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Abstract

The standard treatment for lumbar pyogenic spondylodiscitis is an intravenous antibiotic. If conservative
treatment fails, surgery is indicated. However, many patients suffer from residual lumbago after prolonged
conservative treatment, and invasive surgery is problematic in poorly conditioned patients. We developed a new
treatment in which intravenous antibiotics are supplemented by multiple injections of antibiotic directly into the
infected disc. Here we report our experience with twenty adult patients. Shortly after infection was diagnosed, we
performed the needle biopsy that we reported followed by direct antibiotic injection into the infected disc. Antibiotic
was injected twice weekly until inflammation subsided. The average number of injections was 6.8. Infection was
eradicated in all cases. Surgery was needed in two cases (10%): one because of acute paralysis and one because
of residual sciatica. We observed no adverse effects. Excluding two cases who died of cancer, we obtained excellent
(n=12) or good (n=3) results (83%) in a total of 18 patients evaluated according to Macnab's lumbago criteria at an
average of 27.5 months follow-up. The disc height was retained in ten cases during the initial two months of
treatment: nine of these patients showed excellent results on Macnab's lumbago scale. We conclude that
supplementing standard systemic antibiotic therapy with multiple injections of antibiotic directly into the infected disc
provides a safe and effective method of eradicating lumbar pyogenic spondylodiscitis. This treatment also provides
an excellent chance of maintaining the disc height, which leads to less residual lumbago.
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Introduction

Lumbar pyogenic spondylodiscitis is a serious condition. Many
patients are elderly or immuno-suppressed, and associated medical
illnesses are frequent. The standard treatment is intravenous (IV)
antibiotic with external immobilization of the spine. If conservative
treatment fails, surgical intervention is indicated. The standard surgical
technique combines anterior debridement with bone grafting and
poses great risks for debilitated patients. Prolonged conservative
treatment is also associated with a high incidence of residual lumbago.
We have therefore introduced a new treatment: early biopsy with a 21G
needle [1] followed by supplemental direct injections of antibiotic into
the infected disc. We repeat the direct injections multiple times, usually
twice weekly, and also administer the same antibiotic intravenously.
Here we report 20 cases in which we have applied this treatment. The
purpose of this study is to evaluate the efficacy of direct injection
therapy for lumbar pyogenic spondylodiscitis in (1) eradicating
infection, (2) retaining disc height and (3) reducing residual lumbago.

Figure 1: Radiograph la: lateral and 1b: A-P at presentation
showing no apparent change at L4/5 disc.

Ilustrative Case

A 60-year-old man developed severe back pain and high grade fever.
He presented to our hospital five days after onset of symptoms. His
white blood cell count was 13,000 and CRP was 30.9. He was under
insulin therapy for type 2 diabetes. Radiographs and MRI revealed disc
infection at L4/5 disc and abscess in the right psoas muscle (Figures 1
and 2).

At the third day after presentation, in addition to systematic
antibiotic therapy, a 21-G needle was inserted into the L4/5 disc as for
discography (Figure 3).

Fluid was taken from the disc for culture. After pus aspiration and
irrigation with saline antibiotic was injected into the disc. MSSA was
positive for both blood culture and needle biopsy.
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Figure 2: MRI at presentation 2a: T1 weighted, 2b: T2 weighted
Axial MR scans showing abscess in the right psoas muscle, 2¢: T1
weighted, 2d: T2 weighted Sagittal MR scans showing L4/5 disc is a
main infection focus.

Figure 3: Disc was irrigated with saline and antibiotic was injected
through a 21G needle as for discography.

We applied irrigation and supplemental antibiotic injection into the
L4/5 disc eight times in 1-month period. The abscess in the psoas
muscle was also irrigated through a 21-G needle and antibiotic
injected. IV antibiotic was administered for 33 days. Infection
eradicated, and his back pain disappeared. The result for low back pain
was excellent according to Macnab’s grading at a 24-month follow-up.
Radiograph showed that the height of L4/5 disc was maintained
(Figure 4).

