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Abstract
Background. Unrecognized myocardial infarctions
(UMIs) are common in the general population but have
not been well studied in patients with chronic kidney
disease (CKD). The purpose of this study was to deter-
mine the prevalence and prognosis for mortality of UMI
among adults with CKD.
Methods. The current study included 18 864 participants
in the population-based REasons for Geographic And
Racial Differences in Stroke (REGARDS) study who com-
pleted a baseline examination including a 12-lead electro-
cardiogram (ECG). UMI was defined as the presence of
myocardial infarction (MI) by Minnesota ECG classifi-
cation in the absence of self-reported or recognized MI
(RMI). Estimated glomerular filtration rate (eGFR) was cal-
culated using the Chronic Kidney Disease Epidemiology
Collaboration equation and albuminuria using albumin-to-
creatinine ratio from a spot urine sample. All-cause

mortality was assessed over a median 4 years of follow-up.
Results. The prevalence of UMI was 4, 6, 6 and 13%
among participants with eGFR levels of ≥60, 45–59.9, 30–
44.9 and <30 mL/min/1.73m2, respectively, and 4, 5, 7 and
10% among participants with albuminuria levels of <10,
10–29.9, 30–299.9 and ≥300 mg/g, respectively. Compared
to those with no MI, the multivariable adjusted hazard ratio
for all-cause mortality associated with UMI and RMI was
1.65 [95% confidence interval (CI): 1.09–2.49] and 1.65
(95% CI: 1.20–2.26), respectively, among individuals with
an eGFR <60 mL/min/1.73m2 and 1.49 (95% CI: 1.03–
2.16) and 1.88 (95% CI: 1.40–2.52) among individuals
with albuminuria ≥30 mg/g.
Conclusion. UMIs are common among individuals with
an eGFR <60 mL/min/1.73m2 and albuminuria and associ-
ated with an increased mortality risk.
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Introduction

Since unrecognized myocardial infarctions (UMIs) were
first described in 1912 [1], several epidemiological studies
have assessed its prevalence in different populations [2–7].
An estimated 20–40% of all myocardial infarctions (MIs)
are unrecognized [2–4, 6, 7]. Data from prior studies
suggest that individuals with UMIs have a similar mor-
tality risk as their peers with recognized MIs (RMIs) [2].

Chronic kidney disease (CKD), defined by a reduced
estimated glomerular filtration rate (eGFR) or high levels
of albuminuria, is common [8] and associated with a high
burden of cardiovascular disease (CVD) [9]. Among par-
ticipants in the National Health and Nutrition Examin-
ation Survey 1999–2004, individuals with CKD were 3.7
times more likely to report a history of MI than their
counterparts without CKD [10]. While the presence of
RMI is common and associated with an increased mor-
tality risk among individuals with CKD [11, 12], few data
on the prevalence and implications of UMI among
patients with CKD have been reported.

The primary goal of the present analysis was to assess
the prevalence of UMI by level of eGFR and albuminuria.
We also evaluated the association of UMI with mortality
among individuals with reduced eGFR and albuminuria.
Finally, we identified factors associated with UMI among
individuals with reduced eGFR or albuminuria. To do so,
we analyzed data from the REasons for Geographic And
Racial Differences in Stroke (REGARDS) study, a popu-
lation-based prospective cohort study of African Ameri-
cans and whites ≥45 years of age [13].

Materials and methods

Population

REGARDS study participants were recruited between January 2003 and
October 2007. The study was designed to oversample African Americans
and provide approximately equal representation of men and women. By
design, 56% (goal 50%) of the sample was recruited from the eight
southern US states commonly referred to as the ‘stroke buckle’ (coastal
NC, SC and GA) and the ‘stroke belt’ (remainder of NC, SC and GA as
well as AL, MS, TN, AR and LA) with the remaining 44% of the
sample recruited from the other 40 contiguous US states and the District
of Columbia. The study protocol was reviewed and approved by the
Institutional Review Boards of all participating centers. All participants
provided verbal informed consent at the time of their telephone interview
and in writing at the time of their in-home study visit prior to partici-
pation in REGARDS.

