
See page 835 for strength-
of-recommendation labels.   A

cute pyelonephritis is an infection 
of the upper urinary tract, specif-
ically the renal parenchyma and  
renal pelvis (Figure 1). Acute 

pyelonephritis is considered uncomplicated 
if the infection is caused by a typical patho-
gen in an immunocompetent patient who 
has normal urinary tract anatomy and renal 
function. Misdiagnosis can lead to sepsis, 
renal abscesses, and chronic pyelonephritis 
that may cause secondary hypertension and 
renal failure. Risk factors for complicated 
acute pyelonephritis are those that increase 
susceptibility or reduce host response to 
infections (Table 1).1,2

Approximately 250,000 cases of acute 
pyelonephritis occur each year, resulting 
in more than 100,000 hospitalizations.3 

Women are approximately five 
times more likely than men 
to be hospitalized with this 
condition (11.7 versus 2.4 hos-
pitalizations per 10,000 cases, 
respectively); however, women 
have a lower mortality rate 

than men (7.3 versus 16.5 deaths per 1,000 
cases, respectively).4 Acute pyelonephritis 
occurs in 1 to 2 percent of pregnant women, 
increasing the risk for premature labor and 
low-birth-weight infants.5 

Pathogenesis
Most renal parenchymal infections occur 
secondary to bacterial ascent through the 
urethra and urinary bladder. In men, pros-
tatitis and prostatic hypertrophy causing 
urethral obstruction predispose to bacteri-
uria.6 Hematogenous acute pyelonephritis 
occurs most often in debilitated, chronically 
ill patients and those receiving immunosup-
pressive therapy. Metastatic staphylococcal 
or fungal infections may spread to the kidney 
from distant foci in the bone or skin. 

In more than 80 percent of cases of acute 
pyelonephritis, the etiologic agent is Escher-
ichia coli.7 Other etiologic causes include 
aerobic gram-negative bacteria, Staphylo-
coccus saprophyticus, and enterococci. The 
microbial spectrum associated with different 
types of urinary tract infections (UTIs) is 
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In more than 80 percent of 
cases of acute pyelonephri-
tis, the etiologic agent is 
Escherichia coli. 
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wide (Table 2).8,9 In elderly patients, E. coli 
is a less common (60 percent) cause of acute 
pyelonephritis. The increased use of cath-
eters and instruments among these patients 
predisposes them to infections with other 
gram-negative organisms such as Proteus, 
Klebsiella, Serratia, or Pseudomonas.

Patients who have diabetes mellitus tend 
to have infections caused by Klebsiella, 
Enterobacter, Clostridium, or Candida. 
They also are at an increased risk of develop-
ing emphysematous pyelonephritis and pap-
illary necrosis, leading to shock and renal 
failure.1,10 Bacteriuria, which frequently 
is polymicrobial, develops in more than  
50 percent of patients who require catheter-
ization for more than five days, and in virtu-
ally all patients who have indwelling urinary 
catheters for more than one month.1

Immunosuppression favors the develop-
ment of subclinical (silent) pyelonephritis 
and infections caused by nonenteric, aero-
bic, gram-negative rods and Candida. Acute 
pyelonephritis occurs within two months 
following renal transplant in 30 to 50 per-
cent of patients because of concomitant 
immunosuppression and postsurgical vesi-
coureteric reflux.2 Acute pyelonephritis is 
considered complicated in men because they 
have a higher probability of urinary tract 
abnormalities, prostatic enlargement caus-
ing urethral obstruction with incomplete 
voiding, or an age-related decrease of anti-
bacterial activity in prostatic secretions.

Clinical Presentation
The spectrum of acute pyelonephritis is 
wide, ranging from a mild illness to sepsis 
syndrome.1 To diagnose acute pyelonephri-
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have adequate social support. 
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Patients hospitalized with acute pyelonephritis should be treated with one  
of three initial intravenous therapies: a fluoroquinolone; an aminoglycoside 
with or without ampicillin; or an extended-spectrum cephalosporin with or 
without an aminoglycoside.
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A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evidence;  
C = consensus, disease-oriented evidence, usual practice, opinion, or case series. See page 835 for more information.

Figure 1. Anatomy of the kidney.
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tis, physicians must rely on evidence of UTI 
from urinalysis or culture, along with signs 
and symptoms suggesting upper UTI (fever, 
chills, f lank pain, nausea, vomiting, costo-
vertebral angle tenderness). Symptoms that 

are suggestive of cystitis (dysuria, urinary 
bladder frequency and urgency, and supra-
pubic pain) also may be present.

