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Abstract

Objective: Percutaneous kyphoplasty (PKP) is now widely performed to treat VCF,

which is usually caused by osteoporosis. Previous researches have reported

unsuspected malignancies found by biopsy. However, the safety and cost-effective

profiles of routine biopsy during PKP are unclear. The purpose of this study was to

evaluate the feasibility of routine biopsy during PKP in treatment of VCF.

Methods: Ninety-three patients (September 2007–November 2010) undergoing

PKP without biopsy were reviewed as the control group. One hundred and three

consecutive patients (November 2010–September 2013) undergoing PKP with

biopsy of every operated vertebral level were prospectively enrolled as the biopsy

group. The rate of unsuspected lesions was reported, and the severe adverse

events, surgical duration, cement leakage rate and pain control were compared

between the two groups.

Results: No statistically significant differences were found between the two groups,

regarding the severe adverse events, surgical duration, cement leakage rate and

pain control. Four unsuspected lesions were found in the biopsy group, three of

which were malignancies with a 2.9% (3/103) unsuspected malignancy rate. The

economic analysis showed that routine biopsy was cost-effective in finding new

malignancies comparing with a routine cancer screening campaign.

Conclusions: Routine biopsy during PKP was safe and cost-effective in finding

unsuspected malignancies. We advocate routine biopsy in every operated vertebral

level during PKP for VCF patients.
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Introduction

Vertebral compression fractures (VCF) are the most common osteoporotic

fractures, and one of the most common injuries all over the world with an aging

population [1]. In the United States, there were about 700,000 patients diagnosed

with VCF annually, and the prevalence was as high as 18% and 22% in men and

women over the age of 55 years respectively [2]. The European Prospective

Osteoporosis Study (EPOS) showed that the incidence of VCF in European men

and women aged 50–79 years was 5.7/1000 and 9.9/1000 per year respectively [3].

VCF can cause pain, deformity and other clinical symptoms. About 20–30% of the

VCF cases would still have chronic pain after conservative treatment, and require

operation eventually [4]. Minimally invasive techniques such as percutaneous

kyphoplasty (PKP) and percutaneous vertebroplasty (PVP) were increasingly used

in the treatment for chronic pain and disabilities caused by VCF in recent years,

and proven as effective and safe methods [5]. PKP was found to be cost effective,

and perhaps even cost saving, compared with PVP or nonsurgical management

among VCF patients [6, 7, 8, 9]. Significant pain relief and life quality

improvement after PKP were reported in literature [10, 11].

Most VCF are caused by osteoporosis, while other metabolic diseases or

malignancies may also cause pathological fractures. The underlying etiology of

vertebral collapse may influence the decision to treat and the method of

treatment. The preoperative diagnosis of osteoporotic VCF is made based on

clinical manifestations and radiologic findings; however, this does not always

reveal the true etiology of a VCF. Previous researches have described unsuspected

malignancies found in bone biopsies during PKP or PVP [12, 13, 14], but routine

biopsy was not use in some of these researches; what’s more, none of them were

case-control studies.

The aim of this study was to evaluate the feasibility of routine biopsy during

PKP by comparing the safety and cost-effective data between the biopsy group

and the control group.

Methods

Study design

All patients were treated by one surgeon from the Department of Orthopedics,

Peking Union Medical College Hospital, Beijing, China. The retrospectively

maintained database from September 2007 to November 2010 was interrogated to

determine the baseline incidence of adverse events in VCF patients undergoing

PKP without biopsy (control group). Following the introduction of routine

biopsy in November 2010, an investigation into the clinical and radiologic

outcomes in a prospective cohort was performed (biopsy group, November 2010–

September 2013). All patients were evaluated with magnetic resonance imaging

(MRI) preoperatively, and anteroposterior and lateral radiographs before and

after the operation. Indications for PKP were: (1) focal back pain related to the
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location of the VCF on MRI, and (2) visual analogue scale (VAS) of pain over 6 of

10 after at least 6 weeks of conservative treatment. Exclusion criteria were

coagulation disorders, bone cement allergies and local infection. Unsuspected

lesions found by biopsy were recorded, and the surgical duration (reported as

operative time per vertebra), cement leakage rate, pain control (recorded as VAS

before and 3 days after the operation; change of VAS was calculated as

preoperative VAS minus postoperative VAS) and cost-effective data were

compared between the two groups.

The study protocol was reviewed and approved by the Ethics Committee of

Peking Union Medical College Hospital. Written informed consent was obtained

from all participants.

Control group

One hundred and thirty-nine vertebrae from 93 non-consecutive patients

undergoing PKP without biopsy were reviewed as the control group. Patients with

selective biopsy for suspected malignancy or other reasons during the same period

were excluded. Of these 93 patients, 66 were females (71.0%). The mean age was

68.0¡9.7 years (range 50 to 87). There were 55 patients undergoing one-level

PKP, 30 patients two-level, and 8 patients three-level. The 139 vertebral levels

included: T5 (1), T6 (3), T7 (5), T8 (3), T9 (8), T10 (7), T11 (12), T12 (26), L1

(36), L2 (16), L3 (15), L4 (5) and L5 (2).

