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Abstract
Background. A blood urea nitrogen (BUN)/creatinine ratio (BCR) >20 (0.081 in international unit) is
used to distinguish pre-renal azotemia (PRA) and acute tubular necrosis (ATN). However, there is
little evidence that BCR can distinguish between these two conditions and/or is clinically useful.
Methods. We conducted a retrospective study using a large hospital database. Patients were
divided into three groups: ‘low BCR’ (if BCR when acute kidney injury (AKI) developed was �20),
‘high BCR’ (if BCR when AKI developed was >20) and ‘no AKI’ if patients did not satisfy any of the
Risk, Injury, Failure, Loss and End-stage kidney disease criteria for AKI during hospitalization.
Results. Among 20 126 study patients, 3641 (18.1%) had AKI. Among these patients, 1704 (46.8%)
had a BCR <20 at AKI diagnosis (‘low BCR’) and 1937 (53.2%) had a BCR >20 (‘high BCR’). The average
BCR for the two groups was 15.8 versus 26.1 (P < 0.001). Hospital mortality was significantly less in
the ‘low-BCR’ group (18.4 versus 29.9%, P < 0.001). Multivariable logistic regression analysis for
hospital mortality (‘no AKI’ as a reference) showed that the odds ratio of ‘high BCR’ (5.73) was higher
than that of ‘low BCR’ (3.32).
Conclusions. Approximately half of the patients with AKI have a BCR >20, the traditional threshold
of diagnosing PRA. Unlike PRA patients who have a lower mortality than ATN patients, high BCR
patients had higher hospital mortality compared with low BCR patients, which was confirmed with
multivariable analysis. These findings do not support BCR as a marker of PRA.
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Introduction

Acute kidney injury (AKI) occurs commonly in hospitalized
patients and carries a high mortality [1–3]. The causes of
AKI are often divided into three groups: pre-renal, intra-
renal and post-renal [4–6]. Pre-renal failure, also called pre-
renal azotemia (PRA), is described as a reversible increase
in serum creatinine and urea concentrations resulting from
decreased renal perfusion, which leads to a reduction in the
glomerular filtration rate (GFR) [6]. On the other hand, intra-
renal diseases affect structures of the nephron such as the
glomeruli, tubules, vessels or interstitium, and the most
common cause of intra-renal (intrinsic) disease is thought
to be acute tubular necrosis (ATN) [5]. These two causes
have been reported to account for 66 [1] to 75% [2] of all
cases of AKI. Early recognition of the cause of AKI, especially
distinguishing PRA and ATN, is widely considered clinically
important as fluid resuscitation may improve PRA but can
cause tissue edema and worsen ATN. Furthermore, ATN has
a much worse prognosis [1, 7].

The blood urea nitrogen (BUN)/creatinine ratio (BCR) is
one of the common laboratory tests used to distinguish
PRA and ATN, with a typical threshold of 20 (0.081 in in-
ternational units) being suggested as a useful cut-off point

for separating PRA from ATN [8]. However, there is little
evidence showing that BCR can distinguish between these
two conditions and/or is clinically useful. Therefore, we con-
ducted a study using a large database of patients hospi-
talized in an academic medical center [3], concentrating
on the meaning of BCR in patients with AKI.

Materials and methods

We screened all patients admitted to the Austin Hospital,
Melbourne, Australia, between January 2000 and December
2002 using the computerized hospital admissions and dis-
charges database. Patients were excluded if they were
younger than 15 years old, if they were on chronic dialysis
or had a kidney transplant or if their length of hospital stay
was shorter than 24 h. If a patient had more than one
admission during the study period, only the last admission
was included in the study. The study was approved by the
Austin Hospital Human Research Ethics Committee. The
need for informed consent was waived as the study required
no intervention and no breach of privacy or anonymity as
such projects are considered quality improvement activities
by the Institutional Ethics Committee.
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Serum creatinine and BUN values for all included patients
during their hospital stay were obtained from the central
laboratory database. AKI was defined according to the Risk,
Injury, Failure, Loss and End-stage kidney disease (RIFLE)
criteria [9]. We used the GFR criteria only because we could
not collect information for urine output. The baseline crea-
tinine was defined in two ways as previously described [3].
In brief, for patients who had more than one admission
during the study period, the baseline creatinine was defined
as that measured at hospital discharge from the previous
admission. For patients with only one admission, the base-
line creatinine was estimated using the MDRD equation
[10], as recommended by the ADQI workgroup (assuming
an average GFR of 75 mL/min in this age group) [9].

