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National Variability and Appropriateness of Surgical
Antibiotic Prophylaxis in US Children’s Hospitals
Thomas J. Sandora, MD, MPH; Monica Fung, MD; Patrice Melvin, MPH;
Dionne A. Graham, PhD; Shawn J. Rangel, MD, MSCE

IMPORTANCE Appropriate use of surgical antibiotic prophylaxis (AP) reduces surgical site
infection rates, but prior data suggest variability in use patterns.

OBJECTIVE To assess national variability and appropriateness of AP in pediatric surgical
patients.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of 31 freestanding children’s
hospitals in the United States using administrative data from 2010-2013. The study included
603 734 children younger than 18 years who underwent one of the 45 most commonly
performed operations.

EXPOSURES Receipt of surgical AP.

MAIN OUTCOMES AND MEASURES Primary outcomes included procedure- and
hospital-specific rates of AP use and appropriateness of use based on clinical guidelines and
consensus statements. We also assessed rates of Clostridium difficile infection and potential
allergic reactions (using epinephrine administration as a surrogate event) after AP receipt.

RESULTS Of the 603 734 eligible patients, the mean (SD) patient age was 4.8 (4.4) years and
384 571 (63.7%) were boys. For the 671 255 operations evaluated, AP was administered for
348 119 (52%) of procedures. Intrahospital variation in AP use by procedure ranged from
11.5% to 100% (median, 78.1%). Overall, AP use was considered appropriate for 64.6% of
cases. Appropriate use of AP by hospital varied from 47.3% to 84.4% with large variability by
procedure within each hospital. For procedures for which AP was indicated, the median rate
of appropriate use by hospital was 93.8%; however, for procedures for which AP was not
indicated, the median rate of appropriate use by hospital was 52.0%. The odds of C difficile
infection and epinephrine administration were significantly higher among children who
received AP (odds ratio, 3.34; 95% CI, 1.66-6.73 and odds ratio 1.97; 95% CI, 1.92-2.02;
respectively).

CONCLUSIONS AND RELEVANCE There is substantial national variability in the overall and
appropriate use of AP for the most commonly performed operations in children both at a
procedure and hospital level. A high proportion of AP use is inappropriate, potentially
exposing many children to avoidable adverse events. Urgent attention should be directed to
efforts to standardize the use of surgical AP in pediatrics.
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S urgical site infection (SSI) is one of the most common
complications of adult and pediatric surgery and is as-
sociated with significant morbidity and mortality. Pre-

vious studies, including the initial phase of the American Col-
lege of Surgeons’ National Surgical Quality Improvement
Pediatric Program, suggest that SSI occurs in 1% to 4% of chil-
dren after surgery.1-5 Appropriate use of perioperative surgi-
cal antibiotic prophylaxis (AP) to reduce the burden of micro-
organisms at the surgical site and thereby minimize
intraoperative wound contamination reduces the incidence of
SSI for procedures for which AP is indicated.6-9 At the same
time, there is increasing evidence that inappropriate use of AP
has potentially negative consequences, including antibiotic-
related adverse drug events and Clostridium difficile infec-
tion (CDI) at the patient level, the emergence of resistant or-
ganisms, and an increase in health care costs at the population
level.10-17

While data and guidelines for surgical AP use in adult pa-
tients are available, the trend in surgical AP use for pediatric
patients is not well understood.1,4-6,18 We previously exam-
ined AP use among children undergoing general surgical and
urologic operations and found that 40% of patients received
antibiotics when there was no indication for prophylaxis.17

Given that more than 200 000 pediatric inpatient surgical pro-
cedures are performed in the United States each year,19 ensur-
ing appropriate use of surgical AP in children should be a pub-
lic health priority.

The objectives of this study were to characterize the vari-
ability in surgical AP use in the pediatric population across a
wide variety of surgical subspecialties and to examine the ap-
propriateness of surgical AP administration, with a focus on
indications for antibiotic prophylaxis for specific operations.
In addition, we sought to identify adverse events potentially
attributable to inappropriate use of AP.

