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Study Design: A retrospective cohort study.
Purpose: This study aims to examine the effect of tranexamic acid (TXA) on postoperative wound healing in spine surgery.
Overview of Literature: TXA (Cyklokapron, Hexakapron) is a widely used anti-fibrinolytic drug that is shown to be effective in miti-
gating hemorrhage during and after surgery by competitively blocking plasminogen in fibrinolytic cascade. Plasminogen also plays 
a role in inflammatory and infectious diseases. The modulation of this role by TXA may influence the development of postoperative 
infectious complications.
Methods: We collected and reviewed the charts of 110 patients who underwent spine surgery at our academic center. We used mul-
tivariate regression analysis to assess the factors affecting surgical site infection (SSI).
Results: Of the 110 patients included in this study, 21 patients (19%) were categorized as having postoperative wound complica-
tions, 16 patients (14%) had deep or superficial wound infection, and five patients (4%) had wound dehiscence. Patients with a higher 
surgical invasiveness index score, longer surgeries, and older patients were found to be at risk for wound complications. TXA was 
determined not to be a direct risk factor for wound healing complications and SSIs.
Conclusions: We found no risk of wound healing complications and SSI directly attributable to preoperative and intraoperative treat-
ment with TXA in spine surgeries.
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Introduction

Surgical site infections (SSIs) and hardware infections are 
serious complications of spine surgery. They are, by defi-
nition, hospital-acquired infections that lead to high rates 
of morbidity, unfavorable surgical outcomes, extended 
length of hospital stays, and increased costs. The reported 

incidence of SSI after spinal surgery is between 0.7% and 
15% depending on the type of procedure and the studied 
population [1-5].

Tranexamic acid (TXA; Cyklokapron, Hexakapron) 
is an anti-fibrinolytic drug that mitigates hemorrhaging 
during and after surgery. TXA is a synthetic analog of the 
amino acid lysine and acts as an anti-fibrinolytic agent by 
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competitively blocking lysine binding sites on plasmino-
gen molecules, thereby reducing blood loss and transfu-
sion requirements in major surgeries. It has become quite 
popular for intraoperative use in recent years [6-11]. TXA 
has been prescribed both intraoperatively and periopera-
tively in various spine procedures, including large-scale 
scoliosis correction surgeries [9,12].

Plasminogen is a key molecule of fibrinolysis cascade; it 
is converted to the active enzyme plasmin by plasminogen 
activators. However, plasminogen also plays a role in the 
inflammatory response and has a critical role in the host 
response to infection [13-16]. While the anti-fibrinolytic 
effects of TXA have been described and are being pro-
moted in the setting of major surgeries, the clinical effects 
of its use on inflammation and infection are less clear. 
Modulation of this inflammatory response by TXA may 
contribute to the development of infectious complications 
following surgery. The coagulation cascade is intricately 
associated with inflammatory pathways, and the anti-
inflammatory effects of TXA are poorly understood. 
Wound healing was severely impaired in plasminogen-
deficient mice [15-18], and treatment with TXA led to a 
distinct aggravation of staphylococcal septic arthritis and 
sepsis in mice [13]. However, as mentioned above, a large 
block of clinical evidence shows no such increase in the 
postoperative surgical site or deep infection in major sur-
geries such as knee and hip arthroplasties, spinal surgery, 
and scoliosis and trauma emergent surgeries [9,19-21]. Its 
safety and minor effect on wound healing were also exam-
ined in severe military battle-induced cases in which TXA 
was given in the pre-hospital setting before wound de-
bridement and antibiotic treatment. No increased risk of 
infection was observed when compared with patients who 
were not treated with TXA after classifying the extent and 
severity of the injury [22].

This study aims to examine whether TXA affects post-
operative wound healing and SSI rates in patients under-
going spine surgery at Soroka University Medical Center 
and to examine other risk factors for SSI and wound heal-
ing complications in our institute. 