Biopsy group

One hundred and fifty-seven vertebrae from 103 consecutive patients undergoing

PKP with biopsy of every operated vertebral level were prospectively enrolled as

the biopsy group. Of these 103 patients, 72 were females (69.9%). The mean age

was 68.7¡9.9 years (range 50 to 89). There were 59 patients undergoing one-level

PKP, 34 two-level, and 10 three-level. The 157 vertebral levels included: T4 (1), T5

(1), T6 (3), T7 (7), T8 (5), T9 (8), T10 (6), T11 (15), T12 (28), L1 (39), L2 (19),

L3 (13), L4 (10) and L5 (2).

Procedure

The standard PKP was performed under local anesthesia guided by a G-arm

fluoroscopy with the patient placed in prone hyperextended position. A working

channel was usually set through the transpedicular approach. An appropriate

spinal needle (usually 14G/2.1 mm) was carefully advanced into the fractured

vertebra, and the bone specimen was obtained using the trephine in the biopsy

group. Histological evaluation was performed by a senior pathologist.

Pathological examination fee and the trephine’s price were recorded as the extra

cost for the biopsy, which is about 118.1 U.S. dollars per vertebra (16.3 and 101.8

dollars respectively).
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Statistical analysis

Comparison between the two groups was carried out using chi-square analysis for

categorical variables and two-tailed t test for continuous variables at the 5% level

of significance. All analysis was done with SPSS 19.0 software (SPSS Inc, Chicago).

Results

Surgical outcomes

Technical success was achieved in all patients of both groups. No severe adverse

events (defined as death or paraplegia) were reported. Demographic data, surgical

duration, cement leakage rate and pain control were compared between the two

groups (Table 1). The patient demographics were similar, as well as the operative

time per vertebra and pain control, with no statistically significant differences

found. We found a higher cement leakage rate in the biopsy group comparing

with the control group, but it didn’t reach a statistical significance (7.64% versus

6.47%, P50.675).

Unsuspected lesions

One hundred and fifty-one biopsies obtained from 151 vertebrae of 97 patients

were suitable for histologic evaluation. Six biopsies (3.8%, 6/157) from 6 vertebra

of 6 patients consisted of too little or crushed material, which could not be

interpreted by the pathologist. In the group of 3 patients with a history of cancer

(2 with lung cancer and 1 with kidney cancer) and no radiological suspicion of

malignancy causing the VCF, no signs of malignant diseases were found in the

biopsies. Meanwhile, there were 4 (2.5%, 4/157) biopsies showing unsuspected

lesions, including 2 cases of multiple myeloma, 1 case of Paget’s disease and 1 case

of chronic osteomyelitis. All the 4 cases didn’t have any related clinical

manifestations or imaging suspicion, and were considered as the osteoporotic

VCF preoperatively.

Among the 4 unsuspected cases, three underwent one-level PKP, while the

remaining one underwent three-level PKP. The first case of multiple myeloma

(47-year-old female) was transferred to a hematologist. Three biopsies were

obtained during the three-level PKP (T12–L2) from the second case of multiple

myeloma (63-year-old female). Sign of multiple myeloma was only found in the

T12 biopsy (Fig. 1), while the other two biopsies just revealed osteoporotic

changes. The patient was suggested to a hematologist, but she did not show up in

the hematology clinic. Two months later, this patient had a pathologic fracture on

her right femoral shaft. We operated on the femur and the pathologic result

showed multiple myeloma again. The case with Paget’s disease of a 56-year-old

female was suggested to medical therapy. Close observation was given to the

patient with chronic osteomyelitis (73-year-old female), and no symptom of

infection was found in the 6 month follow-up.
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No other malignancies were found during the limited follow-up (mostly just 3–

6 month) in both the control and biopsy groups.

Cost-effective data

Unsuspected lesions were found in 2.5% (4/157) of the total biopsies. Considering

the extra cost of 118.1 dollars per biopsy, the cost per unsuspected lesion found

was about 4,724 dollars. Unsuspected malignancies were found in 1.9% (3/157) of

the total biopsies, and the cost per unsuspected malignancy found was about 6,216

dollars. This cost was lower than the cost per breast cancer found (about 10,000

dollars; calculated as 20 dollars per person screened divided by 0.2% as the

percentage of breast cancer found) in a routine screening campaign in China [15].

Table 1. Comparison of demographics, surgical duration, cement leakage rate and pain control between the biopsy and control groups.

