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Abstract:

Introduction: Whether the benefits of continued perioperative aspirin therapy in spinal surgery outweigh the risk of pe-
rioperative complications remains unclear. This study evaluates the perioperative effects of continuous low-dose aspirin
treatment in patients who underwent lumbar decompression alone.

Methods: This single-institute retrospective study included patients who underwent lumbar decompression for L1/2-
L5/S1 lesions. The patient characteristics, perioperative parameters, and complications were compared between 103 patients
who continued to take 100 mg/day aspirin during the perioperative period (aspirin group) and 653 patients who did not take
antiplatelet or anticoagulant drugs (nonaspirin group).

Results: A significantly higher proportion of the patients in the aspirin group were males. The patients in the aspirin
group had significantly lower preoperative hemoglobin levels than those in the non-aspirin group (P=0.001 and P=0.044, re-
spectively). No significant differences were detected between the groups in terms of the number of disc decompression lev-
els, duration of surgery, intraoperative blood loss, postoperative drainage volume, number of reoperations required for
epidural hematoma formation, or perioperative blood transfusions. No cardiovascular or cerebrovascular ischemic events oc-
curred in either group.

Conclusions: Continuous low-dose aspirin therapy alone during the perioperative period for lumbar decompression did
not increase perioperative bleeding or the risk of bleeding-related complications. In conclusion, continuous low-dose aspirin
treatment may be acceptable for use in preventing the increased risk of cardiovascular disease caused by aspirin withdrawal

in patients undergoing lumbar decompression.
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Introduction

Aspirin is the most widely recognized and used antiplate-
let agent for the primary and secondary prevention of car-
diovascular disease"®. Therefore, if the benefits of continu-
ing aspirin usage outweigh the risks associated with bleed-
ing, medication should be continued during the perioperative
period™. However, no appropriate guidelines for the contin-
ued administration of aspirin during the perioperative period
for spinal surgery have yet been set. With aspirin being dis-
continued before surgery, spine surgery is performed based
on the possibility that the platelet coagulation ability will re-
turn to normal after approximately 7 days of aspirin discon-

tinuation” to avoid perioperative bleeding and nerve damage
caused by postoperative epidural hematoma®"”. Currently,
the decision to continue or discontinue low-dose aspirin in
patients undergoing spine surgery is made by surgeons on a
case-to-case basis. In other cases, arrangements are made for
each facility""”.

In recent years, due to concerns on the risk of periopera-
tive cardiovascular events associated with aspirin with-
9 studies on the safety of continuing low-dose aspi-
rin administration during the perioperative period of spinal
surgery were conducted'”””. Some of these studies reported
on the continuation of perioperative aspirin treatment in cer-
vical spine decompression surgery”*”. However, most of
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these previous works focused on fusion techniques for lum-
bar spine surgery™™'®', and there were only a few studies
discussing conventional decompression techniques'”. This
study aims to evaluate the effects of continuous low-dose as-
pirin treatment in patients who underwent lumbar decom-
pression alone.

Materials and Methods

This study was approved by our institutional review
board. Due to the retrospective nature of this work, we used
an opt-out approach instead of obtaining consent for data
collection from individual patients.

