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Background. It is unclear whether procalcitonin is an accurate predictor of bacterial infections in patients with
renal impairment, although it is used as a biomarker for early diagnosis of sepsis. We determined the sensitivity,
specificity, positive and negative predictive values, accuracy and best predictive value of procalcitonin for predicting
bacterial infection in adult patients with severe renal impairment.
Methods. Retrospective study at a single-center community teaching hospital involving 473 patients, ages 18–65,

with Modification of Diet in Renal Disease eGFR ≤30 ml/min per 1.73 m2, admitted between January 2009 and June
2012, with 660 independent hospital visits. A positive or negative culture (blood or identifiable focus of infection)
was paired to the highest procalcitonin result performed 48 hours before or after collecting the culture.
Results. The sensitivity and specificity to predict bacterial infection, using a procalcitonin level threshold of 0.5

ng/mL, was 0.80 and 0.35 respectively. When isolating for presence of bacteremia, the sensitivity and specificity were
0.89 and 0.35 respectively. An equation adjusting for optimum thresholds of procalcitonin levels for predicting bac-
terial infection at different levels of eGFR had a sensitivity and specificity of 0.55 and 0.80 respectively.
Conclusions. Procalcitonin is not a reliably sensitive or specific predictor of bacterial infection in patients with

renal impairment when using a single threshold. Perhaps two thresholds should be employed, where below the lower
threshold (i.e. 0.5 ng/mL) bacterial infection is unlikely with a sensitivity of 0.80, and above the higher threshold (i.e.
3.2 ng/mL) bacterial infection is very likely with a specificity of 0.75.
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The measurement of serum concentrations of procalci-
tonin is a comparatively new and important laboratory
tool for predicting the presence of a bacterial infection
in patients presenting with sepsis. It has been proposed
that the use of procalcitonin can reduce inappropriate
antibiotic exposure by ruling out bacterial infection
more reliably and accurately than previously used mea-
sures including C-reactive protein or white blood cell

count [1–4]. Conflicting reports suggest that antibiotics
might be used more frequently as a consequence of dis-
covering elevated serum procalcitonin levels in patients,
with other data demonstrating no increase in survival,
prolonged admission, harm related to antibiotic side
effects, and increasing antibiotic resistance [5]. Procalci-
tonin levels are increased in inflammatory conditions in
the absence of bacterial infection, such as acute pancre-
atitis [6]. These findings are relevant to patients with
renal impairment, which is regarded as a proinflamma-
tory state [7]. Therefore renal impairment may affect
serum procalcitonin levels, irrespective of the presence
or absence of bacterial infection [8–10].
Several studies have evaluated the specificity and sen-

sitivity of procalcitonin in the general population, with-
out regard for estimated glomerular filtration rate (eGFR)
[11–14]. One study by Herget-Rosenthal et al [15] dem-
onstrated an increase in procalcitonin levels in correla-
tion to chronic kidney disease stage, peritoneal dialysis,
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cardiovascular disease, and oliguria. A recent meta-analysis by Lu
et al [16], which reviews 7 diagnostic studies and evaluates 803
patients, demonstrates a hierarchical summary receiver operating
characteristic-bivariate pooled sensitivity estimate of 73%; howev-
er, the applicability of these results remain in question secondary
to the wide diversity of the populations evaluated in the various
studies. Schuetz et al [1] reported that the mean procalcitonin
level in uninfected patients undergoing hemodialysis was
0.49 ± 0.36 ng/mL, compared with 0.12 ± 0.06 ng/mL in unin-
fected patients with mild to advanced chronic renal failure.
One theory to explain this finding is that the elevated procalcito-
nin level may be related to the crossing of endotoxins or endotox-
in fragments across high- and low-flux dialysis membranes,
leading to activation of monocytes and production of proinflam-
matory cytokines, which in turn may stimulate the release of pro-
calcitonin [17–19].This same study claimed a 97% sensitivity and
specificity of procalcitonin levels to predict bacterial infection in
35 patients with chronic renal failure, end-stage renal disease,
renal transplants patients, and those with varying comorbidities,
using a cutoff of 1.5 ng/mL; however, there are many logistical
and statistical questions regarding the generalized application of
this result [1].
We investigated the sensitivity, specificity, positive predictive

value (PPV), negative predictive value (NPV), best predictive
value, and accuracy of procalcitonin in detecting bacterial infec-
tions in patients with renal impairment, specifically in those
with modification in diet in renal disease (MDRD) eGFR
≤30 mL/min per 1.73 m2 during their hospital stay [20]. We
performed separate subgroup analysis on patients with bacter-
emia vs those without any infection and attempted to correlate
procalcitonin levels to eGFR and in an attempt to improve the
sensitivity and specificity of procalcitonin in patients with renal
insufficiency.

