L))

Check for
updat

Original Article

Intestinal barrier dysfunction is involved in the development of
systemic inflammatory responses and lung injury in type A aortic
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Background: The definite pathogenesis of lung injury complicated by type A aortic dissection (TAAD)
remains unclear. In this paper, we investigated the relationship between intestinal injury, lung injury, and
systemic inflammatory responses, with the aim of exploring the mechanism underlying intestinal injury and
its impact on systemic inflammatory responses and lung injury in patients with TAAD.

Methods: Patients with TAAD (n=36) and those with aortic root aneurysm (ARA) (n=30) were compared.
TAAD patients were younger and had higher creatinine (Cr) than ARA patients. White blood cell (WBC)
count, neutrophil count, neutrophil percentage, interleukin (IL)-6, IL-8, tumor necrosis factor a (TNF-a),
C-reactive protein (CRP), histamine (HIS) levels, PaO,-FiO, ratio, diamine oxidase (DAQO), intestinal fatty
acid binding protein (iIFABP), and peptidoglycan (PGN) were measured using the same laboratory methods
between the two groups.

Results: Increased WBC [(9.70+4.05)x10%/L vs. (5.88+1.2)x10°/L, P<0.001], neutrophil [(7.65x4.27)x10°/L
vs. (3.4020.97)x10°/L, P<0.001], neutrophil percentage [(74.73+13.42)% vs. (57.67+9.45)%, P<0.001],
IL-6 (37.48+4.87 vs. 20.90£0.92 pg/mL, P<0.001), IL-8 (97.15£9.11 vs. 69.46+3.17 pg/mL, P<0.001),
TNF-a (71.32+10.35 vs. 33.90+2.27 pg/mL, P<0.001), CRP (10.67+1.62 vs. 4.43+0.26 pg/mL, P<0.001),
HIS (13.29+1.88 vs. 7.63+0.58 ng/mL, P<0.001), DAO (24.94+4.72 vs. 10.92+2.44 U/L, P<0.001), iFABP
(879.01£190.12 vs. 206.35+42.20 pg/mL, P<0.001), and PGN (31.10+5.51 vs. 12.52+2.20 ng/mL, P<0.001)
and decreased PaO,-FiO, ratio (365.35+146.47 vs. 447.86=70.80 mmHg, P=0.01) were detected in TAAD
group relative to ARA group. In TAAD group, positive correlations were detected between DAO and
inflammatory cytokines [IL-6 (r=0.56, P<0.001), IL-8 (r=0.61, P<0.001), TNF-o (r=0.71, P<0.001), and
CRP (r=0.68, P<0.001)], between iFABP and inflammatory cytokines [IL-6 (r=0.72, P<0.001), IL-8 (r=0.71,
P<0.001), TNF-a (r=0.90, P<0.001), and CRP (r=0.89, P<0.001)], between DAO and PGN (r=0.52,
P<0.001), between iFABP and PGN (r=0.74, P<0.001), between PGN and inflammatory cytokines [IL-6
(r=0.85, P<0.001), IL-8 (r=0.44, P<0.001), TNF-a (r=0.61, P<0.001), and CRP (r=0.73, P<0.001)]. In acute
TAAD subgroup, PGN and PaO,-FiO, ratio were negatively correlated (r=-0.50, P=0.036).

Conclusions: Systemic inflammatory responses in TAAD patients may lead to lung and intestine injury,
and the latter may be involved in the development of systemic inflammatory responses and lung injury in

these patients.
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Introduction

