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Abstract 

Background:  To compare the safety and efficacy of tranexamic acid (TXA)-soaked absorbable Gelfoam and the retro‑
grade injection of TXA through a drain with drain-clamping in degenerative cervical laminoplasty patients.

Methods:  Patients were assigned into either TXA retrograde injection (TXA-RI), TXA-soaked absorbable Gelfoam 
(TXA-Gel), or control groups. The demographics, operative measurements, volume and length of drainage, length 
of hospital stay, complete blood cell count, coagulopathy, postoperative complications, and blood transfusion were 
recorded.

Results:  We enrolled 133 patients, with 44, 44, and 45 in the TXA-RI, TXA-Gel, and control groups, respectively. The 
baseline characteristics did not differ significantly among the three groups. The TXA-RI group exhibited a lower 
volume and length of postoperative drainage compared to the TXA-Gel and control groups (126.60 ± 31.27 vs. 
156.60 ± 38.63 and 275.45 ± 75.27 mL; 49.45 ± 9.70 vs 58.70 ± 10.46 and 89.31 ± 8.50 hours, all P < 0.01). The TXA-RI 
group also had significantly shorter hospital stays compared to the control group (5.31 ± 1.18 vs 7.50 ± 1.25 days, 
P < 0.05) and higher hemoglobin and hematocrit levels (12.58 ± 1.67 vs 11.28 ± 1.76 g/dL; 36.62 ± 3.66% vs 
33.82 ± 3.57%, both P < 0.05) at hospital discharge. In the TXA-RI and TXA-Gel groups, the D-dimmer (DD) and 
fibrinogen (FIB) were significantly lower than those in the control group after surgery (P < 0.05). None of the patients 
required blood transfusion. No complications, including thromboembolic events, were reported.

Conclusion:  Topical retrograde injection of TXA through a drain with drain-clamping at the conclusion of unilateral 
posterior cervical expansive open-door laminoplasty may effectively reduce postoperative blood loss and the length 
of hospital stays without increasing postoperative complications.
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Introduction
Cervical expansive open-door laminoplasty was first 
put forward in 1977 and was formally reported by Hira-
bayashi in 1983 [1]. With continuous improvements, it 
has become a commonly used technique for treating cer-
vical spondylopathy combined with stenosis. Compared 
to the anterior approach, posterior expansive open-door 
laminoplasty surgery has a greater amount of bleeding, 
which could result in an increased risk of postopera-
tive anemia, frequent requirements of allogeneic blood 
transfusion, longer bedtime, prolonged hospital stay, and 
more complications, such as infection and thrombotic 
events [2].

Tranexamic acid (TXA) is a synthetic lysine-analogue 
antifibrinolytic. TXA was patented in 1957, and has 
been used increasingly frequently in clinical practice [3]. 
Researchers have demonstrated that TXA can effectively 
reduce perioperative blood loss in trauma patients and 
patients undergoing joint arthroplasty [4, 5]. Neverthe-
less, due to the diversity in spinal surgical methods, the 
number of well-controlled trials that have been con-
ducted is low.

TXA was recommended to be applied at the end of 
the degenerative lumbar scoliosis operation, at which 
point it is injected retrogradely through the drainage 
catheter. Then, the catheter is clamped for 1 h to ensure 
adequate contact time between the TXA and the wound 
to decrease the postoperative drainage. This method has 
been shown to reduce postoperative bleeding following 
lumbar scoliosis surgery [6].

However, to date there have been no reports on the 
effectiveness of the topical application of TXA in reduc-
ing post-operative bleeding following posterior expansive 
open-door laminoplasty. Here, we compared the efficacy 
of topical TXA injection (the method outlined above) 
and TXA-soaked absorbable Gelfoam to reduce post-
operative blood loss and blood transfusion requirements 
in patients who underwent degenerative cervical lamino-
plasty surgery.

Methods
Study design and participants
This retrospective observation study enrolled patients 
who visited Guangdong Provincial People’s Hospital,  
met the selection criteria between July 2018 and July 
2021. The study was approved by the Institutional Review 
Board (No. 2020191H).

The inclusion criteria were patients who: (i) had a 
definite diagnosis of degenerative cervical myelopa-
thy (DCM) [7]; (ii) received unilateral posterior cervical 
expansive open-door laminoplasty from C3-C6/C7; and 
(iii) had complete medical records.