Data collection

Trained interviewers conducted computer-assisted telephone interviews
to collect information about demographics, socioeconomic status, health
insurance, having a regular source of health care, cigarette smoking and
prior diagnoses of medical conditions including diabetes mellitus, hyper-
tension, MI, stroke and prior cardiovascular interventions. Following the
telephone interview, trained staff conducted an in-home visit during
which a physical examination and resting electrocardiogram (ECG) were
performed, prescription and over the counter pill bottles were reviewed
and blood and urine samples were collected using standardized methods.
Height and weight were measured during the study visit and body mass
index (BMI) was calculated as weight in kilograms divided by height in
meters squared. Systolic and diastolic blood pressure (BP) were esti-
mated based on the average of two measurements. Hypertension was
defined as systolic BP ≥140 mmHg, diastolic BP ≥90 mmHg or use of
anti-hypertensive medications. Diabetes was defined as serum glucose

≥126 mg/dL for participants who had fasted ≥8 h prior to their study
visit, a non-fasting serum glucose ≥200 mg/dL or self-report of a prior
diagnosis of diabetes with current use of insulin or oral hypoglycemic
medications. Dyslipidemia was defined as total serum cholesterol ≥240
mg/dL, a low-density lipoprotein cholesterol ≥160 mg/dL, high-density
lipoprotein cholesterol <40 mg/dL or current lipid-lowering medication
use. Cognitive function was assessed using a six-item test of global cog-
nitive function that includes recall and temporal orientation items. Indi-
viduals incorrectly answering three or more questions were categorized
as having cognitive impairment [14].

Using isotope dilution mass spectrometry traceable serum creatinine,
eGFR was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [15]. eGFR was divided into four
levels: ≥60.0, 45.0–59.9, 30.0–44.9 and <30.0 mL/min/1.73m2. Urinary
albumin and creatinine concentrations were measured using spot samples
collected during the baseline examination. Albuminuria was calculated
as the urinary albumin-to-creatinine ratio (ACR) and divided into four
strata <10.0, 10.0–29.9, 30.0–299.9 and ≥300.0 mg/g [16].

Definition of UMI and RMI

The 12-lead ECGs performed during the in-home examination were read
and coded at The Epidemiological Cardiology Research Center
(EPICARE) at Wake Forest University. The research staff reading the
ECG were blinded to the other REGARDS study data collected. Electro-
cardiographic diagnosis of prior MI was defined using the Minnesota
code (MC) as presence of a major Q wave abnormality (MC 1.1.× or
1.2.×) or minor Q/QS waves with major ST-T abnormalities (MC 1.3.×
with 4.1.×, or 4.2, or 5.1, or 5.2) [17]. Participants were considered to
have an RMI if they responded affirmatively to the question: ‘Has a
doctor or other health professional ever told you that you had a MI or
heart attack?’ UMIs were defined by the presence of ECG criteria for an
MI in the absence of an RMI.

Assessment of mortality outcomes

Mortality, subsequent to the REGARDS study in-home examination and
through 31 March 2010, was assessed through contact with proxies pro-
vided by the participant upon recruitment or during follow-up. If a proxy
reported a participant had died, an interview was conducted with the
next of kin listed on study forms. The REGARDS study confirmed dates
of death through the social security death index, death certificates or the
National Death Index. Follow-up time was recorded as the number of
days from the REGARDS study baseline in-home examination, when the
presence of UMI was determined, to a participant’s confirmed date of
death and last follow-up date or 31 March 2010 for non-deceased
participants.