In a study11 of young and middle-aged 
women presenting to an emergency depart-

TABLE 2

Microbial Organisms Causing Specific Types of Urinary Tract Infections

 
 
Microbial organism

Acute 
uncomplicated 
cystitis (%)*

Acute  
uncomplicated 
pyelonephritis (%)

 
Complicated  
UTI (%)

 
Catheter-associated 
UTI (%)

Escherichia coli 68 89 32 24

Staphylococcus 
saprophyticus

8 0 1 0

Proteus 6 4 4 6

Klebsiella 4 4 5 8

Enterococci 3 0 22 7

Pseudomonas 0 0 20 9

Mixed 3 5 10 11

Yeast 0 0 15 8

UTI = urinary tract infection.

*—One study9 showed that 25 percent of E. coli isolates were resistant to ampicillin, 24 percent to tetracyclines, and 
11 percent to trimethoprim-sulfamethoxazole (TMP-SMX; Bactrim, Septra).

Adapted with permission from The Johns Hopkins Ambulatory Clerkship in Medicine. Dysuria. Accessed online December 
5, 2004, at: http://deptmed.med.som.jhmi.edu/ambclerk/dysuria.html, with additional information from reference 9.

TABLE 1

Risk Factors for Complicated Acute Pyelonephritis

Age Immunosuppressed state Obstruction

Infants Diabetes mellitus Foreign body

Elderly (> 60 years of age) Sickle cell disease Calculi

Anatomic/functional abnormality Transplantation Bladder neck obstruction

Polycystic kidney disease Malignancy Posterior urethral valve

Horseshoe kidney Chemoradiation Benign prostatic hypertrophy

Double ureter HIV infections Neurogenic bladder

Ureterocele Corticosteroid use Pregnancy

Vesicoureteric reflux Male sex Miscellaneous

Foreign body Anatomic abnormalities Inappropriate antibiotics

Urinary, ureteric, or  
nephrostomy catheters

Prostatic obstruction Resistant organisms

Instrumentation
Calculus   

HIV = human immunodeficiency virus.

Information from references 1 and 2.
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ment with fever, pyuria, and other features 
of upper UTI, 98 percent had acute pyelo-
nephritis. In the absence of fever, 16 percent 
were given alternative diagnoses.11 However, 
up to one third of elderly patients with acute 
pyelonephritis have no fever; in 20 percent of 
elderly patients, the predominant symptoms 
are gastrointestinal or pulmonary.1 Fever 
and leukocytosis are of little value in diag-
nosing acute pyelonephritis in patients who 
have indwelling bladder catheters, especially 
when infections are caused by gram-positive 
cocci or Candida.12 The differential diagno-
sis of acute pyelonephritis includes pelvic 
inflammatory disease, cholecystitis, appen-
dicitis, lower lobe pneumonia, perforated 
viscus, and the prodrome of herpes zoster.

Up to 30 percent of women presenting with 
cystitis-like symptoms have upper urinary 

tract involvement (subclinical 
pyelonephritis), but these infec-
tions rarely cause any cortical 
damage. This situation is more 
common in pregnant women 
and patients with recurrent UTI, 
diabetes, immunosuppression, 
renal tract pathology, or previ-

ous UTI occurring before 12 years of age.2 
In the presence of obstruction (stone, tumor, 
bladder neck obstruction, enlarged prostate), 
acute pyelonephritis can be extremely severe 
and recalcitrant to treatment, and may prog-
ress to renal abscess. 

Diagnostic Testing
Urinalysis and urine culture confirm the 
diagnosis of acute pyelonephritis. The con-
sensus definition of pyelonephritis estab-
lished by the Infectious Diseases Society of 
America (IDSA) is a urine culture showing 
at least 10,000 colony-forming units (CFU) 
per mm3 and symptoms compatible with 
the diagnosis.13 Lower counts (1,000 to 9,999 
CFU per mm3) are of concern in men and 
pregnant women. Urine specimens gener-
ally are obtained by a midstream clean-
catch technique, and one study14 showed 
that cleansing does not decrease contamina-
tion rates in adults.

