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Editorial on the Research Topic
Aortic diseases involving visceral artery: clinical therapeutic
management and related basic research

Introduction

Aortic diseases involving visceral arteries mainly include true and post-dissection
thoracoabdominal or abdominal aortic aneurysm (TAAA or AAA). Post-dissection
aortic aneurysm is common in both type A and type B aortic dissection, even after
successful coverage of the primary entry tears. False aortic aneurysm involving visceral
arteries is relatively uncommon. The management of these complex aortic diseases is
usually challenging due to involvement of visceral arteries. Several surgical treatment
methods are used for these diseases, mainly including open surgical repair, hybrid
surgery, and endovascular treatment.

True TAAA or AAA

Standard open repair for TAAA or AAA involving visceral arteries was usually
associated with definite effect, large trauma, and high mortality and morbidity. With
the development of surgical techniques and perioperative adjunctives, many studies
suggest clinical results have been significantly improved in high-volume hospitals (1, 2).
The in-hospital mortality was significantly decreased in the past three decades, as well
as the rate of permanent spinal cord ischemia (2). Open surgical repair remains a valid
treatment option for patients with long life expectancy.

In 1999, Quinones-Baldrich et al. first reported the hybrid surgery for a type IV TAAA
(3). It involves sequentially bypassing the visceral arteries and using an uninvolved vessel
for inflow to disconnect them from the aneurysmal aorta. Mortality after hybrid surgery is
highly variable by center, but strongly affected by preoperative comorbidities and the
centers’ experience with the technique (4).
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Ma et al. compared clinical outcomes after hybrid surgery with
conventional open surgery. Although the age of the hybrid surgery
group was significantly higher than that of the other group,
perioperative mortality was low in the hybrid surgery group
compared with conventional surgery group. Furthermore, the
rates of postoperative complications such as renal failure,
respiratory failure, and deep venous thrombosis following hybrid
surgery were significantly lower than conventional open surgery.
Hybrid surgery is technically feasible and associated with definite
efficacy in selected cases. It simplifies the operation procedure
and reduces the risks of mortality and morbidity in high-risk or
high-age patients. Hybrid surgery may be a promising alternative
to conventional open surgery in selected patients.

Endovascular aortic repair (EVAR) is associated with small
trauma and rapid recovery. It mainly includes parallel stenting
technique and fenestrated/branched endografts to preserve the
visceral arteries. The use of parallel stenting is limited due to
high risk of type IA endoleak, and the risk of stent collapse. The
joint use covered stent graft and overlapped bare stents in the
visceral artery segment demonstrated favorable mid-term clinical
outcomes in type V TAAAs (5). Using of bifurcated abdominal
aortic stent graft main body and docking two or three parallel
covered stents in the short limb for the reconstruction of visceral
arteries, known as “Octopus” technique, demonstrated promising
mid-term outcomes for treating ruptured and symptomatic
TAAAs (6).

Branched or fenestrated endograft can be custom-made, off-
the-shelf, or physician-modified. For custom-made endografts,
the manufacturing time limits their use. The shortcomings of
physician-modified endografts include technical demanding,
potential contamination risk, and damage of device integrity, as
well as legal issues. A recent meta-analysis suggested the use of
the  off-the-shelf
endovascular TAAA repair was associated with high technical

t-Branch  multibranched  endograft for
success rates and demonstrated to be safe and effective at early
and mid-term follow-up (7). The primary use of a novel
G-Branch multibranched (two inner branches and two outer
branches) endograft also yielded good early and midterm
outcomes (8). Treatment modality of TAAA or AAA involving
visceral arteries is gradually shifted from conventional open
surgery to endovascular repair in many countries (9).

PD-TAAA or PD-AAA

Studies with regard to open surgical repair for PD-TAAA or
PD-AAA involving visceral arteries were relatively few in
literature. Limited data showed conventional open surgery was
more invasive than endovascular treatment, while it was also
associated with acceptable rates of morbidity and mortality when
it was performed in a specialized hospital. Long-term results
were excellent and it should also be considered when evaluating
less invasive alternatives (10). More studies are required to verify
its safety and efficacy.

Post-dissection aortic aneurysms are increasingly being treated
by endovascular repair. A large number of endovascular methods
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have been reported. Fenestrated/branched-EVAR (F/B-EVAR) is
the most commonly used method (11). Other methods are
usually associated with a small number of cases. F/B-EVAR can
cover multiple tears regardless of sizes and preserve branch
organ perfusion. However, the endografts usually need to be
modified by physicians. It is technically demanding, which limits
its widespread use. Spinal cord ischemia, endoleak, and stent or
stent-graft occlusion of branch arteries are common
complications. Other substitution methods are currently explored.

F/B-EVAR mainly focuses on the management of the true
lumen, while management of false lumen and aortic tears has
been attempted (12). Isolated management of the false lumen or
tears seems to make it difficult to achieve satisfactory outcomes
for PD-TAAA or PD-AAA (13). Several combined methods have
been reported. They usually combine the management of two or
three objectives (true lumen, false lumen, and aortic tears), such
as “road block” strategy, “double splints” technique, and spot
stenting combined with false lumen endovascular occlusive repair
(14-16). The preliminary results of these techniques were
acceptable, despite of the requirement for higher-grade evidence.
One of the most important problems is how to occlude the false
lumen and the tears safely and effectively. There have been no
available specialized devices to date. New novel devices are
anticipated to help resolve this issue in future, such as EndoSeal
and Endopatch system (17, 18). Visceral arteries arising from the
false lumen can be reconstructed with direct stent-graft
placement via adjacent tears, reverse branch technique, iliac
branched device, or in situ fenestration.

In conclusion, endovascular treatment is gradually become the
mainstream treatment for true or post-dissection TAAA or AAA
involving visceral arteries. Open surgery and hybrid surgery still
are valid treatment options for selected patients, such as low-risk
with
endovascular repair.

patients long-life  expectancy and those unfit for
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Risk factor prediction of severe
postoperative acute kidney injury at
stage 3 in patients with acute type
A aortic dissection using
thromboelastography

Xin-Liang Guan', Lei Li', Hai-Yang Li, Ming Gong, Hong-Jia Zhang*
and Xiao-Long Wang*

Department of Cardiac Surgery, Beijing Aortic Disease Center, Beijing Anzhen Hospital, Capital Medical
University, Beijing Institute of Heart, Lung, and Blood Vessel Diseases, Beijing Laboratory for Cardiovascular
Precision Medicine, Beijing Engineering Research Center of Vascular Prostheses, Beijing, China

Objective: Perioperative blood transfusions and postoperative drainage volume not
only are the commonly recognized risk factors for acute kidney injury (AKI) but also
are indirect indicators of coagulopathy in patients with acute type A aortic dissection
(ATAAD). However, standard laboratory tests fail to accurately reflect and assess the
overall coagulopathy profile in patients with ATAAD. Thus, this study aimed to explore
the association between the hemostatic system and severe postoperative AKI (stage
3) in patients with ATAAD using thromboelastography (TEG).

Methods: We selected 106 consecutive patients with ATAAD who underwent
emergency aortic surgery at Beijing Anzhen Hospital. All participants were categorized
into the stage 3 and non-stage 3 groups. The hemostatic system was evaluated
using routine laboratory tests and TEG preoperatively. We undertook univariate and
multivariate stepwise logistic regression analyses to determine the potential risk
factors for severe postoperative AKI (stage 3), with a special investigation on the
association between hemostatic system biomarkers and severe postoperative AKI
(stage 3). The receiver operating characteristic (ROC) curves were generated to assess
the predictive ability of hemostatic system biomarkers for severe postoperative AKI
(stage 3).

Results: A total of 25 (23.6%) patients developed severe postoperative AKI (stage 3),
including 21 patients (19.8%) who required continuous renal replacement therapy
(RRT). Multivariate logistic regression analysis demonstrated that the preoperative
fibrinogen level (OR, 2.02; 95% Cl, 1.03 to 3.00; p = 0.04), platelet function (MA level)
(OR, 1.23; 95% ClI, 1.09 to 1.39; p = 0.001), and cardiopulmonary bypass (CPB) time
(OR, 1.01; 95% CI, 1.00 to 1.02; p = 0.02) were independently associated with severe
postoperative AKI (stage 3). The cutoff values of preoperative fibrinogen and platelet
function (MA level) for predicting severe postoperative AKI (stage 3) were determined
to be 2.56 g/L and 60.7 mm in the ROC curve [area under the curve (AUC): 0.824 and
0.829; p < 0.001].

Conclusions: The preoperative fibrinogen level and platelet function (measured by
the MA level) were identified as potential predictive factors for developing severe
postoperative AKI (stage 3) in patients with ATAAD. Thromboelastography could be
considered a potentially valuable tool for real-time monitoring and rapid assessment
of the hemostatic system to improve postoperative outcomes in patients.

KEYWORDS

acute type A aortic dissection, acute kidney injury, thromboelastography (TEG), risk factor,
continuous renal replacement therapy (CRRT)
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Introduction

Acute kidney injury (AKI) has become a frequent and serious
complication characterized by staggeringly high morbidity and
mortality in patients with acute type A aortic dissection (ATAAD)
after total arch replacement (TAR) combined with a frozen elephant
trunk (FET) implant (1-3). Unlike in other cardiovascular surgeries,
the incidence of AKI after thoracic aortic surgery is higher and varies
considerably (4-7). However, some studies demonstrated that only
patients with severe postoperative AKI (stage 3) had lower long-term
survival—not patients with postoperative AKI (stages 1 and 2) (1, 2).
Therefore, early identification and prompt prevention of potential
risk factors for severe postoperative AKI (stage 3) play an important
role in improving the overall prognosis of patients with ATAAD.

The majority of experts (3, 5) believe that excessive perioperative
bleeding, blood transfusion, or postoperative drainage volume are
currently identified as independent relevant risk factors for ATAAD-
AKI. To some extent, the relationship between the hemostatic system
(bleeding, transfusion, and drainage) and ATAAD-AKI has already
been discussed in previous studies (8-10). However, there is a
lack of uniform data regarding the association between hemostatic
system biomarkers and severe postoperative AKI (stage 3) in patients
with ATAAD. As it provided information not only about the
dynamics of clot formation and clotting factors but also about the
function of platelet and fibrinogen, thromboelastography (TEG) has
been described as a prospective tool in patients undergoing non-
complex cardiac surgery (11). Nevertheless, only a few studies have
investigated the dynamics of the hemostatic system using TEG in the
acute and complex settings of aortic dissection. Thus, the purpose
of our study was to explore the incidence and risk factors for
severe postoperative AKI (stage 3) among patients with ATAAD after
emergency aortic surgery, with special emphasis on the relationship
between the hemostatic system and the severity of postoperative AKI.

Material and methods
Study design

In this single-center prospective study, we analyzed the
association between the hemostatic system and severe postoperative
AKI (stage 3) in 106 patients with ATAAD who underwent aortic
arch surgery using the preoperative routine laboratory test results and
TEG analysis at Beijing Anzhen Hospital, Capital Medical University,
China. The plasma fibrinogen concentration was tested using the
Clauss method. A single team performed all procedures. The protocol
of this study was approved by Anzhen Hospital’s Ethics Committee
(No. 2018004), and consent was obtained from the patients or
their relatives.

Abbreviations: AKI, acute kidney injury; ATAAD, acute type A aortic dissection;
AUC, area under the curve; Cl, confidence interval; CPB, cardiopulmonary
bypass; CT, computed tomography; eGFR, Estimated glomerular filtration
rate; FDP, fibrinogen degradation products; FET, frozen elephant trunk;
HCA, hypothermic circulatory arrest; ICU, intensive care unit; KDIGO, Kidney
Disease Improving Global Outcomes; OR, odds ratio; RBC, red blood cell;
ROC, receiver operating characteristic; RRT, renal replacement therapy; sCr,
serum creatinine; SD, standard deviation; TAR, total arch replacement; TEG,

thromboelastography.
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Patient population

From June 2020 to December 2021, a total of 106 patients with
ATAAD per the Stanford classification were eligible for inclusion in
the study at the Institute of Cardiac Surgery, Beijing Anzhen Hospital,
Capital Medical University, China (Figure 1). All emergency TAR
combined with a FET implant with cardiopulmonary bypass (CPB)
involving moderate hypothermic circulatory arrest (HCA) with
or without aortic valve operations were collected for further
analysis. Patients were recruited consecutively on the condition that
they agreed to provide informed consent. The exclusion criteria
included congenital or acquired coagulative disorders, liver disease
or abnormal liver function, preoperative use of anti-coagulants
or antiplatelet drugs, death before planned surgery, preoperative
chronic dialysis within the past month or emergency dialysis before
surgery, and incomplete clinical data.

Measurements and variable definitions

The diagnosis of postoperative AKI stage 3 was based on the
Kidney Disease: Improving Global Outcomes (KDIGO) criteria
(12): a threefold increase or more above baseline or an increase
in serum creatinine (sCr) to > 4.0 mg/dl (> 353.6 mmol/l) or
the initiation of renal replacement therapy (RRT) or, in patients
under 18 years of age, a decrease in estimated glomerular filtration
rate (eGFR) to <35 ml/min per 1.73 m? (Table 1). The diagnosis
of ATAAD was confirmed by a contrast-enhanced computed
tomography (CT) scan, with the onset of symptoms onset within 48 h.
Intraoperative bleeding was defined as blood loss that was collected
and quantified using intraoperative cell salvage and surgical gauze
swabs. Continuous RRT was defined as the need for continuous
hemofiltration or hemodialysis after surgery.

TEG analysis

After taking blood samples in the emergency department,
the samples were immediately transferred to a clinical laboratory
in our hospital. According to the manufacturer’s instructions,
professional staff performed TEG analysis using the TEG 5000
analyzer (Haemoscope, Niles, IL). The following EG parameters were
tested: R time is the period from the initiation of the test to the
initial fibrin formation (representing thrombus formation initiation).
K time is the period from the beginning of clot formation until the
amplitude of the curves reaches 20 mm (representing the dynamics of
clot formation). Maximum amplitude (MA) is a direct measure of the
highest point on the TEG curve (which represents platelet function).
Theaangle is the angle between the line in the middle of the TEG
tracing and tangential to the body of the TEG tracing (represents the
kinetics of fibrin buildup and cross-linking).

Surgical procedures
Under standard anesthetic management, emergency aortic

surgery refers to TAR using a tetra-furcate vascular graft in
combination with the implantation of FET into the descending
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A total of 133 patients with ATAAD who
underwent emergency aortic surgery
Patients excluded Patients excluded
S patient with liver disease or 4 patients with chronic dialysis or
abnormal liver function emergency dialysis
Patients excluded Patients excluded
3 patients congenital or acquired S patients death prior to planned surgery
coagulative disorders or intraoperatively
) Paflents exclud-ed Patients excluded
8 patients w1th use ofianti-coagulants 2 patients with incomplete information
or anti-platelet drugs
106 patients with ATAAD were
included in the analysis
Stage 3 group (n = 25) I { Non-stage 3 group (n = 81)
FIGURE 1

A flowchart of the study cohort.

aorta under moderate HCA. Briefly, the procedure involved
cannulation of the right axillary artery and right atrium for CPB
and selective antegrade cerebral perfusion [5-15 mL/(kg-min)] at
a nasopharyngeal temperature of approximately 26-28°C. After
systemic heparinization, the proximal aortic root operation was
carried out based on the lesions of the aortic root during the
cooling period. The sequence of aortic arch reconstruction was
proximal descending aorta, left carotid artery, ascending aorta, left
subclavian artery, and innominate artery. After the distal anastomosis
was completed, CPB was restarted, and the patient was gradually
rewarmed to a normal temperature. Other concomitant operations
were conducted during the rewarming period. Upon completion
of the repair and adequate rewarming, the patient was extubated
from CBP.

Statistical analysis

The normality of the data distribution was tested using
the Kolmogorov-Smirnov test. Continuous data with a normal
distribution were expressed as mean =+ standard deviation (SD),
and continuous data with a non-normal distribution were expressed
as median (25 and 75th percentile); categorical variables were
expressed as n (%). For comparison, independent sample ¢-tests or
the Wilcoxon rank sum tests were analyzed for continuous variables.
The chi-squared test or Fisher’s exact test was used for categorical
variables. The univariate logistic regression analysis was used to
compare baseline characteristics between two groups for severe
postoperative ATAAD-AKI (stage 3), and the multivariate stepwise
logistic regression model was carried out to identify possible risk
factors (p < 0.01) for severe postoperative ATAAD-AKI (stage 3).

The receiver operating characteristic (ROC) curve was performed
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TABLE 1 KDIGO stages of AKI according to sCr levels and urine output.

Stage sCr Urine output

1 1.5-1.9 times baseline or > 0.3 mg/dL
(>26.5 mmol/l) increase

<0.5 ml/kg/h for 6-12 h

2 2.0-2.9 times baseline <0.5 ml/kg/h for >12 h

<0.3 ml/kg/h for >24h or
anuria for >12 h

3 > 3.0 times baseline or increase in sCr
to > 4.0 mg/dl (>353.6 mmol/l) or
initiation of RRT or in patients <18
years, decrease in eGFR to <35 ml/min
per 1.73 m?

AKI, acute kidney injury; Egfr, estimated glomerular filtration rate; KDIGO, Kidney Disease:
Improving Global Outcomes; sCr, serum creatinine.

to further evaluate the predictive ability of risk factors for severe
postoperative ATAAD-AKI (stage 3). For all analyses, a two-tailed
value of p of < 0.05 was considered statistically significant. All
statistical analyses were conducted using SPSS 18.0 (SPSS, Inc.,
Chicago, IL).

Results
Incidence of postoperative ATAAD-AKI

Based on the KDIGO criteria, our study’s incidence of
postoperative ATAAD-AKI was 53.8% (57/106). Among them, the
prevalence of severe ATAAD-AKI was 38.6% for stage 1 (22 cases),
17.5% for stage 2 (10 cases), and 43.9% for stage 3 (25 cases). In
total, 21 patients (19.8%) needed continuous RRT after the operation.
Renal malperfusion occurred in 14 patients (13.2%) preoperatively.
Among them, four (28.6%) patients developed postoperative AKI.
The mean age of patients with AKI was 48.2 £ 10.5 years, and the
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data involved 42 men and 15 women in the AKI group. Chest pain
(94.4%) represents one of the most frequent symptoms in patients
with ATAAD. Hypertension was confirmed in 84 out of the 106
patients. Only 6.6% of patients have Marfan syndrome. With regard
to imaging data, the clot-filled false lumen appeared on enhanced CT
in 65 patients. In addition, 79 patients suffered dissections extending
below the diaphragm, and the remaining 27 patients had dissections
terminating above the diaphragm (Table 2).

Baseline characteristics

Based on the KDIGO criteria, the patient population was divided
into two groups: the stage 3 group and the non-stage 3 group. Patient
baseline demographic information is presented in Table 2. Marfan
syndrome was more common in the severe postoperative AKI (stage
3) group (16.0 vs. 3.7%, p = 0.03) according to the medical history.
The preoperative routine laboratory tests between the two groups
are also summarized in Table 2. The neutrophil ratio, fibrinogen
degradation products (FDP), and D-dimer were higher in the severe
postoperative AKI (stage 3) group compared to patients in the non-
stage 3 group (p = 0.001, p < 0.001, and p = 0.001, respectively).
Nevertheless, platelet counts and fibrinogen levels were relatively
lower in the severe postoperative AKI (stage 3) group (p = 0.008 and
p < 0.001, respectively). In addition, TEG parameters showed that
the MA level (platelet function) was lower in the severe postoperative
AKI (stage 3) group when compared to the non-AKI stage 3 group (p
< 0.001). Other TEG parameters, such as R time, K time, andoangle,
did not differ significantly between the two groups.

Surgical characteristics and postoperative
outcomes

Patient surgical details are shown in Table2. Our data
demonstrated that operation time and CPB time were all prolonged
in patients with severe postoperative AKI (stage 3) (p = 0.004
and p = 0.002). Regarding nasopharyngeal or rectal temperature,
no significant differences were observed between the two groups.
Notably, there was a higher intraoperative amount of red blood
cells (RBC) in the severe postoperative AKI (stage 3) group than in
the non-stage 3 groups (p = 0.04). Although there was a similarity
with respect to in-hospital mortality between the two groups (p =
0.07), the postoperative complications were indeed more serious and
complicated in patients with severe postoperative AKI (stage 3), such
as a longer intensive care unit (ICU) stay, continuous RRT, severe
hypoxemia, multi-organ failure, and sepsis (p < 0.001, p < 0.001, p <
0.001, p = 0.004 and p = 0.04, respectively).

Changes in preoperative MA level (platelet
function) and fibrinogen level among AKI
groups according to the AKI stages

A clear distinction was observed in the preoperative MA level
(platelet function) among the groups of patients with AKI when
analyzed by the AKI stages in a general trend analysis (p = 0.007)
(Figure 2). Similar to the overall analysis, the MA level (platelet

Frontiers in Cardiovascular Medicine

11

10.3389/fcvm.2023.1109620

function) was lower in postoperative AKI stage 3 compared with
the stage 0, stage 1, and stage 2 groups (p = 0.001, p = 0.004,
and p = 0.041, respectively). Moreover, there was also a significant
distinction in preoperative fibrinogen levels among AKI groups
in the overall trend analysis (p < 0.001) (Figure 3). Similarly, the
preoperative fibrinogen level was lower in postoperative AKI stage
3 compared with other AKI stages (p < 0.001, p = 0.001, and p =
0.006, respectively).

Univariate and multivariate logistic
regression analysis associated with
independent risk factors for severe
postoperative AKI (stage 3)

The preoperative characteristics, such as neutrophil ratio, platelet
counts, fibrinogen level, FDP, D-Dimer, and MA level (platelet
function), were associated with related risk factors for severe
postoperative AKI (stage 3) in the univariate analysis (p < 0.01).
Furthermore, the duration of the operation and CPB time in
operative variables might be linked to the risk of severe postoperative
AKI (stage 3) in univariate logistic regression analysis (p < 0.01).
To address issues of collinearity, a multivariate stepwise logistic
regression analysis was conducted to identify the risk factors of
severe postoperative AKI (stage 3), and the results are summarized in
Table 3. Among the potential risk factors determined by a univariate
analysis (p < 0.01), independent risk factors for severe postoperative
AKI (stage 3) in patients with ATAAD were the preoperative
fibrinogen level [OR, 2.02; 95% confidence interval (CI), 1.03 to 3.00;
p = 0.04], the MA level (platelet function) (OR, 1.23; 95% CI, 1.09 to
1.39; p = 0.001), and longer CPB time (OR, 1.01; 95% CI, 1.00 to 1.02;
p = 0.02) in multivariate logistic regression analysis.

Predictive ability of a risk factor for severe
postoperative AKI (stage 3)

The ROC curves were generated to explore the predictive ability
and the cutoff value of risk factors for severe postoperative AKI (stage
3). As shown in Figure 4, the area under the curve (AUC) of the
preoperative fibrinogen level and the MA level (platelet function)
used for predicting severe postoperative AKI (stage 3) in patients with
ATAAD were 0.824 (cutoff, 2.56 g/L; sensitivity, 81.3%; specificity,
76.0%; p < 0.001) and 0.829 (cutoff, 60.7 mm; sensitivity, 77.5%;
specificity, 72.0%; p < 0.001), respectively.

Discussion

The key conclusion of this study was that the preoperative
fibrinogen and MA levels (platelet function) were independent
predictive indicators for risk factors associated with severe
postoperative AKI (stage 3) in patients with ATAAD after TAR
combined with a FET, and it emphasized the association between
hemostatic system biomarkers and severe postoperative AKI (stage
3). To the best of our knowledge, this is the first research to
investigate the relationship between hemostatic system biomarkers
and the severity of postoperative AKI in patients with ATAAD
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TABLE 2 Characteristics of the study patients with ATAAD at baseline.

Characteristics

Stage 3 (n = 25)

Non-stage 3 (n =

10.3389/fcvm.2023.1109620

Demographic data

Frontiers in Cardiovascular Medicine

Age, year 50.2+9.4 47.5 +10.8 0.26
Male, % 15 (60.0) 64 (79.0) 0.11
BMI, kg/m2 273+£34 259+3.9 0.11
Medical history
Hypertension, % 23(92.0) 61 (75.3) 0.07
Diabetes mellitus, % 1(4.0) 6(7.4) 0.55
Cerebrovascular disease, % 1(4.0) 4(4.9) 0.85
Coronary artery disease, % 0 6(7.4) 0.17
Smoking history, % 14 (56.0) 35(43.2) 0.26
Drinking history, % 9 (36.0) 14 (17.3) 0.45
Marfan syndrome, % 4(16.0) 3(3.7) 0.03
Preoperative condition
Alanine amino transaminase, U/L 2494538 334+55 0.18
sCr, umol/L 945+ 32.8 84.3 £27.9 0.13
eGFR, mL/(min-1.73m?) 858+ 124 847 £13.2 0.36
White blood cells, x10*/mm? 124+37 11.0£37 0.11
Neutrophil ratio, % 84.4+£5.1 77.9£9.3 0.001
Hemoglobin, g/dL 1321+ 14 137.0 £ 16.9 0.19
Platelet counts, x10%/mm? 141.8 +40.7 185.0 +76.7 0.008
Fibrinogen level, g/L 23+ 1.1 39+ 1.6 <0.001
FDP, ug/mL 35.8 (18.7, 65.2) 11.7 (6.5, 27.4) <0.001
D-Dimer, ng/mL 2378 (1918, 7726) 1085 (591, 2526) 0.001
LVEE % 64.7 £5.3 62.0 £ 6.0 0.05
Aortic root size, mm 40.8 +7.3 41.0 + 8.3 0.94
Ascend aorta size, mm 46.6 7.1 454+7.6 0.50
Aortic regurgitation, % 11 (44.0) 36 (44.4) 0.97
Renal malperfusion, % 4(16.0) 10 (12.3) 0.64
TEG
R time (min) 55+ 1.6 59+3.1 0.48
K time (min) 20409 17411 0.35
MA (mm) 55.7+7.7 65.1£6.8 <0.001
a angle (degree) 63.6+7.3 67.1£9.3 0.08
Operation details
Bentall+ TAR+FET, % 12 (48.0) 28 (34.6) 0.23
Combined with CABG, % 2(8.0) 6(7.4) 0.92
The duration of operation, hour 9.35+ 2.0 8.1+1.8 0.004
CPB time, min 242.0 £69.9 202.2 +49.0 0.002
Aortic cross clamp time, min 135.8 +39.8 120.9 £ 43.8 0.13
The duration of HCA, min 288+7.0 265+9.4 0.23
Nasopharyngeal temperature, °C 223+ 14 232420 0.06
Rectal temperature, °C 25.14+2.0 245424 0.45
(Continued)
12
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TABLE 2 (Continued)

Characteristics

Stage 3 (n = 25)

Non-stage 3 (h = 81)

Intraoperative blood loss, mL 1592 £+ 615 1462 £+ 767 0.44
Intraoperative amount of plasma, mL 500 (0, 1000) 400 (100, 600) 0.25
Intraoperative amount of RBC, mL 600 (0, 750) 300 (0, 600) 0.04
24 h postoperative drainage 600 (380, 910) 650 (500, 925) 0.58
48 h postoperative drainage 1000 (725, 1195) 1050 (720, 1550) 0.49
Postoperative outcomes

In-hospital mortality, % 4(16.0) 4(4.9) 0.07
Length of hospital, day 15 (12,22) 14 (10,17) 0.16
Length of ICU, day 8.0 (6,12) 2(1,4) <0.001
Continuous RRT, % 21 (84.0) 0 <0.001
Severe hypoxemia, % 18 (72.0) 21(25.9) <0.001
Reoperation for bleeding, % 3(12.0) 5(6.2) 0.34
Low cardiac output syndrome, % 2(8.0) 4(4.9) 0.56
Cerebral infarction or bleeding, % 2(8.0) 7 (8.6) 0.75
Multi-organ failure, % 7 (28.0) 4(4.9) 0.004
Sepsis, % 7 (28.0) 9(11.1) 0.04

Results are expressed as n (%), mean = SD or median (interquartile range). AKI, acute kidney injury; ATAAD, acute type A aortic dissection; BMI, body mass index; CABG, coronary artery bypass
grafting; CPB, cardiopulmonary bypass; eGFR, estimated glomerular filtration rate; FET, frozen elephant trunk; FDP, fibrinogen degradation products; HCA, hypothermic circulatory arrest; ICU,
intensive care unit; LVEF, left ventricular ejection fraction; MA, maximum amplitude; RBC, red blood cell; RRT, renal replacement therapy; sCr, serum creatinine; TAR, total arch replacement;

TEG, Thromboelastography.

using TEG. With the aid of TEG parameters, early monitoring and
identification of critically ill patients may be achieved for renal
preventive and protective strategies.

The incidence of severe postoperative ATAAD-AKI (stage 3) in
our study is 23.6% (25/106), and the required continuous RRT is
19.8% (21/106). A recently published investigation from Wang et al.
(9) revealed that 23.8% of patients developed severe postoperative
ATAAD-AKI (stage 3) after ATAAD surgery, including 16.6% of
patients who received continuous RRT. Similarly, Chen et al. (7) also
demonstrated that 47.9% of patients developed severe postoperative
AKI (AKI stages 2 or 3) and 14.6% required continuous RRT.
However, Ko (2) suggested that the incidence of developing severe
postoperative AKI (stage 3) after aortic arch surgery was only 14%,
and the rate of patients who needed continuous RRT was as low as
9%. The reason for these lower rates might be mainly attributed to
the exclusion of emergency ATAAD surgery from that study. Due to
the life-threatening aortic syndrome and the complexity of the urgent
operation, it is unsurprising that the rates of severe postoperative
AKI (AKI stage 3) and continuous RRT were up to 20% in our
study. Increasing evidence suggests that increasing AKI severity is
associated with an increase in mortality. Thus, TEG might be a
suitable tool for early AKI diagnosis and the prediction of the need
for RRT in patients with ATAAD.