This retrospective study was conducted at a single facility
using data taken from electronic medical records. We ex-
tracted the data of 2,234 patients who underwent posterior
decompression for lumbar lesions associated with degenera-
tive spondylotic disease or ossification of the posterior lon-
gitudinal ligament or ligamentum flavum, excluding idi-
opathic epidural hematomas, infections, tumors, and trauma,
between January 2012 and April 2023. Only those who un-
derwent decompression treatment for lesions at the L1/2-L5/
S1 level were included in this study. Patients who underwent
endoscopic surgery, herniectomy, discectomy, or revision
surgery for the same lesion were excluded. We limited the
resection to the dorsal elements of the dura and nerve roots
to simplify and homogenize the surgical technique and mini-
mize the effects of bleeding from the epidural venous
plexus. Dialysis patients were excluded as well because they
generally tend to bleed easily and have a low hematopoietic
ability, thereby posing a higher risk of postoperative
epidural hematoma and perioperative blood transfusion com-
pared to patients not undergoing dialysis. Patients taking
clopidogrel, cilostazol, ethyl eicosapentaenoate, prost-
aglandin E1, sarpogrelate, warfarin, dabigatran, apixaban,
edoxaban, or rivaroxaban were also excluded. Additionally,
we excluded patients who developed an intraoperative dural
injury or a postoperative cerebrospinal fluid leakage because
treatment of the damaged dura mater increases the surgical
time, and the cerebrospinal fluid leakage during and after
surgery may increase the intraoperative blood loss and the
postoperative waste fluid volume. In contrast, the cerebrospi-
nal fluid pressure that decreased due to cerebrospinal fluid
leakage may increase the bleeding from the epidural venous
plexus and affect the intraoperative blood loss. We excluded
patients younger than 56 years to exclude older age as a
confounding factor for aspirin treatment. The minimum age
of low-dose aspirin users who met the inclusion criteria for
this study was 56 years. A total of 756 patients were divided
into two groups as follows: low-dose aspirin group (aspirin
group, n=103) and non-aspirin group (nonaspirin group, n=
653; Fig. 1). In the aspirin group, only patients taking low-
dose aspirin (100 mg/day) were included. Patients taking as-
pirin at other doses and those taking antiplatelet or antico-
agulant drugs other than aspirin were excluded. The charac-
teristics, perioperative parameters, and perioperative compli-
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cations of the two groups were then compared and exam-
ined.

All surgeries were performed by one of the seven hospital
surgeons. Fenestration was performed in most cases, while
total laminectomy was performed in a few. The intraopera-
tive blood pressure was controlled at the anesthetist’s discre-
tion. However, when the surgeon felt that there was more
bleeding than usual, and that the surgery was difficult to
perform, he checked the patient’s blood pressure and re-
quested for it to be lowered as much as possible. A sheet-
type microfibrillar collagen hemostatic agent was used to
achieve hemostasis at the surgeon’s discretion. In most
cases, only one postoperative closed suction drainage tube
was placed. In cases involving skip lesions, only one tube
was placed for each lesion, as well. At the surgeon’s discre-
tion, two tubes were sometimes placed for decompression at
the four-disk level. If the drainage volume was <100 mL
within 24 h, the drainage tube was removed 2 days postop-
eratively; otherwise, the tube was removed at the surgeon’s
discretion.

The examined patient characteristics were sex, age at sur-
gery, body mass index, and medical history/comorbidities
(hypertension, diabetes, angina, myocardial infarction, cere-
bral infarction, and history of coronary stenting or coronary
artery bypass surgery). The perioperative parameters exam-
ined included the perioperative hemoglobin level, activated
partial thromboplastin time, level, estimated
glomerular filtration rate, number of disk decompression lev-
els, duration of surgery, intraoperative bleeding volume,
postoperative drainage volume, and length of hospital stay.
The investigated postoperative complications included the
postoperative epidural hematoma rates requiring additional
surgery, perioperative blood transfusions, postoperative in-
fections requiring additional surgery, and other notable pe-
rioperative complications. The clinical results were excluded
from the evaluation because of a high proportion of missing
Japanese Orthopedic Association scores.

To evaluate the effects of continuing or discontinuing as-
pirin treatment, the patients receiving aspirin treatment were
divided into two groups: 1) those who continue treatment;
and 2) those who discontinue treatment. However, this was a
retrospective study, and there were no cases of aspirin with-
drawal. Therefore, for convenience, patients who did not re-
ceive antiplatelet or anticoagulant therapy were included in
the target group instead of the aspirin withdrawal group.

