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. Tranexamic acid (TXA) reduces
visible blood loss in total hip arthroplasty
(THA), while it is less effective in managing
hidden blood loss.

. Carbazochrome sodium sulphate
(CSS) has been used in other surgical
settings to stabilize capillary walls and
reduce bleeding.

. This is the first meta-analysis to
assess the efficacy of combining CSS with
TXA in THA.

. The combination significantly reduces
hidden and total blood loss, inflammation,
and postoperative pain without increasing
complications.

Background: Total hip arthroplasty (THA) relieves pain and restores
function in severe hip arthritis and other painful hip disorders. THA
is successful; however, it involves significant perioperative blood loss,
which can lead to complications and economic burden. Tranexamic
acid (TXA) reduces blood loss. However, its impact on hidden
blood loss (HBL) is uncertain. The hemostatic effect of TXA may
be enhanced by carbazochrome sodium sulphate (CSS). This study
aimed to evaluate the safety and efficacy of combined CSS and TXA
in reducing blood loss in THA.

Methods: This systematic review and meta-analysis was conducted
in accordance with the Cochrane Handbook and PRISMA guidelines.
We included randomized controlled trials comparing CSS+TXA
versus TXA alone in patients undergoing primary THA. Four
electronic databases (MEDLINE via PubMed, Scopus, Web of
Science, and Cochrane Central Register of Controlled Trials) were
searched from inception to 22 May 2024 without language restrictions.
The risk of bias was assessed using the Cochrane ROB2 tool. Data
were synthesized using mean difference (MD) or relative risk (RR)
with 95% confidence intervals. Fixed- or random-effects models
were applied based on the level of heterogeneity. Outcomes assessed
included total (TBL), hidden (HBL), and intraoperative blood loss
(IBL); mean hemoglobin (Hb) reduction; inflammatory markers;
visual analogue scale (VAS) pain levels; hospital stay; transfusion
rates; and complications.

Results: This analysis included 450 participants from three studies.
The meta-analysis revealed that the CSS+TXA group had significantly
lower TBL (MD=-270.23 mL; P<0.001) and HBL (MD=-269.09
mL; P<0.001) than the TXA+Placebo group. However, there was no
significant difference in IBL (MD=-82 mL; P=0.61). The CSS+TXA
group had a lower transfusion rate (RR=0.10; P=0.006). Mean Hb
reduction, hospital stay, and operation time were not significantly
different. CSS+TXA also significantly reduced postoperative
VAS pain and inflammatory markers. There was no increase in
thromboembolic events or other complications.

Conclusion: The combination of CSS and TXA reduces postoperative
blood loss, pain, and inflammation in patients undergoing THA,
without increasing complications. Further research is required to
validate these findings in larger, more diverse populations, and to
determine optimal dosing and long-term outcomes.
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Introduction

Total hip arthroplasty (THA) is a common and
highly effective surgical procedure aimed at
alleviating pain and restoring function in patients
with severe hip arthritis and other debilitating hip
conditions." 2 The prevalence of hip osteoarthritis
and other degenerative joint diseases has led
to a substantial increase in the number of THA
surgeries performed worldwide.® It is projected
that the number of primary THA surgeries will
exceed 572,000 cases annually by 2030.4 Despite
its success in improving patient quality of life,> ©
THA is associated with significant perioperative
blood loss, which can lead to complications and
add to the economic burden. Untreated anemia
can severely impact patient outcomes by delaying
recovery, increasing the risk of infections,
prolonged hospital stays, and increasing the risk
of disability and mortality.” Therefore, managing
blood loss effectively during and after THA
is critical to optimizing patient outcomes and
reducing the burden on healthcare systems.

Tranexamic acid (TXA) is a widely used
antifibrinolytic agent that effectively decreases
blood loss in various surgical settings,
including THA.®2 TXA functions by inhibiting the
conversion of plasminogen into plasmin, thereby
preventing fibrin clots breakdown and stabilizing
hemostasis.® ' Numerous studies and meta-
analyses demonstrated the efficacy of TXA in
reducing visible blood loss and minimizing the
need for allogeneic blood transfusions, which
are associated with risks such as immunologic
reactions and infections.""> Although TXA has
shown a considerable reductionin overtblood loss
and transfusion requirements, its effectiveness in
managing hidden blood loss (HBL)—-which refers
to blood loss occurring in tissue spaces and not
immediately noticeable'®—is less definite.'”-2°

The HBL can contribute significantly to
the overall blood loss following THA and
is associated with postoperative pain and
inflammation."® Therefore, additional measures
are necessary to further reduce blood loss and
the postoperative inflammatory response.

