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Abstract

Trauma-related hemorrhagic shock is a global problem. This study aimed to analyze the knowledge domain and frontiers oftrauQ
related hemorrhagic shock research through a bibliometric analysis. Articles on trauma-related hemorrhagic shock published
between 2012 and 2022 were retrieved from the Web of Science Core Collection, and a bibliometric analysis was conducted
using CiteSpace and VOSviewer. A total of 3116 articles and reviews were analyzed. These publications primarily came from 441
institutions in 80 countries, with the USA having the highest number of publications, followed by China. Among the publications,
Ernest E. Moore published the most papers, whereas John B. Holcomb had the most co-citations. The most productive institution
was the University of Pittsburgh in the USA. The keyword burst and reference clustering analysis indicated that “reboa,” “whole
blood,” “exsome,” “glycocalyx,” “endotheliopathy,” and “predictor” are new trends and developing areas of interest. With the help
of CiteSpace and VOSviewer, this study provides a deeper understanding of the research landscape, frontier hotspots, and future
trends in trauma-related hemorrhagic shock over the last decade. “Whole blood” instead of “component therapy” shows potential
advantage while “REBOA” is increasingly discussed in rapid hemostasis. This study provides important clues for researchers to
understand the knowledge domain and frontiers of this study field.
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Abbreviations: JCR = journal citation reports, REBOA = resuscitative endovascular balloon occlusion of the aorta.
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1. Introduction

Trauma is a major public health crisis, contributing to >4.48 mil-
lion deaths annually.! The most preventable deaths are due to
uncontrolled early hemorrhaging.”’ Hemorrhagic shock is an acute
hemorrhage or excessive fluid loss resulting in hypovolemia,®!
which may lead to hemodynamic instability, decreased oxygen
delivery, cellular hypoxia, organ damage, and ultimately death.™
Trauma-related hemorrhagic shock causes 1.5 million deaths per
year worldwide, representing a substantial global problem."!

An increasing number of scholars have devoted themselves
to the study of hemorrhagic shock. Consequently, the under-
standing and management of hemorrhagic shock have evolved
significantly’®; however, there is scant literature depicting pub-
lished outputs, influential authors, countries/regions, institu-
tions, their collaborations, hotspots, and research trends in
trauma-related hemorrhagic shock. Bibliometrics is a multi-
disciplinary science that applies mathematical and statistical
approaches to conduct both qualitative and quantitative anal-
yses of publications in a specific research domain. It can also
predict frontiers and research trends based on the literature’s
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characteristics.””-*! Additionally, CiteSpace and VOSviewer are 2
popular tools used in bibliometric analysis.’-'"l Accordingly, in
this study, we aimed to investigate the knowledge domain and
frontiers of trauma-related hemorrhagic shock research using
CiteSpace (version 5.8.3) and VOSviewer (version 1.6.18).

2. Materials and methods

2.1. Data source and retrieval strategy

Data were collected from Web of Science Core Collections, and med-
ical subject heading terms were used as retrieval tools. The search
strategy was as follows: TS= “hemorrhagic shock” and (“trauma*”
or “injur*” or “wound*”). The symbol “*” was used as a wildcard
to represent 1 or more letters.'”! The search period was from January
1,2012, to November 16,2022. “Article” and “review article” were
selected as article types and the language was confined to English.
The analysis was conducted on November 16 to avoid data bias
due to database updates. In total, 3116 papers were included in this
study. The screening process is illustrated in Figure 1.
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3502 Studies collected from Web
of Science (publications from Jan.
1, 2012 to Nov. 16, 2022)

329 literatures were excluded from

studies, including Meeting
»  Abstracts, Proceeding Papers,
Editorial Materials, Letters, etc.
\ 4
3173 studies identified
.| 57 non-English literatures were
excluded
\ 4
3116 studies identified
Figure 1. Flowchart of the screening process.
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Figure 2. Temporal distribution map of publications and citations.

2.2. Data analysis and visualization

CiteSpace was used to perform the co-citation analysis (authors,
journals, and references), collaboration network analysis (coun-
tries/regions, institutions, and authors), citation bursts, and time-
line views for keywords and references. The specific parameters

were set as follows: time slicing (from January 2012 to November
2022; years per slice = 1), text processing (title, abstract, author
keywords, and keywords plus), node type (one option chosen at
a time from country, institution, author, co-cited journal, co-cited
author, or co-cited reference), link strength (cosine), link scope



Du and Wang e Medicine (2023) 102:20

www.md-journal.com

Top 10 authors and co-cited authors.