Statistical analysis

Characteristics of REGARDS study participants were calculated by MI
status: no MI, UMI and RMI. The statistical significance of differences
in participant characteristics with UMI versus no MI and UMI versus
RMI, separately, was determined using chi-square tests for categorical
variables and t-tests for continuous variables. Among all participants, the
prevalence of UMI was calculated by eGFR and albuminuria levels.
Next, for participants with eGFR <60 mL/min/1.73m2 and those with
albuminuria (≥30 mg/g), cumulative mortality curves by MI status
(none, UMI and RMI) were generated using the Kaplan–Meier method.
Additionally, the multivariable adjusted hazard ratios (HRs) for all-cause
mortality associated with UMI and RMI, versus no MI, were calculated
for participants with an eGFR <60 mL/min/1.73m2 and for participants
with an ACR ≥30 mg/g. Multivariable adjustment included age, race,
sex, region of residence, education, income, current smoking status,
health insurance, having a regular source of health care, cognitive im-
pairment, marital status, systolic BP, use of anti-hypertensive medication,
dyslipidemia and diabetes. Finally, we pooled together REGARDS par-
ticipants with an eGFR <60 mL/min/1.73m2 or ACR ≥30 mg/g and de-
termined factors associated with UMI. Specifically, age, race, sex and
multivariable-adjusted odds ratios for UMI were calculated using logistic
regression models. For the multivariable model, we included variables
associated with UMI (P < 0.10) in the age-, race- and sex-adjusted ana-
lyses. The proportional hazards assumption was evaluated by Schoenfeld
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residuals and was not violated. Analyses were conducted using SAS
version 9.1 (SAS Institute, Cary, NC).

Results

Participants’ characteristics

Overall, 30 239 individuals were enrolled in the
REGARDS study. The current analysis was restricted to
participants who were recruited after April 2004, when
12-lead ECG assessments were initiated (n = 21 152).
After excluding participants receiving dialysis (n = 76),
missing serum creatinine (n = 910) or urinary albumin or
creatinine measurements (n = 850), with poor quality
ECG recordings (n = 99), and missing follow-up data for
all-cause mortality (n = 353), the current analysis included
18 864 participants. Among individuals with 12-lead
ECGs, those included in the current analyses were similar
to those excluded with respect to age (64.0 versus 64.1
years, respectively; P = 0.617). A higher percentage of
women versus men (11.0 versus 9.5%, respectively) and
blacks versus whites (13.5 versus 8.3%, respectively)
were excluded due to missing data. However, a similar
percentage of individuals without MI (10.3%) and with
UMI and RMI (11.7 and 11.8%, respectively) were ex-
cluded from the current analyses.

Of the 18 864 REGARDS study participants included
in this analysis, 852 (4.5%) had UMI and 1365 had RMI
(7.2%). UMI represented 38% of all MI. Characteristics
of participants with no MI, UMI and RMI are presented
in Table 1. Compared to those with no MI, participants
with UMI were older and more likely to be men. They
were less likely to be married but more likely to have less
than a high school education, cognitive impairment, an
annual household income of <$20 000, be a current
smoker and have diabetes, hypertension and dyslipidemia.
Additionally, those with UMI had higher BMI and

systolic BP than their counterparts without MI. When
compared to those with RMI, participants with UMI were
younger, less likely to be men, married, have less than a
high school education, diabetes, hypertension or dyslipi-
demia. Also, those with UMI versus RMI had higher
BMI and lower diastolic BP levels.

eGFR, albuminuria and UMI

The prevalence of UMI was higher at lower eGFR levels
(Figure 1, top panel). Also, UMI was more prevalent
among REGARDS study participants with higher albumi-
nuria levels (Figure 1, bottom panel). The prevalence of
UMI was 4.3% of participants with eGFR ≥60 mL/min/
1.73m2 and ACR <30 mg/g, 5.9% among participants
with eGFR <60 mL/min/1.73m2 and ACR <30 mg/g,
6.0% among participants with eGFR ≥60 mL/min/1.73m2

and ACR ≥30 mg/g and 13.4% for those with both eGFR
<60 mL/min/1.73m2 and ACR ≥30 mg/g.