MATERIALS AND METHODS

Study Population
A single-center retrospective study was performed between
January 2009 and June 2012, and 473 patients whowere admitted
to a community teaching hospital were included in the study,
with 660 independent hospital visits. Multiple admissions from
a single patient were treated independently. Entry criteria includ-
ed males and females between 18 and 65 years old admitted to
the hospital with MDRD eGFR≤ 30 mL/min per 1.73 m2 with
a documented procalcitonin level and bacterial culture.

Study Design
Data were collected from hospital electronic medical records.
The investigators of this study performed the data management
and statistical analyses.
Diagnosis of an infection was defined as the presence of an

organism on culture that was confirmed to be clinically relevant

and not a contaminant by chart review. A retrospective review
of clinical notes pertaining to that admission was performed by
a physician who was blinded to procalcitonin values, and vari-
ous factors were considered, including the number of colonies
of the organism, culture source, the presence of clinical mani-
festations of infection at the culture site, clinical documentation
from attending physicians, and whether the organism is gener-
ally considered a contaminant when isolated from the culture
site. Clinically significant organisms were most commonly iso-
lated from blood cultures, catheter tip cultures, respiratory cul-
tures, urine cultures, bodily fluid cultures most commonly
gastrointestinal, and wound cultures.

Intervention and Measurement of Procalcitonin
Patients were divided into 2 groups. Group A includes those
with bacterial infections including pneumonia, cystitis, pyelone-
phritis, bacteremia, spontaneous bacterial pneumonia, and skin
and soft tissue infections. Group B includes those without a bac-
terial infection using definitions as described above. Because the
half-life of procalcitonin is 26–33 hours in patients with
GFR ≤ 30 mL/min [21], the highest procalcitonin result 48
hours before and 48 hours after a culture was used for analysis.
If no procalcitonin level was available in that time frame, the
nearest procalcitonin level was used. Using this criterion, as
seen in Figure 1, 50 of a total of 660 visits were missing a pro-
calcitonin level in the 96-hour window.
Because the literature reports various thresholds for procalci-

tonin to suggest the presence of bacterial infections, we calculat-
ed the sensitivity, specificity, PPV, NPV, and accuracy of
procalcitonin levels at several thresholds of 0.5, 1, 1.5, and 2
ng/mL [22]. A subgroup analysis was done of patients with bac-
teremia vs those without any infection. In addition, we included
a separate analysis correlating procalcitonin levels to eGFR, and

Fig. 1. Categorization of Group A and Group B.
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we created an equation to attempt to adjust the best predictive
values of procalcitonin for changing eGFR.

Statistical Analysis
Data are presented as a number observed with the percentage of
the group in parenthesis for discrete variables, or as a median
with the interquartile range in brackets for continuous variables.
The interquartile range serves as a measure of dispersion in
nonnormal data with skewed distribution. Comparisons be-
tween 2 groups were performed using Wilcoxon rank-sum
test or Fisher’s exact method. Diagnostic accuracy was summa-
rized by presenting the sensitivity, specificity, PPV, NPV, and
accuracy. The area under the curve of the receiver operator
characteristics curve was used along with other metrics to sum-
marize the effectiveness of laboratory values in predicting infec-
tions. A best-fit line was used to summarize the relationship
between procalcitonin levels and eGFR using a least-squared
method. All statistical tests were 2-tailed, and a P value
of < .05 was considered statistically significant. Statistical analy-
sis was performed in the R Statistical Computing Environment,
version 2.15 (R Core Team 2012).

Role of the Funding Source
This study received no funding, and the design and conduct
were not influenced by external sources. The study was con-
ducted with the permission of the Institutional Review Board
and a waiver of informed consent was granted for this

retrospective study, in accordance with the principles of the
Declaration of Helsinki and the World Medical Association.

