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Purpose: This study was undertaken to investigate the relationship between bisphosphonate
use and intraoperative blood loss following surgery for metastatic spinal disease.
Methods: We retrospectively analyzed cancer patients who were treated by metastatic spinal
tumor surgery at our institution. Recorded data included intraoperative blood loss, timing and
duration of bisphosphonate use, and other important confounding factors. We showed the
results of crude model, minimally adjusted model, and fully adjusted model to fully observe
the effects of bisphosphonates under different adjustment strategies. The timing and duration
of bisphosphonate exposure were assessed and statistical results were tested to identify
a trend.

Results: A total of 467 patients were treated by metastatic spinal tumor surgery, with or
without bisphosphonate treatments. In all adjustment strategies, intraoperative blood loss was
lower in patients using bisphosphonates than in patients without bisphosphonate treatments.
In the fully adjusted model, the effect size, confidence interval, and p value were —246.4,
—447.0 to —45.8, and 0.017, respectively. In terms of duration, all three models showed the
same duration—response relationship: a longer duration of bisphosphonate use accurately
predicted a smaller amount of blood loss (p for trend <0.001). We observed an interaction
between operative time and bisphosphonate use, the effect size in the bottom tertile group
was significantly smaller than that in the other two groups.

Conclusion: We found that the preoperative use of bisphosphonates could reduce the
amount of intraoperative blood loss during metastatic spinal tumor surgery, especially for
surgery with longer operative time.
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Introduction

As cancer patients live longer and various diagnostic measures continue to improve,
the incidence of metastatic spinal disease in the population is increasing. The spine
is the third most common site of cancer metastases, second only to the lung and
liver.' The treatment of spinal metastases requires multidisciplinary collaboration,
including surgery, radiotherapy and chemotherapy. In a randomized controlled trial
conducted by Patchell et al in 2005,% patients were randomly divided into two
groups: surgical decompression plus radiotherapy or radiotherapy alone, to explore
the importance of surgery in the treatment of spinal metastases. The results showed
that the clinical outcome of patients receiving surgical decompression combined
with radiotherapy was better than that of patients receiving radiotherapy alone. The
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publication of this landmark article confirms the role of
surgery in the management of spinal metastases. The pur-
poses of surgery are to relieve the symptoms of spinal cord
compression, restore and maintain spinal stability, and
improve the life expectancy and quality of life of cancer
patients as much as possible.

However, metastatic spinal tumor surgery is
a challenging operation, often accompanied by a huge
amount of blood loss during surgery and a very long
operative time. A meta-analysis of blood loss during spinal
tumor surgery and metastatic spinal tumor surgery
revealed a pooled estimate of blood loss of 2180 mL.’
Therefore, it is important to accurately identify the influ-
encing factors of intraoperative blood loss and make cor-
responding preventive measures in time. Previous
literature reported that type of primary tumor, surgical
method, operation time, preoperative embolization, tumor
location and instrumentation and decompression levels can
affect the amount of blood loss during the operation.®™®
Unfortunately, few studies have focused on the effects of
bisphosphonate on intraoperative blood loss, and more
attention has been paid to the effects of bisphosphonate
on pain relief and prevention of skeletal related events.” '
To our knowledge, only one cohort study explored the
association between bisphosphonate and blood loss.'”
However, this study had a small sample size and did not
adjust for important confounding variables. What is more
notable is that the patients enrolled in this study were
given bisphosphonates only 2—5 days before surgery. In
fact, a part of patients will receive bisphosphonates via
oral or intravenous infusion a few months before surgery,
therefore it is necessary to explore the timing and duration
of bisphosphonate use.

The purpose of this study is to assess the correlation
between bisphosphonate use and intraoperative blood loss
during metastatic spinal tumor surgery. We hypothesized
that the use of bisphosphonates could reduce the amount
of intraoperative blood loss, and the longer the duration,

the more significant the effect would be.

Materials and Methods

Patients

We retrospectively analyzed 467 cancer patients who
underwent metastatic spinal tumor surgery at our institu-
tion between 2009 and 2019. The indications for surgery
were worsening neurological function, existing or poten-
tial spinal instability, pain that cannot be alleviated, or

a combination of these factors. The exclusion criteria
were as follows: a history of previous surgery for spinal
metastases, a history of radiation therapy, a history of
preoperative embolization, minimally invasive surgery
for spinal metastases, and surgery for sacral metastases.
This study received ethical approval from the institutional
review board (2019-089) and each patient obtained
informed consent.

