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Abstract

Objectives: Urinary tract infections (UTI) are a common diagnosis within the pediatric
emergency department (ED). Due to the necessary delay in obtaining urine culture results,
clinicians must decide whether to prescribe antibiotics for a suspected UTI prior to urine culture
results. The primary objective of this study was to identify the proportion of children given
empiric antibiotics who subsequently did not meet consensus definition of an UTI. The secondary
objective was to identify factors associated with return visits to the ED following an index visit
for UTI. We also attempted to identify predictors of prescription of empiric antibiotics for children
who did not have a UTI.

Methods: This was a retrospective chart review of all patients between the ages of 2 months and
18 years diagnosed with a UTI between July 2016 and June 2017 in the ED of a single urban
quaternary care center. Patients were excluded for the following reasons: use of bag for urine
collection, subsequent admission to the hospital, receipt of antibiotics within the previous 3 days,
use of antibiotics for an indication other than a UTI, and urine culture obtained at an outside
facility.

Results: Of 404 included patients, 389 (96.2%) were discharged on antibiotics and 243 (62.4%)
did not have a UTI. On the multivariate analysis, age = 36 months was associated with increased
odds of receiving antibiotics and not having a UTI while both =1+ leukocyte esterase and =1+
nitrites on urinalysis were associated with decreased odds of receiving antibiotics and not meeting
UTI criteria. 62 patients revisited the ED within 30 days of the initial visit, 24 (38.7%) of which
met criteria for UTI during the index visit. Prescription of antibiotics at the time of the index visit
was associated with decreased odds of reutilization, while an extended spectrum beta-lactamase
producing organism cultured from urine at the index visit was associated with increased odds of
reutilization.

Conclusions: A high number of patients discharged on empiric antibiotics did not meet criteria
for a UTI. We did not identify clinically useful factors that predicted prescription of empiric
antibiotics for children who do not have a UTI. We believe unnecessary antibiotic prescriptions
could be substantially decreased by decreasing empiric use of antibiotics coupled with reliable
follow up for positive urine cultures.

Corresponding Author (current affiliation): Catherine Forster, UPMC Children’s Hospital of Pittsburgh, 4401 Penn Ave, FP Room
3110, Pittsburgh, PA 15224, forstercs@upmc.edu, Ph: 412-692-8337, Fax: 412-692-7038.

Conflict of Interest Disclosure: None of the authors have any conflicts of interest to disclose.




1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Forster et al.

Keywords

Page 2

Urinary tract infections; Children; Empiric antibiotics

Introduction:

Methods:

Patients:

Urinary tract infections (UTIs) are diagnosed in 7% of febrile young children presenting to
the Emergency Department.1 However, accurate diagnosis of UTI at the point of care can
be difficult given the consensus definition of a pediatric UTI includes urine culture results,
which traditionally are not available until a minimum of 24 hours after specimen collection.
Therefore, clinicians rely on a combination of symptoms and biomarkers, including the
results of a dipstick and urine microscopy (urinalysis (UA)), to diagnose a UTI. While the
UA has good predictive accuracy for the diagnosis of UTI in young febrile children,? its
imperfect specificity means that children may be overtreated for UTI at the point of care.
Indeed, recent work documented that approximately 50% of children treated for UTI in the
Emergency Department (ED) did not meet the American Academy of Pediatrics’ (AAP)
definition for a UT1.34

While many EDs have mechanisms in place to contact patients regarding urine culture
results following discharge,3 there are still consequences of initial overtreatment. These
include cost to the family, potential for adverse drug events, and the risk of development of
antibiotic resistance. Further, emerging data suggests that even a single dose of antibiotics
can significantly alter the microbiome,® which has potentially adverse consequences.®
Conversely, the risks associated with delayed treatment of UTlIs include potential spread

of infection, increased healthcare reutilization due to worsened infection, and increased risk
of renal scarring.’” Therefore, it is crucial to maintain good antibiotic stewardship within the
ED to treat infections appropriately while avoiding unnecessary antibiotics. Identification of
factors associated with use of antibiotics in children who do not ultimately have a UTI will
improve the ability to appropriately prescribe empiric antibiotics at the point of care in the
ED.

The primary objective of this study was to identify the proportion of children in the ED
given empiric antibiotics who did not meet consensus definition of a pediatric UTI. We also
attempted to identify predictors of prescription of empiric antibiotics for those children. The
secondary objective was to identify factors associated with return visits to the ED following
an index visit for UTI.

