BENDING THE VALUE CURVE

To Spinal Tap or Not To Spinal Tap,
That Is the Question
Thomas J. Lee, MD,a Paul L. Aronson, MDa,b

CASE PRESENTATION
Marcia is a 35-day-old, previously healthy girl who presents to the emergency department (ED) for “feeling warm.”
Marcia has been feeding well with a normal amount of wet diapers. There are no other symptoms, including no
fussiness, rash, rhinorrhea, diarrhea, vomiting, cough, or respiratory distress. Marcia had been alert and happy at
home, but this evening she felt warm to her mother’s touch. Marcia’s birth history was unremarkable; she was born
at term via vaginal delivery without complication and after appropriate prenatal care. She enjoys a diet of breast
milk and has been growing and developing well.
In the ED, Marcia’s vital signs are as follows: rectal temperature is 101.9°F, heart rate is 140 beats per minute,
respiratory rate is 45 breaths per minute, blood pressure is 76/51, and pulse oximetry is 99% on room air. She is
well appearing with no signiﬁcant ﬁndings on physical examination. A complete blood count, procalcitonin, blood
culture, urinalysis, and catheterized urine culture are obtained and sent for analysis. Her laboratory values are
notable for a peripheral white blood cell count of 10 000 cells/mL with an absolute neutrophil count of 7000 cells/mL
and no band cells. Her procalcitonin is 0.25 ng/mL, and the urinalysis is negative for leukocyte esterase and nitrites
with no leukocytes on microscopy. A lumbar puncture is performed, and on the third attempt, cerebrospinal ﬂuid
(CSF) is obtained with results as follows: white blood cell count is 20 cells/mL, red blood cell count is 14 000 cells/
mL, protein is 71 mg/dL, and glucose is 60 mg/dL. Because of the CSF pleocytosis, Marcia is admitted to the general
pediatrics ﬂoor after receipt of ampicillin and ceftriaxone at meningitic dosing. She is hospitalized on intravenous
antibiotics for 36 hours. During the hospital stay, her intravenous line inﬁltrates after her second dose of antibiotics,
which leads to the placement of a second intravenous line after multiple attempts. Marcia is ultimately discharged
from the hospital with outpatient follow-up and instructions to return if she becomes ill appearing. Her urine, blood,
and CSF culture results remain negative for 5 days.

WHAT IS THE VALUE OF CSF TESTING IN FEBRILE INFANTS?
Evaluation and management of the febrile infant ,90 days of age is a common scenario for general pediatricians,
emergency medicine physicians, and hospitalists.1 Although the prevalence of serious bacterial infection (SBI) in
febrile infants is ∼10%,2,3 most of these infections are urinary tract infections. Bacterial meningitis is rare, with an
overall prevalence of ∼0.6% in febrile infants,4 and is even lower among well-appearing febrile infants .28 days of

www.hospitalpediatrics.org
DOI:https://doi.org/10.1542/hpeds.2017-0207
Copyright © 2018 by the American Academy of Pediatrics
Address correspondence to Paul L. Aronson, MD, Department of Pediatrics, Section of Pediatric Emergency Medicine, Yale School of
Medicine, 100 York St, Suite 1F, New Haven, CT 06511. E-mail: paul.aronson@yale.edu
HOSPITAL PEDIATRICS (ISSN Numbers: Print, 2154-1663; Online, 2154-1671).
FINANCIAL DISCLOSURE: The authors have indicated they have no ﬁnancial relationships relevant to this article to disclose.
FUNDING: Supported by the Clinical and Translational Science Awards Program (grant KL2 TR001862) (Aronson) from the National Center
for Advancing Translational Science, a component of the National Institutes of Health (NIH). The content is solely the responsibility of the
authors and does not necessarily represent the ofﬁcial views of the NIH. Funded by the National Institutes of Health (NIH).
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conﬂicts of interest to disclose.
Dr Lee conceptualized and designed the study and drafted the initial manuscript; Dr Aronson conceptualized and designed the study and
critically revised the manuscript for important intellectual content; and all authors approved the ﬁnal manuscript as submitted.

236

a

Departments of
Pediatrics and
b
Emergency Medicine,
Yale School of Medicine,
New Haven, Connecticut

LEE and ARONSON

Downloaded from http://hosppeds.aappublications.org/ by guest on February 21, 2019

age.1,5,6 This low prevalence of meningitis
coupled with the risks and costs of lumbar
puncture and resultant hospitalization
warrants the ongoing discussion about the
value of CSF testing in a well-appearing
febrile infant.