Recorded Data

We obtained the required data by searching medical
records and hospital electronic records. The recorded
data included demographic characteristics, primary tumor
type, comorbidity index, location and number of meta-
static tumors, preoperative Frankel score, timing and dura-
tion of bisphosphonate use, and intraoperative details,
including surgical type and approach, instrumentation
and decompression levels, operative time and amount of
blood loss.

At least 1 week before surgery, we would stop giving
patients antiplatelet and anticoagulant drugs to avoid pro-
longed coagulation time and bleeding time during the
surgery. Prior to surgery, routine blood and biochemical
tests were performed. If the patient had an abnormal blood
parameter, appropriate adjustment measures would be
taken to normalize it or surgery would be delayed until
the normal state appears.

The comorbidity index was measured and calculated
according to the method published by Charlson et al.'”
According to Kumar et al’s classification of spinal
metastases,” we divided the primary tumor types into
three groups: highly vascularized, moderately vascular-
ized, and hematologic metastases. We believed that such
classification could improve statistical power and more
clearly determine the differences between the three groups.
The neurological status of cancer patient before surgery
was evaluated according to the Frankel score: patients with
A-C grade were considered to be nonambulatory, and
patients with D-E grade retained walking function.'* The
surgical methods we used varied according to the location
and size of metastatic tumors and can be divided into three
categories in general: palliative instrumentation and
decompression (type 1), subtotal corpectomy (type 2),
bloc (type 3)."°
Reconstruction and stabilization procedures were per-

and total en spondylectomy
formed via pedicle screws, titanium mesh, bone cement,

and bone graft fusion alone or with various combinations.
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The intraoperative blood loss in this study was
obtained from the anesthetist’s medical records and
records of intraoperative fluid management. In general,
anesthetist calculated the amount of blood loss during the
operation by adding the amount of blood collected in
suction bottles and weighing all wound swabs.

The timing and duration of bisphosphonate exposure
were assessed by examining medical records and electro-
nic prescriptions. Depending on whether bisphosphonate
was used, study population were classified as ever users
and never users. The ever users were patients who had at
least one record of bisphosphonate use. According to the
timing of use, ever users were further subdivided into past
use (if the latest record ended more than 1 month before
the date of surgery), recent use (if the latest record ended
between 1 week and 1 month before the date of surgery),
and current use (if the latest record lasted through the date
of surgery or ended within 1 week before surgery). In
order to more fully assess the effects of bisphosphonate
on intraoperative blood loss, the study population was
divided into four subgroups based on the cumulative dura-
tion of treatment: no use, less than 1 week, 1 week to 1
month, and more than 1 month.

Statistical Analysis

Continuous data were expressed as mean + standard devia-
tion and categorical data were expressed in frequency or as
a percentage. The Student’s t-tests (continuous variables)
and chi-square tests (categorical variables) were used to
confirm any statistical differences between means and
proportions. Univariate linear regression model was used
to evaluate the correlation between bisphosphonate use
and intraoperative blood loss. According to the recommen-
of The
Observational Studies in Epidemiology statement,'® we

dations Strengthening the Reporting of
showed the results of crude model, minimally adjusted
model, and fully adjusted model to fully observe the
effects of bisphosphonates under different adjustment stra-
tegies. The principle for determining covariates that need
to be adjusted is as follows: when added to the model,
changed the corresponding effect size by at least 10%."”
The timing and duration of bisphosphonate exposure were
assessed and statistical results were tested to identify
a trend. Tests for trend were performed by entering the
median of each category of bisphosphonate exposure as
a continuous data in the models. Exploratory subgroup
analysis using the hierarchical linear regression model is
essential for identifying special populations. Likelihood

ratio tests were used to examine effect modifiers and
interactions of subgroups.'® A p value of less than 0.05
(two-sided) represented a statistically significant differ-
ence. All statistical analyses were performed using
(R Foundation for
Statistical Computing, Vienna, Austria) and GraphPad
(GraphPad Software Inc.,

R wversion 3.52 for Windows
Prism 8 Software San
Diego, CA).

