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I N TRODUC TION

Blood transfusion therapy is important to manage coag-
ulopathy in patients with hemorrhage following trauma. 
However, blood product supplies are limited, and shortages 
can occur during disasters. Reducing the required blood 

transfusion volume using drug treatments can reduce expo-
sure to allogeneic blood products and limit the unnecessary 
use of medical resources.1,2

Tranexamic acid (TXA) is one of the few agents that has 
elicited beneficial effects in hemorrhage, as evidenced in 
the CRASH-2 trial.3 However, no currently available drugs 
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Abstract
Aim: Reducing the blood transfusion volume is important in severe trauma. We 
hypothesized that carbazochrome sodium sulfonate (CSS) combined with tranexamic 
acid (TXA) would reduce blood transfusions in severe trauma.
Methods: From April 2017 to March 2023, data were collected from patients (aged 
≥16 years) admitted to our hospital for trauma and administered packed red blood 
cells (pRBC) and plasma transfusions within 12 h postinjury. Patients infused with 
CSS and TXA (CSS + TXA group) were compared with those infused with TXA 
alone (TXA group). The outcomes were blood product transfusion volumes within 
and after 24 h, the number of patients receiving >6 units of pRBC transfusion after 
24 h, duration of intensive care unit and in-hospital stays, and 28-day in-hospital 
mortality.
Results: In total, 138 patients were included in the study. In the univariate analyses, 
the CSS + TXA group (n = 62) showed a significant reduction in the total pRBC 
transfusion volume, in-hospital days, and number of patients receiving >6 units of 
pRBCs in the delayed phase. Based on the multivariate logistics regression analysis, 
only the CSS + TXA group had a significantly lower adjusted odds ratio for receiving 
>6 units of pRBC transfusion after 24 h. During the in-hospital days, the CSS + TXA 
group did not experience an increased incidence of major complications when 
compared with the TXA group.
Conclusion: In patients with trauma, treatment with CSS with TXA may reduce the 
requirement for blood transfusion after 24 h. Moreover, this treatment can improve 
admission outcomes without increasing complications.
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can reduce the requirement for blood transfusion. Thus, 
we evaluated the potential of carbazochrome sodium sul-
fonate (CSS), traditionally used as a hemostatic agent since 
the 1950s, to address this issue.4–10 CSS reportedly increases 
capillary resistance and reverses endothelial barrier dys-
function.11–13 However, no previous reports have presented 
clear evidence indicating CSS effectiveness alone to address 
all causes of hemorrhage. In trauma medicine, few studies 
have sufficiently investigated CSS effects combined with 
TXA therapy.6 Furthermore, recent studies have explored 
the potential of this combination in orthopedics.7,8 However, 
previous investigations primarily focused on hemorrhage 
during the acute phase. Based on its underlying mechanism 
of action (capacity to enhance capillary resistance and re-
verse endothelial barrier dysfunction), CSS could improve 
bleeding postinjury. Hence, we hypothesized that combina-
tion therapy with CSS and TXA would reduce the require-
ment for blood transfusion 24 h postinjury in patients with 
severe trauma-induced hemorrhage. Accordingly, the cur-
rent study explored this hypothesis, and the results will serve 
as a basis for future prospective research.

M ETHODS

Study design

This single-center, retrospective cohort study was con-
ducted at Juntendo University Shizuoka Hospital. Patient 
data were collected through a medical chart review, with 
results presented based on Strengthening the Reporting of 
Observational Studies in Epidemiology guidelines.14

Data setting

Since 1981, our institution has provided critical care to pa-
tients with trauma in a medical area with a population of 
1,500,000 people. In Japan, one unit of blood contains ap-
proximately 200 mL of donated blood; the volumes of each 
whole blood contain 140 mL packed red blood cells (pRBCs), 
80 mL fresh frozen plasma, and 20 mL platelet concentrate 
(PC). In our institution, no protocol for administering TXA 
or CSS to patients with trauma has been established. TXA 
administration was determined when clinicians suspected 
hemorrhage in any part of the body. CSS was administered 
at the clinicians' discretion. Our institution does not typi-
cally undertake viscoelastic testing during clinical trauma 
care.