The high mortality rate for emergency aortic surgery is
challenging and is associated with high rates of perioperative bleeding
and blood product transfusions (13, 14). Excessive perioperative
bleeding and blood product transfusions represent one of the most
common and feared complications in emergency aortic surgery.
Massive blood transfusions are also considered an indirect marker
of hemorrhage and a known risk factor for ATAAD-AKI (8, 10).
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FIGURE 2
Changes in preoperative MA level (platelet function) among the AKI
groups.

Growing evidence (2, 3, 15) indicates that perioperative transfusions
of large amounts of RBC and plasma were designed to determine
independent risk factors for AKI In line with these studies, the
intraoperative quantity of RBC was higher in our study’s severe
postoperative AKI (stage 3) group. In addition, patients with
major bleeding on preoperative dual antiplatelet therapy had more
postoperative AKI, which indirectly showed the relationship between
bleeding and AKI (16).
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FIGURE 3
Changes in preoperative fibrinogen level among the AKI groups.

TABLE 3 Risk factors for postoperative AKI (stage 3) in multivariate logistic
regression analysis in patients with ATAAD.

Risk factors OR 95%Cl p-value
Neutrophil ratio, % 1.07 0.94-1.21 0.32
Platelet counts, x 10°/mm? 099 | 0.97-1.00 0.11
Low fibrinogen level, g/L 2.02 1.03-3.00 0.04
FDP, ug/mL 0.98 0.93-1.03 0.34
D-Dimer, ng/mL 1.01 0.98-1.04 0.33
Low MA (mm) 1.23 1.09-1.39 0.001
The duration of operation, hour 1.01 0.99-1.02 0.97
CPB time, min 1.01 1.00-1.02 0.02

AKI, acute kidney injury; ATAAD, acute type A aortic dissection; CI, confidence interval; CPB,
cardiopulmonary bypass; FDP, fibrinogen degradation products; MA, maximum amplitude; OR,
odds ratio.

Wang et al. (9) showed that the logistic regression model
identified the 24-h drainage volume after an aorta repair operation
as another independent risk factor for postoperative AKI stage 3.
Additionally, the multivariate logistic regression analysis similarly
revealed that 72-h drainage volume was an important predictor of
postoperative ATAAD-AKI in an overweight patient with ATAAD
(6). Excessive drainage volume can disrupt homeostasis, induce
pro-inflammatory states, and increase oxidative stress, which will
contribute to the pathogenesis of AKI (17). Therefore, decreasing
postoperative drainage volume is considered essential and may
reduce the incidence of postoperative AKI. Although the association
between drainage volume and ATAAD-AKI was not directly
established in our research, it appears that excessive bleeding and
transfusion did not provide any benefits for patients with ATAAD.

HCA- and CPB-induced coagulopathy in aortic surgery is
already a well-accepted clinical pathological condition (18-20). The
impairment of the hemostatic system is already caused by the contact
of blood flow with the non-endothelialized walls of the false lumen
before emergency aortic surgery (19, 21). In light of the activation of
the hemostatic system preoperatively, our study primarily described
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FIGURE 4
The preoperative MA level (platelet function) and fibrinogen level as
predictive values of risk factors for severe postoperative AKI (stage 3) in
patients with ATAAD by the ROC curve analysis.

preoperative changes in the hemostatic system in patients with
ATAAD. Similar to some previous studies (21, 22), our study’s
routine laboratory tests and TEG documented fibrinogen, platelet,
and clotting factor consumption and, ultimately, coagulopathy in
the early preoperative period of ATAAD. To date, no similar study
has been performed in which data on the association between
TEG parameters of changes in the hemostatic system and severe
postoperative AKI (stage 3) were obtained.

It is widely known that platelets and fibrinogen are critical for
clot formation and clot strength. Therefore, increasing emphasis has
focused on the importance of platelets and fibrinogen in reducing
blood loss and improving prognosis (19). Notably, many guidelines
(23-25) have recommended the use of fibrinogen concentrate and
platelets to correct early coagulopathy. Some previous studies (19,
21, 26) consistently reported that fibrinogen is directly responsible
for clot strength and can compensate for platelet function.
Indeed, the shortage of platelets and fibrinogen might lead to
perioperative bleeding and blood product transfusions associated
with postoperative AKI. Our research confirmed that the multivariate
logistic regression analysis identified the preoperative fibrinogen level
and the MA level (platelet function) as independent risk factors for
severe postoperative AKI (stage 3) in patients with ATAAD. Thus,
we have reasons to believe that there are predictable and quantifiable
changes in TEG parameters for severe postoperative AKI (stage 3)
in ATAAD.

Because of the interaction between a non-pulsatile flow and the
activation of an inflammatory response, a few studies (2, 8, 27,
28) had already confirmed that CPB is associated with increased
postoperative AKI. Moreover, Englberger et al. (29) discovered that
every additional 10-min increase in CPB time would lead to a
higher risk of postoperative ATAAD-AKI. Similarly, Wang et al.
(9) also illustrated that prolonged CPB duration is an independent
risk factor for developing severe postoperative ATAAD-AKI (stage
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3). In contrast, Kim et al. (3) and Li et al. (5) discovered that
HCA time is associated with a risk for ATAAD-AKI in multivariable
analysis but not CPB. Amano et al. (30, 31) also concluded that
the duration of HCA was recognized as a surgical risk factor for
postoperative ATAAD-AKI. However, Roh et al. (8, 29, 32) did not
find a relationship between HCA time and ATAAD-AKI. We believe
that, despite the inconsistency of those conclusions, there was no
doubt that renal medullary ischemia or reperfusion injury induced by
CPB or HCA might be the most important pathophysiological change
associated with ATAAD-AKI.

Early identification and management of the hemostatic system
might be lifesaving (33). Nevertheless, the routine laboratory tests can
only analyze factors in plasma and isolated components or fractions.
Thus, it does not adequately evaluate the whole coagulation state in
patients with ATAAD. At many major cardiovascular centers, TEG-
guided perioperative bleeding management has been extensively used
to monitor hemostasis and decrease the risk of bleeding (34, 35). This
technology may provide an overall view of coagulation and detect
platelet function (MA level) and fibrinogen function (xangle), which
may be beneficial for patients with ATAAD. Although TEG has been
proven to reduce transfusions in cardiac surgery, only a few studies
have shown the predictive value of TEG (11, 36, 37). Nevertheless,
the use of TEG as a tool to predict risk factors for severe postoperative
AKI (stage 3) has been confirmed by our study. TEG measurements
could supplement routine laboratory tests, but they do not negate the
need for routine laboratory tests.

Study limitations

Several potential limitations of the present study should be
discussed. First, the sample size of the study was small, and this
study was conducted only in one institution, which may limit the
applicability of our findings to other settings. Second, we could not
identify the underlying mechanisms linking the hemostatic system
to the development of ATAAD-AKI. Third, some potential bias may
have been retained after the multivariate analysis. To verify these
findings, larger and more comprehensive prospective multicenter
studies are needed. Finally, further long-term follow-up studies are
needed to better understand the association between the preoperative
hemostatic system and postoperative ATAAD-AKI.

Conclusions

In conclusion, in the present study, we found that preoperative
fibrinogen level and MA level were significantly associated with the
risk of severe postoperative AKI (stage 3) in patients with ATAAD.
The TEG may be an effective tool in identifying and assessing the
risk factors for severe postoperative ATAAD-AKI (stage 3) in patients
with ATAAD (stage 3).
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Objectives: The aim of this study is to assess the influence of cardiopulmonary
coupling (CPC) based on RCMSE on the prediction of complications and death
in patients with acute type A aortic dissection (ATAAD).

Background: The cardiopulmonary system may be nonlinearly regulated, and its
coupling relationship with postoperative risk stratification in ATAAD patients has
not been studied.

Methods: This study was a single-center, prospective cohort study
(ChiCTR1800018319). We enrolled 39 patients with ATAAD. The outcomes were
in-hospital complications and all-cause readmission or death at 2 years.

Results: Of the 39 participants, 16 (41.0%) developed complications in the hospital,
and 15 (38.5%) died or were readmitted to the hospital during the two-year follow-
up. When CPC-RCMSE was used to predict in-hospital complications in ATAAD
patients, the AUC was 0.853 (p <0.001). When CPC-RCMSE was used to predict
all-cause readmission or death at 2 years, the AUC was 0.731 (p <0.05). After
adjusting for age, sex, ventilator support (days), and special care time (days),
CPC-RCMSE remained an independent predictor of in-hospital complications in
patients with ATAAD [adjusted OR: 0.8 (95% Cl, 0.68—0.94)].

Conclusion: CPC-RCMSE was an independent predictor of in-hospital
complications and all-cause readmission or death in patients with ATAAD.

KEYWORDS

cardiopulmonary coupling, acute type a aortic dissection, prognostication, composite
multiscale entropy, risk stratification

1. Introduction

Acute type A aortic dissection (ATAAD) is a cardiovascular emergency disease that can
kill 1%-2% of untreated patients every hour following the onset of symptoms (1). Despite
timely emergency and essential surgery in the hospital, the in-hospital mortality and
complications of patients with acute aortic dissection are still high. Fortunately, thanks to
advances in surgical technology and improvements in perioperative care, mortality has
decreased over the past decade to 12% (2). Therefore, it is necessary to improve risk
prediction for patients with a high risk of complications and death to make timely and
appropriate interventions.
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The concept of cardiopulmonary coupling (CPC) was advocated in
2005 (3). CPC is now a technique that can reflect the function of
cardiopulmonary system action relation and coupling strength by
calculating the cross-spectral power and coherence of respiratory
tidal volume fluctuations and heart rate variability (HRV) (4). It
may provide information on the quantitative presentation of a
person’s manifestations of cardiovascular autonomic nervous function.

Since the cardiopulmonary system may be regulated in a
nonlinear way, a new coupling analysis technique is needed. In
recent years, the multiscale entropy (MSE) algorithm has gained
massive attention, especially in the cardiovascular and physiological
fields (5). Norris et al. found that heart rate (HR) MSE within hours
of admission predicted mortality occurring later in 3,154 trauma
patients (6). Many studies have shown that MSE is a method that
can be used to generate novel clinical prognostic biomarkers.

No known research has focused on exploring the relationship
between the definition of CPC based on MSE and the complications
and deaths of patients with ATAAD. Therefore, we propose the
following hypotheses: the cardiopulmonary coupling index based on
refined composite multiscale entropy (CPC-RCMSE) can be used for
successful risk stratification in ATAAD patients.

2. Methods
2.1. Study design

This was a prospective cohort study involving all patients after
aortic dissection at the First Affiliated Hospital of Wenzhou
Medical University from September 2018 through September
2020 (ChiCTR1800018319). The study protocol was approved by
the Ethics Committee of the First Affiliated Hospital of Wenzhou
Medical University.

The inclusion criteria were as follows: (1) patients aged 18-65 years;
(2) patients who met the diagnostic criteria for acute type A aortic
dissection and underwent surgery; and (3) patients or family members
who voluntarily participated in the trial and signed informed consent.
The exclusion criteria were as follows: (1) patients with chest and back
deformity (including appearance and organic); (2) pacing patients; (3)
patients with an ECG signal quality not up to standard; (4) patients in
the terminal stage of chronic wasting disease; (5) patients in persistent
coma; and (6) pregnant or nursing women.

2.2. CPC-RCMSE definitions

Electrocardiograph signals and respiratory waveforms were
collected for more than 4 h on the first day after returning to the
cardiac care unit. The CPC-RCMSE formula was described
previously (7).

2.3. Primary outcome

The main end point was the occurrence of death, acute liver
failure, acute renal failure, or ventilator-associated pneumonia
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composite end events in the hospital. The secondary endpoint
was all-cause readmission or death at 2 years.

2.3.1. Statistical analysis

Continuous variables are expressed as the mean + standard
deviation (SD). Categorical variables are expressed as the number
(percentage). Groups of continuous variables were compared
using Student’s ¢ test or the Mann-Whitney U test, and groups
of categorical variables were compared using the y® test or
Fisher’s exact test.

Univariate logistic regression analysis was used to investigate
the independent risk factors for the compound endpoint of
complications in the hospital in patients with ATAAD. All
variables significantly associated with in-hospital mortality
were candidate variables in the stepwise multivariate analysis.
Based on the results of the multivariate logistic regression
analysis, we explored whether CPC-RCMSE is an independent
predictor of complications in the hospital. A receiver operating
characteristic (ROC) curve for CPC-RCMSE was generated.
Survival curves were described by the Kaplan-Meier method
and compared by the log-rank test. Statistical analyses were
performed by SPSS 25.0 statistical software (SPSS Company,
Chicago, IL) and the R language tool. In all analyses, p <0.05
was statistically significant.

3. Results
3.1. Baseline characteristics

In this study, patients with aortic dissection were selected.
The results are presented in Table 1. The average age of the
study population was 53.6 +10.4 years. A total of 84.6% of
the participants were male, 69.2% had hypertension, 16
(41.0%) developed complications in the hospital, and 15
(38.5%) died or were readmitted to the hospital during the
two-year follow-up.

3.1.1. Independent prognostic factors

The univariate logistic analysis results are shown in Table 2.
CPC-RCMSE  was
independently associated with in-hospital complications. After

According to multivariate analysis,
adjusting for age, sex, ventilator support (days), and special care
time (days), CPC-RCMSE remained an independent predictor of
in-hospital complications in patients with ATAAD [adjusted OR:
0.8 (95% CI, 0.68-0.94)]. In Model 2, CPC-RCMSE remained an
independent risk factor for in-hospital complications after
adjusting for age, sex, ventilator duration, special care time,
cardioactive drugs, and vasoactive drugs [adjusted OR: 0.77 (95%

CI, 0.63-0.95), p < 0.05].

3.2. ROC curve

As shown in Figure 1, when CPC-RCMSE was used to
predict in-hospital complications in ATAAD patients, the AUC
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TABLE 1 Baseline characteristics of aortic dissection patients.

10.3389/fcvm.2023.1126889

Variable CPC-RCMSE

T1<19.71 T2 >20.69 to <29.91 T3 >30.03 to <37.35

(n=13) (n=13) (n=13)

Age 56.15+9.44 52.85+9.93 51.77 +11.89 0.544
Male 11 (84.62%) 12 (92.31%) 10 (76.92%) 0.855
Hypertension 9 (69.23%) 10 (76.92%) 8 (61.54%) 0.697
Diabetes 0 (0.00%) 1 (7.69%) 0 (0.00%) 1.000
Smoking 5 (38.46%) 7 (53.85%) 4 (30.77%) 0.476
Drinking 5 (38.46%) 6 (46.15%) 3 (23.08%) 0.458
Coronary heart disease 1 (8.33%) 1 (7.69%) 0 (0.00%) 0.760
Chest pain 10 (76.92%) 10 (76.92%) 11 (84.62%) 1.000
Back pain 7 (53.85%) 7 (53.85%) 9 (69.23%) 0.654
Osphyalgia 5 (38.46%) 3 (23.08%) 3 (23.08%) 0.603
Abdominal pain 3 (23.08%) 1 (7.69%) 0 (0.00%) 0.297
Ventilator support (days) 140.08 + 143.19 71.69 £73.48 51.15 + 35.40 0.102
Extracorporeal circulation time (min) 258.08 +41.32 270.85 + 30.57 264.31 £ 61.60 0.579
Aortic cross clamp time (min) 158.46 + 43.37 172.46 + 37.68 182.54 £ 52.91 0.460
Admission SBP 132.62 £24.23 136.69 £ 17.68 141.69 £ 23.99 0.702
Admission DBP 71.23 £13.91 71.54 +21.66 74.38 +£17.93 0.852
Postoperative SBP 130.31 +31.14 129.54 £ 26.77 139.00 £22.91 0.643
Postoperative DBP 70.08 + 14.82 69.54 +10.44 72.69 +13.16 0.842
Postoperative mean arterial pressure 92.54 +21.22 89.08 +16.24 95.69 +16.47 0.653
LVEF (%) 61.55+7.31 64.94 +5.82 63.73 £5.59 0.332
Hypothermic circulatory arrest (min) 26.69 +3.61 29.08 +7.01 29.54 +5.01 0.380
Special care time (days) 11.00 + 8.42 7.92+4.52 7.62+4.43 0.501
Preoperative heart failure 1 (7.69%) 0 (0.00%) 1 (7.69%) 1.000
Preoperative pleural effusion 1 (7.69%) 4 (30.77%) 1 (7.69%) 0.321
Preoperative pericardial effusion 3 (23.08%) 2 (15.38%) 1 (7.69%) 0.855
Norepinephrine/dopamine 4 (30.77%) 3 (23.08%) 1 (7.69%) 0.477
Vascular Drug 8 (61.54%) 8 (61.54%) 8 (61.54%) 1.000
ACE inhibitor 0 (0.00%) 0 (0.00%) 1 (7.69%) 1.000
Calcium channel blocker 3 (23.08%) 4 (30.77%) 3 (23.08%) 0.874
Beta blocker 2 (15.38%) 4 (30.77%) 2 (15.38%) 0.689
Postoperative pericardial effusion 0.648
0 12 (92.31%) 10 (76.92%) 9 (69.23%)
1 1 (7.69%) 2 (15.38%) 2 (15.38%)
2 0 (0.00%) 1 (7.69%) 2 (15.38%)
Postoperative pleural effusion 0.081
0 2 (15.38%) 0 (0.00%) 0 (0.00%)
1 4 (30.77%) 8 (61.54%) 3 (23.08%)
2 7 (53.85%) 5 (38.46%) 10 (76.92%)
Hospital days 24.23 +7.58 21.31+£9.06 21.46+7.42 0.267
In-hospital complications 11 (84.62%) 3 (23.08%) 2 (15.38%) <0.001
Death 2 (15.38%) 1 (7.69%) 0 (0.00%) 0.760
Readmission 9 (69.23%) 2 (15.38%) 3 (23.08%) 0.008
Cardiac readmission 5 (38.46%) 0 (0.00%) 0 (0.00%) 0.003
All-cause readmissions and deaths 9 (69.23%) 3 (23.08%) 3 (23.08%) 0.020

LVEF, left ventricular ejection fraction; Vascular Drug, sodium nitroprusside/urapidil/lyceryl trinitrate; In-hospital complications included acute renal failure, acute liver

failure, respiratory failure, pulmonary infection and death.

was 0.853 (p <0.001). When CPC-RCMSE was used to predict
all-cause readmission or death at 2 years, the AUC was 0.731
(p<0.05).

3.3. Kaplan—Meier survival

As shown in Figure 2, the Kaplan-Meier curves showed
significant survival outcomes for all-cause readmission or death
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at 2 years by CPC-RCMSE score. In patients with a higher CPC-
RCMSE score, survival was better (p <0.0001).

4. Discussion

In reviewing the literature, no data were found on the
association between CPC-RCMSE and prognosis in ATAAD
patients who have undergone surgery. Our findings highlight the
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TABLE 2 Association of CPC-RCMSE with in-hospital complications.

Clinical variables Univariate analysis Model 1 Model 2
Odds ratio (95% CI)  p-value  Odds ratio (95% Cl)  p-value  Odds ratio (95% CI)  p-value

Age 1.04 (0.98-1.11) 0.19 0.98 (0.85-1.13) 0.79 0.98 (0.86, 1.12) 0.79
Male 0.10 (0.01-0.96) <0.05 0.08 (0.00-4.32) 0.21 0.04 (0.00, 20.03) 0.30
Hypertension 0.96 (0.24-3.83) 0.96 - - - -
Smoking 0.49 (0.13-1.89) 0.30 - - - -
Drinking 0.71 (0.18-2.72) 0.61 - - - -
Chest pain 0.63 (0.13-3.01) 0.56 - - - -
Back pain 0.53 (0.14-1.96) 0.34 - - - -
Osphyalgia 2.16 (0.52-8.90) 0.29 - - - -
Abdominal pain 5.08 (0.48-54.03) 0.18 - - - -
Ventilator support (days)* 5.10 (1.72-15.11) <0.05 3.40 (0.67-17.22) 0.14 4.31 (0.61, 30.41) 0.14
Extracorporeal circulation time" 2.17 (0.06-82.94) 0.68 - - - -
Aortic cross clamp time" 0.14 (0.01-1.81) 0.13 - - - -
Admission SBP 0.99 (0.96-1.02) 0.71 - - - -
Admission DBP 0.99 (0.95-1.03) 0.65 - - - -
Postoperative DBP 1.00 (0.95-1.06) 0.86 - - - -
LVEF" 0.58 (0.00-312.26) 0.87 - - - -
Hypothermic circulatory arrest’ 0.03 (0.00-1.63) 0.09 - - - -
Special care time (days)" 8.67 (1.76-42.67) <0.05 8.11 (0.55-120.46) 0.13 9.64 (0.56,164.44) 0.12
Preoperative heart failure 1.47 (0.08-25.32) 0.79 - - - -
Preoperative pleural effusion 0.24 (0.02-2.58) 0.21 - - - -
Preoperative pericardial effusion 1.54 (0.27-8.82) 0.63 - - - -
Norepinephrine/dopamine 1.58 (0.33-7.56) 0.56 - - 0.09 (0.00, 6.93) 0.27
Vascular Drug 0.68 (0.18-2.54) 0.57 - - 0.38 (0.02, 8.79) 0.55
Calcium channel blocker 1.64 (0.38-6.97) 0.50 - - - -
Beta blocker 0.40 (0.07-2.33) 0.31 - - - -
CPC-RCMSE 0.82 (0.73-0.92) <0.05 0.80 (0.68-0.94) <0.05 0.77 (0.63, 0.95) <0.05

Abbreviations as in Tables 1. fLog-transformed.
Model 1 was adjusted for age, Male, Ventilator support (days) 1, Special care time (days) t,.
Model 2 was adjusted for age, Male, Ventilator support (days) t, Special care time (days) t, Vascular Drug, Norepinephrine/dopamine.
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prognostic importance for ATAAD. As expected, patients in the
highest quintile of CPC-RCMSE had better outcomes. When
CPC-RCMSE was used to predict the occurrence of postoperative
complications in ATAAD patients, the AUC was 0.853 (p<

0.001), indicating that CPC-RCMSE had a good ability to predict
the occurrence of complications in the hospital. When CPC
complexity was <21.2, the sensitivity was 75%, and the specificity
was 86.7%. When CPC complexity was used to predict
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FIGURE 2
Kaplan—Meier survival by stage of CPC-RCMSE.

readmission and death, the AUC was 0.731 (p<0.05), also
indicating good differentiation ability. The results of multivariate
analysis indicate the clinical prediction and risk stratification
value of CPC-RCMSE.

CPC (3) is based on continuous ECG signals and uses Fourier
transform technology to analyze two characteristics of the signal:
(1) heart rate variation and (2) the fluctuation of ECG R wave
amplitude caused by respiration. From a physiological point of
view, CPC can identify the bistable properties of automatic
NREM sleep state transitions. One state shows deep sleep
features, and the other state exhibits shallow sleep features. Many
studies (8, 9) have reported its clinical significance, such as the
24-hour Holter-based CPC analysis (10), which showed that the
recurrence rate was lower in atrial fibrillation patients who had
unstable sleep before radiofrequency ablation (HR: 0.32; 95% CI,
0.12-0.83).

The cardiopulmonary system likely performs complex
The
nonlinear dynamics and information theory has made new

regulation in a nonlinear manner. development of
progress in the study of information transmission among
multivariate time series and can complement traditional linear
symmetry analysis technology to provide more diagnostic and
prognostic information (11, 12). Costa et al. (13) proposed an
MSE algorithm to calculate SampEn over a certain scale to
represent the complexity of a time series. Pilatia et al. (14)
described  the of the MSE
cardiopulmonary coupling. In our study,
algorithms. The RCMSE algorithm reduces the chance of
generating indefinite entropy and is more suitable for the

application algorithm to

we used new

application of short time series analysis, such as physiological
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time series (7). Our study provide evidence for CPC-RCMSE on
the prediction of complications and death in patients with
ATAAD. Notably, many algorithms have proved to have
advantages in the analysis of physiological signals in different
study population. In terms of Congestive Heart Failure patients,
Liu C et al. (15) determined the differential RR interval time
series signal (MSE_dRR) had better statistical stability and
better discrimination. Azami H. et al. (16) points out that
Refined Composite Dispersion Entropy (RCMDE) increased
ability to find differences between physiological signs better
than RCMSE. However, the above algorithm has not been
tested in ATAAD patients. For this reason, we expect compare
the advantages and disadvantages of different algorithms in
ATAAD patients with larger samples in future studies.

The results of our study indicated that CPC-RCMSE was an
independent risk factor for ATAAD. ATAAD patients were
divided into three groups according to their CPC-RCMSE
(T1<19.71; T2 >20.69 to <29.91; T3 >30.03 to <37.35). The
Kaplan-Meier curves showed significant survival outcomes for
all-cause readmission or death at 2 years by CPC-RCMSE
score. In patients with lower CPC-RCMSE scores, survival was
worse (p <0.0001).

Additionally, we found that CPC-RCMSE was a strong
independent predictor associated with in-hospital complications
in our study population. When CPC complexity increased by 1
unit, the risk of hospital complications decreased by 20%.
Clinical health care workers can be more targeted in meeting
patient needs based on CPC-RCMSE scores to improve medical
efficiency, shorten hospital stay, reduce care unit costs, and
improve patient hospitalization outcomes.
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5. Conclusions

CPC-RCMSE is an independent predictor of in-hospital
complications in patients with ATAAD. CPC-RCMSE should be
used more widely and routinely in the risk stratification of
ATAAD patients.
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Is valve-sparing aortic root
replacement better than total
aortic root replacement?

An overview of reviews

Wei Wang, Xuezhou Zhang, Yong Shi, Sigi Xu, Teng Shi,
Xiaotian Han, Tianxiang Gu® and Enyi Shi*

Department of Cardiac Surgery, First Affiliated Hospital, China Medical University, Shenyang, China

Background: Total aortic root replacement (TRR) is certainly beneficial for aortic
root disease, but does it still have an advantageous prognosis for patients
compared to valve-sparing aortic root replacement (VSRR)? An overview of
reviews was conducted to assess each of their clinical efficacy/effectiveness.
Review methods: Systematic reviews (SRs)/Meta-analyses comparing the prognosis
of TRR and VSRR in aortic root surgery were collected from 4 databases, all searched
from the time of database creation to October 2022. Two evaluators independently
screened the literature, extracted information and applied the Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses (PRISMA) statement,
A Measurement Tool to Assess Systematic Reviews 2 (AMSTAR 2) tool, Grading of
Recommendations, Assessment, Development and Evaluations (GRADE), and Risk
of Bias in Systematic Reviews (ROBIS) to evaluate the quality of reporting,
methodological quality, risk of bias, and level of evidence of the included studies.
Main results: A total of 9 SRs/Meta-analyses were ultimately included. In terms of the
reporting quality of the included studies, PRISMA scores ranged from 14 to 22.5, with
issues mainly in reporting bias assessment, risk of study bias, credibility of evidence,
protocol and registration, and funding sources. The methodological quality of the
included SRs/Meta-analyses was generally low, with key items 2, 7, and 13 having
major flaws and non-key items 10, 12, and 16. In terms of risk of bias assessment, the
overall assessment of the included 9 studies was high-risk. The quality of the evidence
was rated as low to very low quality for the three outcome indicators selected for the
GRADE quality of evidence rating: early (within 30 days postoperatively or during
hospitalization) mortality, late mortality, and valve reintervention rate.

Conclusions: VSRR has many benefits including reduced early and late mortality after
aortic root surgery and reduced rates of valve-related adverse events, but the
methodological quality of the relevant studies is low, and there is a lack of high-quality
evidence to support this.

Systematic Review Registration: https://www.PROSPERQO, identifier:
CRD42022381330.
KEYWORDS

total aortic root replacement, valve-sparing aortic root replacement, aortic surgery,
overview of reviews, systematic reviews

1. Introduction

TRR using a composite mechanical valve, as proposed by Bentall and De Bono in 1968
(1), has been a boon to many patients requiring surgery for aortic root disease. For more
than 50 years, it has long been considered the “gold procedure” for aortic root disease,
particularly type A aortic dissection and Marfan syndrome, because of its excellent early
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and late postoperative results (2, 3). However, the implementation
of a mechanical prosthesis exposes patients to a cumulative risk of
lifellong anticoagulation, hemodynamic restrictions, and an
increased risk of thromboembolism. Even though bio-prosthesis
implantation can minimize these risks, re-intervention would be
an undesired result of bio-prosthesis degeneration (4-6).
Although TRR is the most common procedure performed during
surgery for aortic root disease, the optimal management of the aortic
valve at the time of root surgery remains highly controversial. The
benefit of preserving the native aortic valve, particularly in some
young patients with good aortic valve pathology, has been
remarkable. This controversy has become more intense since the
introduction of the reimplantation technique by David in 1992 (7)
and the remodeling technique by Yacoub in 1983 (8). The superior
early outcome, lower late cardiac-related mortality, and valve-
related complications of VSRR have led to a strong preference (6,
9, 10). Because VSRR is so challenging, most studies have come
from specialist cardiac centers. Some argue that the more
technically demanding VSRR has a proportionally increased
complication and mortality both
postoperatively. In this way, the prognosis of patients who undergo

rate, intraoperatively and
VSRR is not necessarily better than those who opt for a composite
mechanical or biological valve for TRR (11).