This was a retrospective chart review of all patients between the ages of 2 months and 18
years diagnosed with a UTI between July 2016 and June 2017 in the ED of a single urban
pediatric quaternary care center. Patients with the following ICD-10 discharge diagnoses
were eligible for inclusion: N39.0, N30.0, N30.9, N34.1, N34.2, N34.3. Exclusion criteria
included: use of bag for urine collection, admission to the hospital for further treatment,
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receipt of antibiotic therapy within the previous 3 days, use of antibiotics in the ED for

an indication other than a UTI, and urine culture obtained at an outside facility. Clinical
data, including urine culture source, UA results, culture results, empiric antibiotics and any
subsequent changes, concurrent infectious diagnoses, and clinical outcomes including return
visits to the ED, were collected through manual chart review. Symptoms were reported as
documented in the provider’s note. This work was approved by our institution’s institutional
review board.

A positive urine culture was defined as either =100,000 colony-forming units (CFU)/mL of a
single organism in urine obtained by clean catch, or =50,000 CFU/ml of a single organism in
urine obtained by catheterization or suprapubic aspiration. Samples with unidentified mixed
bacterial growth were not considered to be positive cultures. UTI was defined as a positive
urine culture in addition to either =1+ leukocyte esterase (LE), =1+ nitrites or =5 urine white
blood cells per high power field in a symptomatic patient.®

The primary outcome was proportion of patients who were discharged with empiric
antibiotics for UTI who did not meet our criteria for UTI. The secondary outcome of interest
was proportion of patients who had a revisit to the ED within 30 days of the index visit for a
complaint related to the diagnosis or treatment of UTI.

As the primary outcome of interest in this study focused on patients discharged with
empiric antibiotics, the analysis for the primary outcome only included this population.

The analysis for the secondary outcome, which focused on revisits to the ED, included all
patients. Continuous values were compared with Student’s T-Test or Mann-Whitney U, as
appropriate. Categorical variables were compared with the Chi-square test, or Fisher’s exact,
as appropriate. Variables that were significantly different between groups in the univariate
analysis were included in the multi-variate analysis. Logistic regression was used to identify
factors associated with the outcome of interest. For the secondary outcome, we completed
multiple models with the number of predictors allowed by the number of patients with the
outcome of interest. We chose the model with the lowest akaike information criterion for
inclusion in this analysis. All analyses were completed with R Studio, version 1.1.447.9

583 patients were identified and reviewed for inclusion in this study. 179 patients were
excluded, leaving 404 patients in the analysis (Figure 1). Of these patients, 389 (96.2%)
were discharged on antibiotics, 243 (62.4%) of whom did not meet the study definition

of UTI. 118 (48.6%) patients did not meet the study definition of UTI as they had urine
cultures that grew mixed bacteria, 62 (25.5%) had negative urine cultures, 62 (25.5%) had
positive urine cultures that did not meet the colony-count threshold, and 1 (0.4%) of the
patients had a positive culture with a bacterial burden above the colony-count cutoff but did
not have leukocyte esterase, nitrites, or pyuria on UA.
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Among patients discharged with empiric antibiotics, those who did not meet criteria for

UTI were older than those who did meet UTI criteria (median, interquartile range (IQR): 67
(33,109) months for no UTI; 30 IQR (9, 94) months for UTI, p<0.01) and there were a lower
proportion of patients of Hispanic ethnicity (42.8% for no UTI, 62.3% for UTI, p<0.01).
Patients treated with empiric antibiotics who did not have a UTI also had a higher proportion
of urine samples collected by clean catch (71.6% no UT]I, 35.6% UTI, p<0.01) and lower
proportion of febrile patients compared to those who met UT] criteria and were treated with
antibiotics (49.8% no UTI, 65.1% UTI, p<0.01) (Table 1).

On the multivariate analysis, age 2 36 months was associated with increased odds of not
meeting UTI criteria (Odds ratio (OR): 6.67, 95% confidence interval (Cl) (3.53-12.92)).
Presence of 21+ nitrites on urinalysis (OR 0.10, 95%CI (0.05-0.18)) and = 1+ LE (OR 0.03,
95% CI (0.00-0.09)) were both associated with decreased odds of not meeting UT] criteria
(Table 2A). The trend in these results did not change upon sensitivity analysis that included
all patients with colony counts less than 50,000 cfu/ml who met all other UT] criteria (Table
2B).

