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Objective: Skull base osteomyelitis (SBO) is a rare but life-threatening disease observed in elderly diabetic patients,
with high risk of recurrence and difficult therapeutic management. The diagnosis is ascertained from a set of clinical, biologi-
cal, and imaging findings. CT and MRI allow initial diagnosis, but are not accurate to affirm healing at the end of therapy.
99mTc-HMPAO-Leucocyte Scintigraphy (LS) is highly sensitive and specific for the detection of infection. The aim of this study
was to evaluate LS i) for initial diagnosis, and ii) to confirm healing at the end of antibiotherapy in SBO.

Study design: We retrospectively reviewed from November 2011 to September 2015 all patients with confirmed SBO
who underwent LS twice, at diagnosis and at the end of antibiotic therapy in our nuclear medicine department (n527).

Methods: Clinical, biological, CT, LS, and follow-up data were recorded in all patients. LS images (planar and tomo-
graphic performed 4 hours and 24 hours after intravenous injection of autologous Tc-99m-HMPAO-leucocytes) were visually
assessed and quantified.

Results: At initial diagnosis, 25 of 27 patients had a positive LS. At the end of antibiotic therapy (36 1 months dura-
tion), 26 of 27 patients had a negative LS. During subsequent follow-up (5 or >6 months), the disease recurred in four
patients including three with a negative postantibiotherapy LS scan.

Conclusion: In this retrospective study, LS was powerful for initial diagnostic of SBO and for healing assessment at the
end of antibiotic therapy. We conclude it is a useful technique for therapeutic monitoring of SBO.
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INTRODUCTION
Skull base osteomyelitis (SBO) is a rare but life-

threatening disease, the prevalence of which tends to
increase with the growing incidence of diabetes mellitus
and the increase in life expectancy. The most common
form occurs after a malignant external otitis in elderly
diabetic patients and affects the temporal bone. Another
form is characterized by neurological symptoms and
occurs in contexts of immunosuppression (eg, HIV or

organ transplantation) and more specifically affects the
occipital and sphenoid bones.

An early diagnosis, hence the rapid administration
of an adequate therapy, is essential for the management
of this potentially lethal disease. The diagnosis of SBO
is suspected in patients with persistent otalgia and otor-
rhea despite outpatient treatment for several weeks. CT
and MRI are recommended for initial diagnosis: the CT
scan assesses osteolysis and the MRI assesses soft tissue
and potential bone marrow involvement. Final diagnosis
is established after microbiological and radiological find-
ings that prove i) the causal agent—the most frequent
being Pseudomonas aeruginosa—from bone biopsy,1,2

and ii) osteolysis. One of the major challenges in manag-
ing SBO is the high rate of recurrence highlighted in
several studies (9–27%).3,4 Indeed, the infection can
recur as long as 4 to 12 months after the end of the anti-
biotic therapy,5 with undertreatment being the major
contributor.3,4 These data plead for a long follow-up of
patients with SBO to ensure that adequate therapy
duration is met. There is no current guideline regarding
treatment duration for SBO. In our hospital, otolaryng-
ologists empirically administrate antipseudomonal anti-
biotics for four to six weeks, a timeframe that covers the
three-to-four-week window necessary for bone revascu-
larization,6 then follow SBO patients for six months
after the end of antibiotherapy to ensure the absence of
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symptom recurrence, before referring the patient to his
primary care provider for a longer follow-up. The antibi-
otics commonly used against P. aeruginosa include ami-
noglycosides, penicillin, and cephalosporins.7

Various studies on SBO highlighted the need for a
sensitive and specific technique that could help physi-
cian to affirm healing in order to adapt case by case the
duration of antibiotherapy.6 The persistence of MRI and
CT abnormalities after treatment despite resolution of
the disease makes these techniques unreliable.7–11 Bone
scintigraphy (HMDP-Tc-99m) has the same limitations.9

Leukocyte scintigraphy (LS) is known to specifically
detect bacterial infections, but very few data are available
regarding LS in SBO.12,13 The aim of this study was to
evaluate LS in SBO patients as a tool for the initial diag-
nosis and to confirm healing after antibiotherapy.