Results

Baseline Characteristics
A total of 467 patients were treated by metastatic spinal
tumor surgery, with or without bisphosphonate treatment.
Table 1 summarizes the participants’ baseline characteris-
tics and surgical details. There were 257 male patients
(55.0%) and 210 female patients (45.0%) with a mean
age of 58.4 + 10.7 years. Before surgery, 325 patients
(69.6%) had not used bisphosphonate drugs, while the
remaining 142 patients (30.4%) had ever used them.
There were 78 cases of highly vascularized metastases
(16.7%), 346 cases of moderately vascularized metastases
(74.1%), and 43 cases of hematologic metastases (9.2%).
In terms of tumor location, thoracic metastases were the
most common type (229 cases, 49.0%), followed by lum-
bar metastases (180 cases, 38.5%) and cervical metastases
(58 cases, 12.4%). Eighty-one patients (17.3%) underwent
palliative instrumentation and decompression, 361 patients
(77.3%) underwent subtotal corpectomy, and only 25
patients (5.4%) underwent total en bloc spondylectomy.
Compared with patients who had not used bisphospho-
nates, the ever users had shorter operative time (p = 0.013)
and a higher proportion of cervical metastases (p = 0.038).
There were no significant differences in the remaining
clinical characteristics between the two groups.

Univariate Analysis

Thirteen potential influencing factors were analyzed indi-
vidually to identify the relationship with intraoperative
blood loss. The results of univariate linear regression
analysis are shown in Table 2. We noted that type of
tumor (p < 0.001), tumor location (p < 0.001), operative
time (p < 0.001), surgical approach (p = 0.005), surgical
type (p < 0.001), and bisphosphonate use (p < 0.001) were
significantly associated with intraoperative blood loss. The
remaining variables including sex (p = 0.372), age (p =
0.608), Charlson comorbidity index (p = 0.283), number of
spinal metastases (p = 0.789), preoperative Frankel score
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Table | Baseline Characteristics of Participants

Variables No Use Ever Use P value
Age (years, mean * sd) 587 + 10.8 57.7 £ 10.5 0.391
Operative time (minutes, mean * sd) 230.3 * 86.3 206.8 + 73.1 0.013
Blood loss (mL, mean * sd) 1391.8 + 1140.9 9072 £ 7175 <0.001
Sex (n, %) 0.436
Male 175 (53.8%) 82 (57.7%)
Female 150 (46.2%) 60 (42.3%)
Charlson comorbidity index 0.909
6 51 (15.7%) 22 (15.5%)
7 92 (28.3%) 43 (30.3%)
=8 182 (56.0%) 77 (54.2%)
Type of tumor * 0.130
Highly vascularized metastases 60 (18.5%) 18 (12.7%)
Moderately vascularized metastases 232 (71.4%) 114 (80.3%)
Hematologic metastases 33 (10.2%) 10 (7.0%)
Tumor location 0.038
Cervical 32 (9.8%) 26 (18.3%)
Thoracic 165 (50.8%) 64 (45.1%)
Lumbar 128 (39.4%) 52 (36.6%)
Number of spinal metastases 0.782
Single 128 (39.4%) 54 (38.0%)
Multiple 197 (60.6%) 88 (62.0%)
Preoperative Frankel score 0.403
A-C 73 (22.5%) 27 (19.0%)
D-E 252 (77.5%) 115 (81.0%)
Surgical approach 0.371
Anterior 37 (11.4%) 20 (14.1%)
Posterior 277 (85.2%) 120 (84.5%)
Combined Il (3.4%) 2 (1.4%)
Surgical procedure ® 0.258
Type | 57 (17.5%) 24 (16.9%)
Type 2 247 (76.0%) 114 (80.3%)
Type 3 21 (6.5%) 4 (2.8%)
Level of decompression 0.494
| 199 (61.2%) 80 (56.3%)
2 69 (21.2%) 37 (26.1%)
23 57 (17.5%) 25 (17.6%)
Level of instrumentation 0.870
191 (58.8%) 81 (57.0%)
4-5 102 (31.4%) 48 (33.8%)
>5 32 (9.8%) 13 (9.2%)

