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Abstract  

Objective/Background: Pyogenic spinal Infection (PSI) is not diagnosed at the initial presentation in most 
cases, and delay in diagnosis is associated with increased morbidity and medicolegal risk. We derived a 
sensitive clinical decision tool to estimate the risk of spinal infection and inform MR imaging decisions. 

Methods: This study is a 2-part prospective observational cohort study. The six-year derivation phase 
collected 40 variables from 179 patients (134 uninfected, 40 infected, 5 excluded). We evaluated variables 
with univariate analysis, then logistic regression, to derive a four variable clinical prediction tool, SIRCH 
(Spine Infection Risk Calculation Heuristic). We calculated the statistical performance, MRI utilization and 
model fit in the derivation phase. We used the same protocol in collecting data for a second phase, 
enrolling only confirmed infections (49 infected, 4 excluded), validating sensitivity only. 

Results: The SIRCH score's ROC (receiver operator curve) area, sensitivity, specificity, positive and negative 
predictive value for predicting PSI were respectively: 0.877, 100% (40/40), 56% (75/134), 40% (40/99), and 
100% (75/75). The calibration plot demonstrated good model fit. The SIRCH score prompted 45 fewer MRI 
scan orders compared to CRP, and 54 fewer MRI scans than clinical suspicion, among the 174 patients. All 
three image prompts had equal sensitivities of 100% (40/40) in the derivation. The validation sensitivities 
for the SIRCH score and CRP were 92% (44/49) and 98% (48/49), respectively.   

Conclusion: The SIRCH score provides a sensitive estimate of spinal infection risk and prompts less MR 
imaging than using CRP or clinical suspicion of spinal infection.  

 
 
 
 
 
 
 
 
 

 

1. Introduction 

1.1. Background 

Pyogenic spinal Infection (PSI), which includes spinal epidural abscess, is an uncommon condition 
concealed among patients with a common chief complaint—back or neck pain.[1,2,3] This presenting 
complaint is also the 5th leading chief complaint among emergency department (ED) patients.[4]  While 
diagnosing some cases of this infection are simplified by an obvious presentation of back pain and fever, or 
back pain and intravenous drug use (IVDU), most are not. [1,2,3,5] The challenge of detecting this 
uncommon signal from a great deal of background noise can result in diagnostic delay, which can lead to 
the progression of unrecognized sepsis, permanent neurologic deficit for patients, and increasing medical-
legal risk for physicians. [5-10] Although magnetic resonance imaging (MRI) with gadolinium contrast is 
96% sensitive and 93% specific for the infection, it is not an easily administered test. It requires 4 to 8 
hours for test results [11], is uncomfortable, contributes to ED crowding, and is not 100% available at all 
facilities where back pain is evaluated. [6,10,12,13]  
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Currently, there are no prospective validated prediction tools for PSI, [14,15,16,20,] no agreement on CRP 
cut-off levels to indicate imaging [17], and no recommendations regarding MRI over-utilization. [13,18] 
Recent publications recommend imaging spine pain patients who have any of the following PSI risk 
features: historical risk factors, fever, history of fever, or progressive neurological deficit, [2,6,7,19,20,21] 
and to consider an alternate diagnosis if none of these are present. [2,6,19,21] 

1.2. Goals of this investigation 

We aimed to identify findings from the history, physical examination, and pain character, that when 
combined with a CRP level, can be used in a simple, intuitive four variable prediction score—SIRCH (Spinal 
Infection Risk Calculation Heuristic)—to provide a sensitive estimate of the likelihood of PSI and 
appropriately recommend MR imaging. 

2. Methods 

2.1 Design, setting, selection, population 

Our study was a single-center observational prospective cohort study conducted in an academic 
community ED, with 18 emergency physicians (mean of 11 years' experience), treating 50,000+ adult 
patients annually in a city of 2.3 million people located in the southwestern united states. Further 
description of cohort characteristics and methods can be found in earlier publications. [22, 33] Our data 
was obtained from a convenience sample for use in developing a multivariable risk prediction tool that was 
conducted in two phases; in the first phase (Jan 2006-March 2010), we enrolled patients who were 
suspected of spinal infection that included both uninfected and PSI patients. From this phase we selected 
predictors and derived a risk prediction score. In the second phase (April 2010-August 2018), we enrolled 
only patients with infection to validate the sensitivity of our prediction tool.  