Rank Authors Count Centrality Co-cited author Citations Centrality
1 Ernest E. Moore 75 0.13 Holcomb, J.B. 528 0.03
2 Hasan B. Alam 73 0.1 Cotton, B.A. 278 0.04
3 John B. Holcomb 71 0.03 Kauvar, D.S. 276 0.03
4 Timothy R. Billiar 48 0.18 Eastridge, B.J. 269 0.02
5 Andrew P. Cap 40 0.05 Brohi, K. 227 0.05
6 Charles E. Wade 40 0.01 Deitch, E.A. 217 0.07
7 Anirban Banerjee 39 0.01 Sauaia, A. 213 0.04
8 Yongqing Li 38 0 Spinella, P.C. 202 0.04
9 Alicia M. Mohr 37 0 Morrison, J.J. 195 0.1
10 Tao Li 35 0 Johansson, P.. 176 0.05
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T S e e il cations fluctuated, but was stable at >240 annually, with the
lowest number in 2022 (242 publications as of November
3 el 2022) and the highest in 2017 (316 publications). The results
showed a steadily increasing trend in output from 2018 to 2021.
Additionally, numbered citations increased steadily from 2012
to 2021.
B
3.2. Visual analysis of authors and co-cited authors
In total, 558 authors and 778 co-cited authors were associated
with trauma-related hemorrhagic shock. As shown in Table 1
and Figure 3, the most productive author was Ernest E. Moore
@Elm“ EA i@ “°L°°MB B from the Denver Health Medical Center, with 75 publications,
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Figure 3. Visual analysis of (A) authors and (B) co-cited authors. The node
size represents the number of studies published by the author, with larger
nodes representing a higher number of published papers. The closer the col-
laboration between 2 writers, the shorter the distance between the 2 nodes.
The purple nodes represent early publications, while the red nodes represent
recent or bursts of published articles.

(within slices), selection criteria (g-index, k = 25), and pruning
(none). The other parameters were set to their default values.

VOSviewer was used for map creation, visualization, and
exploration based on the network data,!3! and to create key-
word co-occurrences and dense maps based on the text data. We
also used the visualization to predict future research hotspots
based on the network of keywords in color-coded clusters.['415]

We obtained the journal citation reports (JCR), 2021 impact
factor, and JCR division of the analyzed journals from the Web
of Science.

2.3. Ethics and consent

This study involved no animal or human subjects; therefore, no
ethical approval was required.

followed by Hasan B. Alam from Northwestern University, and
John B. Holcomb from the University of Alabama Birmingham.
Timothy R. Billiar from the University of Pittsburgh had the
highest centrality (0.18). Among the top 10 co-cited authors, 8
were cited >200 times. John B. Holcomb (528 citations) was the
most frequently cited author, followed by Cotton BA from
the University of Texas (278 citations) and Kauvar DS from
the Brooke Army Medical Center (276 citations). In addition,
Morrison JJ from the University of Maryland had high central-
ity (0.11).

3.3. Spatial distribution map of countries/regions and
institutions

Overall, 441 institutions from 80 countries/regions contrib-
uted to the research on trauma-related hemorrhagic shock. As
shown in Table 2 and Figure 4, the USA published the most
articles (1573 publications), followed by China (590 publica-
tions) and Germany (240 publications) (Fig. 4A). In addition,
the University of Pittsburgh published the most articles (162
publications), followed by the University of Maryland (103
publications), and the University of Texas Health Science
Center, Houston (80 publications). The 10 most productive
institutions were from the US, and 4 showed high centrality,
namely, the University of Pittsburgh (0.37), the University of
Maryland (0.26), the University of Michigan (0.11), and the
Uniformed Services University of the Health Sciences (0.1;
Fig. 4B, circled in purple). The lines connecting the circles
represent international collaboration; dense connections
indicate active cooperation among countries and affiliations
(Fig. 4).
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Table 2

Top 10 most productive countries/regions and institutions.

