Internal and Emergency Medicine (2020) 15:119-125
https://doi.org/10.1007/s11739-019-02212-2

EM - ORIGINAL q

Check for
updates

Reduced utility of early procalcitonin and blood culture determination
in patients with febrile urinary tract infections in the emergency
department

Marcello Covino'® - Alberto Manno' - Giuseppe Merra' - Benedetta Simeoni' - Andrea Piccioni' - Luigi Carbone' -
Evelina Forte' - Veronica Ojetti'> - Francesco Franceschi'3 - Rita Murri?3

Received: 13 May 2019 / Accepted: 3 October 2019 / Published online: 24 October 2019
© Societa Italiana di Medicina Interna (SIMI) 2019

Abstract

To investigate the prognostic role of procalcitonin (PCT) assessment and blood culture (BC) acquisition in the emergency
department (ED) in patients with urinary tract infection (UTI) or urosepsis. We enrolled patients admitted for UTI to our
ED over a 10-year period. Mortality and in hospital length of stay (LOS) were compared between patients with UTI or
urosepsis who had sampling for PCT levels and BC taken in the ED (ePCT group—eBC group) and those who had not (no-
ePCT group—no-eBC group). 1029 patients were analyzed, 52.7% of which were female. Median age was 77 [65-83]; 139
patients (13.5%) had complicated UTI. Median LOS was 10 [7-17] days. In the ePCT group, LOS was 10 [7-16] days, vs.
10 [7-17] (p =0.428) in the no-ePCT group. In the eBC group, LOS was 10 [6-16] days vs. 10 [7-17] days (p =0.369) in the
no-eBC group. The overall mortality rate was 6.6%. The mortality rate was not affected by early PCT determination (6% in
the ePCT group vs. 6.9% in the no-ePCT group, p=0.584). Similarly, the mortality rate was not different in the eBC group
as compared to the no-eBC group (5.4% vs. 6.9%, p=0.415). Performance of ePCT or eBC testing made no significant dif-
ference in terms of improvement of mortality rates in septic patients (11.4% vs. 7.2%; p=0.397 and 8.8% vs. 9.8%; p=0.845,
respectively). The prognostic relevance of early evaluation of PCT and BC in the ED of patients with febrile UTI appears
limited. In complicated UTI patients, PCT and BC testing may be more appropriate in the context of improving antibiotic
stewardship, or as an integral component of PCT-guided standardized protocols.
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Introduction

Urinary tract infection (UTI) is one of the most common
pathologies presenting to the Emergency Department ED
[1]. Acute pyelonephritis and cystitis are the most typical
presentations of febrile UTIL. These conditions may evolve
into a clinical picture of urosepsis, which represents a life-
threatening condition caused by dysregulated host responses
to UTT [2, 3]. The overall mortality rate for urosepsis varies

P< Marcello Covino
marcello.covino@policlinicogemelli.it

Emergency Department, Fondazione Policlinico
Universitario A. Gemelli, IRCCS, Rome, Italy

Department of Infectious Diseases, Fondazione Policlinico
Universitario A. Gemelli, IRCCS, Rome, Italy

Universita Cattolica del Sacro Cuore, Rome, Italy

from 7.5 to 30% [4-6]. The diagnosis of febrile UTI is clini-
cal and supported by urinalysis and urine culture findings,
while the gold standard for confirming urosepsis is a positive
blood culture (BC) [7, 8]. Nevertheless, most patients pre-
senting to the ED with UTI will not develop urosepsis, and
obtaining BC in the ED is time-consuming and expensive.
Furthermore, the emergency physician clinical decision-
making often takes place before BC results become availa-
ble, at least 24—72 h after samples are sent. Although not yet
present in established diagnostic algorithms, procalcitonin
(PCT), a peptide precursor of the hormone calcitonin, has
been proposed as an early biomarker of sepsis and is now
widely used in this specific clinical scenario [9, 10]. How-
ever, some doubt remains as to early assessment of PCT is
correlated to better outcomes in UTI patients accessing ED.