A large number of studies exist that have explored the early and
late mortality and complications of TRR and VSRR, and several SRs/
Meta-analyses have been published based on this. However, there is
considerable heterogeneity in the original studies included in the
various SRs/Meta-analyses in terms of year of publication, sample
size, interventions/controls, and outcome indicators. In particular,
the inconsistency of postoperative complication rates across
different
dissemination of evidence-based evidence in clinical practice.

research has largely limited the application and
Overview of reviews (Overviews) is a comprehensive approach to
collecting systematic reviews on the etiology diagnosis, treatment,
and prognosis of the same disease or health problem and
conducting a comprehensive study (12). And this article aims to
analyze the current published SRs/Meta-analyses on the prognosis
of TRR compared to VSRR and provide a basis for clinical selection.

2. Materials and methods

The protocol for this overview was registered on PROSPERO
(CRD42022381330) and is accessible on the PROSPERO website
(https://www.crd.york.ac.uk/prospero/). The reporting of this
overview of reviews adheres to the PRISMA 2020 criteria (13).

2.1. Search and study selection

PubMed, Embase, Web of science, and China National
Knowledge Infrastructure (CNKI) databases were searched to
SRs/Meta-analyses
complications, and reoperation rates after VSRR versus TRR, all
searched from the time of database creation to October 2022. In

collect comparing  survival, mortality,

addition, references to the included literature were retrospectively
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included to supplement access to relevant literature. Searches
were conducted using a combination of subject terms and free
words. Terms include aortic valve-sparing, aortic valve
preservation, aortic valve repair, aortic valve-sparing, VSRR,
David procedure, remodeling, Yacoub, reimplantation, Bentall
procedure, composite valve graft, valved conduit, CVG, total root
replacement, aortic valve replacement, systematic review, meta-
analysis, etc. The specific search strategy for PubMed, for

example, is shown in Table 1.

2.2. Inclusion and exclusion criteria

SRs/Meta-analyses were included if:

(i) Review of studies on the clinical outcomes of TRR and VSRR.

(if) Research into aortic root diseases, including but not limited to
aortic dissection and Marfan syndrome.

(iii) Primary outcome indicators include early mortality (within
30 days of surgery or during hospitalization), mortality
during follow-up, reoperation rates, thromboembolic events,
endocarditis, and bleeding associated with aortic root and
aortic valve lesions.

SRs/Meta-analyses were excluded if:

(i) Reviews, conference abstracts, case reports, and letters.

TABLE 1 The search strategy using pubmed as an example.

e quw

#1 aortic valve-preserving [Title/Abstract]

#2 aortic valve preservation [Title/Abstract]

#3 aortic valve repair [Title/Abstract]

#4 aortic valve-sparing [Title/Abstract]

#5 VSRR [Title/Abstract]

#6 David procedure [Title/Abstract]

#7 remoulding [Title/Abstract]

#8 remodeling [Title/Abstract]

#9 reimplantation [Title/Abstract]

#10 | Yacoub [Title/Abstract]

#11 | #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10

#12 | Bentall procedure [Title/Abstract]

#13 | composite valve graft [Title/Abstract]

#14 | valved conduit [Title/Abstract]

#15 | CVG [Title/Abstract]

#16 | total root replacement [Title/Abstract]

#17 | aortic valve replacement [Title/ Abstract]

#18 | #12 OR #13 OR #14 OR #15 OR #16 OR #17

#19 | #11 AND #18

#20 | “Meta-Analysis as Topic” [Mesh]OR“Meta-Analysis”[Publication Type]

#21 | meta analysis[Title/Abstract] OR meta analyses[Title/Abstract] OR meta-
analysis[ Title/Abstract] OR meta-analyses[Title/Abstract] OR metaanalysis
[Title/Abstract] OR metanalysis|Title/Abstract] OR met-analysis[Title/
Abstract]OR meta analyses|Title/ Abstract]OR metanalyses|Title/Abstract]
OR met-analyses[Title/ Abstract]
OR data pooling[Title/Abstract]OR data poolings[Title/Abstract]

#22 | #20 OR #21

#23 | systematic review|[Title/Abstract] OR systematic reviews[Title/Abstract]

#24 | #22 OR #23

#25 | #19 AND #24
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(ii) Duplicate publications or overlapping studies included.

(iii) Literature for which data could not be extracted or full text
was not available.

(iv) Currently incomplete SRs/Meta-analyses.

2.3. Literature screening and data extraction

Two evaluators independently screened the literature, extracted
information, and cross-checked it, consulting a third person to
assist with any disagreements and contacting the authors to
supplement any missing information where possible. The
literature was screened by first reading the title and abstract and
then, after excluding any irrelevant literature, further reading the
full text to determine final inclusion. If multiple SRs/Meta-
analyses existed for the same group of researchers, those with a
relatively recent year of publication and containing more
complete studies were selected for inclusion. Data extraction
included the following: first author and year of publication,
number of included studies, sample size, interventions, risk of
bias assessment tools used, outcome indicators, PRISMA score
(14) results, AMSTAR 2 (15) evaluation results and funding
sources.

10.3389/fcvm.2023.1115290

2.4. Assessment of included reviews

All of the evaluation methods were assessed independently by
two researchers and then summarized. Any inconsistencies were
resolved by consensus or by third-author adjudication.

2.4.1. Reporting quality

The PRISMA Statement (14) evaluates the quality of the reports
included in the study using a total of 27 items, with each item being
scored 1 for complete reporting, 0.5 for partial reporting, and 0 for
no reporting, out of a total of 27 points, with a score of <15 being
considered a relatively serious information deficiency in the
systematic evaluation report, a score of 15-21 being considered
some deficiency in the report, and a score of 21 or more being
considered a relatively complete report. The PRISMA statement
indicates that a report with a completeness level of <50% for each
item is considered to be deficient.

2.4.2. Methodological quality

The AMSTAR 2 (15)
methodological quality of the included studies. The scale contains
16 items, of which items 2, 4, 7, 9, 11, 13, and 15 are key items, and

scale was used to evaluate the

[ Identification of studies via databases and registers ]

Records identified from Databases

(n=350)
PubMed (n = 115)
Web of science (n = 164)
Embase (n = 35)
CNKI (n = 36)

Additional articles identified
through grey literature and
other source (n =0)

Records after duplicates removed (n = 115)

Records excluded (n =93):

» ]

Records screened (n = 115)

A

Full-text articles assessed

Articles not in English/Chinese
o Narrative reviews
o Duplications

Reports excluded:

for eligibility (n = 22)

A 4

e Review articles (n=15)

e Case series (n=2)

o Comparison not between valve sparing
and valve replacement (n = 5)

o Data could not be extracted (n=1)

Studies included in overview (n =9)

[ Included ] [Eligibili ] [ Screening ] [ Identification ]

FIGURE 1

Flow diagram of the search and screening of the literature included in this study.
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TABLE 2 Characteristics of the included systematic reviews and the score of PRISMA evaluation.

First Intervention No. of studies = Sample size Included Outcomes
author diseases or

methods of
operation

Soto 2021 | VSRR TRR 41 4,025 MES and other | In-hospital and late mortality, stroke,
connective tissue | bleeding, aortic insufficiency,

diseases endocarditis, thromboembolic events,
arrhythmia, valve reintervention,
freedom from valve reintervention
Burgstaller | 2018 | RAV CVG 20 21,560 MFS In-hospital deaths, mortality/survival
during the follow-up period, reoperation

related to aortic root and aortic valve
diseases, reoperation rate because of
bleeding, stroke rate, thromboembolism
and pacemaker implantation during the
hospital stay

Benedetto | 2011 | VSRR TRR 11 13,850 MFS Reintervention on the aortic valve,
thromboembolic event, endocarditis
Elbatarny | 2020 | VSRR CVG 26 6,218 Aortic root All-cause mortality, reoperation for
dilation bleeding, myocardial infarction,

thromboembolism/stroke,
reintervention, bleeding

Flynn 2017 | VSRR CVG 23 2,976 MES Endocarditis, thromboembolism,
hemorrhagic complication and
reoperation

Hu 2014 | VSRR TRR 7 690 MFS Thromboembolism, endocarditis, long-
term death, re-exploration, reoperation
rates

Mosbahi | 2018 | RAV CVG 27 3,058 Acute type A In-hospital mortality, mortality/survival
aortic dissection | during the follow-up, and reoperation
related to the AoR and/or aortic valve
pathology during the follow-up,
reoperation because of bleeding,

incidence of stroke, thromboembolic
events and incidence of permanent
pacemaker implantation during hospital

stay.
Salmasi 2019 | VSRR Bentall 34 7,313 Aortic root In-hospital or up to 30 days post-
aneurysms surgery death, incidence of

complications and time spent in
intensive care/hospital, survival at
various intervals, rates of reintervention,
echocardiographic parameters and
functional class

Wu 2019 | VSRR Bentall 9 706 Acute type A Early mortality, late mortality, re-
aortic dissection | exploration, thromboembolic/bleeding
events, post-operative infective

endocarditis and reintervention.

First Quality assessment tool | Data- Subgroup/ | Publication | Score of PRISMA evaluation
author ERENSH sensitivity bias
method | analysis/meta-
regression
Soto 2021 | Grading of Recommendations Meta- No/No/No No 225
Assessment, Development and analysis
Evaluation (GRADE) criteria
Burgstaller | 2018 | Scottish Intercollegiate Guidelines | Meta- No/No/Yes Yes 18
Network (SIGN) Methodology analysis
checklist
Benedetto | 2011 | Not mentioned Meta- Yes/No/Yes No 15
analysis
Elbatarny | 2020 | Grading of Recommendations Meta- Yes/Yes/Yes Yes 20
Assessment, Development and analysis
Evaluation (GRADE) criteria
Flynn 2017 | Not mentioned Meta- Yes/Yes/No No 15
analysis
Hu 2014 | Newcastle-Ottawa scale (NOS) Meta- No/No/No No 14
analysis

(continued)
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TABLE 2 Continued

10.3389/fcvm.2023.1115290

First Year Intervention No. of studies = Sample size Included Outcomes
author diseases or
methods of
operation
Mosbahi 2018 | Scottish Intercollegiate Guidelines | Meta- Yes/No/Yes Possibly Yes 17.5
Network (SIGN) Methodology analysis
checklist
Salmasi 2019 | Newcastle-Ottawa scale (NOS) Meta- Yes/No/Yes No 20.5
analysis
Wu 2019 | Newcastle-Ottawa scale (NOS) Meta- No/Yes/Yes No 18.5
analysis

RAV, reimplantation of the aortic valve; CVG, composite valve graft; TRR, total aortic root replacement; VSRR, valve sparing aortic root replacement.

the results are classified into three levels: satisfied, partially satisfied,
and not satisfied. AMSTAR 2 scores of satisfied and partially
satisfied >70% are considered to be a complete report of the items.

2.4.3. Evidence quality

GRADE (16) was used to evaluate the quality of evidence for
different of the studies, with
downgrading factors including study limitations, inconsistency of

outcome  indicators included
findings, non-directness or indirectness (uncertainty about whether it
is direct evidence), imprecision (insufficient precision or wide
confidence intervals), and publication bias. The quality of the evidence
was graded into four categories: high, moderate, low, and very low.

2.4.4. Risk of bias

The level of bias in each of the included SRs was assessed using
the ROBIS tool (17), which helps to assess the level of bias in four
domains: (1) eligibility criteria for each study; (2) study
identification and selection; (3) data collection and study
evaluation; and (4) overall synthesis and key findings. Within
each domain, specific questions were used to determine the risk
of bias, with bias rated as “low”, “high” or “uncertain”.

2.5. Data synthesis and application of
software

Due to the heterogeneity between SRs, particularly between the
TRR and VSRR groups, and the duplication of studies included in
the individual RCTs, the selected SRs were analyzed descriptively
only, rather than quantitatively synthesized. The data were
summarized as percentages and frequencies for each of PRISMA,
AMSTAR 2, GRADE, and ROBIS. The characteristics and results
of each SR and these tools’ results are presented in tables and
figures using RStudio and Review Manager (RevMan).

3. Results

3.1. Literature selection and basic
characteristics

The initial literature search identified 350 potential SRs/Meta-
analyses. Duplicate publications were removed by filtering
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(n=235). After screening all titles and abstracts, 93 articles were
excluded and the remaining 22 articles were retrieved for further
review. After screening 22 full-text articles, 13 SRs were excluded
and 9 SRs/Meta-analyses (18-26) were ultimately included. The
literature screening process and results are shown in Figure 1.
The basic characteristics of the included studies are shown in
Table 2.

3.2. Quality evaluation of the included
studies

3.2.1. Reporting quality

The PRISMA (14) scores for the included studies ranged from
14 to 22.5 (Table 2). Of these, 1 study (23) scored 14 (reported
relatively serious information deficiencies) and 7 studies (19-22,
24-26) scored <21 (reported some deficiencies). The PRISMA
statement (14) items for which more than half of the studies were
rated as “not satisfied” included: assessment of reporting bias, risk
of study bias, credibility of evidence, protocol and registration, and
funding source. PRISMA statement (14) items for which more
than half of the studies were evaluated as “partially satisfied”
included: a structured summary, inclusion/exclusion criteria,
information sources, search strategy, data extraction, data items,
synthesis of methods, and synthesis of results.

3.2.2. Methodological quality

The results of the AMSTAR 2 (15) evaluation showed that the
methodological quality of all studies was “very low” (Table 3). A
total of 5 items with AMSTAR 2 scores of >70% satisfied and
partially satisfied indicated high quality. Of the 7 critical items in
the AMSTAR 2 (15) quality assessment, item 2, item 7, and item
13 had significant deficiencies; the non-critical items with
significant deficiencies were item 10, item 12, and item 16. The
results for each item in the AMSTAR 2 quality assessment are
shown in Figure 2.

3.2.3. Evidence quality

7 articles (18, 19, 21, 23-26) reporting early mortality were
included, 3 (19, 21, 24) of which showed very low-quality
evidence. 6 (18, 21-23, 25, 26) that reported late mortality, 5
(18, 21-23, 26) on valve re-intervention, and 3 (18, 21, 22) on
bleeding were included, and they each showed the results of
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FIGURE 2
Results of the visualization quality evaluation of A Measurement Tool to Assess Systematic Reviews 2.

Elbatarny et al. (21) as very low-quality evidence. Except for the  3.2.4. Risk of bias
very low-quality evidence mentioned above, all were low-quality In this overview, we did not implement the first stage of ROBIS,
evidence. The main factors causing the downgrading of the  which was used to determine whether the proposed question and
quality of the evidence were Inconsistency, Indirectness, and  the target question matched. Using Domain-1 to assess the
Imprecision. The results are detailed in Table 4 and Figure 3. inclusion and exclusion criteria for each study, we found that
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TABLE 4 Main results assessed by the grading of recommendations, assessment, development and evaluations.

Main results First author/ No. of | Risk of | Inconsistency | Indirectness | Imprecision = Publication Quality of
Publication y bias bias evidence

Early mortality Soto 2021 7 0 0 0 0 0 Low

Burgstaller 2018 20 -1 0 0 0 -1 Very low

Elbatarny 2020 26 -1 0 0 0 -1 Very low

Hu 2014 3 0 0 0 0 0 Low

Mosbahi 2018 27 -1 0 0 0 -1 Very low

Salmasi 2019 33 0 0 0 0 0 Low

Wu 2019 9 0 0 0 0 0 Low
Late mortality Soto 2021 4 0 0 0 0 0 Low

Elbatarny 2020 23 -1 0 0 0 -1 Very low

Flynn 2017 8 0 0 0 0 0 Low

Hu 2014 6 0 0 0 0 0 Low

Salmasi 2019 24 0 0 0 0 0 Low

Wu 2019 9 0 0 0 0 0 Low
Valve re- Soto 2021 5 0 0 0 0 0 Low
intervention Elbatarny 2020 26 -1 0 0 0 -1 Very low

Flynn 2017 12 0 0 0 0 0 Low

Hu 2014 6 0 0 0 0 0 Low

Wu 2019 9 0 0 0 0 0 Low
Thomboembolic | Soto 2021 2 0 0 0 0 0 Low

Flynn 2017 12 0 0 0 0 0 Low

Hu 2014 4 0 0 0 0 0 Low

Salmasi 2019 23 0 0 0 0 0 Low
Endocarditis Soto 2021 3 0 0 0 0 0 Low

Flynn 2017 11 0 0 0 0 0 Low

Hu 2014 5 0 0 0 0 0 Low

Wu 2019 9 0 0 0 0 0 Low
Bleeding Soto 2021 4 0 0 0 0 0 Low

Elbatarny 2020 9 -1 0 0 0 -1 Very low

Flynn 2017 7 0 0 0 0 0 Low

77.8% (7/9) of the SRs/Meta-analyses (18-24) had a low risk of
bias. Domain-2 examined the process of identifying, retrieving,
and selecting literature in each SR and showed that all (18-26)
were at high risk of bias. In Domain-3, data extraction and
quality evaluation, 1 SR/Meta-analyses (18) with a low risk of
bias and 8 SRs/Meta-analyses (19-26) with an uncertain risk of
bias were identified. Domain-4 evaluated the overall results and
the combined results of each study and showed that 4 studies
(19-21, 24) had a high risk of bias and 5 studies (18, 22, 23, 25,
26) had an uncertain risk of bias. Of the 9 SRs/Meta-analyses
(18-26) included, all were evaluated as high risk of bias. Table 5
and Figure 4 present the ROBIS results for each SR.

4. Discussion

The main objective of this overview is to assess and summarize
the available clinical evidence through the currently published SRs/
Meta-analyses on VSRR and TRR. However, the currently available
SRs/Meta-analyses were of unsatisfactory quality through our series
of scale evaluations, suggesting that we need to be more cautious
about further interpreting their results.

In terms of reporting quality, 1 (23) study had relatively serious
information deficiencies (<15 points) and 7 (19-22, 24-26) had
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moderate deficiencies (<21 points), mainly related to the
evaluation of reporting bias, risk of study bias, credibility of
evidence, protocol and registration, funding source, inclusion/
exclusion criteria, search strategy, data extraction, and synthesis of
methods and results. Of course, the above-mentioned issues are
also common problems with SRs/Meta-analyses at present,
especially in terms of scheme and registration, which need our
attention. If we make our scheme and register it before the study,
it can make us more logical on the one hand, and on the other
hand, it can be used by others to search for and find the problems
in time, which is a very good pre-communication process. In
addition, PICO criteria were not well represented in a significant
number of included studies (19, 20, 22-24, 26), and most of the
included studies did not provide a complete search formula. This
is a reason to suspect that the original literature is missing.

In terms of methodological quality, key items 2 and 7 in all 9
had the
implementation of the systematic review, the authors did not

included  studies serious  deficiencies.  Before
clearly state the study methodology for the systematic review, did
not state the existence of a written protocol or guidance
document, and all studies did not provide a list of excluded
literature. Only three studies (18, 19, 25) considered the risk of
bias in the included studies when interpreting and discussing

each outcome. These results suggested that the current SR/Meta-
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Characteristics No. of studies Effect Measure Effect Estimate P-value
Early mortality |
Soto 2021 7 Risk Ratio 0.62 (0.22-1.74) I—O—E—I -
Burgstaller 2018 20 Odds Ratio 0.23 (0.09-0.55) 4 | <0.01
Elbatarny 2020 26 Risk Ratio 0.65 (0.42-1.03) I-O-% -
Hu 2014 3 Risk Ratio 0.26 (0.05-1.23) b— <0.05
Mosbahi 2018 27 Odds Ratio 0.33 (0.15-0.72) 1o E <0.01
Salmasi 2019 33 Odds Ratio 0.51 (0.21-0.57) e | <0.01
Wu 2019 9 Odds Ratio 0.34 (0.21-0.57) L] E -
Late mortality :
Soto 2021 4 Risk Ratio 0.35(0.11-1.11) I-O—Ei -
Elbatarny 2020 23 Incident Rate Ratio 0.68 (0.54-0.87) lﬂi <0.01
Flynn 2017 8 Odds Ratio 0.26 (0.15-0.46) > : <0.01
Hu 2014 6 Risk Ratio 0.37 (0.18-0.74) L E <0.01
Salmasi 2019 24 Odds Ratio 0.67 (0.48-0.94) IO-I: <0.01
Wu 2019 9 Odds Ratio 0.34 (0.21-0.57) 4 E -
Valve re—intervention :
Soto 2021 5 Risk Ratio 0.79 (0.31-1.98) l—O‘:—l -
Elbatarny 2020 26 Incident Rate Ratio 1.15 (0.66-2.01) HIO—l 0.62
Flynn 2017 12 Odds Ratio 0.89 (0.35-2.24) l—li—| 0.80
Hu 2014 6 Risk Ratio 1.07 (0.35-3.27) ——— >0.05
Wu 2019 9 Odds Ratio 3.88 (1.66-9.06) E —_—— -
Thomboembolic E
Soto 2021 2 Risk Ratio 0.19 (0.03-1.13) po—~n 0.07
Flynn 2017 12 Odds Ratio 0.32 (0.16-0.62) te- E <0.01
Hu 2014 4 Risk Ratio 0.17 (0.05-0.57) - | <0.01
Salmasi 2019 23 Odds Ratio 1.32 (0.77-2.24) l-i-‘—i 0.34
Endocarditis :
Soto 2021 3 Risk Ratio 0.13 (0.03-0.61) i E 0.01
Flynn 2017 11 Odds Ratio 0.27 (0.10-0.68) ot | <0.01
Hu 2014 5 Risk Ratio 0.31 (0.11-0.94) H—f: <0.05
Wu 2019 9 Odds Ratio 0.71 (0.23-2.15) ——— -
Bleeding E
Soto 2021 4 Risk Ratio 0.51 (0.17-1.47) I-O—i—l -
Elbatarny 2020 9 Incident Rate Ratio 0.21 (0.11-0.42) ] : <0.01
Flynn 2017 7 Odds Ratio 0.18 (0.07-0.45) - E <0.01
0 1 2 3 4

FIGURE 3

A summary of the 6 postoperative outcomes evaluated using Grading of Recommendations, Assessment, Development and Evaluations.

analyses of issues related to postoperative VSRR versus TRR were

largely able to follow reporting norms, but methodological
quality needs to be improved, and investigators still lack
attention to protocol registration, provision of search strategies,

and the risk of bias in included studies.

Frontiers in Cardiovascular Medicine

In terms of evidence quality, the included SRs/Meta-analyses
were of low/very low quality, which may be due to the following

reasons. First, the methodological quality of the included cohorts
was uneven and subject to large bias. Second, the outcome

indicators reported in the cohort studies were not comprehensive,
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TABLE 5 Risk of bias of the included systematic reviews assessed by risk of bias in systematic reviews.

First author/ Phase 2 Phase 3
year S e . . : o
1. Study eligibility 2. ldentification and 3. Data collection and 4. Synthesis and Risk of bias in

criteria selection of studies study appraisal findings the review

Soto 2021 L H L u H

Burgstaller 2018 | L H U H H

Benedetto 2011 | L H U H H

Elbatarny 2020 L H U H H

Flynn 2017 L H U U H

Hu 2014 L H U U H

Mosbahi 2018 | L H U H H

Salmasi 2019 H H U U H

Wu 2019 H H U U H

L, low risk; H, high risk; U, unclear risk.
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FIGURE 4
Visual analysis results of Risk of Bias in Systematic Reviews.

resulting in small sample sizes, wide confidence intervals, and
imprecise results in some subgroups. Third, for publication bias
reporting, some studies reported only the funnel plot, Egger’s test,
and Begg’s test results for the primary outcome, which may have
affected the credibility of other secondary outcomes.

As we know, both VSRR and TRR are different procedures for
aortic root disease, and their biggest difference is whether the
native aortic valve is preserved or not during the procedure.
There is no denying that the VSRR is more difficult than the
TRR. As mentioned in the 2022 American College of

Frontiers in Cardiovascular Medicine

Cardiology/American Heart Association (ACC/AHA) guidelines
(27), valve-preserving aortic root replacement is justified in
patients undergoing aortic root replacement if the valve is
suitable for repair and performed by an experienced surgeon on
a multidisciplinary aortic team. In addition, the evaluation of
the patient’s aortic valve as well as the overall systemic
condition is particularly important when performing VSRR.
Through a review of the available literature, as well as our
center’s experience, VSRR is aggressively performed in patients
with the following conditions: (i) good aortic valve pathology
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with high hope of preservation; (ii) young patients, especially
women of reproductive age; and (iii) patients with
contraindications to anticoagulation.

It is undeniable that in the secondary studies we included and
in some original studies from large centers, patients who
underwent VSRR had a longer time to cross-clamping and
circulatory arrest than those who underwent TRR, yet the early
and late mortality rates were lower in the VSRR group than
those in the TRR group (28, 29). There were also very few
complications in those receiving VSRR, especially the stroke rate
during hospitalization, which was only half that of patients who
received TRR (24). Several studies have shown a significant
decrease in bleeding/embolic/endocarditis events to varying
degrees as well (30-32). Beyond the above problems, the rate of
valve re-intervention in patients undergoing VSRR is of real
concern to everyone. Among the 5 included studies (18, 21-23,
26), only the re-intervention rate of VSRR was higher in the
study by Wu et al. (26) and was approximately 4 times higher
than that of patients in the TRR group. The rest of the studies
did not differ from the TRR group of patients. However, this is
quite acceptable given that the incidence of reintervention was
only 3% higher in the VSRR group than in the TRR group in the
study [VSRR: 4.9% (95% CI 0.008-0.090), TRR: 1% (95% CI 0.001-
0.017)]. Therefore, we said that VSRR should be the first choice for

patients if conditions permit.

5. Limitation

Although we have made a more detailed assessment and
summary, we still cannot avoid some limitations. Firstly, multiple
scales were used in the quality evaluation part of this study, and
the subjectivity of the researchers in evaluating the literature
could lead to bias and consequently affect the evaluation results.
Secondly, SRs/Meta-analyses published more than 5.5 years were
generally considered to have reduced timeliness, whereas the
cycle of cardiovascular disease-related literature was even shorter
(3 years) (33), and some of the studies in this review were
published earlier and their contents need to be updated. Finally,
there were differences in the level of centers and operators
performing the VSRR procedure, and bias in the results was
inherently unavoidable.
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The controlling nutritional status
score predicts postoperative
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Department of Vascular Surgery, Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing
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Background: Ruptured abdominal aortic aneurysms (rAAAs) are challenging for
vascular surgeons because they have a high mortality rate. In many diseases,
nutritional status is closely associated with prognosis. The Controlling Nutritional
Status (CONUT) screening tool score is a prognostic factor in some malignant
and chronic diseases; however, the impact of nutritional status on rAAA has not
yet been reported. In this study, we explored the relationship between the
CONUT score and the postoperative prognosis of patients with rAAA.

Methods: This was a retrospective review of 39 patients with rAAA who underwent
surgical treatment from March 2018 to September 2021 at one center. Patient
characteristics, nutritional status (CONUT score), and postoperative status were
recorded. The patients were divided into groups A and B based on the CONUT
score. The baseline characteristics of the two groups were compared, and Cox
proportional hazards and logistic regression analyses were used to determine
independent predictors of mid-term mortality and complications, respectively.
Results: The overall mid-term mortality rate was 28.21% (11/39). Compared with
group A, group B had higher intraoperative (P=0.047) and mid-term mortality
(P=0.033) rates. The univariate analysis showed that age [hazard ratio (HR),
1.098; 95% confidence interval (Cl), 1.019-1.182; P = 0.014], CONUT score (HR,
1.316; 95% Cl, 1.027-1.686; P =0.03), and surgical procedure (HR, 0.127; 95%
Cl, 0.016-0.992; P =0.049) were associated with mid-term mortality, whereas
the multivariate analysis showed that the CONUT score (HR, 1.313; 95% Cl,
1.009-1.710; P=0.043) was an independent predictor of mid-term mortality.
The multivariate logistic regression analysis did not reveal any associations with
complications. The Kaplan—Meier curves showed that group B had a lower mid-
term survival rate (log-rank P =0.024).

Conclusion: Malnutrition is closely associated with the prognosis of patients with
rAAA, and the CONUT score can be used to predict mid-term mortality.

KEYWORDS

controlling nutritional status score, ruptured abdominal aortic aneurysm, prognosis, mid-
term mortality, surgical complications
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Introduction

Abdominal aortic aneurysm (AAA) is defined as an abdominal
aorta diameter of >3 cm or >50% greater than the normal diameter
as a result of irreversible pathological dilation (1). Ruptured AAA
(rAAA), which is one of the most dangerous conditions in
vascular surgery, has an extremely high mortality rate (1, 2) of
up to 81% according to a recent report from the USA Preventive
Services Task Force (3). The vast majority of deaths attributed to
rupture occur before patients reach the operating room; however,
the postoperative mortality rate still reportedly exceeds 40% (4).
Some patients who reach the hospital alive forgo surgery because
of the high cost, or they cannot undergo surgery because of the
presence of serious comorbidities, including cardiovascular
insufficiency.

AAA is a chronic degenerative disease of older individuals.
Similarly, malnutrition is common in older patients with chronic
diseases. In our clinical practice, we have observed that
malnourished patients with rAAA have a high mortality rate. We
therefore hypothesized that nutritional status is a prognostic
factor in patients with rAAA.

