
World Journal of
Clinical Cases

World J Clin Cases  2019 June 6; 7(11): 1242-1366

ISSN 2307-8960 (online)

Published by Baishideng Publishing Group Inc



W J C C World Journal of
Clinical Cases

Contents Semimonthly  Volume 7  Number 11  June 6, 2019

MINIREVIEWS
1242 Radiation therapy for extrahepatic bile duct cancer: Current evidences and future perspectives

Koo T, Park HJ, Kim K

1253 Antibiotics and immunotherapy in gastrointestinal tumors: Friend or foe?
Yan C, Tu XX, Wu W, Tong Z, Liu LL, Zheng Y, Jiang WQ, Zhao P, Fang WJ, Zhang HY

ORIGINAL ARTICLE

Basic Study

1262 Elevated levels of interleukin-1β, interleukin-6, tumor necrosis factor-α and vascular endothelial growth

factor in patients with knee articular cartilage injury
Wang ZW, Chen L, Hao XR, Qu ZA, Huang SB, Ma XJ, Wang JC, Wang WM

Retrospective Cohort Study

1270 Anti-hepatitis C virus therapy in chronic kidney disease patients improves long-term renal and patient

survivals
Chen YC, Li CY, Tsai SJ, Chen YC

Observational Study

1282 Clinical  features  of  syphilitic  myelitis  with  longitudinally  extensive  myelopathy  on  spinal  magnetic

resonance imaging
Yuan JL, Wang WX, Hu WL

Prospective Study

1291 Application of pulse index continuous cardiac output system in elderly patients with acute myocardial

infarction complicated by cardiogenic shock: A prospective randomized study
Zhang YB, Zhang ZZ, Li JX, Wang YH, Zhang WL, Tian XL, Han YF, Yang M, Liu Y

META-ANALYSIS
1302 Efficacy and safety of tranexamic acid in elderly patients with intertrochanteric fracture: An updated meta-

analysis
Zhou XD, Li J, Fan GM, Huang Y, Xu NW

CASE REPORT
1315 Lupus enteritis as the only active manifestation of systemic lupus erythematosus: A case report

Gonzalez A, Wadhwa V, Salomon F, Kaur J, Castro FJ

WJCC https://www.wjgnet.com June 6, 2019 Volume 7 Issue 11I

https://www.wjgnet.com


Contents
World Journal of Clinical Cases

Volume 7  Number 11  June 6, 2019

1323 Development of a biliary multi-hole self-expandable metallic stent for bile tract diseases: A case report
Kobayashi M

1330 Paraneoplastic leukemoid reaction in a patient with sarcomatoid hepatocellular carcinoma: A case report
Hu B, Sang XT, Yang XB

1337 Multiple synchronous anorectal melanomas with different colors: A case report
Cai YT, Cao LC, Zhu CF, Zhao F, Tian BX, Guo SY

1344 Huge primary dedifferentiated pancreatic liposarcoma mimicking carcinosarcoma in a young female: A case

report
Liu Z, Fan WF, Li GC, Long J, Xu YH, Ma G

1351 A large basal cell adenoma extending to the ipsilateral skull base and mastoid in the right parotid gland: A

case report
Du LY, Weng XH, Shen ZY, Cheng B

1358 Novel ATL1 mutation in a Chinese family with hereditary spastic paraplegia: A case report and review of

literature
Xiao XW, Du J, Jiao B, Liao XX, Zhou L, Liu XX, Yuan ZH, Guo LN, Wang X, Shen L, Lin ZY

WJCC https://www.wjgnet.com June 6, 2019 Volume 7 Issue 11II



Contents
World Journal of Clinical Cases

Volume 7  Number 11  June 6, 2019

ABOUT COVER Editorial Board Member of World Journal of Clinical Cases, Kassem A Barada,
MD, Professor, Department of Internal Medicine, American University of
Beirut Medical Center, Beirut 110 72020, Lebanon

AIMS AND SCOPE World Journal of Clinical Cases (World J Clin Cases, WJCC, online ISSN 2307-
8960, DOI: 10.12998) is a peer-reviewed open access academic journal that
aims to guide clinical practice and improve diagnostic and therapeutic skills
of clinicians.
    The primary task of WJCC is to rapidly publish high-quality Case Report,
Clinical Management, Editorial, Field of Vision, Frontier, Medical Ethics,
Original Articles, Meta-Analysis, Minireviews, and Review, in the fields of
allergy, anesthesiology, cardiac medicine, clinical genetics, clinical
neurology, critical care, dentistry, dermatology, emergency medicine,
endocrinology, family medicine, gastroenterology and hepatology, etc.

INDEXING/ABSTRACTING The WJCC is now indexed in PubMed, PubMed Central, Science Citation Index

Expanded (also known as SciSearch®), and Journal Citation Reports/Science Edition.

The 2018 Edition of Journal Citation Reports cites the 2017 impact factor for WJCC

as 1.931 (5-year impact factor: N/A), ranking WJCC as 60 among 154 journals in

Medicine, General and Internal (quartile in category Q2).