Data collection

Data were collected from April 2017 to March 2023. The 
study population comprised patients with trauma (aged 
≥16 years) and admitted to our hospital. Patients who pre-
sented with cardiac arrest upon hospital arrival, acquired 

burns, ingested toxins, experienced asphyxiation, nearly 
drowned, and attempted suicide by hanging were excluded. 
The study included patients who received pRBC and plasma 
transfusions within 12 h postinjury. Patients who were trans-
ferred to other hospitals within 3 days of admission, with 
unclear time courses, with head injuries only, who refused 
transfusions of any blood products, and who did not receive 
TXA treatment were also excluded.

Data on demographics, medical history, injury sever-
ity score, abbreviated injury scale score (AIS), vital signs 
(Glasgow Coma Scale, systolic and diastolic blood pressure, 
heart rate, respiratory rate, and body temperature) upon 
arrival, results of focused assessment with sonography in 
trauma, coagulation function status, lactate levels, assess-
ment of blood consumption (ABC) score, trauma-associated 
severe hemorrhage (TASH) score, revised trauma score 
(RTS), probability of survival (Ps) upon admission were col-
lected. Complications that occurred during hospital stay, 
invasive treatments performed within 24 h, dose and time 
of CSS and TXA administered, amount of blood products 
transfused within 24 h/after 24 h/entire in-hospital stay, 
number of patients receiving >6 units of pRBC transfusion 
within 24 h postinjury, duration of ICU and in-hospital stay, 
and 28-day in-hospital mortality were also recorded.

Data definition

Complications associated with in-hospital mortality in-
cluded uncontrolled trauma bleeding, gastrointestinal 
bleeding, and unexpected bleeding in the operation room, 
thus requiring blood transfusion. Regarding the timing of 
blood transfusion, the early phase was described as “within 
24 h postinjury,” while the delayed phase was defined as 
“after 24 h from the time of injury.” AIS >3 means AIS = 4 or 
higher, excluding AIS = 1, 2, and 3.

Outcomes

Outcomes included the volume of blood products (pRBC, 
plasma, and PC) transfused in the early and delayed phases, 
the number of patients receiving 6 units of pRBC transfusion 
in the delayed phase, the duration of ICU and in-hospital 
days, and 28-day in-hospital mortality. Additionally, we as-
sessed complications during the hospital stay. The amount 
of pRBC transfused in the delayed phase, the amounts of 
plasma transfused in the delayed phase, and the number of 
patients who received >6 units of pRBC transfusion in the 
delayed phase were calculated, excluding the patients who 
died within 24 h postinjury.

Statistical analyses

Upon admission, patients who received both CSS and TXA 
(CSS + TXA group) were compared with those who received 
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TXA only (TXA group). Data were presented as the median 
and interquartile range (IQR) or as counts and percentages, 
as appropriate. The outcomes were compared, and p-values 
were calculated. Moreover, complications were compared, 
and the relative risk (RR) was calculated. Fisher's exact test, 
Mann–Whitney U-test, and univariate and multivariate lo-
gistics regression analyses were performed to compare the 
odds ratio (OR) of the incidence of “over 6 units of pRBC 
transfusion in the delayed phase.” In addition to the presence 
or absence of CSS, AIS >3 in trunk and/or limbs, shock index 
>1 upon arrival, emergency operation and/or angioemboli-
zation within 24 h, and high amounts of pRBC (>10 units) 
in the early phase were also examined. We speculated that 
these variables could be key factors impacting the amount 
of pRBC transfused during the delayed phase in patients 
with trauma; evidence on such factors is currently lacking. 
Sensitivity analyses were performed considering the effect of 
a head injury. In the first sensitivity analysis, “AIS >2 in the 
head” was incorporated as an independent variable in the 
main model. In the second sensitivity analysis, a multivari-
ate logistic regression analysis was performed in the cohort 
of patients without head injury. Each variable was assessed 
using an adjusted logistic regression model. All statistical 
analyses were performed using EZR 1.54 (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan), a graphical 
user interface for R 4.0.2 (The R Foundation for Statistical 
Computing, Vienna, Austria).15 Statistical significance was 
set at p < 0.05 or based on the 95% confidence interval (CI).