2.2 Eligibility and data collection. 

We considered back or neck pain patients for enrollment if they were ≥ 17 years old, had no diagnoses 
such as pyelonephritis or pneumonia to explain their pain prior to MRI order, and were suspected of 
having pyogenic spinal infection based on the presence of any of the following: historical risk factor [6] or 
first ED temperature ≥ 38˚C or a recently measured fever before arrival, progressive neurologic deficit, or 
clinician gestalt which included bounce-back for a spine-related visit, or unusually severe spine pain. We 
excluded patients who presented less than five days following a spinal surgical procedure [23,24]; if they 
had a fungal or tuberculous spinal infection; if the diagnosis could not be determined; or if the patient had 
an incomplete follow-up.  All patients were independent visits. We educated the emergency department 
clinicians to cited risks for PSI at the beginning of the study period using illustrative cases. These were 
distributed by email and at monthly department meetings periodically throughout the study period. Once 
an MRI and or CRP was ordered for the purpose of evaluating spinal infection, the primary investigator (PI) 
was notified who evaluated all patients for enrollment and completed a standardized examination to 
obtain historical, physical examination findings and pain characteristics, and then recorded these and 
laboratory data on a data collection form prior to MRI results. Enrollment was based on the availability of 
the PI, which remained constant throughout the study period. We counseled discharged patients to return 
to the ED if they had any progression, new or concerning symptoms. The PI reviewed medical records to 
obtain CRP, imaging interpretations, blood culture results, operative findings, and culture results from 
surgery and needle aspiration samples.  
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The sensitivity validation phase (2010-2018) protocol remained the same for data collection and 
identifying patients for possible enrollment but included only infected patients. We compared data from 
the derivation and sensitivity validation phases to evaluate this protocol change. Our investigation 
followed the TRIPOD guidelines for risk prediction model development, and the study was approved by the 
hospital system's institutional review board. [25] 

2.3 Outcome measures 

Our primary outcome measures were the sensitivity and MRI utilization of our risk score for the presence 
of pyogenic spinal infection. PSI was defined as the presence of any of the following infections: spinal 
epidural abscess, discitis, vertebral osteomyelitis, paravertebral abscess, paraspinal abscess, or septic facet 
infection. [3,22]  Isolated psoas muscle infection, without another spinal infection, was not considered a 
PSI but it’s presence or absence was recorded.  A PSI's presence could be reached by any of the following: 
1. MRI evidence of spinal infection as read by a neuroradiologist, 2. surgical findings of spinal infection on 
the operative report, or 3. needle aspiration culture results consistent with a spinal infection. The pool of 
ten neuroradiologists interpreting images were blinded to the data collected except age, gender, and chief 
complaint. Due to the observational nature of our study, we did not obtain an MRI in all patients in the 
derivation phase. Clinical follow-up was used instead by telephone two to four weeks after their index 
visit, and for up to three years through available medical and imaging records to verify that no findings of 
pyogenic spinal infection had developed. This extended follow up was chosen due to the indolent course 
of some pyogenic spinal infections. We conducted an obituary search on those subjects not followed up.    

For outcome measures, we calculated the area under the prediction tool's ROC, sensitivity, specificity, 
positive and negative predictive values, and likelihood ratios. We defined MRI utilization as the number of 
unnecessary MRI scan orders in uninfected patients prompted by the SIRCH score (false positives), CRP 
value, or by clinician suspicion. For the validation phase, we only calculated sensitivities.  

C-reactive protein (CRP) was ordered according to individual physician preference. The details of our 
hospital's laboratory CRP autoanalyzer and MRI machines are located in Appendix 1.  

 

3. Data Analysis 

3.1 Statistical analysis  

Two investigators double entered all data from the data collection sheets into Excel database (version 14; 
Microsoft, Redmond, WA) and then exported the data into both R version statistical software (Foundation 
for Statistical Computing, Vienna, Austria, 2018) and MedCalc Statistical Software version 19.5.3 (MedCalc 
Software Ltd, Ostend, Belgium; https://www.medcalc.org; 2020). In the derivation phase, we report all 
collected data for each of 179 cases, except 5 excluded patients. We assessed the distributions of infected 
and uninfected patient characteristics and their differences using the Wilcoxon test for continuous 
variables and Pearson's chi-squared test for categorical predictors.  We selected sensible clinical candidate 
predictors and assessed all 174 cases with univariate and multivariate models. Missing CRP variables were 
multiply imputed using predicted mean matching (1000 imputations), and imputed models were combined 
using Rubin's Rules. We report all missing data in Appendix Table 3. Multivariate analysis was a backward 
logistic regression using candidate predictors with a biologically plausible association with PSI. Variables 
were entered with a difference of P < 0.05 and removed if P > 0.2, with pyogenic spinal infection 
considered the dependent variable. [28]  We then simplified the derived, full model by rounding the 
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logistic β coefficients and assigning these as points to each variable for an easily calculated bed-side risk 
score.  We explored several models using their statistical performance, area under the ROC, and 
calibration plot to compare them (Appendix 5). [35] Each metric used bootstrapped 95% confidence 
intervals.  We estimated the probability of PSI at various SIRCH criterion cut-offs (Table 4, Figure 3, 
Appendix 7). We estimated MRI overutilization by counting the number of MRIs that would be prompted 
in uninfected patients (false positives) using the SIRCH score, using CRP level at a standard laboratory cut-
off (3.5 mg/L) and using the number prompted by clinician suspicion, and then compared these (Table 2).  

