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The study aimed to investigate the efficacy of com-
puted tomography (CT)-guided percutaneous focal 
catheter infusion for the treatment of spinal tuber-
culosis. Clinical and follow-up data from 27 spinal 
tuberculosis patients who underwent CT-guided 
 intervertebral catheterized infusion chemotherapy 
from May 2008 to October 2011 were retrospectively 
analyzed ; treatment included pure intervertebral 
 infusion chemotherapy and catheter drainage for 
continuous abscess washing during infusion chemo-
therapy. All surgeries were successfully completed 
under CT guidance without complications. The C- 
reactive protein levels of most patients rebounded 
within the first postoperative week but significantly 
decreased after the second and fourth postoperative 
weeks. CT-guided percutaneous focal catheter infu-
sion was effective for the treatment of spinal tubercu-
losis and induced little trauma ; this treatment could 
also relieve the symptoms and improve the quality of 
life of elderly patients with poor general conditions.

Keywords : spinal tuberculosis ; CT-guided ; spinal 
minimal invasive surgery.

INTRODUCTION

Spinal tuberculosis (ST) is among the most 
 common spinal infectious diseases. Vertebral or ST 
accounts for approximately 50% to 75% of all 
 osteoarticular tuberculosis cases, and the affected 
patients are mostly young and middle-aged adults, 

with females slightly outnumbering males. As this 
disease involves the spine, it often causes spinal de-
formity and compression of the spinal cord or nerve 
root, leading to serious adverse consequences. In 
China, young and middle-aged adults often com-
prise a family’s main source of income and labor ; 
once these individuals are infected with ST and con-
sequently become paralyzed and lose their valuable 
working abilities, a heavy burden is placed on the 
families and society (1,2,5-9,11-15,17-20). Currently, 
simple systemic anti-tuberculosis drug treatment is 
often administered to most ST patients with milder 
nerve compression symptoms (below Frankel grade 
C) (4). As it is difficult to instill drugs into the core 
of the liquefaction necrosis lesion, the cure rate of 
this method is low and the recurrence rate is high. 
However, the spinal deformity is often milder in 
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such cases, and therefore debridement with internal 
spinal fixation might lead to excessive treatment 
and aggravate the economic burden on the patient. 

In order to improve the ST treatment efficacy and 
reduce the treatment costs, the minimally invasive 
treatment computed tomography (CT)-guided per-
cutaneous focal catheter infusion was applied for 
ST treatment in an attempt to maximally eliminate 
the tuberculosis lesions through catheter infusion 
and drainage. This also represented a minimally in-
vasive technological extension of the ST radical 
correction concept, which was advocated by Profes-
sor Xianzhi Fang in the 1950s and 1960s (4). Based 
on systemic chemotherapy, the focal concentrations 
of anti-tuberculosis drugs were substantially in-
creased and adequately drained for the purpose of 
curing local lesions and relieving systemic tuber-
cular symptoms. From May 2008 to October 2011, 
27 ST patients were subjected to this treatment 
method and achieved good results.

MATERIALS AND METHODS

Clinical data

Twenty-seven ST patients who underwent CT-guided 
intervertebral catheterized infusion chemotherapy from 
May 2008 to October 2011 at our department were se-
lected for this study ; these included 19 cases of pure in-
tervertebral chemotherapy and 8 cases involving catheter 
drainage for continuous abscess washing during infusion 
chemotherapy. The patients were 15 men and 12 women 
aged 34-88 years, with a mean age of 56 ± 14 years. This 
study was conducted in accordance with the declaration 
of Helsinki. This study was conducted with approval 
from the Ethics Committee of Tangshan Workers’ 
 Hospital of Hebei Medical University. Written informed 
consent was obtained from all participants.