The annual incidence of aortic dissection is approximately
3.5/100,000 (1), equating to an estimated 50,000 new cases
every year in China. Type A aortic dissection (TAAD) is
the most common aortic catastrophe, with an extremely
high lethality rate of 1-2% per hour after symptom onset
and 74% within 2 weeks in untreated patients (2). Acute
lung injury is a serious complication of acute TAAD, which
occurs in approximately 50% of patients and can be life-
threatening in severe cases (3-5). Some studies have revealed
the significant involvement of systemic inflammatory
responses in the development of acute lung injury in
patients with acute TAAD (3-11). It was generally believed
that long-term chronic inflammation in the aortic wall,
contributing greatly to aortic wall remodeling (similar to
the main histological finding described in aortic aneurysm),
rapidly progresses to acute systemic inflammatory responses
when acute aortic dissection occurs (5,12-15). Recently, a
study found that intestinal barrier dysfunction can occur
in patients with acute TAAD and may be important for the
development of systemic inflammatory responses and acute
lung injury (16). However, gaps remain in our knowledge
as to whether the levels of systemic inflammatory responses
and intestinal barrier dysfunction are different between
patients with acute TAAD and non-acute aortic diseases,
such as aortic aneurysm and non-acute TAAD, in which
acute lung injury rarely occurs. In this study, we investigated
intestinal injury, lung injury, and systemic inflammatory
responses in patients with acute TAAD, non-acute TAAD,
and aortic root aneurysm (ARA), and their relationships
with each other, in order to explore the mechanism
underlying intestinal injury, lung injury, and systemic
inflammatory responses in patients with TAAD. We believe
that this study may be helpful for the development of future
therapeutic strategies for acute lung injury in patients with
acute TAAD, regarding to the protection for intestinal
barrier function. We present the following article in
accordance with the STROBE reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-22-
1122/rc).

© Journal of Thoracic Disease. All rights reserved.

Methods
Study population and sample collection

This was a single-center, observational case-control
study. From January 2016 to April 2016, 42 patients with
TAAD and 36 patients with ARA were admitted to our
institution. TAAD and ARA were diagnosed based on
clinical symptoms, echocardiography, and aortic computed
tomography angiography. TAAD was defined as an intimal
tear and double lumen separated by the septum involving
the ascending aorta, and ARA was defined as an aortic root
of greater than 4.5 cm in diameter (1). The acute phase of
dissection was defined as the time from symptom onset to
admission within 14 days. The exclusion criteria included
renal insufficiency, autoimmune diseases, lung diseases,
gastrointestinal diseases, liver diseases, or malperfusion of
the heart, brain, gastrointestinal tract, liver, pancreas, kidney,
or limbs. Of the patients admitted, 5 patients refused to
participate in the study, and 7 patients met at least 1 of the
exclusion criteria. The remaining 36 patients with TAAD
and 30 patients with ARA were enrolled in this study. Of
the 36 patients with TAAD, 18 had acute TAAD (<14 days),
while the remaining 18 patients had non-acute (>14 days)
TAAD. Blood samples were collected on admission, from
which serum samples were obtained after centrifugation
and stored at -80 °C. Serum samples pertaining to TAAD
and ARA were always analyzed together in the same batch
and laboratory personnel were unable to distinguish among
TAAD and ARA samples. In order to reduce selection bias,
all cases of TAAD and ARA were reviewed by 2 experienced
cardiologists, using diagnostic criteria and exclusion criteria,
to ensure appropriate inclusion of cases. Disagreements
were noted and discussed between reviewers. The minimum
sample size that we needed was 9 cases for each group, with
80% power and 5% significance. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). This study was approved by the Ethics Committee
of Beijing Anzhen Hospital, Capital Medical University
(No. GZR 046), and written informed consent was obtained
from all patients and/or immediate relatives.
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Data collection and measurements

Baseline study population characteristics

Patient data were obtained by reviewing medical records,
including age, sex, history of smoking, hypertension,
diabetes, coronary heart disease, and cerebral infarction.
Admission biochemical measurements were also obtained,
including creatinine (Cr), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), D-dimer, and lactic acid
levels.

Systemic inflammatory response levels

Admission white blood cell (WBC) parameters, including
WBC count, neutrophil count, and neutrophil percentage,
were obtained by reviewing medical records. Admission
inflammatory cytokines [interleukin (IL)-6, IL-8, tumor
necrosis factor o (I'NF-0), C-reactive protein (CRP), and
histamine (HIS)] were measured in serum collected as
described above using the enzyme-linked immunosorbent
assay technique (R&D Systems, Minneapolis, MN, USA),

according to the manufacturer’s instructions.