MATERIALS AND METHODS

Patients
We retrospectively studied the medical records and imaging

studies of 27 consecutive patients treated for SBO and who under-
went LS scans at the time of diagnosis and at the end of antibiotic
therapy in our nuclear medicine department, from May 2011 to
September 2015. The diagnosis of SBO was suspected on clinical
signs, laboratory parameters, inefficiency of short-term oral anti-
biotherapy (clinical symptoms continuation or exacerbation), and
confirmed by the identification of the causative agent from biopsy
and the presence of osteolysis on diagnostic CT scan. All patients
received a combination of antipseudomonal antibiotics. All patients
underwent two LS: one performed at initial diagnosis, the second
performed at the end of therapy when clinicians thought that the
disease was cured on the basis of clinical and biological parameters
(leukocytes blood counts, CRP). Then the patients had clinical
follow-up from 6 to 12 months after the end of antibiotherapy,
based on clinical examination and biological parameters. Conven-
tional imaging (CT or MRI) is not routinely performed during
follow-up in our institution.

Leukocyte Isolation and Radiolabeling
According to routine procedure in Nuclear Medicine

Departments, autologous leukocytes were isolated from periph-
eral blood and radiolabeled ex-vivo, then reinjected back to the
same patient for scintigraphic imaging.

Leukocytes were labeled with Tc-99m-hexamethylpropyle-
neamineoxime, (Tc-99m HMPAO) as recommended in the con-
sensus protocol from the International Society of Radiolabeled
Blood Elements.14 Peripheral blood (80 ml) was collected into
two 60-mL syringes containing 8 ml of Acid Citrate Dextrose
solution (ACD); 10 mL of ACD blood were removed from each
syringe and transferred into a tube, then centrifuged at 2000 g
for 10 min to obtain Cell Free Plasma (CFP). The remaining
40 mL of ACD blood in both syringes were incubated with
6.5 mL of sedimentation agent (Plasmion) for 30 to 90 minutes.
The red blood cells–free supernatant was transferred into a
sterile tube and centrifuged at 150 g for 5 minutes. The super-
natant was discarded to obtain a leukocyte pellet.

Tc-99m-HMPAO was prepared by adding 1000 MBq (0,027
Ci)/2,5 mL of freshly eluted Tc-99m-perthechnetate in a Ceretec
bottle (Ceretec, GE Healthcare, Little Chalfont, UK). 666 MBq
of Tc-99m-HMPAO was added to the leukocyte suspension. After
15 minutes of incubation, 10 ml of CFP were added to stop the
labeling reaction, and the solution was centrifuged at 150 g for
5 minutes. The supernatant that contained unbound Tc-99m-

HMPAO was discarded, and the labeled leukocyte pellet was

resuspended in 4 ml of CFP. The amounts of radioactivity in the

pellet and the supernatant were measured to calculate the labeling

yield. Tc-99m-HMPAO-labeled leukocytes (200–500 Mbq) were

then rapidly injected into the patient intravenously (IV).

Image Acquisition
Planar and SPECT/CT images centered on the head and

neck were obtained 4 hours and 24 hours after IV injection of Tc-

99m-HMPAO-labeled leukocytes. A large field of view gamma

camera (Flash 3D, Siemens SAS Medical Solutions, Saint-Denis,

France) with 2 low energy high-resolution collimators was used.

The pulse height analyzer was centered at 140 keV using a 15%

to 20% window. Fixed time and fixed duration planar and

SPECT/CT acquisitions were performed using a 128 x 128 matrix.

Planar images duration was 600 s at 4 hours post-IV and 900 s at

24 hours post-IV. SPECT images consisted in 64 projections over

3608, with 30 s per projection at 4 hours post-IV and 45 s per pro-

jection at 24 hours post-IV. Three-dimensional (3D) images were

reconstructed using Ordered Subset Expectation Maximization

(OSEM) algorithm. CT scans were performed immediately after

SPECT. Scanning parameters were 110 kV, 80 mAs, and 6 x

1 mm collimation; bone-weighted (B70, Medium Sharp) recon-

struction was performed to obtain 1.25 mm thick slices.