R E SU LTS

During the study period, 8834 patients with trauma visited 
our hospital, but only 206 met the inclusion criteria. After 
excluding 68 patients, the remaining 138 were divided into 
the CSS + TXA (n = 62) and TXA (n = 76) groups (Figure 1). 
Table  1 presents the patient characteristics and treatments 
performed within 24 h postinjury. The CSS + TXA group 
tended to experience more severe head injuries than the 
TXA group. However, AIS, ABC score, TASH score, RTS, 
and Ps did not differ significantly between the groups. The 
TXA group tended to have more severe abdominal and limb 
injuries, undergo emergency angioembolization, and lower 
systolic blood pressure upon arrival at the emergency room 
than the CSS + TXA group; however, the groups did not dif-
fer significantly in prothrombin time, international normal-
ized ratio, fibrinogen, or fibrinogen degradation products 
levels.

Outcome events are presented in Table  2. In the 
CSS + TXA group, the total volume of pRBC transfused 
(CSS + TXA group vs. TXA group, median [IQR]: 12 units 
[6, 20] vs. 17 units [12, 26], p = 0.004), pRBC transfusion 
in the delayed phase (2 units [0, 8] vs. 8 units [2, 12], 
p = 0.004), and the number of patients receiving >6 units of 
pRBC transfusion in the delayed phase (number [%]; 16/59 
[27.1%] vs. 37/70 [52.9%], p = 0.004) decreased signifi-
cantly, as shown in the univariate analyses. No significant 

difference was detected in the volume of pRBC transfused 
in the early phase, or that of plasma in each phase, or other 
outcomes such as mortality. Results of the univariate and 
multivariate logistic regression analyses for “the number 
of patients with >6 units of pRBC transfusion in the de-
layed phase” are detailed in Table 3. Only the CSS + TXA 
treatment had a significantly lower unadjusted OR (0.32 
[95% CI: 0.15–0.68; p = 0.002]). AIS >3 in trunk and/or 
limbs (unadjusted OR: 2.55 [95% CI: 1.18–5.53; p = 0.02]), 
shock index >1 (unadjusted OR: 2.77 [95% CI: 1.34–5.73; 
p = 0.006]), emergency operation and/or angioemboliza-
tion (unadjusted OR: 3.69 [95% CI: 1.39–9.81; p = 0.009]), 
and pRBC >10 units in the early phase (unadjusted OR: 4.54 
[95% CI: 2.13–9.66; p < 0.001]) had significantly higher un-
adjusted ORs. In the multivariate logistic regression anal-
ysis, only the CSS + TXA therapy had a significantly lower 
adjusted OR (0.37 [95% CI: 0.16–0.85; p = 0.02]); pRBC 
>10 units in the early phase showed a significantly higher 
adjusted OR (3.04 [95% CI: 1.21–7.65; p = 0.02]).

During admission, the incidence of major complications 
did not increase in the CSS + TXA group compared with that 
in the TXA group (Table 4). The CSS + TXA group had fewer 
bleeding-related complications than the TXA group (RR: 
0.31 [95% CI: 0.09–1.04]).

Considering the first sensitivity analysis, Table 5 pres-
ents the results of the multivariate logistic regression 
analysis. Similar to the results of the main analysis, only 
the CSS + TXA treatment had a significantly lower ad-
justed OR (0.29 [95% CI: 0.12–0.70; p = 0.006]), and pRBC 
>10 units in the early phase (adjusted OR: 2.28 [95% CI: 
1.11–7.48; p = 0.03]) and AIS >2 in the head (adjusted OR: 
2.02 [95% CI: 1.15–3.55; p = 0.02]) had significantly higher 
adjusted ORs.

In the second sensitivity analysis, after excluding pa-
tients with head injuries (n = 66), 72 patients remained: 22 
and 50 in the CSS + TXA and TXA groups, respectively. 

F I G U R E  1   Flowchart of the participant selection process.
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T A B L E  1   Participant baseline characteristics.

