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ABSTRACT

Objective To investigate the association of plasma
heparin-binding protein (HBP) with the development of
acute gastrointestinal injury (AGI) in critically ill patients.
Design Clinical retrospective cross-sectional study.
Setting A general teaching hospital in China.
Participants Adult patients (age >18 years) admitted to
our department with an intensive care unit (ICU) stay >5
days.

Main outcome measures HBP levels were recorded
twice or more within 5 days after admission. The initial
AGI grades and the worst AGI grades within 5 days after
admission, the number of patients receiving total enteral
nutrition (TEN) and the number of patients with feeding
intolerance (Fl) and with sepsis were also recorded, along
with some clinical severity and outcome variables.
Results From June 2018 to May 2019, 221 patients

were enrolled in this study. We divided patients into four
groups based on the HBP values: HBP <20 ng/mL, 20<HBP
<50ng/mL, 50<HBP <100 ng/mL and HBP >100ng/mL.
Significant differences were found in the ratios of AGI
deterioration and TEN and the incidence rates of Fl and
sepsis among the four groups. Differences were also found
among the groups regarding the worst AGI grades. The
area under receiver operating characteristic curves for AGI
deterioration, severe AGI (grades Il or above), TEN and Fl
were 0.738 (p=0.001), 0.774 (p<0.001), 0.810 (p<0.001)
and 0.729 (p=0.001), respectively. The optimal HBP cut-off
values for AGI deterioration and severe AGI were 53.27 ng/
mL and 41.26 ng/mL, respectively. However, no differences
in ICU duration or 28-day mortality were found.
Conclusions HBP levels were associated with
gastrointestinal dysfunction in critically ill patients.
Increased HBP was positively correlated with sepsis but it
was not correlated with 28-day mortality.

INTRODUCTION

Gastrointestinal ~ (GI) complications are
common and closely related to adverse
outcomes in critically ill patients.l_4 A recent
systematic review and meta-analysis showed
that the incidence of GI dysfunction was
approximately 40% and the mortality was
33% among patients in the intensive care

Strengths and limitations of this study

» This is the first study investigating associations of
heparin-binding protein with gastrointestinal dys-
function in critically ill patients.

» The study is single-centre retrospective design and
small sample size.

» No patients with acute gastrointestinal injury grade
IV were included in this study, and the conclusions
might not be applicable to all critically ill patients.

» The results are hypothesis generating. A prospective
trial is warranted.

unit (ICU).! As GI failure was considered
as ‘motor of multiple organ failure’, it is
important to evaluate GI function as early and
accurately as possible. In 2012, the Working
Group on Abdominal Problems (WGAP) of
the European Society of Intensive Care Medi-
cine (ESICM) developed the definitions and
a grading system for acute gastrointestinal
injury (AGI) in intensive care patients.” This
expert opinion-based AGI grading system
was also proven to be a predictor of all-cause
mortality in critically ill patients. AGI defini-
tions included primary AGI and secondary
AGL? However, the AGI grading definitions
are mainly based on clinical symptoms, but
not on objective biomarkers. Moreover, the
AGI grades are actually late signs of impaired
GI function and cannot adequately reflect the
damage of intestinal cells and the mucosal
barrier. Therefore, earlier and more sensitive
biomarkers are needed to reflect GI function
in widespread clinical use.

Heparin-binding  protein ~ (HBP), a
neutrophil-derived granule protein, was
proven to be a useful biomarker for predicting
organ dysfunction in sepsis.”® Several recent
studies found that HBP improved the predic-
tion of acute respiratory distress syndrome
(ARDS), circulatory failure and acute kidney
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injury (AKI) in critically ill patients.””” AGI is considered
to be a crucial initial factor for enterogenic infection and
multiple organ dysfunction syndrome (MODS). In other
words, AGI is also a form of organ dysfunction. In primary
AGI, such as abdominal trauma, the neutrophils of
damaged intestinal barrier release HBP, and then lead to
increase in blood HBP. The increased HBP might impair
the intestinal vessels, leading to vascular leakage and tissue
oedema,*” and then result in enterogenous infection and
other organ injury even MODS. In secondary AGI, such
as sepsis, bacteria or lipopolysaccharide (LPS) could also
stimulate the neutrophils in blood to release HBP, then
the increased HBP impair endothelial cell barriers of
intestinal vessels, leading to further GI injury.*® At the
same time, HBP could bind to the LPS,* and it might play
an important role in neutralising LPS during intestinal
mucosal barrier injury. Furthermore, HBP has a broad
spectrum of antimicrobial activity, especially against
gram-negative bacteria.*® Therefore, the increased HBP
level might be an indicator of early AGI. Accordingly, we
hypothesised that increased HBP levels were associated
with AGI development in critically ill patients, and this
study was performed to verify this hypothesis.