RESULTS

Baseline Patient Data
Six hundred and sixty adult hospital visits from patients with an
eGFR ≤ 30 mL/min per 1.73 m2 were included in the analysis,
with median age of 57 years old, and 54% were male. Clinically
significant bacterial infection was present in 362 patients (55%)
including local infections and bacteremia, and 149 patients in
our study were bacteremic (22%). Baseline characteristics are
presented in Table 1. Group A and Group B had statistically sig-
nificant differences in procalcitonin levels (median 1.1 [4.6] ng/
mL vs median 3.8 [22.8] ng/mL, P < .001).

Determining the Diagnostic Value of Procalcitonin in Predicting
Bacterial Infections in Patients With Renal Impairment
Table 2 demonstrates the sensitivity, specificity, PPV, and NPV
of procalcitonin levels for predicting bacterial infections at cut-
off values of 0.5, 1, 1.5, and 2 ng/mL. A threshold of 0.5 ng/mL
produced a fair sensitivity of 0.80; however, all thresholds were
deemed unsuitable for clinical application because of the other-
wise low sensitivity, specificity, PPV, NPV, and accuracy.
We attempted to identify the best predictive value for procal-

citonin using mathematical methods as shown in Table 3. A
value of 3.2 ng/mL for procalcitonin was the best threshold

Table 1. Baseline Patient Characteristics*

No Bacterial Infection (n = 298) Bacterial Infection (n= 362) P Value

Age 57 [14] 56 [15] .138

Number Males 162 (54.4%) 193 (53.3%) .788

Receiving Hemodialysis 109 (35.4%) 150 (40.5%) .494
Received Antibiotics 193 (62.7%) 242 (65.1%) .518

Procalcitonin 1.1 [4.6] 3.8 [22.8] <.001

CRP 42.3 [131.8] 72.1 [191.8] <.001
Creatinine 4.7 [5.4] 4.4 [4.7] .161

Sepsis as admission diagnosis 48 (16.1%) 42 (11.6%) .111

Comorbidities .218
Gastrointestinal 81 (26.3%) 105 (28.4%) .545

ESLD 27 (8.8%) 32 (8.6%) .957

Nephrology 182 (59.1%) 233 (63%) .302
Pulmonary 108 (35.1%) 122 (33%) .567

Neurological 53 (17.2%) 72 (19.5%) .451

Cardiac 182 (59.1%) 230 (62.2%) .415
Endocrine 155 (50.3%) 182 (49.2%) .768

Hematology 81 (26.3%) 109 (29.5%) .361

Malignancy 32 (10.4%) 43 (11.6%) .610
Autoimmune 19 (6.2%) 31 (8.4%) .270

Abbreviations: CRP, C-reactive protein; ESLD, end-stage liver disease; IQR, interquartile range.

* Data are presented as median [IQR] and number (%).
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for predicting infection in patients with renal insufficiency be-
cause the specificity was 0.75 and PPV was 0.72; however, the
ability for procalcitonin to rule out infection at this level was
poor with a sensitivity of only 0.53 and an NPV of 0.57.

Diagnostic Value of Procalcitonin in Predicting Bacteremia
in Patients With Renal Impairment
Performance of procalcitonin for predicting bacterial infection
in patients with MDRD eGFR ≤ 30 mL/min per 1.73 m2 im-
proved when the analysis was limited to the presence of bacter-
emia vs the absence of any infection, generating a NPV at a
threshold of 0.5 ng/mL of 0.87, but overall performance was
still suboptimal. Table 4 demonstrates the sensitivity, specificity,
PPV, and NPV of procalcitonin calculated using thresholds of
0.5, 1, 1.5, and 2 ng/mL, and for the best predictive value of
3.2 ng/mL. Of note, 14 patients with bacteremia had a procalci-
tonin level <0.5 ng/mL within 48 hours of a positive blood cul-
ture (P < .001). Removing those patients who received
hemodialysis for either acute or end-stage renal disease from
our analysis did not significantly impact the sensitivity, specif-
icity, PPV, or NPV (see Supplementary Material, Appendix S1).

Calculating the Correlation Between Procalcitonin to Estimated
Glomerular Filtration Rate
The relationship between procalcitonin levels and bacterial in-
fections was further explored using multivariate methods. Ad-
justing procalcitonin for varying levels of eGFR on a discrete or
continuous scale was not advantageous to predicting infections.
As seen in Figure 2, we found that there was a weak relationship
(correlation = 0.06) between procalcitonin levels and eGFR in
both the patients with infection and those without (see Supple-
mentary Material, Appendix S2).