The Controlling Nutritional Status (CONUT) tool for

classifying nutritional status has attracted much attention
recently (5). The CONUT score is a prognostic predictor in
patients with some malignant or chronic diseases, such as end-
stage liver disease (6) and acute heart failure (7). The CONUT
score is also associated with disease activity in patients with
lupus nephritis (8). In addition, the CONUT score is associated
with prognosis and the treatment response in oncology (9-12).
Most patients with rAAA have hypertension and are of an older
age, which is consistent with the finding that a low CONUT
score is directly associated with poor survival in older
hospitalized patients with hypertension (13, 14).

The aim of this study was to evaluate the association between
the CONUT score and prognosis, including death, in patients
with rAAA. The CONUT score was calculated from preoperative

laboratory test findings.

Methods
Study cohort

This was a single-center retrospective review of patients with
rAAA. The study protocol conformed to the ethical guidelines of
the Declaration of Helsinki and was approved by the Ethics
Committee of Nanjing Drum Tower Hospital affiliated to
Nanjing University School. All patients provided written
informed consent for surgery.

From March 2018 to September 2021, 45 patients with rAAA
were admitted to our center as emergency cases. Six of the 45
patients were not managed surgically because of their poor
physical condition. Endovascular aneurysm repair (EVAR) was
performed in 22 patients, and open surgical repair (OSR) was

performed in 17 patients. The 39 patients with rAAA were
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divided into two groups (Figure 1) according to the cut-off
CONUT score: group A (CONUT score of 0-7, n=25) and
group B (CONUT score of 8-12, n=14).

Data collection and follow-up

We reviewed the clinical data of all patients, including their
baseline characteristics (e.g., age, sex, comorbidities, smoking
status, medication history);
(e.g.
liver and kidney function,

preoperative and postoperative

laboratory findings routine blood tests, coagulation

B-type

natriuretic peptide); surgical data (e.g., surgical method, surgical

function, postoperative
time, intraoperative blood transfusion, intraoperative blood loss);
postoperative status (e.g., surgical complications, anesthesia
recovery period, length of intensive care unit stay); and total
hospitalization cost.

Postoperative follow-up mainly comprised regular physical
examination and abdominal computed tomography. When the
patient had stopped attending for follow-up, we contacted the
patient or their family to determine their current status. Patients
who were followed up at other institutions were contacted by
telephone to obtain the required data.

Clinical endpoints

The primary endpoint was mid-term mortality. The secondary
endpoints were surgical complications, including acute organ
injury,
complications, including stent rupture, leakage, implant infection,

bleeding, and ischemia-reperfusion; implant-related

and vascular occlusion; and reoperation.

Definitions

The CONUT scoring system was first proposed by de Ulibarri
et al. in 2005 (5). The CONUT score is calculated by adding
together the preoperative albumin concentration, lymphocyte
count, and cholesterol concentration (Table 1). Patients were
divided into four groups based on their CONUT scores.
A CONUT score of 0-1 was classified as denoting a normal
nutritional status, and CONUT scores of 2-4, 5-8, and 9-12
were classified as mild, medium, and severe malnutrition,

respectively.

Statistical analysis

Normally distributed continuous variables are presented as the
mean + standard deviation. Non-normally distributed continuous
variables are represented as the median [interquartile range
(IQR)]. Categorical variables are presented as the number of
patients (%). Independent and paired-samples ¢-tests, the Mann—
Whitney U test, and analysis of variance were used for
comparisons. The receiver operating characteristic (ROC) curve
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A total of 45 patients with rAAA
received treatment at our center
Exclusion:
» | 6 patients gave up
surgical treatment
v
39 patients were included in
this study
The ROC curve was drawn according to
> | the CONUT score. AUC was 0.737 . The
cut-off value of CONUT score was 7.5.
[ \
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CONUT Score 0 — 7 n=25 CONUT Score 8 — 12 n=14
FIGURE 1
Flowchart of patients.

analysis was used to determine the cut-off value for the grouping.
Survival rates were analyzed by the Kaplan-Meier method and the
log-rank test. Correlations between patient characteristics and
mortality were examined using Cox proportional hazards models.
Surgical complications were analyzed by logistic regression. After
the univariate analysis, any variable with a P value of <0.05 was
entered into the multivariate analysis. All baseline characteristics,
other studied variables, and comorbidities were incorporated into
the Cox proportional hazards and logistic regression models to
determine which factors were associated with mortality and
postoperative complications. A P value of <0.05 was considered
statistically significant. Data analysis was performed using SPSS
26.0 (IBM Corp., Armonk, NY, US).

TABLE 1 Controlling nutritional status (CONUT) scores.

Parameter Score

Serum albumin, g/dl >3.5 3.0-3.49 2.50-2.99 <2.5
Albumin score 0 2 4 6
Total cholesterol, >180 140-180 100-139 <100
mg/dl

Cholesterol score 0 1 2 3
Lymphocytes, >1,600 1,200-1,599 800-1,199 <800
count/ml

Lymphocyte score 0 1 2 3
Nutritional status 0-1 (normal 2-4 (low 5-8 (medium | 9-12 (severe
score status) risk) risk) risk)
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Results
Patients' characteristics

The study cohort comprised 39 patients with rAAA. According
to the CONUT score, all patients had varying degrees of
malnutrition; 16 of 39 patients had mild malnutrition (41.0%),
15 had medium malnutrition (38.5%),
malnutrition (20.5%). Eleven patients died during follow-up, and
the ROC curve was drawn according to the CONUT score to
predict the time of death (Figure 2). The area under the ROC
curve was 0.737 (95% CI, 0.568-0.906; P=0.023), the cut-off
CONUT score for determining the grouping was 7.5, the
sensitivity was 0.636, and the specificity was 0.75. The study

and 8 had severe

cohort comprised 39 patients with rAAA divided into two
groups (Figure 1) according to the cut-off CONUT score: group
A (CONUT score of 0-7, n=25) and group B (CONUT score of
8-12, n=14).

The patients’ characteristics are shown in Table 2. The mean
age of the patients in group A was 66.12+11.52 years and in
group B was 69.57 +£7.30 years (P=0.319). Most of the patients
were male. Interestingly, the absence of women in group B, the
group with a worse nutritional status, may indicate that older
men have a poorer nutritional status than women, similar to the
findings of a previous report (13). The median CONUT score
was 4 (IQR, 3-6) in group A and 9.5 (IQR, 8-10) in group B
(P<0.001). Significant differences in serum albumin and total
cholesterol were observed between the two groups (P <0.001). In
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ROC curve analysis for survival rate.

addition, the postoperative estimated glomerular filtration rate was
significantly lower in group B than in group A (P=0.009),
indicating that postoperative renal function was worse in group
B. This may account for the higher mortality rate in group B than
in group A. Finally, patients in group B had a longer length of
hospital stay than those in group A (P=0.017) because patients
with a poor nutritional status tended to take longer to adjust their
physical function after surgery. No significant differences in other
basic characteristics were observed between the two groups.

Complications and reoperation

Postoperative complications were identified in 19 patients,
including 13 patients in group A and 6 patients in group B
(Table 3). The difference was not statistically significant (P=
0.741). In group A, one patient developed an unexplained
pulmonary vein embolism on postoperative day 8, four had acute
postoperative renal insufficiency, two had pleural effusion caused
by cardiac insufficiency, one had gastrointestinal bleeding caused
stress ulcer ischemia-

by a accompanied by pulmonary

reperfusion injury on postoperative day 2, one had epilepsy of

Frontiers in Cardiovascular Medicine

unknown cause on postoperative day 3, and one developed an
incisional hernia in the sixth postoperative month. In addition,
there was one case of type II stent leakage on postoperative
day 9. There was also one case of type II stent leakage 3 months
postoperatively and one case of stent rupture 1 month
postoperatively, which was identified on postoperative computed
tomography at follow-up, and both of these cases required
reoperation. Moreover, one patient developed implant infection 6
months after surgery, which progressed to fatal sepsis. In
group B, three patients were diagnosed as having Kidney Disease
Improving Global Outcomes 3 acute postoperative kidney injury
that improved with treatment, one had intestinal ischemic
necrosis and pulmonary edema, one had a bleeding tendency
that improved after emergency platelet transfusion, and two had
different degrees of lung ischemia-reperfusion injury. Two of
these patients required reoperation for implant-related or other
vascular complications. According to the univariate logistic
regression analysis, hypertension and long-term preoperative use
of hypotensive agents were associated with complications or
reoperation. However, according to the multivariate analysis,
there were no significant independent associations (Table 4),
which may be attributable to the small sample size.
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TABLE 2 Basic characteristics of included patients.

10.3389/fcvm.2023.1129255

Group A (n= Group B (n=14) P
Age, years 66.12 +11.52 69.57 +7.30 0.319
Sex, male/female 18/7 14/0 0.036
AAA diameter, cm 7.32+3.38 7.52+3.39 0.862
Surgical method
EVAR 13 (52%) 5 (36%) 0.518
OSR 12 (48%) 9 (64%)
CONUT score 4 (3-6) 9.5 (8-10) <0.001
Comorbid disease
Hypertension 21 (84%) 11 (79%) 0.686
DM 3 (12%) 0 0.54
Dyslipidemia 4 (16%) 1 (7%) 0.636
Stroke 1 (4%) 1 (7%) 1
Renal dysfunction 4 (16%) 3 (21%) 0.686
CAD 6 (24%) 3 (21%) 1
Prior arterial disease 5 (20%) 1 (7%) 0.391
Current smoker 16 (64%) 9 (64%) 1
Medication
Depressor 17 (68%) 11 (79%) 0.713
Anticoagulants 11 (44%) 3 (21%) 0.187
Laboratory examination
Serum albumin, mg/dl 34.15+3.89 25.56 +2.57 <0.001
Total cholesterol, mg/dl 144.67 + 31.62 105.93 +32.72 0.001
Lymphocyte count, 10° ml 1.2 (0.65-1.65) 0.8 (0.8-0.95) 0.061
WBC, 10°/L 11.31+5.38 10.45+£2.28 0.617
Hb, g/L 100.00 +21.79 98.36 + 33.40 0.865
Plt, 109/L 122.00 + 60.07 110.82 +£77.81 0.648
CRP, mg/L 53.48 £40.53 71.97 +50.19 0.263
Postoperative eGFR, ml/min 79.10 £51.17 45.12£19.62 0.009
Postoperative Cr, umol/L 93.00 (55.10-194.90) 148.00 (117.00-230.70) 0.245
Postoperative PT, s 1522+ 6.52 14.05+£2.19 0.571
Postoperative Fibrinogen, g/L 2.48 £0.93 2.15+0.92 0.341
Postoperative D-Dimer, mg/L 9.45 (3.67-21.06) 9.74 (6.38-13.37) 0.915
Postoperative BNP, pg/ml 79.00 (37.40-237.00) 70.65 (43.38-241.00) 0.959
Preoperative situation
HR 8592 +13.19 85.79+11.81 0.975
SBP, mmHg 110.20 + 26.97 106.21 £25.83 0.656
DBP, mmHg 66.56 +17.16 66.14 +16.70 0.942
Intraoperative situation
Blood loss, ml 300 (150-2,675) 450 (100-4,250) 0.786
Blood transfusion, ml 1,650 (600-3,452) 2,822 (1,175-5,595) 0.335
Surgical time, h 3.10+1.31 331+1.79 0.665
Postoperative situation
Anesthesia recovery period, h 16 (7-24) 42 (6.25-209.25) 0.07
ICU length of stay, d 2 (1-4.75) 6 (1.75-12.75) 0.017
Length of stay, d 12 (10-16) 14 (11-28) 0.24
Cost, ¥ 1,19,413.31 + 59,434.46 1,58,214.32 + 1,00,888.10 0.204

AAA, abdominal aortic aneurysm; EVAR, endovascular aneurysm repair; OSR, open surgical repair; CONUT, controlling nutritional status; DM, diabetes mellitus; CAD,
coronary artery disease; WBC, white blood cell; Hb, hemoglobin; Plt, platelet; Cr, creatinine; PT, prothrombin time; INR, international standard ratio; eGFR, estimated
glomerular filtration rate; BNP, type B natriuretic peptide; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; ICU, intensive care unit.
Continuous variables are presented as the mean + standard deviation if normally distributed or the median (interquartile range) if not normally distributed. Categorical

variables are presented as the number of patients (%).
The bold values indices are statistical difference between the two group.

Intraoperative mortality
Five patients died during surgery (12.82%), and the analysis

revealed a significant difference between group A and B (P=
0.047). Four patients in group B died of persistent hypotension

Frontiers in Cardiovascular Medicine

that could not be resolved by blood transfusion and fluid
rehydration. One patient in group A demonstrated iliac artery
occlusion intraoperatively, prompting the surgeon to consider
OSR. However, when informed of the situation, his family
decided to cease active treatment.
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TABLE 3 Patient’s clinical end points.

Group A (n=25) Group B (n=14) P

Follow-up time, months 17.16 +11.26 14.00 + 13.69 0.442
Surgical success 24 (96%) 11 (79%) 0.123
Intraoperative mortality 1 (4%) 4 (29%) 0.047
Midterm mortality 4 (16%) 7 (50%) 0.033
Reoperation 5 (20%) 2 (14%) 1
Total complications 13 (52%) 6 (43%) 0.741
Surgical complications

Acute organ injury 5 (20%) 3 (21%)

Bleeding 1 (4%) 0

Ischemia reperfusion 2 (8%) 2 (14%)

Others 3 (12%) 2 (14%)
Implant-related complications

Stent rupture 1 (4%) 0

Postoperative leakage 2 (8%) 0

Implant infection 1 (4%) 0

Vascular occlusion 0 1 (7%)

The bold values indices are statistical difference between the two group.

TABLE 4 Logistic regression analysis of postoperative complications and
reoperation.

Variable Univariate analysis Multivariate analysis

P |0Odds 95% Cl P | Odds 95% Cl
ratio ratio

Age 0.482 | 0.977 0.916-1.042

Sex 0.155 | 0.274 0.046-1.631

CONUT score | 0.835 | 1.025 0.813-1.291

Surgical 0921 | 1.067 | 0.3-3.796

method

AAA diameter | 0.679 | 0.96 0.890-1.166

Hypertension 0.043 10 1.070-93.437 | 0.224 6 0.335-107.420

DM 0.999

Dyslipidemia 0.511 | 0.526 0.078-3.565

Strok 0.999

Renal 0313 | 25 | 0422-14.828

dysfunction

CAD 0.521 | 0.612 0.136-2.742

Prior arterial 0.837 | 0.833 | 0.146-4.752

disease

Current 0.306 2 0.531-7.539

smoker

HR 0.346 | 0.975 0.925-1.028

SBP 0.569 | 1.007 0.983-1.032

DBP 0.704 | 1.007 0.970-1.047

Hypotensor 0.045 4.8 1.034-22.293 | 0.585 1.8 0.219-14.801

Anticoagulants | 0.719 | 0.786 | 0.212-2.918

WBC 0.351 | 0.924 0.782-1.091

Hb 0.573 | 0.992 0.966-1.020

Plt 0.71 1.002 0.992-1.013

AAA, abdominal aortic aneurysm; CONUT, controlling nutritional status; DM,
diabetes mellitus; CAD, coronary artery disease; WBC, white blood cell; Hb,
hemoglobin; Plt, platelet; Cr, creatinine; HR, heart rate; SBP, systolic blood
pressure; DBP, diastolic blood pressure.

Mid-term mortality
The mean duration of follow-up was 16.03 + 12.11 months.

The overall survival rate during follow-up was 71.79% (79.49%
and 76.92% at 6 and 12 months, respectively) (Figure 3). The
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mean duration of follow-up in group A and group B was
17.16 £ 11.26 months and 14.00 £ 13.69 months, respectively. The
difference between the two groups was not statistically significant
(P=0.422). However, on further analysis, we found that group B
had a higher mid-term mortality rate than group A (P=0.033).

In addition to intraoperative deaths, two patients in group A
died of aneurysm rupture and another died of severe lung
infection 14 months after surgery. Three patients in group B died
at 4, 14, and 15 months after surgery for multiple-organ failure,
severe pulmonary infection, and exacerbation of renal failure,
respectively. Kaplan-Meier survival curves were constructed
using the follow-up data. As shown in Figure 4, the survival
rates were significantly lower in group B than in group A (log-
rank, P =0.024).

We used the Cox proportional hazards model to predict risk
factors for mortality. The univariate analysis showed that age
(HR, 1.098; 95% CI, 1.019-1.182; P=0.014), CONUT score (HR,
1.316; 95% CI, 1.027-1.686; P=0.03), and surgical procedure
(HR, 0.127; 95% CI, 0.016-0.992; P =0.049) were risk factors for
mortality. The multivariate analysis using these three factors
showed that the CONUT score (HR, 1.313; 95% CI, 1.009-1.710;
P=0.043) was an independent risk factor for mortality in
patients with rAAA (Table 5).

Discussion

rAAAs are often lethal, with most deaths occurring because the
patient does not make it to the operating room. Lindholt et al.
found that the mortality rate of patients without surgical
intervention could reach 100% (15). The latest Society for
Vascular Surgery guidelines indicate that patients with rAAA
require immediate emergency surgery, and the window for
successful intervention is no more than 90 min (16, 17). Despite
surgical treatment, the inpatient mortality rate is still as high as
40% (4). Our findings are consistent with these data. Six of the
45 patients who were admitted to our center for rAAA from
March 2018 to September 2021 were unable to undergo surgical
treatment because of their poor physical condition or financial
factors. The remaining 39 patients underwent emergency surgery,
and the postoperative mortality rate of these patients was 28.21%
(11/39).

Previous attempts to identify prognostic factors in patients with
rAAA have focused on surgical procedures. Several studies have
shown that the annual decline in morbidity with rAAA in
Europe and the United States over the past 20 years is closely
related to the increasing proportion of patients undergoing
EVAR (18, 19). Several randomized controlled trials have shown
EVAR to be significantly superior to OSR in terms of early
survival; however, there is no statistically significant difference in
long-term survival between these procedures (20-22). Of note,
both of these studies included patients with AAA, whether
ruptured or unruptured. However, for rAAA alone, three recent
large randomized controlled trials have found no clear evidence
that EVAR is superior to OSR in terms of early survival (23-25).
Interestingly, in the present study, we found that mid-term
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Kaplan Meier curves for midterm survival were compared among the two groups.

mortality of patients with rAAA was related to the surgical method  sample size or to subjective biases in the surgeons’ choices of
(P=0.049). Specifically, patients who underwent OSR had higher ~ procedure.

postoperative mortality than those who underwent EVAR. In this retrospective analysis, we first proposed a correlation
However, these results may be directly related to the small  between nutritional status and the prognosis of patients with
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TABLE 5 Cox regression analysis for risks of midterm mortality.

Variable Univariate analysis Multivariate analysis
Hazard ratio 95% Cl Hazard ratio 95% ClI
Age 0.014 1.098 1.019-1.182 0.083 1.074 0.991-1.165
Sex 0.308 0.035 0.000-21.768
CONUT score 0.03 1.316 1.027-1.686 0.043 1.313 1.009-1.710
Surgical method 0.049 0.127 0.016-0.992 0.098 0.17 0.021-1.389
AAA diameter 0.135 0.949 0.684-1.052
Hypertension 0.938 1.065 0.230-4.944
DM 0.495 23.354 0.003-1,97,532.254
Dyslipidemia 0.369 26.217 0.021-32,557.226
Strok 0.748 0.713 0.091-5.609
Renal dysfunction 0.975 1.024 0.221-4.744
CAD 0.637 1.447 0.312-6.700
Prior arterial disease 0.944 0.946 0.204-4.394
Current smoker 0.106 0.279 0.059-1.312
HR 0.253 0.968 0.916-1.023
SBP 0.297 1.012 0.989-1.036
DBP 0.294 1.02 0.983-1.058
Hypotensor 0.424 0.535 0.116-2.480
Anticoagulants/Antiplatelet 0.86 1.117 0.326-3.826
WBC 0.659 1.036 0.886-1.212
Hb 0.066 0.969 0.936-1.002
Plt 0.596 1.003 0.991-1.015

AAA, abdominal aortic aneurysm; CONUT, controlling nutritional status; DM, diabetes mellitus; CAD, coronary artery disease; WBC, white blood cell; Hb, hemoglobin; Plt,

platelet; Cr, creatinine; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure.

rAAA. Nutritional status is a good indicator of both a patient’s
overall general condition and their immune and metabolic
capacity. The CONUT screening tool score has been shown to
predict the outcomes of malignant, chronic, and cardiovascular
diseases (6, 7, 13, 14, 26). In this study, we found that 58.97% of
patients with rAAA (23/39) had moderate or severe malnutrition,
which may have been caused by prior massive bleeding from
rAAA. The mid-term mortality of these patients was as high as
34.78% (8/23), which was much higher than that of patients who
were at a normal or low risk (18.75%, 3/16). The univariate and
multivariate analyses to identify predictors of mortality from any
cause found that the CONUT score was an independent
of mid-term mortality (HR, 1.313; P=0.043),
suggesting that nutritional status influences the outcomes of

predictor

patients undergoing surgical treatment for rAAA. Moreover, the
logistic regression analysis showed that a high CONUT score was
not associated with postoperative complications. The findings of
previous studies investigating the correlations between the
CONUT score and postoperative complications have been
conflicting. Kodama et al. reported that the CONUT score
predicts not only overall survival after OSR in patients with
AAA, but also postoperative complications (27). Interestingly, in
their
cholangiocarcinoma, Miyata et al. (28) found that a high

study of radical hepatectomy for intrahepatic
CONUT score was associated with poorer postoperative overall
survival, but not with postoperative complications, which is
consistent with our findings.

Possible explanations for the high mortality rate among

malnourished rAAA patients include the following. Malnutrition
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is often closely associated with frailty, which is defined as a
identifiable
dysfunction (29, 30). Additionally, nutritional status partly
reflects the
promotes cytokine production and muscle catabolism, suppresses

clinically state of increased vulnerability and

development of inflammation (31-33), which

appetite, and lowers the albumin concentration (34). Reduced
albumin may increase blood viscosity and activate platelets,
in endothelial function (35).
Furthermore, a previous study showed a relationship between
nutritional status and C-reactive protein and interleukin-6
(36).
diameter of AAA is positively correlated with the concentrations

leading to a deterioration

concentrations in humans Moreover, the maximum
of interleukin-6, C-reactive protein, and other inflammatory
factors (37). Cytokines secreted by inflammatory cells can
damage tissues, causing the walls of blood vessels to become less
elastic and eventually rupture (38). There have been no specific
reports on the prognostic value of serum total cholesterol in
cardiovascular disease, but low cholesterol is associated with a
poor prognosis in a variety of cancers (39, 40). Therefore, it
could be speculated that patients with a low total cholesterol
concentration have a worse underlying condition and more
comorbidities.

To the best of our knowledge, this is the first study to
propose that nutritional status plays an important role in the
prognosis of patients with rAAA, and that the CONUT score
can predict mid-term mortality. In this study, malnutrition
was common in patients with rAAA, and as malnutrition
became more severe, mid-term mortality increased. Therefore,
we suggest that clinicians should integrate the recognition of
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malnutrition into their daily practice and focus on nutritional
health education for patients with AAA with the aim of
reducing mortality.

This study has some limitations that should be noted. First, it
was a single-center retrospective study. Furthermore, because
most patients with rAAA die on the way to hospital, the study
cohort was small. Second, updating our hospital’s medical
record system resulted in loss of case data from before March
2018. Additionally, of the
transferred from primary hospitals, we

because most patients were

lacked
preoperative laboratory tests, despite attempting to collect as

some

much information as possible through telephone follow-up.
Therefore, we had no choice but to abandon some aspects of
the preoperative examination and focus on postoperative data.
Third, there was selection bias in the procedures performed,
which were chosen mainly based on the personal judgment of
the surgeon. Thus, we could not validly investigate the
relationship between the surgical procedure and the prognosis
of the patients. In addition, because of the rapid onset and
urgency of rAAA, we lacked detailed preoperative imaging
findings concerning the anatomical features of the aorta in
some patients. Fourth, follow-up was limited; therefore, further
studies are needed to understand the impact of nutritional
status on long-term clinical outcomes. Finally, we did not
compare the prognostic value of the scores obtained from other
nutritional screening tools in these patients; however, a previous
study showed that the CONUT score has good predictive
performance in patients with AAA (27). To validate the effect
of nutritional status on patient prognosis, further investigation
in different clinical settings will be necessary. Therefore, we
advocate that future studies should examine the potential role
of nutritional status assessment. Further research is also needed
to determine whether malnourished patients benefit from
nutritional supplements.

Conclusion

rAAA has a high mortality rate, and nutritional status is
associated with mid-term mortality. The score of the new
nutritional screening tool, CONUT, is easy to determine in
clinical practice. Based on our study, the CONUT score
may play a prognostic role in rAAA. Clinicians should
focus on patients’ nutritional status and educate patients
about good nutritional practices to improve their outcomes.
Future large multi-center studies are needed to confirm our
findings.
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Onset of pain to surgery time in
acute aortic dissections type A: a
mandatory factor for evaluating
surgical results?
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Tobias Schilling’, Axel Haverich' and Malakh Shrestha’
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Objective: An acute aortic dissection type A (AADA) is a rare but life-threatening
event. The mortality rate ranges between 18% to 28% and mortality is often within
the first 24 h and up to 1%-2% per hour. Although the onset of pain to surgery
time has not been a relevant factor in terms of research in the field of AADA, we
hypothesize that a patient’s preoperative conditions depend on the length of this time.
Methods: Between January 2000 and January 2018, 430 patients received surgical
treatment for acute aortic dissection DeBakey type | at our tertiary referral hospital. In
11 patients, the exact time point of initial onset of pain was retrospectively not
detectable. Accordingly, a total of 419 patients were included in the study. The cohort
was categorized into two groups: Group A with an onset of pain to surgery time <6 h
(n = 211) and Group B> 6 h (n = 208), respectively.

Results: Median age was 63.5 years (y) ((IQR: 53.3-71.4 y); (67.5% male)). Preoperative
conditions differed significantly between the cohorts. Differences were detected in
terms of malperfusion (A: 39.3%; B: 23.6%; P: 0.001), neurological symptoms (A: 24.2%;
B: 15.4%; P: 0.024), and the dissection of supra-aortic arteries (A: 25.1%; B: 16.8%;
P: 0.037). In particular, cerebral malperfusion (A 15.2%: B: 8.2%; P: 0.026) and limb
malperfusion (A: 18%, B: 10.1%; P: 0.020) were significantly increased in Group
A. Furthermore, Group A showed a decreased median survival time (A: 1,359.0 d;
B: 2,247.5 d; P: 0.001), extended ventilation time (A: 53.0 h; B: 44.0 h; P: 0.249) and
higher 30-day mortality rate (A: 25.1%; B: 17.3%; P: 0.051).

Conclusions: Patients with a short onset of pain to surgery time in cases of AADA present
themselves not only with more severe preoperative symptoms but are also the more
compromised cohort. Despite early presentation and emergency aortic repair, these
patients show increased chances of early mortality. The “onset of pain to surgery time”
should become a mandatory factor when making comparable surgical evaluations in
the field of AADA.

KEYWORDS

aortic dissection, AADA, arch repair, time, pain

Abbreviations

AADA, Acute aortic dissection type A; BMI, Body mass index; IQR, Interquartile range; PVOD, Peripheral
vascular occlusion disease; COPD, Chronic obstructive occlusion disease; FET, Frozen elephant trunk;
SACP, Selective antegrade cerebral protection; CCT, Cranial computer tomography; TAA, Thoraco-
abdominal aneurysm; TEVAR, thoracic endovascular aortic repair; EVAR, endovascular aortic repair; IRAD,
International Registry of Acute Aortic Dissections; HCA, Hypothermic circulatory arrest; CABG, Coronary
artery bypass graft; ECMO, Extracorporeal membrane oxygenation); LCA, Left coronary artery; RCA, Right
coronary artery; CT, Computer tomography.
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Introduction

An acute aortic dissection type A is a rare but life-
threatening event (1, 2). This severe disease can have various
manifestations. Following an initial intimal tear, blood is able
to penetrate from the aortic lumen into the media layer,
resulting in a separation of the aortic wall layers and the
subsequent formation of a true and a false lumen. This process
may result in either organ malperfusion and impairment or
even in an aortic rupture. Acute aortic dissections Stanford
type A (AADA) are reported with high perioperative mortality
ranging from 18% to 28% and mortality within the first 24 h
and up to 1%-2% per hour (3-6). Harris et al. found that a
delay in time from diagnosis to surgery may be associated with
a history of previous cardiac surgery, presentation without
abrupt or any pain, and initial presentation to a nontertiary
care hospital (7). However, results from the United Kingdom
suggest that both short-term and long-term outcomes are
significantly related to surgeons’ experience (8).

Multiple publications present surgical outcomes following
aortic repair in AADA. Nevertheless, is it essential to integrate
the onset of pain to surgery time to evaluate and compare
patients’ preoperative conditions and, furthermore, to avoid
selection bias? Existing studies calculate the time between onset
and operation in days (9). Our department calculates it in hours.

It is common sense that a delayed diagnosis of aortic dissection
will result in an increased mortality rate (10).

In our retrospective study we evaluated patients who received
open aortic repair due to AADA in our department. We
distinguished this cohort into two groups: one group under and
one group above our median onset of pain to surgery time of 6 h.

We hypothesize that onset of pain to surgery time is a highly
underrated factor in comparative evaluations regarding survival
after aortic repair. Furthermore, we assume that a patient’s
preoperative conditions depend on this duration of time. But
how should it be interpreted? The earlier the better?