Carbazochrome sodium sulfonate (CSS) is a
hemostatic agent known for its ability to stabilize
capillary walls, reduce capillary permeability, and
promote platelet aggregation. By enhancing the
formation and stability of blood clots, CSS can
complement the action of TXA and potentially
provide a more comprehensive approach to
blood loss management.?" 22 Additionally, CSS
is thought to have anti-inflammatory properties
that may further reduce postoperative pain
and inflammation, thereby improving patient
recovery and outcomes. This is supported by its
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demonstrated efficacy in reducing pain and post-
micturition symptoms in patients with refractory
chronic prostatitis.?®> It is also employed in
other clinical specialties, such as urology and
otolaryngology. Preliminary evidence from total
knee arthroplasty (TKA) suggests that combining
TXA with CSS can reduce perioperative blood
loss without increasing thromboembolic risk.?

However, the effects of this combination in
THA have not been extensively studied. This
meta-analysis aimed to evaluate the efficacy and
safety of combining CSS with TXA for reducing
perioperative blood loss in patients undergoing
THA. By systematically analyzing data from
multiple studies, this research aimed to provide
robust evidence regarding the potential benefits
of this combined therapy. It was hypothesized
that adding CSS to TXA would significantly
reduce both visible and hidden blood loss, as
well as postoperative pain and inflammation,
compared to TXA alone.

Materials and Methods

This systematic review and meta-analysis was
conducted and reported in accordance with the
PRISMA statement guidelines.? All steps were
done in strict accordance with the Cochrane
Handbook of Systematic Reviews and Meta-
analysis of Interventions.?® The study protocol
was registered on PROSPERO (Reg Number:
CRD42024567072).

Eligibility Criteria

Studies were included in our review if they
satisfied the following criteria:

Population:  Studies involving patients
diagnosed with hip osteoarthritis or femoral
head necrosis and scheduled for unilateral
primary THA.

Intervention: Studies where the experimental
group received combined CSS and TXA
treatment.

Comparator: Studies where the control group
received TXA plus a placebo or TXA alone.

Outcome: Studies reporting at least one
of the following outcomes: total blood loss
(TBL), HBL, intraoperative blood loss (IBL),
mean hemoglobin (Hb) reduction, inflammatory
marker levels (erythrocyte sedimentation
rate [ESR], C-reactive protein [CRP], and
interleukin-6 [IL-6]), visual analogue scale (VAS)
pain score, length of hospital stay, transfusion
rate, incidence of wound complications, and
incidence of venous thromboembolism (VTE),
and other complications.

Study Design: Comparative controlled trials
in which patients were allocated to receive either
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combined CSS and TXA treatment or TXA plus
a placebo or TXA alone. Both double-blinded
and open-label studies were considered.

We excluded studies with data that were
not reliable for extraction and analysis, clinical
trials on antifibrinolytics other than CSS, studies
on surgeries other than THA, studies reported
only as abstracts or theses, and studies whose
complete full-texts were unavailable.

Information Sources and Search Strategy

A comprehensive search of four electronic
databases (MEDLINE via PubMed, Scopus,
Web of Science, and Cochrane Central
Register of Controlled Trials) was conducted
from their inception until 22 May 2024.
The search used the following query:
(“adrenochromazone” OR “Adrenochrome” OR
“Adona” OR “Carbazochrome” OR “CSS” OR

Table 1: Summary of the studies included in this systematic review and meta-analysis

Study Study Population Sample Groups Dose and route Main findings
ID Design size (all
groups)
Luo RCT All patients 200 CSS+TXA IV 1,000 mg TXA was injected  CSS during
2021% diagnosed before skin incision, 40 mg CSS or after THA
with hip around the joint capsule prior lowered TBL,
osteoarthritis to closure, and IV 60 mg CSS 3 transfusion rates,
or femoral hours following surgery. postoperative
head CSS TXA+placebo IV 1,000 mg TXA was pain, and
necrosis, and administered prior to skin inflammatory
scheduled incision, and 40 mg CSSwas ~ markers
for unilateral injected around the joint capsule compared
primary THA prior to closure. IV 60 mg CSS  to placebo.
was injected 3 hours following ~ Moreover, hip
surgeries, and a placebo was ~ flexion was
given 3 hours after surgeries. better. CSS
CSS+TXA+placebo 1V 1,000 mg of TXA was IEYS did not
administered before skin incision, 'M¢r€ase VTE_' v
a placebo was injected around Y‘”_th (_:SS topical
the joint capsule intraoperatively, |nje_ct|on “?duced
and 60 mg of IV CSS was PEIEEERIE
delivered 3 h following surgeries. tbhloodl\llosscr:nsc)ée
TXA+placebo IV 1,000 mg TXA was injected alsr:e or
before skin incision, placebo '
throughout surgeries, and
placebo 3 hours postoperatively.
Luo RCT All patients 150 CSS+TXA+normal IV 1 gof TXA (100 mL) was CSS plus TXA
202230 diagnosed saline administered 5 min prior to reduced blood
with hip the skin incision, and 60 mL of  loss more than
osteoarthritis mixed fluid (40 mg CSS+60 mL  TXA alone after
or femoral saline [0.9% normal saline]) was THA. CSS and
head injected around and within the TXA improved
necrosis joint capsule prior to closing it. ~ postoperative hip
(Ficat TXA+placebo IV 1gof TXAwas given 5min  Pain and reduced
llor V) prior to the skin incision, and 60  inflammatory
scheduled mL of mixed fluid (40 mg placebo factors better
for unilateral [g|ucose powder]+60 mL saline) than TXA alone.
primary was injected around the joint
total hip capsule prior to closing it.
arthroplasty Normal IV 100 mL (0.9% normal saline)
using DAA. saline+placebo was injected 5 min prior to
the skin incision, and 60 mL
mixed fluid (containing 40 mg
placebo+60 mL normal saline)
was topically administered.
Ye Prospective, Patients 100 CSS+TXA IV 1000 mg of TXA was CSS, coupled with
2023% double- diagnosed injected, and IV 40 mg of CSS TXA, reduced
blind, RCT  with was injected within 3 h after postoperative
osteoarthritis surgery. blood loss and
of the hip or TXA+placebo IV 1000 mg of TXA was injected inflammation in
femoral head +40 mg of p|acebo was received DAA-THA patients.
necrosis after surgery. VTE and its related
(Ficat stage complications did
B or V) not increase