Patients and Methods

Between March 2004 and December 2014, we encountered and
treated 20 cases of lumbar pyogenic spondylodiscitis. There were
fourteen men and six women with a mean age of 68.0 (23 to 82).
Diagnosis was based on history, elevation of C-reactive protein (CRP),

white blood cell counts (WBC) and image studies including X-ray and
MRI.

Figure 4: Radiograph 4a: lateral and 4b: A-P two years after
treatment showing L4/5 Disc height was maintained.

Eight patients had been referred from other practices or
departments, and eight had already been treated with IV antibiotic.
The time between onset of symptoms and presentation to our
department was 19.0 (3 to 64) days. The general condition of the
patients was evaluated by the grading system of the American Society
of Anesthesiologists (ASA). Two patients had cancer surgery within
two weeks of symptom onset. There was no septic patient at
presentation. Table 1 lists the medical comorbidities and other
information about the patients. All patients but two, who died of
cancer, were followed for at least six months (Ave. 27.5 months, 4 to
50).

The final outcome for residual lumbago was evaluated by Macnab’s
pain grading [2]. The disc height was measured on plain lateral X-ray
or sagittal MR image. The levels of infection were L1/2 (N=2), L2/3
(N=3), L3/4 (N=3), L4/5 (N=10) and L5/S1 (N=2). Four cases
sustained multi-level disc lesions; the most severely damaged disc was
chosen for disc height measurement. There were three cases with
endplate destruction on X-ray. Two cases showed segmental kyphosis,
which may not be related to infection. The height was classified into A:
normal height, B: half normal height or greater, C: less than half
normal height, D: partial collision of the vertebrae and E:
disappearance. The X-ray was taken at initial presentation, and again at
two and six months, and at one, two, and three years later, as possible.

Treatment

Under fluoroscopy the patients were placed in the lateral or prone
position, as for discography. At the first treatment a needle biopsy with
a 21G needle was performed, as we reported [1], to isolate the
causative microorganism. This needle biopsy technique consists of
three parts. (A) Insert a 21G needle as for discography, aspirate pus or
fluid. (B) If step A fails, inject saline and collect fluid as reflux. (C) If
step B fails, insert another needle into the disc, inject saline and collect
reflux from another needle.
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Patient | Age Sex Onset to| Level Associated ASA wBC CRP Needle Blood Organism Abscess
Diagnosis medical illness (x1000) | (mg/dL) @ biopy culture isolated
(days)
1 79 F 28 L4/5 Pyelonephritis 3 15.7 1.5 N/A N/A Escherichia coli | Psoas
2 68 M 46 L4/5 Previous lumbar | 1 12.2 6.9 N/A N/A Unknown none
surgery
3 60 M 3 L4/5 Diabetes Mellitus, 2 13.0 34.5 P P MSSA Psoas
Femoral head
necrosis
4 73 M 46 L3/4 Acute  myocardial | 4 13.5 16.1 P N MSSA Psoas
Infarction,
Colon Cancer
5 61 F 64 L2/3 Poor nutrition, 2 12.8 17.6 P N Hafnia none
Epilepsy
6 78 M 7 L4/5 Diabetes Mellitus 2 7.9 14.3 P N Corynebacteriu | Psoas
m
7 82 F 9 L3/4/5 2 222 32.0 P N S. epidermidis | Psoas
8 83 F 30 L2/3 Bladder Cancer 4 14.5 16.9 P P MRSA Epidural
9 66 M 6 L4/5 Liver cirrhosis 3 15.8 9.8 P P Klebsiela none
pneumoniae
10 23 M 14 L5/S Obesity (BMI=39), 1 13.0 5.0 P P MSSA Epidural
Atopic dermatitis
1 67 M 10 L5/S, L3/4 | Hepatocellular 4 12.3 12.3 P N S. oralis none
carcinoma
12 53 M 3 L5/S Acute  myocardial | 4 6.8 5.6 P P MRSA none
infarction
13 62 M 3 L1/2 1 12.6 1.8 P N Preptost none
reptococcus
14 82 M 4 L2/3 2 6.7 1.8 N N Unkown none
15 79 F 14 L3/4 Colon Cancer, 3 17.7 33.8 N P Strptococcus B | Psoas
Pyelonephritis
16 55 M 7 L1/2/3 Obesity (BMI=42), 2 16.8 34.8 N/A N/A Strptococcus B | Epidural,
Diabetes Mellitus Psoas
17 87 M 5 L2/3/4 Old myocardial | 3 6.7 2.4 N N Unknown none
infarction
18 75 F 20 L3/4 2 10.4 16.5 N P Salmonella Psoas
19 61 M 40 L5/S Diabetes Mellitus, 4 14.6 22.8 P P MSSA none
decubitus
20 66 M 21 L4/5 Diabetes Mellitus 1 6.3 3.9 N N Unknown none
Average | 68 19 121 15.0
ASA: Grading System of the American Society of Anesthesiologists, BMI: Body Mass Index, MSSA: Methicillin-Susceptible Staphylococcus aureus, S. epidermidis:
Staphylococcus epidermidis, MRSA: Methicillin-resistant Staphylococcus aureus, S. oralis: Streptococcus oralis, P: Positive, N: Negative, N/A: Not Applicable