Pyuria is present in almost all patients 
with acute pyelonephritis and can be 
detected rapidly with the leukocyte esterase 
test or the nitrite test. The combination of 
the leukocyte esterase and nitrite tests (with 
a positive result on either) for UTI is more 
specific but less sensitive than either test 
alone15 (Table 3).3,15-21 Although white cell 
casts may be observed in other conditions, 
they are, along with other features of UTI, 
specific for acute pyelonephritis. Hematuria 
may be present in patients with cystitis and 
pyelonephritis.3

In some complicated cases, Gram stain 
analysis of urine can aid in the choice of 
initial antibiotic therapy.22 Another option 
is the use of the antibody-coated bacteria 
assay, which may be helpful in localizing 
subclinical upper UTIs.23

Urine cultures are positive in 90 percent of 
patients with acute pyelonephritis, and cul-
ture specimens should be obtained before ini-
tiation of antibiotic therapy. Blood cultures 
have been recommended for hospitalized 
patients; up to 20 percent of these patients 
have positive cultures.1 In two studies,24,25 
however, completion of blood cultures did 
not result in changes in management strate-
gies in patients with acute pyelonephritis. 
There is no evidence that positive blood cul-
tures indicate a more complicated course in 
otherwise healthy persons with pyelonephri-
tis.26 Therefore, blood cultures are indicated 
only if there is diagnostic uncertainty, the 
patient is immunosuppressed, or a hematog-
enous source is suspected.24,25 

Fever and leukocytosis are 
of little value in diagnos-
ing acute pyelonephritis in 
patients who have indwell-
ing bladder catheters.
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Treatment
Although patients with acute pyelonephri-
tis traditionally have been hospitalized and 
treated with intravenous antibiotics, outpa-
tient oral therapy is successful in 90 percent 
of selected patients with uncomplicated acute 
pyelonephritis who can tolerate oral intake, 
will be compliant with the treatment regimen, 

will return for early follow-up, and have ade-
quate social support27,28 (Figure 2). Patients 
with complicated acute pyelonephritis who 
are more ill or have not responded to outpa-
tient therapy should be hospitalized. Using 
specific hospitalization criteria (Table 4),1 up 
to 70 percent of patients can be selected for 
outpatient management. Another option is 
initial therapy with parenteral antibiotics in 
an inpatient observation unit, followed by 
oral therapy as an outpatient.26,29

Of the common uropathogens, resistance 
to fluoroquinolones remains very low (1 to 
3 percent).30 Fluoroquinolones are absorbed 
well from the gastrointestinal tract and have 
excellent kidney penetration. In 
selected patients with moderate 
or severe acute pyelonephritis, 
clinical outcomes are equiva-
lent with intravenous and oral 
ciprofloxacin (Cipro) therapy.31 
Therefore, for empiric therapy in uncompli-
cated acute pyelonephritis, the IDSA recom-
mends the use of an oral f luoroquinolone29 
(Table 5). Oral amoxicillin-clavulanate 
potassium (Augmentin), a cephalosporin, 
and trimethoprim-sulfamethoxazole (TMP-
SMX; Bactrim, Septra) provide acceptable 
alternatives for susceptible organisms.29

The U.S. Food and Drug Administration 
has classified fluoroquinolones as pregnancy 

TABLE 3

Laboratory Diagnosis of Urinary Tract Infection

Test Finding Sensitivity (%)* Specificity (%)*

Urinalysis16,17 > 5 WBCs/HPF 72 to 95 48 to 82

> 10 WBCs/HPF 58 to 82 65 to 86

Leukocyte esterase test3 Positive 74 to 96 94 to 98

Nitrite test18 Positive 92 to 100 35 to 85

Leukocyte esterase and  
nitrite tests15,19

Either test positive 75 to 84 82 to 98

Dipstick hematuria20 Positive 44 88

Gram stain of uncentrifuged  
urine21

> 1 bacterium per HPF  93 95 

WBCs/HPF = white blood cells per high-power field.

*—For identification of > 100,000 colony-forming units per mm3.

Information from references 3 and 15 through 21.

TABLE 4

Indications for Hospitalization in 
Patients with Acute Pyelonephritis

Absolute indications

Persistent vomiting

Progression of uncomplicated UTI

Suspected sepsis

Uncertain diagnosis

Urinary tract obstruction

Relative indications

Age > 60 years

Anatomic urinary tract abnormality

Immunocompromised (diabetes mellitus, 
cancer, sickle cell disease, organ transplant)

Inadequate access to follow-up

Frailty, poor social support

UTI = urinary tract infection.