with CSS.

THA: Total hip arthroplasty; CSS: Carbazochrome sodium sulfonate; TXA: Tranexamic acid; DAA: Direct anterior approach;
VTE: Venous thromboembolism; TBL: Total blood loss; IV: Intravenous; RCT: Randomized controlled trial
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“Adrenochrome semicarbazone” OR “Adrenoxyl”
OR “Adrenosem” OR “AC-17" OR “Adchnon”
OR “Carbazocromo”) AND (“Hip Replacement”
OR “Hip arthroplasty” OR “hip Arthroplasties”
OR “Hip Prosthesis Implantation” OR “THR”
OR “Hip resurfacing” OR “Hip reconstruction
surgery”). Furthermore, the references of the
included studies were manually searched for
any additional eligible studies.

The detailed search strategy for each
database and the results are presented in
supplementary table 1.

Selection Process

Duplicates were removed using EndNote
version 20 (Clarivate Analytics, PA, USA).
The retrieved references were screened in
two steps. First, the titles and abstracts of all
identified articles were screened independently
by four authors (MW, ME, MH, AE) to assess
their relevance to this meta-analysis. Second,
the full-text articles of the selected abstracts
were independently screened by the same four
authors for final eligibility. The selection process
was conducted using the Rayyan website.?’

Data Collection Process and Data Items

Data were extracted into a uniform data
extraction sheet. The extracted data included:
1) Characteristics of the included studies
(study ID, study design, population, sample
size, groups, dose and route, main findings),
2) Characteristics of the population in the included
studies (age, sex, body mass index [BMI],
operated side, diagnosis, American Society of
Anesthesiologists [ASA] score, preoperative Hb,
preoperative Platelet count [PLT], preoperative
international normalized ratio (INR) preoperative,
Hct, PT, aPTT, D-dimer), 3) Risk of bias
domains, and 4) Outcome measures (TBL, HBL,
IBL, mean Hb reduction, inflammatory marker
levels [ESR, CRP, IL-6], VAS pain score, length
of hospital stay, transfusion rate, incidence of
wound complications, and incidence of VTE,
and other complications).

Assessing the Risk of Bias in the Individual
Studies

As all included studies were randomized
controlled trials (RCTs), we used the Cochrane
Risk of Bias 2 (ROB2) assessment tool.?® This
tool evaluates the following domains: bias
arising from the randomization process, bias
due to deviations from intended interventions,
bias due to missing outcome data, bias in
the measurement of the outcome, bias in the
selection of the reported result, and other biases.
The authors’ judgments for each domain were
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categorized as “low risk”, “high risk”, or “some
concerns” of bias.

Publication Bias

In the present study, we could not assess
the publication bias using the Egger test for
funnel plot asymmetry, as according to Egger
and colleagues,?® publication bias assessment
is unreliable when fewer than 10 studies are
pooled.

Effect Measures

In this meta-analysis, we considered the
following outcome measures:

1. TBL (mL) was calculated as follows:
TBL=Patient’s blood volume (PBV)x(Hctpre-
Hctpost)/Hctave. PBV (mL)=[k1xheight (m)
x3+k2xwhiegt (kg)+k3]x1000, where k1=0.3669,
k2=0.03219, and k3=0.6041 for male patients
and k1=0.3561, k2=0.03308, and k3=0.1833
for female patients. In the presence of blood
transfusions or allogeneic transfusions, the
transfused volume was added to the calculated
blood loss. The effect size for the TBL is
expressed as the mean difference (MD).

