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Introduction

In the current aging society, the incidences of cardiovas-
cular and cerebrovascular diseases are increasing. Thus, 
more patients with spinal disorders who require surgical 
intervention are taking antiplatelet (AP) or anticoagulation 
(AC) agents. According to an online appendix of common 
procedures and the associated procedural bleeding risks 
(revised in 2022), all spinal surgeries are classified as high 
bleeding risk [5]. Antithrombotic agents may need to be 
discontinued before spine surgeries. However, discontinu-
ation of antithrombotic agents may increase perioperative 
thromboembolic complications, which lead to poor patient 
prognosis. Because the risks and benefits of perioperative 
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Abstract
Purpose  Each institution or physician has to decide on an individual basis whether to continue or discontinue antiplatelet 
(AP) therapy before spinal surgery. The purpose of this study was to determine if perioperative AP continuation is safe during 
single-level microsurgical decompression (MSD) for treating lumbar spinal stenosis (LSS) and lumbar disc hernia (LDH) 
without selection bias.
Methods  Patients who underwent single-level MSD for LSS and LDH between April 2018 to December 2022 at our institute 
were included in this retrospective study. We collected data regarding baseline characteristics, medical history/comorbidi-
ties, epidural hematoma (EDH) volume, reoperation for EDH, differences between preoperative and one-day postoperative 
blood cell counts (ΔRBC), hemoglobin (ΔHGB), and hematocrits (ΔHCT), and perioperative thromboembolic complica-
tions. Patients were divided into two groups: the AP continuation group received AP treatment before surgery and the control 
group did not receive antiplatelet medication before surgery. Propensity scores for receiving AP agents were calculated, with 
one-to-one matching of estimated propensity scores to adjust for patient baseline characteristics and past histories. Reop-
eration for EDH, EDH volume, ΔRBC, ΔHGB, ΔHCT, and perioperative thromboembolic complications were compared 
between the groups.
Results  The 303 enrolled patients included 41 patients in the AP continuation group. After propensity score matching, the 
rate of reoperation for EDH, the EDH volume, ΔRBC, ΔHGB, ΔHCT, and perioperative thromboembolic complication rates 
were not significantly different between the groups.
Conclusion  Perioperative AP continuation is safe for single-level lumbar MSD, even without biases.
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AP discontinuation are unclear, surgeons must balance the 
risk of procedural bleeding against the increased thrombo-
embolic risk of antithrombotic therapy interruption. Each 
institution or physician has to decide on an individual basis 
whether to continue or discontinue AP therapy before spinal 
surgery [3, 6, 11]. We have been performing lumbar surgery 
in patients without interrupting the AP medication and with 
no biases to prevent thrombotic complications since 2018. 
The purpose of this study was to investigate the safety, pros, 
and cons of AP continuation during microsurgical decom-
pression (MSD). We compared the postoperative status of 
patients taking perioperative AP with patients not taking AP.

Materials and methods

Patient selection

We retrospectively reviewed the medical records and radio-
graphic images of patients who underwent MSD at our hos-
pital between April 2018 to December 2022 for LSS or LDH 
against conservative treatment using pharmacotherapy and 
physiotherapy for low back pain, intermittent claudication, 
and lower limb pain. Inclusion criteria were as follows: (1) 
underwent single-level MSD or single-level microsurgical 
herniotomy, (2) lumbar blood examination < 1 month before 
and 1 day after surgery, and (3) underwent lumbar magnetic 
resonance imaging (MRI) 4–10 days after surgery. Exclu-
sion criteria were as follows: (1) previous spinal surgery, 
(2) medical history of spinal tuberculosis and another spinal 
infectious disease or tumor, and (3) medical history of coag-
ulation disorders and platelet dysfunction or, suspicious of 
them with the preoperative hematological examination.

Patients who met the inclusion criteria were divided into 
two groups: the AP continuation group received AP before 
surgery, and the control group received no AP medication 
before surgery. Thus, all patients who received AP for car-
diovascular disease underwent surgery without discontinu-
ing AP with no biases, even if the patients received dual 
AP therapy. For patients in both groups who received AC 
preoperatively, only AC was discontinued perioperatively.