Methods
We conducted a retrospective cohort study using the Pediatric
Health Information System (PHIS) database of the Children’s
Hospital Association (Overland Park, Kansas). The PHIS is a de-
identified administrative database containing data from 47 free-
standing tertiary pediatric hospitals located in nearly all major
metropolitan areas throughout the United States. Participating
hospitalsprovidedatafrominpatient,outpatient,andemergency
encounters including diagnostic and procedural International
Classification of Diseases, Ninth Revision, Clinical Modification
codes, demographic information, and billing data (including de-
tailed pharmacologic billing data). These data undergo multiple
reliability and validity checks prior to entry in the database. This
study was approved by the Boston Children’s Hospital Commit-
tee on Clinical Investigation. A waiver of informed consent was
granted because the study was determined to be minimal risk
and because the PHIS dataset is deidentified.

Study Population
Diagnostic and procedural International Classification of Dis-
eases, Ninth Revision, Clinical Modification codes were used to

identify a cohort of patients younger than 18 years who un-
derwent one of the 45 most commonly performed operative
procedures by volume between January 1, 2010, and Decem-
ber 31, 2013. To restrict our analysis to cases where AP was rel-
evant, we excluded cases where patients were already receiv-
ing antibiotics before surgery (defined as receipt of any type
of antibiotic more than 1 day prior to the procedure but dur-
ing the same admission) and cases where cultures were ob-
tained within 48 hours prior to surgery (indicating the possi-
bility of a contaminated case). To ensure that AP use could be
attributed to an individual procedure, cases where multiple
procedures were performed at the same time were excluded.
We excluded cases in which another procedure was per-
formed within 30 days before or after the primary procedure
to attribute subsequent CDI episodes to a single procedure. We
also excluded patients who were hospitalized for more than 2
days prior to the surgical procedure to identify operations that
were the primary reason for hospitalization and to increase the
likelihood that antibiotics on the day of the procedure were
given for surgical prophylaxis. We excluded ophthalmologic
and dentistry cases and patients with a prior cardiac opera-
tion because a subset of these patients may have received an-
tibiotic prophylaxis for an underlying condition. Cases where
AP use may have been associated with underlying immuno-
deficiency were excluded by the presence of a diagnosis code
for immunodeficiency disorder, cancer, history of trans-
plant, diabetes mellitus, malnutrition, or receipt of oral or in-
travenous steroids (other than dexamethasone, which was as-
sumed to be given as postoperative nausea and vomiting
prophylaxis) on the day before or day of surgery. Finally, we
excluded 10 hospitals for which review of data quality re-
ports suggested concerns about data completeness and
quality for that time.

Procedure-Specific Antibiotic Prophylaxis Utilization Rates
Patients were defined as having received AP if there was a
charge for parenteral administration of any antibiotic on the
same calendar day as the surgical procedure. Procedure-
specific AP utilization rates were calculated for all 45 proce-
dures by dividing the number of patients undergoing a spe-
cific procedure who received AP by the total number of patients
undergoing that procedure. Procedure-specific utilization rates
were calculated for the entire cohort and for each individual
hospital. To capture intrahospital variation among the surgi-
cal procedures, a median AP utilization rate and interquartile

Key Points
Question What is the variability and appropriateness of surgical
antibiotic prophylaxis in US children’s hospitals?

Findings In this cohort study using administrative data for 671 255
operations, surgical antibiotic prophylaxis was appropriate for
64.6% of cases, with substantial variability at a procedure and
hospital level.

Meaning Strategies to standardize use of surgical antibiotic
prophylaxis among children are required to reduce unnecessary
antibiotic exposure and minimize unintended consequences.
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range was calculated for each procedure based on each of the
31 hospitals’ utilization rate for that procedure.

Appropriate and Inappropriate Antibiotic Prophylaxis
To define procedures for which AP was indicated, we conducted
acomprehensiveliteraturesearchforspecialty-specificAPguide-
linesandconsensusstatements,whichwasthencross-referenced
with Centers for Disease Control and Prevention recommenda-
tions and a multisociety clinical practice guideline for antimicro-
bial prophylaxis in surgery.20 Based on this literature review, we
definedAPuseasindicatedforallclean-contaminatedprocedures
(entrance of gastrointestinal, genitourinary, or respiratory tract
with minimal soilage) and clean procedures with potential for
excessivemorbidityfromaninfectiouscomplication(procedures
involving the central nervous system, open fractures, and the in-
sertion of central catheters and other prosthetic devices). See the
eTable in the Supplement for our categorization scheme for the
45 procedures in this study.

Procedure-specificappropriateAPusewascalculatedbyadd-
ing the number of cases receiving AP for a particular procedure
where AP use was indicated and the number of cases in which
AP was not given when not indicated, and dividing this sum by
the total number of patients undergoing that procedure.