2. IBL (mL) was calculated as the fluid volume
in the negative-pressure suction tank plus the
weight gain of the surgical gauze. The effect size
for the IBL is expressed as MD.

3. HBL (mL) was defined as TBL minus IBL.
The effect size for the HBL is expressed as MD.

4. Additional outcome measures, including
mean Hb reduction, inflammatory marker levels
(ESR, CRP, IL-6), VAS pain score, and length
of hospital stay, were expressed as the MD
between the two study groups from the baseline
until the endpoint.

5. For the transfusion rate and incidence of
complications, the effect size was expressed as
the relative risk (RR).

Synthesis Methods

For categorical variables, the RR was
calculated to estimate the effect size and
compare the intervention and control groups.
For continuous variables, the MD was calculated
to assess the difference in outcome measures.

If no significant heterogeneity was present,
a fixed-effect model meta-analysis was utilized.
In the presence of significant heterogeneity,
the pooled effect size was calculated using the
DerSimonian and Laird random-effects model.
This model assumes that the included studies
represent a random sample from the population,
gives slightly more weight to smaller studies,
and provides more conservative estimates by
incorporating potential inconsistencies among
studies.
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Statistical heterogeneity was evaluated
using the Chi square test (Cochrane Q),
and the I? was calculated using the formula:
12=((Q-df)/Q)*x100%

A Chi square P<0.1 and an 1?250% were
consideredindicative of significantheterogeneity.

To assess the robustness of the results, a
sensitivity analysis (leave-one-out method) was
performed for each outcome by sequentially
removing one study at a time.

All statistical analyses were performed using
Review Manager (RevMan) software, version
5.4 (The Cochrane Collaboration, Copenhagen,
Denmark).

Literature Search Results

Our literature search retrieved 72 records.
Following title and abstract screening, six
articles were eligible for full-text assessment.

Of these, three studies were included in the
meta-analysis.’*-*2 The references of the
included studies were manually searched, and
no further articles were included. The PRISMA
flow diagram of the study selection process is
presented in figure 1.

Characteristics of the Included Studies

Three studies, involving a total of 450
patients undergoing THA, were included in
the meta-analysis. In all studies, patients
were assigned to receive either CSS+TXA
or TXA+placebo or TXA only. A summary
and baseline characteristics of the included
studies are provided in tables 1 and 2,
respectively. According to the Cochrane
ROB2 assessment tool, the risk of bias was
assessed as “low” for two studies (Luo 2021,
Luo 2022),% 3 and as presenting “some
concern” in one study (Ye 2023),%2 as shown
in figure 2 A, B.

Identification of studies via databases and registers

Records identified from:
PubMed: (n=23)
Scopus: (n=17)
Web of Science: (n=22)
Cochrane Library: (n=10)

Identification

Total: (n=72)

Duplicate records removed:

Records screened:
(n=47)

A

(n=25)

Records excluded:

v

Screening

Reports assessed for eligibility:
(n=6)

(n=41)

Studies included in review:
(n=3)
Reports of included in the meta-
analysis:
(n=3)

Included

»| Reports excluded: (n=3)
Not our population: (n=1)
Only registration: (n=2)

Figure 1: The PRISMA flow diagram shows the study screening and selection process.
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Risk of bias domains

@ Low risk

! Some concerns

@ Highrisk

D1 Randomisation process
D2 Deviations from the intended interventions
B
As percentage (intention-to-treat)
Overall Bias [Ty
Selection of the reported result

Measurement of the outcome
Mising outcome data
Deviations from intended interventions

Randomization process

(=]

10 20

40 50 60 70 80 90 100

m Low risk Some concerns M High risk

Figure 2: Assessment of risk of bias in the included randomized controlled trials was performed using the Cochrane Risk
of Bias 2 (ROB2) tool. (A) Risk of bias judgments for each study. (B) Summary of the proportion of studies with low, some

concerns, or high risk of bias across all domains.

Total Blood Loss

Three studies reported TBL in a total of
300 patients. The overall MD showed that
the CSS+TXA group was associated with a
significantly lower amount of TBL than the
TXA+Placebo group (MD=-270.23 mL; 95% CI:[-
344.43,-196.03]; P<0.001; figure 3A). The pooled
studies were homogenous (P=0.99; 12=0%)

Hidden Blood Loss

Three studies reported TBL in a total of 300
patients. The overall MD showed thatthe CSS+TXA
group was associated with a significantly lower
amount of HBL than the TXA+Placebo group
(MD=-269.09 mL; 95% CI: [-344.09, -194.91];
P<0.001; figure 3B). The pooled studies were
homogenous (P=0.99; 1°=0%).