MATERIALS AND METHODS

Patients

From June 2018 to May 2019, all adult patients (age 218
years) admitted to the surgical ICU of our department,
Nanjing First Hospital with an ICU stay 25 days were
included in this clinical retrospective study. Patients with
chronic organ dysfunction (eg, hepatic or renal dysfunc-
tion), terminal cancer, coagulation dysfunction, malnu-
trition or immunodeficiency were all excluded. Figure 1
shows the flow diagram of the participants. All patients
received specialised critical care treatments, such as
intensive monitoring, oxygen administration or mechan-
ical ventilation, glucose control, fluid resuscitation, vaso-
pressor administration or renal replacement therapy as
needed, and antimicrobial therapy.

3582 Patients admitted into ICU

3361 Excluded

+ 2816 ICU stay < 5 days

+ 411 HBP tested only once

+ 55 Chronic organ dysfunction

+ 62 Malnutrition or
immunodeficiency

+ 17 Other

| 221 Patients |

l l l l

No AGI AGIT AGIII AGI I
42 Patients 87 Patients 75 Patients 17 Patients

Figure 1 The flow diagram of participants. AGl, acute
gastrointestinal injury; HBP, heparin-binding protein; ICU,
intensive care unit.

Definitions

AGI was defined as a malfunction of the GI tract in criti-
cally ill patients due to acute illness and was categorised
into four grades according to its severity.3 Primary AGI was
associated with primary disease or direct injury to organs
of the GI system, for example, peritonitis, pancreatic or
hepatic pathology, abdominal surgery and abdominal
trauma.” Secondary AGI developed as the consequence
of a host response in critical illness without primary
pathology in the GI system, for example, GI malfunc-
tion in a patient with pneumonia, cardiac pathology,
non-abdominal surgery or trauma.” AGI grade I was
defined as an increased risk of developing GI dysfunc-
tion or failure (a self-limiting condition); AGI grade II
was defined as GI dysfunction (a condition that requires
interventions); AGI grade III was defined as Gl failure
(GI function cannot be restored with interventions) and
AGI grade IV was defined as dramatically manifesting GI
failure (a condition that is immediately life-threatening).”
In this study, we determined AGI grade II or above as
severe AGI. Total enteral nutrition (TEN) was defined
as full (at least 20 kcal/kg body weight (BW) /day within
72hours of feeding””) enteral nutrition via nasogastric or
nasojejunal tube. AGI deterioration was defined as AGI
grade from 0 to I/II/III, from I to II/III or from II to
III. GI symptoms included nausea, vomiting, diarrhoea,
paralysis, high gastric residual volumes, intra-abdominal
hypertension and GI bleeding.” Feeding intolerance (FI)
syndrome was a general term indicating intolerance of
enteral feeding for whatever clinical reasons, and FI was
also considered present if at least 20 kcal/kg BW/day via
the enteral route could not be reached within 72 hours of
a feeding attempt.3 Sepsis was defined as life-threatening
organ dysfunction caused by a dysregulated host response
to infection.” The diagnostic criteria of ARDS were in
accordance with the Berlin definitions."’ The definitions
of AKI were based on the 2012 Kidney Disease: Improving
Global Outcomes guidelines.'' MODS was defined as the
combined dysfunction of two or more organs.

Data collection

The baseline clinical characteristics, including age, sex
and causes of ICU admission were recorded on ICU
admission. Patients with inflammation, infection, sepsis,
trauma, burn, hypotension, shock and organ dysfunction
would be considered HBP measurements in our centre.
Plasma HBP levels were recorded if they were detected
twice or more within 5 days after admission. The acute
physiology and chronic health evaluation (APACHE) II
score, sequential organ failure assessment (SOFA) score,
blood lactate, white blood cell (WBC) count, procalci-
tonin (PCT) and initial AGI grades at the time of admis-
sion were also recorded. The AGI grades were recorded
retrospectively based on the electronic nursing score
forms in our hospital. The worst AGI grades within 5 days
after admission, number of patients with primary AGI or
secondary AGI, number of patients receiving TEN and
number of patients with FI or sepsis were registered.
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Moreover, the 28-day mortality and duration of the ICU
stay were also recorded. The primary end point was the
ratio of AGI deterioration, and the secondary end points
were the FI incidence rates and TEN ratios within 5 days
after admission.

