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Abstract
BACKGROUND 
High mobility group box 1 (HMGB1) has been studied as a molecule associated 
with severe outcomes in sepsis and thrombomodulin (TM) seems to decrease 
HMGB1 activity.

AIM 
To investigate the role of the thrombomodulin/high mobility group box 1 (T/H) 

https://www.f6publishing.com
https://dx.doi.org/10.5492/wjccm.v9.i4.63
http://orcid.org/0000-0002-1735-5073
http://orcid.org/0000-0002-1735-5073
http://orcid.org/0000-0001-7309-5926,
http://orcid.org/0000-0001-7309-5926,
http://orcid.org/0000-0001-7309-5926,
http://orcid.org/0000-0002-3086-2846
http://orcid.org/0000-0002-3086-2846
http://orcid.org/0000-0003-0791-8538
http://orcid.org/0000-0003-0791-8538
http://orcid.org/000-0003-2698-9649
http://orcid.org/000-0003-2698-9649
http://orcid.org/0000-0002-8257-6585
http://orcid.org/0000-0002-8257-6585
http://orcid.org/0000-0002-5229-3971
http://orcid.org/0000-0002-5229-3971
mailto:adrianatr92@gmail.com


Rodrigues AT et al. Thrombomodulin and HMGB1 in sepsis patients

WJCCM https://www.wjgnet.com 64 October 18, 2020 Volume 9 Issue 4

Informed written consent was 
obtained from the patient for 
publication of this manuscript.

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

Data sharing statement: Technical 
appendix, statistical code, and 
dataset available from the 
corresponding author at 
adrianatr92@gmail.com. 
Participants gave informed consent 
for data sharing.

STROBE statement: The authors 
have read the STROBE 
Statement—checklist of items, and 
the manuscript was prepared and 
revised according to the STROBE 
Statement—checklist of items.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (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 
the use is non-commercial. See: htt
p://creativecommons.org/licenses
/by-nc/4.0/

Manuscript source: Unsolicited 
manuscript

Received: June 16, 2020 
Peer-review started: June 16, 2020 
First decision: July 21, 2020 
Revised: July 31, 2020 
Accepted: August 24, 2020 
Article in press: August 24, 2020 
Published online: October 18, 2020

P-Reviewer: Pota V 
S-Editor: Yan JP 
L-Editor: A 
P-Editor: Li JH

ratio in patients with sepsis and their association with their clinic, testing the 
hypothesis that higher ratios are associated with better outcomes.

METHODS 
Twenty patients diagnosed with sepsis or septic shock, according to the 2016 
criteria sepsis and septic shock (Sepsis-3), were studied. Patients were followed 
until they left the intensive care unit or until they achieved 28 d of hospitalization 
(D28). The following clinical outcomes were observed: Sequential Organ Failure 
Assessment (SOFA) score; Need for mechanical pulmonary ventilation; Presence 
of septic shock; Occurrence of sepsis-induced coagulopathy; Need for renal 
replacement therapy (RRT); and Death.

RESULTS 
The results showed that patients with SOFA scores greater than or equal to 12 
points had higher serum levels of TM: 76.41 ± 29.21 pg/mL vs 37.41 ± 22.55 
pg/mL among those whose SOFA scores were less than 12 points, P = 0.003. The 
T/H ratio was also higher in patients whose SOFA scores were greater than or 
equal to 12 points, P = 0.001. The T/H ratio was, on average, three times higher in 
patients in need of RRT (0.38 ± 0.14 vs 0.11 ± 0.09), P < 0.001.

CONCLUSION 
Higher serum levels of TM and, therefore, higher T/H ratio in the first 24 h after 
the diagnosis of sepsis were associated with more severe disease and the need for 
renal replacement therapy, while those with better clinical outcomes and those 
who were discharged before D28 showed a tendency for lower T/H ratio values.

Key Words: High mobility group box 1; Sepsis; Thrombomodulin; Renal replacement 
therapy; Mechanical ventilation; Septic shock

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The knowledge of physiological mechanisms that lead an organism to respond to 
an infectious agent with such intensity is of great importance. It has been described that 
during sepsis, an organism produces intense inflammatory activity, caused by the action of 
several inflammatory mediators. High mobility group box 1 (HMGB1) has been the target 
of recent studies for its proinflammatory actions as well as for the possibility of having its 
action reduced by thrombomodulin. For this reason, this study proposed to evaluate the 
relationship between thrombomodulin and HMGB1 in the initial phase of sepsis and its 
association with clinical outcomes in sepsis patients.