Characteristics CSS + TXA group (n = 62) TXA group (n = 76) p-Value

Age, year 71 [51.5–81] 61.5 [41–75] 0.06

Sex, n (%)

Female 21 (33.9) 20 (26.3) 0.36

Male 41 (66.1) 56 (73.7)

Body mass index 21.6 [19.4–23.5] 22.6 [20.3–25.8] 0.08

Type of injury, n (%)

Blunt 60 (96.8) 75 (98.7) 0.59

Penetrating 2 (3.2) 1 (1.3)

Injury severity score 27.5 [20–33] 29 [24–33] 0.46

Abbreviated injury scale

Head 2 [0–4] 0 [0–2] <0.001*

Face 0 (0–0) 0 (0–0) 0.94

Chest 3 [0–3] 3 [0–3] 0.43

Abdomen 1 [0–2] 2 [0–3] 0.03a

Limbs 2 [1–3] 3 [2–4] 0.003a

Skin 0 (0–0) 0 (0–0) 0.053

Vital signs upon arrival

Systolic blood pressure, mmHg 118 [85–144] 86 [70–110] <0.001*

Heart rate, bpm 88 [70–115] 100 [78–120] 0.13

Respiratory rate, bpm 22 [18–27] 24 [20–30] 0.054

Glasgow coma scale 13.5 [10–14] 13.5 [12–14] 0.68

Body temperature, °C 36.3 [35.9–36.6] 36.3 [35.9–36.7] 0.91

PT-INR 1.15 [1.07–1.24] 1.15 [1.07–1.27] 0.97

Fibrinogen, mg/dL 195 [152–247] 208 [167–241] 0.34

FDP, μg/dL 211 [59–572] 197[101–314] 0.82

Lactate, mmol/L 3.4 [2.3–4.7] 3.8 [2.6–5.8] 0.13

FAST positive, n (%) 48 (78.7) 55 (75.3) 0.69

ABC score 1 [0–2] 1 [0–2] 0.21

TASH score 7 [3–11] 9 [5–12] 0.12

RTS 7.11 [6.08–7.84] 6.82 [5.97–7.55] 0.11

Ps 0.88 [0.69–0.94] 0.82 [0.59–0.90] 0.18

Comorbidities, n (%)

Autoimmune disease 2 (3.2) 1 (1.3) 0.59

Chronic heart failure 2 (3.2) 4 (5.3) 0.69

Chronic kidney disease 2 (4.2) 7 (11.7) 0.29

Chronic liver disease 0 (0.0) 3 (3.9) 0.25

Chronic lung disease 2 (3.2) 4 (5.3) 0.69

Diabetes mellitus 7 (11.3) 15 (19.7) 0.24

Malignancy 2 (3.2) 4 (5.3) 0.69

Old myocardial infarction 1 (1.6) 6 (7.9) 0.13

Psychiatric disease 6 (9.7) 13 (17.1) 0.23

Stroke 9 (14.5) 4 (5.3) 0.08

Anticoagulant drugs 6 (9.7) 3 (3.9) 0.30

Antiplatelet drugs 6 (9.7) 10 (13.2) 0.60

Prehospital blood transfusion 0 (0.0) 3 (4.1) 0.25

Prehospital tranexamic acid 30 (49.1) 50 (65.7) 0.14
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The results of the multivariate logistic regression anal-
ysis are described in Table  6. Similar to observations in 
the main analysis, only the CSS + TXA treatment had a 
significantly lower adjusted OR (0.10 [95% CI: 0.02–0.53; 
p = 0.007]), and pRBC >10 units in the early phase had a 
significantly higher adjusted OR (4.27 [95% CI: 1.10–16.60; 
p = 0.04]).