Notes: *Primary tumors were divided into 3 groups according to vascularization: highly vascularized metastases (renal, hepatocellular, and thyroid), moderately vascularized
metastases (lung, breast, prostate, gastrointestinal, and other epithelial tumors), and hematologic metastases (myeloma and lymphoma). bSur'gical procedures were divided

into 3 groups: type | (palliative instrumentation and decompression), type 2 (subtotal corpectomy), and type 3 (total en bloc spondylectomy).
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Table 2 Effects of Risk Factors on Blood Loss by Univariate Analysis
Variables Statistics B (Cl 95%) P value
Sex
Male 257 (55.0%) 0
Female 210 (45.0%) 87.7 (—104.5, 279.9) 0.372
Age 584 %107 —23 (-11.3, 6.6) 0.608
Age
Bottom tertile 148 (31.7%) 0
Middle tertile 140 (30.0%) 116.8 (—126.8, 360.3) 0.348
Top tertile 179 (38.3%) —48.9 (—278.4, 180.6) 0.676
Charlson comorbidity index
6 73 (15.6%) 0
7 135 (28.9%) —50.0 (-350.2, 250.3) 0.744
28 259 (55.5%) —150.1 (—424.0, 123.8) 0.283
Type of tumor *
Highly vascularized 78 (16.7%) 0
Moderately vascularized 346 (74.1%) —567.1 (—820.0, —314.2) <0.001
Hematologic metastases 43 (9.2%) —95.6 (—478.8, 287.7) 0.625
Tumor location
Cervical 58 (12.4%) 0
Thoracic 229 (49.0%) 656.4 (358.0, 954.8) <0.001
Lumbar 180 (38.5%) 502.4 (196.0, 808.9) 0.001
Number of spinal metastases
Single 182 (39.0%) 0
Multiple 285 (61.0%) —26.8 (—223.0, 169.4) 0.789
Preoperative Frankel score
A-C 100 (21.4%) 0
D-E 367 (78.6%) —45.2 (-278.4, 188.1) 0.704
Operative time 2233 + 832 5.5 (4.3, 6.6) <0.001
Operative time
Bottom tertile 103 (28.0%) 0
Middle tertile 129 (35.1%) 269.6 (29.0, 510.1) 0.029
Top tertile 136 (37.0%) 1015.8 (778.0, 1253.5) <0.001
Surgical approach
Anterior 57 (12.2%) 0
Posterior 397 (85.0%) 422.6 (132.1, 713.1) 0.005
Combined 13 (2.8%) 616.5 (—13.7, 1246.8) 0.056
Surgical procedure ®
Type | 81 (17.3%) 0
Type 2 361 (77.3%) 123.6 (—126.7, 373.8) 0.334
Type 3 25 (5.4%) 926.6 (460.9, 1392.3) <0.001
Level of decompression
| 279 (59.7%) 0
2 106 (22.7%) 33.4 (-202.7, 269.6) 0.782
23 82 (17.6%) 48.4 (-211.6, 308.3) 0.716
(Continued)
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Table 2 (Continued).

Variables Statistics B (Cl 95%) P value
Level of instrumentation

<4 272 (58.2%) 0

4-5 150 (32.1%) 35.8 (-174.2, 245.7) 0.739

>5 45 (9.6%) 243.1 (-89.1, 575.3) 0.152
Bisphosphonate use

No use 325 (69.6%) 0

Ever use 142 (30.4%) —484.6 (—687.9, —281.3) <0.001

Notes: *Primary tumors were divided into 3 groups according to vascularization: highly vascularized metastases (renal, hepatocellular; and thyroid), moderately vascularized
metastases (lung, breast, prostate, gastrointestinal, and other epithelial tumors), and hematologic metastases (myeloma and lymphoma). "Surgical procedures were divided
into 3 groups: type | (palliative instrumentation and decompression), type 2 (subtotal corpectomy), and type 3 (total en bloc spondylectomy).

(p = 0.704), level of decompression (p = 0.716), and level
of instrumentation (p = 0.152) were not related to intrao-
perative blood loss. Using a box plot to qualitatively show
the relationship between bisphosphonate use and intrao-
perative blood loss, we could find that the difference was
also significant (Figure 1).

Multivariate Analysis

We used multivariate linear regression models to assess
the correlations between bisphosphonates and intraopera-
tive blood loss. In order to compare the differences
between several adjustment strategies, we listed the crude
model, minimally adjusted model, and fully adjusted
model at the same time in Table 3. In all adjustment
strategies, intraoperative blood loss was lower in patients
using bisphosphonates than in patients without bispho-
sphonate treatments. In the fully adjusted model, the effect

P<0.001
o0 ©
°
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Figure | The intraoperative blood loss in patients with bisphosphonate treatments
and patients without bisphosphonate treatments. There was a significant difference
in the intraoperative blood loss between the two groups (p < 0.001).

size, confidence interval, and p value were —246.4, —447.0
to —45.8, and 0.017, respectively.