In the patients, the main manifestation was low back 
pain associated with an activity disorder. Physical ex-
amination revealed that the patients had lumbar spinous 
percussion pain, whereas some patients also had paraspi-
nous percussion pain and positive straight-leg raising test 
results. Additionally, 11 patients had fever. 5 cases were 
accompanied by low limb radiating pain ; Frankel grad-
ing revealed that all these patients had grade D disease. 
And 2 cases were accompanied by lung and pleural tu-
berculosis. The lesion locations were as follows : 1 case 
in a thoracic vertebra, 7 in the thoracic waist, and 19 in 

the lumbar vertebrae ; 15 cases were accompanied by 
paravertebral or psoas abscess, 6 had bilateral abscesses, 
and 9 had unilateral abscesses. All patients had the fol-
lowing indications of treatment eligibility : 1. formation 
of spinal tubercular abscesses, sequestrae, and cavity 
without obvious nerve compression symptoms ; 2. severe 
bone destruction, obvious kyphosis, or significant dead 
bone with accompanying nerve compression symptoms 
and neurological Frankel grading below and including 
grade C ; 3. recurrent disease after open surgery or devel-
opment of sinus tract ST ; and 4. poor general condition 
and inability to tolerate surgery.

Patients in whom lesions skipped segments were then 
classified according to the severely infected vertebral 
body positions. All infected intervertebral spaces were 
subjected to catheter chemotherapy. Regarding the para-
spinal abscess size, 12 cases with pure disc space infec-
tion or only single or few abscesses at the paraspine and 
psoas major muscle (abscess diameter < 2 cm) under-
went simple intervertebral catheter-chemotherapy ; 
8 cases with large abscesses at the paraspine or psoas ma-
jor muscle (diameter > 5 cm) underwent catheter implan-
tation for continuous irrigation and drainage ; and 7 cases 
with multiple small paraspinal abscesses or a large 
 abscess at the psoas major muscle (diameter of 2-5 cm) 
underwent pus drainage during puncture to the extent 
possible but did not undergo catheter drainage. There-
fore, among the total 27 patients, 19 underwent simple 
intervertebral infusion chemotherapy and 8 underwent 
fusion chemotherapy accompanied with continuous cath-
eter drainage and flushing towards the abscess (Table I).

Treatment

The SOMATOM.PLUS-4A Spiral CT Scanner 
 (SIEMENS AG, Munich, Germany) was used for scan-
ning and positioning with a slice thickness of 3-5 mm ; 
puncture catheterization was performed towards the in-
tervertebral lesions and psoas abscesses according to the 
preoperative CT scanning and intraoperative CT guid-
ance, respectively. The operations were performed under 
local anesthesia ; for thoracic vertebrae, punctures were 
performed above the transverse process and into the in-
tervertebral space and paraspinal abscess, whereas for 
lumbar vertebrae, puncture was performed from the 
Kambin triangle into the intervertebral space. For psoas 
abscesses, puncture was performed vertically from the 
dorsal side, and for iliac fossa abscesses, puncture was 
performed from the anterior superior iliac spine. In cases 
of single or double vertebral infection in which the infec-
tion foci were limited and paraspinal abscess formation 
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was absent, 1-2 epidural tubes were retained for the drug- 
injection tubes. Patients with more extensive paraspinal 
or psoas abscesses underwent the placement of double-
lumen silicone drainage tubes for continuous infusion 
 according to the specific circumstances. Disposable 
 AS-E/S II anesthesia puncture kits were provided by 
Shandong Weigao Group Medical Polymer Co., Ltd. 
(Weihai, P. R. China). The surgical procedures were as 
follows. (1) For epidural catheter placement, an epidural 
needle was used to puncture the lesions or abscesses ; 
once CT scanning confirmed placement of the needle in 
the lesion center, the inner core was removed and the 
 epidural tube placed, after which CT was performed 
again to confirm the end position, the epidural needle was 
removed, and the epidural tube was attached to the  vicinal 
skin with medical paste. (2) For placement of a double-
lumen tube, following successful puncture according to 
the above method, the inner core was pulled out and re-
placed with a guide wire. Using the guide wire, a 5-mm-
OD expansion pipe with a tapered front was placed in-
side. After CT confirmation, the 5-mm-ID working 
casing was placed using the guide wire ; after CT recon-
firmation, the guide wire and expansion tube were taken 
out and the double-lumen tube was placed inside, fol-
lowed by removal of the working casing. The drug-injec-
tion tube was sealed with heparin saline, and the drainage 
tube was connected to the sterile drainage bag, at which 
point the entire catheterization process was complete. 
Pus obtained via pretreatment puncture was subjected to 
tuberculosis culture along with drug susceptibility test-
ing, as well as to ordinary bacterial culture and drug 
 susceptibility testing.