Patients were then divided into three groups: ‘low BCR’
if BCR when AKI developed was �20, ‘high BCR’ if BCR when
AKI developed was >20 and ‘no AKI’ if patients did not sat-
isfy any of the RIFLE criteria for AKI during hospitalization.

Demographic information was collected from the data-
base: age, gender, type of admission, intensive care unit
(ICU) admission, use of mechanical ventilation, use of renal
replacement therapy (RRT), admission units, length of hos-
pital stay and hospital mortality. The worst class (the highest
RIFLE category reached during hospital stay) was chosen
from the Risk, Injury or Failure categories. The peak crea-
tinine was defined as the highest creatinine during their
hospital admission.

Demographic data are presented as medians (25th–75th
quartiles) or percentages. The demographics were compared
between ‘low BCR’ and ‘high BCR’ with the Fisher’s exact
test for nominal values and Mann–Whitney test for numer-
ical variables. Multivariable logistic regression analysis was
conducted for hospital mortality. All available variables and
renal conditions for patients (‘no AKI’, ‘low BCR’ and ‘high
BCR’) were chosen as independent variables in the analysis.
‘General medicine’ was used as the reference for admission
units and ‘no AKI’ for renal conditions. To evaluate the
meaning of BCR more thoroughly, multivariable analysis
was repeated with seven subgroups according to BCR
(<10, 10–15, 15–20, 20–25, 25–30, 30–40 and >40). A com-
mercially available statistical package was used (SPSS Statis-
tics 19; IBM Inc., Chicago). A P-value of <0.05 was considered
statistically significant.

Results

Figure 1 shows the patient selection flow diagram. Among
20 126 study patients, 3641 (18.1%) had AKI. Among these
patients, 1704 (46.8%) had a BCR of <20 when AKI was
diagnosed (‘low BCR’) and the rest were classified as ‘high
BCR’. Figure 2 shows the distribution of the BCR among AKI
patients. There was no bimodal distribution in the BCR.

Table 1 shows the demographics of patients. Compared
with ‘low BCR’ patients, patients in the ‘high BCR’ group
were older, had more emergency operations, but required
fewer ICU admissions or mechanical ventilation (P < 0.0001
for all comparisons). They were also more likely to be female
and had lower baseline creatinine values. At the time of
AKI, their serum creatinine level was slightly lower and
their BUN higher, with an average BCR difference of >10
(15.8 versus 26.1, P < 0.001).

Table 2 shows renal and hospital outcomes. Patients
in the ‘high BCR’ group had lower RIFLE classes and re-
quired RRT less frequently. Sixteen hundred patients re-
covered renal function during their hospital stay. Both
groups had the same median duration of AKI of 2 days

(P ¼ 0.25). However, hospital mortality was significantly
higher than that in the ‘low-BCR’ group (29.9 versus 18.4%;
P < 0.001).

Table 3 shows the results of the multivariable logistic
regression analysis for hospital mortality. After adjusting
for confounding variables, the odds ratio (OR) for mortality
among ‘high-BCR’ patients (5.732) was higher than for
‘low-BCR’ patients (3.321).

Figure 3 shows the ORs for hospital mortality among
patients with different BCRs. The OR curve was J-shaped,
and patients with a BCR of 15–20 had the lowest OR for
hospital mortality. Patients with BCR of >40 had a very
high OR (12.8) for hospital mortality. Patient character-
istics and outcomes among patients with different BCRs
are shown in Supplementary Table 1.