Hospital-specific appropriate AP use was calculated by add-
ing the number of cases receiving AP where AP use was indicated
and the number of cases where AP was not given when not in-
dicated. This sum was then divided by the total number of cases
for that hospital. Intraprocedural variation in appropriate AP uti-
lization rates among the 31 hospitals was identified by calculat-
ing, for each hospital, a median appropriate AP utilization rate
based on the 43 to 45 procedure-specific appropriate AP utiliza-
tion rates for that hospital. A scatterplot was created to assess the
relationship between giving AP when indicated and not giving
AP when not indicated within a given hospital.

The Mantel-Haenszel test for trends was used to evaluate
the change in the overall annual appropriate use of AP from
the beginning to the end of the study.

Adverse Events Potentially Associated With
Antibiotic Prophylaxis
We examined the occurrence of 2 specific adverse drug events
potentially associated with AP: CDI and allergic reactions. C dif-
ficile infection associated with AP was captured by identifying
patients with an International Classification of Diseases, Ninth Re-
vision, Clinical Modification code for CDI (008.45) within 30 days
after the index procedure. This diagnostic code has been shown
to reliably and accurately identify children with CDI.21 Receipt
of diphenhydramine or epinephrine by any route on the day of
surgery was identified as a surrogate for the potential presence
of an allergic reaction. Logistic regression analyses were used to
determine whether AP use was associated with CDI within 30
days and perioperative allergic reactions.

Results
The final cohort included 603 734 eligible patients from 31 hos-
pitals who underwent 671 255 procedures during the study pe-
riod (Figure 1). A median of 19 851 surgical cases (range, 4710-
52 438) were performed per hospital. The mean (SD) patient
age was 4.8 (4.4) years and 384 571 (63.7%) were male. Most
procedures (n = 566 304; 84%) were performed in an ambu-
latory surgery setting, while 49 327 (7%) were inpatient and
49 177 (7.3%) were observation cases. Surgical antibiotic pro-
phylaxis was administered for 348 119 of the 671 255 proce-
dures (51.9%), with the proportion receiving AP ranging from
24.6% to 78.9% across centers. The median procedure-
specific AP utilization rate was 78.1%, ranging from a low of
11.5% of cases receiving AP for laryngeal procedures to a high
of 100% for ventriculostomy, ventriculoperitoneal shunt, and
spinal cord procedures. The procedures with the greatest vari-
ability by hospital for AP use included chordee repair, ure-
theral meatoplasty, and circumcision (Figure 2).

For the entire cohort, AP was defined as indicated for 250 287
of 671 255 cases (37.3%), and AP was actually administered for
180 483 of these cases (72.1%). For the remaining 420 968 pro-
cedures for which AP was not indicated, AP was administered
for 167 636 cases (39.8%). Overall, AP use was considered appro-
priate for 433 815 of 671 255 cases (64.6%; 95% CI, 64.5%-64.7%).
Appropriate use of AP by hospital varied from 47.3% to 84.4%,
withlargevariabilitybyprocedurewithineachhospital(Figure3).
Figure 4 displays the relationship by hospital between giving AP
when indicated and not giving AP when not indicated. Over the
4-year study, there was a minimal but statistically significant in-
crease in the annual appropriate use of AP (63.5% in 2010 com-
pared with 64.8% in 2013, P < .001).

Clostridium difficile infection was documented in 46 of
671 255 cases (0.7 per 10 000 cases) within 30 days after sur-
gery. Children who received AP had significantly higher odds
of developing CDI (Table). Diphenhydramine was adminis-
tered after surgery in 7292 of 671 255 cases (1.1%) and epineph-
rine was administered in 26 199 of 671 255 cases (3.9%);

Figure 1. Cohort Assembly

788 487 Operations (41 hospitals contributed
data in 2010) January 1, 2010-
December 31, 2013

753 909 Operations (31 hospitals)

671 255 Operations included in analyses

34 578 Operations (10 hospitals excluded because
of incomplete data)

2544 Diabetes

82 654 Excluded

40 206 Another operation within 30 d

8336 Hospitalized >2 d before operation

15 466 Steroids day of or day prior
to operation

10 924 Cardiac operation or diagnosis

837 Failure to thrive or malnutrition

2213 Culture sent within 48 h prior
to operation

1237 History of solid organ transplant

718 Oncology visit within 60 d before
or after operation

101 Oral erythromycin or neomycin
the day prior

72 Human immunodeficiency
virus infection 
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children who received AP had significantly higher odds of re-
ceiving these medications (Table).