Methods
Study population and study design

Between January 2000 and January 2018, 430 patients received
surgical treatment due to acute aortic dissection DeBakey type I at
our tertiary referral hospital. In 11 patients, the exact time point of
initial onset of pain was retrospectively not detectable. Accordingly,
a total of 419 patients (67.5% male; 63.5 years (y) median age;
interquartile range (IQR) 53.3-71.4 y) were included in our
study. All 430 patients were comers. latrogenic dissection and
AADAs that occurred inside our hospital were not included in
this study to prevent further selection bias.

DeBakey type II and III and chronic dissections were not
included in this study. Due to the median onset of pain to
surgery time of 6 h (h), we categorized the cohort in two groups:
Group A with an onset of pain to surgery time<6h (n=211)
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and Group B>6h (n=208), respectively. Data were collected at
our aortic outpatient clinic where patients were frequently seen
after surgery. Furthermore, patients were actively contacted by a
study nurse team. Individual consent was obtained from all
patients to allow for further follow-up data collection. Follow-up
data collection was ended and completed in February 2022. Our
retrospective study was approved by our institutional ethics
committee. Patients’ preoperative characteristics are presented in
Tables 1, 2.

TABLE 1 Patients’ characteristics: IQR, interquartile range; BMI, body mass
index; PVOD, peripheral vascular occlusion disease; COPD, chronic
obstructive pulmonary disease.

Characteristics Entire | Onset = Onset | P-value
cohort | of pain = of pain
</=6h >6h

Total patients n=419 n=211  n=208
Age at surgery (years), median 63.5 63.7 63.0 0.656
(IQR) (53.3-71.4) | (53.1-71.5) | (53.6-71.1)
Sex male, n (%) 283 (67.5) | 149 (70.6) | 134 (64.4) 0.176
BMI, median (IQR) 26.2 26.1 26.3 0.574

(24.2-29.1) | (24.2-29.2) | (24.0-28.1)
Hypertension, n (%) 270 (64.4) | 131 (62.1) | 139 (66.8) 0.311
Diabetes mellitus, 7 (%) 29 (6.9) 15 (7.1) 14 (6.7) 0.879
PVOD, n (%) 18 (4.3) 7 (3.3) 11 (5.3) 0.320
COPD, 1 (%) 39 (9.3) 15(7.1) | 24(115) | 0119
Coronary heart disease, n (%) | 42 (10.0) 16 (7.6) 26 (12.5) 0.094
Hyperthyreosis, n (%) 3(0.7) 1 (0.5) 2 (1.0) 0.621
Hypothyreosis, n (%) 33 (7.9) 15 (7.1) 18 (8.7) 0.557
Atrial fibrillation, 7 (%) 52 (124) | 20(95) | 32(154) | 0067
Marfan syndrome, n (%) 19 (4.5) 7 (3.3) 12 (5.8) 0.228
Pericardial tamponade, n (%) | 162 (38.7) | 91 (43.1) 71 (34.1) 0.059
Bicuspid aortic valve, n (%) 19 (4.5) 13 (6.2) 6(2.9) 0.107
Preoperative intubation, n (%) | 54 (12.9) 29 (13.7) 25 (12.0) 0.598
Mechanical resuscitation, n (%) | 38 (9.1) 23 (10.9) 15 (7.2) 0.189
Cardiac reoperation, n (%) 14 (3.3) 5(2.4) 9 (4.3) 0.265

TABLE 2 Preoperative data: CT, computed tomography; LCA, left

coronary artery; RCA, right coronary artery; IQR, interquartile range.
Onset | Onset |P-value
of pain | of pain
</=6h| >6h

Characteristics Entire

cohort

Malperfusion, n (%) 132 (31.5) | 83 (39.3) 49 (23.6) 0.001
Cerebral malperfusion, n (%) | 49 (11.7) | 32 (15.2) 17 (8.2) 0.026
Visceral malperfusion, #n (%) 35 (8.4) 22 (10.4) 13 (6.3) 0.122
Renal malperfusion, n (%) 47 (11.2) | 29 (13.7) 18 (8.7) 0.099
Limb malperfusion, n (%) 59 (14.1) | 38 (18.0) | 21 (10.1) 0.020

Hemiparesis, n (%) 26 (6.2) 13 (6.2) 13 (6.3) 0.970

Paraparesis, 1 (%) 15(3.6) | 10 (47) 5 (24) 0.198

Seizure, 1 (%) 6 (1.4) 3 (14) 3 (14) 1.000

Evidence of stroke CT, n (%) 26 (6.2) 16 (7.6) 10 (4.8) 0.239

Neurologic symptoms, 7 (%) 83 (19.8) | 51 (24.2) | 32 (154) 0.024

Dissection supra-aortic arteries, | 88 (21.0) | 53 (25.1) | 35 (16.8) 0.037

n (%)

Dissection LCA, n (%) 12 (2.9) 6 (2.8) 6 (2.9) 0.980

Dissection RCA, n (%) 41 (9.8) 26 (12.3) 15 (7.2) 0.078

Onset of pain prior to surgery 6.0 4.0 13.0 <.001

(h), median (IQR) (4.0-13.0) | (3.0-5.0) | (8.0-30.0)
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Definitions

Patients with AADA may either present specific symptoms like
floating back pain, abdominal pain, neurological disabilities, signs of
malperfusion, or unspecific symptoms. CT angiography remains the
gold standard for diagnosis of this potentially lethal disease. The
existence of a dissection membrane starting in the ascending aorta
or even an intramural hematoma inside the aortic wall represents
the radiographic equivalent of an AADA. The onset of pain to
surgery time was defined as the time from the documented
painful event until skin cut in the operation theater.

Patients who presented themselves with severe neurologic
symptoms like apraxia, hemiplegia, or dysarthria without a
performed cerebral CT scan prior to surgery and postoperative
evidence of stroke were assigned to the preoperative stroke
cohort. A stroke had to be verified by CT or magnetic resonance
imaging (MRI).

Occlusion or complete false lumen perfusion was defined as
malperfusion according to Sievers et al. (11) (TEM Aortic
Dissection Classification stage M2 and M3 ((=), (+)). The
diagnosis of dissection of the coronary arteries was detected either
using coronary angiography or had to be visible intraoperatively.
AADAs accidently induced during open heart surgery were
defined as
detected using CT or MRI were defined as persisting dissections.

iatrogenic dissection. Dissections postoperatively
For the diagnosis of hypertension, diabetes mellitus, or chronic
obstructive pulmonary disease (COPD) a preoperatively performed

medical treatment was necessary.

Perioperative management and surgical
technique

Our department provides emergency medical service to a

population of approximately 2 million citizens. Longest
distance of the ground- and helicopter-based patient transfer is
100 km. According to our
procedure, transfer to the operation theater must be performed
of AADA.
established a rapid response team of aortic surgeons, able to
provide 24/7 in of AADA. These

standardized procedures result in a median time from onset of

around standard operating

promptly after diagnosis Furthermore, we

aortic  repair case
pain to surgery of approximately 6 h.
According to our standard operating procedure, transfer to the
operation theater must be performed promptly after diagnosis of
AADA. To avoid early cardiac decompensation, intubation was
not performed until all anesthesiological and surgical
preparations were completed. This was followed by intubation
and the of full

circulation (ECC). Our cannulation technique in cases of AADA

establishment sternotomy  extra-corporal
was previously published by our group (12, 13). We prefer direct
aortic cannulation. Following the identification of the true lumen
using transesophageal echocardiography, direct cannulation was
performed. The left side of the heart was vented via the right

upper pulmonary vein. The application of cardioplegia was
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performed directly into the coronary ostia and repeated every
30 min. Blood cardioplegia was used for myocardial protection.
In 2010 we established the beating heart technique for extended
arch surgery (14).

The root first technique was performed while cooling the
patient. Concomitant procedures (e.g., CABG) were performed
during cooling if necessary. In all cases of AADA with extended
surgery,
between 22°C and 26°C) and bilateral selective antegrade cerebral

arch hypothermic circulatory arrest (temperatures
perfusion were performed. The use of SACP varied based on the

surgeon’s decision on whether proximal arch repair was to be done.

Extended arch repair

From 2000 to 2010, the FET technique was performed using a
custom-made Chavan-Haverich prosthesis followed by a
prefabricated Chavan-Haverich hybrid graft (15, 16) (Curative
GmbH, Dresden, Germany). From 2005 to 2010, the Jotec E-vita
hybrid graft was used (17). The attachment of the supra-aortic
arteries was performed using the island (en bloc) technique until
2010. Following the island technique, we switched to the four-
(FET Vascutek

Terumo, Terumo®, Glasgow, UK) (18, 19). We changed our

branched frozen elephant trunk prosthesis

strategy in 2007 from a straight graft with island technique to
the branched Sienna™ graft (Terumo®, Glasgow, UK), even for
total or hemi-arch replacement. The extensive use of branched
aortic arch prostheses resulted in major technical developments.
As a consequence of these changes, arch replacement was
performed after completing cardiac and proximal aortic repair.
Head vessels were anastomosed to the corresponding side
branches of the graft at the end of the procedure.

Proximal arch repair

Limited aortic repair in terms of a proximal arch replacement
was performed using established straight Dacron grafts.

Statistical analysis

SPSS 27 Statistics software (IBM Corp. released 2020; IBM
SPSS Statistics for Windows, Version 27.0; Armonk, NY: IBM
Corp.) was used for data analysis. A normal distribution of
variables was calculated using the Kolmogorov-Smirnov test.
Categorical variables are stated as absolute numbers (n) and
proportions. Normally distributed continuous variables are stated
as mean + standard deviation, while continuous variables without
normal distribution are stated as median and interquartile range
(IQR). Fisher’s exact test was used to detect differences in
categorical variables. Differences in continuous variables were
tested using the Mann-Whitney U test. Kaplan-Meier analysis
and log rank were used for the evaluation of survival, and the
log rank test was used to test for differences. We did not correct
for multiple testing.
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Results

Preoperative patient characteristics

Patient demographics are found in Table 1. Median age did not
differ significantly between the groups (A: 63.7 y; B: 63.0 y; P: 0.656).
The majority were male patients (A: 70.6%; B: 64.4%; P: 0.176).
Hypertension was a dominant diagnosis in the patients’ history
(A: 62.1%; B: 66.8%; P: 0.311). Overall, medical history, including
diabetes mellitus (A: 7.1%; B: 6.7%; P: 0.879) and PVOD (A: 3.3%;
B: 5.3%; P: 0.320) were comparable in both cohorts. Group B
showed higher COPD (A: 7.1%; B: 11.5%; P: 0.119), coronary
heart disease (A: 7.6%; B: 12.5%; P: 0.094), and atrial fibrillation
(A: 9.5%; B: 15.4%; P: 0.067). In contrast, pericardial tamponade
(A: 43.1%; B: 34.1%; P: 0.059) and mechanical resuscitation (A:
10.9%; B: 7.2%; P: 0.189) occurred slightly but not significantly
more often in patients with a painful event to surgery time <6 h.

Significant differences were detected in terms of malperfusion
(A: 39.3%; B: 23.6%; P: 0.001), neurological symptoms (A: 24.2%;
B: 15.4%; P: 0.024) and the dissection of supra-aortic arteries
(A: 25.1%; B: 16.8%; P: 0.037). In particular, cerebral
malperfusion (A: 152%; B: 82%; P: 0.026) and limb
malperfusion (A: 18%; B: 10.1%; P: 0.020) were significantly
increased in Group A. In addition, the incidence of isolated
dissection of the right coronary artery was higher in this cohort
(A: 12.3%; B: 7.2%; P: 0.078).

10.3389/fcvm.2023.1102034

Intraoperative data

Intraoperative data are shown in Table 3. Operation time
(A: 333.0 min; B: 323.0 min; P: 0.509), cardiopulmonary bypass
time (A: 220.0; B: 213.0; P: 0.342), and aortic cross-clamp time
(A: 124.0 min.; B: 323 min; P: 0.509) did not differ significantly
between the two cohorts. Group A showed a higher demand for
platelet concentrates (A: n=3.0 (IQR: 2.0-4.0); B: n=2.0 (IQR:
2.0-4.0); P: 0.011). The number of operations extended in terms
of limited vs. total arch repair was comparable in both groups.
Neither limited nor extended aortic arch repair showed
significant differences. In keeping with an elevated dissection rate
of RCA, CABG was more often performed in Group A

(A: 19.9%; B: 14.9%; P: 0.177).

Postoperative data

Patients with a shorter “onset of pain to surgery time”
presented a significantly decreased median survival time
(A: 1,359.0 d; B: 2,247.5 d; P: 0.001), extended ventilation time
(A: 53.0 h; B: 44.0 h; P: 0.249), and a higher 30-day mortality
rate (A: 25.1%; B: 17.3%; P: 0.051). Furthermore, postoperative
persisting visceral malperfusion (A: 4.7%; B: 0%; P: 0.002) and
renal malperfusion (A: 8.1%; B: 1.4%; P: 0.001) occurred mostly
in Group A (Table 4).

TABLE 3 Intraoperative data: SD, standard deviation; IQR, interquartile range; min, minute; HCA, hypothermic circulatory arrest time; CABG, coronary
artery bypass graft; SACP, selective antegrade cerebral perfusion time.

Characteristics Entire cohort = Onset of pain </= 6 h | Onset of pain>6h | P-value

Total patients

n=419

n=211

n=208

Total operation time (min), median (IQR) 329.0 (259.0-405.0) 333.0 (259.0-411.0) 323.0 (257.0-387.8) 0.509
Cardiopulmonary bypass time (min), median (IQR) 217.0 (168.0-286.0) 220.0 (168.0-289.0) 213.0 (168.0-281.0) 0.342
Aortic cross-clamp time (min), median (IQR) 126.0 (93.0-162.0) 124.0 (92.0-162.0) 128.5 (94.0-161.8) 0.947
HCA (hypothermic circulatory arrest) time (min), median (IQR) 36.0 (25.0-52.0) 36.0 (25.0-51.0) 36.0 (24.3-55.0) 0.686
SACP (selective antegrade cerebral perfusion) time (min), median (IQR) 33.0 (20.0-76.0) 32.0 (19.0-83.0) 38.0 (20.0-72.0) 0.615
Minimal core temperature (°C), median (IQR) 24.6 (22.2-26.0) 24.5 (q22.0-26.0) 24.6 (22.3-26.0) 0.528
Erythrocyte concentrates, median (IQR) 6.0 (4.0-10.0) 6.0 (4.0-10.0) 6.0 (3.3-10.0) 0.884
Fresh frozen plasma, median (IQR) 6.0 (4.0-10.0) 6.0 (4.0-10.0) 6.0 (4.0-10.0) 0.685
Platelet concentrates, median (IQR) 3.0 (2.0-4.0) 3.0 (2.0-4.0) 2.0 (2.0-4.0) 0.011
Arch replacement:

Proximal arch replacement, n (%) 186 (44.4) 96 (45.5) 90 (43.3) 0.646
Subtotal arch replacement, 1 (%) 34 (8.1) 15 (7.1) 19 (9.1) 0.448
Total arch replacement, n (%) 35 (8.4) 18 (8.5) 17 (8.2) 0.895
Total arch replacement elephant trunk, n (%) 46 (11.0) 17 (8.1) 29 (13.9) 0.054
Total Arch replacement frozen elephant trunk, n (%) 118 (28.2) 65 (30.8) 53 (25.5) 0.226
Bio glue, n (%) 141 (33.7) 78 (37.0) 63 (30.3) 0.148
Aortic valve replacement:

Biologic, n (%) 62 (14.8) 30 (14.2) 32 (15.4) 0.737
Mechanic, 1 (%) 66 (15.8) 32 (15.2) 34 (16.3) 0.740
Root involvement, n (%) 254 (60.6) 122 (57.8) 132 (63.5) 0.237
Bentall, n (%) 127 (30.3) 61 (28.9) 66 (31.7) 0.530
David, n (%) 97 (23.3) 49 (23.2) 48 (23.1) 0.972
Yacoub, n (%) 19 (4.5) 8 (3.8) 11 (5.3) 0.462
CABG, n (%) 73 (17.4) 42 (19.9) 31 (14.9) 0.177
ECMO, 1 (%) 18 (4.3) 9 (4.3) 9 (4.3) 0.975
Exitus in tabula, 7 (%) 12 (2.9) 6 (2.8) 6 (2.9) 0.980
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TABLE 4 Postoperative data: SD, standard deviation; IQR, interquartile range; min, minute; CCT, cranial computed tomography.

Characteristics Entire cohort

Onset of pain </=6 h

Onset of pain>6 h

Total patients n=419 n=211 n=208

Survival time (days), median (IQR) 1,741.0 (80.0-3,223.0) 1,359.0 (24.0-2,786.0) 2,247.5 (309.5-3,740.0) 0.001
Ventilation time (h) 48.0 (21.0-136.0) 53.0 (23.0-146.0) 44.0 (20.0-110.8) 0.249
Intensive care unit (days), median (IQR) 4.0 (2.0-8.0) 4.0 (2.0-8.0) 4.0 (2.0-8.0) 0.784
Rethoracotomy, 69 (16.5) 37 (17.5) 32 (15.4) 0.553
n (%)

Dialysis, (%) 52 (12.4) 30 (14.2) 22 (10.6) 0.258
30-day mortality, n (%) 89 (21.2) 53 (25.1) 36 (17.3) 0.051
CCT stroke, n (%) 82 (19.6) 44 (20.9) 38 (18.3) 0.505
New-onset stroke, n (%) 35 (8.4) 18 (8.5) 17 (8.2) 0.895
Persisting cerebral malperfusion, n (%) 15 (3.6) 11 (5.2) 4 (1.9) 0.070
Persisting limb malperfusion, n (%) 11 (2.6) 5(2.4) 6 (2.9) 0.742
Persisting visceral malperfusion, #n (%) 10 (2.4) 10 (4.7) 0 (0.0) 0.002
Persisting renal malperfusion, n (%) 20 (4.8) 17 (8.1) 3(1.4) 0.001

Long-term follow-up data

The completeness of follow-up was 98,8% and the mean
follow-up time for the entire group is 5.7 £ 5.4 years (2,079.7 +
1,958.6 days). Follow-up data can be found in Table 5. The ratio
A

comparison of long-term survival using Kaplan-Meier curves is

of re-operations and re-interventions was comparable.
given in Figure 1. Significant differences were found between the
groups. In contrast to a mean survival of 9.8 years (onset of
pain>6h) (IQR: 8.6-10.9), survival time was decreased in
patients with a short onset of pain to surgery time (<6 h) at 8.3
years (IQR: 7.1-9.5y), (log rank, P: 0.141). The survival rate at
one year after aortic repair was A: 63% and B: 76%; at two years

A: 62% and B: 71%; and A: 58% and B: 69% four years after
surgery.

Discussion

AADA is a catastrophic event characterized by a high mortality
and a high urgency indication for surgical repair. Despite an
extremely high early mortality rate of up to 35% in the first 24 h
(20, 21), the duration from onset of pain to surgery has been a

neglected topic in current AADA research. The comparability of
early and long-term results requires reliable and almost identical
preoperative conditions. Apart from the potentially high chance
of selection bias due to the long time until aortic repair, we
hypothesized that even a patient’s preoperative status will differ
significantly depending on the onset of pain to surgery time.

Nevertheless, an analysis from the International Registry of
Acute Aortic Dissection (IRAD) indicates that the median time
from emergency department presentation to a definitive
diagnosis of acute aortic dissection is 4.3 h, with an additional
4h between diagnosis and surgical intervention (22, 23). In
comparison to IRAD data, in our department, patients with
AADA received surgical treatment 6.0 h (median) following the
initial painful event.

The time from “onset of pain” to surgery in acute aortic type A
dissections depends on a variety of factors. Our department is well-
established within the highly advanced German health care
infrastructure. Clinical outcomes however depend on the
diagnostic capacity of the referring center as well as on the speed
of transportation and/or distance of travel. According to our
data, patients’ conditions from both cohorts varied substantially
on admission to our hospital. Building on our thesis that strong
clinical signs lead to a more rapid AADA diagnosis, Group A

(<6 h) presented a higher incidence of independent risk factors

TABLE 5 Follow-up data: TAA, thoraco-abdominal aneurysm; TEVAR, thoracic endovascular aortic repair; EVAR, endovascular aneurysm repair.

Characteristics Entire cohort

n=419

Onset of pain </= 6 h

Onset of pain>6 h

n=211 n=208

Total patients

Secondary aortic operation, n (%) 52 (12.4) 22 (10.4) 30 (14.4) 0.215
Re-operation identical area, n (%) 16 (3.8) 7 (3.3) 9 (4.3) 0.590
Re-operation downstream aorta, n (%) 36 (8.6) 15 (7.1) 21 (10.1) 0.275
TAA repair, n (%) 9 (2.1) 5(2.4) 4(1.9) 1,000
Y prosthesis, n (%) 4 (1.0) 0 (0.0) 4 (1.9) 0.060
Descending repair, n (%) 18 (4.3) 7 (3.3) 11 (5.3) 0.346
Hybrid, n (%) 7 (1.7) 4 (1.9) 3(1.4) 1,000
TEVAR, 1 (%) 12 (2.9) 7 (33) 5 (2.4) 0.575
EVAR, 1 (%) 5(1.2) 5 (2.4) 0 (0.0) 0.061
Aortic fenestration (%) 2 (0.5) 1 (0.5) 1 (0.5) 1.000
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FIGURE 1
Survival: Kaplan-Meier curves showing survival of both groups (onset of pain <6 h; onset of pain >6 h). The x-axis denotes the time after operation.

for mortality, including pericardial tamponade (A: 43.1%; B: 34.1%;
P: 0.059) and malperfusion (A: 39.3%; B: 23.6%; P: 0.001) (24). In
particular, the increased incidence of cerebral malperfusion (A:
15.2%; B: 8.2%; P: 0.026) and limb malperfusion (A: 18.0%; B:
10.1%; P: 0.020) is
symptoms. Furthermore, the high number of severe neurological
symptoms (A: 24.2%; B: 15.4%; P: 0.024), which correlates with
an increased incidence of the dissection of supra-aortic arteries
(A: 25.1%; B: 16.8%; P: 0.037), is compatible with the thesis of
early admission due to more severe symptoms.

consistent with more severe clinical

There was no significant adjustment to the operative procedure
observed in patients with aortic dissection <6h. Even total
operation time, cardiopulmonary bypass time, as well as aortic
cross-clamp time, which are recognized as independent risk
factors for mortality (25), were almost equally distributed in both
groups.

Despite an equivalent surgical treatment, median survival time
was significantly reduced (A: 1,359.0 d; B: 2,247.5 d; P: 0.001) and
30-day mortality (A: 25.1%; B: 17.3%; P: 0.051) increased in the
cohort with the short onset of pain to surgery time (<6 h). This
may be associated with the patient’s assessed critically fatal
conditions prior to surgery, with the consequence of a
significantly reduced outcome despite comparable treatments.

These results correlate with a high rate of persisting visceral
malperfusion (A: 4.7%; B: 0%; P: 0.002) and persisting renal

malperfusion (A: 8.1%; B: 1.4%; P: 0.001) after surgery.
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According to the IRAD, malperfusion is the second most
important cause of death after aortic dissection (20, 26, 27).
this
malperfusion. First, progress of the aortic dissection membrane
of the downstream aorta between the initial CT scan and start of

There are two possible explanations for remaining

surgery, and second, the progress of the aortic dissection
induced. Crawford et al. (27)
described their observation that open aortic repair does not

intraoperatively previously
guarantee the restoration of distal perfusion as such, and end-
to 25%
contributing to dismal operative outcomes (26). Nevertheless,

organ malperfusion persists in up of patients,
only a minor number of malperfusions persist in patients with a
longer time from pain onset to surgery. These results may imply
an increased vulnerability of the aortic tissue during the early
phase of AADA. To date, the existing literature needs to ask the
relevant question of why patients with AADA show an elevated
mortality rate during the first hours of disease occurrence, and
whether an adjustment to their surgical therapy depending on
the time factor is required. Until now, it was common sense that
the early repair of aortic dissection would lead to a correction of
malperfusion in most cases, while Goldberg et al. (28) suggested
a better outcome when treating malperfusion first followed by a
delayed repair of aortic dissection. The “malperfusion first”
strategy is based on the fact that surgical repair can take a long
time and persisting malperfusion may increase the chance of
end-organ failure and aortic rupture (28). Finally, the question of
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whether an adjusted treatment is able to improve a patient’s
outcome or whether a patient’s preoperative conditions are so
limited that
unanswered.

survival is independent of surgery remains

Despite our results, the “early surgical treatment strategy”
should remain the recommended algorithm in all cases to correct
and prevent malperfusion or aortic rupture (29). However,
whether this strategy includes the treatment of the more severely
compromised patients should be clarified.

Nevertheless, our results also show that survival after an AADA
depends on the health system infrastructure. Long transfer times
due to geographic issues and prompt access to diagnostics and
surgeon’s skills are relevant factors for a patient’s survival. It can
be assumed that even in advanced healthcare systems, up to 20%
of patients with AADA die before reaching a specialist center
with surgical expertise for aortic surgery. Moreover, a diagnostic
delay occurs in almost 40% of cases (30, 31).

According to our data, it cannot be denied that evidenced-based
research in the field of AADA must consider the “onset of pain to
surgery time” to avoid selection bias and to represent comparable
results. Although this could be controversial, purely surgical results
in terms of postoperative survival correlate positively with the
onset of pain to surgery time: the longer the better.

Limitations

This is a retrospective study, and thus carries potential risks
and biases linked to studies of this nature. Furthermore,
decisions about the surgical procedure were individually made by
the surgeon. Between the years 2000-2018, a total of 21 surgeons
at our center performed surgical aortic repair in cases of AADA.
Surgical skill levels may vary in this cohort. There were relevant
changes regarding the total arch approach during the observed
period of time. The use of different of prosthesis and surgical
techniques may influence the study result. Our results confirm
an increasing mortality rate in patients with a short onset of pain
to surgery time. Nevertheless, strategies for the adjustment of a
corresponding therapy were not evaluated. The number of
who died before hospital

documented. Knowledge of the exact number of patients who

patients reaching the is not

died preoperatively could influence the impact of the study.

Conclusion

Time is aorta. The prevention of high mortality due to AADA
includes the development of a healthcare infrastructure for early
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diagnosis, referral, rapid hospital transfer, and well-trained aortic
surgeons. In cases of AADA (where the onset of pain to surgery
time is <6 h), patients present themselves not only with more
severe preoperative symptoms but also are more compromised.
Despite early presentation and emergency aortic repair, these
patients show an increased chance of early mortality. The “onset
of pain to surgery time” should become a required factor for
making the surgical evaluation more comparable.
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Patients with Takayasu arteritis (TA) and descending aorta involvement often
experience insidious onset and slow progression, leading to irreversible vascular
lesions despite medication therapy. Surgical management plays a crucial role in
resolving hemodynamic disturbances and has shown promise in improving the
outcomes of this patient population, owing to significant advancements in
surgical expertise. However, studies focusing on this rare disease are lacking.
This review summarizes the characteristics of patients with stenosis in
descending aorta, emphasizing surgical approaches, perioperative management,
and disease outcomes. The operative approach depends on lesion location and
extent. Existing studies have confirmed that the choice of surgical modality
significantly influences postoperative complications and long-term prognosis in
patients, highlighting the effectiveness of bypass surgery as a favorable option in
clinical practice with a satisfactory long-term patency rate. To mitigate
postoperative complications, it is advisable to conduct regular imaging follow-
ups to prevent the deterioration of the condition. Notably, the occurrence of
restenosis and pseudoaneurysm formation deserves particular attention due to
their impact on patient survival. The use of perioperative medication remains a
topic of debate, as previous studies have presented divergent perspectives. The
primary objective of this review is to provide a comprehensive perspective on
surgical treatment and offer customized surgical approaches for patients in this
population.

KEYWORDS

surgery, descending aorta, takayasu arteritis, bypass suegery, endovascular treatment

Introduction

Takayasu arteritis (TA) is a nonspecific inflammatory disease of the aorta and its main
branches, causing a range of arterial stenosis/occlusion or dilatation. Previous studies
revealed that stenosis (93%) is the most frequent vascular presentation, and the
abdominal aorta is the most frequent lesion location in the Asian population (1, 2).
Patients with stenosis in the descending aorta (including the thoracic and abdominal
aorta) may present life-threatening complications before 40, causing poor prognosis (3, 4).
Surgical treatments are required in 18%-70% of all TA patients, with a substantial
proportion experiencing stenosis in the descending aorta (5, 6).

Bypass surgery has been associated with a good long-term patency rate but is complex
and requires a multidisciplinary approach. Endovascular therapy is less invasive and
reproducible, but its patency rate is inferior to the former. Indeed, each method has pros
and cons, which necessitates the tailored surgery design. It is imperative to evaluate each
patient’s condition individually, assess the surgical benefit and risks, and choose the
appropriate surgical approach. A comprehensive evaluation of large systemic vessels is
necessary to determine the optimal surgical approach. The utilization of advanced
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technology can assist in developing a precise surgical plan. In our
center, for complex cases, we employ hemodynamic simulation to
calculate pressures at various anatomical sites, identify optimal
anastomosis locations, and re-evaluate the pressure to assess the
effectiveness of the planned surgery. This approach allows us to
validate the efficacy of the surgical intervention.