Surgical methods

All surgeries were performed under a microscope under 
general anesthesia in the prone position. Conventional 
MSD was performed with bilateral partial laminectomy for 
patients with LSS and unilateral laminectomy and herniot-
omy for patients with LDH. After resecting the ligamentum 
flavum, less than one-third of the medial side of the superior 
articular process of the vertebral body was removed using 
an ultrasound aspirator. The medial side of the pedicle of the 

vertebral arch and mobility of the root were confirmed. Epi-
dural drainage tubes were placed, and suction drainage was 
continued. Drainage tubes were removed about 18 h after 
the surgery in all patients.

Data collection

The following patient data were collected: sex, age at sur-
gery, preoperative American Society of Anesthesiologists 
physical status (ASA-PS), medical history/comorbidities 
(diabetes mellitus, hypertension, dyslipidemia, chronic 
heart failure, chronic renal failure, chronic obstructive pul-
monary disease, and cancer), smoking status, and surgical 
procedure (MSD only or with microscopic herniotomy). 
In the AP continuation group, the type of AP and the rea-
son for initiation of AP medication were collected from the 
electronic medical records. Preoperative parameters were 
recorded, including platelet count (PLT), prothrombin time 
(PT), and activated partial thromboplasmin time (APTT), to 
assess preoperative coagulation disorders and platelet dys-
function. Perioperative parameters were recorded, includ-
ing red blood cell counts (RBCs), hemoglobin (HGB), and 
hematocrits (HCTs), and differences in preoperative and 
one-day postoperative parameters were determined and 
termed ΔRBC, ΔHGB, and ΔHCT, respectively, to assess 
perioperative bleeding. These preoperative hematological 
parameters were collected from the data examined within 
one month prior the operation. We also extracted data about 
reoperation for epidural hematoma (EDH) and thromboem-
bolic complications up to a month after surgery.

Minimal dural sac index for indirect assessment of 
EDH volume

Minimal dural sac index (MDSI) was used to indirectly 
evaluate postoperative EDH volume at the surgical level. 
The cross-sectional area of the dural sac was manually out-
lined postoperatively (4–10 days after the operation) on the 
MRI T2 weighted image obtained from a Picture Archiving 
and Communication System (Fig. 1); the marked area was 
automatically calculated. The ratio of the cross-sectional 
area of the dural sac area was measured as the smallest area 
around dural sac at the surgical level divided by the cross-
sectional area of the dural sac one vertebral level above the 
surgical site; the ratio is presented as the MDSI; the smaller 
the MDSI, the larger the EDH volume.

Statistical analysis

All data were analyzed using JMP pro (version 16.2 for 
Mac; SAS Institute Inc., NC, USA) and presented as 
means ± standard deviations or medians. Chi-square or 

1 3

  262   Page 2 of 9



Acta Neurochirurgica

Fisher’s exact tests were used to compare categorical vari-
ables, and Mann–Whitney U tests were used to compare 
continuous variables. Propensity scores were calculated 
using a logistic regression model in which baseline char-
acteristics and surgical details were independent variables. 
Propensity scores were calculated based on seven variables, 
including ASA-PS; medical/comorbidity history of diabetes 
mellitus, hypertension, dyslipidemia, chronic heart failure, 
and cancer; and surgical procedure. One-to-one matching 
was performed to adjust for baseline characteristics and 
surgical procedures. Reoperation for EDH, MDSI, ΔRBC, 
ΔHGB, ΔHCT, and perioperative thromboembolic compli-
cation rates were compared between the two groups. Differ-
ences between the groups were evaluated using Wilcoxon 
rank-sum tests for continuous variables and McNemar tests 
for categorical variables. A p-value of < 0.05 was consid-
ered statistically significant.

Results

Patient demographics

Patient demographics are shown in Table 1. The 303 patients 
(165 males, 138 females) who underwent single-level MSD 
for LSS or LDH had a mean age of 68.0 ± 13.8 years. Pre-
operative AP was administered to 41 patients who were 