RESPONSIBLE EDITORS
FOR THIS ISSUE

Responsible Electronic Editor: Yan-Xia Xing Proofing Editorial Office Director: Jin-Lei Wang

NAME OF JOURNAL
World Journal of Clinical Cases

ISSN
ISSN 2307-8960 (online)

LAUNCH DATE
April 16, 2013

FREQUENCY
Semimonthly

EDITORS-IN-CHIEF
Dennis A Bloomfield, Sandro Vento

EDITORIAL BOARD MEMBERS
https://www.wjgnet.com/2307-8960/editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
June 6, 2019

COPYRIGHT
© 2019 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS
https://www.wjgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS
https://www.wjgnet.com/bpg/GerInfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
https://www.wjgnet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT
https://www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE
https://www.wjgnet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS
https://www.wjgnet.com/bpg/GerInfo/239

ONLINE SUBMISSION
https://www.f6publishing.com

© 2019 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

WJCC https://www.wjgnet.com June 6, 2019 Volume 7 Issue 11III

mailto:bpgoffice@wjgnet.com


W J C C World Journal of
Clinical Cases

Submit a Manuscript: https://www.f6publishing.com World J Clin Cases  2019 June 6; 7(11): 1302-1314

DOI: 10.12998/wjcc.v7.i11.1302 ISSN 2307-8960 (online)

META-ANALYSIS

Efficacy and safety of tranexamic acid in elderly patients with
intertrochanteric fracture: An updated meta-analysis

Xin-Die Zhou, Jin Li, Guo-Ming Fan, Yong Huang, Nan-Wei Xu

ORCID number: Xin-Die Zhou
(0000-0003-4948-0191); Jin Li
(0000-0003-1284-529X); Guo-Ming
Fan (0000-0003-4422-3663); Yong
Huang (0000-0003-1944-3656); Nan-
Wei Xu (0000-0001-6927-3312).

Author contributions: Zhou XD
and Li J contributed equally to this
work; Zhou XD, Huang Y, and Xu
NW designed the research; Zhou
XD, Li J, and Fan GM performed
the research; Zhou XD and Li J
contributed new reagents/analytic
tools; Zhou XD, Li J, and Xu NW
analyzed the data; and Zhou XD,
Li J, and Huang Y wrote the paper.

Supported by (in part) National
Natural Science Foundation of
China, No. 81702179; and Major
Scientific and Technological Project
of Changzhou Municipal
Commission of Health and Family
Planning, No. ZD201809.

Conflict-of-interest statement: The
authors declare that they have no
conflict of interest.

PRISMA 2009 Checklist statement:
The guidelines of the PRISMA 2009
Statement have been adopted.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and

Xin-Die Zhou, Yong Huang, Nan-Wei Xu, Department of Orthopedics, The Affiliated Changzhou
No. 2 People’s Hospital of Nanjing Medical University, Changzhou 213003, Jiangsu Province,
China

Jin Li, Guo-Ming Fan, Department of Orthopedic Surgery, the Second Affiliated Hospital of
Jiaxing University, Jiaxing 314000, Zhejiang Province, China

Corresponding author: Yong Huang, MD, Doctor, Full Professor, Department of Orthopedics,
The Affiliated Changzhou No. 2 People’s Hospital of Nanjing Medical University, Changzhou
213003, Jiangsu Province, China. huangyong@njmu.edu.cn
Telephone: +86-519-88123506
Fax: +86-519-88123506

Abstract
BACKGROUND
Intertrochanteric fracture (ITF) is a common type of injury, and nearly 30% of ITF
patients die in the first 12 mo, especially the elderly with limited activity.
Tranexamic acid (TXA) has been widely used in reducing traumatic and surgical
bleeding, however, the paucity of studies regarding its use in orthopedic trauma
surgery has limited its integration into this field, which may benefit most from
TXA. The safety of TXA in this group has not achieved a consensus.

AIM
This meta-analysis was designed to investigate the efficacy and safety of TXA in
elderly ITF patients undergoing surgery.

METHODS
Databases, including Medline and PubMed, were searched for randomized
controlled trials (RCTs) that were published before October 2018 and that
addressed the efficacy and safety of TXA in patients who underwent ITF surgery.
The Consolidated Standards of Reporting Trials 2010 Statement Checklist was
used to assess the methodological quality of each study. Trials without and with
heterogeneity were compared by fixed-effects analysis and random-effects
analysis, respectively. For each study, odds ratio (OR) and 95%CI and mean
differences and 95%CI were calculated for dichotomous and continuous
outcomes, respectively. The Power and Sample Size Program software was used
to calculate power and sample size. Stability of the results was assessed via
sensitivity analysis.