An Equation to Accurately Predict Infection using Procalcitonin
at Varying Levels of Estimated Glomerular Filtration Rate
We attempted to create an equation to adjust the best predictive
value of procalcitonin at varying levels of eGFR. The predictive
properties for infection using this equation are a sensitivity of
0.55, specificity 0.80, PPV 0.76, and NPV of 0.59 (see Supple-
mentary Material, Appendix S3). Thus, we were unable to estab-
lish a discrete relationship between procalitonin concentration
and serum eGFR.

Secondary Outcomes
One of the original suggested uses for procalcitonin was to rule
out bacterial infection, to minimize the use of inappropriate
antibiotics [1]. However, our study indicated that 193 patients
without infection received antibiotics, equating to 63% of the
study population without an infection, and 64.2% of Group
B had a procalcitonin level >0.5 ng/mL, as seen in Table 5.
Whether an elevated procalcitonin level was the driving factor
for administering antibiotics is undetermined, but its use in
this population of patients for determining whether antibiotics
should be prescribed or continued is not supported by our
data.
It is also important to note that a procalcitonin level of >100

ng/mL was identified in 2 patients who were deemed by com-
plete chart review not to have a bacterial infection.

DISCUSSION

This study does not support the use of procalcitonin as a reliable
predictor of bacterial infection in patients with an MDRD
eGFR ≤ 30 mL/min per 1.73 m2, and procalcitonin levels can-
not be used to accurately predict the presence or absence of

Table 2. Diagnostic Value of Procalcitonin in Predicting Bacterial Infections

Procalciton in
Level (ng/mL)

Sensitivity Specificity Positive Predictive Value Negative Predictive Value Accuracy

0.5 0.80 0.35 0.60 0.60 0.60
1 0.74 0.47 0.63 0.60 0.62

1.5 0.67 0.59 0.67 0.61 0.65

2 0.60 0.65 0.68 0.58 0.63

Table 3. Best Predictive Value of Procalcitonin

Thresholda

(ng/mL)
AUCb Sensitivity Specificity Positive

Predictive Value
Negative

Predictive Value
Accuracy

Procalcitonin 3.2 0.67 (0.63–0.71) 0.53 0.75 0.72 0.57 0.63

Abbreviation: AUC, area under the curve.
a Threshold developed using Youden method.
b AUC is area under curve (95% confidence interval).

4 • OFID • El-sayed Grotts et al

http://ofid.oxfordjournals.org/lookup/suppl/doi:10.1093/ofid/ofu068/-/DC1
http://ofid.oxfordjournals.org/lookup/suppl/doi:10.1093/ofid/ofu068/-/DC1
http://ofid.oxfordjournals.org/lookup/suppl/doi:10.1093/ofid/ofu068/-/DC1
http://ofid.oxfordjournals.org/lookup/suppl/doi:10.1093/ofid/ofu068/-/DC1
http://ofid.oxfordjournals.org/lookup/suppl/doi:10.1093/ofid/ofu068/-/DC1


bacterial infection in this clinical setting. It has been hypothe-
sized that impaired renal function represents an inflammatory
state, which alone may be sufficient to elevate inflammatory
markers to significant levels [22].
In the context of existing studies, this study is one of few that

have attempted to calculate the sensitivity and specificity of the
use of procalcitonin levels in renal failure.
Using a procalcitonin threshold of 0.5 ng/mL, the sensitivity

and specificity of predicting bacterial infection in patients with
MDRD eGFR ≤ 30 mL/min per 1.73 m2 was 0.80 and 0.35,
respectively. A threshold of 3.2 ng/mL generated the best pre-
dictive value of procalcitonin for supporting the presence of
bacterial infections, resulting in a sensitivity and specificity of

only 0.53 and 0.75, respectively. Adjusting for the presence of
bacteremia vs absence of any bacterial infection, overall perfor-
mance at the procalcitonin using threshold of 0.5 ng/mL im-
proved somewhat with a sensitivity of 0.89 and a NPV of
0.87, indicating that procalcitonin may be of better use in this
infection state; nevertheless, the specificity of 0.35 and PPV of
0.41 limit its utility in clinical practice. This analysis may dem-
onstrate some utility for ruling out bacteremia at a threshold of
0.5 ng/mL.
We attempted to derive an equation to adjust the optimum

threshold of procalcitonin for predicting bacterial infection at
different levels of eGFR; however, the sensitivity was still low
at 0.55, and the specificity was 0.80, likely secondary to the