The aim of this work is to evaluate, in a retrospective
series of patients admitted to the hospital from the ED over
the last 10 years for febrile UTI, whether early assessment
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of PCT and/or BC was correlated to improved outcomes,
defined as a reduction in mortality and in length of hospital
stay (LOS).

Materials and methods

We conducted a retrospective analysis of all patients evalu-
ated for UTT in the ED of a tertiary university hospital and
then admitted to internal medicine or infectious disease
units, from January 2009 to December 2018. Our ED has
an annual attendance of about 75,000 patients, 87% of them
adults. The inclusion criteria were age > 18 years, fever
(T>38 °C) or chills within 24 h of presentation, at least
one symptom typical of UTI (flank pain or perineal pain,
dysuria, frequency, urgency), leucocyturia or positive urine
culture. Exclusion criteria were age < 18 years, pregnancy,
history of kidney transplantation, hemodialyisis or perito-
neal dialysis, patients suffering from acute lymphoma, leu-
kemia or HIV+.

In all cases, the quick-SOFA score (@SOFA) and Charlson
comorbidity index were assessed [11, 12].

We classified enrolled patients as having either uncom-
plicated UTT or complicated UTI according to diagnosis at
hospital discharge.

Patients were defined as having complicated UTI if the
diagnosis at discharge included pyelonephritis, renal abscess
or catheter-associated UTI, or if they developed urosepsis
defined according to the current guidelines [13, 14]. The
remaining patients were classified as uncomplicated UTI.

Blood samples

The emergency physician decided whether to request blood
cultures or PCT at the time of ED admission based on clini-
cal judgment.

Blood cultures were obtained in the ED using antisep-
tic technique. Two 10 ml blood samples were drawn into
standard culture bottles. The cutoff value of PCT serum
level predictive of sepsis was set at 1 ng/ml. A PCT value
between 0.5 and 1 ng/ml was considered borderline. Testing
was available 24 h a day in our ED.

Study outcome

Intra-hospital mortality and in hospital length of stay (LOS)
were compared between patients who had undergone PCT
sampling in the emergency department and patients who
had not, and between patients who had BCs taken in the ED
compared with patients who had not.
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Statistical analysis and sample size

Categorical variables are presented as numbers and
percentages, and continuous variables are presented as
median [lower quartile, upper quartile]. Categorical vari-
ables evaluated in the study were statistically compared by
univariate analysis with the y? test. Since our continuous
variables were not normally distributed, statistical com-
parison was performed using the Mann—Whitney U test.

We analyzed mortality rate and LOS in patients who
underwent early PTC/BC testing in the ED compared to
patients who did not. To reduce confounding bias intro-
duced by differences in infection severity, we stratified our
analysis in separate subgroups including uncomplicated
UTI and complicated UTT or urosepsis.

Considering the overall mortality in this population of
6% assuming a beta error of 0.2 and an alpha error of 0.05,
our sample size was adequate to evaluate a difference in
overall mortality of 5% between the two study groups.

To further assess the relevance of early BC and PCT,
we performed a sub-analysis of our data including only
those patients who had these tests in the ED. Specifically,
mortality rate and LOS were compared between patients
with negative (< 1 ng/ml) early PCT results vs. positive
(=1 ng/ml) results, and we also compared death and LOS
in patients who had a negative blood culture vs. patients
with positive BC.

All data were analyzed by SPSS v25°® (IBM, IL, USA).

Results

In the study period, 8172 patients received a diagnosis of
UTI or urosepsis in our ED, of which 1110 were admitted
to internal medicine or infectious disease units (13.6%).
Among them, 81 were excluded from the study as they
did not meet inclusion criteria. Thus, a final retrospective
cohort of 1029 patients admitted to the hospital from the
ED for febrile UTI or urosepsis was available for analysis
in the present study.