During the treatment period, the patients were strictly 
kept in the supine position ; after chemotherapy and cath-
eter removal, the bed continuation time was determined 
according to the imaging of vertebral body damage and 
personal judgment. Patients who developed extensive 
vertebral destruction associated with multiple psoas ab-
scesses would retain their double-lumen washing tubes ; 
the infusion fluid was 1000-1500 ml of saline + 1 g of 
isoniazid (Tianjin Jinyao Amino Acid Co., Ltd., Tianjin, 

P. R. China) for continuous infusion and drainage over a 
period of 2-4 weeks. Extubation was not performed until 
the drainage fluid was clear and without obvious floccu-
lar necrosis. The focal chemotherapy drug was 0.1 g of 
isoniazid given once or twice daily via the tube, and 
80,000 units of gentamicin sulfate (CSPC Ouyi Pharma-
ceutical Co., Ltd., Shijiazhuang, P. R. China) could also 
be injected to prevent cross-infection. Local chemothera-
py treatment lasted for 4-6 weeks and, if necessary, could 
be extended to 3 months. After discharge, oral antituber-
cular drug administration continued for 1 year, while 
functional rehabilitation and lumbar back muscle exer-
cises were simultaneously performed under the protec-
tion of a thoracolumbar brace.

Efficacy evaluation

Visual analog scale (VAS) was used to evaluate 
 symptom relief. The erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP) level were dynami-
cally monitored preoperatively and each week post-
operatively until the fourth week to evaluate the infection 
status.

Statistical analysis

SPSS11.0 statistical software (SPSS, Inc., Chicago, 
IL, USA) was used for the statistical analysis. The data 
were expressed as means ± standard deviations, and 
 differences with a P-value < 0.05 were considered 
 significant.

RESULTS

Follow-up

All surgeries were successfully completed under 
CT guidance without complications. During the 
 infusion rinsing and local chemotherapy, 1 patient 
accidentally pulled out their injection tube because 

Table I. — Details of abscess locations and sizes
Small abscess (< 2 cm) Middle abscess (2-5 cm) Big abscess (> 5 cm) summary

thoracic vertebrae (T1-T10) 1 0 0 1
thoracic waist (T11-L2) 4 2 1 7
lumbar vertebrae (L3-S1) 7 5 6 19
summary 12 7 8 27
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was no significant difference between the first post-
operative week and preoperative data, whereas the 
CRP values during the preoperative and second to 
fourth postoperative weeks exhibited statistically 
significant differences.

DISCUSSION

Osteoarticular tuberculosis is the most common 
type of extrapulmonary tuberculosis. ST is the most 
frequently occurring form of osteoarticular tubercu-
losis, and its treatment has always plagued clini-
cians. Conservative treatment, which involves oral 
or intravenous systemic medication, provides ac-
ceptable efficacy against mild ST, although the side 
effect of bone destruction is also significant ; how-
ever, it would be difficult to achieve the desired out-
come in situations with abscess formation. Open 
surgical therapy is often difficult to perform in pri-
mary hospitals because of the high surgical diffi-
culty, risk, and expense. In recent years, imaging 
techniques have undergone rapid development, and 
their irreplaceable advantages in minimally inva-
sive treatment have been demonstrated. Dinc con-
tributed the first international report of 21 patients 
with 26 iliopsoas tuberculous abscess lesions who 
were treated at the Farabi Hospital in Turkey from 
1992 to 2000 ; these patients achieved good results 
following CT-guided percutaneous minimally inva-
sive catheterization for abscess infusion (3). Zhang 
Xifeng of the Department of Orthopedics at Beijing 
301 Hospital began to perform minimally invasive 
catheterized debridement and drug infusion treat-
ment for ST in 2002 and has since achieved good 
results (21). He considered the core goal of minimal-