WHAT ARE CURRENT PRACTICE
PATTERNS?
With numerous risk stratiﬁcation criteria
and algorithms available for reference,3 the
percentage of febrile infants who undergo
lumbar puncture varies widely across
institutions and clinicians.1,7 However, the
percentage of febrile infants who undergo
lumbar puncture is lower for infants
evaluated in the ofﬁce setting compared
with the ED.1,5,7 By using clinical judgment
when deciding to perform invasive testing,
primary care practitioners identify a similar
proportion of infants with bacterial
meningitis compared with those using a
more strict adherence to established
criteria. In a study of over 3000 febrile
infants in an ofﬁce setting, only 40% of
infants underwent lumbar puncture. Among
the 63 infants with bacteremia and/or
bacterial meningitis in the cohort, there
was only 1 infant with a delayed diagnosis
of bacterial meningitis, and this infant was
reported to have done well.5 In a recent
study at Kaiser Permanente, researchers
found that up to one-third of febrile infants
did not have any bacterial cultures
obtained, including 24% of infants 7 to
28 days old, without associated poor
outcomes or increased return visits.
Furthermore, there was no delayed
identiﬁcation of bacteremia or bacterial
meningitis in the cohort.1 These outpatient
investigations are in contrast to studies of
management in the pediatric ED that have
revealed that neonates #28 days of age
routinely undergo lumbar puncture and
hospitalization, whereas ∼50% of
infants 29 to 56 days have CSF
testing performed.7–9

ARE THERE RISKS WITH
ROUTINE VERSUS SELECTIVE CSF
TESTING?
One can argue that febrile infants managed
in the primary care ofﬁce are fundamentally
different from those evaluated in the ED,

particularly in regard to reliable follow-up.
Although this may partially explain the
differences in management, the potential
downsides to strategies that use routine
versus more selective lumbar puncture
must also be identiﬁed. For well-appearing
febrile infants who are otherwise low risk
for an SBI, the risk of not performing a
lumbar puncture is a delay in diagnosis of
bacterial meningitis. The following risk
stratiﬁcation algorithms do not include CSF
testing: the Rochester criteria,10 the
modiﬁed Philadelphia protocol,11 and the
Step-by-Step approach.6 Although these
algorithms differ in their age cutoffs and
in the speciﬁc laboratory tests used to
deﬁne low risk, infants who are older than
28 days, well appearing, and have
reassuring urine and blood test results
have a risk of meningitis as low as 0%;
however, the small number of cases of
meningitis make this risk estimate
imprecise.6,10,11 In addition, although
meningitis is associated with mortality and
neurologic morbidity in young infants,12,13
the few infants who were deemed low risk
through stratiﬁcation strategies but were
ultimately diagnosed with meningitis have
had reportedly good outcomes.3 However,
there is a paucity of data on these infants
given the very small number of infants in
the published literature that were initially
stratiﬁed as low risk and then subsequently
diagnosed with meningitis; therefore, the
absolute risk of an adverse outcome is
unclear.3 What is clear is that the prevalence
of bacterial meningitis is very low among
these otherwise low-risk infants.
The reverse side of the coin is the potential
downside to routine performance of lumbar
punctures. First, the results of the CSF
testing can be ambiguous. As in our patient,
traumatic lumbar punctures can cloud the
use of risk stratiﬁcation criteria.
Approximately 14% to 18% of lumbar
punctures attempted are either traumatic
or unsuccessful.14,15 Additionally, certain
factors may increase the probability of a
traumatic or unsuccessful lumbar puncture
in a febrile infant, such as performance of
the procedure by a less experienced
provider, absence of local anesthetic use,
and advancement of the spinal needle with
the stylet in place.16 Given the inherent

difﬁculty in the interpretation of CSF results,
traumatic lumbar punctures lead to more
hospitalizations,14 which in turn result in
higher costs.8 This increased resource use
occurs despite a similar prevalence of
bacterial meningitis in these infants
compared with those with nontraumatic
lumbar punctures.14,15 In addition to
unnecessary hospitalization, traumatic
lumbar punctures may also lead to repeat
procedures, which ampliﬁes the risk of
iatrogenic morbidity. Furthermore, a higher
proportion of positive CSF culture results
represents contaminants rather than true
pathogens,17 which can result in prolonged
hospital stay and longer duration of
intravenous antibiotics.
It is also important to note the potential
“downstream” effects of lumbar puncture
and hospitalization. The performance of
lumbar puncture with subsequent
hospitalization is highly stressful and
anxiety provoking for parents.18 Additionally,
hospitalized infants may be exposed to
nosocomial infections and iatrogenic
complications that carry risks and
associated costs. Speciﬁcally, up to 20%
of febrile infants have been reported to
experience a complication during the
hospitalization, which range from the
inﬁltrated intravenous line in our case to
uncommon but more serious adverse
events.3,19 Lastly, hospitalized infants often
receive empirical intravenous antibiotic
therapy,7 and antibiotic use in early infancy
is linked to asthma and pediatric obesity,
each with potential morbidity.20–22