Patients who met the following criteria were excluded 
from the study: (i) patients with a history of cervical 
surgery; (ii) patients with anemia prior to the operation 
(male hemoglobin < 13 g/dL, female hemoglobin < 12 g/
dL); (iii) patients with an allergy to TXA; (iv) patients 
exhibiting any type of coagulopathy; (v) patients under-
going anticoagulant and/or antiplatelet treatment; (vi) 
patients with a previous history of thromboembolic 
events, including deep vein thrombosis (DVT), ischemic 
heart disease, pulmonary embolism (PE), transient 
ischemic attack, stroke, or sub-arachnoid hemorrhage; 
and (vii) patients with chronic liver disease, renal insuf-
ficiency (creatinine > 2.0 mg/dL), or pregnancy.

Surgical procedure
The patients were given general anesthesia and set in a 
prone position on the operating table. The nuchal fascia 
was longitudinally divided in line with the midline skin 
incision, exposing the posterior surfaces of the laminae 
between C3 and C6/C7 and the medial border of the 
facet joints. Next, the paravertebral muscles were dis-
sected from the spinous processes of C3–C6/C7 [8].

The right lamina was usually selected as the hinge side, 
and the left side was the conventional open-door side. A 
high-speed matchstick burr was used to create a gutter 
by drilling through the inner cortex at the medial border 
of the facet joints, which served as hinges, while a sec-
ond gutter on the contralateral side penetrated the inner 
cortex and the spinal canal as the open side. Using the 
hinge-side as a fulcrum, the vertebral plate was slowly 
and gently turned to the hinge side [9]. A periosteal 
detacher was then utilized to conduct the auxiliary dis-
traction of the opening side along the inner edge of the 
lateral mass in order to attain an appropriate opening 
distance. Suitably-sized titanium plates were fixed sepa-
rately on the lateral mass and vertebral plate [10]. Next, 
the surgeon adjusted the position of the titanium plates 
and fixed them in place using screws, and the final posi-
tion was confirmed through C-arm fluoroscopy.

Intravenous fluid infusions to all patients consisted of 
a 500 mL hydroxyethyl starch injection or succinylated 
gelatin injection plus a 500 mL sodium lactate Ringer’s 
injection. All patients exhibiting a mean arterial blood 
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pressure (MAP) of approximately 20% below the preop-
erative value, and with a minimum MAP of 60 mmHg, 
were treated to control hypotension. Controlled hypo-
tension was maintained until the procedure had been 
nearly completed, and then the MAP was returned to the 
baseline pressure so that the surgeon could determine 
whether there was bleeding.

Group assignment and interventions
Participants were assigned into three groups: the TXA 
retrograde injection (TXA-RI), TXA-soaked absorbable 
Gelfoam (TXA-Gel), and control groups, based on the 
clinical interventions received. The control group was not 
administered TXA via Gelfoam or catheter.

In the TXA-Gel group, after adequate hemostasis had 
been achieved, according to the size of the exposed spinal 
dura, the Gelfoam (Kuai Kang, China) soaked with TXA 
(Pude Pharma, China) (1 g in 20 mL saline solution) was 
cut into a proper shape to ensure that the entire dura was 
covered before stitching the wound (Fig. 1A).

For the TXA-RI group, a deep drainage catheter was 
placed below the fascia at the conclusion of the opera-
tion. This step was followed by the retrograde injection of 
TXA via a catheter. Twenty milliliters of saline containing 
1 g of TXA was injected into the wound. The catheter was 
clamped for 1 h (Fig, 1B).

The amount of drainage in the Hemovac (Leadgem 
Medical, China) was measured and recorded every 8 h. 
The catheter was removed when the drainage pull out 
was less than 20 mL per 8 hours or 60 mL per 24 hours.

Data collection
The demographic data, operative measurements, volume 
and length of drainage, blood transfusion requirements, 

length of hospital stay, laboratory results (complete blood 
cell count and coagulation panel), postoperative complica-
tions, and blood transfusion requirements were recorded.

The levels of hemoglobin and coagulation function 
were measured pre-operatively, on postoperative days 
(POD) 1 and 3, and on the day of hospital discharge.

The total patient’s blood volume (PBV) was calculated 
based on the following formula as described by Nadler 
et  al. [11]: PBV (L) = k1 × height (m)3 + k2 × weight 
(kg) + k3. For male patients, k1 = 0.3669, k2 = 0.03219, 
and k3 = 0.6041, and for female patients, k1 = 0.3561, 
k2 = 0.03308, and k3 = 0.1833.

The Gross formula was used to calculate the total 
blood loss (TBL) as follows [12]: TBL = PBV × (Hctpre 
– Hctpost)/Hctave, where Hctpre was the preoperative 
hematocrit (Hct) level, Hctpost was the Hct level on post-
operative day 3 or the day of discharge (whichever was 
lower), and Hctave was the average of the Hctpre and 
Hctpost values.