A statistical analysis was performed using EZR 64-bit
version 1.60 (http://www.jichi.ac.jp/saitama-sct/SaitamaHP.fil
es/statmed.html)*. The continuous variables were compared
using the Mann-Whitney U test, while the categorical ones
were compared using Pearson’s Chi-squared test or Fisher’s
exact test. The statistical significance was set at P<0.05.
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(100 mg/day) antiplatelets or
anticoagulants
A v
Nonaspirin
Aspirin group
group
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Figure 1.

Results

Patient characteristics

The male-to-female ratio was significantly higher in the
aspirin group than in the non-aspirin group (P=0.001). Simi-
larly, the median body mass index was significantly higher
in the aspirin group (25.2 kg/m’; range, 18.3-34.8 kg/m’)
than in the non-aspirin group (24.6 kg/m’; range, 15.0-39.1
kg/m?; P=0.048). No significant difference in the median age
was observed between the two groups (Table 1).

Flowchart of the patient selection process used in this study.

Comorbidities

The prevalence or history of hypertension, diabetes, an-
gina, myocardial infarction, cerebral infarction, coronary
stenting, and coronary artery bypass surgery was signifi-
cantly higher in the aspirin group than in the non-aspirin
group (Table 1).

Preoperative parameters

The preoperative hemoglobin level was significantly lower
in the aspirin group than in the nonaspirin group (P=0.044;
Table 2). The preoperative activated partial thromboplastin
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Table 1. Characteristics of Patients Undergoing Lumbar Decompression Alone.
Aspirin group (n=103)  Nonaspirin group (n=653) P value
Sex, male:female 76:27 372:281 0.001*
Age, years 75 (56-89) 74 (56-93) 0.134
BMI, kg/m? 25.2 (18.3-34.8) 24.6 (15.0-39.1) 0.048%*
Comorbidities
Hypertension 81 (78.6%) 443 (67.8%) 0.029*
Diabetes 38 (36.9%) 142 (21.7%) 0.002*
Angina 37 (35.9%) 25 (3.8%) <0.001*
Myocardial infarction 29 (28.2%) 2 (0.3%) <0.001*
Cerebral infarction 32 (31.1%) 15 (2.3%) <0.001*
Coronary stenting or coronary artery bypass surgery 42 (40.8%) 8 (12.3%) 0.001*
Data are presented as n, median (range), or n (%).
*Statistically significant difference.
BMI, body mass index
Table 2. Perioperative Data of Patients Undergoing Lumbar Decompression Alone.
Aspirin group (n=103)  Nonaspirin group (n=653) P value
Preoperative parameters
Hemoglobin level, g/dL 13.5 (10.4-17.6) 13.9 (8.7-19.0) 0.044%*
APTT, s 27.3 (19.9-57.6) 26.5 (9.3-51.8) 0.004*
Albumin level, g/dL 4.2 (3.1-4.8) 4.2 (24-5.3) 0.327
eGFR, mL/min/1.73 m? 59.9 (29.4-110.3) 64.9 (5.8-178.1) 0.028*
Intraoperative parameters
Number of decompressed Intervertebral disk levels 2 (1-4) 2 (1-4) 0.468
Duration of surgery, min 83 (32-237) 80 (30-257) 0.173
Intraoperative blood loss, mL 30 (3-250) 25 (2-535) 0.259
Postoperative parameters
Postoperative drainage volume, mL 228 (40-1214) 213 (0-1164) 0.121
Hemoglobin level, g/dL 12.1 (8.4-17.1) 12.5(7.3-17.3) <0.05*
One day after surgery
Hemoglobin level, g/dL 12.0 (8.4-17.5) 12.6 (7.4-16.9) 0.005%*
Three days after surgery
Hemoglobin level, g/dL 11.9 (8.3-16.5) 12.3 (7.4-16.0) 0.011*
Seven days after surgery
Others
Hospital stay, days 17 (10-62) 16 (9-60) 0.479

Data are presented as median (range).
*Statistically significant.

