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CT-guided discitis-osteomyelitis biopsies with negative
microbiology: how many days should we wait
before repeating the biopsy?
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Abstract
Purpose To determine the number of days to positive CT-guided biopsy sample culture in patients with discitis-osteomyelitis.
Methods Our study was IRB approved and HIPAA compliant. All CT-guided biopsies performed for acute discitis-osteomyelitis
with positive microbiology between 2002 and 2018 were reviewed. Microbiological organism and days to positive biopsy were
documented. Mean, median, skew, and standard deviation were calculated. The proportion of positive cultures that become
positive after each day has elapsed was also calculated.
Results There were 96 true positive cultures, with 64 (67%) male and 32 (33%) female, ages 57 ± 18 (range 19–87) years.
Overall, including all culture results, the mean number of days to positive culture was 2.9 ± 3.5 days. The median number of days
was 2, with a positive skew of 2.9. At days 1, 2, 3, 4, and 5, 48%, 68%, 78%, 85%, and 89%, respectively, of biopsy samples had a
positive microbiology culture.
Conclusion Approximately three-quarters of discitis-osteomyelitis pathogens will be identified by biopsy sample culture by 3
days after CT-guided biopsy. This finding should be considered if planning for a repeat biopsy in the setting of a negative
microbiology culture.
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Introduction

Percutaneous CT-guided biopsy is currently the first-line pro-
cedure for sampling discitis-osteomyelitis in the setting of neg-
ative blood cultures to determine the causative microbiological
organism, because it is safe, accurate, and minimally invasive
[1, 2]. Ameta-analysis from 2017 estimates diagnostic yield for
percutaneous biopsy at 48% [3, 4]. When a biopsy does not
yield a positive microbiology result, a second biopsy can im-
prove the yield, but the reported yield in the second biopsy has
been as low as 14% and as high as 60% [5, 6]. Nevertheless,

even if the potential yield is low, the biopsy may be warranted
because of the potential impact on patient management, and
therefore, a second biopsy is also recommended in the most
recent (2015) Infectious Disease Society of America (IDSA)
clinical practice guidelines for discitis-osteomyelitis [7–10].
Although routine cultures for bacterial organisms are held for
7 days, most positive cultures likely present in a shorter period
of time. While diagnostic yield for surgical biopsy is approxi-
mately 76% and has been reported to be as high as 91%, pro-
cedure and hospitalization time, complication rate, and patient
morbidity are also higher for surgical biopsies [1–4].

The appropriate number of days to wait for cultures to turn
positive after an initial biopsy and before repeating the biopsy
is not known. If the waiting period is too short, many unnec-
essary repeat biopsies would be performed. If the waiting
period is too long, the patient may suffer delays before the
initiation of appropriate treatment. Therefore, the purpose of
this study was to determine the percutaneous CT-guided spine
biopsy culture time to positivity in patients with discitis-oste-
omyelitis, in order to determine the number of days to wait for
culture results before repeating a biopsy.
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Materials and methods

Patient selection

This investigation was approved by the institutional review
board and was compliant with the guidelines of the Health
Insurance Portability and Accountability Act (HIPAA).
From a searchable database of all radiology studies performed
at our institution between 2002 and 2018, we retrospectively
identified 250 cases of suspected discitis-osteomyelitis, which
were percutaneously biopsied using CT guidance. Of these,
104/250 (42%) had positive microbiology results.

Spine biopsy technique

All procedures were performed using a GE Lightspeed 16
slice CT scanner. A total of 10 radiologists with 1–41 years
of experience were the primary operators on the procedures.
Procedural CT images were acquired with 100–140 kVp and
40–440 mAs, 2.5–5.0 mm slice thickness, and 22–36 cm field
of view. Soft tissue kernel was applied.

All biopsies were performed using coaxial technique.
Biopsies including portions of endplate bone were performed
with an Arrow OnControl system (12 or 13 gauge) (Teleflex
Medical, Wayne, PA), Ackerman biopsy needle (14 gauge)
(Cook Medical, Bloomington, IN), or Ostycut biopsy needle
(16 gauge) (Bard Biopsy, Tempe, AZ) to perform the bone
biopsy. For soft tissue biopsies, a Temno Evolution core biop-
sy needle system (14, 16, 18, or 20 gauge) (Merit Medical,
Jordan, UT) was used. Core samples were placed in sterile,
preservative-free, non-bacteriostatic normal saline.

