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Sensitivity of C-reactive protein cut-off values for
pyogenic spinal infection in the

emergency department

William T. Davis
Gregory Boys, MDT; Steven Shroyer, MD?

CLINICIAN’S CAPSULE

What is known about the topic?

Pyogenic spinal infection diagnostic protocols commonly
use C-reactive protein measurements to help inform deci-
sions to obtain spinal imaging.

What did this study ask?

How sensitive were various C-reactive protein cut-offs for
pyogenic spinal infection among emergency department
adults with neck or back pain?

What did this study find?

Elevated C-reactive protein cut-off values from 10-30 mg/
L were sensitive (90.4% to 100%) for pyogenic spinal
infection.

Why does this study matter to clinicians?

The use of C-reactive protein cut-off values above the
upper limit of normal may safely decrease magnetic res-
onance imaging utilization for spinal infection.

ABSTRACT

Objectives: The aim of this study was to describe the sensitiv-
ity of various C-reactive protein (CRP) cut-off values to identify
patients requiring magnetic resonance imaging evaluation for
pyogenic spinal infection among emergency department (ED)
adults presenting with neck or back pain.

Methods: We prospectively enrolled a convenience series of
adults presenting to a community ED with neck or back
pain in whom ED providers had concern for pyogenic spinal
infection in a derivation cohort from 2004 to 2010 and a
validation cohort from 2010 to 2018. The validation cohort
included only patients with pyogenic spinal infection. We
analysed diagnostic test characteristics of various CRP
cut-off values.
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Results: We enrolled 232 patients and analysed 201 patients.
The median age was 55 years, 43.8% were male, 4.0% had his-
tory of intravenous drug use, and 20.9% had recent spinal sur-
gery. In the derivation cohort, 38 (23.9%) of 159 patients had
pyogenic spinal infection. Derivation sensitivity and specificity
of CRP cut-off values were > 3.5 mg/L (100%, 24.8%), > 10 mg/L
(100%, 41.3%), > 30 mg/L (100%, 61.2%), and > 50 mg/L (89.5%,
69.4%). Validation sensitivities of CRP cut-off values were > 3.5
mg/L (97.6%), > 10 mg/L (97.6%), > 30 mg/L (90.4%), and > 50
mg/L (85.7%).

Conclusions: CRP cut-offs beyond the upper limit of normal
had high sensitivity for pyogenic spinal infection in this adult
ED population. Elevated CRP cut-off values of 10 mg/L and
30 mg/L require validation in other settings.

RESUME

Objectif: L'étude visait a comparer la sensibilité de différentes
valeurs seuils de la protéine C-réactive (CRP) permettant de
distinguer, parmi les adultes examinés au service des
urgences (SU) pour des douleurs au dos ou au cou, ceux qui
doivent passer un examen par imagerie par résonance mag-
nétique aux fins d’évaluation d’une infection pyogéne du
rachis.

Méthode: Il s'agit une étude prospective, réalisée dans un
échantillon de commodité, formé d'adultes examinés dans
un SU communautaire, pour des douleurs au dos ou au cou
dont les signes faisaient craindre une infection pyogéne du
rachis; une cohorte de dérivation a été formée de 2004 a
2010 et une cohorte de validation, de 2010 a 2018. Cette der-
niére n’était constituée que des patients souffrant d'une infec-
tion pyogene du rachis. Ont été analysées les caractéristiques
des examens de diagnostic a différentes valeurs seuils de la
CRP.
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Résultats: Sur 232 patients recrutés, 201 ont fait I'objet d’ana-
lyse. L’age médian était de 55 ans, il y avait 43,8% d’hommes,
4,0% des participants avaient déja fait usage de drogues par
voie intraveineuse et 20,9% avaient subi une opération du
rachis peu de temps auparavant. Dans la cohorte de dériv-
ation, 38 patients sur 159 (23,9%) souffraient d'une infection
pyogeéene du rachis. La sensibilité et la spécificité des valeurs
seuils de la CRP dans ce groupe se divisaient comme suit : >
3,5mg/L (100%; 24,8%), > 10 mg/L (100%; 41,3%), > 30 mg/L
(100%; 61,2%) et > 50 mg/L (89,5%; 69,4%). La sensibilité des
valeurs seuils de la CRP aux fins de validation se répartissait