For sensitivity analysis, further analyses were per-
formed according to the timing and duration of bispho-
sphonate use. In terms of timing, the crude model and
minimally adjusted model showed that the closer the date
of the most recent bisphosphonate use to the date of
surgery, the more obvious the effect of reducing intrao-
perative blood loss was, and this trend was significant (p
for trend <0.001). However, this trend had changed in the
fully adjusted model, and the past use group and current
use group seemed to have similar effects (p for trend =
0.231). In terms of duration, all three models showed the
same duration—response relationship: a longer duration of
bisphosphonate use accurately predicted a smaller amount
of blood loss, and the longer the duration was, the more
significant the effect would be (p for trend <0.001).

Subgroup Analysis

As shown in Table 4, the interaction test showed that the
operative time was marginally significant (p for interaction
= 0.053). The interaction test did not show statistical
significance in terms of sex, age, Charlson comorbidity
index, type of tumor, tumor location, number of spinal
metastases, preoperative Frankel score, surgical approach,
surgical type, level of decompression and level of instru-
mentation (p for interaction = 0.932, 0.765, 0.789, 0.554,
0.633, 0.898, 0.679, 0.352, 0.285, 0.846 and 0.428,
respectively).

We observed an interaction between operative time and
bisphosphonate use, and the effects of bisphosphonate use
on amount of blood loss were significantly different in
different subgroups of operative time. The effect size in
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Table 3 Association of Any Bisphosphonate Use with the Amount of Blood Loss

Current use —560.3 (—850.8, —269.7) <0.001

—325.9 (-613.8, —37.9) 0.027

—311.7 (-594.6, —28.9) 0.031

Variable Crude Model (B, 95% ClI, Minimally Adjusted Model (B, 95% CI, Fully Adjusted Model (B, 95% ClI,
P value) P value) ® P value) ©
Bisphosphonate
use
No use 0 0 0
Ever use —484.6 (—687.9, —281.3) <0.001 | —244.4 (—448.9, —39.9) 0.020 —246.4 (—447.0, —45.8) 0.017
Timing
No use 0 0 0
Past use —337.5 (-723.6, 48.6) 0.087 —287.3 (—-577.3, 2.7) 0.055 =311.1 (-599.8, —22.3) 0.035
Recent use —486.4 (—781.4, —191.4) 0.001 —299.9 (—-594.9, —4.9) 0.047 —231.1 (—655.3, 193.1) 0.532

| week-1 month | —479.3 (-767.9, —190.6) 0.001
>| month —508.9 (—844.6, —173.3) 0.003

P for trend <0.001

—249.6 (—578.1, 78.9) 0.137
—319.4 (—613.4, —25.4) 0.034
<0.001

P for trend <0.001 <0.001 0.231
Duration
No use 0 0 0
<I| week —468.6 (—797.2, —139.9) 0.005 —142.9 (—467.7, 181.9) 0.389 —135.8 (—454.3, 182.7) 0.404

—239.6 (—562.8, 83.5) 0.147
—340.3 (—630.2, —50.3) 0.022
<0.001

Notes: *Crude model: we did not adjust other covariants. bMinimaIIy adjusted model: we adjusted type of tumor and tumor location. “Fully adjusted model: we adjusted

type of tumor, tumor location, operative time, surgical approach and surgical procedure.

the bottom tertile group was significantly smaller than that
in the other two groups (—48.2 versus —483.4 and —374.8).

Discussion
Patients with spinal metastases are often accompanied by
unbearable pain, neurological deficits and spinal destabili-
zation, which can seriously impair the quality of life and
life expectancy of these cancer patients. Surgical treatment
plays an important role in the multidisciplinary manage-
ment of spinal metastases. However, due to the abundant
blood supply of metastatic tumors, the huge amount of
blood loss is one of the major difficulties faced by ortho-
pedic oncologists.” Excessive intraoperative bleeding will
increase the risk of perioperative complications.'® We
believe that reducing the amount of intraoperative bleed-
ing can allow the operator to obtain a clearer surgical field
to ensure the safe resection of the metastatic tumors. In
addition, reducing the amount of bleeding can further
speed up the operative process and shorten the operative
time, which is essential for preventing postoperative infec-
tion and promoting postoperative recovery.
Bisphosphonates are often used in patients with spinal
metastases to inhibit bone resorption, relieve unbearable
pain and prevent skeletal-related events.’*** The term
skeletal-related events refer to the major complications of
tumor bone disease, namely pathological fractures, need