Information from reference 1.

Urine cultures should be 
obtained before initiation 
of antibiotic therapy.
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category C drugs, and their use should be 
avoided in pregnant women. Amoxicillin or 
amoxicillin-clavulanate potassium is pre-
ferred during pregnancy and in the treat-

ment of infections caused by gram-positive 
organisms. Some physicians administer a 
single parenteral dose of an antibiotic (cef-
triaxone [Rocephin], gentamicin [Garamy-

Evaluation and Management of Acute Pyelonephritis

Figure 2. Algorithm for the evaluation and management of acute pyelonephritis (UTI = urinary tract infection;  
IV = intravenous).

Patient with UTI and signs and symptoms of acute pyelonephritis
Fever/chills
Flank pain
Nausea/vomiting
Costovertebral angle tenderness

Yes

Urine culture and sensitivity
IV antibiotics

Fluoroquinolone
Aminoglycoside with or without ampicillin, or
Extended-spectrum cephalosporin with or  

without an aminoglycoside
Ampicillin-sulbactam (Unasyn) with or without  

an aminoglycoside (gram-positive cocci) 
Hydration
Fever control
Pain management

High risk for complications?
Anatomic/functional abnormality
Foreign body
Immunosuppressed state
Obstruction
Pregnancy
Inappropriate antibiotics
Failure to respond
Instrumentation

Specific management  
depends on risk  
factors (see text)

Yes No

No
Hospitalization indicated?

Anatomic urinary tract abnormality
Immunocompromised state
Urinary tract obstruction
Outpatient treatment failure
Uncomplicated UTI progression
Persistent nausea/vomiting
Suspected sepsis
Age > 60 years
Poor social support
Inadequate access to follow-up care
Uncertain diagnosis

Urine culture and sensitivity
Oral antibiotics

Fluoroquinolone

Improvement in 72 hours?
Afebrile
Tolerates fluids, foods, and oral medications
Decreased pain

Oral antibiotics for a 
total of 14 days

Test for cure one week 
after completion of 
antibiotics

Hospitalization if  
ambulatory

Check sensitivities
Check obstruction  

(ultrasonography)
Consider other causes

Yes No
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cin], or a f luoroquinolone) before initiating 
oral therapy,29 but there is little evidence 
that this step improves outcomes.1 Table 5 
reviews antimicrobial agents used in the 
treatment of acute pyelonephritis.

If the patient requires hospitalization, the 
IDSA guidelines29 recommend one of three 
initial intravenous therapies: (1) a f luoroqui-
nolone; (2) an aminoglycoside with or with-
out ampicillin; or (3) an extended-spectrum 

TABLE 5

Antimicrobial Agents Used in the Treatment of Acute Pyelonephritis

 
Agent

 
Dosing schedule

Oral dose 
(mg)

 
IV dose

 
Comments

Penicillins

Amoxicillin Every 8 to 12 hours 500 — None

Amoxicillin- clavulanate 
potassium (Augmentin)

Every 8 to 12 hours 500/125 — GI side effects*

Ampicillin-sulbactam  
(Unasyn) 

Every 4 to 6 hours — 150 to 200 mg  
per kg per day

GI side effects*

Aztreonam (Azactam) Every 6 to 8 hours — 1 to 2 g Phlebitis; GI side effects*

Imipenem (Primaxin I.V.) Every 6 hours — 0.5 g None

Piperacillin (Pipracil) Every 6 hours — 3 g GI side effects*; phlebitis

Piperacillin-tazobactam 
(Zosyn)

Every 6 to 8 hours — 3.375 g/4.5 g GI side effects*; rash;  
headaches; insomnia

Ticarcillin-clavulanate 
(Timentin)

Every 4 to 6 hours — 3.1 g GI side effects*; rash; phlebitis

Cephalosporins

Cefotaxime (Claforan) Every 8 to 12 hours — 1 to 2 g Thrombophlebitis

Ceftriaxone (Rocephin) Once in 24 hours — 1 to 2 g Leukopenia; elevated BUN  
and liver enzyme levels

Cephalexin (Keflex) Every 6 hours 500 — GI side effects*

Fluoroquinolones

Ciprofloxacin (Cipro) Every 12 hours 500 400 mg Nausea; headache; photosensitivity; 
pregnancy category C

