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The Brighton Spondylodiscitis Score Does
Not Accurately Predict the Need for Surgery:
A Retrospective Cohort Study in New Zealand

Sarah Hunter, MBChB1 , Hasanga Fernando, MBChB2 ,
and Joseph F. Baker, MCh, FRCSI3

Abstract

Study Design: Retrospective cohort study.

Objectives: Despite pyogenic spondylodiscitis potentially conferring significant morbidity, there is no consensus on optimal
treatment. The Brighton Spondylodiscitis Score (BSDS) was developed to identify patients who would likely fail conservative
management and therefore benefit from earlier surgical intervention. In this study, we attempt external validation of the BSDS.

Methods:We carried out a retrospective review of all patients treated at our institution, 2010-2016, for pyogenic spondylodiscitis. 91
met inclusion criteria and 40 progressed to require surgical intervention. The BSDS was calculated for each patient allowing stratification
into low-, moderate- and high-risk groups. Calibration and discrimination was assessed with ROC curve analysis and calibration plot.

Results: Area under the curve (AUC) was 0.469 (0.22-0.71) in our external validation, compared with AUC 0.83 and 0.71
(CI 0.50-0.88) in the original study and test populations respectively. Only 60% of patients in the high-risk group required surgery,
50% in the moderate, and 38% of the low indicating poor calibration and predictive accuracy. Operative intervention was not
higher overall in our cohort (44% vs. 32%, p ¼ 0.14). We found greater rates of bacteraemia, more distal infection, and more
advanced MRI findings in our cohort. The incidence of spondylodiscitis in our region is higher (4/100000/year).

Conclusion: We failed to externally validate the BSDS in our population which is likely a result of unique population charac-
teristics and the inherently variable pathology associated with spondylodiscitis. Clinicians must be cautious in adopting treatment
algorithms developed in other health care systems that may comprise significantly different patient and pathogen characteristics.
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Introduction

Pyogenic spondylodiscitis represents an infection of the verteb-

ral disc and/or adjacent vertebrae that can result in severe long-

term morbidity and in some cases life-threatening illness.1 The

prevalence has risen by up to 150% over the last 15 years - this

may be attributed to increasing detection due to availability of

advanced imaging modalities, as well as increasing intravenous

drug use, use of immunosuppressant agents and increased pop-

ulation age.2 Patients may present with a range of symptoms,

some non-specific, resulting in diagnostic difficulty and there-

fore treatment delay.3 Once identified, the treatment regimen

for spondylodiscitis may include intravenous/oral antibiotic

therapy with or without surgical intervention with the goal of

eliminating sepsis, limiting neurologic damage and restoring

function.4

The optimal management algorithm for spondylodiscitis

remains controversial and poorly defined at best. Previous
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classification systems intended to guide clinicians, such as

those developed by Pola et al., are based on clinical and/or

radiologic criteria but do not always identify those at risk of

failing antibiotic therapy.1,4 Appalanaidu et al. recently devel-

oped the Brighton Spondylodiscitis Score (BSDS) to help iden-

tify patients with spondylodiscitis who would fail non-operative

management and therefore benefit from earlier surgical interven-

tion.1 The logistic regression model in this study compromised

65 patients and proposed 6 predictors: distant site infection;

medical comorbidity; immunocompromise; magnetic resonance

imaging (MRI) characteristics; anatomical location, and; neuro-

logical impairment. This allowed stratification of patients in to 3

risk categories from low- to high-risk of failing non-operative

treatment.

The clinical utility of any predictive algorithm depends on

external validation.1 Geographic variation in population char-

acteristics and healthcare systems means that disease behavior

and response to treatment may vary across the globe. Scoring

systems, particularly those that have been developed from a

single centre, may not be universally applicable.5 For example,

previous research showed that algorithms to predict behaviour

of paediatric septic arthritis developed in the Northern Hemi-

sphere did not perform well in our region.6 The aim of our

study was to externally validate the BSDS on a larger and

geographically separate cohort of patients.