Materials and Methods

1. Patients

We conducted a retrospective cohort study based on chart 
reviews. The charts of 110 consecutive patients who un-

derwent spine surgery from April 2015 to May 2016, by 
three different surgeons, at one academic medical center, 
were collected. The inclusion criteria included all spine 
surgeries that took place in this hospital, including trauma 
and elective and minimally invasive surgeries with and 
without instrumentation. The exclusion criteria included 
any revision case conducted due to infection, any surgery 
indicated due to a different presurgical spinal infection 
(i.e., epidural abscess, vertebral osteomyelitis, sepsis), 
and pediatric patients. The collected data includes demo-
graphics such as age and sex, chronic diseases and other 
comorbidities, surgery duration, hemoglobin level during 
surgery, dose administration of TXA on postoperative 
day 1 if given, and SSI if it occurred and whether it was 
superficial or deep. We collected data regarding the infect-
ing organism identified by blood or deep wound cultures; 
superficial and deep wound infection were defined ac-
cording to the Centers for Disease Control and Preven-
tion (CDC) criteria for SSI (Fig. 1) [23,24]. The primary 
endpoint was defined as any SSI, deep or superficial, by 
CDC criteria.

Superficial incisional SSI

Infection occurs within 30 days after the operation and infection involves 
only skin and subcutaneous tissue of the incision and at least one of the 
following: 
1.   Purulent drainage with or without laboratory confirmation, from the su-

perficial incision
2.   Organisms isolated from an aseptically obtained culture of fluid or tissue 

from the superficial incision
3.   At least one of the following signs or symptoms of infection: pain or 

tenderness, localised swelling, redness, or heat and superficial incision 
is deliberately opened by surgeon, unless incision is culture-negative

4.   Diagnosis of superficial incisional SSI made by a surgeon or attending 
physician

Deep incisional SSI

Infection occurs within 30 days after the operation if no implant is left in 
place or within one year if implant is in place and the infection appears to 
be related to the operation and infection involves deep soft tissue (e.g., 
fascia, muscle) of the incision and at least one of the following:

1.   Purulent drainage from the deep incision but not from the organ/space 
component of the surgical site

2.   A deep incision spontaneously dehisces or is deliberately opened by 
a surgeon when the patient has at least one of the following signs or 
symptoms: fever (>38°C), localised pain or tenderness, unless incision is 
culture-negative

3.   An abscess or other evidence of infection involving the deep incision is 
found on direct examination, during reoperation, or by histopathologic or 
radiologic examination

4.   Diagnosis of deep incisional SSI made by a surgeon or attending physician

Fig. 1. Centers for Disease Control and Prevention definitions for SSI. SSI, sur-
gical site infection.
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Surgery was initially conducted on all patients by one 
or more of three practicing spine surgeons. Patients were 
divided into two groups: those who received TXA pre-
operatively and intraoperatively and those who did not 
receive TXA during the surgery. None of the patients 
received TXA postoperatively. The infection rate in each 
group was noted. We calculated the invasiveness index of 
each procedure as described and validated by Mizra et al. 
[25] to compare the different procedures [26].

Infected patients were treated according to the inva-
siveness of their disease (deep or superficial), bacterial 
growth, secretion rate, and clinical assessment. The treat-
ment options included parenteral antibiotics alone or 
surgical debridement and lavage, followed by parenteral 
antibiotics.

2. Statistical analysis

Data analysis was performed by an experienced biostatis-
tician using IBM SPSS ver. 23.0 (IBM Corp., Armonk, NY, 
USA). Categorical variables are presented as frequency 
(percent). Comparisons between groups of categorical 
variables were performed using the chi-square test or 
Fisher’s exact test. The latter was used when the expected 
count in any cell was less than 5. Continuous variables 
are presented as mean±standard deviation. Comparisons 
between groups were performed using the Wilcoxon–
Mann–Whitney rank-sum test. The multivariate logistic 
regression model was fitted using infection as the depen-
dent covariate. The initial model included age, length of 
surgery, TXA above 1 g, number of comorbidities, spine 
invasiveness index, time of administration of the preven-
tive antibiotics, and TXA if given before skin incision. The 
Akaike information criteria were used for model selection 
for both eliminating and adding covariates in the model, 
considering all second-level interactions. The final model 
selected is presented below. All presented p-values are 
two-sided; a p-value of less than 0.05 (p<0.05) is consid-
ered statistically significant.