INTRODUCTION

Pyogenic spinal infection includes spinal epidural abscess,
vertebral osteomyelitis, septic facet joint, and paraverteb-
ral abscess."” Clinicians frequently miss the diagnosis of
pyogenic spinal infection on initial presentation.' Delays
in diagnosis are associated with worse neurologic out-
comes.’ Cited reasons for diagnostic failure include that
pyogenic spinal infection is an uncommon disease; spinal
epidural abscess was presentin 1 of every 255 patients pre-
senting to the emergency department (ED) with neck or
back pain in one prospective study.’ Another reason for
diagnostic delay is the fact that clinical findings alone
lack adequate sensitivity to identify pyogenic spinal infec-
tion among the many ED patients presenting with the
common chief complaints of neck or back pain.*™

C-reactive protein (CRP) is an acute phase reactant,
which may be used in conjunction with the history and
physical exam to identify patients in need of advanced
spinal imaging to evaluate for pyogenic spinal infec-
tion."*~'! Published diagnostic cut-offs for CRP to
prompt spinal magnetic resonance imaging (MRI)
range from 3 to 100 mg/L, but no particular threshold
value has yet gained widespread acceptance.’”'%!?
The most commonly cited CRP diagnostic cut-off in
ED literature is any elevation beyond the upper limit
of normal, commonly 3 mg/L.>'* This diagnostic cut-
off has high sensitivity for pyogenic spinal infection at
the expense of lower specificity.'? Providers face a diffi-
cult challenge of reducing missed diagnosis of pyogenic
spinal infection without overutilizing MRI resources, as
one ED study found that 93% of spinal MRI investiga-
tions for evaluation of spinal infection were negative.'’
The optimal CRP threshold must then balance both
the priorities of sensitivity and specificity.
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ainsi : > 3,5mg/L (97,6%), > 10mg/L (97,6%), > 30 mg/L
(90,4%) et > 50 mg/L (85,7%).

Conclusion: Les valeurs seuils de la CRP au-dela de la limite
supérieure de la normale révélaient une forte sensibilité a I'in-
fection pyogene du rachis dans la population d’adultes exam-
inés au SU. Il faudrait maintenant valider les valeurs seuils
élevées de la CRP de 10 mg/L et de 30 mg/L dans d’autres
contextes.

Keywords: C-reactive protein, emergency medicine, pyogenic
spinal infection

The objective of this study was to describe the sensi-
tivity of various CRP cut-off values in identifying ED
patients requiring urgent spinal MRI evaluation for pyo-
genic spinal infection among adults presenting to the ED
with neck or back pain concerning possible pyogenic
spinal infection.

METHODS
Study design and time period

This secondary analysis of a single-centre, prospective
cohort study included a convenience sample of adults
(> 17 years old) presenting to the ED from January
2004 to August 2018 with neck or back pain in whom
the ED provider had a clinical suspicion for pyogenic
spinal infection. We enrolled a derivation cohort from
January 2004 to March 2010 and a validation cohort
from April 2010 to August 2018. The study setting was
a Southwestern United States community ED with an
annual census of approximately 50,000 patients during
the investigation period. Treating ED providers, either
physicians or physician assistants, contacted the principal
investigator by phone upon recognizing the possibility of
pyogenic spinal infection for patient enrolment. The
principal investigator screened these patients for enrol-
ment, performed focused history and physical examina-
tions related to pyogenic spinal infection, and
prospectively collected imaging, laboratory, and out-
come data from the medical record. Enrolment
depended upon the availability of the principal investiga-
tor. Enrolled patients received routine care at our institu-
tion. We did not blind providers to CRP results, which
were used in clinical decision making as per usual care
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at our institution. We previously published additional
details of enrolment procedures and variable defini-
tions.'® We adhered to the Standards for the Reporting
of Diagnostic Accuracy Studies guidelines in our
research design, reporting, and analysis.'”