We performed a sensitivity analysis comparing complete case models with imputed models (Appendix 6, 
Appendix 8). 

Following the derivation phase, a second cohort of patients was studied to understand the sensitivity of 
the derived SIRCH score.   

A P-value difference of < 0.05 was considered significant. We did not measure interoperator variability but 
used the most objective measures available or used variables with previously measured kappas. Since 
there is no existing prevalence data for PSIs in an at-risk population, we based our study size on obtaining 
at least ten outcome events for each chosen clinical predictor and on a sample size based on an estimated 
prevalence of 20%, 95% sensitivity, and a confidence interval of 8%, providing an estimated 143 subjects. A 
type-I error of 5% was used for all confidence intervals and hypothesis tests. 

3.1 Predictor variables and derivation 

Candidate variables were defined a priori (Appendix 1) and listed on our data collection sheets. We 
combined like variables to simplify our model as follows: 1. We collapsed the ten historical risk factor 
variables described by Davis [6] into one variable based on their common plausible pathophysiology—
bacteremia seeding a spinal structure (exception, spinal surgical procedure); 2. We combined fever in the 
ED and recent history of measured fever into one variable, and defined fever as a temperature ≥ 38˚C 
(100.4˚F); and 3. We combined any abnormal new spinal neurological deficit into the variable, progressive 
neurological deficit. For our final model, we dichotomized the CRP at a cut-off of ≥ 50 mg/L (Youden's 
method) and entered the CRP and the above three variables into a logistic regression analysis. We also 
explored other models using CRP alone, clinical variables alone, and using CRP (at several cut-offs) in 
combination with clinical variables (Appendix 5). The final best full prediction model was the following: 
Probability of PSI = 1/(1+exp(Risk Score), Risk Score = - 5.16 + (2.88xCRP) + (1.60xRF) + (1.27xF or Hx of F) + 
(0.84xPND), AUC 0.886 (95% CI, 0.839-0.934), sensitivity 95% (95% CI, 85-100) and specificity 75% (95% CI, 
60-85) (Appendix 5b and c).  We simplified the full model to a bed-side model (SIRCH score), by rounded 
the logistic coefficients to the nearest integer and assigned those point values to each variable,[28] 
resulting in the following four-variable scoring system: historic risk factors-2, fever or history of fever-1, 
progressive neurological deficit-1 and CRP (≥ 50mg/L)-3, (Appendix 2). We performed a sensitivity analysis 
comparing our multiple imputation models to complete case models (Appendix 6 and 8). The final 
simplified SIRCH score model ranged from 0 to 7, and from its ROC we identified its most accurate cut-off 
(Youden's) distinguishing PSI from non-infection as SIRCH ≥ 3.   
  

4. RESULTS  
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4.1 Baseline characteristics 

Baseline characteristics are listed in Table 1, and further descriptive characteristics can be found in prior 
publications [22,33].  Of 179 patients enrolled in the derivation phase, we excluded three patients due to 
incomplete follow-up, another who died without an autopsy to confirm the absence of spinal infection, 
and another with a fungal spinal infection. We imputed missing CRPs in 13 of the 134 non-infections and 2 
of the 40 infections.  One hundred and thirteen of 174 patients had MR or alternate imaging, and 21 were 
followed clinically without imaging. Thirty-nine of 40 infected patients were imaged with MRI, and one 
infection was confirmed in the operating room (OR) without imaging.  

Of 53 patients in the sensitivity validation phase, we excluded four who were adjudicated not to have a 
true pyogenic spinal infection. We imputed missing CRPs in six patients, leaving 49 infected patients (flow 
chart, Figure 1). We imaged 48 patients and confirmed one infection in the OR without imaging. We 
identified positive blood cultures in  47/82 and a microorganism in 77/89 infected patients. A total of 189 
MRIs and 30 CT scans were obtained among the 232 studied subjects.  