RESULTS
A total of 836 patients from eight RCTs were subjected to meta-analysis. TXA
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treatment compared with the control group significantly reduced postoperative
blood loss (95%CI, -20.83 to -7.93 mL, P < 0.0001), hidden blood loss (95%CI, -
213.67 to -64.43 mL, P = 0.0003), and total blood loss (95%CI, -332.49 to -23.18 mL,
P = 0.02) by weighted mean differences of -14.38, -139.05, and -177.83 mL,
respectively. However, no significant difference was observed between groups
for analysis of intraoperative blood loss. The meta-analysis also proved that the
usage of TXA in ITFs may not significantly increase the incidence of deep venous
thrombosis. Allogeneic blood transfusion data showed that significantly fewer
patients in the TXA group (42%) required transfusion than the control group
(95%CI, 0.36 to 0.69; P < 0.0001).

CONCLUSION
In ITF surgery, intravenous administration of TXA reduces the risk of hidden
blood loss and the need for allogeneic transfusion, without increasing thrombotic
risk.

Key words: Tranexamic acid; Intertrochanteric fracture; Blood loss; Randomized
controlled trial; Meta-analysis

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Intertrochanteric fracture (ITF) is a common type of injury in the elderly
population. Although minimally invasive surgical therapy has been routinely performed,
the overall blood loss volume may still be much larger than that observed. Tranexamic
acid (TXA) has been widely used in reducing surgical bleeding, however, the paucity of
studies regarding its use in ITF surgery has limited its integration into this field. Thus, in
order to investigate the efficacy and safety of TXA administration in elderly ITF
patients, we meta-analyzed the relevant literature regarding the potential risks and
benefits of TXA in ITF surgery.

Citation: Zhou XD, Li J, Fan GM, Huang Y, Xu NW. Efficacy and safety of tranexamic acid
in elderly patients with intertrochanteric fracture: An updated meta-analysis. World J Clin
Cases 2019; 7(11): 1302-1314
URL: https://www.wjgnet.com/2307-8960/full/v7/i11/1302.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i11.1302

INTRODUCTION
Hip fractures are a common type of injuries, but the incidence increases rapidly and
will  surpass  6.3  million  by  2050[1,2].  In  the  United  States,  more  than  250000  hip
fractures occur annually and mostly in the elderly, and the 1-year mortality rates
range from 14% to 36%, because of the frequently associated osteoporosis[3,4]. As one of
the two subgroups of hip fractures (the other subgroup is femoral neck factures),
nearly 30% of intertrochanteric fracture (ITF) patients die in the first 12 mo, especially
the elderly with limited activity[5]. The major problems for the high mortality are the
return to the preoperative level of activity and the dependence in daily routines[6].
Consequently, nearly half of these patients require assistance in daily living activities,
and  25%  need  long-term  care  after  treatments[7].  The  functional  outcomes  and
mortality are associated with several factors, especially perioperative anemia and
operative  blood  loss[8,9].  With  the  improvement  of  surgical  methods,  minimally
invasive surgical therapy has significantly reduced trauma with reliable efficacy.
However, the overall blood loss volume may be much larger than that observed. As
reported, the median total blood loss in patients with extra-capsular fracture of the
hip is 2100 mL[10].  To prevent and reduce the blood loss during the perioperative
period, researchers have proposed various methods, such as permissive hypotension,
topical freezing saline, thromboplastic agent, auto-transfusion devices, erythropoietin
administration, autologous blood transfusion, and anti-fibrinolytic agents[11-13]. Despite
the effectiveness, these methods are still faced by many defects.

Tranexamic acid (TXA), a synthetic derivative of amino acid lysine, competitively
inhibits the activation of plasminogen to plasmin, the serine protease, via binding to
Kringle domains. TXA is also a competitive inhibitor of tissue plasminogen activator

WJCC https://www.wjgnet.com June 6, 2019 Volume 7 Issue 11

Zhou XD et al. Tranexamic acid and intertrochanteric fracture

1303

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


via blocking the lysine-binding sites of plasminogen[14].  Nowadays, TXA has been
widely used in reducing traumatic and surgical bleeding[15]. A large trial involving
20,211 adult trauma patients reported that early administration of TXA safely and
effectively reduced the risk of death in bleeding trauma patients[16]. If TXA was given
to all patients with, or at risk of, traumatic bleeding, this would reduce the number of
deaths by 120000 per annum worldwide[16].  However,  the optimum time may be
within three hours, and otherwise, the treatment would be ineffective. Because of its
benefit  demonstrated  in  several  clinical  trials[17,18],  TXA  has  gained  interest  in
orthopedic and trauma surgery recently. Since significant investigations of its use in
joint replacement and spine surgery were reported[15,19], wide incorporation of TXA
into the everyday practice of these surgeons has been promoted. Large prospective
studies and meta-analyses demonstrate the effectiveness and safety of TXA in total
knee and hip arthroplasty[15,20]. Clinical trials prove that TXA is effective in reducing
blood loss in spine surgery without incremental risk or complications[21,22]. Although
the use of TXA in arthroplasty and spine surgery has been verified and extensively
studied, the paucity of studies regarding its use in orthopedic trauma has limited its
integration into this field, which may benefit most from TXA.