Since approximately three quarters of the patients did not
have a known baseline creatinine and it was calculated with
the MDRD equation, sensitivity analysis was conducted sep-
arately by studying only patients with more than one admis-
sion (measured baseline creatinine available). Demographics
of patients, renal and hospital outcome and multivariable
logistic regression analysis for hospital mortality are shown
in Supplementary Tables 2, 3 and 4. These results were
almost identical to those for all patients.

Fig. 1. Patient selection flow diagram for current study. RTx, renal trans-
plantation.

Fig. 2. Distribution for BUN/creatinine ratio.
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Discussion

Key findings

We performed a retrospective study of a large database
of patients admitted to hospital to determine whether a
BCR >20 was useful in separating patients with func-
tional AKI secondary to pre-renal factors (so-called
PRA) from patients with structural AKI (so called ATN).
We found that this diagnostic test failed on several
grounds. Firstly, we did not find a bimodal distribution
of BCR. This observation indicates that BCR is continuous
and cannot be divided into values diagnostic of two sep-
arate conditions (PRA versus ATN). Secondly, ATN carries a
worse prognosis than PRA [1, 7], yet, we found that pa-
tients with a high BCR (traditionally considered a marker

of PRA) actually had a higher morality rate than those with
low BCR (traditionally considered a marker of ATN). This in-
dicates that BCR cannot diagnose the type of AKI and that
PRA and ATN cannot be distinguished by this test. Addition-
ally, we confirmed that, even after adjustment for several
major confounding variables, the association between a
high BCR and mortality remained greater than for a low
BCR value. Finally, when we analyzed the association be-
tween BCR and outcome, we found that it had a J-shaped
curve with the lowest mortality in the 15–20 range.

Relationship with previous studies

BCR has been used to distinguish PRA and ATN for decades,
although more recently the usefulness of such terms has
been called into question and may not be appropriate or
correct [3, 11]. The theory behind the value of BCR as a
means of distinguishing PRA and ATN is that elevated levels
of antidiuretic hormone in PRA increase reabsorption of both
water and urea, which increases serum BUN concentration
more than serum creatinine [12]. However, actual clinical
evidence to support the theory is scarce and dated [13, 14].
In fact, >30 years ago, Morgan et al. [15] suggested that
BCR was not useful to distinguish PRA and intrinsic renal
failure. More recently, Tariq et al. [16] studied 191 hospi-
talized patients for cholera, with an average duration of
symptoms prior to hospitalization of 3.8 days. Although
the majority of the patients (92%) presented with dehy-
dration, the mean BCR was as low as 11.6 at hospital ad-
mission. Two recent studies have challenged the value of
distinguishing PRA and ATN [17, 18]. Traditional methods

Table 1. Demographics of patientsa

No AKI Low BCR High BCR Low versus High

Number of patients 16 485 1704 1937
Age, years 65 (49–76) 75 (65–82) 79 (71–85) <0.001
Male gender, % 56.1 55.3 45.1 <0.001
Re-admission, % 29.3 25.8 32.8 <0.001
Emergency admission, % 55.7 65.3 75.4 <0.001
ICU admission, % 12.3 28.4 22.8 <0.001
Mechanical ventilation, % 7.3 20.4 14.5 <0.001
Baseline Cr, mg/dL 1.01 (0.81–1.08) 1.00 (0.79–1.04) 0.82 (0.78–1.03) <0.001
Baseline Cr, (lmol/L) 89 (71–95) 88 (70–92) 72 (69–91)
Operation, % 36.7 33.6 23.1 <0.001
Admission units, % <0.001

General medicine 19.6 30.7 45.6
Cardiology 12.9 7.8 6.6
Gastroenterology 3.1 5.4 4.2
Hematology 1.6 2.6 2.6
Neurology 4.9 1.8 2.1
Oncology 7.6 5.6 7.8
Renal medicine 0.6 5.7 3.0
Respiratory medicine 3.6 3.2 3.8
Stroke unit 2.9 3.0 2.5
Other medical units 3.7 1.4 1.9
Cardiac surgery 4.5 8.7 4.6
General surgery 12.7 8.3 5.6
Neurosurgery 5.4 0.9 1.3
Orthopedics 4.6 2.2 2.6
Thoracic surgery 4.0 1.8 1.2
Urology 3.0 5.0 0.9
Vascular surgery 2.7 4.3 2.9
Other surgical units 2.6 1.3 0.8