4.2 Model and performance  

A derivation SIRCH score of ≥ 3 was 100% (40/40) sensitive for infection and would prompt unnecessary 
imaging in 59 of the total 174 (34%) patients evaluated (Table 2). The CRP, using a standard cut-off of 3.5 
mg/L was also 100% (40/40) sensitive but would prompt nearly twice as many MRIs (104 of 174, 60%). The 
score would therefore reduce the number of MRIs ordered by 45 compared to CRP, and by 54 compared 
to clinician suspicion among the 174 patients evaluated. The SIRCH score's sensitivity declined in the 
validation phase to 92% (45/49). The AUC, Calibration intercept, and slope were, 0.877 (0.829 to 0.925), -
5.23 (-7.14 to -3.77), and 0.938 (0.652 to 1.30), respectively. 

The mean CRP among the 134 uninfected patients was 47.9 mg/L (95% CI, 36-59)—more than tenfold 
higher than the cut-off for our hospital system's standard laboratory of 3.5 mg/L. The mean CRP for the 40 
infected patients was 140.2 (95% CI, 108-172)—nearly 50 fold higher. The mean CRP for the 49 patients in 
the sensitivity validation was similar to the derivation, 145.5 (95% CI, 117-174), and consistent with recent 
studies. [29, 30]  

All 89 infected patients (except patient # 295V, Table 3) had at least one of the following eligibility criteria: 
historical risk factor, fever, progressive neurologic deficit, or bounce-back.  Although severe pain prompted 
clinical suspicion of PSI and represented 43% (38/89) of PSI patients, other risk features were invariably 
present in these patients. Eighty-three percent (25/30) of PSI patients with neurological deficits had no 
fever to prompt consideration of infection among the 89 spinal infections, highlighting a potential 
diagnostic pitfall for emergency physicians.  
 
The mean temperatures in the derivation (uninfected and infected), and in the validation phases (infected 
only) are indicated in Table 1. The proportion of infected patients with an ED fever was low in both phases 
but consistent with recent publications. [6] Several trends were noted in infected patients over the two 
phases of the study: 1. The proportion of patients having historical risk factors declined from 90% (36/40) 
to 76% (37/49); 2. The mean SIRCH score for PSIs declined from 5.53. The proportion with ED fever 
declined from 30% (12/40) to 10% (5/49); 4. The proportion of bounce-backs minimally increased from 
63% (25/40) to 69%(34/49); and 5. There was a slight decline in the proportion having a progressive 
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neurological deficit over the study period from 38% (15/40) to 31% (15/49). The only variable having a 
significant difference between the two phases was ED fever (p=0.030). 
 
Table 1 indicates the spectrum of spinal infections and non-infection diagnoses. Table 3 indicates that less 
unnecessary MRIs would be ordered using the SIRCH score, compared to CRP or clinician suspicion 
(numbers do not account for seven patients having PSI, but required MR imaging for a neurological deficit). 
Figure 3 demonstrates that an increasing SIRCH score is associated with a higher probability of PSI. Table 3 
lists the characteristics of infected patients who were missed or nearly missed using SIRCH. Eight of nine 
patients in this group were bounce-backs.  
 
 
5. Limitations 
This study's small number of evaluating physicians and single-center design may restrict the 
generalizability of our findings. Our sample was not consecutive and included patients considered to be 
intermediate or high risk for spinal infection as defined in prior publications. [19,34]  The high PSI 
prevalence in our sample may subject our study to spectrum bias, which could result in overestimating the 
SIRCH score's sensitivity. Additionally, our enriched sample could overestimate the SIRCH score's MRI 
utilization benefits (fewer false positives) compared to lower prevalence populations. It is unknown if the 
same patient selection process in other settings would result in a similar prevalence.   
 
Although blinding clinicians to the CRP results could have reduced potential work-up bias, this was 
inconsistent with the observational nature of our study. We estimate this bias was small based on the 
following: there is no widely accepted cut-off recommendation for CRP use in predicting PSIs; no 
diagnostic accuracy study validating its value in PSI [17]; the test is widely known to have poor specificity. 
This knowledge may have led to less CRP test orders in PSI patients as the study progressed (2 in the 
derivation and 6 in the validation). Despite this, there is potential for this bias to overstate the accuracy of 
our prediction score.  
     