Population

Inclusion criteria were adult patients (> 17 years old)
presenting to the ED with neck or back pain for possible
pyogenic spinal infection to the emergency provider.
Possible triggers for enrolment included, but were not
limited to, the presence of published historical red
flags, fever, neurologic deficits, multiple recent evalua-
tions for neck or back pain, and recent spinal surgery
or instrumentation.” The derivation phase included
both patients with and without spinal infection, and
the validation phase included only patients with pyo-
genic spinal infection. Focused history and physical
examination by the principal investigator occurred
prior to MRI results for nearly all subjects in the deriv-
ation phase. The validation phase used the same protocol
for patient identification and principal
investigator notification, but enrolment and bedside
data collection occurred after the diagnosis of spinal
infection. We excluded patients presenting to the ED
less than 5 days after spinal surgery given a persistent ele-
vation of inflammatory biomarkers during that period
regardless of whether infection was present.'™'? We
excluded patients diagnosed with tuberculous or fungal
spinal infections to allow comparison of our data to
other literature evaluating pyogenic spinal infection.
We excluded patients with missing CRP data. The hos-
pital institutional review board at Methodist Hospital
System approved the study protocol, and all patients pro-
vided verbal consent as per the waiver for documentation
of informed consent.

Diagnostic testing

CRP measurements were obtained using commercially
available Dimension RXL Chemistry analyser (Dade
Behring, Illinois, United States) from 2004 to 2013
and Dimension Vista 1500 AG autoanalyser (Siemens,
Washington, D.C., United States) from 2013 to 2019.
CRP measurements were reported in units of milligrams
per litre. The lower reporting level of CRP at our insti-
tution coincided with our upper limit of normal. This
value was 3.5 mg/L from 2004 to 2009 and 3.1 mg/L
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from 2009 to 2019.*° ED physicians did not routinely
obtain an erythrocyte sedimentation rate to allow the
reporting of this measurement.

Outcome measures

Pyogenic spinal infection included spinal epidural
abscess, vertebral osteomyelitis, paravertebral abscess,
and septic facet joint.” We defined pyogenic spinal
infection as present if any of three criteria was met: 1)
MRI evidence of pyogenic spinal infection per neuror-
adiologist report, 2) operative evidence of pyogenic
spinal infection per operative report, or 3) culture on
CT-guided aspiration consistent with pyogenic spinal
infection. The use of multiple reference standards
reflects the multiple diagnostic modalities used in clin-
ical practice and provided the most accurate categoriza-
tion of subjects. Two investigators evaluated each
neuroradiologist MRI report and adjudicated whether
the report indicated presence of pyogenic spinal infec-
tion. All patients analysed as negative for pyogenic
spinal infection had either a negative spinal MRI or at
least 6 months of follow-up through the medical record
showing no evidence of pyogenic spinal infection or
new neurologic deficits. We excluded patients without
pyogenic spinal infection who did not have a spinal
MRI or at least 6 months of follow-up in the medical
record.

Data analysis

This was a secondary analysis of a prospective cohort
evaluating clinical characteristics predictive of spinal
infection among adults presenting to the ED with neck
or back pain. We derived a highly sensitive cut-off
value for CRP by constructing a receiver operating char-
acteristic (ROC) curve and calculating a value to maxi-
mize sensitivity with the highest possible specificity.”!
We calculated diagnostic test characteristics for this
derived cut-off, two cut-off values from pyogenic spinal
infection literature, and a cut-off value maximizing both
sensitivity and specificity. We validated the sensitivities
of these diagnostic cut-off values in a separate cohort
which contained only patients with pyogenic spinal
infection present. We calculated 95% confidence inter-
vals (CIs) using STATA (Version 16, StataCorp, College
Station, TX). A post hoc sample size calculation with
20% prevalence, 95% expected sensitivity, and CI
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width of 8% provided a sample size estimate of 143
subjects.”?

RESULTS
Patient characteristics

We enrolled 232 patients with 179 patients in the deriv-
ation phase and 53 patients in the validation phase. We
excluded 31 patients from the analysis (Figure 1). The
most common reason for exclusion was missing CRP
data (n=22). Thirty-eight of 159 analysed patients
who enrolled between January 2004 and March 2010
in the derivation phase had pyogenic spinal infection,
and 25 patients (15.7%) had spinal epidural abscess.
The most common diagnosis among patients without
pyogenic spinal infection was nonspecific back pain
(52.2%), followed by non-spine diagnoses (10.7%),
such as pneumonia or pyelonephritis (Table 1).