Lung injury, intestinal injury, and bacteremia levels
Lung injury extent was determined by reviewing the
admission Pa0O,-FiO, ratio in the medical records. The
level of intestinal injury was assessed by measuring diamine
oxidase (DAO) activity and the concentration of intestinal
fatty acid binding protein (iIFABP), and bacteremia level
was determined by measuring peptidoglycan (PGN)
concentration in serum collected as described above.
DAO activity was determined by spectrophotography
(Sigma-Aldrich, Louis, MO, USA), and iFABP and PGN
were measured using enzyme-linked immunosorbent
assays (R&D Systems), according to the manufacturer’s
instructions.

Statistical analysis

Continuous variables are expressed as mean = standard
deviation, and the tests of normality of continuous outcomes
were performed. Independent sample 7-tests or #'-tests were
used for comparisons between the TAAD group and ARA
group and between the acute TAAD subgroup and non-
acute TAAD subgroup. Analyses of covariance were used to
adjust for potential confounders in baseline characteristics,
if necessary. Qualitative variables are expressed as rates,
and chi-square tests, corrected chi-square tests, or Fisher’s
exact probability tests were used for comparisons between
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2 groups. Correlations were assessed by calculating Pearson
correlation coefficient values. Sample size calculations were
performed based on coefficient of variation with 80% power
and 5% significance. There were some missing values in the
variables of D-dimer, lactic acid, and PaO,-FiO, ratio and
no missing values in the other variables in this study, which
may not affect the main outcomes of this study regarding
systemic inflammatory responses, intestinal injury,
bacteremia, and their relationships. These missing values,
including 2 for D-dimer in ARA, 6 for lactic acid in TAAD,
9 for lactic acid in ARA, 5 for PaO,-FiO, ratio in TAAD,
and 9 for PaO,-FiO, ratio in ARA not to be tested owing
to the physician’s prescribing preference and recorded in
medical records, can be regarded as ignorable according to
the assumption of missing at random. Two-sided P<0.05 was
considered to indicate a statistically significant difference.
Statistical analyses were performed using SPSS 22.0 for
Windows (IBM SPSS, Armonk, NY, USA).

Results
Study population demographic characteristics

A total of 66 individuals were included in the study, and
their baseline characteristics are summarized in Table 1.
Patients in the TAAD group were younger and had higher
serum Cr levels on admission than those in the ARA
group and no significant differences were observed in sex,
medical history, or other clinical variables between the two
groups. Patients in the acute TAAD subgroup had higher
serum Cr levels than those in the non-acute subgroup
and no significant differences were observed in age, sex,
medical history, or other clinical variables between the
two subgroups (7able 2). Analyses of covariance were used
for comparisons in the levels of systemic inflammatory
response and the levels of lung injury, intestinal injury, and
bacteremia between the TAAD group and ARA group and
between the acute TAAD subgroup and non-acute TAAD
subgroup to adjust for potential confounders in baseline
characteristics, including age and serum Cr levels.

Systemic inflammatory response levels

In patients with TAAD, WBC count [(9.7024.05)x10°/L
vs. (5.88+1.2)x10°/L, P<0.001, Figure 1A], neutrophil
count [(7.65+4.27)x10%/L vs. (3.40+0.97)x10°/L, P<0.001,
Figure 1B], and neutrophil percentage [(74.73£13.42)%
vs. (57.67+9.45)%, P<0.001, Figure 1C] were significantly
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Clinical variable TAAD ARA P
Number, n 36 30
Age, years, mean = SD 45.25+11.65 51.57+12.76 0.040
Men, n (%) 31 (86.1) 25 (83.3) 0.754
Smoker, n (%) 16 (44.4) 13 (43.3) 0.928
Hypertension, n (%) 21 (58.3) 13 (43.3) 0.225
Diabetes, n (%) 0 1(3.3 0.455
Coronary heart disease, n (%) 0 2 (6.7) 0.203
Cerebral infarction, n (%) 0 2(6.7) 0.203
Serum measurements, mean + SD
Cr, pmol/L 103.21+52.26 80.03+16.75 0.016
ALT, U/L 38.39+44.03 24.57+13.85 0.082
AST, U/L 34.61+£32.35 24.03+9.38 0.069
D-dimer, mmol/L 3,550.67+11,518.63 404.36+1,274.59 0.156
Lactic acid, ng/mL 1.72+1.12 1.85+0.56 0.630

TAAD, type A aortic dissection; ARA, aortic root aneurysm; SD, standard deviation; Cr, creatinine; ALT, alanine aminotransferase; AST,

aspartate aminotransferase.

