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ABSTRACT ARTICLE INFO

Introduction: To investigate the role of initial procalcitonin (PCT) level as an early pre-
dictor of septic shock for the patient with sepsis induced by acute pyelonephritis (APN)
secondary to ureteral calculi.

Materials and Methods: The data from 49 consecutive patients who met criteria of
sepsis due to APN following ureteral stone were collected and divided into two groups:
with (n=15) or without (n=34) septic shock. The clinical variables including PCT level
for this outcome were retrospectively compared by univariate analysis, followed by
multivariable logistic regression model.

Results: All subjects had hydronephrosis, and were hospitalized with the mean of 11.8
days (3-42 days). The mean size of the ureteral stones was 7.5mm (3-30mm), and 57%
were located in upper ureter. At univariate analysis, patients with septic shock were
significantly older, a higher proportion had hypertension, lower platelet count and
serum albumin level, higher CRP and PCT level, and higher positive blood culture
rate. Multivariate models indicated that lower platelet count and higher PCT level are
independent risk factors (p=0.043 and 0.046, respectively). In ROC curve, the AUC was
significantly wider in PCT (0.929), compared with the platelet count (0.822, p=0.004).
At the cut-off of 0.52ng/mL, the sensitivity and specificity were 86.7% and 85.3%.
Conclusion: Our study demonstrated elevated initial PCT levels as an early independent
predictor to progress into septic shock in patients with sepsis associated with ureteral
calculi.
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INTRODUCTION

Urinary tract infection (UTI) is the second
most common infectious cause for hospitalization
in aged people and one of the most common cau-
se of antibiotics usage (1, 2). Patients with febrile
UTI generally present with mild illness in primary
care, but an estimated 41% of those with compli-
cated acute pyelonephritis (APN) develop severe

sepsis (3). Though overall mortality from APN is
approximately 0.3%, when accompanied by septic
shock, mortality increases dramatically (4). With
bacteremia, the overall mortality rate of APN can
be as high as 7.5% to 30% (4, 5). Given the high
prevalence of UTIs, therefore, delay in diagnosis
and treatment often results in a rapid progression
with a lethal outcome. Though the positive bac-
terial culture has a major effect on the treatment,
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it is now generally accepted that the detection of
bacteremia, requiring at least 24 to 48 hours from
initial visit, is not a prerequisite for making the cli-
nical diagnosis of sepsis (6). Thus, there is a need for
strategies to identify the high risk patient earlier.

Procalcitonin (PCT) was recently introdu-
ced as a novel predictor for systemic infection.
PCT is induced in the plasma of patients with se-
vere bacterial or fungal infections or sepsis. PCT
concentrations up to 1000ng/ml and above are ob-
served during severe sepsis and septic shock. PCT
concentrations are associated with the severity of
multiple organ dysfunction syndrome secondary
to systemic inflammation of infectious origin (7,
8). Randomized controlled trails had demonstrated
efficacy in reduction of antibiotics usage (8), and
FDA approved its use to assess the risk of critically
ill patients progressing to severe sepsis. However,
PCT levels may vary early during the development
of sepsis. Also, it had been reported that the test’s
predictive power is only significant later in the
patient’s course (6, 9, 10). Moreover, most studies
about the link between PCT and septic shock fo-
cused on generally ill patients with heterogeneous
clinical conditions rather than a specific disease,
compromising the predictability of PCT. Therefore,
we investigated the role of PCT as an early predic-
tor of progression to septic shock among patients
with sepsis induced by APN secondary to ureteral
calculi, which represents a significant portion of
emergency department (ED) visits (11).