Citation: Rodrigues AT, Rodrigues JT, Rodrigues CT, Volpe CMO, Rocha-Silva F, Nogueira-
Machado JA, Alberti LR. Association between thrombomodulin and high mobility group box 1 
in sepsis patients. World J Crit Care Med 2020; 9(4): 63-73
URL: https://www.wjgnet.com/2220-3141/full/v9/i4/63.htm
DOI: https://dx.doi.org/10.5492/wjccm.v9.i4.63

INTRODUCTION
Background
Sepsis is a severe syndrome characterized by physiological, pathological and 
biochemical life-threatening modifications induced by an infection. It is one of the 
major causes of mortality in intensive care unit (ICU) worldwide. Its treatment is 
complex and demands the proper use of specific antibiotics, vasoactive amines, and, in 
certain situations, corticosteroids. In addition, advanced technology, such as 
mechanical pulmonary ventilators and renal replacement therapy (RRT), can also be 
required[1-4].

It is known that inflammatory activity is the most evident feature of sepsis and 
because of that the host immune response has been studied to develop new 
therapeutic strategies. One potential treatment relied on the modulation of pro-
inflammatory mediators, such as tumor necrose factor-α (TNF-α) and interleukin-1 
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(IL-1). However, even though this strategy had promising results in animal models, 
the same results could not be replicated in human studies[5,6].

High mobility group box 1 (HMGB1) is a nuclear protein, released by cells during 
oxidative stress that has proinflammatory activity. It has been studied as a promising 
therapeutic target because of its delayed increase 12 to 18 h after TNF-α peaks[6-10]. 
Janeway et al[11], in 1989, described the role of damage-associated molecular patterns 
(DAMPs) during the early stages of toxemia. HMGB1 seems to act as a DAMP[6], 
activating macrophages and monocytes, as well as promoting dendritic cell 
maturation. In its reduced state, HMGB1 exhibits minimum activity. However, in 
sepsis, as oxidative stress increases, it assumes the role of a proinflammatory molecule 
and stimulates the release of some cytokines, such as IL-1β and IL-17, TNF-α, 
macrophage inflammatory protein (MIP)-1α, MIP-1β, MIP-2, granulocyte colony-
stimulating factor and granulocyte/macrophage colony-stimulating factor[12]. HMBG1 
has also been associated with a procoagulant state, promoting the occurrence of sepsis-
induced coagulopathy (SIC)[13,14].

On the other hand, thrombomodulin (TM) and antithrombin (AT) seem to have 
immunomodulating activities in sepsis. TM is a cell membrane glycoprotein expressed 
on the luminal surface of endothelial cells, where it modulates thrombin procoagulant 
effects. Thrombin and the TM-thrombin complex can cleave HMBG1, reducing its 
activity and, hence, its proinflammatory action[15,16]. In animal models, the sepsis 
mortality rate decreases with the coadministration of AT and TM[8,16]. Xie et al[17] (2010) 
demonstrated the role of oxidative stress in animal models. They observed that the use 
of hydrogen gas, by reducing oxidative products, led to the decreased release of 
HMGB1 and proinflammatory activity. The efficacy of TM-α in the management of 
intravascular coagulation associated with sepsis has been evaluated in clinical trials[18], 
but its effects are still being evaluated.

Objectives
This study had the objective of evaluating the TM/HMGB1 ratio among sepsis cases 
and their associated outcomes: Sequential Organ Failure Assessment (SOFA) score; 
Mechanical ventilation; Shock; Coagulopathy; Severe acute kidney injury (AKI); and 
Death.

MATERIALS AND METHODS
Study design
This was a case-control study. Twenty patients diagnosed with sepsis or septic shock, 
were selected according to the 2016 criteria sepsis and septic shock (Sepsis-3) and 
followed until they left the ICU or until they achieved 28 d of hospitalization (D28). 
The following clinical outcomes were observed: SOFA score; Need for pulmonary 
mechanical ventilation (MV); Presence of septic shock; occurrence of SIC; Need for 
RRT; and Death. Their association with HMGB1 and thrombomodulin levels and 
thrombomodulin/high mobility group box 1 (T/H) ratio were analyzed.

Setting
This study was carried out in the ICU of Santa Casa de Belo Horizonte (SCBH) 
between October 2018 and March 2019.