Recently, more studies focus on the use of TXA in hip fractures[10,23].  Lei et al[23]

reported that  TXA significantly  reduced postoperative hidden blood loss  in  ITF
patients undergoing proximal femoral nail  antirotation (PFNA). Tengberg et al[10]

found that TXA significantly reduced total blood loss in patients with extracapsular
hip fractures. However, the safety of TXA in this group has not achieved a consensus.
Thus,  in  order to  investigate  and help determine the efficacy and safety of  TXA
administration in reducing bleeding and transfusion in elderly ITF patients, we meta-
analyzed the relevant literature regarding the potential risks and benefits of TXA in
ITF surgery.

MATERIALS AND METHODS
This meta-analysis was performed according to the ‘Preferred Reporting Items for
Systematic Reviews and Meta-Analyses’[24].

Inclusion criteria and search strategy for meta-analysis
This meta-analysis evaluated randomized controlled trials (RCTs) that were published
in English and investigated the efficacy and safety of TXA both in and after operation.
Studies involving any type of fracture fixation were involved, while other types of
surgery including arthroscopy and hemiarthroplasty were excluded. Articles with the
diagnosis not being ITF were excluded. Studies providing only abstracts or protocols
were  excluded.  The  participants  were  adults  who  had  undergone  ITF  fixation,
regardless of the type or size of internal fixation material, anesthesia, postoperative
care, or different methods or doses of TXA administration. We searched Medline and
PubMed for the publications in English (up to October 2018), using the words of “hip
fracture”,  “intertrochanteric  fracture”,  and  “tranexamic  acid”,  as  well  as  their
extended words,  without  other  limits.  Full-texts  were  obtained  if  the  titles  and
abstracts did not allow us to include or exclude the studies.

Intervention and data extraction for outcomes
In the meta-analysis, different authors used the search strategy to independently scan
the titles and abstracts for appropriate articles. Duplicates were firstly removed on
Endnote X6. When any of the above vital information was uncertain, we retrieved the
full article for further scrutiny, or directly contacted the authors of individual trials to
acquire further information if necessary. The following data were extracted: (1) Name
of first author and publication time; (2) Demographics,  gender, and age of parti-
cipants; (3) Methods and doses of TXA administration; (4) Anesthesia; (5) Operative
methods and related information; (6) Follow-up time; (7) Blood loss; (8) Postoperative
hemoglobin (Hb) and hematocrit (Hct) changes; (9) Transfusion-related information;
and  (10)  All  kinds  of  complications.  The  extracted  data  were  then  entered
independently by two reviewers.  Any disagreement was solved by a con-sensus
through discussion with a review team. Primary outcomes including blood loss,
transfusion, and complications were estimated.

Validity assessment
Two of the authors independently assessed the methodological quality of each article
according to the Consolidated Standards of Reporting Trials 2010 Statement Checklist
(2010  CONSORT  statement)  for  RCTs[25],  and  the  scores  ranged  from  0  to  25.
Disagreements were resolved by discussion. The quality of evidence of outcomes was
judged according to the Grading of Recommendations Assessment, Development and
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Evaluation (GRADE) criteria, with five factors (risk of bias, inconsistency, indire-
ctness, imprecision, and publication bias) which may downgrade the quality level of
evidence. The recommendation level of evidence was classified into four categories:
High, moderate, low, or very low. High quality meant that further research was very
unlikely to change the confidence in the estimate of  the effect;  moderate quality
indicated  that  further  research  was  likely  to  have  an  important  impact  on  our
confidence in the estimate of the effect and could change the estimate; low quality
implied that further research was very likely to have an important impact on our
confidence in the estimate of the effect and was likely to change the estimate; and very
low quality indicated that we were very uncertain about the estimate[26].

Trial sequential analysis (TSA)
If the data is sparse, or if the test significance is repeated after adding a new trial, a
meta-analysis  may lead to type I  and type II  errors[27,28].  TSA is  analogous to the
interim analysis in a single trial in which the monitoring boundaries are performed to
determinate whether it is sufficient for the small value of P to demonstrate the desired
results and whether the study should be terminated in advance. Therefore, TSA relies
on quantification of the required information size, which can be calculated according
to the diversity-adjusted (D2) between trials: 5% risk of type I error, 20% risk of type II
error (a power of 80%), and relative risk reduction of 20% with low risk bias (using
the data of allele model).

As such, if the Z-curve crosses the TSA monitoring boundary before the required
information size is reached, a sufficient level of evidence may have been established
and further  trials  are  not  needed.  Otherwise,  continuous  trials  are  necessary  to
identify the issue.

