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BACKGROUND: Computed tomography (CT)-guided percutaneous biopsies are used to
guide treatment in vertebral osteomyelitis and spinal malignancy, but the efficacy of this
study remains unclear.
OBJECTIVE: To investigate the performance of CT-guided spinal biopsy, and factors that
may influence its success.
METHODS: Retrospective study of all consecutive patients who underwent a CT-guided
spine biopsy at a UK teaching hospital betweenApril 2012 and February 2019. Biopsieswere
performed by 3 consultant neuroradiologists for a lesion suggestive of either malignancy
or infection. Data collection included patient factors, biopsy factors, further investigations
required, anddiagnosis. Datawere analyzed using contingency tables, analysis of variance,
unpaired t-test, chi-squared test, and Fisher’s exact test.
RESULTS: A total of 124 percutaneous biopsies were performed on 109 patients with a
mean follow-up of 34.5 mo (range 4-86mo) and amean age of 66 yr (range 27-93). Approx-
imately 32.3% (n = 40) of the biopsies investigated possible infection, and 67.7% investi-
gated malignancy. The sensitivity for infected cases was 37.0%, and for malignancy 72.7%.
The diagnostic accuracy was 57.5% and 78.6%, respectively. Complication rate was 1.6%. In
our study, neither needle gauge, anatomic level of the biopsy, or bone quality significantly
affected the rate of positive biopsy.
CONCLUSION: Both in our study and in the wider literature, CT-guided biopsy has a
vastly superior sensitivity formalignancy comparedwith suspected infection. Theseproce-
dures may be painful, poorly tolerated, and are not entirely risk free. As such we advocate
judicious use of this modality particularly in cases of suspected infection.
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T he first percutaneous vertebral bone
biopsy was described in 1934, used in
conjunction with computed tomography

(CT) in 1981.1,2 Today, CT-guided percuta-
neous biopsies of spinal lesions are commonly
used to diagnose cases of suspected malignancy
and infection. Percutaneous needle biopsy has
several perceived advantages over open biopsy:
it is less invasive, minimizing infection risk and
wound-related complications; it does not require
a general anesthetic, operating theater, or scrub
team; and can be performed in an outpatient

ABBREVIATIONS: ANOVA, analysis of variance; TB,
tuberculosis; VO, vertebral osteomyelitis

setting. These features translate to a safer profile
compared with open surgery, reduced cost,
shorter procedural length, shorter hospital stay,
and fewer complications. Critical constraints on
their use, however, include limitations of sensi-
tivity, patient tolerance, and technical challenges
in select cases.
Vertebral osteomyelitis (VO), with an

incidence of 2.4/100 000, can form a serious,
life-threatening condition.3 It can follow an
initially indolent clinical course with equivocal
imaging features on magnetic resonance imaging
(MRI) and CT. These infections commonly
arise, however, from hematogenous dissemi-
nation from a remote site of infection, usually
the urinary tract.4 If left undiagnosed/untreated,
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VO can lead to deformity, instability, sepsis, neurological sequalae
including paralysis, and has a mortality rate of 6%.5

A clear microbiological diagnosis is required for pathogen-
guided antibiotic therapy. This reduces treatment cost, adverse
events, eg, Clostridium difficile infection, relapse, and the devel-
opment of resistant organisms. In the absence of sepsis or
impending cord compression, best practice is to isolate the
organism prior to starting empirical antibiotics.6 Blood cultures,
however, have a positive yield of only 58% (range 30%-78%), and
often identify only one organism when a polymicrobial infection
is suspected.4
Vertebral malignancy can be classified into primary tumors or

metastatic disease. Bone metastasis from a solid tumor has an
incidence of 2.9% at 30 d and 4.8% at 1 yr.7 More than 98%
of spinal metastases are extradural, and can occur via direct local
extension, retrograde spread though the valve-less Batson’s plexus
and from arterial emboli though the cortical veins.8,9 Indications
for biopsy include confirming metastasis, determining the nature
of a solitary bone lesion and excluding malignancy in vertebral
body compression.
The role of CT-guided biopsies in suspected infection or malig-

nancy remains a topic of debate. A key factor is its efficacy in
reaching a diagnosis. This study aims to determine the perfor-
mance of CT-guided spine biopsies for malignancy and infection
and to investigate possible factors that may affect its success.