This article aims to present a comprehensive overview of

10.3389/fcvm.2023.1181285

Methods

Considering the rarity of Takayasu arteritis, a
comprehensive search was conducted to ensure that the
objective The

specifically focused on a population that underwent surgery

reflects clinical practice. study selection

targeting the descending aorta, which includes the thoracic

current practices in the management of patients with descending  and/or abdominal aorta. The research encompassed
aorta involvement. We will summarize the findings of previous  retrospective case-control analyses, case series, and case
studies, explore the impact of different surgical approaches on  reports (Table 1). Studies that analyzed the outcomes

prognosis, and propose optimized management strategies for this
specific patient population. We advocate that perioperative
treatment and surgical modalities will continue to advance,
offering hope and improved outcomes for these patients.

of TA patients with multiple lesions, including thoracic

and/or abdominal aortic stenosis, but were not

exclusively focused on that specific aspect were marked "Null"
in Table 1.

TABLE 1 Summary of surgery.

First Case  Surgery Number | Follow- Patency rate Survival Complications Reference
author rate
Miyata, T 32 | Bypass 28 198y 100% Null 17 anastomotic aneurysms (7)
Aortic patch 4
Joh, J.-H 2 Bypass 1 4-75m 100% 100% 1 migraine-like headache (8)
Endarterectomy 1
Saadoun, D. | 31 | Surgery 18 65y Null Null Null 9)
Endovascular 13
treatment
Lee, G. 14 | Bypass 5 32y 100% 100% 1 chylothorax, 1 aortic dissection (10)
Endovascular 9 85.7% and 1 aortic rupture
Treatment
Lee, B.-B. 3 Endovascular 3 46.8 m Null Null Null (11)
treatment
Labarca, C. 7 Bypass 2 10y Null Null Null (6)
Endovascular 5
treatment
Kim, S. M. 10 Bypass 9 60m 100% 100% Null (12)
Patch 1
Hinojosa, 2 Bypass 1 81lm 100% 100% Stenosis at aortic anastomosis 1 year (13)
C. A 1 46 m 100% 100% after surgery
Setty, 10 | Endovascular 10 Null Null Null Null (14)
H.S.N. treatment
Hinojosa, 4 Bypass 2 Null Null Null Null (15)
C. A Aortic tube graft 1 Recurrence at 11 months
Endovascular 1
treatment
Che, W. 48 | Endovascular 48 12m A total of 5 (10.9%) patients 100% 1 patient developed retroperitoneal (16)
treatment developed in-stent restenosis, hemorrhage and one developed
which were resolved by flow-limiting dissection that
reintervention (restenting in 3 involved bilateral renal arteries
patients and reangioplasty alone in perioperatively
2 patients)
Rosa Neto, 6 Bypass 4 Null Null 100% Null (17)
N.S. Endovascular 2
treatment
Kim, Y. S. 9 Bypass 9 36.3m 100% 5-year 3 patients with chylothorax, 1 (18)
survival was | patient with a wound problem, and
79 +13%. 1 patient with bleeding due to
pancreatic injury and mediastinitis
Diao, Y. 28 Bypass 11 485+ Null Null Null (19)
Endovascular 17 38.5m
treatment
Fan, L. 15 | Endovascular 15 2.88y Null 100% thoracic aorta (n=>5, 13.9%), (20)
treatment abdominal aorta (n =2, 5.6%)
Joseph, G. 397 | Endovascular 397 34m 98% 100% Dissection 6.8% 21)
treatment Rupture/PsA 3.3%

Null, the details of the data are not shown in the manuscripts.
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Diagnostic criteria

The diagnostic criteria for Takayasu arteritis established by the
American College of Rheumatology (ACR) in 1990 are widely
accepted (22). However, these criteria were developed using a
small sample size, limiting their generalizability and independent
validation, impacting their applicability in clinical practice. In
1995, a modification to the diagnostic criteria was proposed,
eliminating age restrictions. This modification resulted in an
increased diagnostic sensitivity (92.5%) and specificity (95.0%)
(23, 24). The most recent classification criteria for Takayasu
arteritis developed jointly by the
Rheumatology (ACR) and the
Rheumatism (EULAR) in 2022 have shown superior performance
The 2022
demonstrated a sensitivity of 93.8% and a specificity of 99.2%.

American College of
European League Against

compared to the previous criteria. criteria
These criteria were developed using a cohort of 316 TA patients
and further validated using an independent dataset comprising
an additional 146 TA patients from an international cohort (25).
Notably, the 2022 criteria emphasized the importance of clinical
symptoms, vascular physical examination findings, and vascular
imaging in the classification of the disease. These criteria
exhibited excellent performance across patients from different

regions.

Demographics and angiographic
patterns

Ascending aorta and aortic arch involvement is more
commonly observed in patients from East Asia, while South
Asian patients tend to exhibit a higher prevalence of abdominal
aorta and renal artery involvement, and among Mexican patients,
Numano V disease is the most frequently encountered subtype
(26-28). Besides, gender plays a role in the distribution of
in TA (29).
involvement in Takayasu arteritis, females are more commonly

vascular  involvement In terms of wvascular
affected by thoracic aorta involvement, while males tend to have
a higher susceptibility to abdominal aorta involvement (30, 31).
Specifically, lesions in the abdominal aorta are diffusely
distributed, with approximately 69% occurring in the suprarenal
region, 23% in the juxtarenal region, and 8% in the infrarenal
aorta (27). The Numano angiographic classification is widely
utilized to categorize TA patients; however, it exhibits limitations
in differentiating patients based on clinical presentation and
formulating appropriate treatment plans (32). In this review, we
focus on patients with descending aorta involvement (including
Numano IIb, III, IV, V) as they often display similar clinical

presentations and require similar surgical and medical approaches.

Signs and symptoms

The clinical presentation of Takayasu arteritis varies depending
on the specific lesions involved. In patients with stenosis in the

Frontiers in Cardiovascular Medicine
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descending aorta, symptoms can arise from hypertension
proximal to the aortic stenosis or hypotension distal to it. If the
lower abdominal aorta is affected, claudication may be observed.
Involvement of the suprarenal or juxtarenal aorta can lead to
impaired renal perfusion and subsequent renal hypertension.
Stenosis of the thoracic aorta can result in hypertension due to
increased workload on the heart. Notably, hypertension is the
most common symptom in TA patients with descending aorta
involved with a prevalence of 60%-100%, probably associated
with renal hypoperfusion or ischemia, stenosis of the descending
aorta, severe aortic regurgitation, and reduced aortic compliance
(12, 27, 33). If untreated, most patients die before 35 due to the
complications of uncontrolled hypertension (3). Lower extremity
claudication is the second most common symptom, presenting in
15%-50% of patients (4, 33). Other symptoms, including
headache and syncope, can be observed in these patients (33).
The formation of aneurysms (24%) is not rare in TA patients,
and >50% of TA patients may develop aneurysms in the course
of the disease. More importantly, multiple synchronous lesions
(stenotic and aneurysmatic) may coexist in the same patients (34).
Hypertension, being the most prevalent symptom in Takayasu
arteritis patients with descending aorta involvement, holds
significant value as an indicator for assessing disease control and
prognosis. However, the involvement of upper limb arteries may
result in inaccurate blood pressure measurements, leading to
delayed diagnosis and poor prognosis. For patients without
bilateral upper limb arteries involved, the higher value from the
arms is recorded; for patients with unilateral upper limb artery
affected, the reading from the unaffected side is used; for patients
with stenosis in bilateral upper limb arteries, the central blood
pressure is collected to reflect the core blood pressure (35).

Assessment of disease activity

The definition of active disease in TA is based on the National
Institutes of Health (NIH) guidelines (36, 37). Current acute-phase
reactants used to assess disease activity include erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP). Elevated
ESR is one of the strongest indicators of disease progression (15).
However, it is important to note that vascular damage can
progress without systemic inflammation. Current evidence
suggests that 30%-40% of patients may appear clinically stable
(in quiescence) but can still be confirmed to be in the active
phase based on surgical histopathology findings (5, 33, 38).

[18F] Fluorodeoxyglucose combined positron emission and
(18F-FDG-PET-CT)

resonance imaging (MRI) can assess arterial inflammation by

computed tomography and magnetic
measuring the degree of vessel wall edema. These imaging
examinations can confirm vascular wall inflammation, especially
in patients with normal levels of inflammation markers (38, 39).
It should be borne in mind that 18F-FDG-PET-CT cannot
accurately distinguish arteritis from metabolically active vascular
remodeling due to the lack of inflammatory cell selectivity.
However, new means of imaging examination have emerged to
address this limitation. One such approach involves targeting
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macrophage activation, as macrophages play a significant role in
inflammatory infiltrates. The somatostatin receptor subtype-2
(SST2), expressed on activated macrophages, has been identified
as a biomarker for vasculitis. A recent study demonstrated that
SST2 positron emission tomography (PET)/magnetic resonance
imaging (MRI) showed potential in defining disease activity in
TA patients with a more sensitive and accurate diagnosis (40).
Contrast-enhanced ultrasound (CEUS) is also a promising
approach to assessing disease activity. A previous study showed
that the severe stenosis depicted by CEUS in the carotid artery
wall was correlated with vascular inflammation detected by PET/
CT (41-44). Given the convenience of CEUS imaging, we
introduced CEUS imaging as a routine in surveillance protocol.

Imaging

Imaging assessment primarily focuses on the aorta and its
major branches in diagnosing Takayasu arteritis. While various
imaging modalities are available, angiography remains the
cornerstone for diagnosing TA. Computed tomographic
arteriography (CTA), magnetic resonance angiography (MRA),
and digital subtraction angiography (DSA) are the most
frequently preoperative study used to define anatomy, which can
facilitate the assessment of the extent and severity of the arterial
injury (45). CTA is the imaging modality of choice for
diagnosing and monitoring Takayasu arteritis in nearly 60% of
patients. The widespread availability, cost-effectiveness, and
superior image resolution compared to MRA account for the
popularity of CTA. Its accessibility, affordability, and ability to
provide detailed and high-quality images make CTA an
invaluable tool in the evaluation and management of TA patients
during both the diagnostic and follow-up stages.

Doppler ultrasonography (Doppler US) is also used to quantify
the severity of luminal narrowing as a less invasive approach.
Reports indicate that among TA patients who received imaging
assessment, 58.8% underwent CTA, while 29.9% underwent
MRA, and Doppler ultrasonography was used in 11.3% of all
patients (46).

Current evidence suggests that 18F-FDG-PET-CT facilitates
early diagnosis in 7% of patients and may improve prognosis
(15, 47). PET-CT has also become a diagnostic test for assessing
arterial inflammation and monitoring the response to
immunomodulatory therapy (6, 48). Repeat PET-CT should be
considered to confirm disease activity during this period.

The EULAR 2018 guidelines suggest that if the patient presents
with recurrent or new symptoms, regular imaging assessment is
needed during follow-up (49). Among these imaging methods,
MRI is the most frequently used for follow-up because it avoids

the use of radiation (46).

Cardiovascular manifestations

As the most common symptom, hypertension is one of the
most valued indicators to assess disease control and prognosis.
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However, the involvement of upper limb arteries may result in
inaccurate blood pressure measurements, leading to delayed
diagnosis and poor prognosis.

Heart involvement is not rare in TA patients, emphasizing the
need for conducting electrocardiograms (ECGs). It is now
understood that congestive heart failure induced by stenosis
lesions in descending aorta is the main cause of death in patients
(50). Another
regurgitation, is present in 13% to 44% of cases due to increased
afterload on the heart (51, 52). Thus, ECG is recommended as a
routine examination in all TA patients to reflect valvular and

with Takayasu arteritis symptom, aortic

atrioventricular abnormalities. The ejection fraction, the aortic
regurgitation, the diameter of the ascending aorta, the diameter
of the aortic sinus, the aortic valve annular diameter, and the left
ventricular end-diastolic diameter have been reported as
indicators in previous studies (53, 54). ECG can also be used for
follow-up examination since surgery can mitigate TA-related
hypertension and relieve left ventricular hypertrophy (18).
Coronary involvement is a commonly observed lesion in
patients with Takayasu arteritis. When there is suspicion of
coronary stenosis, state-of-the-art CT coronary angiography has
emerged as a reliable non-invasive method (55, 56). This imaging
technique offers high isotropic spatial resolution ranging from
0.23 mm to 0.35 mm, while maintaining a low radiation dose
profile. CT coronary angiography provides detailed visualization
of the coronary arteries, aiding in the assessment of coronary

stenosis in TA patients with accuracy and precision.

Management
Surgical treatment

Severe stenosis, defined as a narrowing of 70% or more, can
result in hemodynamic disturbances that lead to symptomatic
end-organ ischemia. In such cases, surgical interventions are
crucial in addressing stenosis in the descending aorta and its
visceral artery branches. The indications for TA patients with
descending aorta involvement include

mainly refractory

hypertension, cardiac ischemia, aortic regurgitation, and
extremity claudication. In order to optimize patient outcomes,
preoperative blood pressure control is recommended, aiming to
maintain blood pressure within the normal range. However, if
hypertension is primarily caused by a significant narrowing of
the descending aorta, surgical intervention is preferred regardless
of the patient’s hypertension status. While it is generally
advisable to avoid surgery during the acute phase of the disease,
if patients are in a critical condition, surgery becomes necessary (17).

Aortic stenosis can often involve adjacent visceral arteries, with
the splanchnic and renal arteries being common coexisting lesions
(27). About 80% of patients with abdominal aortic stenosis also
exhibit renal artery stenoses (27, 57). Renal reconstructions are
usually performed in patients with decreased renal function or
refractory renovascular hypertension. Mesenteric reconstructions
are conducted in patients with abdominal pain or other related

symptoms. However, although more than 50% of patients present
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with occlusive

symptomatic bowel ischemia, suggesting prophylactic treatment

splanchnic lesions, only 6% experienced
is required to improve splanchnic stenosis (27).

The location and extent of the lesion should be taken into
account during the selection of the surgical procedure. To date,
no standard therapy is applicable to all patients. Methods for
aortic reconstruction include bypass surgery, interposition graft,
patch angioplasty, and endovascular therapy (12). Bypass
procedures may be favored in patients having too extensive
coarctation segments or complex lesions (15). In other cases with
short

endovascular therapy may be attractive (58) (Figure 1).

coarctation, arterial patch, interposition graft, and

Endovascular technologies (including angioplasty and stent-
graft repair) are suitable for localized stenoses distant from the
renal, celiac, and superior mesenteric arteries. These minimally
invasive procedures are advantageous for young patients since
they can be repeated and may obviate the need for open surgery.
In particular, endovascular interventions allow luminal dilation
in children with a developing aorta without interfering with the
vessels. The first percutaneous transluminal angioplasty(PTA) for
a patient with abdominal aortic coarctation was performed in
1983 (59). However, due to the relatively high failure rate,
balloon angioplasty alone is less effective than stent-graft repair
(60, 61). It is widely recognized that endovascular therapy has
certain inherent limitations. For instance, the arterial wall may
become weakened following balloon angioplasty, resulting in
5% to 20% of cases (62, 63).

aneurysm formation in

10.3389/fcvm.2023.1181285

Furthermore, the elastic fibers disruption in the media vessel wall
and vascular fibrosis in the adventitia contribute to poor patient
response to both endovascular therapies, leading to restenosis
rates in 25% to 60% of cases (58, 64-66). Moreover, vessel
stiffness can limit endovascular therapy’s effectiveness, resulting
in under-dilatation and risk of stent graft rupture (67).

Aorta endarterectomy is indicated for young patients with
short and isolated segment (4, 8, 68). Butcher and his colleagues
first reported a satisfactory result in cases with aortoiliac arterial
treated by (69).  However,
endarterectomy not TA  patients.
Theoretically, aortic endarterectomy addresses only the intimal

occlusion endarterectomy

is recommended  for
fibrosis, while fibrosis in the adventitial or periadventitial layers
may persist, posing a challenge to treatment efficacy (27). While
it may offer the possibility of a thoracoabdominal bypass in the
later stages of life, it is widely considered a standby option.

Considering that the TA patients are relatively young, long-
term durability is a vital factor in choosing surgical approaches,
leading to bypass surgery as the most frequent choice in TA with
descending aorta involvement (26). This approach can resolve
extensive arteriopathy by an ingenious surgical design, such as
using a sequential bypass to re-establish the blood supply of the
ischemic organs. Some studies also revealed that the need for
open surgery remains, even when percutaneous procedures
presented with an increasing and widening ambit (21). To
date, several techniques for extra-anatomic bypass have been
proposed.

[ Patients diagnosed with TA

)

uncontrolled hypertension, heart

(

Patients with clinical symptoms

failure, renal ischemia, visual
disturbances, claudication, and so

[ Imaging examination )—{
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The treatment algorithm of TA patients.
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The left posterolateral thoracotomy enables the procedure to be
performed on the ascending aorta, aortic arch, and entire
descending aorta. However, some studies have raised concerns
about potential complications, including massive bleeding,
paraplegia, and chylothorax (70-72). Median sternotomy was
first reported by Vijayanagar R. et al. (73) in 1980. The benefits
of this

established. Optimal operative exposure for the entire descending

and disadvantages surgical modality have been
aorta can be achieved. It also allows simultaneous cardiac
procedures or reoperation to be conducted. However, the
requirement of both thoracotomy and laparotomy poses a great
challenge to patients’ cardiorespiratory functions, making it more
appropriate for younger patients. For elderly patients, aorta-
femoral bypass is a better option to augment the vascular bed
and retrograde renal blood flow with a lower risk of damaging
the collateral circulation.

Considering the chronic inflammatory state of patients,
open surgery can be overly invasive. However, there is evidence
supporting the use of hybrid aortic repair as a more favorable
option in a less invasive way for complex lesions. This approach
involves bypassing the supra-aortic vessels or debranching
the visceral or renal arteries before performing stent grafting on
the aortic arch and descending aorta. Joseph G. et al. (21)
that 80% treated with
procedures underwent also endovascular procedures. Hybrid

proposed about patients surgical
aortic repair offers advantages such as shorter operation time,
reduced surgical complexity, and increased success rates. It is
particularly beneficial for patients with a heavily calcified aorta
(74-76).

Regarding the choice of the anastomotic site, the utilization of
supra celiac bare area for distal anastomosis was first reported by
Wukasch D. C. et al. in 1977, which featured reduced bleeding
and decreased incidence of complications due to the short course
of the graft (77, 78). However, it should be noted that this less
invasive approach may have certain drawbacks. For instance,
inadequate exposure may be an issue in patients with abdominal
obesity or barrel-shaped thorax, and managing bleeding from the
distal anastomosis may be challenging. As an alternative, an
ascending-to-infrarenal abdominal aortic may be
considered. ~ Although grafts risk of

complications from adjacent organs, the long midline incision

bypass
longer increase the
facilitates exposure of the whole length of the descending aorta,
(79).
importantly, the ascending-to-infrarenal abdominal aortic bypass

making anastomosis and hemostasis easier More
can also provide significant antegrade flow to permit optimal
renal perfusion, which relieves renovascular hypertension (4).
According to the current literature, the double-suture aortic
anastomotic technique is applied to prevent postoperative
anastomotic aneurysms (80).

A statistically significant difference in restenosis rates has been
reported between different graft materials. Polytetrafluoroethylene
(PTFE) grafts demonstrated a superior patency rate to Dacron
grafts at a 7-year follow-up (100% vs. 58%, P=0.005) (58). The
graft diameter was consistent with the mean diameter of
descending aorta. A 14 mm-16 mm graft was deemed sufficient

for most women, while an average man required a 16 mm-
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18 mm graft for adequate perfusion (27). Notably, oversized
grafts compared to the aorta have been recommended in children
to accommodate future growth (4, 27, 64).

Perioperative medications

Corticosteroids are generally the first-line treatment to control
the disease activity, and cytotoxic drugs are added for those
patients with disease progression on steroid therapy (64).
However, the optimal timing for initiating immunosuppressive
therapy upon confirmation of the diagnosis remains a subject of
debate. Hinojosa C. A. et al. (15) believed that administering the
immunosuppressive drugs as early as possible could arrest
disease progression and reverse early clinical symptoms. Perera
that
intervention

and  colleagues  proposed a  similar
before the

significantly improved results (P=0.001) (45). In contrast, Young

finding
immunosuppression endovascular
Su Kim and co-workers formulated that fibrosis and calcification
than
vascular wall inflammation for those in the chronic inactive

are predominantly disease-specific alterations rather
phase, which means using immunosuppressive agents such as
cytotoxic agents or steroids is unnecessary (18).

Similarly, no consensus has been reached on the efficacy of
postoperative medication use. Some authors postulated that the
restenosis rate is lower with post-surgical immunosuppressive
treatment, while others argued that there were no differences
among patients treated with or without corticosteroids (5, 81, 82).
A previous study indicated that for patients on medication
therapy, 93% in the open surgery group and 86% in the
interventional procedure group exhibited good long-term patency
(45). However, other studies showed there was no difference
between groups (47, 83).

Previous studies reached an agreement regarding antiplatelet
agent use since the TA-related hypercoagulable state can lead to
arterial ischemic events, and patients can benefit from
anticoagulant therapy (39, 84).

In recent years, the pathogenesis of TA has been better
understood, which has led to the development of targeted
biotherapies aimed at inhibiting signaling pathways. Recent studies
have shown promising results for biological disease-modifying
agents (bDDMARDs), such as TNF-o inhibitors and IL-6 inhibitors,
as well as targeted synthetic disease-modifying agents
(tsDMARD:s), such as JAK inhibitors75-80. Although limited
evidence exists for some bDMARDs, such as Rituximab, Abatacep,

and Ustekinumab, they also require further investigation (85-87).

Complications and prognosis

The prognosis of TA is heavily influenced by the presence or
severity of complications. A study from the late 1980s, conducted
at a time when diagnostic imaging and medical treatments were
less advanced, found that most patients with descending aorta
involvement would not survive past the age of 35 years (3). It
has been established that graft-related complications, including
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restenosis and anastomotic aneurysms, are the most common
complications after surgery (88). Other study also proposed that
peri-interventional dual antiplatelet therapy, concurrent surgery,
and technical failure were predictors for complications (P < 0.05) (20).

Several studies have revealed that the most common
complication in both open and endovascular groups is restenosis,
and patients who underwent endovascular procedures showed a
higher rate of restenosis (P <.001). The patency rate of surgical
bypass varied from 64 to 100%, while that of PTA ranged from
29% to 83% (5, 7, 58, 82, 89-91). Consistently, our prior
retrospective study, which examined 116 TA patients who
received surgery or endovascular interventions (such as PTA and
stent-graft repair), revealed that both surgical approaches were
effective and safe. However, open surgical repair was found to be
more suitable for complex lesions due to its longer durability
(19). Moreover, other factors are related to restenoses, such as
hypertension (P=0.01), dyslipidemia (P=0.01), and high-dose
steroids (P =0.012) (6).

It has been reported that pseudoaneurysms at the anastomotic
site occur with an incidence of 12.2%, 21.2%, and 37.3% in the 10-
year, 20-year, and 30-year follow-ups, respectively (12). This
complication probably results from hypertension and the
degradation of graft materials (92). Notably, most patients
presented with no symptoms or signs and were detected
incidentally, which led to devastating results. Therefore, even
though the patients showed no signs of anastomotic aneurysms,
regular follow-ups are needed (27).

It is widely thought that postoperative complications are associated
with disease activity. However, the association between postoperative
complications and disease activity has been controversial. Kim,
S. M. et al. (12) thought disease activity could affect outcomes and
long-term survival. However, Fields C. E. et al. (5) found that long-
term survival was not affected by disease activity, supported by
findings reported by Weaver F. A. et al. (93).

Studies reported that the overall survival rate at 20 years was
62.3%-73.5% (7, 12) and death was mainly attributed to
cardiovascular events (7, 50). Among these, the incidence of
congestive heart failure-induced death ranged from 3% to 40%
(7, 10). Further investigation also revealed that the risk factors
for heart failure include pulmonary hypertension, aortic valve or
coronary artery involvement, onset age >38 years, and serum
tumor necrosis factor (TNF)-o concentration >10 pg/ml (54).

Ishikawa K. et al. (94) identified four predictors for mortality
risk factors: complications (retinopathy, secondary hypertension,
aortic regurgitation, and aneurysmal formation), the pattern of
the clinical course, age, and year of diagnosis. Other studies
confirmed that postoperative hypertension (P=0.028), type of
disease (P=0.0142), age at operation (P=0.0052), and presence
of an aneurysmal lesion (P =0.0106) were significantly associated
with postoperative events and survival rate (7, 33).

Discussion

The need for multiple vascular surgeries involving both
endovascular and surgical procedures is not uncommon in TA
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patients due to the prolonged duration of the disease. Table 1
presents several studies highlighting the surgical management of
descending aorta stenosis associated with TA. Most patients
benefit from the correction of abnormal hemodynamics and the
relief of hypertension. Current evidence suggests that 74%-90%
of patients experience improvement in hypertension-related
symptoms after the surgery (3, 27, 33). Surgery also played a role
in relieving left ventricular burden. A study revealed that almost
all patients demonstrated improved cardiac function, with some
cases showing significant enhancements in interventricular septal
diameter (IVSD, P=0.016) and left ventricular mass index
(LVMI, P=0.017) (18). An updated retrospective study from our
research team also demonstrated that surgery could significantly
improve the prognosis of patients.

Taketani T. et al. (33) reported that after surgical treatment, the
overall survival and event-free survival rate were 62.3% and 58.4%
at 20-year follow-up, and postoperative hypertension was a
significant predictor of event-free survival (P=0.028). Kalangos
A. et al. (58) demonstrated the safety and effect of the surgery,
with hypertension being controlled and cardiac function
returning to normal postoperatively. Stanley J. C. et al. (27)
assessed the outcomes of different operative treatments in
patients with abdominal aortic coarctation (4 were diagnosed
with inflammatory aortitis) and found that more than 90% of
patients benefit from surgery. The above studies overlap in their
assertion that surgery is safe and effective for TA in all arterial
areas. Herein, we focused on patients with descending aorta
involvement and comprehensively analyzed the surgical methods
and clinical outcomes of this patient population. We aimed to
review the relevant literature in detail and summarize the unique
characteristics of these patients.

With significant inroads achieved in surgical techniques,
multidisciplinary decision-making, targeted biotherapies, and
comprehensive postoperative monitoring and treatment, surgeries
can be performed with low morbidity and improved quality of
life (58). In
pathophysiology of arterial reconstruction in TA patients helps to

addition, a deeper understanding of the
reduce surgical complications.

Preoperative evaluation is critical in guiding surgical decisions
regarding the method and timing of interventions in TA patients.
Despite their relatively young age, TA patients often present with
severe cardiac, renal, and pulmonary complications due to the
insidious nature of the disease and its atypical clinical
manifestations. The involvement of multiple arterial bifurcations
further adds to the complexity of the condition. As a result,
comprehensive medical evaluations are essential prior to surgery.
These evaluations encompass various aspects, such as assessing
vascular lesions, determining disease activity, evaluating
cardiopulmonary function, and overall disease status. While
erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP) are commonly used as acute-phase indicators in TA, it
should be noted that these serum markers may not always
fact,
approximately 30%-40% of patients in the active phase of the
disease may exhibit normal ESR and/or CRP levels (26). More

importantly, combining clinical presentation, serum markers, and

accurately reflect vascular wall inflammation. In
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imaging examinations such as PET-CT and MRI is crucial for
accurately assessing disease activity in TA patients, especially
when acute-phase reactants exhibit poor sensitivity during
periods of low disease activity.

The presence of nonspecific symptoms often leads to delayed
diagnosis of TA, resulting in disease progression and the
occurrence of ischemic events. Early diagnosis and prompt
treatment are essential in order to improve the prognosis of
patients with TA (95).

Besides, although the indications for surgery have not been
definitively established, we advocate the safety and efficacy of
surgical intervention. Prior to 1988, the average life expectancy of
patients with atypical TA was only 35 years, likely due to less
advanced and effective diagnostic techniques that led to delayed
treatment (96). Kalangos A. et al. (58) revealed that patients
with
midterm and long-term outcomes regardless of the extent and

couldundergo  reconstructive  procedures satisfactory

severity of vascular lesions. We also demonstrated in another
article that surgical revascularization is superior in relieving
symptoms and

improving the prognosis

conservative treatment. Moreover, given that these patients are

compared to

complicated with coexisting renal and splanchnic artery
occlusion, surgery aims to restore the renal and splanchnic artery
flow based on the symptoms.

More importantly, the inconsistency of findings may be
attributed to different follow-up duration. It has long been
thought that at least a 20-year follow-up is mandatory to reflect
the impact of surgical therapy since about 10% of patients were
treated with secondary surgeries in the late stages of follow-up
(5, 27). However, the debate regarding the choice of surgical
options remains unsettled due to the limited number of studies
with long-term follow-up, varying prognoses among patients, and
inconsistent durations of follow-up.