Since we did not identify all eligible patients who were not enrolled, we cannot exclude that we missed 
eligible patients who had an infection and did not return to our hospital system. However, all discharged 
patients were counseled to return if they developed worsening of symptoms, and previous publications 
indicate that most, if not all, infected patients have at least one of our enrollment criteria. This suggests 
that few patients would be missed using this screen. [1,2,6,19] There is also the potential of patients 
presenting with both a PSI and another infectious condition such as endocarditis, where the treatment of 
the primary infectious condition coincidentally treated the PSI, leading to an undiagnosed spinal infection. 
We estimate this occurred rarely.  We also could have missed patients who had a PSI without back or neck 
pain.  We estimate this occurred rarely.   
 
Not all patients were evaluated using a single reference standard (MRI). However, two investigators 
reviewed all radiology reports and images, confirmed equivocal readings with culture and operating 
reports, we defined PSI precisely, and the 21 uninfected cases who had no MR imaging were followed 
clinically for a prolonged duration to verify no occurrence of infection. This likely represents the best 
available gold standard. Despite telephone follow-up, extended medical record follow-up, and obituary 
search, the potential for missed infections exists. Since the study spanned 14 years, it also may have been 
subjected to temporal bias due to increased MRI availability or improved clinician confidence in the 
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selection and diagnosis of spinal infections over this lengthy period. Over time clinicians may have 
depended less on well-known high-risk features of PSI and more on acquired expertise, leading to the 
identification of more PSI patients in the second half of the study who had no fever, no historical risk 
factors, and who had more missing CRP orders.  
 
Our derivation did not measure interobserver variability of key predictors such as severe spine pain and 
abnormal neurological examination. However, we mitigated this by using the most objective variables 
available and those with previously published measurements of interobserver variability (e.g., spine pain 
so severe the patient is unable to sit up, kappa 0.67 [26] and neurological deficit, kappa 0.69). [27] A small 
number of patients entered the study with back or neck pain and were later found to have posterior lower 
lobe pneumonia or pyelonephritis as the cause of their back pain. Had these conditions been recognized 
prior to spinal MRI order, the study would have resulted in greater CRP and SIRCH score specificities. Our 
study's small size required us to combine several variables into composite variables, possibly concealing 
the strength of crucial individual risk factors.   
 

6. Discussion  

In 2004 Davis identified diagnostic failure occurred in 75% (47/63) of patients with spinal infection, and 
delay in treatment was associated with worse sequelae. [1]  Our study demonstrates that clinical 
sensitivity remains weak, with 66% (59/89) of infected patients returning to the ED after an incorrect 
previous diagnosis. Additionally, Street's study suggests clinician specificity is also unsatisfactory, finding 
33 to 1000 MRIs are ordered to diagnose one infection. [18] Authors have recommended various methods 
to improve the sensitivity, including the use of risk factors or red flags. [7,19,21,31]  However, guideline 
inconsistencies for spinal infection and imprecise risk factor definitions [14,15,16,20] are likely responsible 
for incomplete adoption of any single recommendation for imaging decisions, and this may be associated 
with the high diagnostic failure rate cited by Bhise. [7] Our study supports several findings from Davis's 
seminal study. [6]  Both studies are similar in size (89 PSIs versus 86 in Davis's), both have a low proportion 
of infections with fever (19% (17/89) versus 7.3%) and both studies focused on evaluating patients in 
whom there was a concern for PSI, and did not assess patients at very low-risk for infection, which is 
consistent with current guidelines that do not recommend imaging these patients. [2,6,19,21,34]  However 
there are two critical differences: 1. The Davis screen, using risk factors only, was 82% (72/89) sensitive for 
PSI in our cases, compared to a SIRCH sensitivity of 96% (85/89), indicating SIRCH may be a more sensitive 
screen; and 2. The SIRCH algorithm considers progressive neurologic deficit a risk factor to be used in 
screening for PSI and recommends a contrast MRI for patients with a SIRCH score ≥ 3, whereas the Davis 
protocol considers the CRP unnecessary in the case of neurologic deficit. However, adding contrast to the 
MRI in this instance avoids the following pitfall: Most patients presenting with a PSI in our study did not 
have a fever, and likewise, 83% (25/30) who had a neurological deficit did not have a fever either. 
Clinicians not actively looking for PSI may not suspect infection in this group, and imaging an infected 
patient without contrast may lead to a missed PSI or an equivocal reading. This circumstance may prompt 
a neuroradiologist to recommend repeating the MRI scan, but with the addition of contrast, which adds 
another 4-8 hours [11] to the ED evaluation and to the patient's time in the ED.  