Intraoperative Blood Loss

Three studies reported IBL in a total of 300
patients. The overall MD between the CSS+TXA
group andthe TXA+Placebo group showed anon-
statistically significant difference (MD=-82 mL;
95% CI: [-3.94, 2.30]; P=0.61; figure 3C). The
pooled studies were homogenous (P=0.63;
12=0%).

166

Transfusion Rate

Three studies, involving a total of 300
patients, were included in this analysis. The
overall RR between the CSS+TXA group had
a significantly lower transfusion rate than the
TXA+Placebo group (RR=0.10; 95%CI: [0.02,
0.51]; P=0.006; figure 3D). The pooled studies
were homogeneous (P=0.86; 1°=0%).

Length of Hospital Stay (LOS)

Three studies, involving a total of 300 patients,
were included in this analysis. Although there was
a tendency towards favoring the CSS+TXA group
over the TXA+Placebo group, the difference was
not statistically significant (MD=-0.09 day; 95%
ClI: [-0.27-0.08]; P=0.29); figure 4A). The pooled
studies were homogenous (P=0.97; 1>=0%).

Operating Time

Three studies, involving a total of 300 patients,
were included in this analysis. Although there was
a tendency towards favoring the CSS+TXA group
over the TXA+Placebo group, the difference was
not statistically significant (MD=-1.71 min; 95%
Cl: [-4.73-1.31]; P=0.27; figure 4B). The pooled
studies were homogenous (P=0.84; 1°=0%).
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A

CSS+TXA TXA + Placebo Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Luo 2021 791 281 50 1,065 318 50 398% -274.00[391.63,-156.37] —

Luo 2022 66884 23095 50 94096 35322 50 39.3% -272.12[320.49,-153.79] _—

Ye 2023 8761 3902 50 1,1356 4363 50 209% -259.50[-421.74,-97.26] ——

Total (95% CI) 150 150 100.0% -270.23 [-344.43,-196.03) i

Heterogeneity. Chi*= 0.02, 7= 2 (P = 0.99), F= 0% : ¥ t

-500 -250 250 500

Testfor overall effect Z=7.14 (P < 0.00001) Favours [CSS + TXA] Favours [TXA + Placebo)
CSS+TXA TXA + Placedbo Mean Ditference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV. Fixed, 95% CI V. Fixed, 95% CI

Luo 2021 639 282 50 914 322 50 395% -27500[-39364,-156.36) —_—

Luo 2022 55317 23628 50 82363 35906 50 39.2% -270.46[-389.60,-151.32) —_—

Ye 2023 7691 3903 50 1,0266 4336 50 213% -257.50[419.20,-9580)

Total (95% CI) 150 150 100.0% -269.50 [-344.09, -194.91) i

Heterogeneity. Chi*= 0.03, ¢f= 2 (P = 0.99); "= 0% + + + +

Testfor overall eflect Z= 7.08 (P < 0.00001) qu;f?gs‘s'fgmbpav;f?s rr§3\°. Placebo)

CSS+TXA TXA + Placebo Mean Difference Mean Ditference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Luo 2021 159.283 18.11 50 157.173 18968 50 184% 2.11[5.16,9.38]

Luo 2022 11567 1547 50 11616 1448 50 282% -0.49[6.36,5.38] E—

Ye 2023 107 107 50 109 111 50 533% -2.00[-6.27,227] —aT

Total (95% CI) 150 150 100.0% -0.82[-3.94,2.30] -’-

Heterogeneity. Chi*= 0.93, df= 2 (P = 0.63); "= 0% -I=0 _35 3 é 130

Testfor overall eflect Z= 0.51 (P = 0.61) Favours [CSS « TXA] Favours [TXA « Placebo]

CSS+TXA TXA + Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M.H, Fixed, 95% CI

Luo 2021 0 50 7 50 48.4% 0.07 (0.00, 1.14] =

Luo 2022 0 50 2 50 16.1% 0.20 [0.01, 4.06)

Ye 2023 0 50 5 50 35.5% 0.09 [0.01, 1.60) L

Total (95% Cl) 150 150 100.0%  0.10[0.02, 0.51) e

Total events 1] 14

Heterogeneity: Chi*= 0.29, df= 2 (P = 0.86), F= 0% t t 4 4

0.002 0.1 10 500
Testfor overall effect: Z= 2.76 (P = 0.006) Favours [CSS + TXA] Favours [TXA + Placebo)

Figure 3: Forest plot of meta-analysis shows the comparison of combined CSS and TXA with TXA alone (placebo control)
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Mean Hemoglobin Reduction

Two studies, involving a total of 200 patients,
were included in this analysis. Although
there was a tendency towards favoring the
CSS+TXA group over the TXA+Placebo group,
the difference was not statistically significant
(MD=-3.23 g/dL; 95% CI: [-8.73, 2.28]; P=0.25;
figure 4C). The pooled studies were not
homogeneous (P=0.001; 12=91%).