Table 2 Baseline characteristics of acute and non-acute TAAD subgroups

Clinical variable Acute TAAD Non-acute TAAD P
Number, n 18 18
Age, years, mean + SD 47.00+11.11 43.50+12.21 0.375
Men, n (%) 17 (94.4) 14 (77.8) 0.338
Smoker, n (%) 8 (50.0) 8 (50.0) 1.000
Hypertension, n (%) 11 (61.1) 10 (55.6) 1.000
Diabetes, n (%) 0 0 -
Coronary heart disease, n (%) 0 0 -
Cerebral infarction, n (%) 0 0 -
Serum measurements, mean + SD
Cr, ymol/L 122.62+66.43 83.80+20.30 0.028
ALT, U/L 31.17+25.39 45.61+56.89 0.332
AST, U/L 31.00+19.86 38.22+41.63 0.511
D-dimer, mmol/L 6,469.11+15,954.76 632.22+755.85 0.139
Lactic acid, ng/mL 1.99+1.36 1.37+0.57 0.102

TAAD, type A aortic dissection; SD, standard deviation; Cr, creatinine; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Figure 1 Comparison of systemic inflammatory response levels between TAAD and ARA. (A) WBC count; (B) Neutrophil count; (C)
Neutrophil percentage; (D) IL-6; (E) IL-8; (F) TNF-a; (G) CRP, (H) HIS. (A-H) Two-tailed analysis of covariance, ***, P<0.001. TAAD,
n=36; ARA, n=30. Star (%) indicates extremes, which are values more than 3 interquartile ranges from the end of a box. Circle (©) indicates
outliers, which are values between 1.5 interquartile ranges and 3 interquartile ranges from the end of a box. WBC, white blood cell; TAAD,
type A aortic dissection; ARA, aortic root aneurysm; IL, interleukin; TNF-a, tumor necrosis factor o; CRP, C-reactive protein; HIS,

histamine.
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Figure 2 Comparison of systemic inflammatory response levels between acute and non-acute TAAD. (A) WBC count; (B) neutrophil count;
(C) neutrophil percentage. (A-C) Two-tailed analysis of covariance, ***, P<0.001. Acute TAAD, n=18; non-acute TAAD, n=18. Circle (o)

indicates outliers, which are values between 1.5 interquartile ranges and 3 interquartile ranges from the end of a box. WBC, white blood cell;

TAAD, type A aortic dissection.

elevated compared to those in the ARA group. Serum levels
of IL-6 (37.48+4.87 vs. 20.90£0.92 pg/mL, P<0.001, Figure
ID), IL-8 (97.15£9.11 vs. 69.46+3.17 pg/mL, P<0.001, Figure
1E), TNF-a (71.32+10.35 vs. 33.90+2.27 pg/mL, P<0.001,
Figure 1F), CRP (10.67£1.62 vs. 4.43+0.26 pg/mL, P<0.001,
Figure 1G), and HIS (13.29+1.88 vs. 7.63+0.58 ng/mL,
P<0.001, Figure 1H) were significantly higher in patients
with TAAD than in those with ARA.