UMI/RMI and mortality

Over a median of 4 years of follow-up, there were 236
deaths among individuals with eGFR <60 mL/min/
1.73m2 and 189 deaths among individuals with ACR ≥30
mg/g. Cumulative mortality curves for participants with
no MI, UMI and RMI are presented in the top panel of
Figure 2 for those with eGFR <60 mL/min/1.73m2 and in
the bottom panel for those with ACR ≥30 mg/g. After
multivariable adjustment for age, race, sex, region of resi-
dence, education, income, current smoking status, health
insurance, having a regular source of health care, cogni-
tive impairment, marital status, systolic BP, use of anti-hy-
pertensive medication, dyslipidemia and diabetes, the
HRs for all-cause mortality associated with UMI and
RMI, compared to no MI, were 1.65 [95% confidence in-
terval (CI): 1.09–2.49] and 1.65 (95% CI: 1.20–2.26),
respectively, in individuals with eGFR <60 mL/min/

Table 1. Characteristics of REGARDS study participants by MI statusa

MI status P-value

None (n = 16647) UMI (n = 852) RMI (n = 1365) UMI versus none UMI versus RMI

Age, years 63.5 (9.6) 67.2 (9.7) 68.1 (9.2) <0.001 0.032
Men, % 35.9 41.3 57.1 0.001 <0.001
African American, % 39.8 40.0 36.2 0.898 0.070
Married, % 59.8 53.1 60.4 <0.001 <0.001
Less than HSb education, % 10.4 14.1 18.5 <0.001 0.008
Health insurance, % 92.7 94.1 95.8 0.120 0.074
Cognitive impairment, % 6.1 8.9 10.7 0.001 0.176
Household income <$20 000, % 17.8 26.9 27.4 <0.001 0.689
Regular source for health care, % 83.0 85.3 83.9 0.107 0.400
Current smoking, % 13.8 16.7 18.3 0.010 0.323
BMI, kg/m2 29.4 (6.3) 29.6 (6.0) 28.9 (6.6) 0.047 0.017
Diabetes, % 18.5 24.5 32.2 <0.001 <0.001
Systolic BP, mmHg 126.0 (16.2) 129.2 (17.6) 129.7 (17.3) <0.001 0.479
Diastolic BP, mmHg 76.2 (9.6) 75.5 (10.1) 76.7 (9.9) 0.108 0.007
Anti-hypertensive medication use, % 48.7 62.1 70.7 <0.001 <0.001
Dyslipidemia, % 54.8 61.2 79.7 <0.001 <0.001

aNumbers in table are mean (standard error) or row percent.
bHS, high school.
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1.73m2 and 1.49 (95% CI: 1.03–2.16) and 1.88 (1.40–
2.52), respectively, for individuals with ACR ≥30 mg/g.

Risk factors associated with UMI among CKD
participants without RMI

Among REGARDS study participants with an eGFR <60
mL/min/1.73m2 or ACR ≥30 mg/g, older age and male
sex were associated with higher odds ratios for UMI
(Table 2). Additionally, after adjustment for age, race, and
sex, a household income <$20 000, current smoking
status and hypertension were associated with an increased
odds ratio for having a UMI. Also, the age-, race- and
sex-adjusted odds ratio for UMI was increased for indi-
viduals with eGFR <30 mL/min/1.73m2 and ACR levels
≥30 mg/g. These associations remained present after
further multivariable adjustment (Table 2).