Plasma HBP was detected immediately by the commer-
cially available Axis-Shield HBP microtitre plate ELISA
kits using sodium citrate tubes (Becton, Dickinson and
Company, Franklin Lakes, New Jersey, USA). Tverring
and colleagues’ divided HBP values into four groups: HBP
<10ng/ mL, HBP >10 <20ng/mL, HBP >20 <40ng/mL
and HBP >40ng/mL in their study about sepsis-related
AKI. Previous studies showed that the optimal cut-off level
for HBP in diagnosing sepsis, severe sepsis or septic shock
was =15ng/mL, 228.1or 30ng/mL and =103.5ng/mL,
respectively.® '* '* However, to our knowledge, there are
no investigations on the relations between HBP levels and
GI function in critically ill patients. The HBP values in
our study were relatively large, and the median plasma
HBP level was 51.19 (29.99-99.50) ng/mL. Therefore, we
divided patients into four groups based on means of the
worst values: HBP <20ng/mL (n=38), 20<HBP <50ng/
mL (n=71), 50<HBP <100ng/mL (n=59) and HBP
>100ng/mL (n=53). The patient number of each group
was also appropriate.

Patient and public involvement

This was a retrospective study. No patients were involved
in the design, recruitment and conduct of the study. No
patients were asked for advice on interpretation of the
results. There are no plans to disseminate the findings to
study participants.

Statistical analysis

The Kolmogorov-Smirnov test was first performed to test
the normal distribution of the data. Normally distributed
data were expressed as the means+SD and were compared
by t tests. Abnormally distributed data were expressed as
the medians (IQRs) and were compared by the Mann-
Whitney U test or the Kruskal-Wallis test. Categorical vari-
ables were presented as absolute numbers or percentages
and were analysed using the % test or Fisher’s exact test.
To take into account the repeated nature of the variables,
analysis of variance (ANOVA) for repeated measurements
of the general linear model was implemented. To deter-
mine the factors associated with severe AGI (grade II or
above), we performed a series of several univariate logistic
regression analyses using the above-mentioned variables.
Variables with p<0.1 in univariate analyses were tested in
further multivariate logistic regression analyses. Receiver
operating characteristic (ROC) curves were used to eval-
uate the associations between HBP and AGI, FI, TEN,
sepsis and 28-day mortality. IBM Statistical Package for
the Social Sciences (SPSS V.22.0) software was used for
statistical analysis, and p<0.05 was considered statistically
significant. SPSS scatter plots and a correlation analysis
were performed to evaluate the relevance between HBP
and blood lactate, WBC count and PCT, respectively. The

statistical methods of this study were reviewed by Qiao
Liu, a biostatistician from the Center for Disease Control
and Prevention of Jiangsu Province in China.

RESULTS

As shown in figure 1, a total of 221 patients were enrolled
in this clinical retrospective study during the research
period. Only 57 patients (57/221, 25.8%) had no AGI
on ICU admission. During ICU stay, 68 patients suffered
primary AGI, whereas 96 patients suffered secondary
AGI. Four hundred and ninety-four HBP measurements
were performed in total, and 166 patients had their
ICU admission day values of HBP measured. The mean
number of HBP measurements per patient was 2.4. The
demographic data and clinical parameters of the patients
on admission are presented in table 1. One hundred and
seventy-seven patients had undergone surgery, of which
55 patients had undergone abdominal surgery before
ICU admission. Eighty-five patients (85/221, 38.5%) had
FI symptoms during enteral feeding, and 157 patients
(157/221, 71.0%) received TEN. Fifty-eight patients
(58/221, 26.2%) suffered sepsis, and 27 patients (27/221,
12.2%) died of MODS or infectious complications during
the hospital stay (within 28 days).

HBP and the variables

The median plasma HBP levels were 51.19ng/mL on
ICU admission, and the HBP values were expressed as the
means of the recorded results within 5 days after admis-
sion. We divided patients into four groups based on the
worst HBP values: HBP <20ng/mL (defined as group
A), 20<HBP <50ng/mL (defined as group B), 50<HBP
<100ng/mL (defined as group C) and HBP >100ng/mL
(defined as group D).