Statistical analysis
To perform this meta-analysis, two reviewers independently pooled data from each
study for analysis using Review manager 5.0 (Cochrane Collaboration, Oxford, Eng-
land). Dichotomous and continuous data were entered as number of events and mean
± SD, respectively. Numerical data and measured data were compared by the t-test
and chi-squared test,  respectively.  Before  the  data  were  pooled,  statistical  hete-
rogeneity for each study was assessed by the chi-squared test with significance level
at P < 0.1, and quantified by I2[29]. The origin of heterogeneity, if present, was analyzed
according to differences in methodological quality, characteristics of participants, and
intervention. Trials without and with heterogeneity were compared by fixed-effects
analysis and random-effects analysis, respectively. For each study, odds ratio (OR)
and 95%CI and mean differences and 95%CI were calculated for dichotomous and
continuous outcomes, respectively. The Power and Sample Size Program software
was used to calculate power and sample size. The following parameters were used: α,
the type Ierror probability for a two-sided test; P0, the probability of exposure in
controls;  N,  the number of  case patients;  m,  the ratio  of  control  to  experimental
subjects; Ψ, odd ratio of exposure in cases relative to controls. Stability of the results
was assessed via sensitivity analysis. If the data was enough, subgroup analysis was
conducted to explore possible heterogeneity. P < 0.05 was considered as significance.

RESULTS
After a detailed evaluation, eight independent RCTs[10,23,30-35] with cumulatively 836
patients were included in the overall meta-analysis (Figure 1). Most of the RCTs were
relatively well-designed and their CONSORT adherence scores ranged from 19 to 24,
with a maximum score of 25. These eight trials were all focused on ITF patients, most
of who underwent intramedullary nail. The characteristics of the included studies are
summarized in Table 1,  and the methodological quality is illustrated in Figure 2.
Judgments  about  each  risk  of  bias  item are  presented  as  percentages  across  all
included  studies  (Figure  3).  Six  outcomes  in  this  meta-analysis  were  evaluated
utilizing the GRADE system, and all  of  them were important or critical,  and the
quality of the evidence was high for all of the six outcomes (Table 2).

Blood loss  was  one  of  the  main  outcomes  and reported  in  six  included stud-
ies[10,23,30-33].  TXA treatment compared with the control group significantly reduced
postoperative blood loss (95%CI, -20.83 to -7.93 mL, P < 0.0001, Figure 4A), hidden
blood loss (95%CI, -213.67 to -64.43 mL, P = 0.0003, Figure 4B), and total blood loss
(95%CI, -332.49 to -23.18 mL, P = 0.02, Figure 4C) by weighted mean differences of -
14.38, -139.05 and -177.83 mL, respectively. Four studies[10,23,30,32] including 309 patients
were eligible for analysis of intraoperative blood loss, but no significant difference
was observed between groups (Figure 4D).  Analysis  of  deep venous thrombosis
(DVT) from five studies[10,23,30,33,35] showed that the incidence rates of postoperative
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Table 1  Characteristic of included studies in meta-analysis

Study
and
year

Country Design TXA
group

Control
group

DVT
PPX

Sample
size
(cases/
contros)

No. of
females
(cases/
controls
, %)

Surgical
proce-
dure

Anesthe
sia
method

Draina-
ge

Transfu
sion
trigger

Follow-
up QAS

Mohib_
2015

Pakistan DB-RCT 15
mg/kg,
IV, twice

Normal
saline

Enoxapa-
rin

50/50 58/52 Not
mention-
ed

Not
mention-
ed

Not
mention-
ed

< 7g/dL Dischar-
ge

21

Baruah_
2016

India RCT 15
mg/kg,
IV

Normal
saline

Not
mention-
ed

30/30 20/16.7 DHS Spinal
anaesthe-
sia

Yes < 8.5
g/dL

Dischar-
ge

19

Drakos_
2016

Creece DB-RCT 3 g, local
administr
ation, at
the end
of
surgery

None LMWH 100/100 73/79 Short
Cephalo
medulla-
ry Nail
(GAMM
A3)

Spinal
anaesthe-
sia

None < 8 g/dL 12 mo 21

Tengber
-g_2016

Denmark DB-RCT 1 g, IV,
pre-
operation
; 3 g, IV,
post-
operation

Placebo LMWH 33/39 78.7/64.1 Short
Intramed
ullary
Nail
(IMH)

Epidural
analge-
sia

Not
mention-
ed

< 9.96
g/dL

4 mo 24

Virani_2
016

India RCT 2 g,
intramuc
sular and
subfascial
infiltra-
tion

None Not
mention-
ed

67/70 62/61 DHS Spinal
anaesthe-
sia

Yes Not
mention-
ed

Dischar-
ge

20

Lei_201
7

China RCT 1 g, IV,
pre-
operation

Normal
saline

Not
mention-
ed

37/40 82.1/80.4 PFNA Not
mention-
ed

Yes < 9 g/dL 1 mo 20

Tian_20
18

China RCT 10
mg/kg
IV, pre-
operation
and post-
operation

None LMWH 50/50 62/72 Intramed
ullary
nail

Not
mention-
ed

Yes < 9 g/dL 4 mo 21

Schiavo-
ne_2018

Italy RCT 15
mg/kg,
IV, start
with
surgery

Saline Not
mention-
ed

47/43 35/28 Gamma
nail

Loco-
regional
anesthe-
sia, or
general
anesthe-
sia

Not
mention-
ed

< 8.5
g/dL

3 mo 20

DB: Double blind; RCT: Randomized controlled trial; IV: Intravenous administration; DHS: Dynamic hip screw; LMWH: Low molecular weight heparin;
QAS: Quality assessment score; PFNA: Proximal femoral nail antirotation.