Rank Country/Regions Year Count Centrality Institutions Year Count Centrality
1 USA 2012 1573 0.36 Univ Pittsburgh 2012 162 0.37

2 People’s Republic of China 2012 590 0.08 Univ Maryland 2012 103 0.26

3 Germany 2012 240 0.03 Univ Texas Hith Sci Ctr Houston 2012 80 0.06

4 Japan 2012 158 0.01 Uniformed Serv Univ Hith Sci 2012 75 0.1

5 England 2012 120 0.1 Univ Michigan 2013 72 0.11

6 France 2012 111 0.05 Univ Colorado 2012 67 0.04

7 [taly 2012 85 0.08 Univ Washington 2012 67 0.09

8 Canada 2012 84 0.14 Univ Calif San Francisco 2012 66 0.07

9 Netherlands 2012 69 0.04 Denver Hith Med Ctr 2012 57 0.02

10 Brazil 2012 64 0.02 US Army 2014 54 0.03
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Figure 4. Spatial distribution map of (A) countries/regions and (B) institutions.
Each circle in the diagram represents a nation/institution, with the size of the
circle indicating the published outputs of the country/institution. The lines that
connect the circles represent international collaboration, and the broader the
lines, the closer the cooperation. The colors of the nodes and lines represent
different years; the warmer the color, the more recent the publication. The
purple circle indicates high centrality.

3.4. Visual analysis of journals and co-cited journals

Of the 3116 articles published in 200 academic journals, the
Journal of Trauma and Acute Care Surgery (406 publications)
published the most articles, followed by Shock (307 publica-
tions), and the Journal of Surgical Research (180 publications)
(Table 3). Among the 827 co-cited journals, 7 had >1000

citations. As presented in Table 3, the Journal of Trauma had
the most co-citations (2115), followed by Shock (1917), and
Critical Care Medicine (1540). Six co-cited journals were in the
Q1/2 JCR division.

3.5. Visual analysis of co-cited references

Figure SA displays the co-citations of the 866 citing articles, the
first author, and the publication year of the top 10 most cited ref-
erences, with additional information in Table 4. The most co-cited
reference was a clinical trial published in JAMA by Holcomb et
all'® titled, “Transfusion of plasma, platelets, and red blood cells
in a 1:1:1 vs a 1:1:2 ratio and mortality in patients with severe
trauma: the PROPPR randomized clinical trial.” This was followed
by a review article by Jeremy W. Cannon®! titled, “Hemorrhagic
Shock” published in the New England Journal of Medicine.

The 7 largest clusters extracted using the logarithmic likeli-
hood ratio algorithm are shown in Figure 5B and include resus-
citative endovascular balloon occlusion, whole blood, massive
transfusion, acute traumatic coagulopathy, traumatic brain
injury, mesenteric lymph drainage, and pharmacologic resus-
citation. The total Q-value was 0.703 and each cluster had a
weighted mean silhouette of 0.902, suggesting that the cluster
quality was reasonable. Yellow clusters (clusters 1 and 2) indi-
cate recently cited references and current hot topics.

The top 20 “burst” references are shown in Figure 5C. The
first co-citation burst, titled “Increased plasma and platelet
to red blood cell ratios improves outcome in 466 massively
transfused civilian trauma patients,” began in 2012. One of
the recent burst references, titled “Hemorrhagic Shock” by
Jeremy W. Cannon, was published in 2018 and had the high-
est strength (31.87).5 In addition, there were 7 co-citation
bursts in 2022 regarding prehospital plasma in treating hemor-
rhagic shock!"-*" and guidelines on the management of major
bleeding.”!

A timeline view can visualize the evolution and progress of
research hotspots over time.?!! As indicated in Figure 6, cluster 3
(massive transfusion) started earlier but ceased in 2013; clusters
4 to 7 ceased from 2013 to 2019, while clusters 1 (resuscitative
endovascular balloon occlusion) and 2 (whole blood) are still
ongoing, and can be considered frontiers.