In patients with acute TAAD, WBC count
[(12.35+3.83)x10°/L vs. (7.05+2.08)x10°/L, P<0.001,
Figure 2A], neutrophil count [(10.48+4.03)x10°/L vs.
(4.82+2.07)x10°/L, P<0.001, Figure 2B], and neutrophil
percentage [(82.88+9.13)% wvs. (66.58+12.12)%, P<0.001,
Figure 2C] were significantly elevated compared to those in
patients with non-acute TAAD. No significant differences
in IL-6 (38.29£2.90 vs. 36.67+6.25 pg/mL, P=0.330), IL-8
(98.27+4.94 vs. 96.02+12.00 pg/mL, P=0.468), TNF-a
(73.72+3.86 vs. 68.92+13.91 pg/mL, P=0.168), CRP
(11.13+0.42 vs. 10.22+2.19 pg/mL, P=0.099), or HIS
(13.53+1.41 vs. 13.04+2.28 ng/mL, P=0.448) were observed

© Journal of Thoracic Disease. All rights reserved.

between the acute and non-acute TAAD groups.

Levels of lung injury, intestinal injury, and bacteremia

The PaO,-FiO, ratio was significantly lower in patients
with TAAD than in those with ARA (365.35+146.47 vs.
447.86+70.80 mmHg, P=0.01, Figure 34). Moreover, the
Pa0,-FiO, ratio was significantly lower (273.39+98.04 vs.
492.69+98.80 mmHg, P<0.001, Figure 3B) in patients with
acute TAAD compared to those with non-acute TAAD.

DAO activity (24.94+4.72 vs. 10.92+2.44 U/L, P<0.001,
Figure 3C), iFABP (879.01+£190.12 vs. 206.35+42.20 pg/mL,
P<0.001, Figure 3D), and PGN (31.10+5.51 vs.
12.52+2.20 ng/mL, P<0.001, Figure 3E) were significantly
elevated in patients with TAAD compared to those with
ARA. No significant differences in DAO activity (25.61+3.29
vs. 24.27+5.83 U/L, P=0.402), iFABP (930.71£64.39 vs.
827.31+£254.19 pg/mL, P=0.111), or PGN (32.27+3.63 vs.
29.92+6.80 ng/mL, P=0.205) were observed between patients
with acute and non-acute TAAD.
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Figure 3 Levels of lung injury, intestinal injury, and bacteremia. (A) Comparison of PaO,-FiO, ratio between TAAD and ARA, two-tailed
analysis of covariance, **, P=0.01. (B) Comparison of PaO,-FiO, ratio between acute and non-acute TAAD; (C) comparison of DAO activity
between TAAD and ARA; (D) comparison of iFABP between TAAD and ARA; (E) comparison of PGN between TAAD and ARA. (B-E)
Two-tailed analysis of covariance, ***, P<0.001. TAAD, n=36; ARA, n=30. Acute TAAD, n=18; non-acute TAAD, n=18. Star (%) indicates

extremes, which are values more than 3 interquartile ranges from the end of a box. Circle (0) indicates outliers, which are values between

1.5 interquartile ranges and 3 interquartile ranges from the end of a box. TAAD, type A aortic dissection; ARA, aortic root aneurysm; DAO,

diamine oxidase; iIFABP, intestinal fatty acid binding protein; PGN, peptidoglycan.

Correlations among systemic inflammatory responses, lung

injury, intestinal injury, and bacteremia

In patients with TAAD, significant positive correlations
were detected between DAO activity and inflammatory
cytokine levels, including IL-6 (r=0.56, P<0.001, Figure

© Journal of Thoracic Disease. All rights reserved.

4A), IL-8 (r=0.61, P<0.001, Figure 4B), TNF-a (r=0.71,
P<0.001, Figure 4C), and CRP (r=0.68, P<0.001, Figure
4D). Furthermore, significant correlations were detected
between iFABP and inflammatory cytokine levels, including
IL-6 (r=0.72, P<0.001, Figure 4E), IL-8 (r=0.71, P<0.001,
Figure 4F), TNF-a (r=0.90, P<0.001, Figure 4G), and CRP
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Figure 4 Correlations between systemic inflammatory responses and intestinal injury indicators in TAAD. (A) Relationship between IL-6
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protein; HIS, histamine; DAO, diamine oxidase; iFABP, intestinal fatty acid binding protein; TAAD, type A aortic dissection.
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between PGN and iFABP. Pearson correlation. TAAD, n=36. PGN, peptidoglycan; DAO, diamine oxidase; iFABP, intestinal fatty acid

binding protein; TAAD, type A aortic dissection.