MATERIALS AND METHODS

Patients and Data collection

Among 574 patients who visited the ED
from January 2005 to June 2012 for clinical ma-
nifestations of APN following ureteral calculi,
the data from 49 consecutive patients who met
criteria of sepsis were collected, after approval of
institutional reviewer board. The 49 patients were
divided into two groups: with (n=15) or without
(n=34) septic shock. While in the ED, the patient’s
age, sex, height and weight were recorded. Symp-
toms, prior medical or surgical history, and history
of ureteral calculi were investigated. For the pa-
tient with possible febrile UTI, our routine labora-
tory protocol consisted of serum samples for white
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blood cell count, platelet count, creatinine, albu-
min, C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), PCT and blood culture, and a
urine culture, obtained at the time of admission to
ED before commencing antimicrobial therapy. PCT
levels were measured by using an enzyme-linked
fluorescence assay (VIDAS® BRAHMS PCT assay;
Biomerieux, Lyon, France). When there was clini-
cal suspicion of ureteral calculi, our routine policy
on the initial radiologic work ups was abdominal
CT (with/without contrast enhancement) or ultra-
sonography. Based on this, the presence, location,
and size of stone were identified. The diagnosis
of APN was based on clinical manifestation, body
temperature, and radiologic findings. Sepsis in
this series was defined as systemic inflammatory
response syndrome (SIRS), the presence of two or
more of the following: abnormal body tempera-
ture, heart rate, respiratory rate or blood gas, and
white blood cell count (12). Septic shock was de-
fined as severe sepsis plus one of the following:
mean blood pressure (BP) <60mmHg (<80mmHg
for patients with known hypertension) after 40ml/
kg of saline or the need for dopamine (5mg/kg/
min) to maintain a mean BP>60mmHg (80mmHg
for prior hypertension) (13). Patients were defined
as with or without septic shock retrospectively,
without knowledge of serum PCT levels, on the
basis of the complete patient charts, results of mi-
crobiological cultures, and radiologic findings.

Statistical analysis

The clinical variables of the two groups
were initially compared by univariate analysis,
using Student’s t-test or Mann-Whitney U test
for continuous variables and Pearson’s chi-square
tests for categorical variables. Covariates found
to be associated with septic shock on univariate
analysis at a level of significance p-value below
0.2 were eligible for inclusion in multivariable
approach (14). Multivariable logistic regression
models using forward conditional procedure were
then conducted to identify independent predictors
of septic shock. The ability of each variable to pre-
dict septic shock was evaluated by performing re-
ceiver operating characteristic (ROC) analyses, and
the areas under the receiver operative characteris-
tic curve (AUCs) were determined. For estimating



IBJU | PROCALCITONIN AS AN EARLY INDICATOR OF SEPTIC SHOCK

the overall differential power of the several varia-
bles including biomarkers, we estimated ROC cur-
ve and AUCs. Based on ROC, points were assigned
to calculate corresponding sensitivity and specifi-
city. All data were collected using SPSS ver. 20.0
(SPSS, Inc., an IBM Company, Chicago, Illinois,
USA). We rejected null hypotheses of no differen-
ce if p-values were less than. 05 in multivariate
analysis and ROC curve.

RESULTS

Mean age was 67.2 years (range: 24-88 ye-
ars), and 41 cases (83.7%) occurred in females. All
cases had hydronephrosis, and nineteen (38.8%)
patients were managed by percutaneous nephros-
tomy for urgent drainage. All patients were hospi-

talized and the mean hospital stay was 11.8 days
(range: 3-42 days). The most common medical co-
morbidity was hypertension (28 patients, 57.1%)
followed by diabetes mellitus (14 patients, 28.6%)
and cerebrovascular accident (12 patients, 24.5%).
Eleven patients (22.4%) had a prior history of ure-
teral calculi. In 28 patients (57.1%), the ureteral
stones were located in upper ureter, while 21 pa-
tients (42.9%) had lower ureteral stones. The mean
size of the stones was 7.47mm (range: 3-30mm).
In univariate analysis, patients with sep-
tic shock were significantly older, more likely to
have hypertension, lower platelet count and serum
albumin level, higher CRP and PCT level, and hi-
gher positive blood culture rate than the compari-
son patients (p=0.01, 0.002, <0.001, <0.001, 0.04,
0.005, and 0.02, respectively, Table-1). Radiologic

Table 1 - Patient demographics with outcomes from univariate analysis.