DVT in the TXA and control groups were 2.99% and 2.20%, respectively. The meta-
analysis also proved that the usage of TXA in ITFs may not significantly increase the
incidence of DVT (Figure 5). Due to thromboprophylaxis, only two other studies[10,23]

reported four cases of pulmonary embolism (PE) during follow-up, and the incidence
of  PE decreased markedly,  but  without  significant  difference.  Allogeneic  blood
transfusion  data  were  provided  by  eight  studies[10,23,30-35],  which  showed  that
significantly fewer patients in the TXA group (42%) required transfusion than the
control group (95%CI, 0.36 to 0.69; P < 0.0001; Figure 6).

Sensitivity analysis  was conducted by deleting one study from overall  pooled
analysis each time so as to check the influence of the removed data on the overall data
set, and no significant changes were found for the outcomes of hidden blood loss,
allogeneic blood transfusion data, and thrombotic events. However, with regard to
intraoperative  blood loss,  sensitivity  analysis  excluding the  study of  Lei  et  al[23]

resulted in statistical significance (WMD = -50.25, 95%CI, -84.02 to -16.48, P = 0.004).
Moreover, concerning postoperative blood loss, sensitivity analysis excluding the
study of Tian et al[30] resulted in no statistical significance (WMD = -5.1, 95%CI, -19.36
to9.15, P = 0.48). Regarding total blood loss, sensitivity analysis excluding the study of
Baruah et al[32], Tengberg et al[10], or Lei et al[23] all led to no statistical significance.
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Figure 1

Figure 1  Flow chart of included and excluded studies.

The sample size required to identify the issue using TSA is 499 subjects. Until now,
the cumulative Z-curve crossed the trial sequential monitoring boundary, indicating
that  TXA is  associated with decreased risk of  ITF and further  relevant  trials  are
unnecessary (Figure 7). The TSA-adjusted 95%CI was 0.60 to 0.83. The power analysis
indicated that this study had a power of 99.9% to detect the effect of TXA on the risk
of transfusion of ITF patients, assuming an OR of 0.71.

DISCUSSION
TXA has been widely used to reduce traumatic and surgical bleeding, and its safety
and effectiveness  in  total  hip  and  knee  arthroplasty[15,36]  have  also  been  proved
recently. However, there are few studies about its safety and effectiveness in ITF
surgery. Thus, in this meta-analysis, it was found the use of TXA could significantly
reduce hidden blood losses as well as the number of patients who needed allogeneic
transfusions, without increasing the risk of thromboembolism.

TXA is an antifibrinolytic agent that acts by binding to plasminogen and blocking
the  interaction  of  plasmin  (ogen)  with  fibrin,  thereby  preventing  the  fibrin  clot
dissolution[37]. On this account, its significant effects of reducing perioperative blood
loss have been proved in various surgical procedures, including cardiac surgery with
or  without  cardiopulmonary  bypass[38],  total  hip  and  knee  replacement[15],  and
prostatectomy[39].  Moreover, TXA can significantly reduce all-cause mortality and
death due to bleeding in trauma patients with significant bleeding, particularly when
administered early after injury[40]. It is predicted that TXA use in surgery and trauma
would be very cost-effective and potentially life-saving[41]. Because of the effective-
ness, TXA has been increasingly used in surgical procedures. The secondary research
focus is the security, especially the thromboembolism and ischemia event. In this
regard,  three  issues  that  must  be  addressed  are  whether  TXA  influences  the
fibrinolytic  system  postoperatively,  whether  it  also  affects  prothrombin  time,
activated partial thromboplastin time, international normalized ratio, and platelets,
and whether TXA interacts with thromboprophylaxis agents. So far, the use of TXA in
orthopedic surgery focuses on arthroplasties and spinal operation. Also, the outcomes
are partially positive: TXA can significantly reduce blood loss and blood transfusion
requirements, without intensifying the risk of thromboprophylaxis[15,36,42]. However,
studies about the use of TXA in fracture surgery are still few.