METHODS

This study was registered locally with the Clinical Effectiveness Unit as
a Service Evaluation prior to data collection. Data were fully anonymized
so formal consent was not required.

All consecutive patients who underwent a CT-guided percutaneous
spine biopsy at a large teaching hospital in the United Kingdom between
April 2012 and February 2019 were included. The decision to biopsy
was taken by the referring team after multidisciplinary team discussion
with input from neuroradiology, neurosurgery, oncology, and microbi-
ology teams. Patients were not biopsied if they (1) were not fit for inter-
vention or further treatment; (2) had other sites of malignancy that were
more easily accessible surgically; (3) patients’ wishes; (4) had clinical
improvement with treatment negating need for a biopsy. Children (age
<18 yr) and sacral biopsies were excluded.

Biopsies were performed by 3 consultant neuroradiologists for a lesion
in the spine suggestive of either malignancy or infection. Core biopsies
were obtained using a combination of Jamshidi needles (Somatex, Berlin,
Germany) for intact cortical bone or Tru-cut needles (Geotek, Ankara,
Turkey) for lesions with a large soft tissue component, supplemented by
fine-needle aspiration as required. Samples underwent histopathological
and microbiological analysis (including Gram stain, fungal culture,
mycobacterial culture, and polymerase chain reaction).

Patients were identified from the hospital’s Information Department
based on coding. This was cross-checked with the Radiology
Department’s records. Patients’ notes, imaging using picture archiving
and communication system, microbiology and histopathology results
were retrospectively reviewed. Data collected included patient
demographics, past medical history, suspected clinical-radiological
diagnosis, anatomical level of the lesion, lesion bone matrix, needle

gauge, volume of sample collected, complications, biopsy results (malig-
nancy, infection, nondiagnostic, negative), and overall diagnosis. Bone
matrix was categorized as lytic, sclerotic, or mixed based on the prebiopsy
CT (either from a neuroradiology consultant report or an independent
assessment by 2 authors, with a third acting as a mediator). The sample
was considered nondiagnostic if the histopathologist ascertained that
inadequate or nonrepresentative tissue had been obtained. The final
diagnosis for nondiagnostic biopsies were determined by repeat biopsy,
open biopsy, and clinical and radiological follow-up.

Data were analyzed on excel and GraphPad prism using 4 by 4 contin-
gency tables, analysis of variance (ANOVA), unpaired t-test, chi-squared
test, and Fisher’s exact test as appropriate. P values< .05 were considered
statistically significant.

The primary aim of this study was;

(1) To measure the performance of CT-guided spine biopsies for the
diagnosis of infection and malignancy.

Secondary aims included;

(1) To determine whether needle gauge alters the volume of sample
obtained;

(2) To determine whether volume of sample, anatomical level of lesion,
and quality of bone impacts results.

RESULTS

A total of 124 percutaneous biopsies were performed on 109
patients with a mean follow-up of 34.5 mo (range 4-86 mo)
(Figure 1). The mean patient age was 66.0 ± 14.9 with a range
of 27 to 93 yr. A total of 60 patients were females (55%) and 49
were males.
Approximately 32.3% (n= 40) of the biopsies were performed

due to a clinical and radiological suspicion of infection, and
67.7% (n = 84) for a suspicion of malignancy.

The sensitivity of CT-guided biopsy for infected cases was
37.0%, and for malignancy 72.7% (Table 1). One suspected
infection was found to be a tumor (lymphoma) and 2 suspected
tumor cases were found to be infection. No cases with a positive
biopsy result had the diagnosis overturned by a subsequent test.
Thus, both the specificity and positive predictive value were
100%. The negative predictive value was 43.3% for infection and
50% for malignancy. The diagnostic accuracy was 57.5% and
78.6%, respectively, with a yield of 25.0% and 57.1%.
Breast and lymphoma were the most commonly diagnosed

malignancies (Table 2). Mycobacterium tuberculosis (TB) was the
most common infection (Table 3).