included in the AP continuation group, and 262 patients 
were included in the control group. 100 mg of aspirin (ace-
tylsalicylic acid), 200 mg of cilostazol, 75 mg of clopidogrel 
(Clopidogrel Sulfate), and 3.75 mg of prasugrel (Prasugrel 
Hydrochloride) per day were administrated in 24, 6, 3, and 
1 patients, respectively, and 7 patients received dual AP 
therapy in the AP continuation group. The reasons for initia-
tion of AP medication were cerebral infarction in 7 patients, 
angina pectoris or myocardial infarction in 6 patients, 
peripheral arterial disease in 5 patients, coronary stent-
ing in 4 patients, coil embolization for cerebral aneurysm 
in 2 patients, and unknown in 17 patients. No significant 
differences in age, sex, preoperative PLT count, preopera-
tive PT, preoperative APTT, medical/comorbidity history of 
chronic heart failure, chronic renal failure, chronic obstruc-
tive pulmonary disease, and cancer, or smoking status were 
detected between the preoperative AP and control groups. 
In contrast, ASA-PS (p < 0.0001), medical/comorbid-
ity history of diabetes mellitus (p < 0.0001), hypertension 
(p = 0.0004), dyslipidemia (p = 0.0148), and surgical pro-
cedure (p = 0.00520) were significantly different between 
the two groups. Thus, patients in the AP continuation group 
exhibited worse preoperative PS and had more vascular risk 
factors compared with patients in the control group.

The rates of patients received AC preoperatively in the 
AP continuation group and in the control group was not dif-
ferent statistically (p = 0.618).

Fig. 1   Measuring minimal dural sac index (MDSI) for indirect assess-
ment of postoperative epidural hematoma (EDH) volume. On the post-
operative axial MRI T2 weighted image, the minimal cross-sectional 
area of the dural sac at the surgical level (a; dot circle with black 

arrow) was divided by the cross-sectional area of the dural sac one 
vertebral level above the surgical site (b; dot circle with white arrow); 
the ratio is referred to as the MDSI. The smaller the MDSI, the larger 
the EDH volume
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Perioperative parameters and postoperative 
complications

Perioperative parameters and postoperative complications 
are shown in Table 2. One patient in each group underwent 
reoperation for EDH. These two patients underwent evacua-
tion of an EDH due to intolerable lower back pain and lower 
limb weakness. The mean period between the postoperative 
MRI and the operation was 6.80 ± 1.23 days. Reoperation 
was performed significantly more frequently in the AP con-
tinuation group compared with the control group (2.44% in 
the AP continuation group vs. 0.381% in the control group) 
(p = 0.0494), and the EDH volume indirectly measured with 
MDSI was significantly larger (p = 0.0166) in the AP con-
tinuation group compared with the volume in the control 
group. No significant differences in ΔRBC, ΔHGB, and 
ΔHCT were detected between the two groups (p = 0.942, 
0.763, and 0.656 respectively). No patients in either group 
suffered from perioperative thromboembolic complications.

Reoperation for EDH, MDSI, ΔRBC, ΔHGB, ΔHCT, 
and perioperative thromboembolic complication rates were 
compared between the AC discontinuation group and the 
AC naïve group. The incidences of the reoperation and 
thromboembolic complication were not significantly differ-
ent between the two groups (p = 0.671 and p = 1.00 respec-
tively). And no differences in MDSI, ΔRBC, ΔHGB, and 
ΔHCT were detected between the two groups (p = 0.367, 
p = 0.306, p = 0.1612, and p = 0.255 respectively).

Propensity score matched analysis

One-to-one matching yielded 39 patient pairs. After propen-
sity score matching, the baseline characteristics, medical/
comorbidity history, smoking status, and surgical procedure 
were similar between the two groups (Table 3). Although one 

Table 1  Baseline patient characteristics, medical/comorbidity history 
and surgical procedure of antiplatelet continuation group and control 
group including in present study
Group AP 

continuation
(n = 41)

Control
(n = 262)

P value
(OR, 95%CI)

Baseline 
characteristics
Age, years 72.7 ± 6.08 67.4 ± 14.6 0.218
Female sex 18 (43.9%) 120 

(45.8%)
0.820

(1.08, 0.556-2.10)
ASA PS < 0.0001
1 0 (0%) 57 

(21.76%)
2 34 (82.9%) 194 

(74.1%)
3 7 (17.1%) 10 (3.82%)
4 0 (0%) 0 (0%)
Past history
Diabetes mellitus 15 (36.6%) 32 (12.2%) < 0.0001