It should be borne in mind that TA is a rare disease, and it is
challenging to obtain a large cohort of patients undergoing surgical
treatment. Further research is required to confirm the efficacy and
safety of these procedures, which will enable us to offer improved

treatment options for patients with TA.
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IFABP levels predict visceral
malperfusion in the first hours
after open thoracoabdominal
aortic repair

Panagiotis Doukas®, Cathryn Bassett, Hanif Krabbe, Jelle Frankort,
Michael J. Jacobs, Moustafa Elfeky and Alexander Gombert

Department of Vascular and Endovascular Surgery, University Hospital Aachen, RWTH Aachen University,
Aachen, Germany

Introduction: Intestinal ischemia after open thoracoabdominal aortic repairs, is a
rare but devastating complication, associated with high mortality. Notoriously
challenging to diagnose, visceral malperfusion necessitates immediate surgical
attention. Intestinal fatty acid-binding protein (IFABP) has been proposed as a
biomarker for the diagnosis of intestinal wall damage. In this prospectively
conducted, observational study we evaluated the diagnostic capacity of IFABP
levels in patients’ serum and their correlation with visceral malperfusion.
Methods: 23 patients undergoing open thoracoabdominal aortic repairs were
included in this study and 8 of them were diagnosed postoperatively with
visceral malperfusion—defined as a partial or complete thrombotic occlusion of
the superior mesenteric artery and/or the coeliac trunk. IFABP levels and
laboratory parameters often associated with intestinal ischemia (leucocytes,
CRP, PCT and lactate) were measured at baseline, directly postoperatively, and at
12, 24 and 48 h after surgery. Postoperative visceral malperfusion—as revealed in
CT angiography—was assessed and the predictive ability of IFABP levels to
detect visceral malperfusion was evaluated with receiver-operator curve analysis.
Results: Patients with visceral malperfusion had a relevant risk for a fatal outcome
(p =.001). IFABP levels were significantly elevated directly postoperatively and at
12 h after surgery in cases of visceral malperfusion. High IFABP concentrations
in serum detected visceral malperfusion accurately during the first 12 h after
surgery, with the maximum diagnostic ability achieved immediately after surgery
(AUC 1, Sensitivity 100%, Specificity 100%, p <.001).

Conclusion: We conclude, that IFABP measurements during the first postoperative
hours after open thoracoabdominal aortic surgery can be a valuable tool for
reliable and timely detection of visceral malperfusion.

KEYWORDS

intestinal ischemia, visceral malperfusion, thoracoabdominal aorta, open aortic repair,
postoperative management, aortic aneurysm

1. Introduction

Open surgical treatment of thoracoabdominal aortic aneurysms (TAAA) often requires
reconstruction of the viscerorenal aortic segment, alongside with aortic cross-clamping and
exposure to extracorporeal circulation, which may impair the integrity of the intestinal wall
(1). With an incidence of 3% (2) to 9% (3) visceral malperfusion and intestinal ischemia are
relatively rare, but devastating complications in fields of TAAA surgery, associated with high
mortality rates [50%-90% (4)]. Furthermore, these cases are often accompanied by systemic
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inflammatory response and sepsis, as well as intestinal necrosis
requiring surgical treatment. However, fluctuations in patient’s
fluid homeostasis, cardiopulmonal instability and deep sedation
during the first postoperative hours may mask clinical and
laboratory symptoms and signs of visceral malperfusion and
hinder clinical suspicion and diagnosis.

A promising biomarker strongly associated with the incidence of
bowel ischemia is intestinal fatty acid-binding protein (IFABP) (5).
This 15kDa protein is expressed in the cytoplasm of mature
enterocytes found at the end of the intestinal villi (6). This area of
the gut wall is the most distant from the intestinal capillary
network and, as such, it bears the highest risk to be the first to
succumb to malperfusion (7). Under the premise of this
mechanism, many studies have investigated the clinical
applicability and reliability of IFABP for the diagnosis of intestinal
necrosis (1, 5, 6). The focus of its clinical relevance is placed on
the detection of mesenteric ischemia affecting the small intestine,
since the concentration of the protein is in this segment twenty
times higher than in the large intestine (8). In the settings of open
abdominal and thoracoabdominal aortic surgery, we demonstrated
that elevation of IFABP after surgery and on the first postoperative
day could reliably detect intestinal necrosis (1).

Expanding on the findings of this previous work, in this
prospectively conducted study we investigated the dynamic
changes of IFABP levels in patients’ serum during the first
postoperative hours after open TAAA repair and its correlation
with the diagnosis of visceral malperfusion.

2. Patients and methods

2.1. Study design

In this observational study conducted at a single center, 23
patients who underwent open TAAA reconstructions between
January 2019 and February 2023 were included. The study
protocol was reviewed and approved by the ethic committee of the
University Hospital Aachen (EK010/19) and designed according to
the Declaration of Helsinki and the STROBE criteria. The apriori
study protocol describing material acquisition was registered at
clinicaltrials.gov/ct2/show/NCT04087161. Patients provided written
informed consent before participating in the study. Pregnant
women and those under 18 years of age were excluded. All
included cases were elective, with patent coeliac trunk and
superior mesenteric arteries at the time of the operation. Digital
medical records and clinical charts were used to collect data on
patients’ medical history and demographic details.

2.2. Surgery

The surgical procedure for TAAA reconstructions, including the
reconstruction of the visceral aortic segment, has been previously
described in the literature (9). Exposure of the thoracoabdominal
aorta was achieved through thoracolaparotomy. The abdominal
aorta was approached transperitoneally. In all included cases a
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femoral-femoral cannulation via the left femoral vessels was applied.
After the proximal aortic clamp was placed, the extracorporeal
circulation was initiated to provide distal aortic perfusion. The time
interval starting from the placement of the proximal aortic clamp
until its removal at the end of the reconstruction, is later referred
to as “cross-clamping time”. During the reconstruction of the
visceral aortic segment, selective perfusion of all visceral arteries
was achieved via extracorporeal circulation, enabling a flow of at
least 500 ml/min per catheter. CUSTODIOL® solution (HTK, Dr.
Franz Kohler Chemie GmbH, Bensheim, Germany) was infused
into both kidney arteries, and the mean arterial pressure was kept
at 90 mmHg or higher throughout the procedure. Mild systemic
(32°C-33°C),
monitoring of motor-evoked potentials

hypothermia cerebrospinal fluid drainage and

intraoperative were
implemented as protective measures to reduce the risk of spinal

cord ischemia and postoperative neurologic deficits.

2.3. Measurements

To measure IFABP concentrations in serum, blood samples were
collected from patients at baseline, immediately after surgery, and at
12, 24, and 48 h postoperatively. The samples were stored at —80°C
after centrifugation, and IFABP concentrations were calculated
using ELISA (RayBio® Human FABP2 ELISA Kit, RayBiotech,
Norcross, USA) according to the manufacturer’s recommendations.
After all reagents and samples were prepared, 100 pl of sample were
added in each well and were incubated for 2.5h at room
temperature. Then, 100 pul of the prepared biotin antibody were
added to each well and were allowed to incubate for 1h, before
100 pl Streptavidin solution were added. After further 45 min of
incubation at room temperature, 100 pl of TMB One-Step Substrate
Reagent were added. After 30min of incubation at room
temperature, the reaction was arrested with 50 ul of Stop Solution
and the microplate was immediately read at 450 nm with the Tecan
Spark 10 M Luminescence Multi Mode Microplate Reader (Tecan,
Minnedorf, Switzerland). The intra-assay coefficient of variation
was 10%, and the inter-assay coefficient was 12%. The normal
values for circulating IFABP in healthy, non-obese population is
4.8 ng/ml [Interquartile range 3.7-8] (10).

Routine laboratory parameters, including leucocyte count, levels
of procalcitonin (PCT) and C-reaction protein (CRP) were obtained
at baseline and at 12, 24 and 48 h postoperatively. Lactate was
measured in arterial blood collected in a heparinized plastic
syringe. The collected sample was immediately analyzed in the
blood gas analyzer ABL90 Flex (Radiometer, Bronshej, Denmark).

2.4. Endpoints

The primary endpoint and focus of this study was postoperative
visceral malperfusion and its correlation with IFABP levels in serum.
Patients with reduced arterial flow to mesenterium, because of acute
partial or complete thrombotic occlusion of the superior mesenteric
artery and/or coeliac trunk, as revealed by angiographic scan, were
diagnosed with visceral malperfusion (11). In cases of only partial
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occlusion of the visceral arteries, patients with moderate or high
grade stenosis were included in the “visceral malperfusion” group.
Examples of CT-angiograms of included patients with partial and
complete occlusions of the visceral arteries are presented in
Supplementary Figure S1. The diagnosis of visceral malperfusion
was based solely on angiographic findings in the computer
tomography scan, regardless of laboratory parameters and clinical
presentation. The patients with clinical suspicion of intestinal
ischemia, elevated serum lactate and angiographic confirmation of
visceral malperfusion required surgical revision.

Secondary endpoints were the associations of visceral
malperfusion and adverse events during the postoperative phase.
The diagnostic criteria for multi-organ dysfunction syndrome
(MODS) was fulfilled when two or more vital organ systems
failed (12). Sepsis was diagnosed in patients with active infection
and an increase of their daily Sequential Organ Failure
Assessment (SOFA)-Score by 2 points or more in comparison to
the previous day (13). According to the Berlin definition, the
diagnosis of acute respiratory distress syndrome (ARDS) was
applied (14). Patients without a history of liver disease and a
spontaneous international normalized ratio >1.5 accompanied
with acute onset of jaundice were diagnosed with acute liver
injury (15). Renal replacement therapy (RRT) was initiated in
cases of severe metabolic acidosis and hyperkaliaemia, anuria and
refractory volume overload (16).

2.5. Statistics

The absolute frequencies and percentages of the total sample
are used to report categorical variables, while mean (+standard
deviation) is used to present continuous variables. In the results,
significance levels are indicated by (*) for p <.05, (**) for p<.01,
and (**) for p<.001, with a 95% confidence interval (CI).
Correlations of visceral malperfusion and postoperative
complications and patient demographics were tested using
IFABP

logarithmically transformed to achieve a normal distribution and

univariable, logistic regression. serum levels were
one-way ANOVA was used to test for correlations between
IFABP serum levels and the onset of visceral malperfusion. The
diagnostic capacity of serum lactate and IFABP levels was
evaluated using receiver-operating-characteristics (ROC) analysis
and the optimal cut-offs were obtained with the Youden-Index.
Data analysis was performed using the SPSS software (SPSS Inc.,
Chicago IL) and graphics were created with the GraphPad Prism
version 8.0.0 for Windows (GraphPad Software, San Diego,

California USA).

3. Results

There were 23 patients (n = 20 men) included in this study with
a mean age of 51.5+ 11.7 years. 8 of these patients were diagnosed
with visceral malperfusion during the postoperative phase. The
details of the patients’ comorbidities are displayed in Table 1.
The onset of visceral malperfusion was not associated with any
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comorbidities and it was independent from both aortic cross-
clamping time and duration of surgery, although we observed a
statistically insignificant trend for longer procedures in the
visceral malperfusion group (535 +92.5 min vs. 490 + 103.1 min,
p=.21). The most common reconstruction was type II repairs
(Crawford classification). Postoperatively, patients with visceral
malperfusion required in 50% of the cases a re-laparotomy for
surgical revision of the visceral bypasses. The 4 patients in the
visceral malperfusion group, that were not surgically revised
presented partial thrombosis of the SMA. Two of these cases
were treated conservatively with therapeutic anticoagulation and
the other two succumbed to circulatory arrest before surgical
revision. Resection of intestinal segments was necessary in
3 cases (38%). MODS and acute liver injury were significantly
more common in these patients (MODS: 63% vs. 5%, p<.001;
acute liver injury: 50% vs. 5%, p=.002). We also observed a
trend for the onset of sepsis but without statistical significance
(Sepsis: 63% vs. 32%, p=.14).

IFABP serum levels were postoperatively elevated in all
patients, however at admission in the ICU the increase was
ten-fold in patients with visceral malperfusion (154.4 +11.4 ng/
ml vs. 149 +8.7 ng/ml, p=.02) and persisted for the first 12h
(125.6+163.8 vs. 9.2+£84, p=.01) (Figure 1). Among these
patients, we found a trend for higher IFABP levels in cases that
necessitated intestinal resection, however without statistical
significance (IFABP at 12 h: 224.9 +247 vs. 66.1 £67.8; p=.21)
(Supplementary Table S1; Supplementary Figure S2). We
observed a dynamic decrease in the subsequent time points.
Serum lactate, C-reactive protein (CRP), procalcitonin (PCT) and
leucocytes—all markers routinely examined in case of suspicion
of visceral malperfusion—displayed only a trend of elevation
during the early postoperative phase, without reaching statistical
significance (Table 2).

ROC-Curve analysis for IFABP levels postoperatively revealed
high diagnostic accuracy for visceral malperfusion during the
first 12 h. The maximum accuracy was reached at patient’s
admission on ICU (AUC =1, Sensitivity 100%, Specificity 100%,
p<.001 for a cut-off of 32 ng/ml). Persistent elevation of IFABP
levels 12 h postoperatively could still accurately predict visceral
malperfusion (AUC =.835, Sensitivity 95.5%, Specificity 75%,
p=.006 for a cut-off value of 21.7 ng/ml). In comparison, the
clinically established lactate levels in serum did not reach an
equivalent diagnostic capacity postoperatively with a maximum
AUC of.784 (Sensitivity 87.5%, Specificity 60%, p =.02) at 12 and
24 h (Table 3).

4. Discussion

4.1. Dynamic of IFABP levels

IFABP levels did not differ between the two groups at baseline.
Directly after surgery IFABP was elevated in both groups—albeit
tenfold higher in the visceral malperfusion group—and declined
in all subsequent time points. This dynamic can be understood
in mature

through the physiologic expression of IFABP
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TABLE 1 Patient demographics and postoperative details.

No visceral malperfusion (n=15)

Visceral malperfusion (n = 8)

10.3389/fcvm.2023.1200967

p-value

Demographics
Age (years) 51.5+11.7 48.8+16.4 95
Men 16 (73) 4 (50) 26
Obesity 2(9) 1(13) 79
Body mass index (kg/m?) 234+24 263+6.2 46
Smoking 7 (32) 2 (25) 73
Chronic obstructive pulmonary disease 5 (23) 2 (25) 9
Hypertension 15 (68) 8 (100) 1
Chronic kidney disease (eGFR <60 ml/min/1.73 m?) 10 (46) 5 (63) 43
Type of TAAA 7

1 1(5) 2 (25)

11 10 (46) 2 (25)

I 5 (23) 2 (25)

v 5(23) 1(13)

A% 1(5) 1(13)
Duration of surgery (minutes) 490 +103.1 535+92.5 21
Cardiopulmonary bypass time (minutes) 1415 +51.1 156.62 +37.7 .52
Postoperative data
30-day-mortality 0 (0) 3 (38) 1
Intestinal resection 0 (0) 3 (38) .002%*
Surgical revision of the visceral bypass 0 (0) 4 (50) <.001%*
Intensive care unit stay (days) 30.2+31.6 41.3+384 2
Hospital stay (days) 43.7+274 64.1+47.1 42
Pneumonia 13 (59) 7 (88) 2
Acute respiratory distress syndrome 10 (46) 5 (63) 43
Sepsis 7 (32) 5 (63) .14
Multi-organ dysfunction syndrome 1(5) 5 (63) <.001%*
Acute liver injury 1(5) 4 (50) .002%*
Renal replacement therapy 12 (55) 7 (88) 1
Apoplex 4 (18) 1(13) 72
Delirium 9 (41) 2 (25) 44

TAAA, thoracoabdominal aortic aneurysm; eGFR, estimated glomerular filtration rate.

** for p <.01 and *** for p <.001.

enterocytes, which reside at the tip of the intestinal villi and are the
first to succumb under ischemic conditions, leaking IFABP in
circulation (17). The reasons for the ischemic injury of the gut
wall are multifactorial and although surgical techniques—like
distal aortic perfusion and selective visceral perfusion—have been
optimized to safeguard mesenterial oxygen supply during
reconstruction of the viscerorenal segment, enterocyte damage
cannot be eliminated altogether.

Firstly, aortic-cross clamping, opening the aneurysm sack and
connection of the selective, visceral perfusion cannulas to provide
volume-controlled blood flow to the intestine may cause a short
period of absolute ischemia of the gut wall (1). Although, the
time of this maneuver is sought to be brought to a minimum, it
can still cause damage to the integrity of the gut wall. The
selective perfusion of the visceral vessels as well as the
maintenance of distal aortic perfusion deliver protection against
intestinal ~ ischemic injury (18). Yet, insults of the
microcirculatory network are still possible (19) and some authors
argue that selective visceral perfusion on its own does not
provide adequate oxygenation of the bowel during the
reconstruction of the viscerorenal aortic segment (18, 20, 21). In
fact a point of discussion is the “unnatural” laminar flow
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generated from the extracorporeal circulation, which may limit
the mucosal microcirculation (22) and disadvantage the
microvascular perfusion (23). The implementation of pulsatile
flow in the extracorporeal circulation circuit in the setting of
cardiac surgery, may arguably preserve microcirculation and
endorgan integrity (22), however some authors argue that
pulsatile flow offers no significant advantage concerning organ
perfusion or inflammatory response (24). Currently, in the field
of selective visceral perfusion during open TAAA repairs, the
implementation of pulsatile flow has not found widespread
applicability. All patients included in this study received both
selective visceral perfusion and distal aortic perfusion as per
protocol with a laminar flow pattern and we did not observe a
significant correlation of CBP time and the onset of visceral
156.62 +37.7 min, p=.52),
supporting the notion that the protective measures provided

ischemia (141.5+51.1 min vs.

sufficient oxygenation to the intestine during aortic reconstruction.

However, tissue injury of the gut wall suffers a second hit during
reperfusion after completion of the reconstruction and re-initiation
of pulsatile blood flow (25). In a previous work of our group, we
described that clinical presentation of ischemia-reperfusion-injury
of the intestine may greatly vary from patient to patient and is a
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enterocytes of at the tip of the villi, although the vitality of the

Visceral Malperfusion intestine seems macroscopically uncompromised.

* significant elevation of IFABP during and after extra-corporeal
’ circulation (1). IFABP is cleared through the kidneys and its
* levels physiologically decline in the early postoperative phase (27).

These observations are in accordance with the previous study
on IFABP in open TAAA repair patients, which described a

w
|

4.2. Clinical significance of IFABP serum
levels

N
1

-
|

IFABP has gained the attention of researchers as a minimal
invasive tool for the diagnostic algorithm of intestinal ischemia,

o
1

which can be clinically easily missed (28). Sun et al. report in their
meta-analysis a pooled sensitivity of 80% and pooled specificity of

1
-
1

85% for detecting acute mesenterial ischemia (28). However, they
also report relevant heterogeneity of the included patients in their

study, which may limit the interpretation of the results. Among

IFABP in serum (ng/ml, log10)
Y
1

the included studies, both vascular and non-vascular types of acute

intestinal ischemia were included, which might have influenced
the heterogeneity of the study cohort. Nuzzo et al. found IFABP
not applicable for detecting acute mesenteric ischemia in their

1
w

cross-sectional study for both arterial and venous intestinal
infarction at the time of the admission in the emergency
department (6). They report higher IFABP levels in cases of late
phase intestinal necrosis, but without statistical significance. This
finding is in line with the observations of Schellekens et al., who

FGURE 1 also did not find significant alterations of IFABP serum

IFABP levels in serum. concentration between mucosal and transmural bowel ischemia (29).
Although Nuzzo et al. selected their patient cohort carefully and

excluded patients with bowel strangulation, the clinical manifestation

dynamic event with both local and systemic consequences (26).
Thus, the secretion of IFABP in the blood stream peaks at the end
of the surgery, as the aftermath of the necrosis of the mature

TABLE 2 Dynamics of leucocytes, CRP, PCT, lactate and IFABP in serum.

No visceral malperfusion (n=15)

of acute mesenteric ischemia in an emergency setting may still
account for high variability and confounding. The patient cohort
presented in our study is homogenous, treated by the same

Visceral malperfusion (n = 8)

Baseline | Admission 12h 24 h 72 h Baseline | Admission ICU 12h 24 h

ICU

Leucocytes (/nl) 73+32 9.1+£35 10.7 £ 3.6 10.9+3.7 9.5+34 - 106 +2.2 11.7+£3.3 124 +4.1
CRP (mg/L) 23.3+66.1 - 93.5+47.8 | 240.4+49.2 | 260.6 +62.5  56.3 +108.3 - 93.8+69.1 | 212.8+122.8 | 2153 +85.4
PCT (ng/ml) - - 124+12.7 | 139+14.1 106114 - - 32.5+41.4 23.3+37.8 253+36.7
Lactate (mmol/L) 32+44 23+18 1.6+1.1 115 6.2 42+39 55+55 5+7.7 24+25
IFABP (ng/ml) 28+4 149+87 92+84 49+45 23+24 5+4. 1544 +111.4 125.6 +163.8 | 59.7+139.3 | 17.6+39.2

CRP, C-reactive protein; PCT, procalcitonin; IFABP, intestinal-fatty acid binding protein.

TABLE 3 ROC-curve analysis for IFABP and lactate in serum.

IFABP Lactate
AUC | p-value @ Cut-off | Sensitivity (%) @ Specificity (%) AUC  p-value | Cut-off @ Sensitivity (%) Specificity (%)
Baseline 636 26 423 72.7 50 585 48 55 50 63.6
Admission ICU | 1 <.001 32 100 100 6 4 2.15 75 50
12h 835 006 217 90.1 75 784 02 2.05 87.5 60
24h 733 05 112 95.5 50 784 02 15 87.5 65
48h 54 74 6 95.5 50 71 09 13 62.5 70
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surgeon according to a standardized operative protocol and similar

pathophysiologic mechanisms for the onset of visceral
malperfusion. The reported 100% sensitivity and 100% specificity
for high IFABP levels directly postoperatively and significant
diagnostic accuracy up to the 12h postoperatively (AUC.835,
Sensitivity 90%, Specificity 75%, p =.006) indicate the relevance of
IFABP serum levels as an adjutant to the detection of visceral
malperfusion and may warrant further clinical and radiographic
evaluation. We speculate that the increase of routinely monitored
IFABP levels during the first hours after surgery may justify an
early CT-angiogram to confirm the diagnosis of visceral
malperfusion and plan the potential revision without delay.

This study is limited mainly through the small number of
Open TAAA

procedures in the current era of endovascular surgery and visceral

included patients. repairs are relatively rare
malperfusion itself is a rare complication. However, the observed
differences of the IFABP dynamic between the two groups were
statistically highly significant and therefore reliable. Moreover,
although our surgical protocol included selective perfusion of the
visceral arteries as a measure to minimize the ischemic time of the
viscera, there was a small interval of absolute ischemia starting
from the clamping of the viscerorenal segment until the
identification and cannulation of the visceral ostia. We did not
include this time interval in our study protocol, since it was kept
under 5 min in all presented cases. A further weak point of this
project is the heterogeneity of the investigated endpoint “visceral
malperfusion™ in some patients, this would mean a partial
thrombotic occlusion of the mesenteric circulation and in other
cases complete transmural necrosis with necessary resection of
intestinal segments. Yet, the pathomechanisms of the reported
visceral malperfusion underlie the similar principles and
necessitate thorough clinical evaluation, making the measurements
of IFABP in patients’ serum a valuable tool in the arsenal of both

the vascular surgeon and the intensivist.

5. Conclusion

In conclusion, IFABP serum levels could reliably and accurately
predict visceral malperfusion in patients after open TAAA repair.
Visceral malperfusion may signify impending intestinal necrosis
and elevated serum concentrations of IFABP during the first 12 h
postoperatively could be an alarm sign for further clinical and
radiographic evaluation of the patients at risk.
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Objective: Aortic diseases involving branches of the visceral arteries mainly
include thoracoabdominal aortic aneurysm (TAAA), aortic dissection (AD) and
abdominal aortic aneurysm (AAA). The focus of treatment is to reconstruct the
splanchnic arteries and restore blood supply to the organs. Commonly used
methods include thoracoabdominal aortic replacement, thoracic endovascular
aortic repair and hybrid approaches. Hybrid surgery for aortic disease involving
the visceral arteries, consisting of visceral aortic debranching with retrograde
revascularization of the celiac trunk and renal arteries and using stent grafts, has
been previously described and may be considered particularly appealing in
high-risk patients. This study retrospectively analyzed recorded data of patients
and contrasted the outcomes with those of a similar group of patients who
underwent conventional open repair surgery.

Methods: Between 2019 and 2022, 72 patients (52 men) with an average age of
6157+ 8.66 years (range, 36-79 years) underwent one-stage debranching
abdominal aortic hybrid surgery. These patients, the hybrid group, underwent
preoperative  Computed Tomographic Angiography (CTA) and had been
diagnosed with aortic disease (aneurysm or dissection) involving the visceral
arteries and were at high risk for open repair. The criteria used to define these
patients as high-risk group who are in the need of hybrid treatment were
American Society of Anesthesiologists (ASA) class 3 or 4. In all cases, we
accomplished total visceral aortic debranching through a previous visceral
artery retrograde revascularization with synthetic grafts (customized Y or
four-bifurcated grafts), and aortic endovascular repair with one of two different
commercially produced stent grafts (Medtronic® and Lifetech®). In some cases,
we chose to connect the renal artery to the artificial vessel with a stent graft
(Viabahn) and partly or totally anastomosed. We analyzed the results and
compared the outcomes of the hybrid group with those of a similar group of 46
patients (36 men) with an average age 54.15 + 12.12 years (range, 32-76). These
46 patients, the conventional open group, were selected for having had
thoracoabdominal aortic replacement between 2019 and 2022.

Results: In the hybrid group, 72 visceral bypasses were completed, and
endovascular repair was successful in all cases. No intraoperative deaths
occurred. Perioperative mortality was 2.78%, and perioperative morbidity was
9.72% (renal insufficiency in 1, unilateral renal infarction in 5, Intestinal ischemia
in 1). At 1-month postoperative CTA showed 2 endoleaks, one of which was
intervened. At follow-up, there were unplanned reoperation rate of 4.29% and 5
(7.14%) deaths. The remaining patients’ grafts were patent at postoperative CTA
and no endoleak or stent graft migration had occurred. In the conventional
open group, 1 died intraoperatively, 4 died perioperatively, perioperative
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mortality was 10.87% and complications were respiratory failure in 5, intestinal paralysis/
necrosis in 4, renal insufficiency in 17, and paraplegia in 2. At follow-up, 5 (12.20%)
patients presented with synthetic grafts hematoma 4 (9.76%) patient died, and 6 (14.63%)
patients required unplanned reoperation intervention.

Conclusion: Hybrid surgery is technically feasible in selected cases. For aortic diseases
involving the visceral arteries, the application of hybrid abdominal aorta debranching can
simplify the operation process, decrease the risks of mortality and morbidity in high-risk
and high-age populations and decrease the incidence of various complications while
achieving ideal early clinical efficacy. However, a larger series is required for valid
statistical comparisons, and longer follow-ups are necessary to evaluate the long-term

aortic disease, visceral artery, thoracoabdominal aortic replacement, endovascular aortic repair,

Ma et al.
efficacy of hybrid surgery.
KEYWORDS
hybrid surgery
Introduction

The visceral arterial branches mainly involve the renal arteries,
the celiac trunk artery and the superior mesenteric artery (1).
Aortic diseases involving branches of the visceral arteries mainly
include thoracoabdominal aortic aneurysm (TAAA), aortic
dissection (AD) and abdominal aortic aneurysm (AAA) (2-4). A
common feature of a classic TAAA, as well as some diseases
such as AD and AAA, is that the diseases may involve the
visceral arteries and, in the surgical procedure, reconstruction of
these visceral arterial branches is possible. Currently, the main
modalities for the treatment of abdominal aortic disease are
thoracoabdominal aortic replacement, endovascular aortic repair
(EVAR) and hybrid approaches (5).

Since its first description in 1955, open repair has been considered
the gold standard of treatment for aortic diseases and remains among
the most difficult surgical approach due to the associated vital
structures, such as the mesenteric/renal branches and the segmental
arteries involved in the lesion (6). For aortic diseases involving the
visceral artery branches, it is necessary to reconstruct the visceral
artery branches while treating the aortic disease (7). Due to the
long operation time and extensive trauma, various serious
perioperative complications, such as internal organ ischemia,
massive intraoperative hemorrhage, paraplegia, renal failure, and
infection, are possible and the risk of mortality is high (8, 9).

Another alternative approach to traditional open repair is
EVAR with endograft techniques (10). There is no doubt that a
total endovascular approach would benefit patients with aortic
diseases, but individualized stents may take years to become
widely available (11). Treatment modalities consisting of visceral
parallel graft (chimney/snorkel) techniques with off-the-shelf
devices have a greater probability of causing complications such
as endoleaks and displacements, so EVAR is now more beneficial
for treating subrenal aortic diseases (12, 13). Three-dimensional,
laser and customized branch/bifurcation stent grafts are now
available for the treatment of TAA (14-17).

Hybrid approaches consisting of visceral aortic debranching
with retrograde revascularization of the mesenteric, coeliac trunk

and renal arteries and aortic lesion exclusion using commercially

Frontiers in Cardiovascular Medicine

available stent grafts have been described in several reports
(18, 19). This study analyzed recorded data of a series of high-
risk patients with a history of aortic surgery who underwent
hybrid repair for aortic diseases at some institutes in the last 4
years and compared the outcomes in this group with those in a
similar group of patients who underwent conventional open
repair for aortic diseases. The aim of this paper is to introduce a
relatively less invasive surgical approach for patients who may
have had total thoracoabdominal aortic replacement in the past.

Patients and methods

Between 2019 and 2022, 72 patients (52 men) with a mean age
of (61.57 £ 8.66) years (range, 36-79 years) underwent a one-stage
debranching abdominal aortic hybrid procedure at Tongji Hospital,
Tongji Medical College, Huazhong University of Science and
Technology, Changhai Hospital, Naval Medical University, and
other centres. These patients, the hybrid group, underwent
(CTA)
and had been diagnosed with aortic disease

preoperative  Computed Tomographic Angiography
(Figure 1)
(aneurysm or dissection) involving the visceral arteries. The
group was assessed preoperatively as being at high risk and the
criteria used to define these at-risk groups in need of hybrid
surgery were American Society of Anesthesiologists (ASA) Level
3 or 4. At the same time, we selected a similar group of 46
patients (36 men) who had undergone thoracoabdominal aortic
replacement between 2019 and 2022 as the conventional open
group, whose mean age was (54.15+12.12) years (range, 32-76
years). We analyzed the results and compared these results with
the hybrid group. The aim of this study was to describe how to

use the hybrid procedure in high-risk and high-age populations.