Table 1: The medical comorbidities and other information about the patients.

After saline irrigation by manual pumping through the 21G needle,
we mainly used a broad-spectrum antibiotic, one gram of Cefazorin
Sodium (CEZ; Astellas Pharma Inc. Tokyo, Japan) soaked in 20 ml of
saline, as the initial injection into the infected disc. Antibiotic was
injected directly into the disc multiple times, usually twice weekly.

Patients also received antibiotic by intermittent IV. In many cases two
grams of CEZ per day was administered. The drug administered to the
disc was changed in response to the sensitivity of the organism and
matched the IV medication. First or second generations of
Cephalosporin were mainly used. Vancomycin (VCM; Shionogi AND
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Co. Ltd. Osaka, Japan) was used for cases with Methicillin-resistant
Staphylococcus aureus (MRSA). Patients were not required to remain
at bed rest and were allowed to walk with bracing when pain

diminished. The treatment continued until inflammation subsided, as
determined by relief of spine pain and decrease in levels of CRP to less
than 0.5 mg/dl.

Patient Age | Sex | Diagnosis | Number of | Duration Duration of | Follow up | Residual Disc height change Other
to direct | Injection of direct| IV treatment | (months) lumbago presentation—2M—last information
Injection injection follow-up
(days) (days)
1 79 F 3 3 20 41 49 Excellent A—A—B
2 68 M 0 3 10 10 44 Excellent B—B—B
3 60 M 4 8 24 33 38 Excellent A—A—A
4 73 M 3 2 11 22 28 Excellent B—B—B
5 61 F 6 5+5 22+20 31+24 23 Good D—E—E Relapsed two
months later
6 78 M 3 8 30 55 18 Poor A—D—-D Surgery for residual
lumbago
7 82 F 4 12 41 51 9 Excellent A—A—A
8 83 F 3 4 9 23 9 N/A Died of cancer.
Infection subsided.
9 66 M 0 4 21 35 8 Excellent A—D—-D
10 23 M 0 12 36 36 12 Good A—B—B
11 67 M 1 10+6 37+22 48+25 4 N/A Relapsed at another
disc, Died of cancer.
Infection subsided.
12 53 M 0 12 46 51 22 Good B—C—C
13 62 M 0 5 18 18 21 Fair C—C—C
14 82 M 3 7 38 52 21 Excellent A—A—A
15 79 F 0 10 10 40 12 Excellent B—B—B
16 55 M 6 3 18 24 24 Excellent A—>A-A Paralysis due to
epidural abscess,
posterior surgery
17 87 M 0 5 15 25 15 Excellent A—B—B
18 75 F 0 1 1 23 12 Fair A—C—C
19 61 M 1 7 27 36 6 Excellent B—C—C
20 66 M 6 4 20 17 12 Excellent C—-C—C
Average 2.15 6.8 24.8 36.8 18.4
Table 2: Summary of treatment.
There were abscesses in the psoas muscle of eight patients. Five of Results

these patients also received injections of antibiotic into the psoas
muscle under fluoroscopy in a prone position. Psoas abscesses resolved
after initiation of the disc treatment and control of the infection.