The median age was 55 years (interquartile range
[IQR] 40 to 66) for the derivation cohort (n=159)
and 56 years (IQR 51 to 63.5) for the validation cohort
(n=42). In the derivation cohort, 39.0% of patients
were male and 22.6% of patients had spinal surgery
within the 90 days prior to enrolment (Table 2).
Among patients with spinal infection, a minority had

Approached: 261

l_>

Enrolled: 232

CRP for spinal infection

intravenous (IV) drug use history (7.9% in derivation
and 11.9% in validation cohorts) or had fever at any
time in the ED (36.8% in derivation and 14.3% in val-
idation cohorts).

CRP findings

Median CRP values in the derivation cohort were 120.0
mg/L (IQR 67.7 to 172.5 mg/L) among patients with
spinal infection versus 14.0 mg/L (IQR 3.8 to 78 mg/L)
among patients without spinal infection. In the derivation
cohort, the area under the ROC curve for CRP was 0.83
(Figure 2). Online Appendix Figure 1 shows the distribu-
tion of CRP values stratified by the presence of spinal
infection in the derivation and validation cohorts.

We analysed four diagnostic cut-offs for CRP
(Table 3). The upper limit of normal (> 3.5 mg/L at
our institution) and mildly elevated CRP (> 10 mg/L)
are commonly cited cut-off values.**** CRP > 30
mg/L was selected as a cut-off maximizing sensitivity
with a rounded value of 10 times the upper limit of nor-
mal (3.1 mg/L) on many analysers. CRP > 50 mg/L was
the rounded value of the cut-off maximizing both sen-
sitivity and specificity. CRP > 30 mg/L had 100% sen-
sitivity (95% CI, 90.7% to 100%) in the derivation
cohort and 90.4% sensitivity (95% CI, 77.4% to
97.3%) in the validation cohort (see Table 3). Among

Pl unavailable for

enrollment: 29

|

Derivation Phase: 179

Missing CRP: 15
Inadequate follow up: 4
Fungal spinal infection: 1

Analyzed: 159

!

Pyogenic Spinal Infection present: 38
Pyogenic Spinal Infection absent: 121
Reference standard for excluding Pyogenic
Spinal Infection:

MRI: 92
Clinical follow up: 29

Figure 1. Patient flow diagram.

CJEM * JCMU

https://doi.org/10.1017/cem.2020.402 Published online by Cambridge University Press

|

Validation phase: 53
Missing CRP: 7

No spinal infection: 3
Fungal spinal infection: 1

Analyzed: 42

!

Pyogenic Spinal Infection present: 42
Pyogenic Spinal Infection absent: 0
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Table 1. Final diagnosis of 201 analysed patients

Derivation Validation

Final diagnosis (n=159) (n=42)

Pyogenic spinal infection 38 (23.9) 42 (100)
Spinal epidural abscess 25 (15.7) 29 (69.0)
Vertebral osteomyelitis 21(13.2) 26 (61.9)
Septic facet joint 3(1.9) 10 (23.8)
Paravertebral abscess 19(11.9) 24 (57.1)

Metastatic cancer 7 (4.4)

Epidural hematoma 4(2.5)

Central disc herniation 8(5.0)

Meningitis or myelitis 2(1.3)

Nonspecific back pain 83 (62.2)

Non-spine diagnosis 17 (10.7)

All data are presented as number (%).

the four patients with CRP <30 mg/L in the setting of
spinal infection, two patients (50%) were on antibiotics
at the time of ED arrival, and four patients (100%) had
abnormal findings on neurologic examination. Online
Appendix Figure 2 provides the sensitivity of CRP cut-

Table 2. Baseline characteristics

offs from 3.5 mg/ILto 100 mg/L in the derivation and val-
idation cohorts.

Considering only pyogenic spinal infection diagnoses
as a positive study, 92 patients in the derivation cohort
had negative spinal MRI scans. The number of MRIs
potentially avoided for each CRP cut-off value was 21
studies (22.8% of negative studies) for CRP > 3.5 mg/L,
38 studies (41.3%) for CRP > 10 mg/L, and 53 studies
(57.6%) for CRP > 30 mg/L.