DISCUSSION

CSS is one of the oldest drugs used as a hemostatic agent.4–6 
However, in trauma medicine, only one study has reported 
CSS use.6 Compared with this previous study, we only en-
rolled patients with trauma who required additional blood 
transfusions, receiving both pRBC and plasma, to rule out 

Characteristics CSS + TXA group (n = 62) TXA group (n = 76) p-Value

Treatment received within 24 h upon admission, n (%)

Massive transfusion protocol 33 (53.2) 45 (59.2) 0.50

Emergency operation 34 (54.8) 46 (60.5) 0.60

Emergency angioembolization 13 (21.0) 36 (47.4) 0.001*

Time of Hemostasis intervention, 
(min)

210 [191–269] 185 [131–248] 0.13

Time >3 h of Hemostasis 
intervention, n (%)

21 (67.7) 25 (50.0) 0.17

Tracheal intubation 51 (82.3) 59 (77.6) 0.53

REBOA 3 (4.8) 3 (3.9) 1.00

CSS dose, (g) 50.0 [50.0–50.0] NA NA

TXA dose, (g) 2.0 [1.0–2.0] 2.0 [1.0–2.0] 0.30

Time of CSS dose, (min)a 125 [90–163] NA NA

Time of TXA dose, (min) 100 [62–153] 73 [51–106] 0.01*

Note: Categorical variables are presented as counts and percentages (%), whereas numerical variables are presented as the median and interquartile ranges.
Abbreviations: ABC, assessment of blood consumption; CSS, carbazochrome sodium sulfonate; FAST, focused assessment with sonography in trauma; FDP, fibrine/
fibrinogen degradation products; Ps, probability of survival; PT-INR, prothrombin time international normalized ratio; REBOA, resuscitative endovascular balloon occlusion 
aorta; RTS, revised trauma score; TASH, trauma-associated severe hemorrhage; TXA, tranexamic acid.
aThere were 17/62 missing data values.
*Results with a p-value of <0.05 were considered significant.

T A B L E  1   (Continued)

T A B L E  2   Outcome events.

Variables CSS + TXA group (n = 62) TXA group (n = 76) p-Value

24-h mortality, n (%) 3 (4.8) 6 (7.9) 0.51

28-day mortality, n (%) 10 (16.1) 11 (14.5) 0.82

In-hospital total pRBC, unit 12 [6–20] 17 [12–26] 0.004*

In-hospital total plasma, unit 8 [4–14] 12 [6–21] 0.08

In-hospital total PC, unit 0 [0–10] 0 [0–10] 0.22

pRBC transfusion in the early phase, unit 8 [6–14] 10 [6–16] 0.08

Plasma transfusion in the early phase, unit 8 [4–12] 10 [4–16] 0.16

pRBC transfusion in the delayed phase, unita 2 [0–8] 8 [2–12] 0.004*

Plasma transfusion in the delayed phase, unita 0 (0–0) 0 [0–4] 0.13

Patients with >6 units of pRBC transfusion in the 
delayed phase, n (%)a

16/59 (27.1) 37/70 (52.9) 0.004*

In-hospital duration, day 33 [15–49] 41 [24–57] 0.09

ICU duration, day 8 [4–13] 10 [5–13] 0.64

Note: Categorical variables are presented as counts and percentages (%), whereas numerical variables are presented as the median and interquartile ranges. The early phase is 
defined as “within 24 h from the time of injury,” whereas the delayed phase is defined as “after 24 h from the time of injury.”
Abbreviations: CSS, carbazochrome sodium sulfonate; ICU, intensive care unit; PC, platelet concentrate; pRBC, packed red blood cell; TXA, tranexamic acid.
aThe results were calculated excluding the patients who died within 24 h postinjury.
*Results with a p-value of <0.05 were considered significant.
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bias. Furthermore, to assess CSS + TXA treatment efficacy, we 
compared the amount of blood products transfused during the 
early and delayed phases. According to the multivariate logis-
tic regression analysis, CSS + TXA treatment reduced the num-
ber of patients receiving >6 units of pRBC in the delayed phase. 
Thus, CSS + TXA treatment impacted the delayed phase in our 
cohort, in contrast to the acute phase documented in the previ-
ous study,6 thereby supporting our hypothesis. The result of 
the sensitivity analysis was similar to that of the main analysis, 
thus highlighting the robustness of this result.

The most important effect of combined CSS + TXA ad-
ministration was a reduction in the blood transfusion require-
ments during the delayed phase. CSS exerts hemostatic effects 
by reducing vascular hyperpermeability and stabilizing the 
function of endothelial cells,11–13 which primarily affects vas-
cular functions. As CSS reinforces endothelial cell function, 
bleeding incidence tended to be lower in the CSS + TXA group.