Femoral ITFs are clinically one group of common fractures and especially attack the
elderly. The global number of hip fractures will increase from 1.66 million in 1990 to
6.26 million in 2050[43]. Surgery is used for almost all femoral ITFs. Blood loss occurs as
a consequence of both the fracture and surgery and thus RBC transfusion is frequently
used. However, blood transfusions are correlated with an increased risk of bacterial
infections, possibly increased mortality, and the substantial costs involved in the
blood collection, preparation, transport, and administration[44,45]. The incidence of DVT
is as high as 80% in femoral ITF patients[46]. Therefore, investigating the efficacy and
safety  of  TXA in  femoral  ITF surgery is  of  great  significance.  As  reported,  TXA
reduces  erythrocyte  transfusion  but  may  promote  a  hypercoagulable  state[47].
Moreover,  its  efficacy is  lower than observed in hip or  knee arthroplasty.  Three
studies[10,33,34] similarly confirm the safety and effectiveness of TXA administration in
elderly patients undergoing ITF surgery. Blood loss,  transfused blood units,  and
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Table 2  Tranexamic acid for intertrochanteric fracture

Outcomes

Illustrative comparative risks1 (95%CI)

Relative effect
(95%CI)

No of participants
(studies)

Quality of the
evidence (GRADE) CommentsAssumed risk Corresponding

risk

Control TXA

Intraoperative
blood loss.
Measurement.
Scale: 0 to 5; follow-
up: 0.25 to 12 mo.

See comments See comments 309 (4 studies) ++++ high

Postoperative
blood loss
Drainage. Scale: 0
to 4; follow-up: 0.25
to 12 mo.

See comments See comments 214 (3 studies) ++++ high

Hidden blood loss.
Calculation. Scale:
0 to 4; follow-up:
0.25 to 12 mo.

See comments See comments 177 (2 studies) ++++ high

Total blood loss.
Measurement.
Scale: 0 to 5; follow-
up: 0.25 to 12 mo.

See comments See comments 309 (4 studies) ++++ high

DVT.
Imageological
examination;
follow-up: 0.25 to
12 mo.

Study population OR = 1.34 (0.49 to
3.69)

539 (5 studies) ++++ high

22 per 1000 29 per 1000 (11 to 77)

Moderate

No. of transfusion.
Follow-up; follow-
up: 0.25 to 12 mo.

Study population OR = 0.50 (0.36 to
0.69)

836 (8 studies) ++++ high

505 per 1000 338 per 1000 (268 to
413)

Moderate

1The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence
interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%CI). Patient or population: Patients
with intertrochanteric  fracture;  Settings:  Inpatients;  Intervention:  Tranexamic acid Grading of  Recommendations Assessment,  Development and
Evaluation. Working Group grades of evidence. High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate
quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality:
Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low quality:
We are very uncertain about the estimate. TXA: Tranexamic acid.

health care cost can be significantly reduced. Two other studies[23,30]  and our trial
verify the effectiveness of TXA in reducing hidden blood loss.  Out outcomes are
consistent with previous studies, although some complications, including DVT, PE,
myocardial infarction, ischemic cerebral infarction, hematoma, and infection, were
observed. However, we were unable to ascertain a reliable cause of these compli-
cations, especially when there were no significant differences between groups, and
only  small  dosage  was  used  during  the  operation.  The  conclusions  also  were
notarized by our meta-analysis. Our meta-analysis involving 836 participants from
eight RCTs is an update of another meta-analysis[48] involving only four studies and
514 participants, but the findings are similar.

Despite the effectiveness of TXA in femoral ITF, there are still some problems to be
solved. In our meta-analysis involving eight RCTs, heterogeneity or confounding
factors  still  exist.  Five  studies[10,23,30,33,35]  and two studies[31,32]  reported  the  use  of
intramedullary nail and dynamic hip screw (DHS), respectively, but one study[34]

referred to nothing. Subgroup analyses showed no significant difference between
groups  in  the  number  of  patients  who  needed  transfusion  with  DHS  (data  not
supplied). Moreover, the methods and dosages used in different studies are both
inconsistent. Intravenous use was reported in six studies[10,23,30,32,34,35], and the dosages
ranged from 1 to 4 g in total. We found the maximal WMD of 570.8 mL compared
with the largest  dosage of 4 g (Figure 4C),  implying that the better effectiveness
accords with the larger dose on the premise of safety. Two other studies[31,33] reported
the local or intramuscular administration around the wound, and only one study[33]

found the effectiveness in reducing the blood loss and need of transfusion. It was
concluded that TXA did not play a significant role in reducing postoperative blood
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Figure 2

Figure 2  Risk of bias graph: Review authors' judgements about each risk of bias item presented as
percentages across all included studies.

loss or blood transfusion when used locally in femoral ITF surgery[31].  At last, the
outcomes of  sensitivity analyses showed the heterogeneity and instability of  the
outcomes of blood loss,  except the hidden blood loss,  which might be caused by
different intervention conditions, including drainage, surgical procedures, time of
operation and so on. Generally, our study verifies the effectiveness of intravenous
TXA in femoral ITF, but the safety still needs more experimental verification. The use
of method and dosage should also be investigated in future.

This study has some limitations. First, our meta-analysis included only eight RCTs
published in English, with no unpublished data, which may lead to publication bias.
Second, the differences in autotransfusion protocol, surgical techniques, drainage,
low-molecular-weight heparin, operative time, dosage, and mode of administration
may all contribute to between-study differences in the outcomes. Third, in most of the
included studies, the follow-up time only lasted to discharge, which made long-term
evaluation indices (e.g., DVT and PE) unavailable.