There were 2 biopsy-related complications (1.6%) with no
permanent sequalae: 1 patient could not tolerate the procedure
and 1 patient had a pneumothorax.
In the cases where the CT-guided biopsy was nondiagnostic, a

diagnosis was achieved by open biopsy (in 37.5% of cases), repeat
CT-guided biopsy (31.3%), further blood cultures (25.0%), and
repeat imaging (6.3%). Eleven patients had repeat biopsies which
yielded results in 100% of these cases.
A total of 39 (31.5%) patients had a past medical history

of malignancy, and 1 (0.8%) had a previous infection. Of the
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FIGURE 1. Patient flowchart detailing the results obtained from our cohort of patients who underwent a CT-guided biopsy.

TABLE 1. Comparison of Diagnostic Statistics for CT-Guided Biopsy
for Infection andMalignancy

Variable (%)
All cases
(n= 124)

Infection
(n= 40)

Malignancy
(n= 84)

Sensitivity 62.4 37.0 72.7
Specificity 100 100 100
PPV 100 100 100
NPV 47.0 43.3 50.0
Diagnostic accuracy 71.8 57.5 78.6
Diagnostic yield 46.8 25.0 57.1

PPV = positive predictive value. NPV = negative predictive value.
The performance of CT-guided spine biopsies, for all cases and broken down into
infection and malignancy. Performance was quantified using sensitivity, specificity,
PPV, NPV, diagnostic accuracy and yield..

patients with a known malignancy, CT-guided biopsy diagnosed
the same malignancy in 48.7%, showed no malignancy in 23.0%,
and a different malignancy in 12.3% (results were inconclusive in
17.9%). Two patients with known breast cancer had a diagnosis of
lung cancer andmyeloma, respectively. One patient with a history
of lymphoma had a biopsy positive for prostate cancer and one
patient with a history of prostate cancer had a biopsy positive for
sarcoma.
The needle gauge used for the biopsy did not significantly alter

the volume of sample obtained (ANOVA test, P value = .5618,
Figure 2). Additionally, the volume of sample obtained did not
affect the outcome (unpaired t-test, P = .2826). There was no
significant outcome difference at any anatomic level (Pearson’s
chi-squared test, P = .9159).
The diagnostic accuracy was higher in the sclerotic group

(n= 19) at 89% versus the lytic group (n= 89) at 66%. The false
negative rate was 11% and 34%, respectively. Whilst there was a

TABLE 2. Malignancies Diagnosed From Diagnostic and Nondiag-
nostic CT-Guided Biopsy

Malignancy
Diagnosis from
CT biopsy, n (%)

Nondiagnostic
CT biopsy, n (%)

Breast 9 (19.1) 2 (14.3)
Lymphoma 9 (19.1) 5 (35.7)
Unable to classify 9 (19.1) –
Plasmacytoma 7 (14.9) 4 (28.6)
Prostate 3 (6.4) –
Sarcoma 2 (4.3) –
Lung 2 (4.3) –
Melanoma 2 (4.3) –
Chordoma 2 (4.3) –
Myeloma 1 (2.1) 1 (7.1)
Bladder 1 (2.1) –
Endometrial – 1 (7.1)
Meningioma – 1 (7.1)

Breakdown of malignancy diagnosis including those diagnosed from CT-guided
biopsy, and those with nondiagnostic CT-guided biopsy which required further inves-
tigations. Data given as raw number with percentage in parenthesis.

trend toward sclerotic bone producing a higher proportion of true
results, this was not significant (Fisher’s exact test, P = .0539).

DISCUSSION

The sensitivity for CT-guided spinal biopsies was 37.0% for
infection and 72.7% for malignancy. The diagnostic accuracy was
57.5% and 78.6%, respectively, with a yield of 25.0% and 57.1%.
These results are reflected in the literature. A 2019 systematic
review identified that the diagnostic culture yield of CT-
guided biopsies for suspected spinal infections was 33%.10 For
malignancy, CT-guided biopsy yield has been reported to be
approximately 77% to 80%, with some reports up to 97%.8,11-13
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TABLE 3. Infection Diagnosed From Diagnostic and Nondiagnosis
CT-Guided Biopsy