In the current study, other CSS-related effects were ex-
pected, including a reduced incidence of complications asso-
ciated with acute kidney injury,1,16 acute respiratory distress 
syndrome, and lung edema.1,2,17,18 However, the incidence 
of these complications was not reduced in the CSS + TXA 
group; this observation could be attributed to the small sam-
ple size.

CSS is one of the oldest drugs that has been used for 
various indications, such as in surgical settings,7,8,10,19,20 
gastrointestinal bleeding,4,5 trauma,6 pulmonary hemor-
rhage,9 refractory chronic prostatitis21, hereditary hemor-
rhagic telangiectasia,22 or dengue vascular permeability.23,24 
Accordingly, CSS has applications other than as a hemo-
static agent.21–24 It can be safely used by patients with cer-
tain medical conditions. Additionally, CSS is economically 
beneficial4; 100 mg of CSS costs 88 Japanese Yen, which is 
<1 USD.25 Accordingly, the use of this low-cost drug could 
reduce the requirement for blood transfusion, making it an 
attractive option.

This study has some limitations. First, this was a single-
center retrospective cohort study, and there was no proto-
col for TXA or CSS administration in patients with trauma; 
this could introduce a potential selection bias. Moreover, we 
could not eliminate the background bias of the study popu-
lation. The CSS + TXA group had a higher proportion of pa-
tients with more severe head injuries; this trend was similar 
to that observed previously.6 In the sensitivity analysis, a pa-
tient cohort without head injuries was analyzed, observing 
the same result as that in the main analysis; however, the pos-
sibility of selection bias remains. Additionally, CSS + TXA 
therapy was shown to potentially reduce the requirement for 

T A B L E  3   Unadjusted and adjusted odds ratio of the number of patients with >6 units of pRBC transfusion in the delayed phase.

Unadjusted OR (95%CI) p-value Adjusted OR (95%CI) p-Value

CSS + TXA therapy 0.32 (0.15–0.68) 0.002* 0.37 (0.16–0.85) 0.02*

AIS >3 in trunk and/or limbsa 2.55 (1.18–5.53) 0.02* 1.05 (0.42–2.66) 0.91

Shock index >1 2.77 (1.34–5.73) 0.006* 1.35 (0.57–3.16) 0.50

Emergency operation and/or angioembolization 3.69 (1.39–9.81) 0.009* 2.01 (0.67–6.10) 0.22

pRBC >10 units in 24-h 4.54 (2.13–9.66) <0.001* 3.04 (1.21–7.65) 0.02*

Note: The OR of the number of patients with >6 units of pRBC transfusion.
Abbreviations: AIS, abbreviated injury scale score; CI, confidence interval; CSS, carbazochrome sodium sulfonate; OR, odds ratio; pRBC, packed red blood cell; TXA, 
tranexamic acid.
aAIS >3 means AIS = 4 or higher, excluding AIS = 1, 2, and 3.
*The results are significant based on the 95% CI, p-value of <0.05.

T A B L E  4   Complications that occurred during the in-hospital days.

Complications CSS + TXA group TXA group RR (95% CI)

Acute kidney injury 7/58 (12.1) 15/71 (21.1) 0.57 (0.25–1.31)

ARDS 9/59 (15.3) 6/70 (8.6) 1.78 (0.67–4.71)

Arrhythmia 6/58 (10.3) 15/71 (21.1) 0.49 (0.20–1.18)

Bleeding 3/60 (5.0) 12/74 (16.2) 0.31 (0.09–1.04)

Cardiovascular diseases 6/58 (10.3) 7/71 (9.9) 1.05 (0.37–2.95)

Delirium 18/58 (31.0) 31/70 (44.3) 0.70 (0.44–1.11)

Infections 29/58 (50.0) 36/70 (51.4) 0.97 (0.69–1.37)

Lung edema 13/59 (22.0) 21/70 (30.0) 0.73 (0.40–1.34)

Stroke 3/57 (5.3) 4/70 (5.7) 0.92 (0.21–3.95)

Venous thromboembolism 4/57 (7.0) 8/70 (11.4) 0.61 (0.20–1.94)