RISK TOLERANCE
Weighing all of these factors, the decision to
perform a lumbar puncture and hospitalize
a febrile infant is often based on
tolerance of risk. Given the low prevalence
of bacterial meningitis in low-risk febrile
infants, particularly by using newer
algorithms such as the Step-by-Step
approach,6 many well-appearing febrile
infants .28 days of age do not require a
lumbar puncture and hospitalization. The
decision on whether to perform a lumbar
puncture should take into account not just
the physician’s tolerance for risk and
conﬁdence in the examination of young
infants but also the risk tolerance of the
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parents through a shared decision-making
process.23 The decision will also depend on
the ability to ensure close follow-up and,
therefore, engagement of the primary
care physician may also be of beneﬁt.
Implementation of evidence-based protocols
for management of febrile infants, such
as the care process model implemented in
the Intermountain Healthcare system, can
also improve resource use and diagnosis of
SBI while simultaneously lowering costs.24
Further studies are still needed to assess
outcomes for infants who experience
a delayed diagnosis of SBI, particularly
meningitis, as well as to evaluate the
outpatient management without lumbar
puncture for low-risk neonates 7 to 28 days
of age.3 Ultimately, outpatient observation
without lumbar puncture for low-risk
febrile infants is a cost-effective,
value-based management strategy for
this patient population.

REFERENCES
1. Greenhow TL, Hung YY, Pantell RH.
Management and outcomes of
previously healthy, full-term, febrile
infants ages 7 to 90 days. Pediatrics.
2016;138(6):e20160270
2. Huppler AR, Eickhoff JC, Wald ER.
Performance of low-risk criteria in the
evaluation of young infants with fever:
review of the literature. Pediatrics. 2010;
125(2):228–233
3. Hui C, Neto G, Tsertsvadze A, et al.
Diagnosis and management of febrile
infants (0-3 months). Evid Rep Technol
Assess (Full Rep). 2012;205:1–297
4. Cruz AT, Mahajan P, Bonsu BK, et al;
Febrile Infant Working Group of the
Pediatric Emergency Care Applied
Research Network. Accuracy of complete
blood cell counts to identify febrile
infants 60 days or younger with invasive
bacterial infections. JAMA Pediatr. 2017;
171(11):e172927
5. Pantell RH, Newman TB, Bernzweig J,
et al. Management and outcomes of care
of fever in early infancy. JAMA. 2004;
291(10):1203–1212
6. Gomez B, Mintegi S, Bressan S, Da Dalt L,
Gervaix A, Lacroix L; European Group for

Validation of the Step-by-Step Approach.
Validation of the “Step-by-Step”
approach in the management of young
febrile infants. Pediatrics. 2016;138(2):
e20154381
7. Aronson PL, Thurm C, Alpern ER, et al;
Febrile Young Infant Research
Collaborative. Variation in care of
the febrile young infant ,90 days in
US pediatric emergency
departments. Pediatrics. 2014;
134(4):667–677
8. Aronson PL, Thurm C, Williams DJ, et al;
Febrile Young Infant Research
Collaborative. Association of clinical
practice guidelines with emergency
department management of febrile
infants #56 days of age. J Hosp Med.
2015;10(6):358–365
9. Chua KP, Neuman MI, McWilliams JM,
Aronson PL; Febrile Young Infant
Research Collaborative. Association
between clinical outcomes and hospital
guidelines for cerebrospinal ﬂuid testing
in febrile infants aged 29-56 days.
J Pediatr. 2015;167(6):1340–1346.e9
10. Jaskiewicz JA, McCarthy CA, Richardson
AC, et al. Febrile infants at low risk
for serious bacterial infection—an
appraisal of the Rochester criteria and
implications for management. Febrile
Infant Collaborative Study Group.
Pediatrics. 1994;94(3):390–396
11. Scarfone R, Murray A, Gala P, Balamuth F.
Lumbar puncture for all febrile infants
29-56 days old: a retrospective cohort
reassessment study. J Pediatr. 2017;187:
200–205.e1
12. de Louvois J, Halket S, Harvey D.
Neonatal meningitis in England and
Wales: sequelae at 5 years of age. Eur
J Pediatr. 2005;164(12):730–734
13. Libster R, Edwards KM, Levent F, et al.
Long-term outcomes of group B
streptococcal meningitis. Pediatrics.
2012;130(1). Available at: www.
pediatrics.org/cgi/content/full/130/1/e8
14. Pingree EW, Kimia AA, Nigrovic LE. The
effect of traumatic lumbar puncture on
hospitalization rate for febrile infants