Materials and Methods

The Clinical Audit Support Unit granted institutional

approval for collection and analysis of this retrospective

patient information, deeming it exempt from informed con-

sent (Ref: 3472). Using hospital coding we identified all

patients who were admitted with a diagnosis of pyogenic

spondylodiscitis January 2010 - December 2015 inclusive.

The years were selected to be certain digital radiographic

records would be available to allow confirmation of diagnosis

and minimum of 2-years’ follow up. Medical and radio-

graphic records were reviewed to ensure the diagnosis of

spondylodiscitis was accurate as the potential inaccuracy of

hospital coding is commonly acknowledged.

Inclusion and exclusion criteria from the original paper have

been used: only adult patients (age >18 years) presenting with

acute bacterial spondylodiscitis were eligible, excluding those

with spondylodiscitis as a result of post-operative infection.

There were 16 patients excluded due to age <18. 35 patients

were excluded due to insufficient clinical record or loss of

follow up. The remaining 91 patients >18 years of age were

suitable for scoring. All cases were followed for a minimum of

2 years.

Demographic data, laboratory results, clinical examination

findings, and MRI analysis have been used to derive a BSDS

for each patient. Comorbidities of interest were diabetes melli-

tus, immunocompromise, intravenous drug use, and smoking

status. We defined microbiological etiologies as gram negative,

gram positive or, polymicrobial þ/- MRSA following the cate-

gorization of Appalanaidu et al.1 Anatomical locations for an

infection were grouped as cervical, thoracolumbar, and lumbo-

sacral with either single or multiple levels affected. Time to

diagnosis in days and outcome measures such as final mobility

status and relapse/recurrence rates have been recorded.

The 6 categories suggested as predictors include distant site

infection, medical comorbidity, immunocompromise, MRI

characteristics, anatomical location and neurological impair-

ment. Within each of the 6 categories identified by the BSDS,

there is a relative score for severity from a minimum of 6 points

and maximum of 35 points. Table 1 outlines allocation of

points in the BSDS. Scores are grouped into low risk (6-14),

moderate risk (15-20), or high risk (>21).

For example, distant site infection such as pneumonia or

urinary tract infection scores 3 points, endocarditis scores 5

points, and multifocal sepsis scores 6 points. Similarly, MRI

is scored with rising severity starting with non-specific fluid

collection (2 points) increasing to abscess formation (6 points).

Scores were calculated in the following manner, for example: a

neurologically intact patient presenting with a cervical abscess,

no comorbidities or immunocompromise, and abscess forma-

tion on MRI would score 9 points putting them into the “low

risk” group for surgical intervention.

The protocol for conservative management in both our insti-

tution and the original research is a minimum of 6 weeks of

antibiotics, intravenous and/or oral, with support and guidance

Table 1. The Brighton Scoring System.

Brighton scoring
categories

Points toward
Brighton score

Odds
ratio P-value

Distant Site Infection 0.03
None 1 1.07
UTI/Pneumonia 3 2.86
Endocarditis 5 4.99
Sepsis 6 5.85

Comorbidities 0.109
None 1 4.34
IVDU 3 1.96
Diabetes Mellitus 5 1.34

Immunocompromised 0.109
None 1 0
Metastatic Cancers 4 0.71
Dialysis 6 2.01
MRI Findings 0.657
None 1 0.47
Non-specific Fluid collection 2 0.73
Vertebral Collapse 4 1.86
Abscess Formation 5 3.94

Anatomical Location 0.69
Cervical 1 1.003
Lumbosacral 3 1.78
Thoracolumbar 5 1.75

Presenting Neurology 0.078
None 1
Motor/sensory 2 2.14
Complete 3

Legend: Odds ratios and P-values have been taken from the logistic regression
originally published by Appalanaidu eta al.
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from infectious disease physicians. Surgical intervention

included abscess drainage, decompression/laminectomy, and

stabilization in some cases.

To externally validate the BSDS in our population, we

developed a ROC curve and calibration plot with the probabil-

ity cutoffs as per the original article. Characteristics of the

original study patients were compared with our cohort using

simple statistics (significance accepted throughout if p ¼<
0.05). All data analysis was performed on Excel using StatPlus.