Discussion

Despite a high burden of CVD among individuals with
CKD [9], the prevalence and clinical implications of UMI
have not been well documented in this population. While

prior studies have investigated risk factors for UMI, they
did not report results for individuals with CKD. In the
current study, UMI was more common at lower eGFR and
higher albuminuria levels. Among participants with
reduced eGFR or high ACR, UMI was associated with a
risk for mortality similar to that imparted by a diagnosis
of RMI. Some but not all traditional cardiovascular risk
factors were associated with UMI among participants
with eGFR <60 mL/min/1.73m2 or ACR ≥30 mg/g.
Previous population-based studies have reported that

UMIs represent ∼20–40% of all MIs [2–4, 6, 7]. This
large variability in the prevalence of UMI may be due, in
part, to the different populations studied but also to the
different criteria used to define UMI. The Cardiovascular
Heart Study [2] for example enrolled an elderly popu-
lation as opposed to the Reykjavik Study that included
Icelandic adults aged 35–75 years [3]. Some studies relied
on patient recollection of an MI [2], whereas others in-
volved medical chart review for the identification of prior
MI [3, 4]. In the REGARDS study, a UMI was defined by
the presence of well-validated ECG criteria [17] and the
absence of a history of MI provided by the patient during
standardized interviews. This definition has been used in
previously published work [2]. In this context, UMI
represented 38% of all MIs in the REGARDS study. Im-
portantly, the prevalence of UMIs was higher at progress-
ively lower eGFR and higher albuminuria levels. Future

Fig. 1. Prevalence of UMI by level of eGFR (top panel) and ACR
(bottom panel).

Fig. 2. Kaplan–Meier cumulative mortality curves associated with MI
(none, UMI and RMI) for REGARDS participants with an eGFR <60
mL/min/1.73m2 (top panel) and ACR ≥30 mg/g (bottom panel).
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studies that capture data on incident UMI by level of
renal function may provide insight into the reasons why a
substantial proportion of MIs are unrecognized in those
with CKD.

Several prior studies have compared the mortality risk
for individuals with RMI and UMI. While the balance of
evidence suggests that the mortality risk is similar for
individuals with UMI and RMI, some studies have re-
ported that RMIs are associated with a worse prognosis
[18]. For example, the 5-year cumulative mortality in the
Israeli Heart Attack Trial was higher for individuals with
RMI versus UMI (3.6 versus 1.7%) [18]. In the
REGARDS study population with CKD (whether based
on reduced eGFR or increased albuminuria), the mortality
rate was significantly higher in both those with UMI and
those with RMI versus their counterparts with no MI. Our
findings are in accordance with the Cardiovascular Heart
Study where, over 6 years of follow-up, 25.4% of those
with RMI and 21.4% of those with UMI died versus
12.0% among those with no MI (P = 0.24 comparing RMI
and UMI and P < 0.01 comparing RMI and UMI, separ-
ately, to no MI) [2]. The poor prognosis that UMIs
portend in terms of mortality provides further support for
more aggressive screening in this high-risk population.

The high absolute rate of UMI among individuals with
CKD should alert physicians that the CKD population is
at increased risk for coronary events that could be silent
or atypical as seen for example in the diabetic population.
From a practical standpoint, ECGs are widely available
and relatively cheap diagnostic tests. Medical internists
are trained to interpret ECGs and therefore may be able to
capture CKD patients with UMI that might otherwise
miss detection. Such information on UMI can be used to
guide treatment and perhaps justify instituting more

aggressive strategies to modify cardiovascular risk factors.
The feasibility and effectiveness of implementing wide-
spread ECG screening for UMI in patients with CKD are
currently unclear and require further study. However,
given that secondary preventive strategies have been
associated with improved survival in individuals with
RMI, the potential benefits of increased detection of those
with UMI through more vigilant screening could poten-
tially mean improved cardiovascular outcomes in this
population.
Another important aspect of our study involved trying