APTT, activated partial thromboplastin time; eGFR, estimated glomerular filtration rate

time was significantly higher in the aspirin group than in the
non-aspirin group (P=0.004). The preoperative estimated
glomerular filtration rate was significantly lower in the aspi-
rin group than in the non-aspirin group (P=0.028). Mean-
while, the preoperative albumin levels were similar between
the two groups (Table 2).

Intraoperative parameters

The number of disc decompression levels, surgery dura-
tion, and amount of intraoperative blood loss were not sig-
nificantly different between the aspirin and non-aspirin
groups (P=0.468, P=0.173, and P=0.259, respectively; Table
2).
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Postoperative parameters

The postoperative drainage volumes in the aspirin and
non-aspirin groups were similar (P=0.121; Table 2). The
postoperative hemoglobin levels were significantly lower in
the aspirin group over time, similar to the preoperative find-
ings (Table 2).

Other parameters

No significant difference was observed in the median
length of hospital stay between the aspirin and nonaspirin
groups (P=0.479; Table 2).
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Table 3. Perioperative Complications in Patients Undergoing Lumbar Decompression Alone.

Aspirin group (n=103)  Nonaspirin group (n=653) P value
Number of reoperations for epidural hematoma 0(0.0) 1(0.2) >0.999
Blood transfusion rate 0(0.0) 3(0.5) >0.999
Number of reoperations for surgical site infection 1(1.0) 2(0.3) 0.356

Data are presented as n (%).

Perioperative complications

The reoperation rates for epidural hematoma, periopera-
tive blood transfusion, and surgical site infection were simi-
lar between the aspirin and non-aspirin groups (P>0.999, P>
0.999, and P=0.356, respectively; Table 3). No cardiovascu-
lar or cerebrovascular ischemic events occurred in either

group.
Discussion

The present study demonstrated that the continuation of
low-dose aspirin therapy in patients who underwent lumbar
decompression alone did not increase the amount of pe-
rioperative bleeding, rate of reoperation for postoperative
epidural hematomas, or perioperative blood transfusions. No
previous study investigated the effect of low-dose aspirin
(100 mg/day) on the perioperative bleeding volume and the
perioperative bleeding-associated complications in patients
who underwent lumbar decompression only, with the resec-
tion limited to the dorsal elements of the dura and nerve
roots and the decompression levels limited to those in the L
1/2-L5/S1 regions.

Similar results have been reported in recent years. Park et
al."” reported that in lumbar decompression and fixation sur-
gery, there were no differences in the operation time, pe-
rioperative blood loss, or perioperative complications among
the non-aspirin treatment group, perioperative discontinu-
ation of the aspirin treatment group, and perioperative aspi-
rin treatment group. Cuellar et al."” compared 100 patients
each in a group that continued aspirin treatment and a group
that withdrew aspirin and showed similar results, but did not
evaluate the amount of postoperative bleeding’. Differences
were observed between the two groups in terms of the surgi-
cal site, number of surgical intervertebral spaces, and surgi-
cal method. Soleman et al."” compared 40 patients who con-
tinued aspirin treatment perioperatively with 62 patients who
discontinued aspirin treatment 1 week before surgery during
non-instrumented decompression surgery. They
found no differences between the two groups in terms of the
operative time, perioperative blood loss, mean postoperative
blood transfusion volume, or incidence of postoperative
complications. Although our patients underwent up to four
intervertebral decompressions and did not include any case
of herniotomy, their patients underwent up to three interver-
tebral decompressions and included cases of microscopic
herniotomy. Tarukado et al.’” performed endoscopic

lumbar

laminectomy at one level in 65 patients who did not receive
aspirin therapy, nine patients who discontinued low-dose as-
pirin therapy preoperatively, and 14 patients who continued
low-dose aspirin therapy and found no significant differ-
ences in terms of the surgical time, intraoperative blood
loss, or perioperative complications between the three
groups. However, compared to the current study, the evalu-
ations involved less invasive surgical treatment and fewer
cases.