Results

91 patients with spondylodiscitis meeting study criteria were

identified. Our study population was primarily male (82%)

with an average age of 66.2 years (range 41-93, SD + 12.3)

(Table 2). Our region has a catchment area of approximately

900 000 indicating a minimum incidence of 4/100 000/year

over the study period. The mean duration of symptoms prior

to imaging was 4.4 days (SD + 16.4). On arrival to hospital,

35% had a motor or sensory deficit. The majority of cases were

lumbosacral (51%) followed by thoracolumbar (32%). Most

patients had a single level infection (77%). Patients with con-

current spinal epidural abscess and vertebral column osteomye-

litis have been included in this analysis as well as in the

algorithm’s development. An epidural abscess was present in

35% of cases and osteomyelitis in 68%.

Comorbidities included diabetes mellitus (19%), malig-

nancy (14%) and immunosuppression secondary to steroids,

human immunodeficiency virus or organ transplant (3%). Sig-

nificant lifestyle factors included history of smoking (50%) or

intravenous drug abuse (6%), both possibly under-reported.

Concurrent infections were found in 35 patients, usually in the

lung or urinary tract (46%). The mean length of hospital stay

was 29 days (SD + 23.5).

80% of patients had a positive microbiological result from

blood culture or intra-operative sampling with a majority yield-

ing gram positive organisms (52%). Specific microbiologic

data is presented in Table 3.

MRI findings as per the BSDS classifications were non-

specific fluid collection (40%), vertebral collapse (defined as

>30% of anterior height loss per the original study by Appa-

lanaidu et al.) (16%), and abscess formation (34%). Treatment

was surgical in 44% with a combination of decompression

(47%) and/or stabilization (75%). The non-operative treatment

protocol was 6 weeks of IV antibiotics.

Mobility status was documented for 40 patients – of these,

82% were independently mobile on arrival to hospital and 60%
retained full independent mobility on discharge, some requir-

ing further rehabilitation. 14% of patients had a recurrent epi-

sode of spondylodiscitis or readmission for symptomatic

relapse within 2 years. Five of these cases were relapses due

Table 2. Descriptive Statistics.

Descriptive statistics Number/average Percentage

Demographics
Age (mean, years) 66.2 Range: 41-93

SD + 12.6
Gender Male 75 82.4

Presenting Symptoms
Febrile (>37.4) 32 35.2
Intact Neurology 59 64.8
Any deficit 32 35.2

MRI Findings
Vertebral collapse 15 16.5
Abscess formation 31 34.1
Non-specific fluid collection 36 39.6
Not written 9 9.9
Concurrent Spinal Epidural
Abscess

32 35.0

Concurrent osteomyelitis 62 68.1
Multilevel 21 23.1
Cervical 10 11.0
Thoracolumbar 47 51.6
Lumbosacral 29 31.9

Microbiology
Positive Culture 73 80.2
Gram Positive 48 52.7
Gram Negative 16 17.6
MRSA or Polymicrobial with
MRSA

7 7.7

None isolated 0 0.0
Concurrent Infection
Distant site infection 35 38.5

Outcomes
Neurological improvement * 29 90.6
Independent mobility post op 24 60.0
Presenting Frankel Grade A-D 26 81.3
Presenting Frankel Grade E 6 6.3
Final Frankel Grade A-D 11 34.4
Final Frankel Grade E 21 6.3
Single recurrence 6 6.6
Multiple recurrence 7 7.7

*Detailed neurology recorded for a total of 32 patients * Abbreviations: MRSA
(Methicillin-resistant Staphylococcus Aureus).

Table 3. Microbiology From Positive Cultures.