of movement in bed and was subsequently re-cathe-
terized under CT guidance and able to complete the 
therapy ; the remaining patients all successfully 
completed the therapy while hospitalized. The ab-
scess washing duration ranged 14-52 days with an 
average duration of 29 ± 11 days, and the local 
 chemotherapy duration ranged 28-75 days with an 
average duration of 44 ± 12 days. Among the 27 pa-
tients, 1 female patient died within 2 months after 
therapy because of an association with level 3 sili-
cosis and pulmonary tuberculosis, and therefore 
follow-up could not be performed. The remaining 
26 patients were followed-up for 12-30 months, 
with a mean period of 19 ± 4 months. During fol-
low-up, no signs and symptoms recurred and the 
abscesses disappeared ; additionally, the VAS 
scores decreased from the preoperative average of 
6.5 ± 0.9 to the postoperative average of 2.4 ± 0.7 
(P < 0.05). Among the patients, 1 exhibited no sig-
nificant improvement in neurological function be-
cause of an association with lumbar disc herniation, 
whereas the remaining 4 neurologic cases were all 
downgraded from Frankel D level to E level.

Changes in the ESR and CRP level

Changes in the ESR from the preoperative to the 
postoperative levels at 1-4 weeks are shown in 
Fig. 1A ; there were no statistically significant dif-
ferences. Changes in CRP from the preoperative to 
the postoperative levels at 1-4 weeks as shown in 
Fig. 1B ; most patients exhibited a rebound during 
the first postoperative week but exhibited signifi-
cant decreases during the second postoperative 
week. The intergroup comparison reveled that there 

Fig. 1. — ESR and CRP changes after treatment
A : ESR changes before and within 4 weeks after the treatment 
B : CRP changes before and within 4 weeks after the treatment.

A B
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patients’ activities and increasing the expenses as-
sociated with internal fixation materials and surgery 
(e.g., hospitalization would cost at least ¥100,000), 
all of which would place a serious burden on the 
patients and their families. Meanwhile, many ST 
patients did not have obvious spinal stability dam-
age even if stability had been affected, and a short 
period of bed rest could completely restore stability. 
The suggestion to remove the sclerotic diseased 
 vertebra faced the obvious suspicion of surgical 
 exaggeration. Exaggerated lesion debridement and 
internal fixation might have serious negative effects 
on the patients whereas CT-guided percutaneous 
focal catheter infusion therapy demonstrated clear 
efficacy in these patients without further affecting 
the spinal morphology and mechanical properties. 
CT-guided minimally invasive surgery would leave 
no blind-point catheter positions and could achieve 
the aim of adequate drainage. At the same time, this 
method would not damage spinal posterior column 
structures such as the soft tissue, spinous process, 
and lamina, thus exerting no iatrogenic effects on 
the patients’ spinal stability and an even smaller 
 impact on the patients’ internal environments. From 
an economic perspective, many ST patients have re-
stricted economic conditions with low incomes, 
whereas spinal fixation materials are expensive ; 
although the hospitalization time was long, the cost 
of minimally invasive local chemotherapy was still 
less than 30% of the cost of debridement and inter-
nal fixation.

Regarding old end-stage patients, open-lesion de-
bridement and internal fixation surgeries are often 
difficult to tolerate and the surgical risks and cardio-
vascular complication rates were extremely high. In 
contrast, the duration of minimally invasive catheter 
insertion under local anesthesia would usually range 
30-45 min, the resulting stress response in the body 
would be low, and the risk of complications would 
be significantly reduced. In this study, there were 
3 patients older than 85 years, of whom one 87-year-
old man experienced severe back pain and was 
 unable to sit up by himself and was also affected by 
a huge retroperitoneal abscess ; 3 weeks after infu-
sion-rinsing, the abscess was significantly reduced 
and continued local chemotherapy yielded obvious 
improvements in back pain. Once the treatment was 