Some studies reported results different from ours when
comparing patients who did not receive aspirin treatment to
those who discontinued aspirin treatment perioperatively”.
However, these studies did not include patients in whom as-
pirin administration was continued during the perioperative
period. In addition, a systematic review”” that included one
of these studies found that continued aspirin treatment did
not increase the surgery duration, intraoperative bleeding
volume, or risk of blood transfusions. This finding is consis-
tent with the results of this study.

This study has the following limitations: first, this was a
retrospective single-institute study; second, direct compari-
sons between patients who continued aspirin and those who
discontinued aspirin in the perioperative period were not
performed; thus, the risk of cardiovascular disease when as-
pirin was withdrawn during the perioperative period of lum-
bar decompression cannot be assessed; third, the confound-
ing factors associated with aspirin treatment cannot be ex-
cluded, but those of hypertension, diabetes, heart disease,
anemia, and chronic kidney disease are risk factors for pe-
rioperative complications”””; therefore, these indices would
have had a more unfavorable effect on patients in the aspirin
group compared to those in the non-aspirin group; fourth,
because perioperative complications, including perioperative
cardiovascular disease and postoperative epidural hematoma,
relatively infrequently occur, the sample size in the current
study may have been too small for statistical analysis be-
cause the incidence rate of myocardial infarction after lum-
bar spine surgery is only 0.43%’", and that of symptomatic
postoperative epidural hematoma is only 0.1%-0.24%. The
blood pressure control and hemostasis procedures clearly af-
fect the amount of perioperative blood loss and the forma-
tion of postoperative epidural hematomas, but we did not
adequately evaluate or investigate this in this work. There-
fore, in the future, multicenter studies with larger sample
sizes that evaluate bleeding-related factors, such as pe-
rioperative blood pressure, and divide aspirin-treated patients
into perioperative continuation and discontinuation groups
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should be conducted.

This study found no differences in the intraoperative
blood loss or postoperative drainage between the aspirin and
non-aspirin groups. Generally, when a blood vessel is in-
jured, it contracts, and the platelets aggregate and close the
injured area, thereby completing primary hemostasis. Fur-
thermore, the coagulation system is activated, and a fibrin
network is formed around it, completing secondary hemosta-
sis. Even if the aggregation ability of the platelets is re-
duced, a secondary hemostasis can be achieved without
problems if the coagulation system is activated in the mi-
crovessels. Even for larger blood vessels, if primary hemo-
stasis can be achieved with compression, thermal coagula-
tion, or a hemostatic agent, we may not find an effect on
intra-or postoperative bleeding, unless the coagulation sys-
tem is abnormal. We believe that the same applies to other
antiplatelet agents. Although the number of cases is small,
clopidogrel is continued in the perioperative period of cervi-
cal and lumbar spine surgeries without any particular prob-
lems (data not shown). Abnormal coagulation and anticoagu-
lant therapy are generally considered as risk factors for the
epidural hematoma formation'*". antiplatelet
drugs and anticoagulants have yet to be distinguished in pre-
vious discussions, despite their completely different action
mechanisms. Therefore, these two drugs should be evaluated
separately.

Lumbar decompression, which involves the removal of
only the dorsal elements, is a relatively minimally invasive
procedure with minimal perioperative blood loss. Therefore,
the benefits of preventing perioperative cardiovascular dis-
ease may outweigh the risk of the perioperative complica-
tions associated with continued aspirin therapy.

However,

Conflicts of Interest: The author declares that there are
no relevant conflicts of interest. The submitted manuscript
contains no information about medical devices or drugs.

Sources of Funding: No funds were received in support
of this work. No relevant financial activities exist outside the
submitted work.

Acknowledgement: We would like to thank Editage (ww
w.editage.jp) for the English language editing. We also thank
medical clerks Yumi Koga, Junko Haseyama, Kotone Kuri-
saki, and Nozomi Ohashi for their help in collecting the data
for this manuscript.