Samples were sent for microbiological and pathological anal-
ysis, including Gram stain, acid-fast stain, fungal stain, and cul-
ture. Aerobic and anaerobic cultures were incubated for a 7-day
period, unless otherwise requested, while fungal and mycobac-
terial cultures were held for 29 and 56 days, respectively.

Microbiological analysis

Microbiology and pathology medical results of all positive
aerobic, anaerobic, mycobacterial, and fungal cultures from
the CT-guided procedures were evaluated. All cases were
evaluated by an infectious disease consultant. True positives
and false positives were distinguished through a combination
of pathology obtained at the time of biopsy, imaging (MRI,
CT) prior to the biopsy, imaging 1 week to 1 year after the
biopsy, clinical presentation and follow-up, response to treat-
ment, and laboratory values (CBC, ESR, CRP, blood culture).
The number of days to a positive microbiology result was
recorded. “Day 0” was the day the CT-guided biopsy was
performed and the culture incubation began. The earliest the
cultures were checked was day 1 (i.e., 1 day after the biopsy
was performed). The number of days to positive culture was

defined as the initial day from day 0 that any growth was
identified in the culture, even if the specific organism was
not identified until a later date. The mean, median, skew, stan-
dard deviation, and proportion of biopsies positive on each
day up to 7 days were calculated. The causative microbiology
organism was also recorded.

Results

The true positive group included 96 patients. There were 64
(67%) males and 32 (33%) females. The mean age was 57 ±
18 (range 19–87) years. Within this group, 30 (31%) had antibi-
otics within 1 week prior to the biopsy, 21 (22%) had a history of
intravenous drug use, and 39 (41%) were immunocompromised
(diabetes, cirrhosis, cancer on treatment, end-stage renal disease,
inflammatory disease (rheumatoid arthritis, psoriasis) on treat-
ment, and liver transplant on immunosuppression).

Themicrobiology results are detailed in Table 1. Themajority
(84/98, 86%) of causative organisms were bacteria. There were
10 (10%) bone only, 30 (31%) bone and disc, 48 (50%) disc only,
and 10 (10%) paravertebral soft tissue biopsies.

The number of days to positive biopsy is detailed in
Tables 2, 3, and 4. Overall, including all culture results, the
mean number of days to positive culture was 2.7 ± 3.4 days.
The median number of days was 1.5, with a positive skew of
3.1. By days 2, 3, and 4, 69%, 80%, and 87% of biopsy
samples had a positive microbiology culture.

The mean number of days to positive bacterial culture was
slightly shorter, 1.9 ± 2.0 days, with a median of 1 day and
positive skew of 2.4 days. The mean number of days to pos-
itive fungal culture was similar to the overall culture results,
2.9 ± 0.83 days, with a median of 3 days and positive skew of
0.83 days. The mean number of days to positive mycobacte-
rial culture was longer, 12.8 ± 5.8 days, with a median of 13.5
days and negative skew of − 0.63 days.

The number of days to positive culture was similar among
the biopsy tissue types (Table 3). The mean number of days to
positive culture appears slightly longer for the paravertebral
soft tissue samples. Of note, the paravertebral soft tissue group
includes 2 Mycobacterium tuberculosis patients, whose cul-
tures were positive on days 14 and 21.

The false-positive group included 8 patients. There were 7
(88%) males and 1 (12%) female. The mean age was 59 ± 16
(range 31–84) years. Within this group, no patients had anti-
biotics within 1 week prior to the biopsy, 2 (25%) had a history
of intravenous drug use, and 6 (75%) were immunocompro-
mised (diabetes, end-stage renal disease, and diabetes). The
cultured organisms were Staphylococcus (4/8, 50%)
epidermidis and Propionibacter acnes (4/8, 50%). The false-
positive microbiology cultures turned positive on days 3, 4, 5,
5, 5, 6, 6, and 7. The mean (± SD), median, and skewwere 5.1
(± 1.2), 5, and − 0.3 days.
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Discussion

Our findings show thatmost discitis-osteomyelitis pathogenswill
be identified by 3 days after CT-guided biopsy, suggesting that a
repeat biopsy should be considered as soon as 3 days after the
initial biopsy, if the microbiology culture remains negative.