There were three patients with epidural abscess. One individual
needed emergent posterior decompression because of paralysis;
surgery was followed by direct injection of antibiotic into the disc in
addition to IV antibiotic. In the other two cases disc injection therapy
was performed without surgical treatment. Table 2 demonstrates
summary of treatment.

According to the ASA scale, four cases each were grade 1 and 3, five
were grade 4, and seven were grade 2. The average white blood cell
count was 12600/mm?3. (6300 to 22200) and the mean value of CRP
was 15.0 (1.8 to 32.0) mg/L. The average time from onset to
presentation to our department was 19.0 (3 to 64) days.

Direct injection started an average of 2.2 (0 to 6) days after
presentation. The average duration of direct antibiotic injections into
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the disc was 24.8 days and the average number of injections was 6.8 (1
to 12). The average duration of IV treatment was 36.0 (14-63) days.

In eight of the 17 patients in whom it was performed (47%), the
causative microorganism was identified by blood culture, and in 12 of
17 patients in whom it was performed (70.6%) an organism was
isolated from the samples taken during needle aspiration biopsy. In
total, 16 patients had a positive culture. The most commonly identified
organism was Staphylococcus aureus (4 cases). MRSA and
Streptococcus Group B were each identified in two cases.
Mycobacterium tuberculosis was not found.

An abscess was found in the psoas muscle of eight patients and an
epidural abscess was found in three. The epidural abscess caused severe
neurological deficits in one patient (Frankel A, patient 16); this patient
underwent posterior decompression surgery on the next day after
presentation and then received disc injection treatment. His
neurological deficits recovered fully. Except for this case, the
combination of multiple disc injections of antibiotic and IV antibiotic
eradicated the infection in all cases, and all abscesses disappeared
without major surgery. No patients showed neurological deterioration
or other adverse effects.

In one patient who received five local injections and one who
received ten local injections, infection recurred within two months
after the first course of treatment. The second biopsy was positive for
the same microorganism in one and negative in the other. A second
course of five and six local injections in combination with IV antibiotic
eradicated the recurrent infections. One of these patients died of
cancer within three months; the other showed no signs of relapse in a
one-year follow-up period.

As for drug related adverse effect, two cases (Patient 1 and 3)
showed elevation of liver enzymes after over one-month’s treatment.
The antibiotic treatment was ceased, however, their infection
eradicated shortly after halt of the treatment.

Disc height

A Ee——1%
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Figure 5: Overall disc height change. A: normal height, B: half or
higher, C: less than half, D: partial collision of the vertebrae, E:
disappearance. Only fair and poor results are shown in the figure.
Results in the other cases were excellent or good.

Excluding the two cases who died of cancer within four months
after the onset of infection, the outcome for lumbago in the other 18

patients was excellent in 12 (66.7%), good in three (16.7%), fair in two
(11.1%) and poor in one (5.6%). The poor result (patient 6) was caused
by spinal deformity and spinal canal stenosis. This patient underwent
posterior decompression surgery four months later.

Figure 5 shows the overall disc height change for patients with fair
and poor results on the lumbago scale.

The disc height decreased in ten cases; eight of these showed a
decrease in the first two months. All patients but one whose disc height
was maintained or decreased slightly (one-class down) showed
excellent or good outcomes for lumbago.