Results

A total of 110 patients were included in this study; 21 pa-
tients (19%) were defined as having postoperative wound 
complications. Of those, 16 patients (14%) were defined 
as having a deep infection and were treated surgically by 
debridement and lavage, followed by 6 weeks of parenteral 

antibiotics. In eight patients (50%) from this group, local 
cultures taken during surgery were negative. The remain-
ing five patients (4%) were defined as having superficial 
wound infection and were treated empirically for 2 weeks 
with parenteral antibiotics, followed by 2 weeks of oral 
antibiotics.

When the wound complication rate based on different 
comorbidities was compared, there was no significant dif-
ference between the groups. This was also the case when 
examining the propensity for SSI in cases of patients with 
diabetes mellitus, human immunodeficiency virus, hepa-
titis, alcohol abuse, and obesity (Table 1). The only demo-
graphic variant showing a significant statistical difference 
was age. Older patients exhibited more wound complica-
tions than younger ones in both groups (Table 1).

Surgical data analysis showed a higher wound compli-
cation rate in procedures with a greater invasiveness index 
score and hence longer surgical time. We observed 17 
wound complications out of 76 patients in the TXA group 
(22.4%) versus only four patients out of 34 (11.8%) in the 
group that did not receive TXA. However, this finding is 
not statistically significant (p=0.041) (Table 2).

When comparing the dose relation, we found that pa-
tients who received more than 1 g of TXA during the pro-
cedure had higher wound complications compared with 
those who received a dose of less than 1 g or did not re-
ceive TXA at all (13/43 [30%] versus 8/67 [12%], respec-
tively). This finding is statistically significant (p=0.017).

The multivariate analysis with logistic regression 
showed that mean surgery time in patients who were 
given a single dose of 1 g or no TXA at all was 2.97±1.45 
hours, while in patients who were given more than one 
dose of TXA, the mean surgery time was 4.58±1.83 hours. 
This difference is also statistically significant (p<0.001) 
and may explain why TXA above 1 g is associated with a 
higher SSI rate. The TXA dose was a confounder; there-
fore, the actual variable that influenced the wound com-
plication incidence was surgery time. We found that it was 
not the TXA dose but rather the longer surgical time that 
increased the risk of infection (Table 3).

Blood transfusions and the urgency of the procedure 
were not associated with a higher wound complication 
rate. This might be attributed to the fact that only one pa-
tient received a postoperative blood transfusion and the 
average age of the patients who underwent an emergency 
procedure was lower than those undergoing elective pro-
cedures (Table 2).
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Table 1. Demographic and clinical data

Characteristic Total No surgical site infection Surgical site infection p-value

No. of patients 110 (100.0) 89 (80.9) 21 (19.1)

Age (yr) 52.57±17.51 50.84±17.21 59.93±17.25 0.039

Diabetes mellitus

No   84 (76.4) 10 (83.3) 14 (16.7)

Yes   26 (23.6) 19 (73.1)   7 (26.9) 0.245

Hypothyroidism

No 103 (93.6) 84 (81.6) 19 (18.4)

Yes     7 (6.4)   5 (71.4)   2 (28.6) 0.510

Dyslipidemia

No 102 (92.7) 83 (81.4) 19 (18.6)

Yes     8 (7.3)   6 (75.0)   2 (25.0) 0.659

Chronic obstructive pulmonary disease/asthma

No 103 (93.6) 83 (80.6) 20 (19.4)

Yes     7 (6.4)   6 (6.7)   1 (14.3) 0.738

Obesity

No 104 (94.5) 84 (80.8) 20 (19.2)

Yes     6 (5.5)   5 (5.6)   1 (4.8) 0.877

Ischemic heart disease

No 103 (93.6) 84 (81.6) 19 (18.4)

Yes     7 (6.4)   5 (71.4)   2 (28.6) 0.510

Arrhythmia

No 104 (94.5) 85 (81.7) 19 (18.3)