3.6. Keyword analysis of trending research topic

The keywords extracted from the titles and abstracts were
analyzed using VOSviewer. A total of 9409 keywords were
extracted, of which 557 keywords appeared >10 times, and 90
keywords appeared >50 times. As presented in Figure 7 and
Table 5, “trauma” was the most important term with 728 co-oc-
currences, followed by “hemorrhagic shock,” “resuscitation,”
and “injury.” In the keyword co-occurrence and dense visualiza-
tion diagram, author keywords are marked in different colors
according to their average publication years; “reboa,” “fresh



NPT * Medicine (2023) 102:20

Top 10 journals and co-cited journals.

www.md-journal.com

Rank Journal Count JCR IF (2021) Co-cited journals Citations JCR IF (2021)
1 Journal of Trauma and Acute Care Surgery 406 Q2  3.697 Journal of Trauma* 2115 - -
2 Shock 307 Q2 3533 Shock 1917 Q2 3.533
3 Journal of Surgical Research 180 Q4 2417 Critical Care Medicine 1540 Q1 9.296
4 PLOS One 92 Q3 3752 Journal of Trauma and Acute Care Surgery 1477 Q2 3.697
5 Transfusion 68 03  3.337 Annals of Surgery 1284 Q1 13.787
6 Critical Care Medicine 50 a1 9.296 Critical Care 1147 a1 19.334
7 American Journal of Emergency Medicine 49 Q4 4.093 Journal of Surgical Research 1125 Q4 2.417
8 Surgery 46 Q2 4348 New England Journal of Medicine 946 Q1 176.079
9 European Journal of Trauma and Emergency Surgery 42 Q3 2.374 Injury 862 Q3 2.687
10 Scientific reports 35 Q3 4.996 PLOS One 858 Q3 3.752
JCR = journal citation reports.
*Continued by the Journal of Trauma and Acute Care Surgery.
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Top 20 References with the Strongest Citation Bursts

References Year Strength Begin End 2012 - 2022
Holcomb JB, 2008, ANN SURG, V248, P447, DOI 10.1097/SLA.0b013e318185a%d, DOL 2008 16.7 2012 2013
Santry HP, 2010, SHOCK, V33, P229, DOI 10.1097/SHK.0b013¢3181c30f0c, DOL 2010 1523 2012 2015
Morrison CA, 2011, J TRAUMA, V70, P652, DOI 10.1097/TA.0b013¢31820¢77¢a, DOL 2011 15.06 2012 2016
Bulger EM, 2011, ANN SURG, V253, P431, DOI 10.1097/SLA.0b013¢3181fcdb22, DOL 2011 13.92 2012 2015
Kozar RA, 2011, ANESTH ANALG, V112, P1289, DOI 10.1213/ANE.0b013¢318210385¢, DOL 2011 13.41 2013 2016
Pati §, 2010, J TRAUMA, V69, P0, DOI 10.1097/TA 0b013e3181e453d4, DOL 2010 11.83 2013 2015
Eastridge BJ, 2012, ] TRAUMA ACUTE CARE, V73, PO, DOI 10.1097/TA.0b013e3182755dcc, DOL 2012 19.06 2015 2017
Holcomb JB, 2013, JAMA SURG, V148, P127, DOI 10.1001/2013 jamasurg. 387, DOIL 2013 15.09 2015 2018

Spahn DR, 2013, CRIT CARE, V17, PO, DOI 10.1186/cc12685, DOL

Holcomb JB, 2015, JAMA-J AM MED ASSOC, V313, P471, DOI 10.1001/jama. 2015.12, DOL 2015 27.91 2016 2020
Brenner ML, 2013, J TRAUMA ACUTE CARE, V75, P506, DOI 10.1097/TA.0b01331829¢5416, DOI 2013 14.16 2016 2018
Saito N, 2015, J TRAUMA ACUTE CARE, V78, P897, DOI 10.1097/TA.0000000000000614, DOL 2015 12.16 2016 2019
Fortuna G, 2016, J TRAUMA ACUTE CARE, V&1, P63, DOI 10.1097/TA.0000000000000996, DOIL 2016 17.39 2017 2020

Cannon JW, 2018, NEW ENGL J MED, V378, P370, DOI 10.1056/NETMral 705649, DOL 2018 31.87 20019 2022
Sperry JL, 2018, NEW ENGL T MED, V379, P315, DOI 10.1056/NETMoal802345, DOL 2018 25.82 2019 2022
Shackelford SA, 2017, JAMA-J AM MED ASSOC, V318, P1581, DOI 10.1001/4ama.2017.15097, DOL 2017 17.18 2019 2022
Moore HB, 2018, LANCET, V392, P283, DOI 10.1016/50140-6736(18)31553-8, DOL 2018 14.1 2019 2022