The possibility of DVT and/or PE was observed for 4 
weeks after the surgery. The wound healing conditions, 
such as skin necrosis, hematoma, and infection, were also 
monitored.

Statistical analysis
The categorical data are shown as number and percent-
age, while the continuous data are shown as the mean 
and standard deviation. The differences in the periopera-
tive data among the three groups were analyzed by one-
way ANOVA, Pearson χ2-test, or Fisher’s exact test with 
Bonferroni adjustment, when appropriate. All statistical 
analyses were conducted using SPSS software version 
22.0 (IBM, NY, USA). Statistical significance was consid-
ered to be P < 0.05.

Fig. 1  Schematic diagram of the topical application of tranexamic acid-soaked absorbable Gelfoam (A) and retrograde injection via drainage 
catheter (B)
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Results
This retrospective, nonrandomized, case-control study 
included 133 patients, with 44, 44, and 45 patients in the 
TXA-RI, TXA-Gel, and control groups, respectively. The 
selection process is shown in Fig. 2. There was no statis-
tical difference in the baseline characteristics among the 
three groups (Table 1).

As shown in Table  2, the volume of the postopera-
tive drainage was smaller in the TXA-RI group than 
in the TXA-Gel and control groups (126.60 ± 31.27 vs. 
156.60 ± 38.63 and 275.45 ± 75.27 mL, both P < 0.05). 
It is worth noting that on the first day after surgery, the 
drainage was lower in the TXA-RI and TXA-Gel groups 
than in the control group (P < 0.05). The drainage of the 

TXA-RI group was the lowest in the first 8-h period 
(P < 0.05). Although there were no statistically signifi-
cant differences in the duration of surgery and estimated 
blood loss among the three groups, the total blood loss 
was lower in the TXA-RI and TXA-Gel groups than in 
the control group (251.80 ± 54.26 vs. 417.20 ± 89.14, 
295.73 ± 68.54 vs. 417.20 ± 89.14 mL, P < 0.05, respec-
tively). The mean hematocrit and hemoglobin levels 
were significantly higher in the TXA-RI group compared 
to those in the control group at the time of discharge 
(12.58 ± 1.67 g/dL vs 11.28 ± 1.76 g/dL; 36.62 ± 3.66% vs 
33.82 ± 3.57%, P < 0.05, respectively) (Table 2).

In the TXA-RI group, the drainage duration was sig-
nificantly shorter than those in the TXA-Gel and control 

Fig. 2  Patient selection flowchart

Table 1  Comparisons of the baseline characteristics among different groups

BMI Body mass index, DCM Degenerative cervical myelopathy, OPLL Ossification of the posterior longitudinal ligament

Control group (n = 45) TXA-Gel group (n = 44) TXA-RI group (n = 44) P

Age (years) [range] 65.12 ± 8.72 64.43 ± 8.68 63.82 ± 9.43 >0.05

Sex (female/male) 9/36 11/33 9/35 >0.05

BMI [range] 21.37 ± 2.27 22.14 ± 1.90 21.44 ± 2.18 >0.05

Etiology of DCM (n)

  Cervical myelopathy 31 32 33 >0.05

  OPLL 14 12 11 >0.05

Comorbidity 2 3 3 >0.05

Surgical level

  C3–6 39 39 38 >0.05

  C3–7 6 5 6 >0.05
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groups (49.45 ± 9.70 vs 58.70 ± 10.46, 49.45 ± 9.70 vs 
89.31 ± 8.50 hours, P < 0.01, respectively). The TXA-
RI and TXA-Gel group also had a significantly shorter 
hospital stay than the control group (5.31 ± 1.18 and 
5.64 ± 0.96 vs 7.50 ± 1.25 days, P < 0.05, respectively) 
(Table 2).

Regarding the perioperative coagulation panel and 
blood platelet count (PLT), no significant differences 
were detected among the three groups for the prothrom-
bin time (PT), activated partial thromboplastin time 
(APTT), international normalized ratio (INR) or PLT 
on four perioperative time points (P > 0.05), but in the 
TXA-RI and TXA-Gel groups, the D-dimmer (DD) and 
fibrinogen (FIB) were significantly lower than those in 
the control group after surgery (P < 0.05) (Fig. 3).

No patients required blood transfusions during or fol-
lowing surgery. No group experienced thromboembolic 
events or complications.