(r=0.89, P<0.001, Figure 4H).

In patients with TAAD, significant positive correlations
were also found between DAO activity and PGN (r=0.52,
P<0.001, Figure 5A) as well as between iFABP and PGN
(r=0.74, P<0.001, Figure 5B).

Significant positive correlations were found between
PGN and several inflammatory cytokines, including I1L-6
(r=0.85, P<0.001, Figure 6A4), IL-8 (r=0.44, P<0.001, Figure
6B), TNF-a (r=0.61, P<0.001, Figure 6C), and CRP (r=0.73,
P<0.001, Figure 6D), in patients with TAAD.

In addition, in patients with acute TAAD, serum PGN
level and PaO,-FiO, ratio value were significantly negatively
correlated (r=-0.50, P=0.036, Figure 7).

Discussion

Acute lung injury, defined as PaO,-FiO, ratio <300 mmHg,
occurs in approximately 50% of patients with acute
TAAD and can be life-threatening in severe cases (3-5).
Preoperative hypoxemia can result in surgery delay, which
increases the risk of aortic rupture, cardiac tamponade, or
even death (17). Patients with acute TAAD and preoperative
acute lung injury are at increased risk of postoperative
acute respiratory distress syndrome and have prolonged
intubation times and/or increased mortality rates after
surgery (18). Preoperative acute lung injury can also result
in more intraoperative blood loss, longer mechanical
ventilation time, and a longer stay in the intensive care unit
and hospital (4). Preoperative acute lung injury develops
mainly in patients with acute TAAD, but rarely occurs
in non-acute aortic diseases, such as aortic aneurysm and
non-acute TAAD. In this study, we found that the PaO,-

© Journal of Thoracic Disease. All rights reserved.

FiO, ratio was significantly lower in patients with acute
TAAD than in those with non-acute TAAD or ARA, and
the incidence of PaO,-FiO, ratio <300 mmHg was 66.67%
(12/18) in patients with acute TAAD and 0 in non-acute
TAAD or ARA. These findings indicated that significant
lung injury developed during the acute period of TAAD
and was alleviated after the acute phase, with lung function
tending to normalize.

The definite pathogenesis of acute lung injury
complicated by acute TAAD remains unclear. It is currently
considered that systemic inflammatory reactions play
important roles in the development of acute lung injury.
IL-6, TNF-a, and CRP are common pro-inflammatory
cytokines that have been reported as overexpressed in
patients with aortic dissection (3-10). Studies found that
inflammatory cytokines, including CRP, IL-6, and IL-8,
might be associated with the development of acute lung
injury in patients with acute TAAD (5,14,18-21), and WBC
levels could be elevated in these patients (5,18). In this study,
we found that various inflammatory response indicators,
including WBC parameters and inflammatory cytokines,
were activated in patients with TAAD and significantly
higher than in those in patients with ARA. Furthermore, we
found that the levels of WBC parameters, including WBC
count, neutrophil count, and neutrophil percentage, were
higher in patients with acute TAAD than in those with non-
acute TAAD, but there were no significant differences in the
levels of inflammatory cytokines between acute and non-
acute TAAD. These findings indicated that the changes in
WBCs and neutrophils were short-lived, tending to return to
normal after the acute phase of TAAD, while the alterations
in cytokine levels (including those of IL-6, IL-8, TNF-a,
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CRP, and HIS) were more persistent, remaining activated
in the non-acute phase. The time course of changes in
WBC and neutrophil parameters was consistent with lung
injury occurrence and development, which may indicate
that the pulmonary microcirculation is a natural reservoir of
leukocytes that is prone to injury during the acute phase of
TAAD.