Spinella PC, 2016, TRANSFUSION, V56, PO, DOI 10.1111/tr£.13401, DOI
Spahn DR, 2019, CRIT CARE, V23, P0, DOI 10.1186/513054-019-2347-3, DOL 2019
Eastridge B, 2019, TRANSFUSION, V59, P1423, DOI 10.1111/rf.15161, DOL 2019

2013 12.05 2015 2017

2016 11.51 2019 2022
13.52 2020 2022
13.52 2020 2022

it

Figure 5. Visual analysis of (A) co-citations, (B) clustering networks, and (C) reference bursts. Each circle represents a reference. The size of the circle is propor-
tional to the citation’s frequency. The link between the 2 circles represents 2 references cited in the same article among the cited articles. Similarly, line thickness

is positively correlated with co-citation frequency.

whole blood,” “biomarker,” “hemorrhage control,” “exosomes,”
“glycocalyx,” and “others” are highlighted in yellow indicating
more recent publications.

Figure 8 shows the timelines of the keywords and the evo-
lution of the research topic over time. Progress in this field of
research can be divided into 2 stages. From 2012 to 20135, studies
focused primarily on trauma, lactate, fibrinolysis, and ischemia/

reperfusion injury, indicating that researchers paid attention to
the mechanisms and related basic research. From 2016 to 2022,
the representative burst keywords were “reboa,” “whole blood,”
“neuroprotection,” “improved survival,” and “life support,”
suggesting a transition from basic to clinical research.
Keyword bursts are frequently cited over a period of
time.?" As shown in Figure 9, “reboa” had the strongest
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Top 10 co-cited references.

Rank Title Journal Co-citation Centrality
1 Transfusion of plasma, platelets, and red blood cells in a 1:1:1 versus a 1:1:2 ratio and mortality in JAMA 146 0.4
patients with severe trauma: the PROPPR randomized clinical trial
2 Hemorrhagic shock New England Journal 95 0.04
of Medicine
3 The prospective, observational, multicenter, major trauma transfusion (PROMMTT) study: comparative JAMA Surgery 78 0.12
effectiveness of a time-varying treatment with competing risks
4 Prehospital plasma during air medical transport in trauma patients at risk for hemorrhagic shock New England Journal 71 0.05
of Medicine
5 Death on the battlefield (2001-2011): implications for the future of combat casualty care Journal of Trauma and 67 0.41
Acute Care Surgery
6 Hypotensive resuscitation strategy reduces transfusion requirements and severe postoperative coagulop- Journal of Trauma 61 0.09
athy in trauma patients with hemorrhagic shock: preliminary results of a randomized controlled trial
7 Contemporary outcomes of lower extremity vascular repairs extending below the knee: a multicenter Journal of Trauma and 58 0.09
retrospective study Acute Care Surgery
8 Association of prehospital blood product transfusion during medical evacuation of combat casualties in JAMA 57 0.03
Afghanistan with acute and 30-day survival
9 A clinical series of resuscitative endovascular balloon occlusion of the aorta for hemorrhage control and Journal of Trauma and 56 0.1
resuscitation Acute Care Surgery
10 The European guideline on management of major bleeding and coagulopathy following trauma: fourth Critical Care 50 0.04
edition

. #1 resuscitative endovascular balloon occlusion

o #2 whole blood

#3 massive transfusion

#4 acute traumatic coagulopathy
#5 traumatic brain injury

#6 mesenteric lymph drainage

#7 pharmacologic resuscitation

Figure 6. Timeline view of co-cited references. Each horizontal line represents a cluster; the smaller the number, the larger the cluster. The node size reflects
co-cited frequency, and the links indicate the co-cited relationship; the colors of nodes and lines represent different years.

»

bursts (strength = 12.71), while “exsome,” “glycocalyx,”
“endotheliopathy,” “predictor,” and “whole blood” were
recently bursting keywords, indicating research trends and
hot topics.

4. Discussion

4.1. General information

This study was a visual bibliometric analysis of trauma-related
hemorrhagic shock. A total of 558 authors from 441 institutions
in 80 countries had published 3116 papers in 200 academic
journals regarding trauma-related hemorrhagic shock research
between 2012 and 2022.