Yes     6 (5.5)   4 (66.7)   2 (33.3) 0.361

Connective tissue disease

No 104 (94.5) 83 (79.8) 21 (20.2)

Yes     6 (5.5)   6 (100.0)   0 0.221

Hypertension

No   80 (72.7) 68 (85.0) 12 (15.0)

Yes   30 (27.3) 21 (70.0)   9 (30.0) 0.075

Renal failure

No 107 (97.3) 86 (80.4) 21 (19.6)

Yes     3 (2.7)   3 (100.0)   0 0.394

Human immunodeficiency virus

No 108 (98.2) 88 (81.5) 20 (18.5)

Yes     2 (1.8)   1 (50.0)   1 (50.0) 0.262

Hepatitis

No 105 (95.5) 84 (80.0) 21 (20.0)

Yes     5 (4.5)   5 (5.6)   0 0.266

Alcohol abuse

No 108 (98.2) 87 (80.6) 21 (19.4)

Yes     2 (1.8)   2 (2.2)   0 0.488

No. of comorbidities

0   58 (52.7) 50 (86.2)   8 (13.8)

1   16 (14.5) 13 (81.3)   3 (18.8)

≥2   36 (32.7) 26 (72.2) 10 (27.8) 0.245

Values are presented as number (%) or mean±standard deviation.  
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Surgeries with a higher surgical invasiveness index 
score and surgeries performed on older patients had more 
wound complications. This difference is also significant 
after performing the regression analysis (Table 3).

The time of antibiotic administration before skin inci-
sion and TXA administration before and after skin incising 
showed no statistical significance between the groups (64 
minutes in the wound complication group versus 60 min-
utes in the no complication group; p=0.07), and all were 
within the range of the recommended preoperative time [5].

Discussion

Wound complications and SSI are serious complications 
after spine surgery. These are hospital-acquired infec-
tions that may cause severe morbidity and poor quality 
of life, mortality, extended length of hospitalization, and 
increased costs.

This study reinforces data describing comorbidities 
such as patient age and surgery time and complexity (as 
expressed by the invasiveness index), which is known to 
be associated with increased wound complications. This 
study aims to examine the effect of preoperative TXA on 

Table 2. Surgery related data

Variable Total No surgical site infection Surgical site infection p-value

Spine invasiveness index     7.6±3.91 7.13±3.81 9.57±3.8 0.007

Sugery time (hr)   3.61±1.79 3.33±1.68 4.8±1.8 0.001

TXA (g)   1.22±1.13 1.14±1.15 1.57±0.98 0.041

Time from prophylactic antibiotic to cut (min) 61.48±33.7 60.6±33.1 64.9±37.0 0.721

Time from TXA to cut (min)   20.9±53.5 18.8±55.8 27.7±45.9 0.664

TXA

No given      34 (30.9) 30 (88.2)   4 (11.8)

Given      76 (69.1) 59 (77.6) 17 (22.4) 0.191

TXA

≤1      67 (60.9) 59 (88.1)   8 (11.9)

>1      43 (39.1) 30 (69.8) 13 (30.2) 0.017

Urgent surgery

No      47 (42.7) 39 (83.0)   8 (17.0)

Yes      63 (57.3) 50 (79.4) 13 (20.6) 0.633

Blood transfusion

No    109 (99.1) 89 (81.7) 20 (18.3)

Yes      1 (0.9) 0     1 (100.0) 0.191

Values are presented as mean±standard deviation or number (%).
TXA, tranexamic acid. 