There were 542 females (52.7%) with a median age of
78 [61-85] years and 487 males (47.3%), with a median
age of 75 [64—82] years. On access to the ED 204 patients
(19.8%) had a qSOFA > 0. When stratified according to
the Charlson comorbidity index, 238 patients (23.1%) had
a score of > 2.

According to the discharge diagnosis, 139 (13.5%)
patients were affected by complicated UTI, and 890
(86.5%) by uncomplicated UTI. Early PCT dosage
(obtained during ED evaluation) was performed in 318
(30.9%) patients (ePCT group) and BC determination was
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Table 1 Demographic and clinical characteristics of the 1029 patients included in the study

Total patients (No 1029)

Uncomplicated febrile UTI

Complicated UTI (No 139)

(No 890)
Male/female 487/542 (47.3/52.7) 423/467 (47.5/52.5) 64/75 (46.0/54.0)
Age 77 [65-83] 77 [62-84] 77 [69-85]
Heart rate 92 [80-106] 91 [80-105] 96.5 [82-113]
Systolic BP 125 [110-140] 127 [110-142] 120 [104-135]
Diastolic BP 70 [60-80] 70 [60-80] 65 [60-75]
O, Saturation 96 [93-97] 96 [93-97] 95 [93-97]
TC °C 38 [36.9-38.5] 38 [36.9-38.5] 38 [36.9-39]
Early procalcitonin determination (yes/no) 318/711 (30.9/69.1) 248/642 (27.8/71.2) 70/69 (50.4/49.6)
Early blood culture determination (yes/no) 222/807 (21.6/78.4) 165/725 (18.5/81.5) 57/82 (41.0/59.0)
Charlson score >2 238 (23.1) 210 (23.6) 28 (20.1)
qSOFA >0 204 (19.8) 169 (19.0) 35(25.2)
Length of stay (days) 10 [7-17] 9.5 [6-16] 14 [9-22]
Deceased 68/961 (6.6/93.4) 55(6.2) 13(94)

Data are expressed as absolute number (%) or median [QR], as appropriate

performed in 222 (21.6%) (eBC group). Demographic and
clinical data of the study patients are shown in Table 1.

Median LOS for the entire population was 10 [7-17]
days. LOS was not significantly different between ePCT and
no-ePCT groups (LOS was 10 [7-16] days in ePCT patients,
and 10 [7-17] in no-ePCT group; p=0.846) (Table 2).

In the subgroup analysis, LOS in patients with uncompli-
cated UTI was not found to be statistically different if PCT
was assessed in the ED (ePCT group LOS 9 [6-14] days vs.
no-ePCT group 10 [6-16] days; p=0.081). Similarly, no
statistically significant difference was found in the median
LOS of complicated UTTI patients between the ePCT and
no-ePCT group (14, 5 [9-26] days vs. 13 [8.5-21] days,
p=0.163) (Table 2).

Length of stay was not significantly different between
patients who had BCs taken in the ED compared to patients
who were admitted to the ward without BC sampling (LOS
was 10 [6-16] days eBC group vs. 10 [7-17] days in no-eBC
group; p=0.391). Similarly, BC determination in the ED did
not affect LOS in complicated UTI patients (eBC LOS was
14 [9-26] days vs. 13 [9-21] days in no-eBC; p=0.327).
Interestingly, patients with uncomplicated UTI had a slight,

but significant reduction in LOS if blood cultures were taken
in the ED (eBC LOS 9 [5.5-13] days vs. no-eBC group 10
[7-16] days, p=0.010) (Table 2).

Sixty-nine patients died, with an overall mortality rate
of 6.6%. No statistically significant difference was found
between the ePCt and the no-ePCT groups (19 patients (6%)
vs. 49 patients (6.9%); p=0.584) as well as between the eBC
and the no-eBC groups (12 patients (5.4%), vs. 56 patients
(6.9%); p=0.415) (Table 3).

