
n
n

DEFENSE MECHANISMS:
Free flow of urine. Normal anatomy = physical barriers:
Urethral length, urethral/ureteral valves, antegrade flow
Bacteriostatic properties of urine: acid, urea, osms, and
NH3
Bacteriostatic properties of prostatic secretions

EPIDEMIOLOGY:
- The higher incidence in females reflects the shorter urethra and
lack of a prostate.
- The increased incidence in the teens represents urethral trauma
due to sex.
- The general increase with advancing old age reflects obstruction,
cystocele, etc.
- Below age 50, UTI is almost entirely a disease of females. The only
afflicted males have abnormal anatomy.

PREDISPOSING FACTORS:
n
Female sex (no prostate, pregnancy, short urethra), old
age, obstruction, any anatomic lesions of papilla or lower
tract.

SYNDROMES OF INFECTION
Urethral Infections have to be excluded before
considering the diagnosis of UTI. There are 2 types:
- Gonococcal
- Non-gonococcal = NGU = acute urethral syndrome
n
n
n
n

n

Urethral infection: dysuria, frequency, pyuria and
sometimes hematuria. (~ cystitis.)
The only distinguishing finding is urethral discharge.
UTI is further excluded: no bacteria in Urine R/e, gram
stain, or less than 104 on culture.
NGU is caused by chlamydia, mycoplasmas, rarely by gram
negative bacteria, and the cause cannot be identified in
1/3.
Treatment of choice is minocycline 100 mg BID x 7 days,
although not everyone will respond.

Cystitis
n

n
n

n
n

Dysuria (burning, 20 to WBC’s),
frequency (sense of having to urinate
frequently), and sometimes abdominal or
flank pain, or fever.
Hematuria, urinary odor, sometimes fever
or abdominal tenderness
DD: vaginitis, cervicitis, Herpes, GC and
NGU; pyelonephritis
Dx: Pyuria (>5 WBC/HPF), bacteriuria
(>105 on culture).
Culture is optional in simple cases with a
positive UA.

Pyelonephritis
n

n

n
n

Rx:
single dose

- amoxicillin 3.0 gm PO
- TMP/SMX 3 gm PO
3-7 day course of norfloxacin, 400 mg BID; TMP/
SMX 500 mg BID

F/U:
urine should be sterile after Rx
all males for anatomic abnormalities, and all
females after the 3rd infection: need evaluation

n

n

Pyelonephritis is the most serious type of
UTI, with a substantial morbidity and
mortality.
The gold standards for Dx are kidney
biopsy, ureteral catheterization, or the
bladder washout technique – used only in
research protocols.
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Pyelonephritis

Pyelonephritis Symptoms & signs
fever, flank pain, and flank tenderness.
n UA: WBC casts diagnostic of pyelo, RTE cells
suggestive.
n CBC: ↑ WBC, ↑ ESR, and > 95% specific for
pyelo
n Renal function: Loss of concentrating ability
suggests pyelo
n Antibody – coated bacteria: Present in pyelo if
infection >1 week old.
n 20% False + rate: Technique, vaginal bugs,
prostatitis, bladder CA, stones.
n 20% False - rate: Technique, infection too brief,
pregnancy, Pseudomonas.

n

n

n

COMPLICATIONS OF
PYELONEPHRITIS
n
n

SEPSIS, DEATH
LOCAL
•
•
•
•

n

ABSCESS FORMATION
GAS FORMATION
PERINEPHRIC ABSCESS
OBSTRUCTION

Rx of pyelonephritis:
n
n
n

n

LATE SEQUELAE
•
•
•

SCARS
HYPERTENSION
RENAL INSUFFICIENCY

infection of a single (sometimes multiple)
papilla and may progress to involve the
entire wedge-shaped section of kidney
that the infected papilla drains.
Untreated, the infection may involve the
whole kidney (pyonephrosis), rupture
through the capsule (perinephric abscess),
or lead to gram negative sepsis.
more likely in the presence of obstruction,

n
n

Hospitalize
Parenteral antibiotics = 10-21 day Rx
Get KUB on admission (to R/O stones,
emphysematous pyelo, mass lesions).
Get IVP on day 3-4 in the infection is not
obviously responding to R/O obstruction.
Prove sterility during and after therapy.
Get IVP on all males 2 months later, and
females after 3rd episode.