Enoxacin (Penetrex) Every 24 hours 400 — Pregnancy category C

Gatifloxacin (Tequin) Every 24 hours — 400 mg Pregnancy category C

Levofloxacin (Levaquin) Every 24 hours 250 to 750 250 to 750 mg ECG QT prolongation;  
pregnancy category C

Lomefloxacin (Maxaquin) Every 24 hours 400 — Pregnancy category C

Norfloxacin (Noroxin) Every 12 hours 400 — Pregnancy category C

Ofloxacin (Floxin) Every 12 hours 200 to 400 400 mg Pregnancy category C

Aminoglycosides

Amikacin (Amikin) Every 12 hours  — 7.5 mg per kg Ototoxicity; nephrotoxicity

Gentamicin (Garamycin) Every 24 hours — 5 to 7 mg per kg Ototoxicity; nephrotoxicity

Tobramycin (Nebcin) Every 24 hours — 5 to 7 mg per kg Ototoxicity; nephrotoxicity

Other antibiotics

TMP-SMX (Bactrim;  
Septra)

Every 12 hours 160/800 8 to 10 mg per kg 
(TMP)

G6PD deficiency; sulfa allergy;  
do not use in third trimester

IV = intravenous; GI = gastrointestinal; BUN = blood urea nitrogen; ECG = electrocardiogram; TMP-SMX = trimethoprim-sulfamethoxazole;  
G6PD = glucose-6-phosphate dehydrogenase.

*—GI side effects include nausea, vomiting, and diarrhea.
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cephalosporin with or without an aminogly-
coside. With gram-positive cocci, ampicil-
lin-sulbactam (Unasyn) with or without an 
aminoglycoside is recommended. Amino-
glycosides should be avoided in patients with 
pre-existing renal disease. Oral treatment 
is feasible as soon as the patient becomes 
afebrile, has improved clinically, and can 
tolerate oral hydration and medications. It is 
not necessary to use the same agent for both 
parenteral and oral therapy.26 There is no 
benefit from additional hospital observation 
to determine the success of switching to an 
oral antibiotic.32

A seven- to 14-day course of antibiotics is 
effective in women who are immunocompe-
tent and do not have underlying illness.1,27,30 
Studies29,33,34 suggest that therapy lasting only 

five to seven days is comparable 
to seven to 14 days in terms 
of clinical and bacteriologic 
outcome in patients with mild 
pyelonephritis and in those hav-
ing a dramatic initial response 
to therapy. Acute pyelonephritis 
associated with immunosup-
pressive states responds well to 
a 14- to 21-day course of a fluo-

roquinolone or TMP-SMX.2 Post-treatment 
urine cultures are recommended in all patients 
at the follow-up visit, one to two weeks after 
completion of antibiotic therapy.35 

Fever generally resolves within 72 hours 
of starting antibiotic therapy. In a study36 of 
hospitalized patients who had no complica-
tions, however, 26 percent remained febrile 
at 48 hours, and 13 percent were febrile at 
72 hours. Thus, persistence of fever after 72 
hours in an otherwise stable and improving 
patient may not necessarily warrant a change 
in therapy or further investigation.

The two most common causes of ini-
tial treatment failure are resistant organ-
isms and nephrolithiasis. In the absence of 
clinical response, many physicians obtain a 
blood count, urinalysis, and blood and urine 
cultures, seeking an indication of persisting 
infection and antibiotic resistance; however, 
there is little evidence to support the routine 
use of these tests. A rectal or vaginal exami-
nation should be performed.

Imaging studies may identify complicat-
ing factors such as anatomic abnormali-
ties, obstruction, acute bacterial nephritis 
(localized, nonliquified interstitial inf lam-
mation), or subjacent infections such as 
appendicitis, cholecystitis, or perinephric 
abscess (Figure 2). Options include plain 
radiography of the kidneys, ureter, and 
bladder; renal ultrasonography; computed 
tomographic (CT) scan; magnetic resonance 
imaging; and intravenous pyelography. In 
most patients, ultrasound examination iden-
tifies acute bacterial nephritis, abscesses, 
ureteral obstruction, and hydronephrosis.37 
Acute bacterial nephritis may progress to 
frank abscess and requires a protracted 
course of antibiotics. If renal ultrasonogra-
phy fails to define a lesion but shows marked 
renal enlargement, or if invasive interven-
tion is being considered, a CT scan can 
exclude renal and perinephric abscesses.