Characteristics Total (n=49) Septic shock
(Mean+SD)
Positive (n=15) Negative (n=34) p-value
Gender
Male 8 2 6
Female 41 13 28 0.704
Age 67.22+14.18 73.00+6.19 64.68+15.94 0.012
BMI (kg/mz) 24.43+5.51 23.47+3.00 24.86+6.30 0.300
Medical comorbidity (%)
HTN 28 (57.1) 13 (86.7) 15 (44.1) 0.002
DM 14 (28.6) 7 (46.7) 9 (26.5) 0.098
CVA 12 (24.5) 4 (26.7) 8 (23.5) 0.824
MI 7(14.3) 3 (20) 4(11.7) 0.502
WBC (/uL) 1339045136 152076148 12589+4491 0.153
Platelet (/uL) 17775591415 104400+71467 21011780725 <0.001
Albumin (g/dL) 3.38+0.64 2.810.37 3.64+0.57 <0.001
CRP (mg/dL) 9.51+10.28 14.46+11.38 7.32+9.10 0.043
ESR (mm/H) 47.08+27.26 44.40+23.76 48.26+28.92 0.628
Procalcitonin (pg/dL) 17.07+41.92 54.48+62.14 0.57+1.31 0.005
Positive on blood culture (%) 13 (26.5) 7 (46.6) 6 (17.6) 0.026
Positive on urine culture (%) 22 (44.9) 7 (46.6) 15 (44.1) 0.981
Stone size (mm) 7.47+4.28 6.27+2.46 8.00+4.81 0.103
Drainage of urinary tract (%) 19 (38.8) 7 (46.7) 12 (35.3) 0.451

272



IBJU | PROCALCITONIN AS AN EARLY INDICATOR OF SEPTIC SHOCK

characteristics of ureteral stone were not signi-
ficantly different between groups. Multivariate
analysis with the variables selected from the uni-
variate analysis including leukocytosis (p=0.053)
and stone size (p=0.103) indicated lower platelet
count and higher PCT level as independent risk
factors for septic shock (p=0.043 and 0.046, res-
pectively). At ROC curve, AUC was significan-
tly wider in PCT (0.929), compared with platelet
count (0.822, p=0.004, Figure-1). At the cut-off
of 0.52ng/mL, the sensitivity and specificity for
septic shock at this point were 86.7% and 85.3%
respectively.

DISCUSSION

Urolithiasis is a common cause of ED vi-
sits Average of 1.2 million patients per year were
identified with the diagnosis of urolithiasis out of
120 million visits to the ED annually, with overall
average admission rate of 19% (11). Though it may
be asymptomatic, nearly 1 in 7 Americans suffer
from urolithiasis during their lifetime (15), many
of whom present with typical colicky pain at ED.

Figure 1 - ROC curve for the prediction for septic shock.

Considering the increasing prevalence of infected
urolithiasis of 15.5% and associated sepsis of 8.5%
from recently updated data in comparison with a
decade ago (16), we focused on sepsis caused by
APN associated with ureteral calculi because it is a
common sequel due to ureteral obstruction.

The outcomes from our series reveal seve-
ral noteworthy findings. First, our data demons-
trate the superiority of PCT in predicting the group
at risk of septic shock among patients with sepsis
associated with infected urolithiasis, in compa-
rison with traditional widespread biomarkers for
systemic infection. Although predictive values for
clinical variables including PCT, CRP, albumin,
thrombocytopenia, and bacteremia in univariate
analysis are similar to published research, multi-
variate modeling selected only two factors, and
the ROC curve demonstrated a significantly higher
AUC for PCT than for thrombocytopenia.

The unique advantage of PCT in compari-
son with traditional biomarkers including CRP is
its more rapid kinetics. PCT reacts faster than CRP
both during an increase or decrease of inflamma-
tion (7). PCT increases within six hours after the
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initial stimulus and CRP does not increase signifi-
cantly before twelve hours after onset. PCT prima-
rily indicates systemic infection, not induced by
local bacterial infection, viral infection, autoim-
mune and allergic disorder. PCT also accurately
predicts the presence of bacteremia and bacterial
load in patients with febrile UTI (14). Based on
these characteristics, the availability of PCT im-
munoassays lessened the importance of CRP as a
biomarker of sepsis. Indeed, in a previous multi-
center study of patients with sepsis admitted to
French intensive care units, a PCT-guided strate-
gy for treating bacterial infections safely reduced
antibiotic exposure compared to present guideli-
nes (17). In a clinical pediatric study, PCT was not
only useful in the early diagnosis of APN but also
was highly associated with renal damage (18).