(4.15, 1.99–8.64)
Hypertension 32 (78.1%) 127 

(48.5%)
0.0004

(3.77, 1.74–8.23)
Dyslipidemia 19 (46.3%) 68 (26.0%) 0.0148

(2.44, 1.24–4.78)
Chronic heart 
failure

4 (9.76%) 8 (3.05%) 0.0643
(3.42, 
0.981–11.9)

Chronic renal 
failure

14 (34.2%) 83 (31.7%) 0.765
(1.11, 
0.554–2.23)

Chronic obstruc-
tive pulmonary 
disease

5 (12.2%) 25 (9.54%) 0.5773
(1.31, 
0.472–3.64)

Smoking status
Current or former 
smoker

24 (58.5%) 114 
(43.5%)

0.0793
(1.81, 
0.927–3.53)

Cancer 5 (12.2%) 11 (4.20%) 0.0516
(3.13, 1.03–9.53)

Preoperative PLT 
count
(x104/µl)

24.4 ± 6.13 23.1 ± 6.11 0.094

Preoperative PT
(sec)

10.4 ± 0.598 10.6 ± 1.79 0.696

Preoperative APTT
(sec)

29.2 ± 4.33 29.1 ± 5.25 0.452

Surgical procedure 0.00520
(3.15, 1.34–7.36)

Microscopic Love 7 (17.1%) 103 
(39.3%)

MSD 34 (82.9%) 159 
(60.7%)

APTT: activated partial thromboplastin time, ASA PS: American 
society of anesthesiologists physical status, CI: confidence interval, 
MSD microsurgical decompression, OR: odds ratio, PLT: platelet 
count, PT: prothrombin time

Table 2  Crude analysis for postoperative epidural hematoma, periop-
erative blood loss related factor and perioperative thromboembolic 
complication

AP 
continuation
(n = 41)

Control
(n = 262)

P value
(OR, 
95%CI)

Reoperation for EDH 1 (2.44%) 1 (0.381%) 0.0494
(13.3, 
1.18–150)

Minimum dural sac 
index

0.671 ± 0.247 0.785 ± 0.286 0.0166

ΔRBC (x104/ul) 28.71 ± 23.5 28.2 ± 24.5 0.942
ΔHGB (g/dl) 0.900 ± 0.747 0.920 ± 0.708 0.763
ΔHCT (%) 2.78 ± 2.26 2.60 ± 2.08 0.656
Perioperative thrombo-
embolic complication

0 (0%) 0 (0%) 1.000
(NA)

CI: confidence interval, EDH: epidural hematoma, OR: odds ratio, 
RBC: red blood cell count, HGB: hemoglobin, HCT: hematocrit
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patient in the AP continuation group underwent hematoma 
evacuation (2.56%), the incidence was not significantly dif-
ferent between the two groups (p = 0.494). No differences 
in EDH volume, ΔRBC, ΔHGB, and ΔHCT were detected 
between the two groups (p = 0.287, 0.869, 0.572, and 0.760, 
respectively) (Table 4).

Discussion

AP is an effective agent for primary and secondary preven-
tion of acute myocardial infarction and stroke [4, 8]. AP 
treatment reduced mortality by almost 25% in patients with 
a history of coronary artery disease, and AP cessation in 
patients with a history of coronary artery intervention was 
associated with a 5–10-fold increase in mortality due to 
acute myocardial infarction [2]. Additionally, aspirin with-
drawal syndrome is characterized by a clinical prothrom-
botic state due to increased thromboxane production and 
decreased fibrinolysis [4, 7, [21].

In the present study, AP continuation did not increase the 
incidence of reoperation for EDH or postoperative EDH vol-
ume and anemia progression the day after single-level MSD 
for LSS and LDH. The predicted incidence of reoperation 
for EDH and thromboembolic complications was relatively 
low up to a month after surgery. Thus, these incidences alone 
were not appropriate endpoints for this study. Therefore, we 
compared EDH volumes within 10 days after surgery and 
changes in perioperative RBCs between the two groups. We 
used MDSI as an indirect assessment of EDH volume in the 
present study. Direct measurement of cross-sectional EDH 
area or minimal dural sac, which was used in a previous 
study [18], were not suitable for the present study. Because 
spinal canal area is difference in each patient, and the pres-
ent study included the patients performed even though 
single level MSD but at various level of lumbar level. Addi-
tionally, we used ΔRBC, ΔHGB, and ΔHCT, which were 