Discussion
The abundant soft tissue in the dorsal side of the neck 
can increase the risk of bleeding during incision and dis-
section [13]. For laminoplasty, the risk of bleeding also 
increases with a large cancellous bone exposure and a 
long surgical duration compared with anteiror cervi-
cal surgery. In cases of developmental cervical spinal 

stenosis, the ossification of the posterior longitudinal lig-
ament (OPLL) and the high pressure of the venous plexus 
in the intraspinal canals can further increase the risk of 
bleeding after the cervical spinal canal is enlarged.

TXA is a synthetic lysine-analogue antifibrinolytic that 
competitively inhibits the activation of plasminogen to 
plasmin. In addition, high concentrations of TXA non-
competitively blocked plasmin. In fact, TXA can inhibit 
fibrin clot dissolution and degradation due to plasmin 
[14]. Tsutsumimoto et  al. [15] found that intravenous 
injection of TXA in cervical laminoplasty reduced post-
operative blood loss, which was confirmed by Yu et  al. 
[16]. Moreover, multiple studies have indicated that TXA 
can reduce intraoperative blood loss and transfusion for 
scoliosis surgery [17–20].

TXA-soaked Gelfoam sponge applied locally is a safe, 
effective method that can be used to reduce post-oper-
ative blood loss and blood transfusions among low-risk 
adult lumbar spine surgery patients [21]. In addition, 
topical use of TXA before wound closure has been shown 
to decrease blood loss in patients undergoing posterior 
lumbar spinal fusions [22].

Both collagen hemostatic sponge and topical TXA 
were effective and safe in patients with lumbar degen-
erative diseases, with TXA showing a better efficacy 
[23]. Another study demonstrated that topical injection 

Table 2  Outcome comparisons among three groups

EBL Estimated intraoperative blood loss, Op time Operation time

* P < 0.05 between TXA group and Control group; † P < 0.05 between Gelfoam group and control group; ‡ P < 0.05 between TXA group and Gelfoam group

Control group (n = 45) Gelfoam group (n = 44) TXA group (n = 44)

Op time (min) 91.20 ± 18.52 89.80 ± 19.73 87.20 ± 21.69

EBL (mL) 125.20 ± 45.44 138.60 ± 52.76 123.30 ± 35.83

Hemovac drainage (mL)

  The first 8 h postoperatively 65.17 ± 17.66 37.72 ± 14.54† 23.47 ± 10.66*, ‡

  The second 8 h postoperatively 53.79 ± 19.88 21.44 ± 12.31† 20.53 ± 13.28*

  The third 8 h postoperatively 33.64 ± 14.74 15.52 ± 13.54† 13.28 ± 4.54*

  Total drainage 275.45 ± 75.27 156.60 ± 38.63† 126.60 ± 31.27*, ‡

  Total blood loss 417.20 ± 89.14 295.73 ± 68.54† 251.80 ± 54.26*

  Length of drainage (h) 89.31 ± 8.50 58.70 ± 10.46† 49.45 ± 9.70*, ‡

Hemoglobin (g/dL)

  Baseline 13.53 ± 0.98 13.45 ± 1.23 13.22 ± 1.17

  Day 1 postoperation 11.81 ± 1.54 12.49 ± 1.42† 12.68 ± 1.64*

  Day 3 postoperation 11.18 ± 1.97 11.81 ± 1.36 12.14 ± 1.62*, ‡

  At discharge 11.28 ± 1.76 12.14 ± 1.53† 12.58 ± 1.67*, ‡

Hematocrit (%)

  Baseline 40.10 ± 4.37 39.16 ± 3.74 41.24 ± 3.17

  Day 1 postoperation 33.76 ± 4.28 34.12 ± 3.82 37.12 ± 3.94*

  Day 3 postoperation 32.52 ± 3.78 34.75 ± 3.56† 35.95 ± 4.34*

  At discharge 33.82 ± 3.57 35.88 ± 4.12† 36.13 ± 3.87*

  Postoperative length of stay (d) 7.50 ± 1.25 5.64 ± 0.96† 5.31 ± 1.18*
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of TXA retrogradely via a drainage catheter, followed by 
clamping the catheter for 1 h, effectively decreased both 
postoperative blood loss and the length of hospital stay 
without increasing complications in patients with degen-
erative lumbar scoliosis [6]. Previous studies also demon-
strated that local and intravenous use of low-dose TXA 
could enhance the hemostatic effect [24, 25], sugesting 
a high dose of TXA might not be required to achieve 
hemostasis.