Control group Biopsy group P value

Age (years) 68.0¡9.7 68.7¡9.9 0.609

Female 71.0% (66/93) 69.9% (72/103) 0.871

Operative time per vertebrae (min) 40.1¡7.0 41.1¡6.6 0.245

Cement leakage rate 6.47% (9/139) 7.64% (12/157) 0.675

Preoperative VAS 7.41¡0.80 7.36¡0.86 0.679

Postoperative VAS 2.38¡0.87 2.40¡0.87 0.862

Change of VAS 5.03¡0.99 4.96¡1.04 0.626

Continuous data are presented as mean ¡ standard deviation; categorical data are given as percentage (counts).
VAS, visual analogue scale of pain.

doi:10.1371/journal.pone.0115417.t001

Fig. 1. Vertebral bone biopsy from a patient with no history of malignancy showed clusters of plasma
cells consistent with multiple myeloma. The immunohistochemical results were CD138 (+), CD20 (+), CD3
(2), CD38 (+), PC (+), with a Ki-67 index of 40% (hematoxylin and eosin, original magnification 6100).

doi:10.1371/journal.pone.0115417.g001
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Discussion

Given the aging of population and the prevalence of osteoporosis, VCF has

become one of the most common injuries all over the world [16, 17]. Most VCF

patients are presumed to have osteoporosis as the etiology. However, multiple

myeloma, lymphoma and metastatic cancers are also prevalent in the same age-

group [18], and osteoporotic VCF cannot be reliably diagnosed only based on

clinical manifestations and radiologic findings. Misdiagnosis can lead to

disastrous consequence. Previous researches have reported inconsistent unsus-

pected malignancy percentages found by biopsy during PKP or PVP, varying from

0.4% to 7.1% [12, 13, 14, 19, 20]. Some researchers recommended that a biopsy

should be obtained in every vertebral augmentation procedure [12, 19, 20], while

others suggested that the biopsy should only be performed in the first time

augmentation [13]. It should be noticed that routine biopsy (in each patient or in

each vertebra) was not use in some of these studies, and none of them were case-

control studies to evaluate the safety and cost-effective profiles of the biopsy.

In the present case-control study, following the introduction of routine biopsy

in every operated vertebral level, the severe adverse events, operative time per

vertebra and the pain control results remained almost the same. The cement

leakage rate was slightly higher in the biopsy group, but it didn’t reach a statistical

significance. These results confirmed the idea that biopsy was safe. Four

unsuspected lesions were found in 157 vertebrae from 103 patients, three of which

were malignancies. The 2.9% (3/103, calculated as malignancies divided by the

total number of patients) unsuspected malignancy rate in the current study was

higher than the 1.3% (3/238) unsuspected malignancy rate of lymphoma Shindle

et al reported [20], the 0.7% (1/142) incidence of multiple myeloma Togawa et al

reported [13], and the 0.4% (2/502) unsuspected malignancy rate reported by

Zhang et al [14], but lower than the 7.1% (3/42) incidence of previously

unsuspected malignancy reported by Schoenfeld et al [19], and the 3.8% (3/78)

unsuspected malignancy rate reported by Muijs et al [12]. The differences in

percentages of unsuspected malignancy may be explained by the size of the

cohorts or differences in the criteria of biopsy. It is reasonable to presume that the

malignancy rate should be higher in the selective biopsy cohorts than the routine

biopsy ones.

Unlike the routine biopsy of one vertebral level in each patient used in most

previous studies, routine biopsy in every operated vertebral level was used in the

biopsy group in the current study. We found that osteoporosis and malignancy

could present in different levels of vertebra in the same patient. This case told us

that sometimes the biopsy of just one vertebral level in a multi-level VCF patient

might not be enough. The economic analysis in this study showed that routine

biopsy was cost-effective, and perhaps even cost-saving in finding new

malignancies comparing with a routine cancer screening campaign in China. A

traditional economic comparison in the cost per life-year gained or per quality-

adjusted life year (QALY) gained was not applicative here for the reason that the

malignancies found in the biopsies were heterogeneous. Considering the safety
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and the low cost of biopsy during PKP, we thought that the possible advantages of

early detection of malignant disease outweighed the risks. Therefore we advise that

biopsies should be carried out in every VCF level for which PKP is indicated.

Several points should be noticed in this present study. First, it was not

randomized, and the biopsy group was compared to a historical control group.

Therefore, any observations regarding surgical duration and cement leakage rates

could not rule out the confounding factor of increased experience. Second, this

cohort was relatively young (mean age ,70 years) and mainly consisted of women

(about 70%), and all three unsuspected malignancies were also found in relatively

young females (47, 56 and 63 years old, respectively). VCF is a well-recognized

consequence of postmenopausal bone loss in elderly women. We thought that the

poor present conditions in osteoporosis prevention and control in Chinese

women may contribute to the composition of this cohort, but there was no

literature describing this phenomenon. Thus, the composition of VCF patients

may be different in other countries.

Conclusions

Our data suggested that routine biopsy during PKP was safe and cost-effective in

finding unsuspected malignancies. We advocate routine biopsy in every operated

vertebral level during PKP for VCF patients.
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