Table 3  Baseline patient characteristics, medical/comorbidity history 
and surgical procedure of antiplatelet continuation group and control 
group including in present study after propensity-score matching

AP 
continuation
(n = 39)

Control
(n = 39)

P value
(OR, 95%CI)

Baseline 
characteristics
Age 72.9 ± 6.20 74.2 ± 8.86 0.184
Female sex 16 (41.0%) 18 (43.9%) 0.648

(1.2, 0.503–3.02)
ASA PS 1.000

(1.00, 0.265–3.77)
1 0 (0%) 0 (0%)
2 34 (87.2%) 34 (82.9%)
3 5 (12.8%) 5 (17.1%)
4 0 (0%) 0 (0%)
Past history
Diabetes mellitus 13 (33.3%) 12 (36.6%) 0.808

(1.13, 0.434–2.91)
Hypertension 30 (76.9%) 32 (78.1%) 0.575

(0.73, 0.241-2.20)
Dyslipidemia 18 (46.2%) 19 (46.3%) 0.821

(0.902, 
0.371-2.20)

Chronic heart 
failure

3 (7.69%) 2 (9.76%) 1.00
(1.54, 0.243–9.78)

Chronic renal 
failure

14 (35.9%) 16 (34.2%) 0.642
(0.805, 
0.323–2.01)

Chronic obstruc-
tive pulmonary 
disease

4 (10.3%) 5 (12.2%) 0.723
(0.777, 
0.192–3.14)

Smoking status
Current or former 
smoker

23 (59.0%) 21 (58.5%) 0.648
(1.23, 0.503–3.02)

Diabetes mellitus 5 (12.8%) 6 (12.2%) 0.745
(0.809, 
0.225–2.91)

Preoperative PLT 
count
(x104/µl)

24.0 ± 5.86 25.2 ± 7.60 0.895

Preoperative PT
(sec)

10.4 ± 0.624 10.4 ± 0.762 0.819

Preoperative 
APTT
(sec)

28.5 ± 3.52 30.6 ± 6.31 0.500

Surgical 
procedure

0.761
(0.831, 
0.252–2.74)

Micro Love 7 (18.0%) 6 (17.1%)
MSD 32 (82.1%) 33 (82.9%)
APTT: activated partial thromboplastin time, ASA PS: American 
society of anesthesiologists physical status, CI: confidence interval, 
MSD microsurgical decompression, OR: odds ratio, PLT: platelet 
count, PT: prothrombin time

Table 4  Postoperative epidural hematoma, perioperative blood loss 
related factor and perioperative thromboembolic complication after 
propensity-score matching

AP 
continuation
(n = 39)

Control
(n = 39)

P value
(OR, 
95%CI)

Reoperation for EDH 1 (2.56%) 0 (0%) 0.494
(NA)

Minimum dural sac index 0.681 ± 0.240 0.775 ± 0.342 0.287
ΔRBC (x104/ul) 30 ± 22.6 29.1 ± 22.4 0.869
ΔHGB (g/dl) 0.933 ± 0.725 0.972 ± 0.717 0.572
ΔHCT (%) 2.92 ± 2.14 2.60 ± 2.23 0.760
Perioperative thrombo-
embolic complication

0 (0%) 0 (0%) 1.000
(NA)

CI: confidence interval, EDH: epidural hematoma, OR: odds ratio, 
RBC: red blood cell count, HGB: hemoglobin, HCT: hematocrit
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In eight studies, the continuation or discontinuation of 
antithrombotic agents was compared with a control group of 
drug naïve patients [1, 4, 9, 10, 13, 14, 20]. In the other five 
studies, a direct comparison of the discontinuation and con-
tinuation groups was made, which is the next best method 
to a RCT [12, 15, 16, 18, 19]. However, one of these studies 
[19] included patients that received a heparin bridge with 
low molecular weight heparin for the perioperative period 
in the discontinuation group and another study [18] included 
patients who discontinued AP within three days before sur-
gery in the continuation group. Additionally, in most of 
the previous reports, the method of selecting patients who 
continued or discontinued antithrombotic agents in the peri-
operative period was not described in detail. Thus, patient 
selection biases were difficult to determine. In only one 
study reported by Inoue et al., all patients who took AP (low-
dose aspirin) preoperatively continued the drug before cer-
vical laminoplasty, and these patients were compared with 
AP naïve patients as the control group; AP continuation did 
not increase hemorrhagic complications in this study [9].