Percutaneous CT-guided biopsy has an important role in
disci t is -osteomyel i t is . The diagnosis of disci t is -
osteomyelitis is made through a combination of clinical fea-
tures, laboratory studies, and MRI. However, determining
the causative organism is important for tailoring antibiotic
treatment [5, 11–13]. Although dependent on the offending
pathogen, positive blood cultures are present in only approx-
imately one-half of patients with discitis-osteomyelitis
[14–16]. If the blood culture is negative, image-guided

biopsy is currently the first-line procedure for sampling
discitis-osteomyelitis to determine the causative microbio-
logical organism, because it is safe, accurate, and minimally
invasive [1, 2]. The number of days to wait before repeating
the biopsy is unknown. The bacterial cultures are routinely
held for 7 days in order to minimize the number of false-
negative cases. Nevertheless, even if the potential yield is
low, the biopsy may be warranted because of the potential
impact on patient management [7–9]. Our study shows that
the mean and median days to positive culture are 2.9 and 2
days, respectively. By day 3, 78% of cultures had shown
microbiological growth. These findings suggest that, if the
culture remains negative on day 3, a repeat biopsy, if war-
ranted, could be considered. If a repeat biopsy was consid-
ered too early, then many of those biopsy would have been

Table 1 True positive
microbiology results Organism N (%)

Bacteria Staphylococcus aureus (MSSA, MRSA) 22

Coagulase-negative Staphylococci 11

Streptococcal species 12

Salmonella species 8

Escherichia coli 5

Enterobacter cloacae 5

Enterococcus (including faecalis) 4

Corynebacterium 3

Klebsiella species 3

Propionibacterium acnes 3

Pseudomonas aeruginosa 3

Other anaerobic species 3

Total 82

Fungal species Candida species (albicans, parapsilosis) 7

Aspergillus flavus 1

Scedosporium prolificans 1

Total 9

Mycobacterium species Tuberculosis 4

Avium intracellulare complex 1

Abscessus 1

Total 6

Total (all cases) 96

Table 2 Statistical analysis of
days to for true positive cultures All biopsy samples

(N = 96)

Bacterial

(N = 82)

Fungal

(N = 9)

Mycobacterial

(N = 6)

Mean (days) 2.9 2.1 2.9 12.8

Median (days) 2 1 3 13.5

Skew 2.9 2.5 0.28 − 0.63

Standard deviation (days) 3.5 2.0 0.83 5.8

Range (days) 1–21 1–11 2–4 3–21
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unnecessary. If thebiopsy is delayed for a longperiodof time,
appropriate treatment would be delayed [4, 7, 17–19].

Current literature regarding time to positive culture time
focuses on blood cultures obtained in patients with systemic
inflammation reaction syndrome and suspicious for bacter-
emia. Shorter time to positive blood culture may be a proxy
for burden of infection and associated with poorer outcomes
including increased mortality [20, 21]. The offending patho-
gen may also affect the time to positive blood culture, with
Candida showing the longest time to positive blood culture
[22]. In our study, the sample size of nonbacterial pathogens
was not large enough to detect differences in time to culture
positivity, also a limitation of this study.