Ethical Approval: The Institutional Review Board of Ku-
mamoto Chuo Hospital approved this study (Approval No.
202401-04).

Informed Consent: We used an opt-out approach instead

of obtaining consent from individual patients because of the
retrospective nature of this study.

200

dx.doi.org/10.22603/ss11.2024-0168

References

1. Reilly IA, FitzGerald GA. Aspirin in cardiovascular disease.
Drugs. 1988:35(2):154-76.

2. Hennekens CH, Dyken ML, Fuster V. Aspirin as a therapeutic
agent in cardiovascular disease: a statement for healthcare profes-
sionals from the American Heart Association. Circulation. 1997;96
(8):2751-3.

3. He J, Whelton PK, Vu B, et al. Aspirin and risk of hemorrhagic
stroke: a meta-analysis of randomized controlled trials. JAMA.
1998;280(22):1930-5.

4. Taylor DW, Barnett HJ, Haynes RB, et al. Low-dose and high-
dose acetylsalicylic acid for patients undergoing carotid endarter-
ectomy: a randomised controlled trial. ASA and Carotid Endarter-
ectomy (ACE) trial collaborators. Lancet. 1999;353(9171):2179-
84.

5. Cohen AT, Imfeld S, Markham J, et al. The use of aspirin for pri-
mary and secondary prevention in venous thromboembolism and
other cardiovascular disorders. Thromb Res. 2015;135(2):217-25.

6. Hall R, Mazer CD. Antiplatelet drugs: a review of their pharma-
cology and management in the perioperative period. Anesth Analg.
2011;112(2):292-318.

7. Merriman E, Bell W, Long DM. Surgical postoperative bleeding
associated with aspirin ingestion. Report of two cases. J Neuro-
surg. 1979;50(5):682-4.

8. Kang SB, Cho KJ, Moon KH, et al. Does low-dose aspirin in-
crease blood loss after spinal fusion surgery? Spine J. 2011;11(4):
303-7.

9. Park JH, Ahn Y, Choi BS, et al. Antithrombotic effects of aspirin
on 1- or 2-level lumbar spinal fusion surgery: a comparison be-
tween 2 groups discontinuing aspirin use before and after 7 days
prior to surgery. Spine. 2013;38(18):1561-5.

10. Epstein NE. When and if to stop low-dose aspirin before spine
surgery? Surg Neurol Int. 2018;http:/www.surgicalneurologyint.co
m/content/9:154.

11. Kou J, Fischgrund J, Biddinger A, et al. Risk factors for spinal
epidural hematoma after spinal surgery. Spine. 2002;27(15):1670-
3.

12. Kreppel D, Antoniadis G, Seeling W. Spinal hematoma: a litera-
ture survey with meta-analysis of 613 patients. Neurosurg Rev.
2003;26(1):1-49.

13. Korinth MC, Gilsbach JM, Weinzierl MR. Low-dose aspirin before
spinal surgery: results of a survey among neurosurgeons in Ger-
many. Eur Spine J. 2007;16(3):365-72.

14. Goes R, Muskens IS, Smith TR, et al. Risk of aspirin continuation
in spinal surgery: a systematic review and meta-analysis. Spine J.
2017;17(12):1939-46.

15. Tezuka F, Sakai T, Imagama S, et al. Management of antithrom-
botic drugs before elective spine surgery: a nationwide web-based
questionnaire survey in Japan. Spine Surg Relat Res. 2023;7(5):
428-35.

16. Gerstein NS, Schulman PM, Gerstein WH, et al. Should more pa-
tients continue aspirin therapy perioperatively? Clinical impact of
aspirin withdrawal syndrome. Ann Surg. 2012;255(5):811-9.

17. Soleman J, Baumgarten P, Perrig WN, et al. Non-instrumented ex-
tradural lumbar spine surgery under low-dose acetylsalicylic acid:
a comparative risk analysis study. Eur Spine J. 2016;25(3):732-9.