We ranked the 10 most productive authors and co-cited
authors in Table 1 and Figure 3. Ernest E. Moore from the
Denver Health Medical Center was the most productive author.
His research focused on trauma-induced coagulopathy,?>%!
trauma hemostasis,** multiple organ failure,*?¢ and prehos-
pital transfusion in hemorrhagic shock.?” Additionally, he pub-
lished approximately 10 related articles per year since 2012. John

B. Holcomb from the University of Alabama at Birmingham had
the most co-citations, with the most cited article being a ran-
domized clinical trial published in JAMA in 2015.1%! Figure 3A
shows that the researchers are scattered with relatively few
connections, indicating a lack of academic exchange between
researchers from different countries.

The spatial distribution map of countries/regions and insti-
tutions (Table 2 and Fig. 4) shows that the USA, China, and
Germany yielded the most published studies on traumatic hem-
orrhagic shock. The US has the highest betweenness central-
ity (0.36), indicating that it plays a key role in international
cooperation networks. The University of Pittsburgh published
the most papers. Notably, the 10 most productive institutions
were all from the US, indicating its leading role in this field of
research.

As shown in Table 3, the Journal of Trauma and Acute Care
Surgery published >400 articles on trauma-related hemorrhagic
shock. Among the top 10 co-cited journals, 6 were in the Q1/2
JCR division, with the highest impact factor of 176.079. The
results indicate that this field of research is extremely important
and is currently a hotspot.
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Figure 7. The (A) co-occurrence network, density visualization map of the (B) keywords.

4.2. Research hotspots and emerging topics

We aimed to objectively summarize the hotspots and emerging
trends of research through an analysis of reference clusters and
bursts (Fig. 5), timeline views (Fig. 6), keyword co-occurrences
(Table 5 and Fig. 7), keyword timeline views, and bursts (Figs. 8
and 9). As indicated in Figures 5 and 6, resuscitative endovas-
cular balloon occlusion of the aorta (REBOA) and whole blood
are the primary topics in this field of research.

Over the past decade, REBOA has emerged as a technique to
control life-threatening hemorrhaging?®! and has become increas-
ingly common in civilian trauma and acute care settings.”?’! It acts
as a temporizing measure to reduce noncompressible abdominal
and pelvic hemorrhaging and buys time for definitive surgical
and/or endovascular management.*®! More recent studies have
shown that rapid in-hospital intervention is often insufficient
to compensate for severe exsanguination and hypovolemia that
occurs before emergency department presentation.®"! Therefore,
prehospital REBOA could be a feasible intervention for a signifi-
cant portion of severely ill patients in a civilian setting; however,
the evidence is limited.?! Partial REBOA is currently discussed
in preclinical studies,?”’ but has not yet been fully validated.*

Whole blood is a desirable fluid for patients with traumatic hem-
orrhagic shock.33-351 It has the advantage of providing red blood
cells, plasma, and platelets together in a unit, which simplifies and
speeds the process of resuscitation, particularly in austere environ-
ments.®! Shea et al®” have reported that the use of low-titer group
O whole blood is independently associated with improved survival
compared to component therapy in adults with severe traumatic
hemorrhage. Additional studies are underway to define the optimal
way to utilize low-titer type O whole blood in both prehospital and
trauma center resuscitation of bleeding patients.®!

As shown in the keyword analysis, besides “reboa” and
“whole blood,” “exsome,” “glycocalyx,” “endotheliopathy,”
and “predictor,” are also burst keywords, indicating current and
future research trends.

Stem cells possess a remarkable potential for developing new
cell-based treatments for hemorrhagic shock, and mesenchymal
stem cell-derived exosomes are the focus of therapeutic strate-
gies in hemorrhagic shock models.’*! Exosomes have shown pro-
tective effects in hemorrhagic shock in swine models.***!1 Stem
cell-related therapeutic strategies represent a potential opportu-
nity for treating hemorrhagic shock-induced second injuries.”!
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Top 20 keywords.

Rank Keywords Occurrences Total link strength
1 Trauma 728 5511
2 Hemorrhagic shock 714 5119
3 Resuscitation 613 4941
4 Injury 480 3481
5 Mortality 424 3321
6 Inflammation 381 3117
7 Shock 307 2545
8 Hemorrhage 304 2331
9 Coagulopathy 233 2138
10 Transfusion 253 2092
11 Fluid resuscitation 241 2044
12 Model 232 1812
13 Activation 215 1729
14 Sepsis 249 1846
15 Survival 201 1609
16 Acute lung injury 192 1487
17 Sepsis 192 1487
18 Expression 175 1400
19 Oxidative stress 179 1374
20 Trauma patients 168 1364
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Figure 8. Timeline view of keywords concerning trauma-related hemorrhagic shock research.