Image Analysis
LS images were analyzed by two experienced nuclear med-

icine physicians. In case of discrepancy, a consensus reading

was made. LS was considered positive or negative for infection

on visual qualitative analysis of planar and SPECT/CT images.

It was considered positive when showing a focal increased

radiotracer uptake on skull base bones that could not be related

to normal physiologic biodistribution, with stable or increased

intensity on 24 hours post-IV images compared to 4 hours post-

IV images (Fig. 1). Quantitative analysis was performed on pla-

nar images, according to the method recommended by Glaude-

mans et al15: a region of interest (ROI) was drawn on the

affected area on the anterior view then copied to the contralat-

eral non-affected side, and the total counts in ROIs were

recorded to calculate the lesion-to-non-lesion (L/NL) ratio.

Statistical Analysis
Data are presented as median (interquartile range) or

number (%) as appropriate. Skewed variables were compared

using paired or unpaired Sum-rank Wilcoxon test, as appropri-

ate. A P value< .05 was considered statistically significant.

All procedures performed were in accordance with the eth-

ical standards of the institutional research committee and with

the 1964 Helsinki declaration. For this type of study formal con-

sent is not required.

RESULTS

Patients
The baseline characteristics of the study patients

are shown in Table I. Most patients were men (89%),
mean age was 72 6 9 years. Most patients (25 of 27,
93%) presented with typical history of SBO originating
from necrotizing external otitis: persistent otorrhea for
one to five months despite local or oral antibiotic ther-
apy; two patients presented with atypical SBO (radia-
tion-induced infection after an epidermoid carcinoma of
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the floor of the mouth, cystic mass of the cavum). Eight
patients had cranial nerve paralysis at diagnosis. Diabe-
tes was the most common risk factor (81% of patients),
and one patient was under immunosuppressant. All but
three patients had elevated plasma CRP and six
had elevated white blood cell counts. Identification of
the causative organisms was obtained in all patients
(biopsy in 25, culture of the ear canal in 2). P. aerugi-
nosa alone or associated was identified in the majority
of cases (n 5 25). Antibiotherapy was applied as recom-
mended, using a combination of ceftazidim (FORTUM)
and ciprofloxacin (CIFLOX) for most of the patients (24
of 27). The three other patients were infected by a
quinolone-resistant germ and were treated with other
antibiotics.

Scintigraphic Results
Injected dose was 345 6 130 MBq (0.09 6 0.003 Ci).

Overall, the radiolabeling yield was 61 6 13%. WBC
counts were not different in the patients with positive
and negative LS scans (6635 6 2242/ml vs. 6450 6 150/
ml, NS).

First leukocyte scintigraphy at initial diagno-
sis. The first LS was performed before treatment in
seven patients, less than 15 days (mean: 8 6 4 days)

after the start of treatment in 19, and after 21 days of
treatment in one. If began, the antibiotherapy was not
stopped before LS. LS was positive in 25 patients
(Fig. 1) and negative in 2 (performed 10 days before the
start of treatment in 1 patient, and 7 days after the start
of treatment in the other).

Second leukocyte scintigraphy at the end of
antibiotherapy. The second LS was performed three
days to one month after the end of antibiotherapy in 13

Fig. 1. Typical imaging features of skull base osteomyelitis on MRI and Leukocyte Scintigraphy (SPECT/CT).
MRI: T2 axial weighted-sequences (A), T1 axial weighted-sequences (B); LS: axial, coronal, sagittal CT (C), and fused SPECT/CT images
(D). MRI shows an hypersignal on the T2 weighted-sequence and an hyposignal on the T1 weighted-sequence of the left part of the sphe-
noid, left part of the clivus and of the petrous part of the left temporal bone, and soft tissue infiltration in the left retropharyngeal and para-
pharyngeal spaces. CT enables localization of the tracer uptake and shows bony rarefaction of the clivus. SPECT/CT shows high uptake of
the radiotracer in the left part of the clivus and in the petrous part of the left temporal bone.

TABLE I.
Patient Characteristics.