However, several investigators have ques-
tioned the diagnostic accuracy of PCT, as results
have been inconsistent and variable (19, 20). For
instance, PCT was not a significant predictor wi-
thin 28 days of adverse medical outcomes in wo-
men with APN treated in the ED (21). Other stu-
dies have determined that both PCT and CRP are
not useful in selecting the site for treating adult
patients with APN (22). We thus investigated the
predictability of PCT on septic shock, in the limi-
ted criterion of infected urolithiasis, as an attempt
to minimize the effect of heterogeneous disease
entities.

Second, we estimated the optimal cutoff
value of serum PCT level to distinguish the pa-
tient at risk of septic shock from APN associated
with urolithiasis, maximizing sensitivity without
a substantial loss of specificity. The elevations of
PCT are not as specific for infection as was once
believed. For instance, mechanical trauma causes
elevated PCT levels, the degree of which depends
on the severity of the injury (23). Indeed, the PCT
cut-off used to determine the risk of sepsis appe-
ars to be higher in critically ill patients admitted to
intensive care units from the surgical service than
in those admitted from the medical service (24).
Therefore, one common cut-off for the diagnosis
of septic shock is probably not feasible (6). Similar
to our findings, expanding the clinical implication
of PCT for specific condition, Nieuwkoop et al su-
ggested different PCT cut-off level of 0.25ug/L as

a robust surrogate marker for bacteremia in febrile
UTI (14), just a half level different from our sug-
gestion of 0.52ug/L as a marker for septic shock
from urolithiasis.

Third, the peculiarity of this study is that
we focused on the initial level of PCT. This stu-
dy targeted patients presenting to an ED, so the
analysis was based on the initial sampling of the
ED presentation (within 1 hour after visit) rather
than the peak levels or the changes of PCT after
admission. Several studies that monitored PCT le-
vels over time demonstrated that a policy looking
for trends may be more predictive than the single
initial level on admission (9, 10). In contrast, our
data demonstrated that initial PCT levels at ED
can provide additional aid to clinicians in their
decision on the patient with infected urolithiasis.
Given the increasing prevalence of sepsis associa-
ted urolithiasis, there is a clear need for a reliable
diagnostic indicator that allows early discrimina-
tion between patients suffering from sepsis and
those with septic shock. We believe that this ap-
proach using only the initial level of PCT is closer
to the actual clinical setting, since in severely ill
patients the presence of significant infection can-
not always be specified. Similar to us, Hausfater
et al. demonstrated the usefulness of PCT level in
the ED to distinguish between mild-to-moderate
sepsis and severe sepsis (25).

The strength of this study is based on the
fact that the present study included consecutive
unselected patients, and all available biochemi-
cal markers were measured at the same time by
the same protocol. However, at the same time, we
recognize the limitation of this study, besides of
the small number of patients from a single institu-
tion. First, while the increasing body of literature
supports the recently introduced notion that the
course of PCT concentrations is a mirror of the
systemic inflammatory response and is predictive
for prognosis, PCT was not monitored along with
the clinical course. Second, all data were collected
prospectively, but the study design was not based
on randomization of cases but on case-control se-
ries. Third, although our results may expand the
role of PCT in controlling febrile UTIs, the cut-offs
from these data cannot be adapted into other cli-
nical situation. No single biomarker of sepsis or
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septic shock may be ideal, but the interest on the
biomarkers as diagnostic and prognostic predic-
tors in infectious disease is increasing, mainly be-
cause they reflect the host’s response and predict
disease progression (26). To expanding the role of
PCT in various inflammatory situations, further
studies with proper design are required.

CONCLUSIONS

Our study demonstrated elevated initial
PCT levels as an early independent predictor of
progress into septic shock in patients with sepsis
from APN associated with ureteral calculi. With a
cut-off of 0.52ng/mL, reliable specificity and ac-
ceptable sensitivity can be obtained to distinguish
the patient at high risk of septic shock. Based on
these, we suggest PCT levels guide clinicians to
identify the patient at risk of sepsis in the ED for
infected ureteral calculi.
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