for radiotherapy, need for bone surgery and spinal cord
compression. Bisphosphonates are potent inhibitors of
osteoclast function. They have become a standard treat-
ment for cancer hypercalcemia and an adjunct therapy to
relieve metastatic bone pain, improve patient functioning
and quality of life. However, its effect on reducing the
amount of intraoperative blood loss has been rarely
reported.'> Therefore, we designed and implemented
a retrospective cohort study to validate this effect.
Previous literature had reported that the intraoperative
blood loss of metastatic spinal tumor surgery was related
to type of primary tumor, type of surgery, levels of instru-
mentation and decompression, operative time, tumor loca-
tion, tumor volume, and preoperative embolism.®®
A retrospective study conducted by Kumar et al reviewed
243 patients with metastatic spinal tumors who underwent
surgery at the authors’ institution from 2005 to 2014 to
analyze the intraoperative blood loss, the need for blood
transfusion and their influencing factors.® After adjusting
of levels of instrumentation and decompression, comorbid-
ity index, gender, age, tranexamic acid and preoperative
embolism, the results of multivariate linear regression
indicated that the important predictors of blood loss during
surgery were primary tumor type, type of surgery and
operative time. Important factors affecting blood transfu-
sion included the primary tumor type, type of surgery,
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Table 4 Effect Size of Bisphosphonate on Blood Loss in Exploratory Subgroups

Subgroup Statistics Effect Size (95% CI) P for Interaction

Sex 0.932
Male 257 —497.3 (=755.2, —239.3) <0.001
Female 210 —461.7 (—788.0, —135.3) 0.006

Age 0.765
Bottom tertile 148 —464.6 (—792.5, —136.7) 0.006
Middle tertile 140 —666.3 (—1085.5, —247.1) 0.002
Top tertile 179 —362.6 (—682.2, —43.1) 0.027

Charlson comorbidity index 0.789
6 73 —491.1 (—9854, 3.2) 0.055
7 135 —792.2 (—1218.6, —365.8) <0.001
28 259 —319.6 (-574.0, —65.1) 0.015

Type of tumor 0.554
Highly vascularized 78 —915.2 (—1637.2, —193.2) 0.015
Moderately vascularized 346 —350.5 (—551.9, —149.2) <0.001
Hematologic metastases 43 —485.9 (—1257.2, 285.3) 0.224

Tumor location 0.633
Cervical 58 —280.5 (—611.2, 50.3) 0.102
Thoracic 229 —486.1 (—806.2, —165.9) 0.003
Lumbar 180 —443.0 (—763.7, —122.4) 0.007

Number of spinal metastases 0.898
Single 182 —515.8 (—858.6, —172.9) 0.004
Multiple 285 —464.7 (-716.9, —212.4) <0.001

Preoperative Frankel score 0.679
A-C 100 —647.4 (—1134.0, —160.7) 0.011
D-E 367 —442.9 (—666.4, —219.5) <0.001

Operative time 0.053
Bottom tertile 103 —48.2 (—282.4, 186.0) 0.688
Middle tertile 129 —483.4 (—814.6, —152.2) 0.005
Top tertile 136 —374.8 (-821.3, 71.8) 0.102

Surgical approach 0.352
Anterior 57 —102.6 (-512.1, 307.0) 0.626
Posterior 397 —532.5 (-=757.7, —=307.3) <0.001
Combined 13 —277.3 (-2102.7, 1548.2) 0.772

Surgical procedure 0.285
Type | 8l —706.7 (—1164.9, —248.5) 0.003
Type 2 361 —369.7 (—591.6, —147.7) 0.001
Type 3 25 —1280.9 (—2756.2, 194.3) 0.102

Level of decompression 0.846
| 279 —473.1 (—=745.5, —200.7) <0.001
2 106 —814.8 (—1242.3, —387.4) <0.001
23 82 —633.6 (—984.7, —282.5.5) 0.103

Level of instrumentation 0.428
<4 272 —500.6 (—773.4, —227.7) <0.001
4-5 150 —526.8 (—883.9, —169.8) 0.004
>5 45 —267.5 (-831.0, 295.9) 0.357
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preoperative hemoglobin level, and operative time.
However, this study did not include the use and frequency
of bisphosphonates.