Discussion
We found that there is substantial national hospital- and pro-
cedure-level variation in the use of antibiotic prophylaxis in
children undergoing surgery in the United States, and a sub-
stantial proportion of this AP use may be inappropriate. To our
knowledge, this is the first large-scale examination of na-
tional surgical AP use in children with a scope from procedure-
specific to hospital-specific AP practices. Our results are con-

sistent with existing literature describing variation in AP
use,22-29 although pediatric data about surgical AP use are
limited. In a study of AP use at 4 children’s hospitals between
1999 and 2000, practice was not in accordance with Ameri-
can Academy of Pediatrics guidelines in almost half of the
procedures; use of AP in clean procedures where it may not
have been necessary was identified as an opportunity for
improvement.29 More than 50% of surveyed pediatric sur-
geons in the United Kingdom and Ireland do not recommend
AP for pyloromyotomy.30 In a survey of US pediatric sur-
geons, 99% reported using intravenous antibiotics for colo-
rectal surgery, but there was variability in the use of oral an-
tibiotics as part of preoperative bowel preparation.31 Although

Figure 2. Interhospital Variation in Surgical Antibiotic Prophylaxis Among the 45 Most Commonly Performed
Operations, 2010-2013

8070605403020100 90 100

Procedure

Median Antibiotic Utilization Rate (IQR)

Procedures involving spinal cord (n = 2216)

Ventriculoperitoneal shunt (n = 1016)

Ventriculostomy (n = 270)

Posterior spine fusion (n = 7046)

Correction of ureteral obstruction (n = 2436)

Excision of brain lesion (n = 1857)

Replace or repair ventricular shunt (n = 1607)

Ureteroneocystostomy (n = 5303)

Cleft palate repair (n = 5103)

Cleft lip repair (n = 4773)

Repair of ligament injury (n = 5209)

Laparoscopic appendectomy (n = 9529)

Small bowel resection (n = 333)

Open appendectomy (n = 293)

ORIF femur fracture (n = 412)

ORIF radius/ulna fracture (n = 2221)

ORIF humeral fracture (n = 2595)

Laparoscopic antireflux procedure (n = 919)

Internal fixation of femur fracture  (n = 2130)

ORIF tibial/fibular (n = 2527)

Laparoscopic cholecystectomy (n = 4276)

Myringotomy (n = 179 571)

Hypospadias/epispadias repair (n =16 895)

Removal of femur hardware (n = 6425)

Repair of tendon contracture (n = 4423)

ORIF humerus fracture (n = 5097)

Correction of vesicoureteral reflux (n = 1566)

Removal of tibial/fibular hardware (n = 4234)

Myringoplasty (n = 14 748)

Excision of benign soft tissue lesion (n = 5590)

Chordee repair (n = 4589)

Excision of skin lesion (n = 6404)

Repair of stenosing tenosynovitis (n = 4450)

Uretheral meatoplasty (n = 5463)

Adenoidectomy (n = 52 446)

Orchiectomy (n = 2802)

Pyloromyotomy (n = 1932)

Lymph node biopsy (n = 1624)

Circumcision (n = 51 568)

Orchiopexy (n = 23 524)

Tonsillectomy and adenoidectomy (n = 141 261)

Tonsillectomy (n = 12 043)

Inguinal hernia (n = 41 784)

Umbilical hernia repair (n = 16 257)

Laryngeal procedures (n = 4668)

Indicated

Not indicated

Open circles represent procedures
for which prophylaxis was indicated;
closed circles represent procedures
for which prophylaxis was not
indicated; and horizontal bars
represent interquartile range by
hospital. ORIF indicates open
reduction internal fixation.
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we did not attempt to examine postoperative duration of AP
use in our study, this issue is also extremely important be-
cause data show that prolonged AP use after surgery does not
reduce the risk of SSI but does increase the risk of antibiotic-
resistant bacteria.32 Two additional aspects of appropriate an-
tibiotic prophylaxis that we did not evaluate for this study in-
clude selection of an antibiotic with appropriate spectrum of
activity for the type of operation and timing of administra-
tion of the perioperative dose.