In conclusion,  our  study suggests  the use of  TXA in ITF surgery significantly
reduced the risk of hidden blood losses as well as the need for allogeneic transfusion,
without increasing other complications, especially DVT, particularly for intravenous
use. However, larger high-quality prospective trials are required to strengthen our
conclusions, define the optimal regimen, and assess the safety and cost-effectiveness
of TXA before its use is recommended in ITF surgery.
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Figure 3

Figure 3  Risk of bias summary: Review authors' judgements about each risk of bias item for each included study.

Figure 4

Figure 4  Forest plot diagram showing the effect of tranexamic acid on postoperative blood loss (A), hidden blood loss (B), total blood loss (C), and
intraoperative blood loss (D). TXA: Tranexamic acid; CI: Confidence interval; SD: Standard deviation; IV: Inverse variance; df: Degree of freedom.
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Figure 5

Figure 5  Forest plot diagram showing the effect of tranexamic acid on deep venous thrombosis. TXA: Tranexamic acid; CI: Confidence interval; df: Degree of
freedom.

Figure 6

Figure 6  Forest plot diagram showing the effect of tranexamic acid on the number of patients who needed homologous transfusion. TXA: Tranexamic acid;
CI: Confidence interval; df: Degree of freedom.

Figure 7

Figure 7  Trial sequential analysis of tranexamic acid on risk of intertrochanteric fractures. The diversity-adjusted required information size was calculated
using α = 0.05 (two sided), β = 0.20 (power 80%), and a relative risk reduction of 20%; the blue cumulative Z-curve was carried out using a random-effects model.

ARTICLE HIGHLIGHTS
Research background
Intertrochanteric  fracture is  a  common type of  injury,  and nearly 30% of  intertrochanteric
fracture patients die in the first 12 mo, especially the elderly with limited activity. With the
improvement of surgical methods, minimal invasive surgical therapy has significantly reduced
trauma with reliable efficacy. Anyway, the overall blood loss volume may be much larger than
that  observed.  Tranexamic  acid  has  been widely  used in  reducing traumatic  and surgical
bleeding, however, the paucity of studies regarding its use in orthopedic trauma has limited its
integration  into  this  field,  which  may  benefit  most  from  tranexamic  acid.  The  safety  of
tranexamic acid in this group has not achieved a consensus.

Research motivation
Recently,  the  impact  of  tranexamic  acid  on  intertrochanteric  fracture  surgery  has  been
controversial due to several studies. For instance, some studies reported that the association
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between tranexamic acid and intertrochanteric fracture was significant, while others reported the
opposite conclusion.

Research objectives
To date, although several studies focus on the use of tranexamic acid in hip fractures, the results
have been controversial  and limited.  Thus,  in order to investigate  and help determine the
efficacy and safety of tranexamic acid administration in reducing bleeding and transfusion in
elderly intertrochanteric fracture patients, we meta-analyzed the relevant literature regarding the
potential risks and benefits of tranexamic acid in intertrochanteric fracture surgery.

Research methods
We searched Medline and PubMed for the publications in English (up to October 2018), that
focused on the effectiveness and safety of tranexamic acid on the intertrochanteric fracture. The
Consolidated Standards of Reporting Trials 2010 Statement Checklist was used to assess the
methodological quality of each study. Trials without and with heterogeneity were compared by
fixed-effects analysis and random-effects analysis, respectively. For each study, odds ratio (OR)
and 95%CI and mean differences and 95%CI were calculated for dichotomous and continuous
outcomes, respectively. The Power and Sample Size Program software was used to calculate
power and sample size. Stability of the results was assessed via sensitivity analysis.

Research results
After a detailed evaluation, eight independent randomized controlled trials with cumulatively
836 patients were included in the overall meta-analysis. Tranexamic acid treatment compared
with the control group significantly reduced postoperative blood loss (95%CI, -20.83 to -7.93 mL,
P < 0.0001), hidden blood loss (95%CI, -213.67 to -64.43 mL, P = 0.0003), and total blood loss
(95%CI, -332.49 to -23.18 mL, P = 0.02) by weighted mean differences of -14.38, -139.05, and -
177.83 mL, respectively. But no significant difference was observed between groups for analysis
of intraoperative blood loss. The meta-analysis also proved that the usage of tranexamic acid in
intertrochanteric fractures may not significantly increase the incidence of deep vein thrombosis.
Allogeneic blood transfusion data showed that significantly fewer patients in the tranexamic
acid group (42%) required transfusion than the control group (95%CI, 0.36 to 0.69; P < 0.0001).

Research conclusions
Our study suggests the use of tranexamic acid in intertrochanteric fracture surgery significantly
reduced the risk of hidden blood losses as well as the need for allogeneic transfusion, without
increasing other complications, especially deep vein thrombosis, particularly for intravenous
use. However, larger high-quality prospective trials are required to strengthen our conclusions,
define the optimal regimen, and assess the safety and cost-effectiveness of tranexamic acid
before its use is recommended in intertrochanteric fracture surgery.
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