Infection
Diagnosis from
CT biopsy, n (%)

Nondiagnostic
CT biopsy, n (%)

Mycobacterium tuberculosis 4 (36.4) 7 (46.7)
Staphylococcus aureus 1 (9.1) –
Pseudomonas 1 (9.1) 1 (6.7)
Streptococcus 1 (9.1) –
Salmonella 1 (9.1) –
Micrococcus luteus 1 (9.1) –
Coagulase-negative
Staphylococcus

– 2 (13.3)

Unknown 2 (18.2) 5 (33.3)

Breakdown of infective diagnosis including those diagnosed from CT-guided biopsy,
and those with nondiagnostic CT-guided biopsy which required further investigations.
Data given as raw number with percentage in parenthesis.

FIGURE 2. Volume of biopsy sample obtained with
variation in needle gauge. These results are statistically
not significant.

In all cases where the biopsy result was positive, the case was
treated as “disease positive”; hence, the positive predictive value
was 100% throughout. However, a negative biopsy result did not
imply an absence of the disease, with a negative predictive value of
43% for infection and 50% for malignancy. Thus, biopsies appear
not to be useful in excluding the presence of disease. Echoing
others, we propose that a negative result must be confirmed with
either close follow-up and/or repeat image-guided biopsy.14
A patient’s previously known malignancy was diagnosed on

CT-guided biopsy in under half the cases. One quarter of
patients had no malignancy, with one-eighth having a diagnosis
of a different malignancy. This has obvious implications for
treatment.
Staphylococcus and then Streptococcus are the most common

organisms present in vertebral osteomyelitis in the developed
world, with TB being one of the most infectious pathogens
worldwide.4,15 The high number of cases of TB in our

study reflects the local population, with a high percentage of
Bangladeshi nationals. Empirical antibiotics would not target this
pathogen, necessitating the need for a culture diagnosis.
Our results suggest that biopsies in cases where infection is

the principal differential might not be the optimal diagnostic
modality as sensitivity is 37%. This needs to be interpreted in the
broader context, balancing the risk of an operation and need for
a tissue diagnosis. The positive infectious yield from CT-guided
biopsies is lower than that from blood cultures.6 Hematogenous
seeding typically starts in the subchondral bone of the vertebral
body and then spreads to the intravertebral discs. Paravertebral
abscesses and intravertebral fluid are usually sterile, resulting
in nondiagnostic biopsies.10 Other reasons may include pre
administration of antibiotics, biopsy technique, specimen transfer
methods, and culture techniques.10 To what extent patients with
no clinical or imaging findings suspicious for atypical pathogens
may be better managed with empirical antibiotics is yet to be
determined.16
Our study showed that (i) needle size did not affect volume

of sample obtained, and (ii) volume of sample obtained did
not affect diagnostic yield. Studies are inconsistent with regard
to whether needle size and sample volume affect rates of
accuracy.12,17 Some hypothesize that the aim of the needle gauge
is to avoid crush artifact within the sample, which can be achieved
by a needle core above 3 mm.18 A 2019 systematic review
showed no relationship between needle gauge and yield, which
is consistent with our results.10
It is conceivable that the anatomic level of the lesion could

impact outcome, owing to technical challenges with the biopsy, or
the bone quality. Our results did not suggest this and the literature
is inconclusive.14,17-20
It is unclear whether bone architecture affects diagnostic

accuracy and the literature is conflicting. Lytic bone may be
conceivably devoid of tissue compared with sclerotic bone, and
so poorer at providing tissue. On the other hand, lytic bone is
likely to be replaced by abnormal soft tissue, rather than empty
space, so may be better at providing samples compared with hard,
sclerotic bone. Some suggest that diagnostic yield is significantly
higher for lytic lesions than for sclerotic lesions, due to the partial
liquid content of lytic bone.11,12,14,20 Explanations include lower
cellularity and reactive bone changes (eburnation) in sclerotic
lesions and crushing artifacts from biopsy technique.11,21 Chronic
inflammation leads to increased sclerosis and decreased blood
supply, which some argue leads to lower yields.22,23 No consensus
has been reached.
Our complication rates were low (1.6%) and consistent with

published studies (1.1% as described by Rimondi).24-26 In
contrast, complication rates of open biopsy have been reported
as high as 16%.27