Differences between UTI in men and 
women support the classification of male 
acute pyelonephritis as complicated. Men 
younger than 60 years without obstruction, 
renal abnormalities, or prostatitis respond 
well to 14 days of antibiotic therapy.2 Men who 
have recurrent UTIs require a six-week regi-
men. Men with acute prostatitis require four 
weeks of treatment with an antibiotic that has 
high penetration into prostatic tissue, such as 
doxycycline (Vibramycin), TMP-SMX, or a 
fluoroquinolone; men with chronic prostati-
tis require six to 12 weeks of such therapy.2,38 
The optimal duration of treatment for hospi-
talized patients is 14 days.

Short-term antibiotic therapy (three days), 
which is appropriate in the treatment of cys-
titis, results in a 50 percent relapse rate in 
patients with subclinical acute pyelonephri-
tis. The most reliable indicator of treatment 
failure is a positive follow-up culture in 
patients with presumed cystitis.2 If relapse 
is noted after a two-week course of antibiot-
ics, and no urologic abnormality is found 
on imaging, the uropathogen and sensi-
tivities should be confirmed and treatment 
extended to six weeks. 

If the pathogen causing reinfection is 
different from the original pathogen, two 
weeks of treatment are sufficient. Immedi-

Short-term antibiotic 
therapy (three days), which 
is appropriate in the treat-
ment of cystitis, results in 
a 50 percent relapse rate in 
patients who have subclini-
cal acute pyelonephritis.
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ate release of any existing obstruction com-
bined with a 14-day course of appropriate 
antibiotics minimizes failure and recur-
rence.2 Relief of obstruction and antibiotic 
therapy may be successful in emphyse-
matous pyelonephritis, but nephrectomy 
must be strongly considered in patients 
with unresponsive infections.1 If paren-
chymal involvement including abscesses 
is observed, longer courses of antibiotics 
(intravenous or oral) or sequential therapy 
may be necessary.

Pregnant women with pyelonephritis 
require hospitalization (for at least a short 
observation period) for aggressive hydra-
tion and parenteral antibiotics. Antibiotic 
treatment is similar to the treatments of 
other adult regimens. During pregnancy,  
86 percent of women have uterine con-
tractions in the first hour after initiation 
of antimicrobial therapy, and 50 percent 
continue to have contractions after five 
hours of therapy.39 One study40 found no 
difference in clinical responses among preg-
nant women treated with ampicillin and 
gentamicin, cefazolin (Ancef), or ceftriax-
one. Fluoroquinolones should be avoided 
because of concerns about their teratogenic 
effects on the fetus.1

Most patients with mild acute pyelone-
phritis who are pregnant (90 percent) can be 
treated successfully with parenteral antibiot-
ics under brief (two to 24 hours) observa-
tion, followed by outpatient oral therapy.41,42 

Although some experts state that selected 
patients may be treated safely with oral anti-
biotics, there have been no outpatient trials in 
which oral therapy alone was used.43 Because 
25 percent of patients with mild acute pyelo-
nephritis who are pregnant have a recurrence, 
these patients should have monthly urine 
cultures or antimicrobial suppression with 
oral nitrofurantoin (Macrodantin), 100 mg 
daily, until four to six weeks postpartum.43 
All pregnant women, especially those who 
have diabetes and had a previous UTI, should 
be screened for asymptomatic bacteriuria 
during the first prenatal visit.

No antibiotic prophylaxis is effective in 
reducing complications associated with 
indwelling catheters. Sterile insertion and 

care of the catheter, minimizing the dura-
tion of catheterization, intermittent cath-
eterization, closed drainage systems, and 
silver-alloy–coated catheters may reduce the 
risk of symptomatic infection.1,44

Members of various medical faculties develop articles for 
“Practical Therapeutics.” This article is one in a series 
coordinated by the Department of Family and Preventive 
Medicine at the University of Oklahoma Health Sciences 
Center, Tulsa, Okla. Coordinator of the series is John 
Tipton, M.D.

The authors indicate that they do not have any conflicts 
of interest. Sources of funding: none reported. 

REFERENCES

 1. Bass PF 3d, Jarvis JA, Mitchell CK. Urinary tract infec-
tions. Prim Care 2003;30:41-61.

 2. Bergeron MG. Treatment of pyelonephritis in adults. 
Med Clin North Am 1995;79:619-49.

 3. Hooton TM, Stamm WE. Diagnosis and treatment of 
uncomplicated urinary tract infection. Infect Dis Clin 
North Am 1997;11:551-81.