The distribution of the type of bacteria in this study cohort is
also interesting. The typical causative bacterial organisms are
Staphylococcus aureus, streptococcal species, enteric bacteria,
and other Gram-negative rods [10]. In our study, the most com-
mon organism in this study was Staphylococcus aureus (22/98,
22%). However, in a 2009 review of the literature, Mylona et al.
surveyed 8 studies, and in this cohort, the percentages of
Staphylococcus aureus cases were 24, 34, 40, 40, 42, 52, and
60%, all higher than the percentage seen in our cohort [16]. In
more recent studies, Ziu et al. found 60/164 (37%) of their cohort
had Staphylococcus aureus infections, and Hopkinson and Patel
found 9/23 (39%) of their cohort had Staphylococcus aureus in-
fections [23, 24]. The second most common organism in our

study was Coagulase-negative Staphylococcus, an organism
which colonizes the skin. Furthermore, Salmonella species were
more common in our cohort than Escherichia coli. Our cohort
only includes the patients which had negative blood cultures, and
it is possible that this group has more atypical bacteria and/or
bacteria that is more difficult to detect in the patient’s blood.
Alternatively, the organisms that were cultured may be present
in the tissues in higher concentrations. Certainly there is some
unidentified factor, which is selecting for a unique group of mi-
cro-organisms.

The effect of antibiotics on culture and time to positive
culture are unknown. Some studies have shown a decreased
microbiological yield. Presumably, the effects are dependent
on multiple factors, including (1) causative microbiological
organism; (2) type of antibiotics; (3) antibiotic dose; (4) sen-
sitivity of the organism to the antibiotics administered; (5)
number of doses administered; and (6) time gap between the
most recent dose of antibiotic and the biopsy. The IDSA
guidelines recommend holding antibiotics for 1–2 weeks
pending a microbiological culture with sensitivities when pos-
sible [10, 25]. Unfortunately, we have found in our institution
that many patients receive at least one dose of broad spectrum
antibiotics prior to the input of an infectious disease consult.
Although we looked at antibiotic administration prior to biop-
sy, we found that our population was too heterogeneous re-
garding the type, dose, number of doses, and time between
dose and biopsy to draw any meaningful conclusions, another
limitation of this retrospective study. In an ideal situation,
these factors could be carefully controlled and studied.

The mean days to positive biopsy were similar for all
biopsied tissue types, except for paravertebral soft tissue,
where the mean was 5.5 days, compared with 2.7 days for
all samples. The paravertebral soft tissue biopsy group only
included 10 cases, two of which were Mycobacterium
tuberculosum (MTB). MTB has an atypical presentation with
a disproportionately large soft tissue mass and relative sparing
of the discs [26, 27]. Therefore, it makes sense in these situa-
tions to target the paravertebral soft tissues and may be a
confounding factor in the observed differences.

The average number of days to positive culture was longer for
the false-positive group (5.1 days) compared with the true posi-
tive group 2.9 days. Although meaningful statistics cannot be

Table 3 Days to positive culture
by biopsied tissue type Bone only

(N = 10)

Bone and disc

(N = 30)

Disc only

(N = 48)

Paravertebral
soft tissue

(N = 10)

Mean (days) 1.8 3.3 2.3 5.6

Median (days) 1 2 1 3

Skew 1.7 2.1 4.6 1.8

Standard deviation (days) 1.5 3.1 2.7 6.7

Range (days) 1–5 1–14 1–13 1–21

Table 4 Total number of biopsy samples with positive culture at the end
of each day. The number of samples is cumulative, for example, the
number of positive on day 2 is the total number positive cultures on
days 0, 1, and 2

Time
point
(days)

Total number of biopsy
samples with positive
microbiology culture (N)

Total percentage of biopsy
samples with positive
microbiology culture (%)

1 46 48%

2 65 68%

3 75 78%

4 82 85%

5 85 89%

6 88 91%

7 88 91%
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performed given the small number of false-positive cases, and
the imbalance between the size of the true positive and false
positive groups, this observation is interesting and should be
further studied.

The main limitation of this study is its retrospective study
design. Because the protocol for checking the microbiology
growth in the cultures is not performed in a controlled fashion,
and because the time of sample collection is not precisely
recorded, the time point granularity of this study is restricted
to “days.” Ideally, the study would be performed prospective-
ly, with the exact time of sample collection recorded, imme-
diate delivery of the sample to microbiology, immediate pro-
cessing of the biopsy sample by the microbiology lab, and
hourly evaluation of the cultures for growth.

In conclusion, if a microbiology culture remains negative
after 3 days after initial CT-guided biopsy for discitis-osteo-
myelitis, a second biopsy, if warranted, may be considered.
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