to identify factors associated with UMI in individuals
with CKD defined as eGFR <60 mL/min/1.73m2 or ACR
≥30 mg/g. In this context, some traditional cardiovascular
risk factors like age, male gender, smoking and hyperten-
sion were associated with a higher odds ratio of having a
UMI. Interestingly, however, other risk factors like dia-
betes and dyslipidemia were not, raising the possibility
that UMI may have a different mechanistic etiology than
RMI. Non-traditional risk factors that could not be ex-
plored in the current study, include vascular calcifications
for example, and may play a role in the occurrence of
UMI. The prevalence of UMI increased across lower
eGFR and higher albuminuria strata even when adjusted
for known risk factors. A possible explanation would be
that neurosensory pathways that may affect the perception
of angina pain may be disturbed in more advanced CKD.
Future studies should investigate these possible
mechanisms.
The current study has several potential limitations. The

categorization of UMI versus RMI was based on self-
report and may be subject to recall bias. The prevalence of
cognitive impairment was similar among individuals with
UMI and RMI making this an unlikely reason for recall

Table 2. Odds ratios for UMI among REGARDS participants with eGFR <60 mL/min/1.73m2 or ACR ≥30 mg/ga

Age, race, sex-adjusted odds ratios (95% CI) P-value Multivariable-adjusted odds ratios (95% CI) P-value

Age, 10 years 1.42 (1.24–1.63) <0.001 1.53 (1.32–1.77) <0.001
Men 1.53 (1.18–1.98) 0.001 1.47 (1.12–1.91) 0.005
African American 1.17 (0.90–1.52) 0.242 0.90 (0.68–1.19) 0.451
Married 0.80 (0.60–1.05) 0.105 b

Less than HS education 0.79 (0.56–1.10) 0.166 b

Health insurance 0.95 (0.52–1.73) 0.865 b

Cognitive impairment 1.44 (0.98–2.09) 0.060 1.33 (0.91–1.95) 0.141
Household income <$20 000 1.63 (1.22–2.17) <0.001 1.45 (1.08–1.94) 0.013
Regular source for health care 1.03 (0.71–1.50) 0.879 b

Current smoking 2.00 (1.43–2.80) <0.001 1.96 (1.39–2.76) <0.001
Obesity 1.09 (0.83–1.44) 0.523 b

Diabetes 1.21 (0.92–1.59) 0.176 b

Hypertension 1.66 (1.17–2.36) 0.005 1.67 (1.17–2.39) 0.005
Dyslipidemia 1.11 (0.84–1.46) 0.471 b

eGFR category
≥60 1 (ref) 1 (ref)
45–59 0.75 (0.55–1.03) 0.071 0.90 (0.60–1.35) 0.617
30–44 0.76 (0.49–1.19) 0.232 0.79 (0.48–1.31) 0.366
<30 2.14 (1.30–3.52) 0.003 1.85 (1.07–3.19) 0.0272

ACR, mg/g
<10 1 (ref) 1 (ref)
10–29 1.70 (1.03–2.82) 0.038 1.62 (0.98–2.69) 0.062
30–299 1.75 (1.18–2.60) 0.006 1.55 (0.96–2.52) 0.074
≥300 3.25 (2.01–5.23) <0.001 2.42 (1.42–4.15) 0.001

aParticipants with RMI were excluded from this analysis.
bNot included in the model because variable was not associated with UMI in the age, race, gender adjusted model (P > 0.1).
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bias. RMI determination was not confirmed by chart
review creating a potential ascertainment bias; however,
prior studies have shown that self-reported MI is a reliable
tool [19–21]. Our analysis included prevalent and not inci-
dent UMI. While it may be interesting to evaluate the inci-
dence of UMI among individuals with CKD, the high
prevalence of UMI in this population highlights the
burden of unrecognized disease among individuals with
CKD. Also, there are several reasons why the prevalence
of UMI may even be higher than reported in the current
study. By definition, non Q-wave MIs were not included in
the diagnostic criteria for UMI. Additionally, previous
studies have shown that ∼10–45% of Q-wave ECG
changes resolve within 2 years of the initial event [22].
Data to assess whether these potential biases occurred at
differential rates for individuals with and without CKD in
the REGARDS study were not available. Finally, the
current analysis only included a single ECG and labora-
tory values were only assessed at one time point.