Microbiology Number
Percentage

(%)

All cultures negative 22 24.18
Organism Isolated 69 75.82
Positive Blood culture 45 49.45
Positive Intra-operative Sample 20 21.98
Positive Aspirate 4 4.40
Staphylococcus aureus 34 37.36
MRSA 7 7.69
Other Staphylococcus e.g. coagulase
negative

7 7.69

Streptococcus (Group A, C, S.
Pneumoniae)

3 3.30

Haemophilus influenzae 1 1.10
Klebsiella pneumoniae 1 1.10
Atypical/Other 16 17.58
Resistant to one antibiotic 8 8.79
Resistant to 2 or more antibiotics 12 13.19
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to chronic infection, 4 patients failed antibiotic therapy and

were re-admitted for surgery, 4 patients were re-admitted and

trialed on a different antibiotic therapy, and 2 patients were

admitted for pain management. Neurological improvement was

seen in 90% of those with a presenting motor or sensory deficit.

Presenting and final Frankel Grades have been derived from

clinical records where available (Table 2).

The mean BSDS was 14.1 (range 7-25, SD + 4.1) points

across the population, suggesting few should require surgery.

Distribution was mostly in the low risk group (55%), with 40%
of patients in the moderate group and only 5% meeting criteria

for high surgical risk. This is very similar to the distribution of

patients in Appalanaidu et als. cohort. However, the surgical

intervention rates differ significantly when separated by risk

allocation (Table 4). Forty patients in our cohort proceeded for

surgical management. The reason for surgical intervention was

indicated most frequently by a deterioration in neurology

(52%), by radiological progression including those with

instability or spinal deformity (23%) or deteriorating clinical

picture with ongoing fevers/sepsis (25%). The reasons for

selecting surgical or conservative management for the Brighton

cohort were not explicitly reported by Appalanaidu et al.

Although the overall surgical intervention rate was not

higher in our population (32% vs. 44%, p ¼ 0.14), 38% of our

low risk patients underwent surgery compared with only 10%
in Appalanaidu et als. cohort (p ¼ 0.001). In the moderate and

high-risk groups, 50-60% of our patients underwent surgery

compared with 100% of Appalanaidu et als. cohort (Table 4).

This indicates that increasing BSDS score did not correlate

with increased surgical intervention. This is further demon-

strated by the ROC curve which gives an AUC of 0.47 (CI

0.22-0.71) compared with an AUC of 0.83 and 0.71 (CI 0.50-

0.88) for Appalanaidu et als. primary and validation cohorts

respectively (Figure 1). A ROC curve assesses the capability of

a rising score to distinguish between outcomes, whereby an

AUC less than 0.5 is generally considered inadequate for

discrimination.

Taking a moderate or high score to be evident of “positive”

result, comparing the BSDS to actual rates of surgical interven-

tion in our cohort gave a sensitivity of 52% (CI 36-68.4%) and

Table 4. Patients Grouped by Surgical Risk.

Risk of requiring
surgery

Patients in
Brighton cohort

Number of patients
having surgical intervention %

Patients in
our cohort

Number having
surgical intervention % P value

Low (Score 7-14) 49 5 10.2 50 19 38 0.001
Moderate (Score 15-20) 10 10 100 36 18 50 /
High (Score 21-30) 6 6 100 5 3 60 /
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Figure 1. ROC curve.
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specificity of 61% (CI 46-74%). The positive and negative

predictive values were 51% (CI 40-62%) and 62% (CI 52-

74%) respectively. The positive likelihood ratio was 1.34 (CI

0.85-2.1) and the negative likelihood ratio 0.78 (CI 0.53 -1.16)

suggesting the BSDS does not predict the need for surgery in

our clinical setting. Finally, to assess the predictive accuracy of

the BSDS, a calibration plot was constructed with an R2 value

of 0.06 (Figure 2). This calibration confirms a poor relationship

between predicted and observed outcomes.

Failure to treat patients with a higher BSDS surgically did

not result in poor clinical outcome. For example, 18 patients

with a ‘moderate’ BSDS treated conservatively. Of these, one

patient experienced a recurrence of infection that was treated

with further IV antibiotics within the follow-up period but did

not require operative intervention or stabilization. Two “high-

risk” Brighton score patients were treated conservatively, and

neither experienced subsequent deterioration.