Figure 6 demonstrates the relationship between residual lumbago
and disc height change for 18 cases during the initial two months. In
this period, the disc height was maintained in 10 patients: nine of these
(90%) showed excellent results and one showed a fair result for
lumbago.

Two months later (After treatment)

A B Cc D E
N 1 Half or Less than Partial Di
orma higher balf collision eappear
A EEEEE E.G F EP
Presentation

B E.E.E E. G
C E F
D G
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Figure 6: Residual lumbago and initial disc height change. E:
Excellent, G: Good, F: Fair, P: Poor.

In five cases the disc height moved one-class down (A to B, B to C
or D to E); two of these showed excellent results for lumbago, and
results were good for three. In one patient whose disc height moved
down two classes (A to C), the result for lumbago was fair. Two
patients showed a three-class decrease in disc height (A to D); in one of
these the result for lumbago was excellent and in the other, the
outcome was poor.

Discussion

The diagnosis and treatment of lumbar pyogenic vertebral
osteomyelitis remain difficult, in part because increasing numbers of
individuals are elderly or immuno-compromised. Standard treatment
consists of strict immobilization and IV antibiotics, but invasive
surgery is often necessary.

The widely accepted surgical indications [3,4] are neurological
deficit, significant disc and adjacent vertebral body destruction, spinal
instability or developing kyphosis, psoas or epidural abscesses,
intractable pain, and failed medical management. The timing of
surgery is controversial. Surgery is usually selected after conservative
management for one or two months has failed. The standard
procedure, anterior debridement and bone grafting, is highly invasive
and should not be used for a patient in poor general condition. In the
current study, nine out of twenty patients (45%) were at high risk, ASA
grade 3 or 4, because of medical comorbidities or advanced age.
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Another problem in treating lumbar pyogenic spondylodiscitis is
that, even if infection subsides, prolonged conservative treatment is
often followed by residual low back pain.

Variable rates for surgery are reported in the literature. Legrand et
al. [5] stated that surgery is rarely needed, whereas Hadjipavlou et al.
[6] and Sundararaj et al. [7] reported rates greater than 50%.

Legrand et al. [5] insisted that conservative treatment alone
eradicated infection in almost all cases, but the rate of residual
lumbago reached 40% and functional impairment 15%. Hadjipavlou et
al. [6] recommended surgical treatment in part because it resulted in
less residual pain (26%) than prolonged conservative treatment (64%).

Many authors [8-10], however, suggested that surgery is needed in
approximately 25 to 30% of cases of lumbar pyogenic spondylodiscitis.
In the current study, we succeeded in avoiding surgery in all but two
cases (10%), and the final outcome was extremely favorable: in 15
(83%) out of 18 patients results were excellent or good, and we
observed no functional impairment. Even in the two cases which
required surgery, we were able to choose the less invasive posterior
decompression.

One possible reason for the successful outcome of our strategy is
that early direct treatment reduced destruction of the involved disc
compared to IV treatment alone, which improved stabilization of the
spine.

Nearly all patients (90%) who maintained disc height during the
initial two months showed excellent outcomes for lumbago (Figure 6).
We therefore consider that preventing disc destruction in the early
stage is the most important factor in reducing residual lumbago and
that, if loss of disc height in the initial two months cannot be entirely
prevented, keeping it to the smallest amount possible will have the best
chance of reducing lumbago.

There have been several attempts to treat pyogenic spinal infections
with minimally invasive surgical techniques. Since 1991, Yu et al. [11]
and other authors [12-14] used percutaneous discectomy to treat
pyogenic spondylodiscitis. A technique for continuous percutaneous
suction drainage [15] was also developed and later modified [16].
More recently, endoscopic debridement following continuous
irrigation was reported [17]. All of these methods eradicated infection
in 90 to 100% of cases. The advantages of our approach are that no
special instrument or technique is needed and that the procedure is
safer and considerably less invasive than previously described
methods.