The present study is the first report that revealed the 
safety of AP continuation for single-level lumbar MSD 
without any biases in selecting the AP continuation group. 
We unified the surgical procedure to single-level MSD; 
thus, the results of the present study can be applied to clini-
cal settings.

Recently, Wagner et al. reported that preoperative 
extended coagulatory screening (for factor XIII, von-Wil-
lebrand-factor, and platelet function) may allow to reduce 
the risk for postoperative hemorrhage in adult cranial 
neurosurgeries [22]. The value of expanded preoperative 
coagulation screening may be more important than discon-
tinuation of antiplatelet medication in preventing bleeding 
complications, even after spine surgeries. Because ordinary 
preoperative laboratory diagnostics may fail to identify yet 
unknown coagulopathies in patients, which may manifest 
during or after a surgery.

Study limitations

Several limitations of this study should be acknowledged. 
First, the present study was retrospective and performed at 
a single institution. The retrospective nature of the cross-
sectional dural sac area measurement may have introduced 
observer bias. To minimize this bias, patient outcomes were 
blinded when we measured the cross-sectional area of the 
dural sac. Second, the surgeries were performed without 
utilizing the double-blind method. Thus, the surgeons might 
control bleeding more carefully during surgeries for the AP 
continuation group compared with the control group. How-
ever, even in a real clinical setting, the surgeons will always 
carefully control hemostasis in patients with known risk 

calculated as the differences between preoperative values 
and values measured a day after surgery, to assess perioper-
ative hemorrhage. We irrigate with copious water to prevent 
heat injury and to secure a clear visual field during drilling, 
and we wash with copious water (about 2–3 L/operation) to 
prevent surgical site infection just before closure. In addi-
tion, intraoperative estimated blood loss is usually small for 
single-level MSDs. Therefore, the recorded estimated blood 
loss may not be accurate, and differences between groups 
may not be clinically significant. Because ΔRBC, ΔHGB, 
and ΔHCT also reflect postoperative hemorrhage, including 
EDH one day after surgery, these values are better indicators 
of perioperative hemorrhage compared with intraoperative 
estimated blood loss. Of note, at our institution, a protocol 
for postoperative intravenous drip infusion up to 24 h post-
operatively is standard for all patients, including patients 
undergoing lumbar MSD.

Though effectiveness of drain usage after spine surgery 
remains controversial, epidural drainage tube was placed in 
all patients included in present study without bias. Recent 
systematic review revealed that the use of closed-suction 
drainage in elective thoracolumbar spinal surgery is not 
associated with any proven benefit for patients and cannot 
decrease postoperative complications [17]. However, Gubin 
et al. suggest that the frequency of postoperative direct 
puncture drainage may be higher without drains compared 
to with drains [7]. In the present study, though no patient 
received postoperative direct puncture drainage, if the 
drains are not placed, AP continuation might contribute to 
the occurrence of postoperative direct puncture drainage.

Previous reports about the safety of continuation or 
discontinuation of perioperative antithrombotic agents in 
spinal surgeries, except for a systematic review, are summa-
rized in Table 5. No randomized control trials (RCTs) have 
been conducted, and all existing studies were retrospective. 
RCTs for verifying the safety of continuation or discontinu-
ation of antithrombotic agents are difficult to design. The 
studies concerning the safety of AP continuation are con-
flicting. The merits of continuation or discontinuation of 
antithrombotic agents are unclear. Thus, surgeons must bal-
ance the risk of procedural bleeding against the increased 
thromboembolic risks.

Some of the studies included the continuation or dis-
continuation of both AP and AC antithrombotic agents, 
and some studies included various types of surgery (e.g., 
decompression with or without fusion, surgery for vari-
ous lumbar levels, or whole spine surgeries). Thus, some 
reports are difficult to directly apply to clinical practice. We 
conceived this study to clarify the safety of AP continua-
tion without any biases only for single-level lumbar MSD, 
which is the most frequent surgery.
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Conclusions

Perioperative AP continuation is safe for single-level lum-
bar MSD, even without biases, and is especially safe for 
patients who are vulnerable to cardiovascular and cerebro-
vascular events.