Limitations
There were several limitations to this study. It was a retro-

spective, single-center study. Whilst 124 patients reflect a good
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sample size, subgroup analysis for both the cervical and sclerotic
cohort was small. We were unable to quantify the number of
patients who had been commenced on empirical antibiotics or
anti-tuberculous treatment prior to biopsy. The presence of a
histopathologist during the procedure to evaluate the sample
immediately may help to reduce the number of nondiagnostic
biopsies, but this was not available at our institution. No attempt
was made to correlate lesion size with diagnostic accuracy. In
addition, we did not analyze the approach taken (eg, postero-
lateral, transpedicular) or where the biopsy was taken from
(eg, pedicle, body) as this was individualized, making useful
analysis difficult. The treatment algorithm for each patient, and
a comparison with MRI to assess the accuracy of radiological
diagnosis formalignant and infectious cases, was beyond the scope
of this study. Despite this, we believe our study accurately reflects
the performance of CT-guided spine biopsies for the investigation
of malignancy and infection.

CONCLUSION

CT-guided biopsy is more useful for the diagnosis of malig-
nancy than for infection. Performance is independent of sample
volume, lesion location, or bone quality. Biopsy appears unhelpful
in excluding the presence of disease, and a negative result must be
confirmed with clinical follow-up and further investigation.
We advocate caution with the routine use of CT-guided spine

biopsies in cases of suspected infection. Further prospective
studies and randomized controlled trials are needed to guide best
practice.

Funding
This study did not receive any funding or financial support.

Disclosures
The authors have no personal, financial, or institutional interest in any of the

drugs, materials, or devices described in this article.

REFERENCES
1. Ball RP. Needle (aspiration) biopsy. JAMA. 1936;107(17):1381.
2. Adapon BD, Legada BD, Lim EVA, Silao JV, Dalmacio-Cruz A. CT-guided closed

biopsy of the spine. J Comput Assist Tomogr. 1981;5(1):73-78.
3. Grammatico L, Baron S, Rusch E, et al. Epidemiology of vertebral osteomyelitis

(VO) in France: analysis of hospital-discharge data 2002–2003. Epidemiol Infect.
2008;136(5):653-660.

4. Mylona E, SamarkosM, Kakalou E, Fanourgiakis P, Skoutelis A. Pyogenic vertebral
osteomyelitis: a systematic review of clinical characteristics. Semin Arthritis Rheum.
2009;39(1):10-17.

5. McHenry MC, Easley KA, Locker GA. Vertebral osteomyelitis: long-term
outcome for 253 patients from 7 Cleveland-area hospitals. Clin Infect Dis.
2002;34(10):1342-1350.

6. Berbari EF, Kanj SS, Kowalski TJ, et al. 2015 Infectious Diseases Society of
America (IDSA) clinical practice guidelines for the diagnosis and treatment

of native vertebral osteomyelitis in adults. Clin Infect Dis. 2015;61(6):e26-
e46.

7. Hernandez RK, Wade SW, Reich A, Pirolli M, Liede A, Lyman GH. Incidence
of bone metastases in patients with solid tumors: analysis of oncology electronic
medical records in the United States. BMC Cancer. 2018;18(1):44.

8. Feroz I, Makhdoomi RH, Khursheed N, Shaheen F, Shah P. Utility of computed
tomography-guided biopsy in evaluation of metastatic spinal lesions. Asian J
Neurosurg. 2018;13(3):577-584.

9. Ecker RD, Endo T,Wetjen NM, Krauss WE. Diagnosis and treatment of vertebral
column metastases. Mayo Clin Proc. 2005;80(9):1177-1186.

10. Sertic M, Parkes L, Mattiassi S, Pritzker K, Gardam M, Murphy K. The efficacy
of computed tomography-guided percutaneous spine biopsies in determining a
causative organism in cases of suspected infection: a systematic review. Can Assoc
Radiol J. 2019;70(1):96-103.

11. Yang SY, Oh E, Kwon JW, Kim HS. Percutaneous image-guided spinal lesion
biopsies: factors affecting higher diagnostic yield. Am J Roentgenol. 2018;211:1068-
1074.