Visual Analogue Scale Score
Two studies, involving a total of 200 patients,

reported VAS scores. The overall MD showed
that the CSS+TXA group was associated with a
significantly lower VAS score at postoperative
day 1 (POD1) (MD=-0.42; 95% CI: [-0.57,
-0.27]; P<0.001) and POD2 (MD=-0.41; 95% CI:
[-0.55, -0.26]; P<0.001). However, no significant
difference was observed at POD3 (MD=-0.07;
95% CI: [-0.41, 0.28]; P=0.25); figure 5A). No
heterogeneity was detected between studies
for POD1 and POD2 (P>0.1; 12<50%). However,
significant heterogeneity was present in POD3
(P=0.001; 1?=90%).
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Figure 5: The Forest plot of meta-analysis shows the comparison of CSS plus TXA versus TXA plus placebo groups regarding
: Visual analogue scale (VAS), B: C-reactive protein (CRP), and C: Interleukin-6 (IL6) levels. CSS: Carbazochrome sodium|

sulfonate; TXA: Tranexamic acid; SD: Standard deviation; Cl: Confidence interval; IV: Inverse variance method; RR: Risk ratio
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C-Reactive Protein

Two studies, involving a total of 200 patients,
reported CRP levels. The overall MD showed a
statistically significant decrease in CRP in the
CSS+TXA group compared to the TXA+Placebo
group in POD1 (MD=-22.01 mg/L; 95%CI: [-36.32,
-7.71]; P=0.003), POD2 (MD=-33.14 mg/L; 95%Cl:
[-45.75, -20.53]; P<0.001), and POD3 (MD=-
28.04 mg/L; 95%CI: [-36.79, -19.29]; P<0.001;
figure 5B). Heterogenicity was detected between
studies for POD1 (P=0.0002; I1>=93%) and POD2
(P=0.07; 1>=69%). However, no heterogeneity
was detected in POD3 (P=0.11; 1°=61%).

Interleukin-6

Two studies, involving a total of 200 patients,
reported IL-6 levels. The overall MD showed a
significantly lower IL-6 in the CSS+TXA group
than the TXA+Placebo group at postoperative
day 2 (POD2) (MD=-32.69; 95% CI:-52.36 to
-13.02; P=0.001) and at POD3 (MD = -24.46;
95% CI: -34.38 to -14.53; P<0.001; figure 5C).
The difference at POD1 did not reach statistical
significance (MD=-50.98; 95% CI: -111.84 t0 9.89;
P=0.10). Heterogenicity was detected between
studies for POD1 (P<0.0001; 12=99%), POD2
(P=0.006; 1>=87%), and POD3 (P=0.04; 1>=77%).

Complications

Wound complications: Three studies,
involving a total of 300 patients, were included
in this analysis. The overall RR showed no
significant difference in wound complications
between the CSS+TXA group and the
TXA+Placebo group (RR=0.89; 95% CI: [0.36,
2.21]; P=0.80; figure 1, supplementary file).
The pooled studies were homogenous (P=0.22;
12=32%). No cases of superficial infection,
superficial wound necrosis, or deep infection
were reported across the three studies.

Cardiovascular System Complications
Intermuscular Venous Thrombosis: Two
studies, involving a total of 200 patients,
were included in this analysis. The overall
RR showed no significant difference in the
incidence of intramuscular venous thrombosis
(IMVT) between the CSS+TXA group and the
TXA+Placebo group (RR=1.00; 95% CI: [0.47,
2.12]; P=1.00; figure 1, supplementary file). The
pooled studies were homogenous (P=0.66;
12=0%). No other cardiovascular system (CVS)
complications, such as deep vein thrombosis
(DVT), pulmonary embolism (PE), or myocardial
infarction (Ml), were reported.

Other Complications: No neurological
complications, such as epilepsy or stroke, were
detected among patients in either group, as
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reported by Luo and others.*’

Regarding nausea, Ye and others reported
that five cases were affected in the CSS+TXA
group, compared to seven cases in the
TXA+Placebo group.®?

Regarding vertigo, Ye and others reported that
five cases were affected in the CSS+TXA group,
compared to six cases in the TXA+Placebo
group.®?

Ye and colleagues reported no cases of
urticaria or muscle cramps in either group.®?
The safety profile across the different studies is
summarized in supplementary table 2.

This meta-analysis provided valuable insights
into the combined utilization of CSS and TXA
for reducing blood loss in THA surgeries. By
systematically evaluating and synthesizing data
from multiple studies, the present research
highlighted the potential benefits of integrating
CSS with TXA to improve surgical outcomes.
This study addressed a significant gap in
the literature, as previous research primarily
focused on the individual effects of TXA, with
limited attention given to combination therapy
with CSS.