Although the correlations between acute lung injury and
systemic inflammatory reactions have been demonstrated
repeatedly, the pathogenesis underlying the inflammatory
response in patients with aortic dissection is still not
completely understood. AAD is a systemic disease, and
some organ damage often occurs before surgery, such as
heart failure, neurological deficits, and renal, hepatic, and
gastrointestinal dysfunction. This organ damage might

7 Thorac Dis 2022;14(9):3552-3564 | https://dx.doi.org/10.21037/jtd-22-1122



3562

participate in the development of systemic inflammatory
reactions. In 2016, a study found that DAO activity was
significantly increased in patients with acute TAAD, that
DAO activity was strongly correlated with the levels of some
inflammatory cytokines (including IL-6, TNF-0, and CRP),
and that DAO activity was negatively correlated with the
PaO,-FiO, ratio (16). These results suggest that intestinal
dysfunction plays an important role in the development
of the systemic inflammatory response and lung injury in
patients with acute TAAD. DAO and iFABP are specifically
present in small intestinal mucosal cells, and serum DAO
activity and iFABP levels reflect the integrity and degree
of damage of the intestinal barrier and are established
markers of intestinal barrier dysfunction (22-24). In this
study, we found that DAO activity and iFABP concentration
were higher in the TAAD group than in the ARA group,
while there were no significant differences between the
acute and non-acute TAAD subgroups. These findings
indicate that the intestinal injury in patients with TAAD
occurs and persists for an extended period, continuing
after the acute stage. The time course of changes in DAO
activity and iFABP concentration was consistent with that
of inflammatory cytokines. PGN is a common component
of both Gram-positive and Gram-negative bacteria, and
it reaches measurable concentrations in serum during
bacteremia (25,26). We found that serum PGN levels
were increased in patients with TAAD, further suggesting
intestinal mucosal damage and barrier dysfunction in these
patients, resulting in intestinal bacterial translocation into
the blood. In addition, we found that DAO activity and
iFABP concentration were significantly correlated with IL-6,
IL-8, TNF-a, CRP levels, and PGN concentration, while
PGN levels were significantly correlated with levels of IL-6,
IL-8, TNF-a, and CRP in the TAAD group. Based on these
data, we speculate that the systemic inflammatory response
caused by aortic dissection is the cause of intestinal injury,
and that bacteremia caused by intestinal injury and intestinal
barrier dysfunction may account for the persistence and
lack of alleviation of the systemic inflammatory response
after the acute stage. The present study also found that
PGN concentration was significantly correlated with the
PaO,-FiO, ratio in the acute TAAD subgroup, suggesting
that bacteremia caused by intestinal barrier dysfunction
and intestinal bacterial translocation may contribute to the
occurrence and development of lung injury. Therefore,
intestinal injury, although not an initiating insult in
pulmonary damage, might enhance lung permeability via an
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exacerbated inflammatory process.

The present study has several limitations. First, we could
not obtain serial blood samples spanning the whole period
of the natural progression of aortic dissection from the same
patients with TAAD, who almost always require emergency
surgery. Therefore, it is difficult to fully determine the
dynamic changes in systemic inflammatory responses,
intestinal injury, and lung injury and their relationship in
the setting of TAAD. Second, although DAO, iFABP, and
Pa0O,-FiO, ratio are established as excellent indicators of the
degree of intestine and lung injury, intestine and lung injury
should ideally be evidenced by histological examinations.
Nevertheless, this study is an important exploration
focusing on the mechanisms and functional implications
of systemic inflammatory responses, intestinal injury, and
lung injury in patients with TAAD. Importantly, this is the
first study to report differences in systemic inflammatory
responses, intestinal injury, and lung injury between TAAD
and ARA and between acute and non-acute TAAD, which
will assist in a more comprehensive understanding of the
mechanisms underlying systemic inflammatory responses
in patients with TAAD and the resulting damage. It may
also inform future studies aimed at optimizing therapeutic
strategies for the attenuation of TAAD-related systemic
inflammatory responses, regarding to the protection for
intestinal barrier function.

Conclusions

In summary, our results highlight the underlying
mechanisms and functional implications of intestinal barrier
dysfunction in the development of systemic inflammatory
responses and lung injury in TAAD. Systemic inflammatory
responses in patients with TAAD may lead to lung and
intestine injuries, and the latter may be involved in the
development of systemic inflammatory responses and lung
injury in these patients.
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