Of the 404 patients included in the initial analysis, 62 revisited the ED within 30 days of
the initial visit. Eight of these revisits were for adverse drug events (ADE) (diarrhea, n=2;
rash, n=2; bloody stools, n=2; diarrhea and rash, n=1; thrush, n=1). Forty-one patients had
return visits with the same symptoms as on initial presentation, 11 of whom were admitted.
Two of the 11 patients who revisited the ED with the same symptoms and were admitted
were found to have alternate diagnoses, while four of the 11 patients were not discharged
on empiric antibiotics at the index visit. Prescription of antibiotics at the time of the index
visit was associated with decreased odds of revisit (OR 0.27, 95% CI1(0.09-0.91)), while

an ESBL-producing organism cultured from urine at the index visit was associated with
increased odds of revisit (OR 6.30, 95%CI (1.22-34.72)) (Table 3).

There was no difference in the class of empiric antibiotics between those with and without a
30-day revisit to the ED, both including and excluding revisits for ADE. While revisits were
highest in patients discharged on beta-lactams, the only difference between the proportion of
patients with and without revisits were within the subgroup of patients who did not receive
empiric antibiotics. (Table 4).

Discussion:

In this study, we show that the majority of patients discharged from the ED with a diagnosis
of UTI and prescribed empiric antibiotics do not meet criteria for UTI. Among children
treated with empiric antibiotics, age = 36 months increased odds of not meeting UT] criteria,
while =1+ nitrites and =1+ leukocyte esterase on UA were associated with increased odds of
meeting UTI criteria. Given that both leukocyte esterase and nitrites are part of the definition
of UT], this finding is expected within this analysis. We did not identify clinically useful
factors that predicted prescription of empiric antibiotics for children who do not have a

UTI. Our data suggests that prescription of an antibiotic at discharge is associated with
decreased odds of revisit to the ED within 30 days of the initial visit, while growth of an
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ESBL-producing organism is associated with increased odds of revisit. Finally, we did not
find an association between antibiotic class at discharge and revisit to the ED.

Our results show that 62% of children given empiric antibiotics for UTI in the ED did

not meet our criteria for UTI. Other published studies have also documented that children
who present with suspected UTI frequently are prescribed empiric antibiotics, yet many
have negative urine cultures.3 Indeed, one study found that only 51% of children prescribed
empiric antibiotics for UTI in the ED had confirmed UTI.10 Our results show an even higher
rate of empiric antibiotic prescription for children who do not have UTI. One potential
reason for the difference relates to the varying definitions of UTI used. Watson et al. used a
cut-off of 50,000 cfu/mL for all culture results to define a positive urine culture, regardless
of method of urine collection. In our work, we used a cut-off of 50,000 cfu/mL for urine
collected by catheterization or suprapubic aspiration in accordance with the AAP’s UTI
guideline for young children,8 and a cut-off of 100,000 CFU/mL for cultures obtained by
clean catch. The AAP’s UTI guideline is specifically for children between 2 and 24 months
of age. Given that we chose to include children up to 18 years of age, we chose to use
growth of at least 100,000 CFU/mL as the cut-off to define a positive urine culture for
clean catch samples in accordance with the classic, although admittedly arbitrary, cut-off
used within the adult literature.11 This discrepancy may explain the different results, as 62
patients in our cohort did not meet UTI criteria on the basis of colony-counts.

We did not find that choice of antibiotic prescribed was associated with return ED visits

in our cohort. Data in adults has suggested that beta-lactams have an inferior cure rate

for UTI when compared to other classes of antibiotics.12:13 This data is partially behind

the Infectious Disease Society of America’s recommendation that beta-lactams not be used
as first line treatments for uncomplicated cystitis in adults.14 However, beta-lactams are
frequently used as treatment of UTIs in children,10 and were the most commonly prescribed
antibiotic in our study. In our analysis, there was no difference in class of antibiotic
prescribed at the index visit and reutilization. However, we may have been underpowered
to detect a difference given the lower numbers of patients prescribed non-beta-lactam
antibiotics.