The present meta-analysis included three
studies with a total of 450 participants. The
analysis revealed that the addition of CSS to TXA
significantly reduced perioperative blood loss
compared to TXA alone. The combined therapy
also demonstrated a lower need for blood
transfusions and a reduction in postoperative
inflammatory markers. The incidence of
thromboembolic events and other complications
did not increase with the addition of CSS,
indicating that the combination therapy is both
effective and safe for patients undergoing THA.

The significant decrease in perioperative
blood loss observed with the combination
of CSS and TXA could be attributed to the
synergistic effects of these two agents. TXA
is well known for its antifibrinolytic properties,
which inhibit the breakdown of fibrin clots by
blocking the conversion of plasminogen to
plasmin.® This action effectively stabilizes blood
clots and reduces bleeding during and after
surgery.® %2 CSS, on the other hand, enhances
the hemostatic process through multiple
mechanisms. First, CSS strengthens capillary
walls and reduces capillary permeability, thereby
minimizing blood loss from microvascular
injury.?" 22 Second, CSS promotes platelet
function and aggregation, which enhances
the formation and stability of the initial platelet
plug during the early stages of clot formation.33
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These mechanisms work in tandem with TXA’s
antifibrinolytic properties to provide a more
comprehensive hemostatic effect.

The reductionin HBL is particularly noteworthy.
HBL, which includes blood loss into tissue spaces
and joint cavities that is not immediately apparent,
often contributes significantly to the overall blood
loss after THA.'® By stabilizing the capillary walls
and enhancing clot stability, the combined use
of CSS and TXA effectively reduces this hidden
component of blood loss more than TXA alone.
While TXA has been reported to reduce the HBL
in THA,** the combination with CSS resulted in a
greater reduction.

The decrease in postoperative inflammatory
markers, including CRP and IL-6, observed in
our analysis, suggested that CSS also exerts
anti-inflammatory effects. By reducing the
inflammatory response, CSS might help to
minimize tissue edema and pain, contributing
to improved postoperative recovery. The lower
VAS pain scores in the groups receiving CSS
support this hypothesis, indicating that patients
experience less postoperative discomfort
and may have better functional outcomes
during rehabilitation. Furthermore, HBL often
accumulates in third spaces, such as joint
cavities,'® leading to postoperative inflammation
and pain. Reducing HBL can therefore decrease
postoperative inflammation and pain, which may
explain the lower inflammation levels and pain
scores observed in the group receiving CSS
and TXA than the TXA-alone group. Moreover,
CSS can decrease capillary permeability,?' 22
which may lead to a reduction in the production
and release of inflammatory factors. Although
the relationship between levels of inflammatory
factors and clinical outcomes is multifaceted,%-%"
the notable disparities in inflammatory factor
levels observed between the groups are evident
in clinical outcomes, including pain scores.

The included studies varied in CSS
dosing (40-60 mg) and administration routes
(intravenous versus topical). In addition, surgical
approaches were not uniform, with some studies
using the direct anterior technique while others
employed posterior or lateral approaches. These
factors introduce clinical heterogeneity and may
influence the pooled effect estimates.

The non-significant impact on intraoperative
blood loss, length of hospital stays, and operating
time suggests that the primary benefits of the
combined therapy are realized postoperatively,3®
rather than during the surgical procedure itself.
This finding aligned with the pharmacological
profiles of TXA and CSS, as their effects were
more pronounced in the stabilization of clots and
reduction of inflammation following the initial
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surgical insult. Additionally, although TBL and
HBL were significantly reduced in the CSS+TXA
group, no significant difference was observed in
Hb reduction. This apparent discrepancy might
be due to several factors. First, perioperative
fluid administration might lead to hemodilution,
obscuring the actual Hb reduction. Second,
the timing of postoperative Hb measurement
varied across studies, which could influence the
measured nadir. Third, differences in transfusion
thresholds and clinical decision-making might
have affected the degree of Hb drop observed.
These factors could limit the sensitivity of Hb
levels as a sole marker of true blood loss in this
context.

Our findings were in agreement with and
extend the results of previous meta-analyses
focused solely on TXA in THA. Previous meta-
analyses have consistently demonstrated that
TXA significantly reduces TBL, transfusion rates,
and postoperative inflammatory markers when
used alone. For instance, a meta-analysis by
Yoon and colleagues reported that TXA efficiently
decreased TBL and the need for transfusions
without increasing the risk of thromboembolic
events.” Similarly, a study by Qi and colleagues
compared oral and intravenous TXA in THA and
found no significant difference in TBL between
the two methods. However, both methods
effectively reduced blood loss and transfusion
rates compared to placebo, underscoring the
efficacy of TXA in managing perioperative
bleeding.”? Another meta-analysis by Sun and
colleagues assessed the effects of intravenous,
topical, and combined TXA administration.”
This study confirmed that all methods reduced
TBL and transfusion rates, with combined
administration showing superior efficacy. It
also highlighted that TXA did not elevate the
risk of thromboembolic events, aligning with
our findings on the safety of the combined
CSS and TXA therapy. Furthermore, Chen and
colleagues reported a meta-analysis focused
on the efficacy of topical TXA in THA.3® The
study reported significant reductions in TBL and
transfusion rates with topical TXA compared to
placebo, without an increase in thromboembolic
complications. This finding supported the notion
that localized administration of hemostatic
agents could be highly effective and safe.*°