 4. Foxman B, Klemstine KL, Brown PD. Acute pyelonephri-
tis in US hospitals in 1997: hospitalization and in-hospi-
tal mortality. Ann Epidemiol 2003;13:144-50.

 5. Gilstrap LC 3d, Ramin SM. Urinary tract infections 
during pregnancy. Obstet Gynecol Clin North Am 
2001;28:581-91. 

 6. Stamm WE. Urinary tract infections and pyelonephritis. 
In: Harrison TR, Braunwald E, eds. Harrison’s Principles 
of internal medicine. 15th ed. New York: McGraw-Hill, 
2001:1620-6. 

 7. Stamm WE, Hooton TM. Management of urinary tract 
infections in adults. N Engl J Med 1993;329:1328-34.

 8. The Johns Hopkins Ambulatory Clerkship in Medicine. 
Dysuria. Accessed online December 5, 2004, at: http://
deptmed.med.som.jhmi.edu/ambclerk/dysuria.html.

 9. Gupta K, Hooten TM, Wobbe CL, Stamm WE. The prev-
alence of antimicrobial resistance among uropathogens 
causing acute uncomplicated cystitis in young women. 
Int J Antimicrob Agents 1999;11:305-8.

10. Roberts JA. Management of pyelonephritis and 
upper urinary tract infections. Urol Clin North Am 
1999;26:753-63.

 11. Pinson AG, Philbrick JT, Lindbeck GH, Schorling JB. 
Fever in the clinical diagnosis of acute pyelonephritis. 
Am J Emerg Med 1997;15:148-51.

12. Tambyah PA, Maki DG. Catheter-associated urinary 
tract infection is rarely symptomatic: a prospective 
study of 1,497 catheterized patients. Arch Intern Med 
2000;160:678-82.

13. Rubin RH, Shapiro ED, Andriole VT, Davis RJ, Stamm 
WE. Evaluation of new anti-infective drugs for the 
treatment of urinary tract infection. Infectious Diseases 
Society of America and the Food and Drug Administra-
tion. Clin Infect Dis 1992;15(suppl 1):S216-27.

14. Lifshitz E, Kramer L. Outpatient urine culture: does 
collection technique matter? Arch Intern Med 
2000;160:2537-40.

Pyelonephritis



942 American Family Physician www.aafp.org/afp Volume 71, Number 5 ◆ March 1, 2005

 15. Semeniuk H, Church D. Evaluation of the leukocyte 
esterase and nitrite urine dipstick screening tests for 
detection of bacteriuria in women with suspected 
uncomplicated urinary tract infections. J Clin Microbiol 
1999;37:3051-2.

 16. Bailey BL Jr. Urinalysis predictive of urine culture results. 
J Fam Pract 1995;40:45-50.

17. Ferry S, Andersson SO, Burman LG, Westman G. Opti-
mized urinary microscopy for assessment of bacteriuria 
in primary care. J Fam Pract 1990;31:153-9.

18. Pollock HM. Laboratory techniques for detection of 
urinary tract infection and assessment of value. Am J 
Med 1983;75:79-84.

19. Pfaller MA, Koontz FP. Laboratory evaluation of leu-
kocyte esterase and nitrite tests for the detection of 
bacteriuria. J Clin Microbiol 1985;21:840-2.

20. Blum RN, Wright RA. Detection of pyuria and bacteri-
uria in symptomatic ambulatory women. J Gen Intern 
Med 1992;7:140-4.

21. Moyer VA, Elliott EJ, eds. Evidence based pediatrics and 
child health. 2d ed. London: BMJ Books, 2004.

22. Gorelick MH, Shaw KN. Screening tests for urinary 
tract infection in children: a meta-analysis. Pediatrics 
1999;104:e54.

 23. McCue JD. The management of complicated urinary 
tract infections. Accessed online December 5, 2004, at: 
http://www.dpa.com.hk/pdf/info/info_alart_01.pdf. 

 24. McMurray BR, Wrenn KD, Wright SW. Usefulness of 
blood cultures in pyelonephritis. Am J Emerg Med 
1997;15:137-40.

 25. Velasco M, Martinez JA, Moreno-Martinez A, Hor-
cajada JP, Ruiz J, Barranco M, et al. Blood cultures for 
women with uncomplicated acute pyelonephritis: are 
they necessary? Clin Infect Dis 2003;37:1127-30.