12. Wu JS, Goldsmith JD, Horwich PJ, Shetty SK, Hochman MG. Bone and soft-
tissue lesions: What factors affect diagnostic yield of image-guided core-needle
biopsy? Radiology. 2008;248(3):962-970.

13. Puri A, Shingade VU, Agarwal MG, et al. CT-guided percutaneous core needle
biopsy in deep seated musculoskeletal lesions: a prospective study of 128 cases.
Skeletal Radiol. 2006;35(3):138-143.

14. Lis E, BilskyMH, Pisinski L, et al. Percutaneous CT-guided biopsy of osseous lesion
of the spine in patients with known or suspected malignancy. Am J Neuroradiol.
2004;25(9):1583-1588.

15. Colmenero JD, Jiménez-Mejías ME, Reguera JM, et al. Tuberculous vertebral
osteomyelitis in the new millennium: still a diagnostic and therapeutic challenge.
Eur J Clin Microbiol Infect Dis. 2004;23(6):477-483.

16. Garg V, Kosmas C, Young PC, Togaru UK, Robb MR. Computed tomography-
guided percutaneous biopsy for vertebral osteomyelitis: a department’s experience.
Neurosurg Focus. 2014;37(2):E10.

17. Gul SB, Polat AV, Bekci T, SelcukMB. Accuracy of percutaneous CT-guided spine
biopsy and determinants of biopsy success. J Belg Soc Radiol. 2016;100(1):62.

18. Rehm J, Veith S, Akbar M, Kauczor HU, Weber MA. CT-guided percutaneous
spine biopsy in suspected infection or malignancy: a study of 214 patients. RoFo.
2016;188(12):1156-1162.

19. Özmen D, Özkan N, Guberina N, et al. Computed-tomography-guided biopsy in
suspected spondylodiscitis: single-center experience including 201 biopsy proce-
dures. Orthop Rev. 2019;11(1):1-5.

20. Hao DJ, Sun HH, He BR, Liu TJ, Jiang YH, Zhao QP. Accuracy of CT-guided
biopsies in 158 patients with thoracic spinal lesions. Acta Radiol. 2011;52(9):1015-
1019.

21. Vieillard MH, Boutry N, Chastanet P, Duquesnoy B, Cotten A, Cortet B. Contri-
bution of percutaneous biopsy to the definite diagnosis in patients with suspected
bone tumor. Jt Bone Spine. 2005;72(1):53-60.

22. Heyer CM, Al-Hadari A, Mueller KM, Stachon A, Nicolas V. Effectiveness of CT-
guided percutaneous biopsies of the spine. An analysis of 202 examinations. Acad
Radiol. 2008;15(7):901-911.

23. Spira D, Germann T, Lehner B, et al. CT-guided biopsy in suspected spondy-
lodiscitis – the association of paravertebral inflammation with microbial pathogen
detection. PLoS One. 2016;11(1):e0146399.

24. Maciel MJS, Tyng CJ, Barbosa P, et al. Biópsia percutânea de lesões ósseas guiada
por tomografia computadorizada: Taxas de definição diagnóstica e complicações.
Radiol Bras. 2014;47(5):269-274.

25. PehWCG.CT-guided percutaneous biopsy of spinal lesions.Biomed Imaging Interv
J. 2006;2(3):e25.

26. Rimondi E, Rossi G, Bartalena T, et al. Percutaneous CT-guided biopsy of
the musculoskeletal system: results of 2027 cases. Eur J Radiol. 2011;77(1):34-
42.

27. Welker JA, Henshaw RM, Jelinek J, Shmookler BM, Malawer MM. The percuta-
neous needle biopsy is safe and recommended in the diagnosis of musculoskeletal
masses. Cancer. 2000;89(12):2677-2686.

OPERATIVE NEUROSURGERY VOLUME 0 | NUMBER 0 | 2021 | 5

D
ow

nloaded from
 https://academ

ic.oup.com
/ons/advance-article/doi/10.1093/ons/opab148/6296078 by Baskent U

niversity Library (BASK) user on 02 August 2021