When considering uncomplicated UTI cases, no statisti-
cally significant difference in mortality was found between
ePCT and no-ePCT groups (11 pts (6.2%) vs. 44 pts (6.9%);
p=0.179 (Table 3), with analogous findings when compar-
ing the eBC and no-eBC groups (7 pts [4.2%] vs. 48 pts
[6.6%]; p=0.252).

Similarly, in complicated UTI patients, the mortality rate
was comparable in both the ePCT and no-ePCT groups (8
pts (11.4%) vs. 5 pts (7.2%), p=0.397). Again, the mortality
rate did not differ significantly between the eBC and no-eBC
groups (5 pts (8.8%) vs. 8 pts (9.8%), p=0.845).

When taking into consideration solely, the 318 patients
who underwent early PCT testing, we found that in 222

Table 2 In-hospital length of stay (days) according to early (ED) PCT or blood culture determination

Early procalcitonin determination p value
(during ED evaluation)

Early blood culture (during ED p value
evaluation)

No (711 pts)

Yes (318 pts)

No (807 pts) Yes (222 pts)

All population (1029 patients) LOS 10 [7-17]
Uncomplicated febrile UTI (890 patients) LOS 10 [6-16]
Complicated UTI (139 patients) LOS 13 [8.5-21]

10 [7-16] 0.846 10 [7-17] 10 [6-16] 0.391
9 [6-14] 0.081 10 [7-16] 9[5.5-13] 0.010
14.5 [9-26] 0.163 13 [9-21] 14 [9-26] 0.327

LOS is expressed as median [QR] and statistically compared by Mann—Whitney U test
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Table 3 In-hospital mortality rate in all population and according to early PCT or blood culture determination

Early procalcitonin determina-  p value  Early blood culture (during ED  p value
tion (during ED evaluation) evaluation)
No (711 pts) Yes (318 pts) No (807 pts) Yes (222 pts)
All population deceased/non deceased (% deceased) 49/662 (6.9) 19/299 (6.0) 0.584 56/751 (6.9) 12/210 (5.4) 0.415
Uncomplicated febrile UTI (890 patients) deceased/ 44/642 (6.9) 11/237 (6.2) 0.179 48/677 (6.6) 7/158 (4.2) 0.252
non deceased (% deceased)
Complicated UTI (139 patients) deceased/non 5/64 (7.2) 8/62 (11.4) 0.397 8/74 (9.8) 5/52 (8.8) 0.845

deceased (% deceased)

Mortality is expressed by absolute number (%) and compared by y?2 test

(69.8%), the PCT value was < 1 ng/ml, while in 96 (30.2%),
it was > 1 ng/ml. No differences were found between posi-
tive and negative PCT patients in terms of age, Charlson
comorbidity index or gSOFA score. As expected, the num-
ber of complicated UTIs was significantly higher in the
PCT > 1 ng/ml group (Table 4A). Furthermore, we found
that the median LOS was significantly higher in patients
with high PCT (13[7.5-22] vs. 9 [7-15]; p=0.024). Finally,
we observed a higher mortality rate in patients with high
PCT in the ED, but the difference did not reach statistical
significance (Table 4A).

Among the 222 patients who had BCs performed in the
ED, 158 patients (71.2%) had negative BCs and 64 (28.8%)
were positive. We found that patients with positive BCs were
significantly older (76 [64—83] years vs. negative BCs 69.5
[52-79] years; p=0.002). As expected, diagnosis of compli-
cated UTT was significantly more frequent with positive vs.

negative BCs (89.1 vs. 6.3%, p <0.001). Positive BC patients
had a significantly longer LOS (14.5 [10-26] days vs. 8
[5-13] days, p<0.001), and a higher mortality rate (9.4%
vs 3.8%, p=0.096). However, as for high PCT, this latter
difference did not reach statistical significance (Table 4B).