Recently, the results of a prospective, double-blinded, 
randomized, controlled trial suggested that a multiple-
dose regimen of TXA, either through oral or intravenous 
application, could inhibit the postoperative inflammatory 
response, and was a safe and effective method to control 
the postoperative blood loss and decrease the postopera-
tive transfusion requirements in patients with adolescent 
idiopathic scoliosis (AIS) who underwent scoliosis sur-
gery [26].

Wang et al. [27] reported that TXA treatment in tho-
racic spinal interbody fusion resulted in the reduction of 
both visible and hidden blood loss without causing pre-
thrombotic molecular markers. Whereas, some studies 
have reported that the use of TXA does not significantly 
reduce intraoperative bleeding [28]. Because intravenous 
used TXA reaches a peak blood concentration approxi-
mately 1 h after infusion and keep the duration of action 
is 3 hours, with a mean half-life of 0.68 hours [28–30]. 

According to this pharmacological characteristic, the 
best hemostatic effect can be achieved by administering 
1 g of TXA 30 min before the operation.

Bleeding during the operation, however, comes mainly 
from fresh blood vessel bleeding, and as a result, it will 
take some time from bleeding to platelet and fibrin aggre-
gation to form thrombosis and hemostasis, and, conse-
quently, to observe the antifibrinolytic effect of TXA. In 
other words, the peak plasma concentrations of intrave-
nously-administered TXA and its beneficial effects are 
achieved at the end stage of surgery.

At present, it only takes approximately 90 min to per-
form the laminoplasty procedure. Therefore, at the 
time when the TXA starts to be effective, the operation 
has gone through the steps that lead to bleeding, which 
cannot reflect the effect of significantly reducing bleed-
ing. For the topical usage of TXA, the peak concentra-
tion is reached 30 min after application. With a half-life 
of 1.26 hours, topical TXA has a longer half-life than 
intravenously-administered TXA [29]. In our study, sig-
nificant differences were observed in the postoperative 
drainage on the first day, especially the first 8 h after the 
operation. There was no significant difference in the esti-
mated intraoperative blood loss among the three groups.

Moreover, no thromboembolic events or compli-
cations occurred in our groups. As illustrated in one 
meta-analysis, the topical application of TXA during 

Fig. 3  Perioperative coagulation panels in the three study groups. No significant differences were detected among the three groups for the 
prothrombin time (PT), activated partial thromboplastin time (APTT), international normalized ratio (INR) or blood platelet count (PLT) on four 
perioperative time points, but in the TXA-RI and TXA-Gel groups, the D-dimmer (DD) and fibrinogen (FIB) were significantly lower than those in the 
control group after surgery. * P < 0.05
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spinal surgery decreased the total blood loss and drain-
age volume and allowed patients to maintain a higher 
postoperative hemoglobin level without increasing the 
risk of infection, hematoma, DVT, and PE [31]. In fact, 
antifibrinolytic drugs, such as TXA, stop bleeding by 
slowing down the degradation of blood clots, rather 
than by changing the coagulation function of patients. 
The use of TXA during an operation can reduce the 
concentration of D-dimers, but has no significant 
effect on the coagulation system and does not promote 
thrombosis formation.

PT, APTT, INR, FIB, DD and PLT levels were used 
to assess the perioperative coagulation functions. The 
levels of DD and FIB were monitored during the spinal 
surgery, and suggested that TXA impeded the fibrino-
lytic pathway through reducing the consumption of 
fibrinogen and clot dissolution, as indicated by the 
decreased formation of DD [32]. Our results showed 
that there was no statistically significant differences 
among the three groups for majority parameters. But 
in the TXA-RI and TXA-Gel groups, the DD and FIB 
were significantly lower than those in the control 
group after surgery, which was consistent with studies.

Sharma et al. [33] reported that the use of TXA was 
a strong independent predictor of postoperative gen-
eralized seizures, and that TXA treatment caused a 
2.5-fold increase in mortality rate. Studies in animals 
have also shown that the topical administration of 
TXA to the central nervous system may cause seizures 
in a dose-related fashion [34, 35]. Accidental intrath-
ecal injection of TXA was reported to cause seizures 
in humans [36, 37]. The possible mechanism might be 
due to the binding of TXA to the GABAA receptors, 
with subsequent blockage of = GABAA-mediated inhi-
bition in the central nervous system [38]. Lecker et al. 
[39] reported that TXA was structurally similar to gly-
cine, and showed that TXA competitively inhibited 
the glycine inhibitory receptors in cortical and spinal 
cord neurons in a rat model. Thus, in our study, we 
excluded topical usage of TXA for patients with cere-
brospinal fluid leakage to avoid side effects in the cen-
tral nervous system.