MRI utilization is important since its lengthy turn-around-time contributes to ED crowding. In our 
derivation cohort, the SIRCH score would have reduced the number of unnecessary imaging for PSI by 54 
compared to physician suspicion, and by 45 compared to CRP (using the standard laboratory cut-off, Table 
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2). While all three image prompts were 100% (40/40) sensitive for the infection, given the ubiquity of back 
pain, CRP testing in unselected patients would likely result in increased MRI overutilization. Various CRP 
cut-offs have been recommended in the literature. We selected a cut-off unique to our at-risk spine pain 
cohort to maximize its accuracy for this population, and clinicians using this cut-off should be aware of 
instances in which the CRP may be lower than our cut-off in PSI patients, especially those with cirrhotic 
liver disease or concurrent antibiotic use (Table 3). [23,24,33]  In this study, the presence of other risk 
variables heightened suspicion of infection, which maintained our high sensitivity for these cases.  Adding 
further uncertainty to CRP use is the fact that its units are reported in the literature in both mg/L and 
mg/dl, which differs by a factor of 10, leading readers to erroneous conclusions when units are not 
reported in a study. The Center for Disease Control recommends standardizing the reporting of CRP units 
to mg/L. [32]   

"To date, there has been no risk prediction tool to assist ED physicians in assessing patients with low back 
pain." [14]  The SIRCH score was 100% sensitive for PSI and prompted fewer MRIs than clinician suspicion 
or CRP use in our derivation, but was less sensitive in the validation (92%) compared to CRP (98%).  
Although our investigation characterizes the value of findings from the history, physical examination, and 
pain character used to estimate the presence of PSI and the need for MR imaging, we cannot recommend 
its clinical application until large-scale validation in other ED settings are completed. Promising additional 
candidate variables for future study and refinement of our model include bounce-back visits, arrival by 
EMS, bilateral paresthesias, bilateral radicular pain, and current antibiotic use.  
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Table 1. Patient Characteristics in 223 patients suspected of pyogenic spinal infection 
  Derivation    Sensitivity Validation 

 Potential Predictor Variables 
No Infection 

N=134 % 
PSI 

N=40 %  P-value  
PSI 

N=49 % 
1 Mean age (SD), years 53.8 18.2 52.3 14.3  0.57  56.3 12.5 
2 Gender, male 40 30% 30 75%  <0.001  32 65% 
3 Any historical risk factor 84 63% 36 90%  0.001  37 76% 
 IVDU 0 0% 3 7.5%  0.001  7 14% 
 Dialysis 4 3.0% 3 7.5%  0.202  2 4.0% 
 Prolonged indwelling IV (PICC, 

temporary dialysis catheter etc.) 
0 0% 4 10%  <0.001  7 14% 

 Hx consistent w/ bacteremia or 
SSTI within 2 wks of Sx onset 

3 2.4% 15 38%  <0.001  13 27% 

 Immunocompromise 4 3% 2 4.1%  0.54  2 4.0% 
 Diabetes 39 29% 17 43%  0.11  19 39% 
 Cirrhosis 0 0% 3 7.5%  0.001  4 8.2% 
 Spinal implant present (spinal 

pump, cord stimulator, etc.) 
7 5.2% 0 0%  0.14  2 4.1% 

 Spinal fracture diagnosed ≥2 wks 
prior to presentation 

0  0     0  

 Spine procedure in past 3 months 45 34% 14 35%  0.87  15 31% 
4 ED fever or Hx or measured fever 30 22% 23 58%  <0.001  10 20% 
 ED fever (≥38˚C in ED)† 18 13% 12 30%  0.017  5 10%  

Hx of measured fever (≥38˚C) 
and no ED fever 

12 9% 11 28%  0.002  5 10% 

5 New neuro deficit (spine related) 28 21% 15 38%  0.033  15 31%  
New extremity weakness 21 16% 9 21%  0.316  8 16% 

 Overflow incontinence by Hx 8 6.0% 8 20%  0.007  7 14% 
 Extremity numbness 14 10% 6 15%  0.430  4 8.2% 
 Reflex abnormality 5 3.7% 5 13%  0.037  4 8.2% 