The decision to initiate antibiotics at the point of care requires balancing the risk of renal
scarring associated with delayed treatment’ with the risk of antibiotic resistance, and the
as-of-yet not fully appreciated implications of changes in microbiomes.15:16 Emerging data
suggest that exposure to antibiotics early in life is associated with later obesity,1’ asthma,18
and allergic diseases,19 suggesting that careful consideration be given prior to antibiotic
initiation in children. However, results of urine culture, the currently used confirmatory
test for UTI, are not typically available for more than 24 hours after specimen collection.
Because of this delay, clinicians need to decide whether or not to empirically begin
antibiotics while the results of the urine culture are pending. Prior work in the literature
demonstrates that there is an 0.8% increase in the risk of renal scarring for every 1 hour of
fever before antibiotic treatment. Therefore, a delay in initiating antibiotic in a febrile child
for 24 hours is associated with an 19% increased rate of renal scarring.” Comparatively,
there is no evidence to suggest that a delay in antibiotic initiation in an afebrile children

is associated with an increased risk of renal scarring. The benefits of empiric treatment
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in afebrile children with suspected UTI may not outweigh the risks unnecessary antibiotic
exposure. A potential method to deal with this clinical uncertainty is to empirically treat the
high-risk group — those in whom the clinician has a high degree of suspicion for UTI and
those at risk of complications, such as scarring. There are several novel candidate urinary
biomarkers that may have greater predictive accuracy for UTI than the traditional UA and
urine microscopy.2%-22 Such biomarkers may play a future role in aiding clinical decisions
around empiric antibiotic use for children being evaluated for UT]s.

There were several limitations to this study, including the single center design and the low
number of patients who had return visits. Further, as this was a retrospective study, we
relied on documentation in the medical record to determine symptoms on presentation, and
therefore could not standardize this process. We also chose to include patients with complex
chronic conditions as well as those with complex genitourinary conditions. We made this
decision to accurately describe the antibiotic prescribing practices at our institution, but in
doing so, have included a heterogenous population.

Conclusion:

Funding:

62% of the patients who were prescribed empiric antibiotics for a UTI did not meet

a consensus definition for UTI. Age2 36 months was associated with prescription of
antibiotics for a patient who did not subsequently meet UT] criteria, while presence of
leukocyte esterase and nitrites were associated with increased odds of meeting UTI criteria
among patients prescribed empiric antibiotics for a UTI. We did not identify clinically useful
factors that predicted prescription of empiric antibiotics for children who do not have a

UTI. We believe the most effective way to substantially decrease unnecessary antibiotic
prescriptions for suspected UTI in the ED will be to decrease the empiric use of antibiotics
coupled with reliable follow up for positive urine cultures.

This work was partially supported by National Institutes of Health (K12-HD-001339).
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583 patients identified

160 patients who met 1 exclusion criteria:
+ Antibiotics in past 3 days (n=78)
= Patients with other diagnosis that required
antibiotics (n=41}) —
= Bag used for urine collected {n=35)
* Positive urine culture at outside hospital
{n=6}

19 patients who met > 1 exclusion criteria:

» Positive uring culture at cutside hospital
and antihiotics within past 3 days (n=13)

» Other diagnosis that required antibictics
and antihiotics in past 3 days (n=3)

» Other diagnosis that required antibictics
and urine collected by bag (n=2)

* Positive urine culture at cutside hespital
and bag urine collection {n=1)

404 patients in analysis

383 patients discharged on
antibiotics

« UTI(n=146)
« No UTI (n=243)

Figure 1:
Patient flow diagram.

15 patients not discharged
on antibiotics

« UTI (n=2)
o Mo UTI{n=13)
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Variables Associated with UTI Among Children Empirically Treated with Antibiotics

Table 1:

UTI No UTI p-value
(n=146) (n=243)
Mean (SD) age (months) 59.6 (63.8) 76.6 (57.2) 0.01
Median (IQR) age (months) 30 (9, 94) 67(33,109) <0.01
Female (n (%)) 113 (77.4%) 202 (83.1%)  0.21
Black 40 (27.4%) 112 (46.1%)  <0.01
Hispanic 91 (62.3%) 104 (42.8%)  <0.01
Public insurance 92 (63.0%) 143 (58.8%) 0.53
Urine collection method
Catheter (n(%)) 94 (64.4%) 69 (284%)  <0.01
Clean catch (n (%)) 52 (35.6%) 174 (71.6%)  <0.01
Dip UA 37(25.3%)  71(29.2%) 0.8
Micro UA 108 (74.0%) 171(70.4%)  0.48
>1+LE 137 (93.8%) 205 (84.4%)  <0.01
> 1+ nitrites 76 (52.1%) 27 (11.1%)  <0.01
More than 5 WBCs 104 (71.1%) 162 (66.7%)  0.41
Presenting symptom
Fever 95 (65.1%) 121 (49.8%)  <0.01
Dysuria 46 (31.45%) 91 (37.4%)  0.28
Urinary frequency 13 (8.9%) 30 (12.3%) 0.38
Hematuria 16 (11.0%)  28(11.5%) 0.99
Vomiting 40 (27.4%) 59 (24.3%)  0.35
Abdominal pain 36 (24.6%) 88 (36.2%) 0.02
Nasal congestion 31 (21.2%) 48 (19.8%) 0.83
Coughing 24 (164%)  45(185%)  0.70
Increased fussiness 12 (8.2%) 17 (7.0%) 0.81

SD: standard deviation, IQR: interquartile rage. LE: leukocyte esterase; WBC: white blood cells
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criteria

Predictor

Adjusted Odds Ratio (95% CI)

Male

Age 2 36 months
Hispanic ethnicity

Black race

21+ nitrites

2 5 urine white blood cells
2 1+ Leukocyte esterase

Fever

0.58 (0.28-1.21)
6.67 (3.53-12.92)
0.61 (0.27-1.33)
1.36 (0.59-3.11)
0.10 (0.05-0.18)
0.88 (0.49-1.57)
0.03 (0.01-0.09)
1.15 (0.64-2.12)
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Table 2B:

Sensitivity analysis including patients with colony counts <50,000 cfu/mL: predictors in multivariate analysis
of prescription of empiric antibiotics for patients who did not meet UTI criteria

Predictor Adjusted Odds Ratio (95% CI)

Male 0.63 (0.31-1.27)

Age = 36 months 4.17 (2.25-7.94)
Hispanic ethnicity 0.37 (0.17-0.78)

Black race 1.02 (0.48-2.16)

21+ nitrites 0.07 (0.03-0.14)

2 5 urine white blood cells 0.71 (0.41-1.20)
2 1+ Leukocyte esterase 0.04 (0.01-0.10)
Fever 1.18 (0.69-2.06)
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Table 3:

Predictors in multivariate analysis for a return visit within 30 days (excluding visits for ADE)

Predictor OddsRatio (95% CI)

Age 236 months 0.74 (0.41-1.37)
Discharged on antibiotics 0.27 (0.09-0.91)
ESBL-producing organism on urine culture 6.30 (1.22-34.72)

ADE: Adverse drug events, ESBL.: extended-spectrum beta-lactamase
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Table 4:

Classes of empiric antibiotics at discharge in patients with and without revisits

All revisits Revisitin30days No Revisitin 30days p-value
(n=62) (n=341)

No Antibiotics 6 (9.7%) 9 (2.6%) 0.02

Beta-lactam 53 (85.5%) 305 (89.4%) 0.49

Trimethoprim-sulfamethoxazole 1(1.6%) 11 (3.2%) 0.78

Fluoroquinolones 1(1.6%) 7 (2.1%) 1.0

Nitrofurantoin 1(1.6%) 9 (2.6%) 1.0

Non-ADE-related revisits

Revisit in 30 days

No Revisit in 30 days

(n=54) (n=341)
No Antibiotics 6 (11.1%) 9 (2.6%) >0.01
Beta-lactam 45 (83.3%) 305 (89.4%) 0.28
Trimethoprim-sulfamethoxazole 1(1.9%) 11 (3.2%) 0.91
Fluoroquinolones 1(1.9%) 7(2.1%) 1.0
Nitrofurantoin 1(1.9%) 9 (2.6%) 1.0

Revisitsrelated to index

Revisit in 30 days

No Revisit in 30 days

visit, non-ADE (n=41) (n=341)

No Antibiotics 4 (9.8%) 9 (2.6%) 0.06
Beta-lactam 34 (82.9%) 305 (89.4%) 0.32
Trimethoprim-sulfamethoxazole 1(2.4%) 11 (3.2%) 1.0
Fluoroquinolones 1(2.4%) 7 (2.1%) 1.0
Nitrofurantoin 1(2.4%) 9 (2.6%) 0.75

*
one patient did not have complete follow-up information, and was excluded from this analysis; ADE=Adverse drug events
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