In the present study, none of the patients required 
a blood transfusion. Other studies have shown clear 
benefits in terms of mortality, morbidiy, and medical 
expenses due to TXA treatment. One meta-analysis 
reviewed more than 100 clinical trials comparing TXA 
treatment to no TXA treatment or a placebo in over 
10,000 surgical patients. The results found overwhelm-
ing evidence that TXA reduced blood transfusions by 
38% [40]. Furthermore, the reduction in hospital stay 

by almost 2 days in the TXA treatment group may also 
correlate with less medical expenses for patients.

Limitations
The limitations of our study included retrospective 
design, single-center research, and a small number of 
patients. Future prospective clinical trials are required 
to confirm our study results.

Conclusions
In degenerative cervical laminoplasty surgery, the ret-
rograde topical application of TXA through a drain-
age catheter, with the drain clamped for 1 hour at the 
conclusion of the surgery, can effectively decrease post-
operative blood loss and the length of hospital stays 
without increasing postoperative complications.

Acknowledgements
Chong Chen,Yong-yu Ye and Yi-fan Chen contributed equally to this work.

Authors’ contributions
Chong Chen, Yong-yu Ye and Yi-fan Chen wrote the main manuscript text. 
Guo-yan Liang and Xiao-xi Yang prepared Figures 1, 2 and 3. Xiao-qing 
Zheng, Jin-qian Liang and Yun-bing Chang performed supervision. All 
authors reviewed the manuscript. The author(s) read and approved the final 
manuscript.

Funding
National Natural Science Foundation of China (82102636), Guang‑
dong Basic and Applied Basic Research Foundation (2020A1515110545, 
2022A1515012557), Guangzhou Municipal Science and Technology Project 
(202102020100) and Guangdong Medical Research Foundation (A2021301).

Availability of data and materials
The datasets generated and analysed during the current study are not publicly 
available due privacy policy from our institution, but are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Review Board of Guangdong 
Provincial People’s Hospital (No. 2020191H). All methods were carried out in 
accordance with relevant guidelines and regulations. Informed consent was 
obtained from all subjects and/or their legal guardians.

Consent for publication
Not Applicable (NA).

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Spine Surgery, Guangdong Provincial People’s Hospital, 
Guangdong Academy of Medical Sciences, No. 106, Zhongshan 2nd Road, 
510080 Guangzhou, Guangdong, China. 2 Department of Orthopedics, Peking 
University Third Hospital, Peking University, No. 49 Huayuan North Road, 
Haidian District, 100191 Beijing, China. 3 Department of Orthopedics, Peking 
Union Medical College Hospital, Chinese Academy of Medical Science, Peking 
Union Medical College, No.1 Shuaifuyuan Wangfujing, Dongcheng District, 
100730 Beijing, China. 



Page 8 of 8Chen et al. BMC Musculoskeletal Disorders          (2022) 23:668 

Received: 23 April 2022   Accepted: 4 July 2022

References
	1.	 Hirabayashi K, Watanabe K, Wakano K, Suzuki N, Satomi K, Ishii Y. Expan‑

sive open-door laminoplasty for cervical spinal stenotic myelopathy. 
Spine (Phila Pa 1976). 1983;8(7):693–9.

	2.	 Meng Y, Wang X, Chen H, Hong Y, Wu T, Wang B, et al. Risk factors for 
significant intraoperative blood loss during unilateral expansive open-
door cervical Laminoplasty for cervical compressive myelopathy. World 
Neurosurg. 2018;114:e1253–60.

	3.	 Ker K, Roberts I. Tranexamic acid for surgical bleeding. BMJ. 
2014;349:g4934.

	4.	 Jennings JD, Solarz MK, Haydel C. Application of tranexamic 
acid in trauma and orthopedic surgery. Orthop Clin North Am. 
2016;47(1):137–43.

	5.	 Benoni G, Fredin H. Fibrinolytic inhibition with tranexamic acid reduces 
blood loss and blood transfusion after knee arthroplasty: a prospective, 
randomised, double-blind study of 86 patients. J Bone Joint Surg Br. 
1996;78(3):434–40.

	6.	 Liang JQ, Rong TH, Liu HZ, Tan MS, Zhao H, Liu XY, et al. Topical injection 
of tranexamic acid via a drain plus drain-clamping to reduce blood loss in 
degenerative lumbar scoliosis surgery. Orthop Surg. 2020;12(1):67–73.

	7.	 Lawrence BD, Shamji MF, Traynelis VC, Yoon ST, Rhee JM, Chapman JR, 
et al. Surgical management of degenerative cervical myelopathy: a 
consensus statement. Spine (Phila Pa 1976). 2013;38(22 Suppl 1):S171–2.