Participants
Twenty adult patients diagnosed with sepsis (cases) were consecutively selected 
according to the criteria presented in 2016 by the third international consensus 
definitions for Sepsis-3[1]. Sepsis was confirmed by the presence of fever and/or 
leukocytosis or leukopenia and/or elevated C-reactive protein level associated with 
the presence of an infection focus and an increase in the SOFA score greater than or 
equal to 2 points compared to baseline scores. Sepsis patients (cases) were followed for 
up to 28 d in the ICU or until discharge from the unit.

The control group was formed by 20 patients without sepsis or acute severe life-
threatening disease. They were invited to be included in the control group, and blood 
samples for the measurement of HMGB1 and TM were collected from those who had 
signed the informed consent form.

Laboratorial evaluation
Among the samples collected in the first 24 h of diagnosis to determine the patient 
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clinical state and proper patient attendance, 10 mL of blood was reserved in 
VacutainerTM tubes containing saline solution to dose TM and HMGB1. The method 
applied for examination was sandwich ELISA. The quantification of TM and HMGB1 
was performed using the ELISA kit for HMGB1 protein commercial kits, Lot: 
L160322647 e DOU SETR Human Thrombomodulin/BDCA-3, Catalog No. DY3947 
(Lot P 168874), following the manufacturer’s guidelines.

For the diagnosis and clinical management of patients with sepsis (cases), the 
following exams were performed and data collected, as requested by the assistant 
medical team: Hemogram; Determination of international normalized ratio (INR) and 
activated prothrombin time; Dosage of C-reactive protein, urea and creatinine as well 
as the arterial blood gas and lactate dosage in arterial blood; Determination of serum 
levels of alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase 
and gamma-glutamyl-transferase; Serum bilirubin measurements; Blood cultures, 
urine cultures; and secretion cultures.

Analysis and comparison of clinical evaluation
The controls and cases were compared according to their demographic, clinical and 
laboratory characteristics and levels of HMGB1 and thrombomodulin and the T/H 
ratio. The association of serum levels of HMGB1 and thrombomodulin and the T/H 
ratio between cases and the following clinical outcomes was assessed: SOFA score 
greater than or equal to 12; Need for and time of pulmonary MV; PaO2/FiO2 ratio[19]; 
Presence of shock; Presence of SIC; Presence of severe AKI with the need for RRT; and 
Death until D28.

Variables and definitions
The clinical evaluation of the patients with sepsis was made through prospective 
analysis of their medical records from the time of sepsis diagnosis until their discharge 
from the ICU or until D28. The diagnosis of sepsis followed the third international 
consensus definitions for Sepsis-3 recommendations[1]. The parameters evaluated 
included age; sex; SOFA score greater than 12 points[20,21]; need for and duration of 
mechanical pulmonary ventilation; presence of septic shock (according to third 
international consensus definitions for Sepsis-3)[1]; presence of AKI according to the 
criteria established by the Kidney Disease Improving Global Outcomes Group[22,23] and 
need for RRT; presence of coagulation disorders, such as thrombocytopenia and 
elevated INR values; time in ICU therapy; and death. The score for the diagnosis of 
SIC score proposed by Iba et al[24] in 2017 and validated by Yamakawa et al[25] (2019) 
was used to define the presence of SIC. It considers three parameters: The INR, platelet 
count, and SOFA score.

The sepsis management protocol in the ICU of the SCBH recommends the use of 
low-molecular-weight heparin in patients with septic shock. Additionally, if there is a 
contraindication to its use, mechanical prophylaxis should be considered.

The SOFA score with scores equal to or greater than 12 points was chosen as a 
cohort point because it has been associated with higher mortality rates by some 
authors[20,21].

These outcomes were correlated with the TM and HMGB1 serum levels in the 
peripheral blood of patients diagnosed with sepsis (case group), testing the hypothesis 
that higher T/H ratios could be associated with better outcomes.

Study size
The sample size was calculated using Open Epi, open source epidemiological statistics 
for public health, version 3.01, updated in 2013 (available at https://
www.openepi.com/SampleSize/SSPropor.htm), admitting alpha error of 0.05, beta 
error of 0.20 (80% statistical power). Considering the number of beds in the ICU (110 
beds) and the frequency of sepsis patients in Brazilian ICUs (16.7%)[2] the sample size 
found was 13 patients/group. In order address potential bias an analysis of the power 
to compare two means was also performed using the normal comparison method 
considering a 95% confidence interval, 80% comparative power and sample size ratio 
(group2/group1).