DISCUSSION

Current expert opinion for obtaining urgent or emer-
gent spinal MRI evaluation for pyogenic spinal infec-
tion in ED patients relies on historical risk factors,
physical exam findings, and inflammatory biomarkers,
including CRP.'*'"*** The usual recommended cut-off
value for CRP is the upper limit of normal, commonly
> 3.1 mg/L.’ Elevated CRP cut-off values of > 10 mg/L.
and > 30mg/L maintained 100% sensitivity in our

Derivation cohort

No spinal infection

(h=121)
Median age (IQR), y 56 (39 to 68)
Male sex 34 (28.1)
Historical risk factors
IVDU history 0(0)
Dialysis 4(3.3)
Indwelling vascular catheter 0(0)
Recent SSTI or bacteremia 3(2.5)
Immunosuppression 4 (3.3)
Diabetes 39(32.2)
Cirrhosis 0 (0)
Spinal implant present 7 (5.8)
Recent spinal surgery 22 (18.2)
Recent spinal injection 20 (16.5)
Physical exam findings
Fever (> 38° C) in ED 23 (19.0)
Extremity weakness* 18 (14.9)
Extremity numbness* 11(9.1)
Abnormal reflex exam* 4(3.3)
Any new neurologic deficit* 24 (19.8)

All data are presented as number (%) unless otherwise indicated.

IQR = interquartile range; IVDU = intravenous drug use; SSTI = skin and soft tissue infection.

Validation cohort

Pyogenic spinal infection Pyogenic spinal infection

(n=38) (n=42)
51.5 (42.8 to 59) 56 (51 to 63.5)

28 (73.7) 26 (61.9)
3(7.9) 5(11.9)
3(7.9) 1(2.4)
4(10.5) 6(14.3)

14 (36.8) 11(26.2)
2 (5.3) 1(2.4)

16 (42.1) 17 (40.5)
3(7.9 4(9.5)
00 2(4.8)

14 (36.8) 6(14.3)
00 8(19.0)

14 (36.8) 6(14.3)
8(21.1) 6(14.3)
6(15.9) 4(9.5)
4(10.5) 4(9.5)

13 (34.2) 13(31.0)

*Neurologic deficits were only counted as present if assessed to be acute by the principal investigator.
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Figure 2. Receiver operating characteristic curve for C-react-
ive protein in derivation cohort.

derivation cohort of an adult ED population with a low
prevalence of IV drug use. CRP > 30 mg/L lacked adequate
sensitivity (90.4%) in the validation cohort; however, CRP
should not be used in isolation to prompt spinal MRI for
infection evaluation. All four patients with spinal infections
and CRP < 30 mg/L had neurologic deficits on exam to
prompt MRI. While spinal MRI may be indicated for
emergent diagnoses other than pyogenic spinal infection
and CRP should not be the sole diagnostic marker deter-
mining imaging decisions, use of 10 mg/L and 30 mg/L
CRP cut-off values may have avoided up to 18.5% and
34.8% of negative MRI studies, respectively, in our deriv-
ation cohort compared with an upper limit of normal CRP
cut-off.

Our findings are consistent with data from multiple
recent studies that CRP concentrations in pyogenic spinal

CRP for spinal infection

infection are usually elevated well beyond 3 mg/L.
A recent prospective cohort of 88 patients with vertebral
osteomyelitis had a mean CRP of 140 mg/L."? A rando-
mized controlled trial of 351 patients with vertebral osteo-
myelitis had a mean CRP of 122 mg/L, and 90.6% of
patients had CRP > 10 mg/L.** In contrast to the afore-
mentioned studies, only 81.2% of patients had CRP > 3

mg/L in a retrospective cohort of 166 patients with spinal
epidural abscess.”> CRP may be less sensitive for pyogenic
spinal infection associated with IV drug use, with one
study finding a 71.6% sensitivity for CRP greater than