As shown in table 2, significant differences were found
in the ratios of AGI deterioration and TEN, and the inci-
dence rates of FI and sepsis among the four groups. There
were also significant differences in SOFA scores, PCT,
lactate and WBC levels among the four groups. However,
no differences were found in APACHE II scores, ICU days
and 28-day mortality.

The AGI deterioration and FI incidence rates of group
A were significantly lower than those of group C (p=0.023
and 0.014, respectively) or group D (p=0.001 and 0.001,
respectively). The TEN ratios of group A were signifi-
cantly higher than those of group C (p=0.034) or group
D (p<0.001). However, no differences in these variables
were found between groups A and B or between groups
B and C. The AGI deterioration and FI incidence rates
of group B were also significantly lower than those of
group D (p=0.049 and 0.05, respectively). The TEN ratios
of group B were also significantly higher than those of
group D (p<0.001). No differences in the four variables
were found except for a difference in the TEN ratios
(p=0.044) between groups C and D.

The SOFA scores of group D were significantly higher
than those of groups A, B and C (p=0.002, 0.044 and

Sun J-K, et al. BMJ Open 2020;10:e036396. doi:10.1136/bmjopen-2019-036396

3



Open access

3

Table 1 Demographic data and clinical parameters

Variables Values
Age (years) 66 (54-76)
Sex (male:female) 143:78
Causes of ICU admission (n, %)
Abdominal infection 22 (10.0)
Thoracic/pulmonary infection 46 (20.8)
Urinary infection 4(1.8)
Other infections 3(1.4)
AECOPD 6 (2.7)
Acute kidney injury 10 (4.5)
ARDS/severe pneumonia 11 (5.0)
Cerebral haemorrhage/infarction 13 (5.9)
Multiple trauma 13 (5.9)
Burn 4(1.8)
Haemorrhagic shock 6 (2.7)
Severe acute pancreatitis 4(1.8)
Coronary heart disease 8 (3.6)
Acute cardiac dysfunction 17 (7.7)
Aortic dissection 24 (10.9)
Valvular heart disease 21 (9.5)
Other 9(4.1)
Sepsis (n, %) 58 (26.2)
Categories (n, %)
Elective surgery 116 (52.5)
Emergency surgery 61 (27.6)
Medical 44 (19.9)
Pathology (Gl:non-Gl) 68:153
APACHEII scores 16 (13-21.5)
SOFA scores 6 (4-8)

HBP levels (ng/mL)

AGI grades (n, %)
0 57 (25.8)
I 107 (48.4)
Il 47 (21.3)
n 10 (4.5)

Feeding intolerance (n, %) 85 (38.5)

51.19 (29.99-99.50)

PCT (ng/mL) 2.51(0.42-10.33)
WBC (10%/L) 12.25 (9.42-15.69)
Lactate (mmol/L) 2.20 (1.30-3.50)
ICU days 7.0 (5.0-13.0)
Death (n, %) 27 (12.2)

The age, sex, causes of ICU admission, categories, pathology,
APACHE Il scores, SOFA scores, HBP levels, AGI grades, PCT,

WBC and lactate were admission variables. The sepsis and feeding
intolerance were summary variables for 5 days.The ICU days and
death (28-day mortality) were summary variables for hospital stay.
AECOPD, acute exacerbation of chronic obstructive pulmonary
disease; AGlI, acute gastrointestinal injury; APACHEII, acute physiology
and chronic health evaluation Il; ARDS, acute respiratory distress
syndrome; Gl, gastrointestinal; HBP, heparin-binding protein; ICU,
intensive care unit; PCT, procalcitonin; SOFA, sequential organ failure
assessment; WBC, white blood cell.

<0.001, respectively). The SOFA scores of group B were also
higher than those of group C (p=0.029). No differences
in the SOFA scores were found between groups A and B
or between groups A and C. The PCT, lactate and WBC
levels in group A were significantly lower than those of
group G (p=0.036, 0.002 and 0.003, respectively) or group
D (p<0.001, <0.001 and 0.001, respectively); however, no
differences in these variables were found between groups
Aand B, with the exception of lactate (p=0.002). The PCT,
lactate and WBC levels of group B were also significantly
lower than those of group D (p<0.001, 0.012 and 0.005,
respectively); however, no differences in these variables
were found between groups B and C. The PCT (p<0.001)
and lactate (p=0.002) levels of group C were significantly
lower than those of group D. These results indicated that
patients with higher HBP levels had worse AGI grades,
clinical severity and outcomes.