Comments:  The authors present us an interesting study on 
an important question in daily neurosurgical practice. Their 
results suggest that antiplatelet therapy can be widely safe 
continued perioperatively at least in low invasive single-
level microsurgical lumbar decompressions. This conclu-
sion relativizes not only the risk associated with interruption 

factors for perioperative bleeding. Third, all patients contin-
ued to receive AP, so we could not compare this group with 
patients who discontinued AP. However, our data show that 
continued AP was not inferior to the AP naïve group. Thus, 
discontinuing AP is not necessary before surgery. Finally, 
due to the retrospective nature of the study, the reason for 
AP initiation was not in the electronic medical records of 
about 40% of patients in the AP continuation group. AP may 
have been unnecessary in these patients (e.g., for lacunar 
infarction). However, this fact may not affect the safety of 
AP continuation in patients undergoing single-level MSD 
for LSS and LHD.

Table 5  Previous studies except systematic reviews which described about discontinuation or continuation of antithrombotic agents including 
antiplatelet perioperatively for spinal surgeries including present study
Author Pub-

lica-
tion 
year

Surgical 
site

Procedures Patient 
number

Anti-
throm-
botic 
agent

Patient group Main results

Kang et al. 
[10]

2011 lumbar fusion 76 AP Discontinuation vs. Control No difference in blood loss
Greater drainage volume and transfu-
sion requirement under discontinuation

Park et al. 
[15]

2013 lumbar fusion 182 AP Short term discontinua-
tion vs. 
Long term discontinuation 
vs. Control

Greater drained volume with short term 
discontinuation

Park et al. 
[16]

2014 lumbar Single level 
decompression, 
fusion

106 AP Continuation vs.
Discontinuation
vs. Control

No difference in blood loss under 
continuation and under discontinuation 
but higher than control

Cuellar et 
al. [4]

2015 whole 
spine

decompression, 
fusion

200 AP Continuation vs.
Control

No difference in hemorrhagic 
complication

Soleman et 
al. [19]

2016 lumbar decompression, 
discectomy

102 AP Continuation vs.
Discontinuation*

No difference in blood loss, reoperation 
for EDH and other complication rate

Shin et al. 
[18]

2018 thoraco- 
lumbar

decompression, 
fusion

113 AP Continuation vs.
Discontinuation**
vs. Control

No difference in blood loss and EDH 
volume

Lee et al. 
[13]

2018 whole 
spine

fusion 65 AP Discontinuation
vs. Control

No difference in blood loss and 
complications

Kulkarni et 
al. [12]

2020 lumbar decompression, 
fusion, discec-
tomy, MISS

1587 AP Continuation vs.
Discontinuation
vs. Control

No difference in hemorrhagic and
thromboembolic complication

Banat et al. 
[1]

2021 whole 
spine

dorsal 
instrumentation

217 AP or 
AC

Continuation vs.
Control

No difference in thromboembolic
and other complication

Okamoto et 
al. [14]

2022 whole 
spine

fusion, 
decompression, 
endoscope

9853 AP or 
AC

Discontinuation vs. Control No difference blood loss and thrombo-
embolic complication

Uehara et 
al. [20]

2022 cervical fusion for spi-
nal cord injury

776 AP or 
AC

Continuation vs.
Control

No difference in blood loss and opera-
tion time

Inoue et al. 
[9]

2022 cervical laminoplasty 399 AP Continuation vs.
Control

No difference in blood loss and hemor-
rhagic complication

Present 
study

2023 lumbar Single level 
decompression,
discectomy

303 AP Continuation vs.
Control

No difference in reoperation rate and 
EDH volume, thromboembolic com-
plication, and perioperative change in 
RBC related laboratory data

AC: anticoagulant, AP: antiplatelet, EDH: epidural hematoma, MISS: minimum invasive spinal surgery, RBC: red blood cell
* All patient received heparin bridge with low molecular weight heparin for perioperative period
** Continuation group included patients discontinued antithrombotic agents within three days before operation
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org/10.1007/s10143-018-0945-1
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decision pathway for Periprocedural Management of Anticoagu-
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doi.org/10.1016/j.jacc.2016.11.024

6.	 Goes R, Muskens IS, Smith TR, Mekary RA, Broekman MLD, 
Moojen WA (2017) Risk of aspirin continuation in spinal surgery: 
a systematic review and meta-analysis. Spine J 17:1939–1946. 
https://doi.org/10.1016/j.spinee.2017.08.238