We found that many children did not receive antibiotics
when prophylaxis was indicated, and an even greater propor-
tion received AP despite a lack of clear benefit. The impor-
tance of proper AP use cannot be overemphasized because ap-
propriate use of AP is associated with decreased incidence of

SSI after a variety of operations.18,20 However, antibiotics are
one of the most common medication classes associated with
potential adverse drug events in children,33 and studies have
demonstrated that CDI can occur after exposure to periopera-
tive AP.11,17,34,35 In this study, we found that across a wide spec-
trum of pediatric surgical procedures, administration of AP was
associated with both CDI and proxy measures of potential al-
lergic reaction after surgery. Further studies should assess ad-
verse drug reactions related to AP use in more detail.

There are several possible explanations for the observed
variation in AP use between and within hospitals and proce-
dures. Perhaps the most likely contributing factor is the lack
of pediatric-specific guidelines for AP use.6,20 In this regard,
some disagreement exists between adult-derived consensus
guidelines and pediatric-focused observational data. For ex-
ample, while pyloromyotomy is considered a clean proce-
dure for which AP is not indicated in adults, data suggest that
AP may provide benefit for pediatric patients.36 In addition,
SSI risk classification systems such as those from the Study of
Efficacy of Nosocomial Infection Control and the Centers for
Disease Control and Prevention’s National Healthcare Safety
Network have largely been derived from data from adult sur-
gical populations. Whereas underlying comorbidities heavily
influence adult SSI risk, data indicate that procedure-specific
factors and markers of acute physiologic status strongly pre-
dict SSI risk in children.2,3 Therefore, some pediatric sur-
geons may not consider adult AP guidelines to be relevant for
their patients. Finally, factors such as physician training en-
vironment, patient demands, and medical reimbursement
structures may contribute to physician decisions to prescribe
antibiotics.37,38

This study has several limitations. As with any study using
administrative data, the possibility of misclassification

Figure 4. Interhospital Relationship Between Giving Prophylaxis
When Indicated and Not Giving Prophylaxis When Not Indicated
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Figure 3. Interprocedural Variation in Appropriate Surgical Antibiotic Prophylaxis Among 31 Freestanding Children’s Hospitals, 2010-2013

100

70

M
ed

ia
n

 A
p

p
ro

p
ri

at
e 

A
n

ti
b

io
ti

c 
U

ti
li

za
ti

o
n

 R
at

e

Hospital

40

10

0

80

50

20

90

60

30

1

+

2

+

3

+

4

+

5

+

6

+

7

+

8

+

9

+

10

+

11

+

12

+

13

+

14

+

15

+

16

+

17

+

18

+

19

+

20

+

21

+

22

+

23

+

24

+

25

+

26

+

27

+

28

+

29

+

30

+

31

+

Horizontal lines inside the box represent the median appropriate utilization
rate; the borders of the box are the interquartile range (IQR); the plus sign
represents the mean appropriate utilization rate; the whiskers are drawn to the
most extreme points in the group that lie within the fences (the upper fence is

defined as the third quartile plus 1.5 times the IQR, and the lower fence is
defined as the first quartile minus 1.5 times the IQR); and circles outside the
fences represent extreme outliers.

Research Original Investigation Surgical Antibiotic Prophylaxis Use in Children’s Hospitals

574 JAMA Pediatrics June 2016 Volume 170, Number 6 (Reprinted) jamapediatrics.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2016.0019


Copyright 2016 American Medical Association. All rights reserved.

exists. In particular, miscoding of surgical procedures and lack
of charges for antibiotic administration could affect our find-
ings. However, PHIS data undergo several validation steps prior
to inclusion in the database, which reduces the likelihood of
these errors. In addition, we assumed that antibiotics admin-
istered on the day of surgery were being used for surgical pro-
phylaxis. Although this is likely a valid assumption in most
cases, the precise indication for antibiotic administration for
a given patient cannot be determined using PHIS data. We did
not evaluate operations that were not among the 45 most com-
monly performed procedures (notably, no cardiac surgeries
were among this group), but variation in other procedures is
equally important to understand. Finally, the hospitals con-
tributing data to PHIS are metropolitan, tertiary-care, aca-

demic pediatric hospitals, which may limit the generalizabil-
ity of our findings for community or nonacademic settings.

Conclusions
Surgical antibiotic prophylaxis is associated with both poten-
tial benefits and risks for individual patients, and it has im-
portant public health implications on a population level with
respect to antibiotic resistance and health care costs. Addi-
tional research is urgently needed to document the procedure-
specific risk of SSI among pediatric patients and to establish
strategies to improve AP use for children to prevent SSI and
minimize unintended consequences.
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