Statistical analysis
The statistical analysis was performed using Epi Info, version 3.5.4 for Windows, 
Atlanta: Centers for Disease Control and Prevention[26]. The ANOVA test was used to 
compare parametric  continuous numerical  variables,  and the Mann-
Whitney/Wilcoxon and Kruskal-Wallis test when ANOVA was not indicated. The 
results were expressed as the mean ± SD, when they were parametric, or the median 
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and variation between the first and third quartiles, when nonparametric. The 
comparison of the distribution of categorical variables was analyzed through Fisher’s 
test, two-sided Student’s, t-tests and yates corrected chi-squared (χ2) test. The 
significance of probability was considered expressive when its value was less than 0.05 
(P < 0.05).

RESULTS
The demographic characteristics of the cases and controls are shown in Table 1. The 
patients demonstrated a higher average age than the controls. The control group 
displayed higher weight and BMI values than the patients (Table 1).

The comorbidities found more frequently among cases were heart disease; high 
blood pressure or heart valve disease (40%); oncologic or hematologic diseases (45%); 
compensated chronic liver disease (40%); post-liver transplantation (5%); non-dialysis 
chronic kidney disease (15%); dialysis CKD (5%); chronic obstructive pulmonary 
disease (10%); and diabetes mellitus (15%).

Patients diagnosed with sepsis (cases) had a mean SOFA score of 9.6 ± 4.8 points 
with the following average per system, as shown in Table 2. The cases that evolved to 
death had mean SOFA scores equal to 12.83 ± 2.64 points.

There was no significant difference between the cases and controls in terms of the 
global evaluation of the serum dosage of HMGB1 (291.11 ± 119.49 pg/mL vs 328.14 ± 
164.04 pg/mL), TM (52.9 ± 31.49 pg/mL vs 53.31 ± 37.69 pg/mL) and the T/H ratio 
(0.22 ± 0.17 vs 0.21 ± 0.18), P = 0.419, 0.970 and 0.857 (t-test) respectively. However, 
when sepsis patients (case group) with SOFA scores ≥ 12 points were compared to 
those with SOFA scores < 12 points, there was a significant difference between those 
groups in terms of both the TM level and the T/H ratio (Figure 1).

Among the 20 patients with sepsis (cases), 14 of them (70%) needed MV. The mean 
MV time was 9.25 ± 9.8 d. Among the case group, the level of TM and HMGB1 had no 
association with the need of VM nor the time (d) of mechanical ventilation P = 0.509 
and 0.888, respectively (Mann-Whitney test). The mean T/H ratio among the case 
group was not associated with the mean time in MV either, P = 0.760 (ANOVA).

Regarding hemodynamic alterations, fourteen patients in the case group (70%) 
required the use of vasoactive amines to maintain a mean arterial pressure (MAP) 
above 65 mmHg, and eleven (55%) met the septic shock criteria according to the 
Sepsis-3[1]. The study showed a mean TM serum level of 54.48 ± 36.34 pg/mL for those 
patients diagnosed with septic shock and 50.79 ± 23.97 pg/mL for those patients 
without septic shock, P = 0.797 (t-test) and the T/H ratio was 0.21 ± 0.17 and 0.23 ± 0.16 
for those with and without shock, respectively, P = 0.791 (t-test). The HMGB1 serum 
levels were 313.39 pg/mL ± 119.13 pg/mL and 263.96 ± 121.26 pg/mL for those with 
and without shock, respectively, P = 0.227 (t-test).

Concerning coagulation disorders, a median platelet count of 177 × 109/L (QR 63 × 
109/L-312 × 109/L) was found in patients with sepsis (cases) and of 185 × 109/L (QR 
164 × 109/L-213 × 109/L) in the control group, P = 0.807 (Mann-Whitney test). Eight 
patients in the case group (40%) demonstrated platelets values lower than 150 × 109/L. 
The mean INR was 1.3 ± 0.43. The difference between cases with RNI ≤ 1.2 or > 1.2 is 
showed in Table 3.

Among the sepsis patients (case group), eight (40%) met the criteria of SIC[24] as 
shown in Table 4. Concerning renal function, the median serum level of creatinine was 
2.5 (QR 0.87-4.19) mg/dL among the case group and 1.03 (QR 0.89-1.12) mg/dL among 
the control group, P = 0.09 (Mann-Whitney test). Twelve patients in the case group 
(60%) had acute kidney insufficiency secondary to sepsis, and 10 (50%) required RRT.