6 Bounce-back within 2 wks NA NA 25 63%    34 69% 
7 Pain Characteristics          
 Worst pain ever 15 11% 9 23%  0.070  17 35% 
 Intermittent radicular 23 17% 2 5.0%  0.008  12 24% 
 Constant severe radicular 30 22% 7 18%  0.561  19 39% 
 Intermittent or constant radicular 51 38% 9 23%  0.070  27 56% 
 Unable to sit up independently 

due to pain 
30 22% 15 38%  0.044  23 47% 

 Unable to ambulate due to Pain 31 23% 16 40%  0.036  6 12% 
8 Temperature, mean, (SD); ˚C 37.0 0.86 37.5 1.2  0.01  37.0 1.5 
9 Mean arterial pressure, (SD); mmHg 98.8 15.7 92.8 23.3  0.161  96.2 15.1 

10 HR, mean, (SD); beats/minute 90.1 19.5 94.7 17.9  0.121  93.4 16.6 
11 WBC, mean, (SD); cells/µL 10.0 4.6 12.1 5.1  0.001  12.8 6.3 
12 CRP, mean, (SD); mg/L 47.9 64.9 140.2 98.1  <0.001  145.5 93.9 

 †ED fever=1st temperature taken in ED ≥ 38˚C (100.4˚F), Inc=incomplete data collected; ‡the total % patients 
imaged is greater than 100% since some patients had multiple imaging modalities; IVDU=intravenous drug use; IV= 
intravenous; PICC=peripheral inserted; central line; NA=not available; SSTI=skin and soft tissue infection; 
wks=weeks; Sx=symptoms, Hx=history; HR=heart rate; PMR= polymyalgia rheumatica 
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Figure 1. Patient Flow 
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Figure 2. Recommended SIRCH Algorithm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

† Clinical suspicion= enrollment criteria; ‡ Per published recommendations for patients at very low-risk for PSI2,3,19,21; § SIRCH Score = RF-2, F or HxF-2, PND-1, 
CRP≥50-2 (Range 0-7); ¶ Patients with a progressive neurologic deficit and a score <3 require MRI without contrast. PND=progressive neurological deficit, 
PSI=pyogenic spinal infection, MRI=magnetic resonance imaging 
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Table 2. SIRCH score performance measures for PSI detection, MRI overutilization and validation sensitivity
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95%CI LR+ 95% CI LR- 95% CI PPV 95% CI Un
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95% CI
Sensitivity Validation

SIRCH score ≥ 3 40/40 100% 91-100 75/134 56% 47-65 2.3 1.9-2.7 0 0-5 40% 31-51% 59 45/49 92% 80-97
CRP (cut-off of 3.5)‡ 40/40 100% 91-100 30/134 22% 16-30 1.3 1.2-1.5 0 NA 28% 21-36% 104 48/49 98% 89-100
Clinician suspicion§ 40/40 100% 91-100 0/134 0% 0-0.03 1 0.91-1.0 NA NA 23% 17-30% 113¶ 49/49 100% 93-100

Derivation 

†Numbers do not account for 7 patients who required MRI for neuro-deficits but had no PSI.  ‡CRP > 3.5 is the standard laboratory cut-off for abnormal;  §Clinical 
suspicion= enrollment criteria, ¶Of 134 non-PSI patients 21 had no imaging and were followed clinically.  NA=Not Applicable. 
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Specific findings 

20D 1 0 1 0 35.6 1 3
GpD 
strep

>2 wk incr low back pain, Hepatitis C cirrhosis & diabetes; MRI: D, VO; +T9-10 disc aspirate

67D 1 0 1 0 32.3 1 3 E coli
>3 wk incr low back pain, on fluoroquinolone for prostatitis, changed to DOX; MRI: L1-2 SEA, D, VO; +quinolone 
resistant E coli L1-2 disc aspirate

133D 1 0 1 0 33.0 1 3 MSSA
1 wk  incr low back pain 4 wk after lumbar fusion surgery, MRI over-read the next day "concern for SEA", Pt called 
to return to the ED, CRP incr from 17.4 to 33.0 in 24 hours; Pt had recent MSSA PICC line infection

254V 0 0 0 0 266.0 1 3 S. epi >6 d incr low back pain, +chills & sweats, repeat temp 38.9˚(rectal); MRI: L5S1 D, SEA; +spinal canal culture

262V 0 0 0 0 146.0 1 3 MSSA
>6 d incr low back & right leg pain in 19 year-old healthy male, too painful to walk, "worst pain ever"; MRI: L4-S1 
SEA, PA, large iliacus abscess drained by interventional radiology, treated non-surgically

265V 1 0 0 1 10.6 1 3 MRSA
4 wk incr neck pain, radicular left arm pain & weak shoulder abduction, diabetes; MRI: left C3-4 SF, PSA;  ESR 50, 
CRP level re-verified next day; +needle aspirate