Following this, we examined the 2 populations for relevant

differences that might be affecting algorithm performance.

Compared with Appalanaidu et als. cohort, our patients were

less likely to have insulin dependent diabetes mellitus or end-

stage renal failure requiring dialysis (60% vs 3.3%, p ¼
0.00001) (Table 5). Our population had higher rates of lumbo-

sacral disease (32% vs 9%, p ¼ 0.0008). MRI findings also

differed between cohorts: Appalanaidu et als. had higher rates

of vertebral collapse (35% vs 17%, p ¼ 0.007) and disease

spanning multiple levels (15% vs. 6%, p ¼ 0.03).

Although in our cohort there were higher rates of gram-

positive blood culture (35% vs. 52%, p ¼ 0.03), stratifying

patients by culture result does not alter the distribution of scor-

ing or net rate of surgical intervention between the 2

populations.

Discussion

The aim of this paper was to externally validate the Brighton

Spondylodiscitis Score however, we failed to find similar pre-

dictive capabilities in a geographically remote population. The

trend for algorithm development and predictive scoring should

be balanced by robust external validation to demonstrate gen-

eralizability of scoring systems.7 Despite the high AUC values

in the original paper and internal validation sample (0.83, 0.71)

a rising BSDS did not translate to increased risk of surgical

intervention in our cohort. This is best demonstrated by our

ROC curve of 0.47, which shows inadequate discrimination

between patients with lower risk scores and those with higher.

Poor performance of the BSDS may be a consequence of the

algorithm’s development. The BSDS has been derived from

logistic regression using a large number of variables (6) and

subcategories (26) despite a relatively small patient cohort (n¼
65). Using odds ratios and coefficients from Appalanaidu et als.

report, it is unclear how moderate or high-risk patients were

defined. The methodology for assigning points in the BSDS

from odds ratios is not reported. For example, the odds ratio for

vertebral collapse (þ1.86) is more than twice that for malig-

nancy (þ0.71) but both these factors give a score of 4 points.

Only the coefficient for distant site infection has a statistically

significant p-value (0.03) in the original paper, with all other

coefficients ranging from p¼ 0.106 – p¼ 0.490. It may be that

these variables included in the algorithm are associated with

increased risk for requiring surgery. However, an escalating

BSDS does not translate to a clinical difference in our

population.

The clinical applicability of a rising BSDS is difficult to

establish. All patients in the moderate and high-risk groups

underwent surgical intervention in the original paper, therefore

R² = 0.0595
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exact definition of ‘moderate’ risk remains unclear. In our

patients, the rate of intervention was only 51% for the same

scores. This was not due to a statistically lower rate of surgical

intervention overall. Conservatively managed patients with a

“moderate” or “high” Brighton score in our population did not

experience significant recurrence or relapse during our follow-

up period.

Urrutia et al. recently attempted validation of the BSDS on a

heterogenous cohort of pyogenic spinal column infection.8 Sixty

random cases were selected to represent the 3 regions of the

spinal column. Similarly, they found that the BSDS was poor

at stratifying patients into a group that accurately reflected the

need for surgery. By modifying the BSDS and adding greater

weight to cervical infection accuracy was improved but still with

the acknowledgement that wider assessment of the score is need

before routine use. In our cohort we did not find that spinal region

was a significant predictor of surgical intervention.

Some of the heterogeneity between our population and the

population from the original paper may contribute to differ-

ences in algorithm performance, such as the seemingly reduced

severity of MRI findings in our cohort (lower rates of vertebral

collapse in particular). However, despite these differences the

overall rate of surgical intervention between the cohorts was

similar, indicative of the burden that spondylodiscitis confers.