Table 3. Multivariate analysis logistic regression

Variable Beta Odds ratio (95% confidence interval) p-value

Age (yr)  -0.0616 0.940 (0.874–1.011) 0.1030

Surgery time (hr) 0.432 1.540 (1.055–2.248) 0.0249

Spine invasiveness index -0.6352 0.529 (0.298–0.940) 0.0300

Age spine invasiveness index   0.01133 1.011 (1.002–1.020) 0.0172

The mean surgery time in patients given TXA ≤1 was 2.97±1.45 hours, while in patients who received TXA >1 the mean surgery time was 4.58±1.83 hours. This differ-
ence was statistically significant (p-value <0.001). This explains why TXA above 1 g was associated with more infections while it was not included in the multivariate 
model. TXA dosage above 1 g was a confounder while the actual variable which influences infection is surgery time.
TXA, tranexamic acid.
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wound complication rate. The SSI rates were 22.4% and 
11.8% for patients who were treated with or without TXA, 
respectively. Although the results show a tendency for 
infection in patients treated with TXA, this distinction 
in the infection rate did not reach statistical significance 
(p=0.191). This may be due to the small sample size, and 
further studies are encouraged. According to our results, 
we conclude that preoperative TXA use does not result 
in statistically significant increased wound complica-
tions during and after spine surgery. Although our results 
showed a positive statistically significant dose relationship 
between TXA and wound complication, this is prob-
ably related to other comorbidities and is, therefore, not 
a factor in and of itself. It should be emphasized that in 
surgical procedures of longer duration and a higher inva-
siveness index score, patients usually received more than 
one dose of TXA, which is a probable explanation for this 
finding. The increased rate of SSI in patients who received 
higher doses of TXA compared with those who received 
lower doses is merely a reflection of the longer surgical 
time, which has been proven to be a risk factor for SSI 
[27-29].

The incidence of SSI following spinal surgery has been 
reported to be between 0.7% and 12% depending on the 
type of procedure, the studied population, and various 
risk factors reported [1-4]. These risk factors include the 
sex of the patient (female), inpatient status, patients with 
insulin-dependent diabetes, preoperative steroid use for 
more than 10 days, hematocrit <35%, body mass index 
>30 kg/m2, wound class, the American Society of Anes-
thesiologists classification, operative duration, age, and 
patients with ischemic heart disease, arrhythmia, chronic 
liver disease, autoimmune disease, blood loss, length of 
surgery, smoking, and patients that had a preoperative 
shower [27-29]. Our findings were consistent with known 
risk factors for SSI previously described (age, duration of 
surgery, and invasiveness index).

 Preoperative antibiotics are proven to be the single 
most effective measure for preventing SSI in orthopedic 
and spine surgery [30]. Nonreceipt of preoperative antibi-
otics is one of the risk factors for SSI, as shown by Olsen et 
al. [31]. In our study, there was a slight difference between 
the time of administrating the preoperative antibiotics 
and wound complication or no complication time (average 
time: 64 minutes versus 60 minutes, respectively). How-
ever, the difference is not statistically different (p=0.72).

Plasmin activity in the circulation distinctly decreased 

in mice with staphylococcal sepsis [13]. The use of TXA, 
which is an inhibitor of plasminogen activation, showed 
aggravation of staphylococcal septic arthritis and sepsis by 
downregulating fibrinolysis. In humans, it has been found 
that early inhibition of activated fibrinolysis predicts poor 
outcomes, including microbial infection, septic shock, and 
mortality of febrile medical patients [14]. Therefore, the 
use of anti-fibrinolytic agents in patients with substantial 
blood loss due to DIC is generally not recommended [32].

In the clinical literature, there is a large block of evi-
dence supporting the safety and effectiveness of intra-
operative TXA use in different surgical disciplines. TXA 
reduces operative bleeding and complications. In spine 
surgery, TXA reduces blood loss, the amount of trans-
fused blood required, and the rate of blood transfusion 
without any other increased risk [12]. The future chal-
lenge for further investigation is the use of TXA in spine 
surgeries and revision of patients with sepsis in cases of 
epidural abscess, vertebral osteomyelitis, or other infected 
orthopedic surgeries. To our knowledge, this issue has not 
yet been investigated.

The limitations of this study are the retrospective single-
center design and the low number of patients. Further 
prospective multicenter studies should be conducted.

Conclusions

Despite in vitro studies and evidence in medical patients 
and animals with sepsis, we have shown that treatment 
with TXA might exacerbate their clinical status. We found 
no difference in wound healing and wound complications 
in spine surgeries with preoperative TXA use.
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