The key element of our therapy is that the treatment should start
soon after pyogenic spondylodiscitis has been diagnosed. In the
previously reported minimally invasive techniques, treatment did not
begin until conservative management for three weeks to two months
had failed. We believe that the main focus of infection is in the disc
and that early initiation of treatment of the disc is critical, because it
increases the chances for isolating the causative organism [2] and
preventing infection from spreading. The minimal invasiveness and
absence of adverse effects justify beginning this treatment at an early
stage and using multiple injections. The average number of direct
antibiotic injections into the disc was 6.8 and the average duration was
24.8 days. Most patients recovered clinically within this period, but on
average IV treatment continued for 10.5 days after the cessation of
direct injections. The main reason for prolonged IV treatment was to
provide an extra margin of safety and because CRP did not return to
normal in some cases even after clinical symptoms had disappeared.

An important element of the technique is that the injection should
cover the entire area of the disc. We believe that a small focus of
infection in the disc is isolated from blood flow and that injecting the
loculated area may open the barrier and restore the blood supply. The
combination of revascularization, drainage due to needle insertion and
pharmacological effects of the antibiotic helps to eradicate the disc
infection.

In general, systemically administered antibiotic penetrates very
poorly into the disc. For example, after intravenous Cephradine
(Cephalosporine) or Flucloxacillin (Penicillin), no antibiotic was
detected in discs removed during scoliosis surgery [18]. We consider
that direct injection enhanced the pharmacological effect of the
antibiotic and that this strategy runs little risk of creating antibiotic-
resistant microorganisms because the same agent is used for IV and
local injection.

During the procedure, we made sure to maneuver the needle tip so
as to administer antibiotic to the whole disc area and to apply the
injection alternately from right or left.

There is a concern that direct injection may spread infection to the
epidural space or the psoas muscle, but we encountered no case in
which direct injections caused epidural or psoas abscesses. We first
used this technique for a patient with psoas abscess, but are now
comfortable applying it to patients without psoas abscess.

Our experience includes three cases of epidural abscess. One case
with severe paralysis (Frankel A) needed emergent posterior
decompression surgery on the day following presentation to our
hospital. We added direct antibiotic injection to IV treatment on the
sixth day. His neurological deficit recovered fully after three direct
injections. The result for low back pain was excellent according to
Macnab’s grading at the 12-month follow-up. His disc height was
maintained (A to A).

Because the other two cases with epidural abscess showed no
paralysis, we started direct injection treatment along with IV
administration. Infection was eradicated in both cases. The low back
pain of one of these patients recovered to “good” and his disc height
changed from A to B. The other case died of cancer within four months
and was excluded from the lumbago study.

Our series included eight cases of psoas abscess. In five of these
patients we injected antibiotic into the psoas muscle (in the prone
position) in addition to injecting it directly into the disc. The technique
was as follows: a 21G needle was placed on the transverse process, as
for selective radiculography, and then advanced gradually according to
the distance measured in CT image or MRI. Antibiotic injection
followed aspiration of pus and saline irrigation. Infection was
eradicated in all eight cases. We think that the epidural space and
psoas muscle are more resistant to microorganisms than the disc
because their circulation is richer, and we are confident that disc
injection therapy barely spread infection to the epidural space or the
psoas muscle.

Although our results show that most of the patients recovered
successfully with this treatment, the study has several limitations. The
number of patients was relatively small, for example, and we did not
encounter cases with tuberculosis or fungus infections. Direct injection
is a painful procedure for patients and an additional work for surgeons.
The overall usefulness of the technique therefore remains to be
established by studying more patients and different types of infection.
Comparison of the present results with those produced by conservative
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treatment is important but difficult, because of large differences in
patients’ general condition and severity of infection. We think,
however, that, in this series, our outcome was favorable both in
eradicating infection and reducing residual lumbago.

Conclusion

In conclusion, repeated antibiotic injection into the infected disc
provides a simple and effective treatment for eradicating lumbar
pyogenic spondylodiscitis that also assists in maintaining disc height
and reducing residual lumbago. It deserves broader application,
especially in debilitated patients.
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