The presence of severe acute kidney failure with the need for RRT revealed a 
significant association with serum levels of TM and the T/H ratio, as shown in Table 5. 
The patients stayed in the ICU for an average of 15.05 ± 10.2 d. Nine (45%) were 
discharged from the ICU before D28, five (25%) stayed for more than 28 d, and six 
(30%) died. In terms of the cases’ evolution (discharge, ICU stay on D28 or death), the 
HMGB1 levels were 305.47 ± 103.15 pg/mL, 311.5 ± 188.41 pg/mL and 252.575 ± 79.21 
pg/mL respectively, P = 0.662, and TM: 40.78 ± 24.34 pg/mL, 55.74 ± 32.12 pg/mL and 
68.96 ± 37.59 pg/mL, P = 0.240. Nevertheless, patients who were discharged before 
D28 displayed had a lower T/H ratio (0.14 ± 0.09) compared to those who died or 
remained hospitalized after D28 (0.28 ± 0.18), P = 0.039 (t-test).
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Table 1 Demographic characteristics

Case group (n = 20) Controls (n = 20)

mean ± SD mean ± SD P value

Age (yr) 58.10 ± 16.08 39.40 ± 12.15 < 0.0011

Weight (kg) 58.40 ± 11.01 69.40 ± 12.50 0.0051

BMI (kg/m2) 23.30 ± 2.50 26.38 ± 3.67 0.0041

Gender n (%) 0.3272

Women 11 (55) 14 (70)

Men 9 (45) 6 (30)

1Represent t test.
2Represent χ2.

Table 2 Sequential Organ Failure Assessment scores among sepsis patients (cases)

System Points ± SD

Overall mean score 9.6 ± 4.8

Respiratory function 2.1 ± 1.28

Scoring in the coagulation system 1.1 ± 1.56

Scoring in circulatory function 2.7 ± 1.63

Liver function score 0.1 ± 0.22

Neurological function 1.61 ± 0.85

Renal function 2.3 ± 1.87

Table 3 Levels of thrombomodulin, high mobility group box 1, thrombomodulin/high mobility group box 1 ratio and international 
normalized ratio value

Cases (n = 20)

INR ≤ 1.2 (n = 13) INR > 1.2 (n = 7) P value1

HMGB1 (pg/mL) 300.28 ± 133.21 261.81 ± 133.21 0.431

TM (pg/mL) 46.67 ± 26.71 64.77 ± 38.33 0.875

T/H 0.19 ± 0.15 0.28 ± 0.18 0.257

1Represent t test. INR: International normalized ratio; HMGB1: High mobility group box 1; TM: Thrombomodulin; T/H: Thrombomodulin/high mobility 
group box 1.

DISCUSSION
The aim of the study was to test the hypothesis that higher T/H ratios would be 
associated with better outcomes, considering the anti-inflammatory activity of TM. 
However, the study had several limitations, including the small sample size, its 
observational characteristic and its being conducted in one single center.

Sepsis is currently the leading cause of death in ICUs[1,2,6,19,27,28], affecting more 
frequently patients with extreme ages and patients with chronic diseases[1,29]. 
Regarding the serum level of HMGB1, elevated values are not expected in the initial 
phase of sepsis. Gibot et al[30] (2007) demonstrated that serum HMGB1 levels greater 
than 4000 pg/mL (4 ng/mL) on the third evaluation day patients with septic shock 
were associated with a higher risk of death, with an odds ratio equal to 5.5 and 
ranging from 1.3-23.6 considering the 95% confidence interval. However, as occurred 
in the current study, the authors found no significant association between HMBG1 and 
the clinical and laboratory parameters that make up the SOFA score when these were 
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Table 4 Levels of thrombomodulin, high mobility group box 1, thrombomodulin/high mobility group box 1 ratio and the presence of 
sepsis-induced coagulopathy

Cases (n = 20)

With SIC (n = 8) Without SIC (n = 12) P value1

HMGB1 (pg/mL) 264.04 ± 84.01 309.22 ± 138.97 0.422

TM (pg/mL) 74.78 ± 28.95 38.44 ± 24.56 0.0072

T/H 0.32 ± 0.16 0.16 ± 0.13 0.0343

1Represent t test.
2Power for comparing two means (PCTM) > 80%.
3PCTM < 80%. TM: Thrombomodulin; HMGB1: High mobility group box 1; T/H: Thrombomodulin/high mobility group box 1 ratio; SIC: Sepsis-induced 
coagulopathy.