	8.	 Zhao J, Zhao Q, Liu Z, Deng S, Cheng L, Zhu W, et al. The anatomical 
mechanism of C5 palsy after expansive open-door laminoplasty. Spine J. 
2020;20(11):1776–84.

	9.	 Yuan W, Zhu Y. Posterior revision surgery for cervical open-door Lamino‑
plasty because of poor expansion of the Spinal Canal. World Neurosurg. 
2019;130:e90–7.

	10.	 Pan Y, Ma X, Feng H, Chen C, Qin Z, Huang Y. Effect of posterior cervical 
expansive open-door laminoplasty on cervical sagittal balance. Eur Spine 
J. 2020;29(11):2831–7.

	11.	 Nadler SB, Hidalgo JH, Bloch T. Prediction of blood volume in normal 
human adults. Surgery. 1962;51(2):224–32.

	12.	 Gross JB. Estimating allowable blood loss: corrected for dilution. Anesthe‑
siology. 1983;58(3):277–80.

	13.	 Jiang C, Chen TH, Chen ZX, Sun ZM, Zhang H, Wu YS. Hidden blood loss 
and its possible risk factors in cervical open-door laminoplasty. J Int Med 
Res. 2019;47(8):3656–62.

	14.	 Ng W, Jerath A, Wąsowicz M. Tranexamic acid: a clinical review. Anaesthe‑
siol Intensive Ther. 2015;47(4):339–50.

	15.	 Tsutsumimoto T, Shimogata M, Ohta H, Yui M, Yoda I, Misawa H. 
Tranexamic acid reduces perioperative blood loss in cervical lami‑
noplasty: a prospective randomized study. Spine (Phila Pa 1976). 
2011;36(23):1913–8.

	16.	 Yu CC, Gao WJ, Yang JS, Gu H, Md MZ, Sun K, et al. Can tranexamic acid 
reduce blood loss in cervical laminectomy with lateral mass screw fixa‑
tion and bone grafting: a retrospective observational study. Medicine 
(Baltimore). 2017;96(5):e6043.

	17.	 Sethna NF, Zurakowski D, Brustowicz RM, Bacsik J, Sullivan LJ, Shapiro F. 
Tranexamic acid reduces intraoperative blood loss in pediatric patients 
undergoing scoliosis surgery. Anesthesiology. 2005;102(4):727–32.

	18.	 Neilipovitz DT, Murto K, Hall L, Barrowman NJ, Splinter WM. A randomized 
trial of tranexamic acid to reduce blood transfusion for scoliosis surgery. 
Anesth Analg. 2001;93(1):82–7.

	19.	 Shapiro F, Zurakowski D, Sethna NF. Tranexamic acid diminishes intra‑
operative blood loss and transfusion in spinal fusions for duchenne 
muscular dystrophy scoliosis. Spine (Phila Pa 1976). 2007;32(20):2278–83.

	20.	 Goobie SM, Zurakowski D, Glotzbecker MP, McCann ME, Hedequist D, 
Brustowicz RM, et al. Tranexamic acid is efficacious at decreasing the rate 
of blood loss in adolescent scoliosis surgery: a randomized placebo-
controlled trial. J Bone Joint Surg Am. 2018;100(23):2024–32.

	21.	 Liang J, Liu H, Huang X, Xiong W, Zhao H, Chua S, et al. Using tranexamic 
acid soaked absorbable gelatin sponge following complex posterior 
lumbar spine surgery: a randomized control trial. Clin Neurol Neurosurg. 
2016;147:110–4.

	22.	 Ren Z, Li S, Sheng L, Zhuang Q, Li Z, Xu D, et al. Efficacy and safety of topi‑
cal use of tranexamic acid in reducing blood loss during primary lumbar 
spinal surgery: a retrospective case control study. Spine (Phila Pa 1976). 
2017;42(23):1779–84.

	23.	 Xu D, Zhuang Q, Li Z, Ren Z, Chen X, Li S. A randomized controlled trial on 
the effects of collagen sponge and topical tranexamic acid in posterior 
spinal fusion surgeries. J Orthop Surg Res. 2017;12(1):166.

	24.	 Dong Y, Liang J, Tong B, Shen J, Zhao H, Li Q. Combined topical and intra‑
venous administration of tranexamic acid further reduces postoperative 
blood loss in adolescent idiopathic scoliosis patients undergoing spinal 
fusion surgery: a randomized controlled trial. BMC Musculoskelet Disord. 
2021;22(1):663.