Note: Categorical variables are presented as counts and percentages (%).
Abbreviations: ARDS, acute respiratory distress syndrome; CSS, carbazochrome sodium sulfonate; RR, relative risk; TXA, tranexamic acid; CI, confidence interval.
The results were considered significant based on the 95% CI.
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acute-phase blood transfusion6; the study may have lacked 
patients in whom this combination therapy stopped bleed-
ing and abolished the requirement for blood transfusion. 
In this study, we ensured the accurate extraction of patients 
with blood transfusion requirements. Although multivari-
ate analysis was performed, the higher severity of abdominal 
and limb injuries may have increased the requirement for 
blood transfusion within 24 h postinjury. Second, the doses 
of CSS and TXA varied, and we were uncertain whether 
the observed effects on outcomes were related to the effects 
of this combination therapy. Hence, a prospective study is 
warranted. Third, the small sample size may have been in-
sufficient to assess certain outcomes. Additionally, some 
treatment effects may be undetected. Fourth, the duration 
of CSS- and TXA-mediate effects remains unknown; thus, 
we could not establish the observation period during which 
the requirement for blood transfusion would be prolonged. 

Fifth, there was no protocol for the administration of CSS 
and TXA, which may also introduce bias. Others, the time 
and/or kinds of way to hemostasis might potentially affect 
the coagulation and outcome of patients with trauma. In this 
study cohort, there was no statistical difference in the he-
mostasis time between the two groups; however, there were 
more patients who received urgent angioembolization in the 
TXA group. The difference in the kinds of hemostasis inter-
ventions and the delay of hemostasis intervention might be 
the risk of coagulopathy. These heterogeneities could not be 
eliminated in this study design and need to be addressed in 
future investigations.

Retrospectively, CSS with TXA may reduce the require-
ment for blood transfusion in patients with trauma after 
24 h. This combination therapy may improve outcomes in 
patients with trauma without increasing the incidence of 
complications.
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T A B L E  5   Sensitivity analysis: odds ratio adding AIS >2 in head.

Adjusted OR 
(95% CI) p-Value

CSS + TXA therapy 0.29 (0.12–0.70) 0.006*

AIS >3 in trunk and/or limbsa 1.44 (0.53–3.87) 0.47

Shock index >1 1.55 (0.64–3.79) 0.33

Emergency operation and/or 
angioembolization

1.96 (0.63–6.14) 0.25

pRBC >10 units in 24-h 2.88 (1.11–7.48) 0.03*

AIS >2 in heada 2.02 (1.15–3.55) 0.02*

Note: OR of the number of patients with >6 units of pRBC transfusion, adding AIS 
>2 in the head as an independent variable.
Abbreviations: AIS, abbreviated injury scale score; CI, confidence interval; CSS, 
carbazochrome sodium sulfonate; OR, odds ratio; pRBC, packed red blood cell; 
TXA, tranexamic acid.
aAIS >2 means AIS = 3 or higher, excluding AIS = 1 and 2. As same, AIS >3 means 
AIS = 4 or higher, excluding AIS = 1, 2, and 3.
*The results are significant based on the 95% CI, p-value of <0.05.

T A B L E  6   Sensitivity analysis: odds ratio in the cohort without head 
injury.

Adjusted OR 
(95% CI) p-Value

CSS + TXA therapy 0.10 (0.02–0.54) 0.007*

AIS >3 in trunk and/or limbsa 0.46 (0.06–3.41) 0.44

Shock index >1 0.87 (0.25–3.02) 0.83

Emergency operation and/or 
angioembolization

3.06 (0.31–30.10) 0.34

pRBC >10 units in 24-h 4.27 (1.10–16.60) 0.04*

Note: OR of the number of patients with >6 units of pRBC transfusion, adding AIS 
>2 in the head as an independent variable.
Abbreviations: AIS, abbreviated injury scale score; CI, confidence interval; CSS, 
carbazochrome sodium sulfonate; OR, odds ratio; pRBC, packed red blood cell; 
TXA, tranexamic acid.
aAIS >3 means AIS = 4 or higher, excluding AIS = 1, 2, and 3.
*The results are significant based on the 95% CI, p-value of <0.05.
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