267V 0 0 0 0 43.5 1 0
GpB 

strep
8 d incr back & bilateral leg pain "worst pain ever"; MRI: L3-4 SF, SEA, PA; ESR 40; +canal culture; follow up 2 years 
5 mos later Pt diagnosed with end stage cirrhotic liver disease from NASH 

269V 1 0 0 0 41.4 1 2 MSSA
Incr chronic low back pain after temporary spinal cord stimulator placed 6 d prior, diabetes; repeat temp 38.8˚; 
MRI: T12-L1 SEA; +spinal canal culture

275V 1 0 0 1 29.7 1 3 MSSA
4 d incr thoracic back pain, leg paresthesias, leg weakness, hyper-reflexic; Pt on Abx for recent MSSA bacteremia; 
MRI: T5-6 SEA with cord compression, VO, D and PVA; +canal culture 

280V 0 0 0 1 17.0 1 1 MRSA
14 d incr neck/thoracic spine pain, new stress urinary incontinence & use of a walker to ambulate prior 2 days; Pt 
recently treated with CRO & TMP for "UTI"; MRI: C2-4 SEA; +canal culture

295V 0 0 0 0 ‡ 3.2 0 § 0 MSSA
Pt returned to the ER after syncope evaluation for incr pain & paresthesias to ulnar aspect of both arms. MRI 
ordered for possible central cord syndrome from neck injury. MRI:C5-6 VO, D, PVA; 2 of 2 blood cultures + MSSA; 
ESR 9; CRP re-sampled and verified, neg-IVDU status re-verified, treated non-surgically

Table 3.  Patient characteristics in SIRCH score failures and near-misses

†Bounce back=patient not diagnosed on first visit; ‡MRI ordered based on suspicion of central cord syndrome but adjudicated not a PND;  §Not considered a bounce back since 
patient's first visit unrelated to PSI;  1=present, 0=absent; SEA= spinal epidural abscess, VO= vertebral osteomyelitis, D= discitis, PVA= paravertebral abscess, 
PSA=paraspinous abscess, SF= septic facet, PA=psoas abscsess; Abx=antibiotics, CRO=ceftriaxone, DOX=doxycyline, SXT= trimethoprim-sulfamethoxazole,  SSTI=skin and soft 
tissue infection, MSSA=methicillin sensitive Staph aureus, MRSA=methicillin resistant Staph aureus: S epi=Staph epidermidis; d=day, wk=week; incr=increasing; 
ESR=erythrocyte sedimentation rate; NASH=non alcoholic steatohepatitis; Pt=patient

 



19 
 

 
 
 
 

 
 
 

 Score Se
ns

iti
vit

y

% 95% CI Sp
ec

ifi
cit

y
% 95% CI PPV Pr

ob
ab

ilit
y o

f 
In

fe
ct

io
n

95% CI NPV Pr
ob

ab
ilit

y o
f N

o 
In

fe
ct

io
n

95% CI LR+ 95%CI LR- 95%CI
≥7 5/40 12.5 4.2-27 132/134 99 95-100 5/7 0.714 29-96 132/167 0.79 72-85 8.4 1.7-42 0.89 0.8-1.0
≥6 24/40 60 43-75 119/134 89 82-94 24/39 0.61 73-96 119/135 0.88 81-93 5.4 3.1-9.2 0.45 0.3-0.7
≥5 35/40 88 73-96 105/134 78 70-85 35/64 0.547 42-67 105/110 0.96 90-99 4.0 2.9-5.7 0.16 0.07-0.4
≥4 37/40 93 80-98 100/134 75 66-82 37/71 0.52 40-64 100/103 0.97 92-99 3.7 2.7-4.9 0.1 0.03-0.3
≥3 40/40 100 91-100 75/134 56 47-65 40/99 0.4 31-51 75/75 1 95-100 2.3 1.9-2.7 0
≥2 40/40 100 91-100 41/134 31 23-39 40/133 0.3 22-39 41/41 1 91-100 1.4 1.3-1.6 0
≥1 40/40 100 91-100 29/134 22 15-30 40/145 0.27 21-36 29/29 1 88-100 1.3 1.2-1.4 0
≥0 40/40 100 91-100 0/134 0 0-0.03 40/174 0.23 17-30 0/0 1 1.0-1.0 0

A prevalence less than this study's 23% should expect lower PPV estimates. 

Table 4. SIRCH score statististical performance at varied criterion cut-offs
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Figure 3. Probability of PSI at varied SIRCH score criterion cut-offs (error bars are 95% CI).  3 
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