AGI and the variables

The worst AGI grades within 5 days after admission were
recorded; at the end of the study period, 42 patients
(42/221, 19.0%) had no AGI, 87 patients (87/221,
39.4%) developed AGI grade I, 75 patients (75/221,
33.9%) developed AGI grade II and 17 patients (17/221,
7.7%) developed AGI grade III. We divided the patients
into four groups based on the worst AGI grades: AGI 0
(defined as group A), AGI I (defined as group B), AGI II
(defined as group C) and AGI III (defined as group D).

As shown in table 3, significant differences were found
in above clinical variables among the four groups. The
HBP, PCT and lactate levels of group A were significantly
lower than those of group B (p=0.004, 0.006 and 0.003,
respectively). Significant differences were found in the
above clinical variables except the WBC levels between
groups A and C (p<0.05). Significant differences were
also found in the above clinical variables between groups
A and D (p<0.05) or between groups B and D (p<0.01).
The HBP and PCT levels, FI and sepsis incidence rates,
SOFA scores, ICU days and 28-day mortality of group B
were significantly lower than those of group C (p<0.05).
The TEN ratios of group B were significantly higher than
those of group C (p<0.001). The HBP, PCT, lactate, WBC
levels, SOFA scores and ICU days of group C were signifi-
cantly lower than those of group D (p<0.05).

Moreover, the HBP levels of patients with FI were
significantly higher than those of patients without FI
(66.78 (36.34-130.31) vs 42.78 (22.08-86.0), p=0.001),
and the HBP levels of patients with TEN were also signifi-
cantly lower than those of patients without TEN (42.17
(23.96-77.80) vs 88.94 (45.16-164.04), p<0.001) during
the ICU stay. These results indicated that patients with
more severe AGI had higher HBP levels and worse clin-
ical severity and outcomes.

Risk model of AGI

To determine the factors associated with severe AGI
(grade II or above), univariate logistic regression was
performed using the above-mentioned variables (HBP,
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Table 2 Clinical variables of severity and outcomes

HBP <20ng/mL 20<HBP <50ng/mL 50<HBP <100ng/mL HBP >100ng/mL

(n=38) (n=71) (n=59) (n=53) P value
AGI deterioration 5(13.2) 20 (28.2) 20 (33.9) 24 (45.3) 0.011
(n, %)
Fl (n, %) 7 (18.4) 25(35.2) 25 (42.4) 28 (52.8) 0.008
TEN (n, %) 33 (86.8) 58 (81.7) 40 (67.8) 26 (49.1) <0.001
Sepsis (n, %) 5(13.2) 16 (22.5) 17 (28.8) 20 (37.7) 0.053
APACHEII scores 16.0 (12.75-23.25) 16.0 (13.0-22.0) 15.0 (13.0-19.0) 17.0 (13.5-23.0) 0.664
SOFA scores 6.0 (3.75-7.0) 6.0 (4.0-9.0) 5.0 (4.-7.0) 7.0 (5-10.0) 0.001
ICU days 7.0 (5.0-11.25) 9.0 (5.0-14.0) 7.0 (5.0-10.0) 9.0 (5.0-16.0) 0.187
Death (n, %) 5(13.2) 10 (14.1) 6(10.2) 6(11.3) 0.912
PCT (ng/mL) 0.89 (0.14-3.53) 1.64 (0.18-7.09) 2.77 (0.43-7.38) 10.39 (2.45-62.22) <0.001
Lactate 1.4 (0.98-2.20) 2.3(1.3-3.5) 2.1(1.4-3.1) 3.1 (2.1-4.5) <0.001
(mmol/L)
WBC (10%/L) 10.08 (7.69-12.77) 11.12 (7.83-14.55) 12.66 (11.03-14.76) 14.03 (10.09-21.15) <0.001

The HBP was summary variable for 5 days (mean values). The AGI grades were summary variables for 5 days (the worst values). The FI, TEN and
sepsis were summary variables for 5 days. The APACHE Il scores, SOFA scores, PCT, lactate and WBC were admission variables. The ICU days and

death (28-day mortality) were summary variables for hospital stay.

AGIl, acute gastrointestinal injury; APACHEII, acute physiology and chronic health evaluation II; Fl, feeding intolerance ; HBP, heparin-binding protein;
ICU, intensive care unit; PCT, procalcitonin; SOFA, sequential organ failure assessment; TEN, total enteral nutrition; WBC, white blood cell.