SPECIAL TOPICS
n

n

n

Nosocomial UTI
3% of all admissions “acquire” UTI, due to
urethral instrumentation
anyone with a Foley will be infected by the
second week, and you cannot eradicate
the infection until the Foley is taken out.
At this point, most of the infections clear
spontaneously, some require treatment.

Pregnancy carries a 7% incidence of UTI

n

n

Recurrent UTI
represents relapse (with obstruction,
stones) or much more commonly
reinfection (in sexually active females).
prophylactic antibiotics (e.g., TMP/SMX at
bedtime and post intercourse) if sterility is
present and can be maintained.
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Tubulo-interstitial diseases:
Chronic pyelonephritis
n small kidney on IVP ± cortical scars,
n no history of glomerular disease
n R/o analgesic abuse, or other toxins causing
progressive tubulo-interstitial disease.

n

Cluster of abnormalities that early on
affects the renal tubules and the
interstitium, sparing the glomeruli
and the blood vessels

Sterile Pyuria
n R/O GC/ NGC the acute urethral syndrome
n arouse suspicion of genitourinary tuberculosis.
n 3 urine samples should be checked for AFB/
cultured for TB.
n May reflects some other inflammatory lesion of
the bladder or kidney (chronic tubulointerstitial
disease).

TIDs can be divided into the
following categories:
n

n

n

n

n
n

Ischemic: Acute renal failure,
hypotension, blood loss, shock
Infections: Acute and Chronic
pyelonephritis, viruses, parasites
Toxins: Drugs, analgesics, heavy metals
(lead…)
Metabolic: Urate, nephrocalcinosis,
Oxalate
Neoplasms: Multiple Myeloma
Immunologic reaction: Transplant
rejection

Acute Tubular Necrosis:
n

n
n

n

Tubulointerstitial Nephritis Due
to drugs:
n

n

Acute reaction is usually due to an
allergic reaction.
Chronic damage is proportionately
and directly related to the amount
and duration of the exposure to the
drug

ATN is the destruction of tubular epithelial cells.
It usually affects the proximal convoluted
tubules
Is a major cause of acute renal failure.
It is important to remember that ATN is
reversible with full recovery of renal function.
It can be:
• 1- Ischemic, preceded by hypotensive episode
and is usually focal with large skip areas
• 2- Nephrotoxic due to ingestion, injection or
inhalation of toxins

Acute Drug-induced Interstitial
Nephritis:
n

Hypersensitivity to commonly used
meds:
• Sulfonamides
• Synthetic Penicillins
• Diuretics (Thiazides, Furosemide)
• Nonsteroidal anti-inflammatory
(Phenylbutazone)
• Cimetidine
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Acute Drug-induced Interstitial
Nephritis (Clinical)
n

n

n
n

2-40 days after exposure to drugs
(Average 15 days)
Fever, eosinophilia, hematuria,
proteinuria
Skin rash in 25% of patients
Serum Ig E levels high in all cases

Acute Drug-induced Interstitial
nephritis (Path)
n
n
n

n

n

Chronic Interstitial Nephritis
n
n

Clinicopathologic term used for advanced
stages of tubulointerstitial diseases
It can be due to:

• Damage due to drugs (Chronic analgesic
nephritis)
• Vesico-ureteral reflux: child, happens
during voiding; is bacterial/urine
components leading to inflammation
• Damage due to infection (Pyelonephritis)
• Heavy metals: Environmental/
occupational exposure lead, Cadmium–
proximal tubular dysfn

Chronic Analgesic Nephritis
n
n

n

n
n

Chronic Analgesic Nephritis
(Clinical)
n
n
n
n

Inability to concentrate urine
Renal distal tubular acidosis
Pyuria (100% of patients)
Transitional cell carcinoma (late
complication)

Interstitial edema
Eosinophils and neutrophils
Lymphs and histiocytes (less
common)
Methicillin and Thiazides causes
granulomas with Giant cells
IF: Linear Ig G and Complements
along TBM

Excessive intake of analgesics
Aspirin, caffeine, Acetaminophen,
Codeine, Phenacetin...
Cumulative large doses (2-3 kg over
3 yrs)
Women > Men
Cellular injury: oxidative damage

Chronic Analgesic Nephritis
(Cont.)
n

n
n

n

n

Absent renal papillae due to papillary
necrosis (IVP radiology)
Cortical tubulointerstitial nephritis
Normal size kidneys with raised and
depressed areas (atrophy over necrotic
papillae)
Necrosis and calcification with sloughing
of papillae
Interstitial fibrosis and dilated calyces
due to lost papillae