	25.	 Liu X, Liu J, Sun G. A comparison of combined intravenous and topical 
administration of tranexamic acid with intravenous tranexamic acid 
alone for blood loss reduction after total hip arthroplasty: a meta-analysis. 
Int J Surg. 2017;41:34–43.

	26.	 Zhang Z, Wang LN, Yang X, Liu LM, Xiu P, Zhou ZJ, et al. The effect of 
multiple-dose oral versus intravenous tranexamic acid in reducing 
postoperative blood loss and transfusion rate after adolescent scoliosis 
surgery: a randomized controlled trial. Spine J. 2021;21(2):312–20.

	27.	 Wang W, Duan K, Ma M, Jiang Y, Liu T, Liu J, et al. Tranexamic acid 
decreases visible and hidden blood loss without affecting Prethrombotic 
state molecular markers in Transforaminal thoracic interbody fusion for 
treatment of thoracolumbar fracture-dislocation. Spine (Phila Pa 1976). 
2018;43(13):E734–e739.

	28.	 Goobie SM, Faraoni D. Tranexamic acid and perioperative bleeding 
in children: what do we still need to know? Curr Opin Anaesthesiol. 
2019;32(3):343–52.

	29.	 Rong GX, Shen CL, Gui BJ, Yin H, Tang Z. Comparison of tranexamic acid 
pharmacokinetics after intra-articular and intravenous administration in 
rabbits. Pak J Pharm Sci. 2017;30(4):1309–16.

	30.	 Drugs and Lactation Database (LactMed) [Internet]. Bethesda (MD): 
National Library of Medicine (US); 2006. Tranexamic Acid. [Updated 2021 
Jul 19]. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​books/​NBK50​1734/.

	31.	 Luo W, Sun RX, Jiang H, Ma XL. The efficacy and safety of topical adminis‑
tration of tranexamic acid in spine surgery: a meta-analysis. J Orthop Surg 
Res. 2018;13(1):96.

	32.	 Pong RP, Leveque JA, Edwards A, Yanamadala V, Wright AK, Herodes 
M, et al. Effect of tranexamic acid on blood loss, D-dimer, and fibrino‑
gen kinetics in adult spinal deformity surgery. J Bone Joint Surg Am. 
2018;100(9):758–64.

	33.	 Sharma V, Katznelson R, Jerath A, Garrido-Olivares L, Carroll J, Rao V, et al. 
The association between tranexamic acid and convulsive seizures after 
cardiac surgery: a multivariate analysis in 11 529 patients. Anaesthesia. 
2014;69(2):124–30.

	34.	 Schlag MG, Hopf R, Zifko U, Redl H. Epileptic seizures following cortical 
application of fibrin sealants containing tranexamic acid in rats. Acta 
Neurochir. 2002;144(1):63–9.

	35.	 Pellegrini A, Giaretta D, Chemello R, Zanotto L, Testa G. Feline generalized 
epilepsy induced by tranexamic acid (AMCA). Epilepsia. 1982;23(1):35–45.

	36.	 Lecker I, Wang DS, Romaschin AD, Peterson M, Mazer CD, Orser BA. 
Tranexamic acid concentrations associated with human seizures inhibit 
glycine receptors. J Clin Invest. 2012;122(12):4654–66.

	37.	 Sabzi F, Teimouri H, Zokai A. Myoclonus, seizure, and ventricular fibrilla‑
tion after intrathecal injection of tranexamic acid. J Tehran Univ Heart 
Center. 2009;4(4):253–5.

	38.	 Martin K, Breuer T, Gertler R, Hapfelmeier A, Schreiber C, Lange R, et al. 
Tranexamic acid versus ɛ-aminocaproic acid: efficacy and safety in paedi‑
atric cardiac surgery. Eur J Cardiothorac Surg. 2011;39(6):892–7.

	39.	 Lecker I, Orser BA, Mazer CD. “Seizing” the opportunity to understand 
antifibrinolytic drugs. Can J Anaesth. 2012;59(1):1–5.

	40.	 Ker K, Edwards P, Perel P, Shakur H, Roberts I. Effect of tranexamic acid on 
surgical bleeding: systematic review and cumulative meta-analysis. Bmj. 
2012;344:e3054.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.ncbi.nlm.nih.gov/books/NBK501734/

	Comparison of blood loss between tranexamic acid-soaked absorbable Gelfoam and topical retrograde injection via drainage catheter plus clamping in cervical laminoplasty surgery
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design and participants
	Surgical procedure
	Group assignment and interventions
	Data collection
	Statistical analysis


	Results
	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