A cohort study carried out by Wu et al preliminarily
verified the effectiveness of bisphosphonates in reducing
intraoperative blood loss.'? They noted that use of zole-
dronic acid before surgery could effectively reduce the
amount of intraoperative bleeding, whether for solid
tumors or multiple myeloma. However, their conclusions
are limited. First of all, the sample size is small (176
cases); more importantly, this study only conducted simple
univariate analyses instead of multivariate regression ana-
lyses, so the adjustment of important confounding factors
was not sufficient to obtain the independent effect of
bisphosphonate use.

Our research has several advantages. Firstly, in order to
obtain a pure study population, we excluded patients who
underwent preoperative embolization or minimally inva-
sive surgery. Compared with the general population, these
excluded patients had less intraoperative bleeding. By
comparing the baseline characteristics of patients with
bisphosphonate use and patients without bisphosphonate
use, we found that several items showed differences:
operative time and tumor location. However, we used
multivariate adjustment strategies to exclude the effects
of these confounding factors. Secondly, in order to explore
the dose-response relationship, we conducted a trend test
on the timing and duration of bisphosphonate use. Finally,
in order to explore potential effect modifiers and interac-
tions, we performed subgroup analyses. The exploratory
subgroup analysis is of great significance to scientific
research.”> Unfortunately, the above papers did not per-
form subgroup analyses and interaction tests, which will
hinder our explorations of the true relationship between
bisphosphonate use and intraoperative blood loss.

In the current study, the fully adjusted model showed
that intraoperative blood loss was 246.4mL less in patients
with bisphosphonate use than in patients without bispho-
sphonate use. For the timing of use, the p value for trend
test was 0.231, which indicated that the timing of use had
no significant effect on reducing the amount of bleeding.
For the duration of use, all three models validated
a common conclusion: the longer the duration of use
was, the better the effect of reducing intraoperative bleed-
ing would be. Exploratory subgroup analysis showed that
the effect of bisphosphonates in reducing blood loss was
weaker in population with shorter operative time.

The explanations of the above conclusions may start
with the mechanism of action of bisphosphonates.
Previous literature have shown that bisphosphonates can
inhibit the activity of osteoclasts, slow down the transfor-
mation of monocytes into osteoclasts, induce apoptosis of
osteoclasts, and block the attachment of osteoclasts to host
bone.?**** Therefore, we reasonably speculate that the
effect of reducing intraoperative blood loss may be due to
the mechanism that bisphosphonates can reduce bone
resorption and inhibit osteolysis and angiogenesis. This
hemostatic property needs to be supported by further
basic and clinical evidences. In addition, bisphosphonates
have been shown to accumulate in bones and retain there
for years,”* which can explain why the duration of use can
affect the effect of reducing blood loss rather than timing.
One possible explanation for the interaction of bispho-
sphonates and operative time is that the bleeding volume
of operation with shorter operative time is relatively less,
which may mask the effects of bisphosphonates.

Our research has some limitations. Firstly, this study is
an observational study, so recall and selection bias are
unavoidable. Secondly, the population of this study did
not include patients who underwent preoperative emboli-
zation and minimally invasive surgery, which may prevent
conclusions from being generalized to other populations.
Thirdly, due to the limitation of the original data, we
cannot observe the relationship between tranexamic acid
and intraoperative blood loss, although some literature
showed a correlation between them. Fourthly, the intrao-
perative blood loss in this study was obtained from the
anesthetist’s medical records and records of intraoperative
fluid management, there may be a deviation between the
analysis using the data on the anesthesia record sheet and
the real data.

Conclusion

We found that the use of bisphosphonates before surgery
could reduce the amount of intraoperative blood loss during
metastatic spinal tumor surgery, especially for surgery with
longer operative time. The longer the duration of bispho-
sphonate use was, the more pronounced the effect of redu-
cing intraoperative blood loss would be. There was no
significant correlation between the timing of bisphosphonate
use and the effect of reducing intraoperative blood loss. We
therefore recommend that a period of preoperative bispho-
sphonate use is necessary and beneficial for patients with
spinal metastases who need surgical treatments.
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