The endothelial glycocalyx is a thin sugar-based lining on the
apical surface of endothelial cells.*?! Traumatic hemorrhagic
shock, sepsis, and other inflammatory processes lead to endo-
theliopathy through the systemic shedding of the protective
glycocalyx barrier.>*! Avoiding further damage to the endothe-
lial glycocalyx is an important principle in clinical practice.!*?!
Early transfusion of plasma and balanced transfusion have been
shown to restore the endothelial glycocalyx.*!! Early tranexamic
acid administration™! and restrictive resuscitation*®! have also
shown protective effects against glycocalyx degradation in vitro.

Predictors for outcomes in trauma-related hemorrhagic shock
have recently been discussed in the research field. For exam-
ple, Huh et al*”! compared admission lactate and base deficit,
which reflect early hemorrhagic shock, as outcome predictors of

pediatric trauma. One review reported that hypocalcemia could
potentially be used as an independent predictor of multiple
transfusions in trauma and hemostatic resuscitation.*¥! Javor
et al®! denied the predictive value of tachycardia for mortality
in trauma-related hemorrhagic shock. Other predictors include
age,"" shock index,”*? end-tidal CO,.1**!

4.3. Limitations

This study has a few limitations. First, we only extracted arti-
cles from the Web of Science database; PubMed, Google Scholar,
Scopus, and other databases were not included. Second, the
language was restricted to English; a linguistic bias may exist.
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Keywords Year Strength Begin End 2012 - 2022
hypertonic saline 2012 849 2012 2013
bacterial translocation 2012 5.88 2012 2014
nitric oxide 2012 5.69 2012 2013
organ dysfunction 2012 5.66 2012 2014
necrosis factor alpha 2012 5.66 2012 2014
endotoxin 2012 5.66 2012 2014
lipopolysaccharide 2012 536 2012 2014
neutrophil 2012 5.04 2012 209
systemic inflammation 2012 5.03 2012 2013 e
uncontrolled hemorrhagic shock 2012 3.99 2013 2016 _ m—
rat 2012 5.59 2013 2015 |
arginine vasopressin 2012 5.28 2013 2015 |
tissue 2012 5.05 2013 2014
protein 2012 6.01 2014 2010 __
hypoperfusion 2012 5.51 2014 2015
interleukin 6 2012 551 2014 2015
major trauma 2012 6.20 2015 2016 —
mitochondria 2012 5.6 2015 2017
critically ill patient 2012 5.33 2015 2016 s—
reboa 2012 1271 2007 2022 e—
glycocalyx 2012 6.89 2018 2022 —
multicenter 2012 6.34 2018 2019 S —
kidney 2012 5.69 2018 2020 —
risk 2012 7.4 2019 2022 —
afghamistan 2012 5.86 2019 2022 —
association 2012 5.76 2019 2022 —
exosm 2012 5.13 2019 2022 —
transfusion 2012 9.18 2020 2022 sm—
hemorrhagicshock 2012 7.17 2020 2022 —
outem 2012 6.88 2020 2022 —
case report 2012 6.8 2020 2022 e —
aorta 2012 6.35 2020 2022 a—
whole blood 2012 6.14 2020 2022 —
endotheliopathy 2012 5.44 2020 2022 —
predictor 2012 5.26 2020 2022 —

Figure 9. Top 35 keywords with citation burst (sorted by the year in which
the burst started).

Third, this study only included articles published between 2012
and 2022. With the recent efforts of researchers and the contin-
uous updating of the literature, the findings of this study may
differ from more current studies.

5. Conclusion

With the help of CiteSpace and VOSviewer, this study pro-
vides a deeper understanding of the research landscape, fron-
tier hotspots, and future trends in trauma-related hemorrhagic
shock based on articles published during the last decade. The
results show that “reboa,” “whole blood,” “exsome,” “glycoc-
alyx,” “endotheliopathy,” and “predictor” will be the highlights
of future research. This study provides important clues for
researchers to understand the knowledge domain and the fron-
tiers of this field of study.
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