PCT, lactate, WBC, age, APACHEII score, ICU days, sepsis
or not and death or not), and variables that showed
statistical significance (p<0.1) were identified by further
multivariate logistic regression. As shown in table 4, four
variables, including HBP, were established as indepen-
dent risk factors for the development of severe AGI.

The correlations between HBP and the clinical severity
variables were also analysed. As shown in figure 2, the HBP
levels were positively correlated with PCT (R*=0.172) and
lactate (R*=0.118), and they were weakly correlated with

WBC (R?=0.09). No correlations were found between
HBP levels and other variables.

The ROC curves were performed to assess the associa-
tions between HBP and AGI deterioration ratio, the TEN
ratio, FI incidence, sepsis incidence and 28-day mortality
in critically ill patients. The area under curves (AUCs) of
sepsis, TEN and FI were 0.741 (p=0.001), 0.810 (p<0.001)
and 0.729 (p=0.001), respectively. No significant associa-
tion was found between HBP values and 28-day mortality.
Optimal cut-off points for HBP were also derived from

Table 3 Clinical variables of severity and outcomes

AGI 0 (n=42) AGI | (n=87) AGI Il (n=75) AGI Il (n=17) P value
HBP (ng/mL) 26.16 (12.39-71.33) 47.62 (31.13-79.86) 62.48 (40.44-101.57) 201.00 (75.31-210.30) <0.001
FI (n, %) 4(9.5) 11 (12.6) 55 (73.3) 15 (88.2) <0.001
TEN (n, %) 35 (83.3) 75 (86.2) 41 (54.7) 6 (35.3) <0.001
Sepsis (n, %) 2(4.8) 14 (16.1) 32 (42.7) 10 (58.8) <0.001
APACHEII scores 14.5 (11.0-19.25) 16.0 (13.0-19.0) 17.0 (14.0-22.0) 22.0 <0.001
(17.0-30.0)

SOFA scores 5.0 (4.0-6.0) 5.0 (4.0-7.0) 6.0 (5.0-9.0) 11.0 (7.5-12.0) <0.001
ICU days 6.5 (5.0-11.0) 6.0 (5.0-10.0) 9.0 (6.0-14.0) 16.0 (10.5-26.0) 0.001
Death (n, %) 1(2.4) 6 (6.9) 14 (18.7) 6 (35.3) 0.001
PCT (ng/mL) 0.42 (0.11-2.04) 1.92 (0.33-9.65) 5.22 (1.08-16.27) 17.16 (4.32-75.87) <0.001
Lactate 1.4 (1.0-2.25) 2.2 (1.4-3.1) 2.4 (1.4-3.9) 3.8 (3.0-7.9) <0.001
(mmol/L)

WBC (10%/L) 10.92 (8.04-14.39) 11.77 (9.75-14.55) 12.52 (9.06-15.32) 18.78 (13.24-23.56) 0.011

The AGI grades were summary variables for 5 days (the worst values). The HBP was summary variable for 5 days (mean values). The FI, TEN and
sepsis were summary variables for 5 days. The APACHE Il scores, SOFA scores, PCT, lactate and WBC were admission variables. The ICU days and

death (28-day mortality) were summary variables for hospital stay.

AGl, acute gastrointestinal injury; APACHEII, acute physiology and chronic health evaluation II; Fl, feeding intolerance ; HBP, heparin-binding protein;
ICU, intensive care unit; PCT, procalcitonin; SOFA, sequential organ failure assessment; TEN, total enteral nutrition; WBC, white blood cell.
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Table 4 Independent factors associated with severe AGI
(grade Il or above) in multivariate logistic regression analysis

OR 95% ClI P value
HBP 1.007 1.001 to 1.013 0.024
Sepsis 2.757 1.235t0 6.153 0.013
Age 1.033 1.009 to 1.057 0.007
Lactate 1.247 1.024 to 1.519 0.028

AGl, acute gastrointestinal injury; HBP, heparin-binding protein.

the ROC curves. The optimal cut-off point for TEN was
55.0ng/mL; the sensitivity was 71.9% and the specificity
was 62.4%. The optimal cut-off point for FI was 48.28ng/
mL; the sensitivity was 64.7% and the specificity was
56.6%.