SBO
n 5 27

Age Mean 6 SD 72 6 9

Sex Men 24 (89%)

Risk factor Diabetes 22 (81%)

Other 1 (3%)

None 4 (14%)

Organism Pseudomonas aeruginosa 25 (89%)

Staphylococcus epidermidis 2 (7%)

Staphylococcus aureus 2 (7%)

SBO 5 skull base osteomyelitis.
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patients, and between 1 and 20 days before the end of
antibiotherapy (under treatment) in 14 patients. It was
negative for 26 patients (including 24 with positive ini-
tial LS, Fig. 2), and positive for 1 (Table II).

In LS scans declared positive on visual analysis,
quantitative analysis showed a statistically significant
increase in mean L/NL ratio between 4 hours post-IV
and 24 hours post-IV images (1.59 6 1.00 vs. 2.46 6 1.14,
P<.05). L/NL ratios on negative LS scans were
1.07 6 0.20 and 1.08 6 0.20 on 4 hours post-IV and 24
hours post-IV images, respectively.

Follow-up
Four of 27 patients had recurrence of the disease

two to nine months after the end of antibiotherapy
(resurgence of earache, othorroea): one patient with posi-
tive post-therapeutic LS, and three others with normal-
ized post-therapeutic LS (Table II, Fig. 3). So the
likelihood of being cured (no recurrence) for patients
with negative post-therapeutic LS (negative predictive

value) was 23 of 26 (88%). The timings of false negative
second scans were one and six days before the end of
antibiotherapy in two patients and one month after the
end of therapy in one. The patients with disease recur-
rence had higher L/NL ratios on 24 hours post-IV images
at initial diagnosis than cured patients, although this
difference was not statistically significant. In cured
(non-recurrent) patients, quantitative analysis showed a
significant decrease in L/NL ratios between initial and
post-therapeutic LS on both 4 hours post-IV and 24
hours post-IV images. In the patients with disease recur-
rence, a slight but not statistically significant decrease
in L/NL ratios was observed between the initial and the
post-therapeutic LS (Table III).

We did not observe any false positive LS scan.

DISCUSSION
In this study, we retrospectively evaluated LS for

initial diagnosis and therapeutic monitoring of SBO. LS
detected 25 of 27 SBO lesions at initial diagnosis, and
correctly affirmed healing in 23 of 26 patients at the end
of antibiotherapy.

At initial diagnosis, CT and MRI are respectively
required to assess bone and soft tissue involvements of
the infectious process. CT shows a thickening of the
external auditory canal mucosa and auricle, which are
enhanced after contrast agent administration. An era-
sure of fat planes in the soft tissues beneath the tempo-
ral bone around the styloid foramen and infra-temporal
fossa can also be seen.7 MRI has a lower sensitivity than
CT for bone erosion imaging but this technique better
detects changes in soft tissues, especially dural enhance-
ment and involvement of bone marrow.16,17 The most
consistent imaging findings on MRI are bone marrow T1
hypointensity and T2 hyperintensity. However, MRI is

Fig. 2. Typical Leucocyte Scintigraphy (LS) scans before and after antibiotic therapy in a patient with no recurrence.
A. Planar 4 and 24 hours anterior images before treatment; B. SPECT, CT and SPECT/CT axial 24 hours images before treatment; C. planar
4 and 24 hours anterior images after treatment; D. SPECT, CT and SPECT/CT axial 24 hours images after treatment.
In September 2014, planar and SPECT/CT images showed high uptake of radiotracer on the tympanic part of the temporal bone and man-
dibular condyle. After two months of systemic antibiotherapy against pseudomonas aeruginosa, LS scan was normalized.

TABLE II.
Descriptive Leukocyte Scintigraphy Results.