Despite these limitations, the current analysis has many
strengths. The REGARDS study included a very large
number of participants from throughout the USA. African
Americans were oversampled in the REGARDS study.
This is particularly important because African Americans
represent a substantial proportion of the CKD population,
especially at the more advanced stages [23]. The
REGARDS study data were collected through rigorous
methods and UMI were identified using the MC ECG cri-
teria, which have been validated in numerous studies, fol-
lowing a standardized protocol by trained readers [24].
There was a single centralized ECG reading center
(EPICARE). EPICARE uses strict QT measures to monitor
the reliability and reproducibility of the ECG reading done
in the center. The EPICARE center has a long-standing
history of reading ECG for multiple major national studies.

In conclusion, the current analysis suggests that the
prevalence of UMI increases with lower eGFR and higher
albuminuria. Furthermore, UMI and RMI are associated
with a similar increased mortality risk in CKD. Studies
are needed to determine whether increased detection of
UMI in CKD patients can lead to early implementation of
secondary preventive strategies that have been associated
with improved outcomes in individuals with RMI.
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Abstract
Background. Acute pyelonephritis (APN) is a common
disease which rarely evolves into abscesses.
Methods. We prospectively collected clinical, biochemi-
cal and radiological data of patients hospitalized with a
diagnosis of APN from 2000 to 2008.
Results. Urinary culture was positive in 64/208 patients
(30.7%) and blood cultures in 39/182 cases (21.4%). Two
hundred and thirteen patients were submitted to computed
tomography (CT) or nuclear magnetic resonance (NMR):
confirmation of APN was obtained in 196 patients (92%).
Among these, 46 (23.5%) had positive urine culture, 31
(15.8%) had positive blood culture and 15 (7.6%) had
positive cultures of both urine and blood. In 98 patients,
either urine or blood cultures were negative, but CT/NMR
were positive for APN. Fifty of the 213 patients submitted
to CT/NMR (23.5%) had intrarenal abscesses: only 2
were evidenced by ultrasound examination. No differ-
ences were found between patients with positive or nega-
tive CT with regards to fever, leucocytosis, C-reactive
protein, pyuria, urine cultures and duration of symptoms
before hospitalization. No differences were found between
patients with or without abscesses with regards to these
parameters and risk factors. Patients with abscesses had a
longer duration of treatment and hospitalization.
Conclusions. Our data suggest that in APN it is not
always possible to routinely document urinary infection in
a clinical setting. This finding could be explained by pre-
vious antibiotic treatment, low bacterial growth or atypical
pathogens. Systematic CT or NMR is necessary to
exclude evolution into abscesses, which cannot be sus-
pected on clinical grounds or by ultrasound examination
and may also develop in the absence of risk factors.
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Introduction

Acute pyelonephritis (APN) in the USA has an incidence
as high as 250 000 cases per year and requires 100 000
hospitalizations every year [1].
Women are affected five times more frequently than

men but have a lower mortality (7.3 versus 16.5 death/
1000 cases) [1]. Evolution into abscess is considered
infrequent.
APN develops when uropathogens, mainly Escherichia

coli [2], ascend to the kidneys from faecal flora; rarely, it
is caused by seeding of the kidneys by bacteraemia. Risk
factors include frequency of sexual intercourse, genetic
predisposition, old age, urinary instrumentation, diabetes
and urinary tract infections in the previous months [3].
The exact correlation between APN and vesicoureteral
reflux (VUR) in adults is not clearly defined.
Diagnosis of APN is mainly clinical, but computed

tomography (CT) or nuclear magnetic resonance (NMR)
examination allows precise definition of the inflammatory
areas [4, 5] and evidence of abscesses.
We conducted a prospective analysis of the cases of

APN hospitalized in the Nephrology Unit from January
2000 to August 2008.

Materials and methods

We prospectively recorded all patients hospitalized in our Nephrology
Department from January 2000 to August 2008 with a diagnosis of APN
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