In this study, we defined the worst AGI grade 0 to I as
mild AGI and the worst AGI grade II to III as severe AGI.
The ROC curve was also used to assess the associations
between HBP and AGI deterioration or severe AGI. The
AUCGs of AGI deterioration and severe AGI were 0.738
(p=0.001) and 0.774 (p<0.001), respectively. The optimal
cut-off point for AGI deterioration was 53.27ng/mL; the
sensitivity was 63.8% and the specificity was 57.9%. The
optimal cut-off point for severe AGI was 41.26 ng/mL; the
sensitivity was 77.2% and the specificity was 52.7%. These
results indicated that HBP levels were correlated with AGI
grades, TEN ratios and FI incidence rates; in other words,
HBP value was associated with the development of severe
AGL

DISCUSSION
This clinical retrospective study investigated the correla-
tions between plasma HBP and GI dysfunction in criti-
cally ill patients. We found that patients with higher HBP
levels had higher AGI deterioration ratios, FI incidence
rates and lower TEN ratios within 5 days after admission.
Patients with more severe AGI also had higher HBP levels,
worse clinical severity and poorer outcomes. In other
words, HBP value was associated with the development of
severe AGI (grade II or above).

AGI was common in critically ill patients and could
increase the risk of mortality.! > '* GI injury was often

vor

Figure 2 The correlations of HBP with PCT (A), lactate (B)
and WBC (C). The HBP levels were positively correlated with
(A) PCT (R?=0.172) and (B) lactate (R?=0.118). (C) There was
a low correlation between HBP and WBC (R?=0.09). HBP,
heparin-binding protein; PCT, procalcitonin; WBC, white
blood cell.

caused by an inflammatory reaction, infection or sepsis,
severe trauma, shock, pancreatitis and other critical
diseases."* '° Accompanying by that, intestinal epithelial
cell damaged, mucosal permeability increased, intestinal
flora translocated and then intestinal original infection
and MODS developed.! ' Therefore, GI dysfunction
is considered as ‘motor of multiple organ failure’, and
it is crucial to assess GI function as early and accurately
as possible. In 2012, the WGAP of the ESICM proposed
the definitions and a grading system for AGI in intensive
care patients.” Hu et af’ found that severity of the AGI
grade was a predictor of all-cause mortality in critically
ill patients. However, the AGI grading definitions were
mainly based on clinical symptoms, and rare reports were
published about objective markers with fine correlation
with this AGI system. In this study, we demonstrated that
plasma HBP levels were correlated with AGI grades. More-
over, our results indicated that HBP levels were correlated
with TEN ratios and FI incidence rates. These findings
suggested that HBP could be an objective and sensitive
marker that adequately reflects GI function in widespread
clinical use. However, the underlying mechanisms were
unclear.

The neutrophil-derived HBP was proven to be a novel
biomarker for predicting organ dysfunction in critically
ill patients.* In 2012, Linder et al’ proposed that HBP
was associated with disease severity and increased risk
of death. Tverring et alf reported that HBP improved
the prediction of sepsis-related AKI in their prospective,
observational, multicentre study. Another prospective,
observational study performed by Tydén et al found that
increased plasma levels of HBP on admission to ICU were
associated with respiratory and circulatory failure.’ The
vascular leak and oedema formation caused by plasma
HBP were considered to be the main mechanisms of
the development of organ dysfunction.” ®'” Endothelial
cells were the initial targets of neutrophil-derived HBP
released from secretory vesicles.* ® HBP binds to glycos-
aminoglycan moieties of endothelium cell surface proteo-
glycans and impairs the endothelial barrier, leading to
vascular leakage and tissue oedema.*”'®

However, no studies have explored the associations
between HBP levels and the function of anotherimportant
organ, the GI tract. HBP was not only a biomarker of
infection but also a pathogenic factor for organ dysfunc-
tion in critically ill patients.* Therefore, we hypothesised
that HBP levels were also increased in enterogenic infec-
tions, and the massive amount of HBP released lead to
injury of vascular endothelial cells in intestinal mucosa.
Then, endothelial barriers were damaged, mucosal
permeability was increased and the intestinal flora were
translocated. As a result, the infection was aggravated by
feedback, and the oedema and GI injury occurred. Our
results may serve as an argument for this hypothesis and
proposed originally that HBP levels were associated with
GI dysfunction.