The present meta-analysis is unique in that
it evaluated the additional benefit of combining
TXA with CSS. While TXA alone was shown
to be effective, our findings indicated that the
addition of CSS provided a further reduction in
TBL and HBL, as well as enhanced control of
postoperative inflammation. This combination
therapy appears to offer superior hemostatic
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and anti-inflammatory benefits compared to
TXA alone.

In terms of safety, both our study and previous
meta-analyses of TXA found no significant
increase in the incidence of thromboembolic
events or other major complications.” 1% 3 This
consistency across studies supported the safety
profile of TXA, both alone and in combination
with CSS, for patients undergoing THA.

The findings of the present study are
particularly relevant in the context of hidden
blood loss. Previous studies, such as that by
Good and colleagues, highlighted that TXA
alone was less effective at controlling HBL
than visible blood loss.”® Our meta-analysis
demonstrated that the combination of CSS and
TXA addressed this limitation, offering a more
comprehensive reduction in blood loss, including
the hidden component.

Additionally, the reduction in postoperative
pain and inflammation observed with the
combined therapy has important clinical
implications. While previous meta-analyses
reported mixed results regarding the impact of
TXA on postoperative pain and inflammation,
the present study provided clear evidence that
the addition of CSS to TXA not only enhanced
hemostasis but also contributed to better
postoperative pain management and a reduced
inflammatory response. This might lead to
improved patient satisfaction and faster recovery
times.

Moreover, regarding similar surgeries,
several studies observed that the combination of
CSS and TXA significantly reduced blood loss
in total knee arthroplasty, which also supported
our findings.?4 4142

Our results supported the adoption of
combined CSS and TXA therapy as a standard
practice in THA surgeries to minimize blood loss
and improve patient outcomes. Future research
should focus on long-term outcomes associated
with this therapy, including functional recovery and
quality of life. Further studies could also explore
the optimal dosages and administration protocols
for maximizing the benefits of the combined
therapy while minimizing any potential risks.

The strength of this meta-analysis lied
in its rigorous methodology, including a
comprehensive literature search, strict inclusion
criteria, robust statistical analysis, and the
inclusion of only RCTs. However, limitations
included potential heterogeneity among the
included studies regarding patient populations,
surgical techniques, administration route,
doses, and timing. Additionally, the relatively
small number of studies available for inclusion,
along with the small sample size in each study,
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did not allow for evaluation of publication bias.
This also limited the generalizability of our
findings and highlighted the need for further
research to confirm and expand upon our
findings. Furthermore, baseline data such
as comorbidities and ASA scores were not
consistently reported across all studies, limiting
the assessment of patient comparability. Data on
D-dimer levels and thromboembolic events were
also incompletely reported, which restricted a
full evaluation of the safety profile of CSS.

Based on our findings, we recommend
incorporating combined CSS and TXA therapy
into THA surgical protocols to decrease
perioperative blood loss and enhance patient
outcomes. Surgeons and healthcare providers
might consider this combination therapy,
especially for patients at high risk of bleeding.
While the included studies did not report long-
term functional outcomes (e.g., Harris Hip
Score) or prosthetic complications, the present
meta-analysis assessed a wide range of short-
term clinical outcomes, including blood loss
parameters, pain scores, inflammatory markers,
transfusion needs, and complication rates.
These results provided important insights into
the early perioperative phase. Future trials
with extended follow-up would be important to
assess sustained benefits and long-term safety.
Additionally, future research should aim to
address the limitations identified in this study and
explore additional benefits and potential risks of
this therapy in diverse patient populations.

Conclusion

In conclusion, the combination of CSS and TXA
significantly reduces TBL (by approximately
270 mL) and HBL (by approximately 269 mL),
transfusion rates, postoperative pain, and
inflammation markers, making it a promising
adjunctive therapy in THA. However, it did not
significantly impact intraoperative blood loss,
length of hospital stay, operating time, or mean
Hb reduction. The findings highlighted the
potential benefits of CSS and TXA therapy while
underscoring the need for further research to
confirm these results and explore the underlying
mechanisms. Future studies should focus on
larger, more diverse populations, and long-term
outcomes to fully establish the efficacy and
safety of this combination therapy.
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