Table 5 Association between levels of thrombomodulin, high mobility group box 1 and the thrombomodulin/high mobility group box 1 
ratio and renal replacement therapy

RRT (case group, n = 20)

Yes (n = 10) No (n = 10) P value1

HMGB1 (pg/mL) 236.00 ± 84.00 346.90 ± 130.10 0.0262

TM (pg/mL) 75.37 ± 27.49 34.60 ± 22.58 0.0023

T/H 0.38 ± 0.14 0.11 ± 0.09 < 0.0013

1Represent t test.
2Power for comparing two means (PCTM) > 80%.
3PCTM < 80%. TM: Thrombomodulin; HMGB1: High mobility group box 1; T/H: Thrombomodulin ratio/high mobility group box 1; RRT: Renal 
replacement therapy.

Figure 1  Levels of high mobility group box 1 (A, P = 0.034), thrombomodulin (B, 1P = 0.003) and thrombomodulin/high mobility group box 
1 ratio (C, 1P = 0.001) in case group divided according to Sequential Organ Failure Assessment score. Values expressed in mean ± SE, unpaired 
Student t test analysis. 1Power for comparing two means > 80%. HMGB1: High mobility group box 1; SOFA: Sequential Organ Failure Assessment.

assessed separately[30,31]. Other authors have failed to demonstrate an association 
between serum HMGB1 levels and patient survival in other clinical situations[32,33].

However, the aim of this study was to assess the relationship between the two 
molecules TM and HMGB1 in the first 24 h and their association with the evolution of 
patients with sepsis (cases). Some experimental studies suggest that TM is able to 
reduce the signaling action of HMGB1 in sepsis, and clinical trials are underway to 
evaluate the effect of TM administration on patients with sepsis[8,13,34].

Regarding hemodynamic conditions, two-thirds of the patients’ case group needed 
vasoactive drugs to maintain a MAP greater than or equal to 65 mmHg. 
Hemodynamic changes in sepsis result from the association among complex 
mechanisms, both cellular and humoral, which lead to endothelial lesions, promote 
greater vascular permeability and, hence, cause organ damage[35]. Among humoral 
reactions, the cytokines released by macrophages play an important role in the 
inflammatory response to infection[36]. This set of responses to an offending agent can 
lead to the activation of the coagulation cascade and, consequently, to disseminated 
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intravascular coagulation with impaired tissue perfusion of organs[22,37].
The hemodynamic changes observed in patients with septic shock can also cause 

acute renal dysfunction, which appears as a consequence of immunological, toxic and 
inflammatory mechanisms that are involved in kidney damage. Fortunately, better 
outcomes have been observed among patients with AKI who require RRT in recent 
years. This change in prognosis is probably due to improvements in the sensitivity of 
the diagnosis of AKI, and, consequently, to the onset of RRT at a more appropriate 
time[22,38].

In this study, it was observed that 50% of the cases’ patients required RRT. Levy 
et al[39], in 2010 reported that 85.6% of patients with sepsis had cardiovascular 
dysfunction, 30.8% had respiratory dysfunction, 39.5% had renal dysfunction, 10.2% 
had hepatic impairment, and 25.7% had hematological abnormalities. Okamoto et al[40], 
2012, studying acute renal failure in patients with sepsis, observed that, although the 
presence of acute renal failure was not associated with a longer hospital stay, mortality 
was twice as high in septic patients with acute renal failure.

Although hemodynamic changes were not associated with changes in serum TM 
and HMGB1 nor T/H ratio in the present study, cases who needed RRT presented 
higher levels of TM in peripheral blood and higher T/H ratios when compared to 
controls and cases without RRT. TM is also a marker of endothelial injury, and its 
increase in patients with severe AKI could be secondary to higher production rates or 
reduced clearance by the kidney, as noted by Małyszko et al[41] in 2004.

Regarding sepsis coagulation disorders, there is the possibility of confounding 
factors such as decompensated chronic liver diseases or the use of oral anticoagulants. 
In the current study only one patient had chronic liver disease, but this patient had no 
changes in clotting factors or platelet counts. The sepsis management protocol in the 
ICU of the SCBH recommends the use of low-molecular-weight heparin instead of oral 
anticoagulants in patients with septic shock or mechanical prophylaxis when low-
molecular-weight heparin is not indicated.