Admission to AKI, days N/A 2 (1–4) 2 (1–4) 0.18
Cr at AKI occurrence, mg/dL N/A 1.74 (1.43–2.33) 1.64 (1.32–2.05) <0.001
Cr at AKI occurrence, (lmol/L) N/A 153 (126–205) 144 (116–180)
BUN at AKI occurrence, mg/dL N/A 28.0 (22.1–36.1) 44.5 (34.7–62.2) <0.001
Urea, mmol/L N/A 10.0 (7.9–12,9) 15.9 (12.4–22.2)
BUN/Cr ratio N/A 15.8 (13.3–17.8) 26.1 (22.7–31.7) <0.001
Urea mmol/L/Cr lmol/L N/A 0.064 (0.054–0.072) 0.106 (0.092–0.129)

aAdmission to AKI, duration between hospital admission and AKI occurrence; Cr, creatinine; N/A, not available.

Table 2. Renal and hospital outcomesa

No AKI Low BCR High BCR
Low versus
High

RRT requirement, % N/A 5.7 2.7 <0.001
RIFLE-max, % <0.001

Risk N/A 47.3 53.2
Injury N/A 27.2 30.5
Failure N/A 25.5 16.3

AKI duration (days) N/A 2 (1–4) 2 (1–4) 0.25
Hospital stay, days 5 (3–9) 8 (4–16) 9 (5–18) 0.001
Hospital mortality, % 4.4 18.4 29.9 <0.001

aRIFLE-max, the worst RIFLE class during hospitalization; N/A, not available.
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used to distinguish PRA and ATN, e.g. urinalysis and Fe-Na,
are similarly being challenged [19, 20]. Although the cur-
rent study does not directly challenge traditional practice,
our findings are consistent with more recent thought that
most, if not all, biochemical- or urinalysis-based studies do
not have sufficient scientific robustness in classifying pa-
tients into clinically syndrome, which logically fit into the
PRA/ATN paradigm [21].

Naturally, a high BCR can come from high BUN or a low
creatinine or both. In this study, however, BUN had much
larger influence on BCR (28.0 versus 44.5, 59% increase)
than creatinine (1.74 versus 1.64, 6% decrease). BUN has
been known to be a risk factor for mortality in variety of
conditions: e.g. acute and chronic heart failure [22], cor-

onary artery bypass graft [23], acute pancreatitis [24],
pneumonia [25] and bone marrow transplant [26]. BUN is
also included in general severity scores for critically ill pa-
tients [27]. Recently, Beier et al. [28] studied 26 288 adult
patients with a serum creatinine of 0.80–1.30 mg/dL admit-
ted to 20 ICUs in two teaching hospitals. They found that an
elevated BUN in patients with normal creatinine was inde-
pendently associated with mortality (ORs for BUN >40 mg/dL
and 20–40 were 2.93 and 1.49, respectively, compared with
BUN 10–20 mg/dL as a reference). Feinfeld et al. [29] studied
19 patients who acutely developed markedly increased BUN
levels (>100 mg/dL) with only modest elevation of creatinine
(<5 mg/dL) for possible causes of disproportionate azote-
mia. They found likely ‘PRA’ as a cause of azotemia only in
9 among the 19 patients. Interestingly, they also found
that fractional sodium excretion was <1% only in 4 among
11 patients in whom it was measured. These observations
strongly suggest that BUN is modulated by a number of
mechanisms (e.g. parenteral nutrition, protein catabolism,
steroid administration, gastrointestinal bleeding, etc.) and
is a surrogate marker of illness severity independent of
renal function. These observations provide further path-
ophysiological explanation of why a BCR is unlikely to help
distinguish PRA from ATN.

Apart from mortality, we found that there were several
differences between high BCR and low BCR that suggests
that patient characteristic and the nature and severity of
disease are more important determinants of the BCR than
renal factors.