7.	 Gubin AV, Prudnikova OG, Subramanyam KN, Burtsev AV, 
Khomchenkov MV, Mundargi AV (2019) Role of closed drain 
after multi-level posterior spinal surgery in adults: a randomised 
open-label superiority trial. Eur Spine J 28:146–154. https://doi.
org/10.1007/s00586-018-5791-x

8.	 Hall R, Mazer CD (2011) Antiplatelet drugs: a review of 
their pharmacology and management in the perioperative 
period. Anesth Analg 112:292–318. https://doi.org/10.1213/
ANE.0b013e318203f38d

9.	 Inoue T, Mizutamari M, Hatake K (2022) Safety of continuous 
low-dose aspirin therapy for cervical laminoplasty. Spine Surg 
Relat Res 6:240–246. https://doi.org/10.22603/ssrr.2021-0081

10.	 Kang SB, Cho KJ, Moon KH, Jung JH, Jung SJ (2011) Does low-
dose aspirin increase blood loss after spinal fusion surgery? Spine 
J 11:303–307. https://doi.org/10.1016/j.spinee.2011.02.006

11.	 Korinth MC, Gilsbach JM, Weinzierl MR (2007) Low-dose 
aspirin before spinal surgery: results of a survey among neu-
rosurgeons in Germany. Eur Spine J 16:365–372. https://doi.
org/10.1007/s00586-006-0216-7

12.	 Kulkarni AG, Patel J, Khandge A, Mewara N (2020) The practice 
of continuation of anti-platelet therapy during the Perioperative 
period in lumbar minimally invasive spine surgery (MISS): how 
different is the morbidity in this scenario? Spine (Phila Pa 1976) 
45:673–678. https://doi.org/10.1097/BRS.0000000000003357

13.	 Lee JS, Son DW, Sung SK, Lee SW, Song GS (2018) Effects 
of Discontinuance of Preoperative Anti-platelet Medication in 
Multi-level Thoracolumbar spine surgery. Turk Neurosurg 28:99–
104. https://doi.org/10.5137/1019-5149.JTN.18306-16.1

14.	 Okamoto N, Kato S, Doi T, Nakamoto H, Matsubayashi Y, Tani-
guchi Y, Inanami H, Higashikawa A, Kawamura N, Hara N, 
Azuma S, Takeshita Y, Ono T, Fukushima M, Tanaka S, Oshima 
Y (2022) Influence of Perioperative Antithrombic Agent discon-
tinuation in elective posterior spinal surgery: a propensity-score-
matched analysis. World Neurosurg 158:e362–e368. https://doi.
org/10.1016/j.wneu.2021.10.182

15.	 Park JH, Ahn Y, Choi BS, Choi KT, Lee K, Kim SH, Roh SW 
(2013) Antithrombotic effects of aspirin on 1- or 2-level lum-
bar spinal fusion surgery: a comparison between 2 groups dis-
continuing aspirin use before and after 7 days prior to surgery. 
Spine (Phila Pa 1976) 38:1561–1565. https://doi.org/10.1097/
BRS.0b013e31829a84d2

16.	 Park HJ, Kwon KY, Woo JH (2014) Comparison of blood loss 
according to use of aspirin in lumbar fusion patients. Eur Spine J 
23:1777–1782. https://doi.org/10.1007/s00586-014-3294-y

17.	 Schnake KJ, Pumberger M, Rappert D, Gotz A, Zolotoverkh O, 
Waligora R, Scheyerer MJ (2022) Spine Section of the German 

of the medication but also facilitates the administration man-
agement before, during and after the operation. Since the 
optimal timepoint for postoperative reuptake of antiplate-
let substances is often multifactorial and unclear, this dif-
ficult question would also be omitted. Additionally, I would 
generally recommend critically questioning the indication 
for platelet aggregation inhibition and other drugs before 
every surgery and the need for readministration afterwards 
to avoid needless intake and its associated risks and side 
effects. In this way, it is often possible that one can dispense 
with medications that are not or no longer, or that may never 
have been necessary. I congratulate the authors on this rel-
evant work, which has helped to easier answer a frequent 
question in spine surgery.

Markus Florian Oertel.
Zurich, Switzerland.
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