Table 4. Summary of Laboratory Values to Predict Bacteremia

Thresholda

(ng/dL)
AUC Sensitivity Specificity Positive

Predictive Value
Negative

Predictive Value
Accuracy

Procalcitoninb 0.5 0.76 (0.71–0.81) 0.89 0.35 0.41 0.87 0.53
1 0.82 0.47 0.43 0.84 0.58

1.5 0.79 0.59 0.49 0.85 0.65

2 0.73 0.65 0.51 0.83 0.68
Procalcitonin 3.2 0.76 (0.71–0.81) 0.70 0.75 0.58 0.83 0.73

Abbreviations: AUC, area under the curve (95% confidence interval).
a Threshold developed using Youden method to quantify best predictive values.
b Commonly used procalcitonin threshold within clinical practice.

Fig. 2. Procalcitonin and estimated glomerular filtration rate (eGFR) in patients with renal insufficiency with or without infections: lines are fit using a
least square method. The relationship between eGFR and procalcitonin for noninfected patients is log(procalcitonin) = 0.4–0.02*eGFR and for infected
patients is log(procalcitonin) = 1.33 + 0.0004*eGFR.
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weak correlation found between eGFR and procalcitonin levels
in our study of 0.06.
Limitations of our study include the retrospective analysis.

The timing between culture and serum procalcitonin was less
exact than may have been ideal due to the retrospective nature
of the study. Ideally, in a prospective study, these would have
been simultaneous. Another limitation is the use of the
MDRD equation, which is well suited for chronic kidney dis-
ease, but it may overestimate eGFR in patients with acute kidney
injury, thereby affecting our results and the correlation of eGFR
to procalcitonin levels. Ideally, we would be able to retrospec-
tively correlate procalcitonin levels to eGFR in the separate
states of acute kidney injury, chronic kidney disease, and end-
stage renal disease without overlap. It should be noted, however,
that in our analysis, separating out patients on hemodialysis did
not significantly impact the sensitivity, specificity, PPV, or NPV.
Finally, it is also possible that our design, which relied heavily
on culture data, could lead to misclassification of some cases as
nonbacterial infections that were actually culture-negative bac-
terial infections especially if there had been concomitant antibi-
otic use. Nevertheless, we performed a thorough chart review to
maximize accurate interpretation of the data and confirmation
of diagnoses to minimize the potential bias.
Based on our cohort, we conclude that procalcitonin is nei-

ther a sensitive nor specific diagnostic test for bacterial infection
in patients with MDRD eGFR ≤ 30 mL/min per 1.73 m2, al-
though the procalcitonin may be helpful in ruling out bactere-
mia at a threshold of 0.5 ng/mL with an NPV of 0.87. We
suggest and anticipate further prospective trials to define
those factors that influence the serum concentrations of this
surrogate marker. Separate studies for chronic and acute kidney
injury should be done, because changing kidney function may
alter the kinetics of procalcitonin levels. Investigators may also
wish to do a prospective study in which infection will be docu-
mented prospectively and clinically, and two cutoffs of procal-
citonin in renal insufficiency can be evaluated, where any value
below 0.05 ng/mL indicates bacterial infection is unlikely with a
sensitivity of 0.80, and any value above 3.2 ng/mL indicates bac-
terial infection is likely with a specificity of 0.75. Between these

2 values, it could be suggested that the clinician should repeat
and trend the procalcitonin levels. Some clinicians have used
this method of interpretation of procalcitonin levels; however,
use of this test in this way is not universally applied. Most im-
portantly, correlation of all laboratory tests with the clinical sit-
uation is vital in formulating a diagnosis and therapeutic plan.

CONCLUSIONS

In summary, we have demonstrated that procalcitonin is not a
reliably sensitive or specific diagnostic test for bacterial infection
in patients with renal impairment when using a single thresh-
old, although at a threshold of 0.5 ng/mL, it does have a reason-
able specificity for predicting bacterial infections and a
reasonable NPV for predicting bacteremia. Furthermore, pro-
calcitonin should not be the sole deciding factor to help identify
those patients with bacterial infection, especially when deciding
upon use of antibiotics in these patients.

Supplementary Material

Supplementary material is available online at Open Forum
Infectious Diseases (http://OpenForumInfectiousDiseases.
oxfordjournals.org/).
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