LS RESULTS

Recurrence No recurrence TotalLS1 LS2

1 1 1 0 1

1 - 3 21 24

- - 0 2 2

- 1 0 0 0

LS1, leukocyte scintigraphy at initial diagnosis; LS2, post-therapeutic
leukocyte scintigraphy. 1 indicates Positive LS scan; - indicates negative
LS scan.
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unable to discriminate SBO from other differential diag-
noses, especially tumor processes. Also, CT and MRI
abnormalities persist despite the resolution of the dis-
ease, and so are not useful for therapeutic monitoring in
SBO.7,8 Bone remineralization after disease resolution is a
late phenomenon making CT not reliable for early thera-
peutical management.9,11,18 On MRI, soft tissue abnormali-
ties also persist after the resolution of the disease, as well
as bone marrow abnormal signals that persist from 6 to 12
months after successful treatment.16,18–20

Bone scintigraphy allows earlier diagnosis of SBO
than CT, with a sensitivity of almost 100%.21–24 However
its specificity is low and it does not differentiate osteomy-
elitis from simple otitis externa, traumatism, or neo-
plasm. Moreover, it remains positive for many years and
is not a reliable marker of the response to therapy and
disease resolution.21–23

Conversely 67Ga-citrate and leukocytes scintigraphy
demonstrate high specificity for infection in SBO.25–30 In
a series of eight patients with SBO, Stokkel et al.

Fig. 3. False-negative post-therapeutic LS: a
case of recurrence 7 months after the end of
the antibiotic treatment.
A. June 2014, SPECT, CT and fused SPECT/
CT axial slices: high radiotracer uptake in the
right part of the clivus corresponding to bone
osteolysis.
B. August 2014, SPECT, CT and fused
SPECT/CT axial slices: normalization 1 month
after the end of adequate systemic therapy.
C. January 2015, SPECT, CT and fused
SPECT/CT axial slices: radiotracer uptake in
the left part of the clivus and in the petrous
part of the left temporal bone23.
D. April 2015, SPECT, CT and fused SPECT/
CT axial slices: normalization after 3 months
of adequate systemic therapy against pseu-
domonas aeruginosa.
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reported that 67Ga-citrate scintigraphy was useful at ini-
tial diagnosis (8 of 8 positive scans), and could confirm
healing at the end of antibiotherapy in five of eight
patients.28 To our knowledge, only one study compared
LS to CT, MRI and bone scintigraphy during post-
therapeutical follow-up in SBO, showing higher accuracy
of LS.12 In a series of patients suspected for SBO, mostly
postoperative cases (15 of 25), the authors reported that
111Indium-oxine-leukocytes scintigraphy (performed once
in each patient at time of diagnosis or during therapeu-
tic follow-up) was truly positive at diagnosis in eight of
eight patients, and truly negative during follow-up in
three of four cured patients.12 Tc-99m-HMPAO-
leukocytes scintigraphy is nowadays more often used
because of higher image quality (compared to 67Ga-cit-
rate) and lower radiation dose to the leukocytes and to
the patients (compared to 67Ga-citrate and 111Indium-
oxine-leukocytes scintigraphy). Our patient series differs
from that of Seabold12 et al. by higher rate of diabetic
patients (22 of 27 vs. 6 of 25), higher number of patients
with proven SBO (n 5 27 vs. n 5 12), and by the fact that
all our patients with proven SBO underwent LS twice,
at diagnosis (n 5 27 vs. 8) and during follow-up (n 5 27
vs. 4). We obtained comparable results while diabetic
status could be a disadvantage for the technique because
of restrained blood flow or impaired leukocyte migratory
ability.29 It is worth noting that all five false negative
cases concerned diabetic patients with high levels of gly-
cosylated Hb (HbA1c 5 8.9%, 10%, 7.4%, and 8.3%). All
the other parameters did not differ from those of other
patients. Most patients presented with otitis evolving
since several weeks before they were managed in our
hospital ORL department. Causing pathogens, especially
Pseudomonas aeruginosa, have two different lifestyles:
cytotoxic living cells causing acute inflammatory reac-
tion and biofilm-forming communities which cause
refractory chronic infection. Recent studies suggest that
both lifestyles can coexist within the bacterial popula-
tion.31,32 Plausible hypotheses for false negative LS
scans are biofil-forming communities’ escape to immune
cellular response, or alteration of vasculature by necro-
tizing and vasoactive endotoxins. Finally low-grade
infections (reduced bacterial load) in patients under
antibiotherapy could theoretically result in false nega-
tive scans: this is controversial since several studies27,31