18. Park HJ, Kwon KY, Woo JH. Comparison of blood loss according
to use of aspirin in lumbar fusion patients. Eur Spine J. 2014;23
(8):1777-82.

19. Cuellar JM, Petrizzo A, Vaswani R, et al. Does aspirin administra-
tion increase perioperative morbidity in patients with cardiac stents
undergoing spinal surgery? Spine. 2015;40(9):629-35.



dx.doi.org/10.22603/ss11.2024-0168

20.

21.

22.

23.

24.

25.

26.

27.

Smilowitz NR, Oberweis BS, Nukala S, et al. Perioperative anti-
platelet therapy and cardiovascular outcomes in patients undergo-
ing joint and spine surgery. J Clin Anesth. 2016;35:163-9. doi:
10.1016/j.jclinane.

Tarukado K, Ono T, Doi T, et al. Safety and clinical results of
continuous low-dose aspirin in microendoscopic laminectomy.
Spine Surg Relat Res. 2023;7(4):350-5.

Inoue T, Mizutamari M, Hatake K. Safety of continuous low-dose
aspirin therapy for cervical laminoplasty. Spine Surg Relat Res.
2022;6(3):240-6.

Wong YC, Lau TK, Chau WW, et al. Safety of continuing aspirin
use in cervical laminoplasty: a propensity score-matched analysis.
Spine Surg Relat Res. 2023;7(2):142-8.

Zhang C, Wang G, Liu X, et al. Safety of continuing aspirin ther-
apy during spinal surgery: a systematic review and meta-analysis.
Medicine. 2017;96(46):e8603.

Kanda Y. Investigation of the freely available easy-to-use software
‘EZR’ for medical statistics. Bone Marrow Transplant. 2013;48(3):
452-8.

Inoue T, Mizutamari M, Hatake K. Surgical invasiveness of single-
segment posterior lumbar interbody fusion: comparing periopera-
tive blood loss in posterior lumbar interbody fusion with tradi-
tional pedicle screws, cortical bone trajectory screws, and percuta-
neous pedicle screws. Asian Spine J. 2021;15(6):856-64.
Schoenfeld AJ, Ochoa LM, Bader JO, et al. Risk factors for im-
mediate postoperative complications and mortality following spine

28.

29.

30.

31.

32.

Spine Surg Relat Res 2025; 9(2): 195-201

surgery: a study of 3475 patients from the National Surgical Qual-
ity Improvement Program. J Bone Joint Surg Am. 2011;93(17):
1577-82.

Awad JN, Kebaish KM, Donigan J, et al. Analysis of the risk fac-
tors for the development of post-operative spinal epidural haema-
toma. J Bone Joint Surg Br. 2005;87(9):1248-52.

Desai R, Nayar G, Suresh V, et al. Independent predictors of mor-
tality following spine surgery. J Clin Neurosci. 2016;29:100-5. htt
p://dx.doi.org/10.1016/j.jocn.2015.12.012

Kushioka J, Takenaka S, Makino T, et al. Risk factors for in-
hospital mortality after spine surgery: a matched case-control
study using a multicenter database. Spine J. 2020;20(3):321-8.
Perez-Roman RJ, Lu VM, Govindarajan V, et al. Myocardial in-
farction after lumbar surgery: a critical meta-analysis of cohort
versus database studies for a rare complication. World Neurosurg.
2022;158:¢865-79. doi: 10.1016/j.wneu.2021.11.086.

Kao FC, Tsai TT, Chen LH, et al. Symptomatic epidural hema-
toma after lumbar decompression surgery. Eur Spine J. 2015;24
(2):348-57.

Spine Surgery and Related Research is an Open Access journal distributed under
the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License. To view the details of this license, please visit (https://creativeco
mmons.org/licenses/by-nc-nd/4.0/).

201