28 to 60 days of age. Acad Emerg Med.
2015;22(2):240–243
15. Lyons TW, Cruz AT, Freedman SB, et al;
Pediatric Emergency Medicine Clinical
Research Network (PEM CRC)
Herpes Simplex Virus Study Group.
Interpretation of cerebrospinal ﬂuid
white blood cell counts in young
infants with a traumatic lumbar
puncture. Ann Emerg Med. 2017;69(5):
622–631
16. Nigrovic LE, Kuppermann N, Neuman MI.
Risk factors for traumatic or unsuccessful
lumbar punctures in children. Ann
Emerg Med. 2007;49(6):762–771
17. Leazer R, Erickson N, Paulson J, et al.
Epidemiology of cerebrospinal ﬂuid
cultures and time to detection in term
infants. Pediatrics. 2017;139(5):e20163268
18. Paxton RD, Byington CL. An examination
of the unintended consequences of the
rule-out sepsis evaluation: a parental
perspective. Clin Pediatr (Phila). 2001;
40(2):71–77
19. DeAngelis C, Joffe A, Wilson M, Willis E.
Iatrogenic risks and ﬁnancial costs of
hospitalizing febrile infants. Am J Dis
Child. 1983;137(12):1146–1149
20. Kozyrskyj AL, Ernst P, Becker AB.
Increased risk of childhood asthma from
antibiotic use in early life. Chest. 2007;
131(6):1753–1759
21. Trasande L, Blustein J, Liu M, Corwin E,
Cox LM, Blaser MJ. Infant antibiotic
exposures and early-life body mass. Int J
Obes (Lond). 2013;37(1):16–23
22. Bailey LC, Forrest CB, Zhang P, Richards
TM, Livshits A, DeRusso PA. Association
of antibiotics in infancy with early
childhood obesity. JAMA Pediatr. 2014;
168(11):1063–1069
23. Aronson PL, Fraenkel L. Is shared
decision-making the right approach for
febrile infants? Pediatrics. 2017;140(3):
e20170225
24. Byington CL, Reynolds CC, Korgenski K,
et al. Costs and infant outcomes after
implementation of a care process model
for febrile infants. Pediatrics. 2012;
130(1). Available at: www.pediatrics.org/
cgi/content/full/130/1/e16

238

LEE and ARONSON

Downloaded from http://hosppeds.aappublications.org/ by guest on February 21, 2019

To Spinal Tap or Not To Spinal Tap, That Is the Question
Thomas J. Lee and Paul L. Aronson
Hospital Pediatrics 2018;8;236
DOI: 10.1542/hpeds.2017-0207 originally published online March 22, 2018;

Updated Information &
Services

including high resolution figures, can be found at:
http://hosppeds.aappublications.org/content/8/4/236

References

This article cites 21 articles, 7 of which you can access for free at:
http://hosppeds.aappublications.org/content/8/4/236.full#ref-list-1

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Emergency Medicine
http://classic.hosppeds.aappublications.org/cgi/collection/emergency
_medicine_sub
Hospital Medicine
http://classic.hosppeds.aappublications.org/cgi/collection/hospital_m
edicine_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
https://shop.aap.org/licensing-permissions/

Reprints

Information about ordering reprints can be found online:
http://classic.hosppeds.aappublications.org/content/reprints

Downloaded from http://hosppeds.aappublications.org/ by guest on February 21, 2019

To Spinal Tap or Not To Spinal Tap, That Is the Question
Thomas J. Lee and Paul L. Aronson
Hospital Pediatrics 2018;8;236
DOI: 10.1542/hpeds.2017-0207 originally published online March 22, 2018;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://hosppeds.aappublications.org/content/8/4/236

Hospital Pediatrics is the official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 2012. Hospital Pediatrics is owned,
published, and trademarked by the American Academy of Pediatrics, 345 Park Avenue, Itasca,
Illinois, 60143. Copyright © 2018 by the American Academy of Pediatrics. All rights reserved.
Print ISSN: 2154-1663.

Downloaded from http://hosppeds.aappublications.org/ by guest on February 21, 2019