previously reported that antibiotherapy does not affect
the sensitivity of the diagnostic LS. In our study three of

five false negative results (two at initial diagnosis, three
during follow-up) concerned LS performed under antibio-
therapy (>7 days duration). This raises potential inter-
est of a therapeutic window before LS, especially for
healing assessment at the end of therapy. An interesting
point is that the patients who experienced disease recur-
rence had higher L/NL ratios than those who did not
recur after the end of antibiotherapy: 2.84 (2.60–3.08)
versus 2.00 (1.63–2.59) (24 hour images) at initial diag-
nosis, then 1.18 (1.07–1.29) versus 1.10 (0.92–1.20) (24
hour images) at the end of antibiotherapy. Despite very
small effective of recurrent patients and no statistical
difference, this suggests potential prognostic significance
of the intensity of radiotracer uptake in the lesions;
indeed it can be assumed that the amount of accumu-
lated leukocytes in the lesion is related to bacterial load,
and that SBO with higher bacterial load need longer
treatment duration. Also it suggests that quantitative
criteria could be considered for scans interpretation to
improve LS sensitivity. However it is not possible to
determine a threshold value because of the too small
effective of patients with recurrent disease (n 5 4).

Alternatively to SPECT, PET (positron emission
tomography) may be proposed to improve spatial resolu-
tion and contrast, eg, to improve sensitivity of detection.
Inflammatory cells exhibit overexpression of hexokinase
and glucose transporter proteins with a high affinity for
18F-Fluoro-Desoxy-Glucose (18F-FDG), the most often
used PET radiotracer. However, 18F-FDG-PET may be
less specific for infection than LS, since 18F-FDG is
taken by all type of activated cells especially during
healing processes.33,34 Alternatively, PET using leuko-
cytes labeled with a positron emitter may be more sen-
sitive and as specific as Tc-99m-HMPAO-leukocytes
SPECT imaging in this setting.34 However, PET iso-
topes with adequate radioactive half-lives are more
destructive to cells regarding the nature of radia-
tions,35 and labeling yields and stability are still chal-
lenging issues. Imaging of bacteria using radiolabeled
antibiotics may be problematic in SBO with drug-
resistant pathogens. Finally 68Ga–citrate or 68Ga–
radiolabeled antimicrobioal peptides, such as UBI, are
emerging in the setting of infection imaging, with high
potential because of high sensitivity, high specificity,
fast and easy radiolabeling, and reasonable cost (68Ga
generator, dramatic decrease in PET acquisitions dura-
tion on current PET cameras).36–40

TABLE III.
Lesion to Non-Lesion 99mTc-HMPAO-Leukocytes’s Uptake Ratios in Patients With and Without Recurrent Disease.

Patients With Recurrent Disease (n 5 4) Cured Patients (n 5 23)

4 h 24 h 4 h 24 h P value*

Pre-therapeutic LS 1.38 [1.31–1.39] 2.84 [2.60–3.08] 1.36 [1.10–1.57] 2.00 [1.63–2.59] .33

Post-therapeutic LS 1.25 [1.15–1.36] 1.18 [1.07–1.29] 1.05 [0.88–1.18] 1.10 [0.92–1.20] .64

P value‡ .75 1 .0006 <.0001

*Comparison of lesion to non-lesion 99mTc-HMPAO-leukocytes’s uptake (L/NL) ratios on 4 h planar post-IV images between recurrent and cured patients.
†Comparison of L/NL ratios on 24 h planar post-IV images between recurrent and cured patients.
‡Comparison of L/NL ratios between pre-therapeutic and post-therapeutic planar Leucocyte Scintigraphy.
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Study Limitations
This is a retrospective study yet the largest pub-

lished so far. Comparison with more powerful PET tech-
nology was not performed for technical reasons, and
should be initiated because of high potential in this
setting.

CONCLUSION
In this retrospective study, LS was powerful for ini-

tial diagnostic of SBO and for healing assessment at the
end of antibiotic therapy. Further studies should evalu-
ate PET technology using leukocytes labeled with a posi-
tron emitter, or 68Ga-citrate.
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