26. Miller O 2d, Hemphill RR. Urinary tract infection and 
pyelonephritis. Emerg Med Clin North Am 2001;19: 
655-74.

27. Safrin S, Siegel D, Black D. Pyelonephritis in adult 
women: inpatient versus outpatient therapy. Am J Med 
1988;85:793-8.

28. Bach D, van den Berg-Segers A, Hubner A, van 
Breukelen G, Cesana M, Pletan Y. Rufloxacin once 
daily versus ciprofloxacin twice daily in the treatment 
of patients with acute uncomplicated pyelonephritis.  
J Urol 1995;154:19-24.

29. Warren JW, Abrutyn E, Hebel JR, Johnson JR, Schaeffer 
AJ, Stamm WE. Guidelines for antimicrobial treatment 
of uncomplicated acute bacterial cystitis and acute 
pyelonephritis in women. Infectious Diseases Society of 
America (IDSA). Clin Infect Dis 1999;29:745-58.

 30. Nicolle LE. Urinary tract infection: traditional phar-
macologic therapies. Am J Med 2002;113(suppl 1A): 
35S-44S.

  31. Mombelli G, Pezzoli R, Pinoja-Lutz G, Monotti R, 
Marone C, Franciolli M. Oral vs intravenous cipro-
floxacin in the initial empirical management of severe 
pyelonephritis or complicated urinary tract infections: 
a prospective randomized clinical trial. Arch Intern Med 
1999;159:53-8.

  32. Caceres VM, Stange KC, Kikano GE, Zyzanski SJ. 
The clinical utility of a day of hospital observation 
after switching from intravenous to oral antibiotic 
therapy in the treatment of pyelonephritis. J Fam Pract 
1994;39:337-9.

  33. Talen D, Stamm WE, Reuning-Scherer J, Church D. 
Ciprofloxacin (CIP) 7-day vs. TMP/SMX 14-day 1/2 cef-
triaxone (CRO) for acute uncomplicated pyelonephritis: 
a randomized, double-blind trial. Boston: International 
Congress of Infectious Diseases, 1998.

  34. Bailey RR. Duration of antimicrobial treatment and the 
use of drug combinations for the treatment of uncom-
plicated acute pyelonephritis. Infection 1994;22(suppl 
1):S50-2.

  35. Delzell JE JR, Fitzsimmons A. Urinary tract infection. 
The American Board of Family Practice. Reference 
Guide. 7th ed. American Board of Family Practice, 
2001. Accessed online December 5, 2004, at: http://
www.abfp.org/guides/UTI.pdf. 

  36. Behr MA, Drummond R, Libman MD, Delaney JS, 
Dylewski JS. Fever duration in hospitalized acute pyelo-
nephritis patients. Am J Med 1996;101:277-80.

  37. Huang JJ, Sung JM, Chen KW, Ruaan MK, Shu GH, 
Chuang YC. Acute bacterial nephritis: a clinicoradio-
logic correlation based on computed tomography. Am 
J Med 1992;93:289-98.

  38. Lipsky BA. Prostatitis and urinary tract infection in men: 
what’s new; what’s true? Am J Med 1999;106:327-34.

  39. Graham JM, Oshiro BT, Blanco JD, Magee KP. Uterine 
contractions after antibiotic therapy for pyelonephritis 
in pregnancy. Am J Obstet Gynecol 1993;168:577-80.

  40. Wing DA, Hendershott CM, Debuque L, Millar LK. A 
randomized trial of three antibiotic regimens for the 
treatment of pyelonephritis in pregnancy. Obstet Gyne-
col 1998;92:249-53.

  41. Millar LK, Wing DA, Paul RH, Grimes DA. Outpatient 
treatment of pyelonephritis in pregnancy: a randomized 
controlled trial. Obstet Gynecol 1995;86(4 pt 1):560-4.

 42. Wing DA, Hendershott CM, Debuque L, Millar LK. Out-
patient treatment of acute pyelonephritis in pregnancy 
after 24 weeks. Obstet Gynecol 1999;94(5 pt 1):683-8.

  43. Wing DA. Pyelonephritis. Clin Obstet Gynecol 1998; 
41:515-26.

  44. Christensen M, Jepsen OB. Reduced rates of hospital-
acquired UTI in medical patients. Prevalence surveys 
indicate effect of active infection control programmes. 
J Hosp Infect 2001;47:36-40.

Pyelonephritis