the upper limit of normal.*®

LIMITATIONS

Our study represents a convenience sample and is subject
to spectrum bias by potentially missing patients with less
severe disease and no diagnostic workup for spinal infec-
tion. The generalizability of our single-centre study to
other settings is unknown, particularly in clinical settings
with higher prevalence of IV drug use. The validation
cohort included only positive cases, so we are unable to
calculate specificity for this cohort. PI knowledge of
MRI results is a possible source of bias for history and
physical exam data in the validation cohort. We collected
data over an extended period of time, so changing prac-
tice patterns, patient characteristics, or pathogen charac-
teristics may have led to an evolution of the cohort over
time. Specifically, advancements in MRI technology
may have enabled a diagnosis of a less severe disease in
later years of the study. Also, we had missing data for
multiple clinically relevant variables to include duration
of symptoms, recent visits for back pain, or recent anti-
biotic use. Our study may overestimate the sensitivity
of CRP due to incorporation bias given the lack of pro-
vider blinding to CRP data. Mitigating factors for this

Table 3. Diagnostic characteristics of four cut-off values for C-reactive protein

Derivation

Validation
CRP cut-off (mg/L) Sensitivity Specificity Positive LR Negative LR Sensitivity
>3.5 100 (90.7 to 100) 24.8(17.4 t0 33.5 1.3(1.2t0 1.5) 0 97.6 (87.4 10 99.9)
> 10 100 (90.7 to 100) 41.3 (32.4 10 50.6 1.7 (1.5 10 2.0) 0 97.6 (87.4 10 99.9)
> 30 100 (90.7 to 100) 61.2 (51.9t0 69.9 2.6(2.11t03.2) 0 90.4 (77.4 10 97.3)
> 50 89.5 (75.2 t0 97.1) 69.4 (60.4 to 77.5 2.9(2.2103.9) 0.15 (0.06 to 0.39) 85.7 (71.5 t0 94.6)
All data are presented as percentage (95% Cl).
LR = likelihood ratio.
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potential source of bias included strict criteria for exclud-
ing spinal infection and lack of literature consensus for a
specific CRP cut-off value during the study period."* We
lack sufficient erythrocyte sedimentation rate data to
compare the diagnostic characteristics of erythrocyte
sedimentation rate versus CRP.

CLINICAL IMPLICATIONS

Clinicians cannot use CRP indiscriminately or in isola-
tion because many conditions cause elevated CRP.?’
Our study examined a patient population with clinical
concern for pyogenic spinal infection, and the applica-
tion of CRP in the broader population of back pain
would decrease specificity. Multiple conditions, such as
cirrhosis or recent use of antibiotics, are associated
with decreased CRP concentrations.”®>" Clinicians
should consider use of lower CRP cut-off values in
patients with these conditions. In our cohort, half of
the patients with pyogenic spinal infection and relatively
low CRP elevations (< 30mg/L) were on antibiotics
prior to arrival, and each patient had abnormalities on
neurologic exam to prompt spinal imaging. Close atten-
tion to units is necessary when interpreting CRP reports
both clinically and in the literature. While many labora-
tories report an upper limit of normal of 3.1 mg/L, other
institutions report an upper limit of normal of 0.3 mg/
dL. The recommendation to use a cut-off of 10 times
the upper limit of normal can be easily and consistently
applied in various clinical settings reporting different
units. If externally validated in other ED settings, the
use of elevated CRP cut-off values in conjunction with
history and physical exam findings to trigger MRI may
safely decrease MRI utilization in the ED diagnostic
workup of pyogenic spinal infection.

RESEARCH IMPLICATIONS

External validation of elevated CRP cut-off values of 10
mg/L and 30 mg/L should analyse test characteristics of
these elevated cut-off values in other ED populations.
Diagnostic algorithms incorporating these cut-off values
should assess whether specificity can be improved while
maintaining adequate sensitivity for pyogenic spinal
infection.
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CONCLUSION

CRP cut-off values above the upper limit of normal had
high sensitivity for pyogenic spinal infection in this adult
ED population with low prevalence of IV drug use. Clin-
icians should be cautious in applying elevated CRP cut-
offs in patients with IV drug use or conditions associated
with decreased CRP values, such as cirrhosis or recent
antibiotic use. Elevated CRP cut-off values of > 10 mg/L
and > 30 mg/L require validation in other settings.

Supplementary material: The supplemental material for this
article can be found at https://doi.org/10.1017/cem.2020.402.
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