Strengths and limitations

This study contains several limitations. Firstly, this is a
single-center study that limits its generalizability. However,
it was conducted in a large academic center, which
shares the typical characteristics of other similar centers
in resource-rich countries. In addition, to our knowledge,
this is the first study to examine the meaning of BCR
in patients with AKI using a large database (including
>20 000 patients). As such, it should provide useful infor-
mation to help clinicians understand the nature of BCR as
a diagnostic and prognostic test. Secondly, the threshold of
high and low BCR used in this study (BCR of 20) was arbi-
trary. However, this threshold is typically used in reviews
and textbooks [8]. Furthermore, we also conducted a mul-
tivariable analysis for morality dividing BCR into several
subgroups and confirmed that higher BCR was related to
higher mortality, with an exception of a very low BCR (<10).
Thirdly, creatinine may be a less sensitive marker of AKI
in sicker individuals as acute and chronic illness can reduce
muscle creatinine generation rate, slowing the rate of rise
in creatinine after a fall in GFR. Thus, urea may have had
time to rise higher when first meeting RIFLE R in a sicker
population.

Implications for clinicians

Although BCR has been used to distinguish PRA and ATN,
our study suggests that it might be more useful as a prog-
nostic indicator of mortality. The use of BCR to diagnostically
separate PRA from ATN cannot be justified.

Future studies

Our study was the first to look at the clinical meaning of
BCR. Our findings (relationship between high BCR and mor-
tality) therefore need to be confirmed or refuted in other
studies and in different health care systems. Future studies

Table 3. Multivariable logistic regression analysis for hospital mortalitya

Variables ORs (95% CI) P-values

Age, years 1.036 (1.031–1.041) <0.001
Male gender 1.204 (1.065–1.361) 0.003
Re-admission 1.727 (1.521–1.961) <0.001
Emergency admission 1.509 (1.298–1.753) <0.001
ICU admission 2.957 (2.325–3.762) <0.001
Mechanical ventilation 5.421 (4.142–7.095) <0.001
Baseline Cr, mg/dL 1.571 (1.384–1.784) <0.001
Operation 0.759 (0.625–0.921) 0.005
Admission units

General medicine 1.000 (reference)
Cardiology 0.402 (0.298–0.542) <0.001
Gastroenterology 1.393 (0.999–1.941) 0.050
Hematology 2.760 (1.988–3.833) <0.001
Oncology 4.386 (3.609–5.331) <0.001
Renal medicine 0.316 (0.181–0.552) <0.001
Stroke unit 2.137 (1.624–2.812) <0.001
Cardiac surgery 0.088 (0.059–0.131) <0.001
General surgery 0.531 (0.401–0.705) <0.001
Thoracic surgery 0.544 (0.329–0.901) 0.018
Urology 0.145 (0.058–0.360) <0.001
Vascular surgery 0.407 (0.268–0.617) <0.001
Other surgical units 0.193 (0.076–0.491) 0.001

Renal condition
No AKI 1.000 (reference)
Low BCR 3.321 (2.816–3.916) <0.001
High BCR 5.732 (4.973–6.606) <0.001

aCr, creatinine.

Fig. 3. ORs for hospital mortality among different BUN/creatinine ratios.
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could focus on whether BCR, combined with other poten-
tial diagnostic tests used to separate PRA from ATN (uri-
nary sodium, fractional excretion of sodium or fractional
excretion of urea), can still offer diagnostic value in patients
with AKI.

Conclusions

In conclusion, we found that approximately a half of hospital
patients with AKI have a BCR >20, the traditional threshold
for the diagnosing PRA. However, we found that the BCR did
not have a bimodal or near bimodal distribution and that
the relationship between BCR and mortality was J-shaped.
Additionally, and contrary to expectations, patients with
suspected functional AKI had a higher hospital mortality
compared with patients with a lower BCR, a finding con-
firmed with multivariable analysis. These findings sug-
gest that BCR cannot be used to distinguish functional
low-mortality AKI (PRA) from structural high-mortality
AKI (ATN).

Supplementary data

Supplementary data is available online at http://ckj.
oxfordjournals.org.
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