Discussion

More than 1000,000 people in the United States are admit-
ted annually to the ED for pyelonephritis or UTI [5]. Com-
plications requiring hospital admission occur in approxi-
mately 10% of these patients [15], of which an estimated
41% develop sepsis [16]. Mortality rate for urosepsis varies
from 7.5 to 30% of cases [4-6]. Unfortunately, determining
which UTI may progress to a more serious clinical picture
and which are simple uncomplicated UTI is a difficult task

Table 4 Clinical characteristics and outcome of patients according to results of samples obtained in ED: procalcitonin determination results (A),

and blood culture results (B)

A

Procalcitonin value < 1 (222 patients) Procalcitonin value > 1 (96 patients) P
Age (years) 77 [64-84] 76 [62-85] 0.494
Charlson >2 61 (27.5) 24 (25.0) 0.647
qSOFA >0 52 (23.4) 25 (26.0) 0.616
Complicated UTI 13 (12.4) 17 (32.1) 0.003
LOS (days) 9 [7-15] 13 [7.5-22] 0.024
Deceased 12(9.4) 14 (8.7) 0.076
B

Negative blood culture (158 patients) Positive blood culture (64 patients) )4
Age (years) 69.5 [52-79] 76 [64-83] 0.002
Charlson >2 34 (21.5) 12 (18.7) 0.645
qSOFA >0 52 (23.4) 25 (26.0) 0.616
Complicated UTI 10 (6.3) 57 (89.1) < 0.001
LOS (days) 8 [5-13] 14.5 [10-26] < 0.001
Deceased 6(3.8) 6(9.4) 0.096

Data are expressed as absolute number (%) or median [QR], as appropriate
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in the ED, particularly when the patient lacks the cogni-
tive or physical ability to communicate symptoms [16, 17].
Indeed, despite convincing data that treatment of asymp-
tomatic bacteriuria lacks benefit, these patients are overly
exposed to broad-spectrum antibiotic therapy initiated in the
ED or upon hospital admission [18, 19].

Recognition of bacterial infection and sepsis can be
achieved by methods that are aimed at directly identifying
bacteria in the bloodstream (blood culture), or indirectly by
the evaluation of inflammatory response proteins [16]. Many
inflammatory response proteins have been tested as early
markers of poor prognosis in patients with febrile UTI, both
in the ED as well as in Intensive Care Units (ICU). The util-
ity of PCT in the management of patients with sepsis has
been largely endorsed by the Sepsis Survival Campaign [20].

Many trials have reliably demonstrated the reliable per-
formance of PCT in decision-support algorithms for antibi-
otic initiation or cessation, with consequent potential benefit
in term of LOS and even survival. However, this benefit was
not confirmed in the ED setting for lower respiratory tract
infections [21], and in unselected ED patients with fever
[22]. However, it has been argued that such a result was
more due to the clinicians’ fear of untreated infection rather
than a weakness of the test itself, given that broad-spectrum
antibiotic therapy was often administered regardless of PCT
values.

A recent meta-analysis investigating the role of PCT in
diagnosis, prognosis, monitoring and escalation/de-escala-
tion of antibiotic therapy in septic patients concluded that
serum PCT concentrations do not correlate with the sever-
ity of sepsis or mortality [23]. Nevertheless, all but 1 of
17 studies considered [24] concerned patients admitted to
intensive care units. To the best of our knowledge, only three
studies addressed the correlation of early assessment of PCT
in the ED and prognosis in patients affected by febrile UTI
[25-27]. Lemiale et al. [25] found no correlation between
PCT serum levels and adverse medical outcome among a
group of 58 patients with pyelonephritis evaluated in the ED.
Park et al. [26] showed that PCT had no role in predicting
mortality among 240 female patients evaluated in the ED
for acute pyelonephritis. On the other hand, Ko et al. [27]
in a cohort of 49 patients affected by acute pyelonephritis
subsequent to a ureteral stone, found a statistically signifi-
cant correlation between PCT serum level and progression
to septic shock.

The results of our study are in line with those reported by
Lemiale et al. and Park et al. [25, 26]. We found no statisti-
cally significant difference both in terms of mortality and
of LOS regardless of early PCT assessment in ED, both in
uncomplicated febrile UTI and in complicated UTI.