ly invasive surgery for lumbar and lumbosacral tu-
berculosis to be improvement of the focal drug con-
centration. Effective improvement of the focal drug 
concentration was the difficulty associated with sys-
temic medication for ST because of the specificity 
of local pathological changes and increases in bac-
terial drug resistance ; the methods of long-term, 
high-dose, and combination therapy, which were 
supported by tuberculosis chemotherapy, were all 
directly focused on the above problem. The findings 
of our study were similar to those of previous stud-
ies (3,10). Minimally invasive surgery solved this 
problem in the most direct way. This type of surgery 
merely establishes and places tubes that can directly 
reach primary and secondary lesions under CT 
guidance but is unable to completely remove le-
sions, abscesses, voids, and sequestrae and is unable 
to correct deformities. Instead, the goal of this 
method was to increase the focal drug concentra-
tion, as this is the most powerful weapon with which 
to kill pathogens (8,9,16,21). Therefore, the following 
4 points should be contraindications towards this 
treatment method : 1. infection at the local puncture 
site ; 2. coagulation disorders ; 3. accompanying 
nerve compression symptoms with a Frankel clas-
sification level above grade C (not including C) ; 
and 4. severely damaged vertebrae with obvious ky-
phosis, and vertebral body instability. For the pa-
tients who exhibited nerve compression symptoms 
because of obvious kyphosis or a huge sequestrum 
as well as those who required metal implantation 
because of poor spinal stability, open surgery was 
still recommended to clean the lesions, followed by 
intrafixation as the first choice.

During the experiment, we observed that some 
patients developed fever, night sweats, and other 
symptoms 2-7 days after surgery and that during 
this period, the CRP levels were elevated over the 
preoperative levels ; a possibility is that the  puncture 
might have destroyed the lesion or abscess peplos, 
resulting in the leakage of a small amount of pus 
into the circulatory system and inducing the degrees 
of systemic symptoms.

In previous clinical treatments, ST patients would 
normally undergo debridement and internal fixa-
tion, which would often result in changing the pa-
tients’ spinal cord force lines, thereby reducing the 
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distance traveled by the drug to reach the lesion and 
reduce the space between the drug injection tube 
and the body’s sinus tract. If necessary, the injection 
amount and infusion volume could be reduced or 
the drainage tube could be removed.

CONCLUSION

CT-guided percutaneous focal catheter infusion 
could be used as a third option for the treatment of 
ST in addition to conservative treatment and the 
open surgery. This third option provides irreplace-
able advantages for the treatment of the patients 
with vertebral destruction, abscesses, sequestrae, 
cavity formation and a lack of nerve compression, 
or mild symptoms. In elderly ST patients with poor 
general conditions and an inability to tolerate 
 surgery, this technique could also relieve symptoms 
and improve the quality of life and therefore  
has good prospects for clinical application and 

completed, the patient could stand and act on his 
own and could address the majority of his own life 
and care activities (Fig. 2). Meanwhile, one 88-year-
old woman with associated level III silicosis and 
pulmonary tuberculosis died 2 months after treat-
ment from internal lung disease ; however, at treat-
ment completion, this patient still experienced sig-
nificant pain relief and an improved end-stage 
quality of life.

In our clinical work, we found that the most com-
mon problem that appeared during catheter infusion 
therapy was oozing or leakage of the infusion fluid 
or medication from the wound. This was largely 
caused by poor drainage and excessive fluid pres-
sure within the wound, and an epidural tube and 
body sinus tract contained the leakage. The preven-
tion measure was intended to maintain an unob-
structed drainage tube while, at the same time, the 
skin-exit of the drug injection tube could also be 
compressed when injecting the drug to reduce the 

Fig. 2. — Imaging and clinical manifestations before and after treatment
A : Preoperative vertebral destruction situation
B : Retroperitoneal abscess situation before the treatment
C : CT-guided abscess-puncturing catheterization
D : CT-guided intervertebral puncturing catheterization
E : Recheck 2 months after the treatment revealed that the abscesses significantly reduced 
F : The patient could sit up all by himself after the treatment.
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 promotion. Currently, no multi-center large-sample 
prospective studies have been conducted to support 
the use of this treatment, and therefore additional 
work is needed in the future to improve the medical 
theory and practice.
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