FI was a general term indicating intolerance of enteral
feeding for any clinical reason, and FI was also correlated
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with clinical severity and adverse outcomes.””*'* Hu et af’
reported that FI incidence was approximately 24% during
the first week of ICU stay, and persistent FI was an inde-
pendent risk factor for mortality in critically ill patients.
In the present study, we found that patients with higher
HBP levels had higher FI incidence rates and lower TEN
ratios during enteral feeding. Moreover, the HBP levels
of patients with FI or TEN were also significantly different
from those of patients without FI or TEN. The AUCs
of the ROC curves also indicated that HBP had signifi-
cant correlations with TEN ratio and FI. Previous studies
showed that the optimal cut-off level for HBP in diag-
nosing sepsis, severe sepsis or septic shock was =215ng/
mL, >28.1or 30ng/mL and 2103.5ng/mL, respec-
tively.® " ¥ However, to our knowledge, there may be no
investigations on the relations between HBP levels and GI
function in critically ill patients. Our study reported that
the optimal cut-off point for severe AGI was 41.26ng/
mL with a sensitivity of 77.2% and a specificity of 52.7%,
and for FT it was 48.28 ng/mL with a sensitivity of 64.7%
and a specificity of 56.6%. These results indicated that we
should be alert for development of AGI if the HBP value
was higher than about 40 ng/mL.

Citrulline or intestinal fatty acid binding protein
(I-FABP) was also proposed as possible biomarker for GI
function.'® ' Citrulline level was found to be related to
enterocyte function, whereas I-FABP level was found to
be related to intestinal ischaemic injury.'® ' However, the
plasma concentration of the two markers were susceptible
to dysfunction of liver or kidney,' ' which may restrict
their application value in critically ill patients. There-
fore, recommendations of the WGAP in ESICM indicated
that their clinical use in diagnosis of GI dysfunction was
still unclear.” Our findings of HBP might provide a new
biomarker for GI function in critically ill patients.

The relations between HBP levels and clinical severity
markers and outcomes were also studied. Kahn et al'®
found that HBP demonstrated good prognostic and
discriminatory properties in detecting the most severely
ill patients with infection in the emergency department.
Zhou et al' revealed that a high level of HBP in plasma
was associated with sepsis, which might be a useful diag-
nostic marker in patients with suspected sepsis. In this
study, the APACHEII score, plasma PCT, WBC and lactate
were used as indicators of disease severity, and we found
that HBP was positively correlated with PCT and lactate
within 5 days after ICU admission. Moreover, sepsis inci-
dence, ICU days and 28-day mortality were used as indi-
cators of clinical outcomes, and we found that increased
HBP was positively correlated with sepsis. The AUCs of
the ROC curves also suggested this phenomenon. Our
results were also mainly consistent with previous reports.

There are no uniform specific conditions to perform
the HBP testing. In our centre, patients with inflamma-
tion, infection, sepsis, trauma, burn, hypotension, shock
and organ dysfunction were generally considered for
HBP measurements. Also 116 elective surgery patients
met these conditions and received HBP tested twice or

more within 5 days of ICU, and they were included in our
study. However, this was a minority of surgical patients
treated in our ICU during the study period (see figure 1),
as 2816 patients with ICU stay <5 days and 411 patients
with HBP tested only once were excluded.

Some limitations of this study should be discussed.
Since HBP is derived from neutrophil cytoplasm, patients
with agranulocytosis may not be suitable for HBP testing.*
Neutrophils have a short life and could be activated in
vitro; therefore, the blood sample should be centrifuged
within 1-2hours and then refrigerated or frozen as soon
as possible.*” Due to the limitations of our study cohort
(mainly surgery patients), single-centre retrospective
design and small sample size, the results might not be
applicable to all critically ill patients, and the accuracy
should be confirmed by large-scale clinical prospective
studies. Moreover, since the study was not based on patho-
physiological models, and the results were hypothesis
generating, the exact mechanisms of HBP on GI function
should be tested by more basic experiments. In addition,
since no patients with AGI grade IV were included in this
study, the conclusions might not be applicable to all criti-
cally ill patients. Finally, since some parameters were only
recorded once within 5 days, the later effects of HBP on
GI function should also be tested by future randomised
controlled clinical trials.

CONCLUSIONS

Our retrospective clinical study showed that HBP levels
were associated with GI dysfunction. Increased HBP was
positively correlated with sepsis but it was not correlated
with 28-day mortality. More basic experiments and clin-
ical prospective trials are needed to verify our results.
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