Activation of the coagulation system in sepsis occurs through a multifactorial 
mechanism and involves the activation of PRRs by PAMPs and DAMPs, including 
HMGB1, which has been associated with a procoagulant state and the presence of 
disseminated intravascular coagulation[13,14,42]. In sepsis, platelet activation can be 
triggered by the action of thrombin and by inflammatory mediators that promote 
thrombocytopenia, thrombin generation and increased inflammation[43]. Platelets are 
also capable of releasing HMGB1, which plays a proinflammatory and an important 
procoagulant role[42,44]. Another molecule whose role in SIC has been studied is 
TM[8,15,45]. TM and the TM-antithrombin complex assist in the degradation of HMGB1 
and, therefore, reduce its proinflammatory effect[13]. Although this effect has been 
observed in animal models[8,15,45], in the current study, a positive association was 
observed between patients with higher TM levels in the first 24 h and the presence of 
SIC[24] compared to controls and cases without SIC.

The clinical use of recombinant TM has been tested, and although theoretically 
promising, it has not been associated with a significant reduction in mortality or other 
secondary outcomes when compared to placebo to date[2,34,46,47]. Rhodes et al[48] 
recommended not using antithrombin due to a lack of evidence of an effect. Regarding 
TM, the authors reported that they would not make recommendations until its effects 
were further studied. A recently published randomized clinical trial (the SCARLET 
randomized clinical trial) also failed to demonstrate a significant reduction in 
mortality on D28 in patients with SIC as a consequence of the use of human 
recombinant thrombomodulin[34]. Some authors suggested that the start of 
administration of recombinant TM could have been delayed in relation to the onset of 
inflammatory reactions and the activation of the coagulation cascade, and these 
authors question whether there is a profile of sepsis presentation that would benefit 
more from its use[49].

Sepsis is a serious clinical syndrome that requires advanced life support, and a 
diagnosis should be made as early as possible since mortality increases in patients 
with greater hemodynamic impairment, as shown by the evaluation of these patients. 
With the growing knowledge on sepsis, a new challenge has become evident: 
improving post-sepsis quality of life. Despite the severity of sepsis and the difficulties 
related to its diagnosis and treatment, survival has improved. However, the risk of 
reinfection is greater in patients who have sepsis, in addition to the greater propensity 
to exhibit serious injuries or enough to compromise the patients' ability to maintain 
self-care[50,51]. The work by Westphal et al[52] analyzed 217 inpatients with sepsis, with 
only 63 out of 112 patients experiencing high survival of more than 2 years after 
discharge. Among the survivors, 36 answered a quality of life questionnaire, and the 
following was observed from the answers: A significant reduction in functional 



Rodrigues AT et al. Thrombomodulin and HMGB1 in sepsis patients

WJCCM https://www.wjgnet.com 71 October 18, 2020 Volume 9 Issue 4

capacity, vitality, and mental health; The presence of pain; Worse general health 
status; and Main physical and emotional aspects.

ARTICLE HIGHLIGHTS
Research background
High mobility group box 1 (HMGB1) has been studied as a molecule associated with 
severe outcomes in sepsis and thrombomodulin (TM) seems to decrease HMGB1 
proinflammatory activity.

Research motivation
We aimed to investigate the role of the thrombomodulin/high mobility group box 1 
(T/H) ratio, in the first 24 h, in patients with sepsis.

Research objectives
To test the hypothesis that higher ratios would be associated with better outcomes.

Research methods
We studied twenty patients diagnosed with sepsis. They were followed until they left 
the intensive care unit or until they achieved 28 d of hospitalization. The following 
clinical outcomes were observed: Sequential Organ Failure Assessment (SOFA) score; 
Need for mechanical ventilation; Presence of septic shock; Occurrence of sepsis-
induced coagulopathy; Need for renal replacement therapy (RRT); and Death.

Research results
The results showed that patients with SOFA scores greater than or equal to 12 points 
and those who need RRT had higher serum levels of TM and therefore higher T/H 
ratio.

Research conclusions
The authors concluded that higher serum levels of TM and, therefore, higher T/H 
ratio in the first 24 h after the diagnosis of sepsis were associated with a more severe 
disease.

Research perspectives
As this was a single center study, we cannot extrapolate the results to the general 
population. Further studies with bigger samples and at different centers are needed.
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