5

4/22/12

Drugs and the kidney
Introduction
n

n

Kidneys have an important role in
elimination of drugs, toxins and waste
products
Factors that make the kidneys vulnerable
to the effect of drugs and toxins :
•
•
•
•
•
•

High blood flow = 25% of cardiac output
High medullary concentration gradient
Relative medullary ischaemia
High metabolic activity of tubular epithelium
Prolonged half life of drugs
Interference to the prostaglandin metabolism
by drugs

Renal handling of drugs
Kidneys can excrete drugs:
• in unchanged form
• as active or inactive metabolite

Three process involved in drug
handling:
• Glomerular filtration
• Tubular reabsorption
• Tubular secretion

Glomerular filtration
Depends:
n plasma concentration of the drug
n molecular size
n electrical charge
n degree of protein binding
n glomerular filtration rate (GFR)
Factors that facilitate filtration:
n Small molecular size, poor protein binding
and water solubility

Tubular reabsorption
n
n
n

• concentration
• pH
• solubility

Drug induced renal damage

Tubular secretion
1.

n

n

n
n

Energy dependent active transport
process in the proximal tubule
Bidirectional pathways for secretion
and reabsorption
Depends on renal blood flow
It has a tubular maximum

Passive process
Occurs mainly in the proximal tubule
Depends on:

2.

3.

4.

5.

6.

Very high blood flow rate per gram of kidney
tissue, resulting in delivery of a large amount of
the drug
Drug metabolism by tubular cells which are rich
in enzymes – the parent drug or metabolites
may cause tissue damage
Large surface area of nephrons in contact with
drugs
Precipitation of drugs in the tubules depending
on the concentration and pH
Concentrating capacity of nephrons, resulting in
high levels of the drugs in the tubules
Availability of specific transport mechanism that
mediate cellular uptake of drugs
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Mechanism of drug induced ~
Prerenal mechanism
n Hypovolaemia: potent loop diuretic
n Renal salt and water loss: from
hypercalcaemia induced by vitamin D
therapy
n Decreased cardiac output: beta-blockers
n Decreased renal blood flow: ACEI
n Inhibition of prostaglandin synthesis:
NSAIDS
n Intense renal vasoconstriction:
radiographic contrast media

Mechanism of drug induced
Renal mechanism
n Acute tubular necrosis: aminoglycosides,
amphotericin, paracetamol
n Acute tubulointerstitial nephritis: penicillins,
sulphonamides, NSAID, allopurinol, rifampicin
n Chronic tubulointerstitial nephritis: NSAID,
irradiation, lead and cadmium intoxication
n Immune complex mediated glomerulonephritis:
penicillamine, gold, mercury, heavy metals,
NSAID
n Loss of tubular and collecting ducts function:
lithium, cisplatin

Use of drugs in patients with
impaired renal function

Mechanism of drug induced
Postrenal mechanism
n Retroperitoneal fibrosis (with urinary
tract obstruction): methysegide,
practolol
n Obstruction by crystals: acyclovir,
uric acid crystal produced during
chemotherapy

n

n

n

Use of drugs in patients with
impaired renal function
n

n

n

Vol. distribution: salt/ water
overload/depletion- affects
concentration of drug
End organ sensitivity: renal response
to drug may decrease in CKD eg
diuretics
Renal elimination:major of the drugs
are normally excreted by kidneys.
Water soluble excreted/metabolized
from kidney; lipid soluble from liver
metabolized

Absorption: unpredictable in uraemia
due to reduced absorption, nausea
and vomiting
Metabolism: rate of drug metabolism
through kidney is reduced due to
decreased drug catabolism (e.g.
insulin)
Protein binding: hypoproteinemia increased free drug concentration

How to overcome of these problems
n
n
n
n
n
n

n
n

Safe prescription of drugs in Renal ds
Justify the need of drugs
Consider renal fn status
Think about the toxicities of drugs
Select the safe drug
Dose adjustment in according to severity
of renal diseases
Monitoring the drug toxicities
Consult nephrologists
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Dose titration
n
n
1.
2.
3.

Drug dose= Normal dose X Ccr/100
Methods of dose modification:
Dose reduction but frequency same
Interval extension but same dose
Combination of both

8