However, while these findings were expected for patients
with uncomplicated UTI, it is remarkable that the same
results were found in patients with serious infections. A

partial explanation of this latter finding could be that PCT
levels vary with time [28], and it appears that the severity
of infection is better predicted by the peak during the first
3 days of the septic state [29, 30]. Nevertheless, the most
likely explanation for our data is that most of our patients
received early broad-spectrum antibiotic therapy, as widely
recommended [20], and that no specific PCT-guided antibi-
otic protocol was established in our ED.

Moreover, as previously noted, the most important role
of PCT assessment is neither predictive nor prognostic, but
is in guiding de-escalation of antibiotic therapy [31, 32].
Thus, the positive impact on clinical outcomes can only
be expected when PCT is used by an antibiotic steward-
ship team to optimize antibiotic therapy during hospitaliza-
tion. An antibiotic stewardship team has only recently been
introduced to our hospital, and a strategy of early de-esca-
lation based on results of PCT or BC has been not yet fully
implemented.

As regards to BC sampling in our UTI cohort, our data
confirm that in the 222 patients that had BCs in the ED, LOS
and mortality rate were not statistically different compared
with patients who did not have BCs taken. The literature
supports this finding, as reports have shown limited use-
fulness of BCs in the ED particularly in immunocompe-
tent patients with common illnesses, such as urinary tract
infections [33-35]. Furthermore, a large 2007 study showed
that of 2210 blood cultures taken in ED, only 132 yielded
positive growth, with as low as 4 (0.18%) resulting in modi-
fication of the patient’s management [36]. Interestingly,
we found that patients with uncomplicated UTI who had
BC sampling in ED had a slightly lower LOS compared to
patients who not received BC (Table 2), still having a similar
mortality rate. These latter findings may be explained by the
fact that BC results, typically negative in these patients, were
more quickly available for clinical decision-making as they
had been taken earlier, that is, in the ED. However, the slight
difference in LOS in this group of patients should be con-
firmed in larger series, as should the real cost-effectiveness
of indiscriminate BC acquisition in the ED for any febrile
UTI patients.

Our data suggest that even in complicated UTI, BCs in
the ED do not provide a clear benefit in terms of patient out-
come. It is well known that bacteremia is present in 15-40%
of patients with complicated urinary tract infections, with
some guidelines recommending blood cultures [37, 38].
However, the available data suggest that in adult patients
with simple pyelonephritis, BCs do not alter management,
and in most cases, BC results concur with urine cultures [39,
40]. However, since most of the patients considered received
early treatment with broad-spectrum antibiotic therapy, and
only 64 patients had positive BCs, this study may be under-
powered to accurately ascertain the effect of BC sampling
on clinical outcome.
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Study limitations

Although conducted on a large cohort of patients, our
study had several limitations: first of all, its retrospective
nature; in addition, we did not measure the number of PCT
assessments and BCs taken during hospitalization. Finally,
no established rule was defined to determine PCT and BC
assessment in ED, nor was a specific management protocol
based on PCT results put in place.

Conclusions

Our data suggest that in the ED, early PCT and BC assess-
ment does not change the clinical course of patients admit-
ted for febrile UTI. Furthermore, current evidence sup-
porting the prognostic relevance of these tests in the ED is
poor, especially in the absence of active involvement of an
antibiotic stewardship team, or the presence of PCT- and
BC-based protocols. Thus, when dealing with patients with
uncomplicated UTI, a simple urinalysis followed by empiric
antibiotic treatment is probably the most appropriate man-
agement approach, avoiding unnecessary procedures and
related costs.

In complicated UTI, the determination of certified scores
of severity of illness, such as APACHE II [41], SOFA [42]
or qSOFA [11], appears to still be the most reliable method
of identifying UTI patients with poor prognosis [7]. In these
cases, PCT and BC sampling in the ED may be justified, but
the utility of these tests is increased by the involvement of
an antibiotic stewardship unit to optimize antibiotic therapy.
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