The total number of patients used in our external validation was

higher than in the original paper and in the external validation

by Urrutia et al.8 This gives a broader range of clinical pre-

sentation and disease severity, reflecting the diverse nature

of spinal infection as a whole. Our local incidence of spondy-

lodiscitis seems to be higher: 4/100 000 per year. For compar-

ison, there is an estimated rate of 0.4-2.4/100000/year in most

Western populations.3 This disparity is possibly related to an

increased rate of bone and joint infection for the wider popu-

lation.9 Skin colonization with S. aureus and overcrowding

have previously been cited as possible contributors.10

These findings demonstrate the challenges with the utility of

scoring systems to predict surgical decision-making. Surgical

intervention for spondylodiscitis does not have universally

agreed criteria. Therefore, any analysis to predict the risk of

intervention in a cohort of patients with spondylodiscitis rather

reflects the decision making by the clinicians rather than a

well-defined endpoint. Scoring systems to predict clinical

decision-making are subject to significant confounding. This

is an inevitable consequence of variability in surgeon experi-

ence and protocol between regions, even for areas within the

Organisation for Economic Co-operation and Development

(OECD). There are significant ethnic and socioeconomic dis-

parities for patients in our catchment area which may lead to

inequitable access to healthcare and, at times, delayed and

more severe presentations for treatable conditions.11

Differences in MRI findings between our cohort and Appa-

lanaidu et als. adds further diversity to analysis but is

Table 5. Comparative Statistics: Brighton Cohort vs. Validation Cohort

Brighton Cohort % Our Cohort %
Chi 2/TTEST

Significant if p < 0.05*

Age 69.22 66.2
Gender Male 38 58.5 75 82.4 0.03*
Intact Neurology 33 50.8 59 64.8 0.07
Vertebral collapse 23 35.4 15 16.5 0.0067*
Abscess formation 16 24.6 31 34.1 0.2
Non-specific fluid collection 14 21.5 36 39.6 0.01*
Febrile 33 50.8 32 35.2 0.05
Cervical 13 20.0 10 11.0 0.12
Thoracolumbar 36 55.4 47 51.6 0.64
Lumbosacral 6 9.2 29 31.9 0.0008*
Widespread 10 15.4 5 5.5 0.03*
Time to diagnosis 4.09 6.3 4 4.4 4.39
Non-insulin Dependent Diabetes 13 20.0 7 7.7 0.02*
Insulin Dependent Diabetes 39 60.0 3 3.3 0.00001*
Malignancy 14 21.5 13 14.3 0.09
Immunocompromised 0.0 0.0 /
Steroids 3 4.6 2 2.2 0.39
Dialysis 14 21.5 7 7.7 0.01*
Transplant 5 7.7 0.0
HIV 1 1.5 1 1.1 0.89
IVDU 6 9.2 6 6.6 0.54
Smoker 9 13.8 11 12.1 0.74
Positive Culture 44 67.7 73 80.2 0.07
Gram Positive 23 35.4 48 52.7 0.03*
Gram Negative or polymicrobial 11 16.9 16 17.6 0.91
MRSA or Polymicrobial with MRSA 10 15.4 7 7.7 0.12
Distant site infection 35 53.8 35 38.5 0.07
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considered representative of the variable behaviour of spinal

infection. . The BSDS gives a binary variable for “vertebral

collapse”, which may be due to their original study having

smaller numbers. This binary variable does not reflect the spec-

trum of instability that we have experienced in clinical practice.

Greater extent of deformation and severity of instability may

result in increased levels of surgical invasiveness. Once the

absolute indications for immediate surgery are established, a

larger, multicentre cohort would help refine the levels of risk

associated with worse radiographic findings.12

Future efforts should therefore firstly aim to define clearly

the absolute indications for surgical intervention. This could be

better understood by examining outcomes following conserva-

tive management such as categorical deterioration in neurology,

subsequent segmental instability, health related quality-of-life

scores or mortality.

Conclusion

We were unable to externally validate the Brighton Spondylo-

discitis Score and provide support for its use in our population.

In particular, there was little discrimination between moderate

and high-risk groups. Poor algorithm behaviour may be exa-

cerbated by local population characteristics, such as higher

overall rates of spondylodiscitis when compared with other

regions. A larger cohort, or multicentric study, across multiple

geographic regions with defined surgical indications, would

better aid in developing a severity score with global

applicability.
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