Hybrid group
Beginning in 2019, 72 high-risk patients underwent one-stage

stent graft repair with visceral aortic debranching and prior
retrograde revascularization of visceral arteries. The criteria we
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FIGURE 1

(A,B) Preoperative computed tomography angiography (CTA) scan shows thoracoabdominal aortic dissection (TAAD). (C,D) CTA shows thoracoabdominal
aortic aneurysm (TAAA). The images show that all lesions of the aorta involve the visceral arteries.

used to define these patients as being at high risk for conventional
repair were American Society of Anesthesiologists (ASA) class 3 or 4.

All patients underwent a one-stage procedure performed in the
operating room. All patients were operated on under general
The abdominal
common iliac arteries, and the first 2 cm from the origin of the

anesthesia with tracheal intubation. aorta,
common hepatic artery, superior mesenteric artery, and renal
arteries were exposed, when needed, through a transperitoneal
midline approach with the patient in a supine position. Synthetic
grafts with diameters of 6 or 8 mm and 10 were used in all
patients. We preferably used customized Y grafts or separated
bypass grafts, or both, and four-bifurcated grafts for each
recipient vessel. In some cases, we accomplished total visceral
aortic debranching through a previous visceral artery retrograde
revascularization with four-bifurcated grafts.

There are two inflow site options: the prograde route (diversion
from the ascending aorta) and the retrograde route (diversion from
the iliac artery and distal abdominal aorta). We generally choose
the retrograde route. The choice of inflow site for retrograde
visceral artery bypass grafting was based on the extent of the
lesion, the presence of prior abdominal aortic repair, and the
quality of the walls of the native aorta and iliac arteries. The
proximal segment of this iliac artery was blocked, an incision of
approximately 10 mm was made in the wall of the iliac artery,
and this incision was continuously anastomosed end-to-side with
the opening of the two-branch artificial vessel. Each stitch needs
to be tightened to avoid twisting, stenosis and anastomotic
leakage due to improper placement of the artificial vessel.

Reconstruction of the outflow pathways allowed reconstruction
of the visceral arterial branches. All the donor vessels were
anastomosed end-to-side (Figure 2).

For celiac trunk revascularization, the graft was routed through
the middle of the omental sac, either behind or in front of the
pancreas, an arteriotomy was made in the common hepatic
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artery or the splenic artery, and an end-to-side anastomosis was
made. If the proximal abdominal trunk is not tied, a type 2
endoleak can develop, so it is essential to prevent spinal cord
ischemia and eliminate the need for cerebrospinal drainage to the
same extent as in the open branch technique.

An end-to-side anastomosis of the superior mesenteric artery
was made next to the flexor ligament. During the operation, part
of the flexor ligament should be preserved, the duodenum should
not be excessively dissected, and the formation of an acute angle
between the bridge vessels and the superior mesenteric artery
should be avoided after mesenteric repositioning.

When anastomosis of the renal artery was required for
reconstruction, the kidney was wrapped in ice slush before and
during renal artery cross-clamping and the temperature was
lowered from 15°C to 18°C. An end-to-end anastomosis was
performed when the renal artery was deep, and an end-to-side
anastomosis was performed when the renal artery was shallow. To
save time in reconstructing the renal artery, we usually used a
Viabahn (GORE®) with a diameter of 6 or 7 mm and a length of
10 cm (depending on the diameter of the involved renal artery as
measured by the preoperative CTA) that connected the artificial
vessel to the renal artery. Renal warm ischemia time was limited
to 2min with Viabahn, so ice slush was not used for renal
hypothermia (20). A bypass graft (6 mm in diameter) was sutured
to the Y graft, which underwent end-to-side anastomosis with the
iliac artery. A guidewire was introduced into the presutured graft
over which the Viabahn was advanced. An opening was made in
the anterior wall of the renal artery, and the guidewire was
introduced distal to the renal artery. The Viabahn was then
advanced through the guidewire into the renal artery to a certain
distance as measured by preoperative CTA. A silk knot or suture
was used to secure the stent to the outside of the artificial vessel.

In all the reconstructions, the grafted vessels were ligated
proximally to prevent retrograde perfusion of the sac after
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FIGURE 2

the visceral arterial branches is finished.

(A—C) Intraoperative photographs show details of the reconstructed celiac trunk. (D,E) Intraoperative photographs show the reconstruction of the
superior mesenteric artery. (F) The photograph shows an end-to-side anastomosis of the renal artery. (G,H) Intraoperative photographs show a
Viabahn was used to connect the graft to the renal artery, secured with sutures on the outside of the graft. (I) Diagram of the reconstructed renal
artery with Viabahn. (J,K) Demonstration of the reconstructed renal artery with Viabahn. A guidewire is introduced into the pre-sutured graft and the
Viabahn is advanced. An opening is made in the anterior wall of the renal artery and the guidewire is introduced into the distal end of the renal
artery. Viabahn is then advanced through the guidewire into the renal artery for release. (L) Intraoperative photograph shows the reconstruction of

endovascular exclusion of the aneurysm. The grafts were then
covered with retroperitoneum or an omental flap whenever possible.

The access vessel for endograft insertion was the common
femoral artery (exposed through an inguinal incision). Two stent
grafts (Medtronic® and Lifetech®) were used, and 1-3 stent
grafts were deployed in each patient. Complete aortography was
performed after deployment of the endografts (Figure 3).

All patients were transferred to the intensive care unit (ICU)
after the operation. Antiplatelet therapy (aspirin) was begun on
the first postoperative day and was maintained for at least 3
months. Sensation and movement of the lower extremities,
postoperative morbidity and short-term mortality were recorded.
CTAs were performed at 3, 6, or 12 months after the operation
in all the survivors and were carefully compared with the
preoperative total CTAs to evaluate renal artery patency, to
assess the stent and bypass grafts, and to identify renal
infarction, bleeding at the anastomosis, and stent-grafter elated
complications, such as migration, kinking, or fracture.

Conventionally treated group
From the entire series of patients who had undergone

thoracoabdominal aortic replacement after 2019, we selected 46
patients (36 men) who had undergone prior aortic surgery
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(19.57% ascending, 15.22% descending, and 2.17% abdominal
aortic repair) and had an ASA classification of 3 or 4.

All procedures were performed electively. Cell salvage, rapid
infusers, and transfusion were used. All patients were operated
on under general anesthesia, tracheal intubation and respiratory
ventilation.

The surgery was performed from the left posterolateral 6th or
7th intercostal space to the inferior border of the costal arch and
continued to the left rectus abdominis muscle. Depending on the
extent of the lesion, the surgery can extend to the iliac fossa,
allowing the opening of the diaphragm to expose and explore the
thoracoabdominal aorta. Distal aortic perfusion with left atrial
femoral artery bypass or hypothermic visceral perfusion with or
without cerebrospinal fluid drainage was routinely used (21).
Four branches of aortic grafts with diameters of 26 and 28 mm
(branch diameter of 8 or 10 mm) were used in all patients.
Reconstruction of the proximal aorta, visceral artery branches,
and distal aorta was accomplished after sequential segmental
block. End-to-end anastomosis was performed between these
arteries and the graft. In some patients, the arterial wall
containing the opening of the celiac trunk, superior mesenteric
artery, and right renal artery could be directly anastomosed to
the sidewall of the graft, and an end-to-side anastomosis of the
left renal artery was performed separately. The patent intercostal
arteries below the 8th thoracic vertebra were reconstructed, and
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FIGURE 3

Complete endovascular repair of aortic disease. (A—D) Renal arterial reconstruction without Viabahn. (E—H) Renal arterial reconstruction with Viabahn.

the remaining occluded intercostal arteries were sutured. In cases

of dissection/aneurysm involving the abdominal aortic
bifurcation and below, the graft branches were anastomosed
downward to the iliac artery.

Patients were evaluated with postprocedural CTA at 3, 6 and 12
months and yearly thereafter. Clinical follow-up was also
conducted every 6 months. We analyzed the outcomes in our

patients, reporting the results and methods.

Results
Hybrid group

Debranching abdominal aortic hybrid surgery of aortic diseases
involving visceral arteries in all 72 patients. No intraoperative
deaths occurred. Because we performed this procedure on some
of our patients at other heart centers, we lost some of the patient
data from the procedure. By analyzing the perioperative data of
72 patients, we mainly analyzed the incidence of postoperative
complications and mortality.

The hybrid repair was clinically successful in 70 (97.22%) of 72
patients (Figure 4). Two patients died postoperatively for a
mortality rate of 2.78%: one related to disseminated or diffuse
coagulation (DIC) from ruptured

intravascular and one

Frontiers in Cardiovascular Medicine

aneurysm. Other postoperative complications included acute
renal failure in one patient (1.39%) that resolved without dialysis
that was considered as occlusion of the bridge vessel on one side
and failure of revascularization on the other side, 5 patients
(6.94%) presented with unilateral renal infarction considered to
be bridge vessel occlusion, and one (1.39%) presented with left
hemicolectomy necrosis considered the inferior mesenteric artery
was not revascularized because of high regurgitant pressure.

During the follow-up period patients had one bridge vessel
occlusion requiring unplanned reoperation (A patient was found
to have renal artery occlusion due to VB displacement during the
5-years post-operative review. After dilatation with a balloon, the
renal artery was recanalized.), two endoleaks requiring unplanned
reoperation management (unplanned reoperation rate of 4.29%),
one pulmonary infection due to aneurysm compression, and 5
(7.14%) deaths. In total, there were even 7 (9.72%) surgical and
aneurysm-related deaths.

Conventionally treated group
One intraoperative death occurred. The mean procedure time
was 398 143 min. A mean of 54+6.4 U of packed red blood

cells was transfused for a median blood loss of 1852 +2124 ml.
There were 4 postoperative deaths. Perioperative mortality was
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FIGURE 4

(A—C) The CTA and 3-dimensional reconstruction of patient after surgery. (D) The bilateral renal arteries (arrows) were patent

10.87%. Perioperative complications included 2 patients with
permanent paraplegia, 4 with intestinal paralysis/necrosis, 4
patients with unilateral renal infarction, 4 with venous
thrombosis (one of which was a pulmonary embolism), 17 with
renal failure, 7 with surgical site infection, 2 with graft infection,
and 19 with pulmonary infection and 5 with respiratory failure.
All patients were admitted to the intensive care unit, where the
stayed for a mean of 4.30 + 3.35 days.

At post-discharge follow-up, there were 4 (9.76%) deaths here,
6 (14.63%) patients required unplanned reoperation intervention
(2 of EVAR, 2 of chest wall debridement and suturing, 1 of
thoracotomy hemostasis and 1 of abdominal hemostasis), and 5
(12.20%) patients presented with synthetic grafts hematoma. The
overall surgical and aneurysm-related death rate was 19.57%.

The age of the hybrid group was significantly higher than that
of the conventional group, as the hybrid surgery was used
preferentially on people who were at high-risk or of high-age
(61.57 +8.66, 54.15 £ 12.12; respectively; p <0.05). The rates of
complication such as renal failure, respiratory failure, and lower
extremity thrombosis within 30 days of hybrid surgery were also
significantly lower in the hybrid surgery group than in the
conventional surgery group (p <0.05) (Table 1). Although there
was no significant difference in mortality and unplanned
reoperation rates between the hybrid and conventional treatment

groups, the desired results were achieved in an older age group.

Discussion

The main aortic diseases involving the visceral arterial
branches, including the renal arteries, celiac trunk and superior
mesenteric artery, are TAAA, AD and AAA. TAAAs remains a
challenging clinicopathology involving the visceral arteries,
although it accounts for only 7%-15% of all aortic and
peripheral aneurysms (22). TAAAs are mostly caused by aortic
degeneration and have poor prognoses, with a 42%-70%
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TABLE 1 Outcomes.

Hybrid Conventionally
group treated group

Perioperative period

Death 2/72 (2.78%) 5/46 (10.87%) 0.0696
Paraplegia 0/72 (0.00%) 2/46 (4.35%) 0.0743
Renal failure 1/72 (1.39%) 17/46 (36.96%) <0.0001
Unilateral renal 5/72 (6.94%) 4/46 (8.70%) 0.7267
infarction

Intestinal paralysis/ 1/72 (1.39%) 4/46 (8.70%) 0.0546
necrosis

Respiratory failure 0/72 (0.00%) 5/46 (10.87%) 0.0043
Deep venous 0/72 (0.00%) 4/46 (8.70%) 0.0109
thrombosis

Postoperative follow-up

Death 5/70 (7.14%) 4/41 (9.76%) 0.6264
Unplanned reoperation | 3/70 (4.29%) 6/41 (14.63%) 0.0539
Surgical/aneurysm- 7172 (9.72%) 9/46 (19.57%) 0.1277

related deaths

probability of untreated rupture after diagnosis and an average
survival time of 3 years (23). AAD refers to an aortic dissection
involving the aorta below the diaphragm and is divided into two
main types (24-26). The first type is an isolated abdominal aortic
dissection (IAAD), which involves rupture of the abdominal
aorta only and accounts for approximately 1%-4% of all aortic
dissection cases. The other type is secondary thoracic aortic
coarctation, which results from the continuation of the lesion
into the abdominal aorta following an aortic tear, which is more
common. A common characteristic of these lesions is their
involvement with the visceral branch arteries, so it may be
necessary to reconstruct these visceral artery branches during
surgery. The choice of treatment depends primarily on the
pathology of the aneurysm, the extent of the lesion and the
patient’s condition.

Thoracoabdominal aortic replacement is still one of the most
difficult surgical approaches due to the associated vital structures,
such as the visceral/renal branches and the segmental arteries
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involved in the lesion. First reported by Etheredge in 1955, open surgery
has been the preferred treatment for this type of aortic disease, especially
TAAA (6). Open surgery is not only traumatic, as it requires an incision
of the chest, abdomen, and diaphragm, it also requires cardiopulmonary
bypass, thereby leading to coagulation disorders (27, 28). Recent reports
from high-volume aortic centers have shown that the mortality rate after
open repair in young patients (younger than age 50 years) ranges from
3% to 6%, and the mortality rate in older patients remains 8%-17%
(29, 30). Since Crawford proposed the inclusion technique for the
treatment of TAAA in 1978, the outcome of the surgery has
improved significantly due to the use of adjunctive procedures,
including selective visceral perfusion, distal aortic perfusion and
cerebrospinal fluid drainage (31-34). Despite advances in surgical
technique, spinal cord protection and postoperative intensive care
support, patients undergoing open surgery still have a 30-day
mortality rate of 7%-17% (35). Fifty percent of patients have a
significant risk of complications, including cardiac ischemia,
pulmonary events, hemorrhage, spinal cord ischemia and acute renal
failure (8, 36). Even though these outcomes are poor, selective repair
remains necessary, since the 2- and 5-year mortality rates of patients
who do not undergo an operation are 76% and more than 95%,
respectively (37).

Another alternative approach to traditional thoracoabdominal
aortic replacement is endovascular aortic repair (EVAR) with
stent grafts. Using a stent graft, Parodi pioneered the minimally
invasive treatment of abdominal aortic aneurysms in 1991 (38).
In 1994, Dake performed a thoracic endovascular aneurysm
repair to successfully treat a descending aortic aneurysm (39).
EVAR can be performed percutaneously using a transfemoral
method,
division, left heart or cardiopulmonary bypass and cross-

avoiding thoracoabdominal incisions, diaphragm
clamping of the aorta. There is uninterrupted aortic flow and
perfusion of the internal organs and lower limb vessels during
the procedure. EVAR therefore radically reduces the physiological
demands, the risk of end organ ischemia, blood loss, fluid
requirements and the need for transfusion products. EVAR is a
suitable treatment for older, weaker and higher risk patients who
have been previously regarded as unsuitable candidates for open
surgery. In the last decade, the number of EVARs has doubled,
and its feasibility has already been demonstrated (40, 41).
With the progress of EVAR, more abdominal aortic diseases
involving the visceral arteries can be treated with these methods,
including visceral parallel graft (chimney/snorkel) techniques,
multibranched stent graft and fenestrated techniques (42). When
the coeliac trunk, superior mesenteric and renal arteries are from
a nonaneursymal implantation site, a simple hole (fenestration)
in the stent graft is sufficient. When these arteries arise from the
aneurysm, flow must be carried across the aneurysm through
branches of the stent graft. Despite these advances, there are
shortcomings and other anatomical limitations. Small vessels,
such as the intercostal arteries, cannot be reconstructed by
endovascular methods in most cases, raising concerns that
extensive aortic coverage may increase the risk of spinal cord
injury (43). Some papers have shown that compared to open
surgical endovascular  aortic subrenal

repair, repair and

endovascular repair is associated with better quality of life
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indicators at 1 year postoperatively (44). Three-dimensional, laser
and customized branch/bifurcation stent grafts have been
introduced for the treatment of TAA. These new technologies are
constantly advancing to facilitate better individualized treatment
(14-17). There is no doubt that a total endovascular approach
would benefit patients in poor conditions (45, 46).

Hybrid surgery, a combination of open and endovascular
techniques, for the treatment of aortic disease has been suggested
to reduce surgical injury and improve outcomes, especially in
high-risk patients, and was first reported in 1999 (47). The hybrid
surgery provides sufficient anchorage for EVAR through open
visceral artery reconstruction and “transfer” from the diseased
aorta to the healthier aorta. Thus, hybrid surgery can be widely
used in patients with paravisceral aneurysms (48). Compared to
traditional thoracoabdominal aortic replacement, hybrid repair
avoids the need for thoracotomy, extracorporeal perfusion, and
supraceliac aortic clamping, and therefore, hemodynamics is more
stable intraoperatively and there is less risk of causing an
ischemia-reperfusion injury to the visceral organs (49). It
significantly decreases postoperative pain and the incidence of
pulmonary complications in patients with underlying pulmonary
diseases (50). The disadvantage is that it still requires laparotomy.
For abdominal obesity, exposure of the superior mesenteric artery
and coeliac trunk is difficult, intraoperative damage to the
pancreatic duct may lead to the formation of postoperative
pancreatic cysts, and damage to the portal vein may lead to
postoperative bleeding. In addition, postoperative intestinal
obstruction or swelling may affect the patient’s respiration (51).
Although hybrid repair was developed as a less invasive approach
than traditional open surgery, the 30-day mortality rate after
hybrid techniques in many reports is disappointingly high (e.g,
operative mortality, 3.6%-12.5% and renal failure, 20%), which has
been attributed to the use of the technique in patients who are
unsuitable or considered to be high-risk open surgery patients
(50, 52). Although hybrid surgery has been debated, its efficacy
and safety in treating aortic disease has been recognized in the
2017 Clinical Practice Guidelines of the European Society for
Vascular Surgery (Class IIa/C evidence) (53).

In fact, several patients selected for hybrid surgery are not
suitable for open repair because they have severe medical
comorbidities. Another benefit of hybrid surgery is that it can be
used in emergencies or for patients with acute cases of ruptured
TAAAs or TAADs with poor perfusion who have severe
respiratory or cardiac disease and are unlikely to survive open
repair. There are no other repair options, with current
endovascular techniques, for these patients because there are no
available fenestrated stent grafts for narrow true lumens, branch
stents that can be easily introduced into small spaces that limit
maneuverability, branch arteries fed by the false lumen, and no
distal healthy anchor zone. In our surgical practice, we consider
elective hybrid surgery for patients who are unable to undergo
major thoracoabdominal procedures, who have connective tissue
disorders and whose anatomy does not allow EVAR.

Since 2019, we have performed debranching abdominal aortic
hybrid surgery on 72 patients with aortic disease involving the

visceral arteries, using the Viabahn for some of them.
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Preoperative CTA showed that all patients had lesions involving
the abdominal aorta and visceral arteries. A transabdominal
abdominal approach is usually performed to expose the entire
abdominal aorta and target vessels. Retrograde extra-anatomic
bypass of the abdominal axis, superior mesenteric artery, and
bilateral renal arteries is performed by using the iliac artery as
the inflow port. In patients with aortic coarctation resulting in
iliac artery disease, subrenal aortic replacement is considered.
However, one clear disadvantage of anastomosis of the branches
is the renal ischemia time. Standard suture anastomosis in renal
arteries inevitably requires a long renal ischemic time of 25 min
(54). Although hybrid surgery reduced the renal ischemic time to
approximately 10 min, we found that the Viabahn reduced the
renal ischemic time further by avoiding the need for a suture
anastomosis and extensively exposing the renal artery (55). Our
limited experience has shown that the Viabahn technique is
workable and effective in all planned procedures, regardless of
the anatomical location or quality of the visceral vessels.

The aims of our study were to to introduce a relatively less invasive
surgical approach for patients in high-risk and high-age populations
and to compare the differences between thoracoabdominal aortic
replacement and hybrid surgery for aortic disease involving the
visceral arteries in terms of mortality and complication rates (e.g.,
renal failure, unilateral renal infarction, intestinal paralysis/necrosis,
respiratory failure, and deep venous thrombosis). There are very few
studies that have compared these two methods. We present a hybrid
surgery using the Viabahn for the treatment of the renal artery,
which prevents stenosis of the renal artery anastomosis, avoids the
need for ice chips, and shortens the length of renal artery
decortication and the time of renal ischemia. As seen in our
statistics, the rate of transient renal failure after hybridization was
significantly lower. However, the rates of unilateral renal infarction
and mortality at the follow-up visit following hybrid surgery were
not significantly different from those following conventionally open
surgery. During the follow-up period, three patients who underwent
hybrid surgery underwent unplanned reoperation for reasons that
included bridge vessel occlusion and endoleak.

It is evident that debranching abdominal aortic hybrid surgery
also has limitations. First, endoleaks are an important cause of
failure, and lesion development can lead to retrograde tearing of
the dissection or enlargement and rupture of the aneurysm.
Second, the current option for the inflow site is mainly a
retrograde path, which has the risk of distant anastomotic
stenosis and even branch occlusion. Viabahn’s dislodgement or
movement is one of the few undesirable occurrences. This can
lead to an associated renal infarction with renal artery occlusion.
Finally, the most important concern is that open repair is a
major, technically challenging approach, particularly when
complete visceral and/or renal revascularization is needed.
The abdominal complications associated with an incision of the
abdomen is a concern for doctors.

We also consider how to avoid these problems in our
management. First, we ligate or suture the proximal end of the
visceral artery during the debranching operations and then select
an adequate anchorage as well as a stent graft of an appropriate
size. Next, we performed a separation anterior to the left renal
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fascia and anastomosis of the synthetic grafts in the left iliac
artery. The advantage of this is that the exposure is adequate, the
anastomosis is more favorable, and the synthetic grafts are less
prone to distortion. Finally, and most importantly, the Viabahn
is used to perform a “no stitching anastomosis” of the aortic
branches of the renal viscera in the debranching procedure. This
tool avoids exposure and the need for anastomosis, which are
technically demanding, reduces the interruption of blood and
simplifies the procedure. However, we securely fix the Viabahn
by suturing or tying knots from the outside where the Viabahn
and the graft are in contact.

Hybrid surgery has the advantages of both EVAR and
thoracoabdominal aortic replacement. The role of endovascular
techniques in the treatment of aortic disease continues to develop.
Hybrid surgery does not replace conventional open surgery but
offers an option for high-risk patients who may be denied
treatment. The long-term efficacy of hybrid surgery has yet to be
elucidated, and patients still require routine surveillance to
monitor for endoleak development. However, limited studies have
shown results and outcomes that are favorable to hybrid surgery.

The biggest limitation of our study is the sample size of the hybrid
group, as patients underwent surgery in different cities, leading to
missing data and preventing a complete comparison of the metrics
during surgery. The quality of the study was also limited by the
asynchronous nature of the two groups, the economic status of the
patients and the retrospective nature. Studies with a large series of
patients with detailed medical histories and a longer follow-up are
necessary to provide meaningful statistics for debranching
abdominal aortic hybrid surgery for aortic diseases involving the
visceral arteries and visceral artery reconstructions with the Viabahn.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee of Tongji Hospital, Tongji
Medical College,
Technology (Institutional Review Board document number
TJ-JRB20230516). Written informed consent for participation
was not required for this study in accordance with the national

Huazhong University of Science and

legislation and the institutional requirements.

Author contributions

Conception and design: XW, XF, and CC. Analysis and
interpretation: XM, SL, CC, and XF. Data collection: BQ, YF, and
XF. Writing the article: XM, QZ, CC, and YF. Critical revision of
the article: CC and XF. Final approval of the article CC and XF.
Statistical analysis: YF, WA, MAT and XM. Overall responsibility:

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1219788
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Ma et al.

XM, YF, CC, and XF. All authors contributed to the article and
approved the submitted version.

Funding

This study was supported by the Hubei Provincial Science and
Technology Major Project (2022ACA002).

Acknowledgments

We acknowledge assistance from Min Hu and Jun Chen
(Division of Cardiothoracic and Vascular Surgery, Tongji
Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan, China) for contribution to this
article. We thank the study participants.

References

1. Kabbani LS, Criado E, Jr UG, Patel HJ, Eliason JL, Rectenwald J, et al. Hybrid
repair of aortic aneurysms involving the visceral and renal vessels. Ann Vasc Surg.
(2010) 24(2):219-24. doi: 10.1016/j.avsg.2009.08.007

2. Cochennec F, Marzelle J. Les syndromes aortiques aigus [acute aortic syndromes].
Presse Med. (2018) 47(2):140-52. doi: 10.1016/j.lpm.2018.02.001

3. Smith TA, Gatens S, Andres M, Modrall JG, Clagett GP, Arko FR. Hybrid repair
of thoracoabdominal aortic aneurysms involving the visceral vessels: comparative
analysis between number of vessels reconstructed, conduit, and gender. Ann Vasc
Surg. (2011) 25(1):64-70. doi: 10.1016/j.avsg.2010.06.004

4. Yamaguchi H, Murata S, Onozawa S, Sugihara F, Hayashi H, Kumita SI. Strategy
for the treatment of spontaneous isolated visceral artery dissection. Eur ] Radiol Open.
(2018) 6:9-15. doi: 10.1016/j.ejr0.2018.11.003

5. Rosenblum JM, Chen EP. Thoracoabdominal aortic aneurysm repair: open,
endovascular, or hybrid? Gen Thorac Cardiovasc Surg. (2019) 67(1):175-9. doi: 10.
1007/s11748-017-0820-y

6. Etheredge SN, Yee J, Smith JV, Schonberger S, Goldman M]J. Successful resection
of a large aneurysm of the upper abdominal aorta and replacement with homograft.
Surgery. (1955) 38(6):1071-81. doi: 10.1016/0371-1951(55)80039-2

7.LiY, Li Z, Feng ], Feng R, Zhou J, Jing Z. A novel solution for distal dilation of
chronic dissection after repair involving visceral branches: the roadblock strategy.
Front Cardiovasc Med. (2022) 9:821260. doi: 10.3389/fcvm.2022.821260

8. Khoury MK, Acher C, Wynn MM, Acher CW. Long-term survival after
descending thoracic and thoracoabdominal aortic aneurysm repair. J Vasc Surg.
(2021) 74(3):843-50. doi: 10.1016/j.jvs.2021.02.048

9. Polanco AR, D’Angelo AM, Shea NJ, Allen P, Takayama H, Patel VI
Increased hospital volume is associated with reduced mortality after
thoracoabdominal aortic aneurysm repair. J Vasc Surg. (2021) 73(2):451-8.
doi: 10.1016/j.jvs.2020.05.027

10. Patel R, Sweeting M]J, Powell JT, Greenhalgh RM, EVAR trial investigators.
Endovascular versus open repair of abdominal aortic aneurysm in 15-years’ follow-
up of the UK endovascular aneurysm repair trial 1 (EVAR trial 1): a randomised
controlled trial. Lancet. (2016) 388(10058):2366-74. doi: 10.1016/S0140-6736(16)
31135-7

11. Kheirelseid EA, Gardiner R, Haider SN, Martin Z, Colgan MP, O’Neill SM, et al.
Endovascular repair of thoracoabdominal aortic aneurysm (TAAA): early experience.
Ir ] Med Sci. (2014) 183(2):153-60. doi: 10.1007/s11845-013-0974-2

12. Eagleton MJ, Follansbee M, Wolski K, Mastracci T, Kuramochi Y. Fenestrated
and branched endovascular aneurysm repair outcomes for type II and III
thoracoabdominal aortic aneurysms. J Vasc Surg. (2016) 63(4):930-42. doi: 10.1016/
1.j¥5.2015.10.095

13. Pecoraro F, Pfammatter T, Mayer D, Frauenfelder T, Papadimitriou D,
Hechelhammer L, et al. Multiple periscope and chimney grafts to treat ruptured
thoracoabdominal and pararenal aortic aneurysms. | Endovasc Ther. (2011) 18
(5):642-9. doi: 10.1583/11-3556.1

14. Chuter TA, Gordon RL, Reilly LM, Goodman JD, Messina LM. An endovascular
system for thoracoabdominal aortic aneurysm repair. /| Endovasc Ther. (2001) 8
(1):25-33. doi: 10.1177/152660280100800104

Frontiers in Cardiovascular Medicine

78

10.3389/fcvm.2023.1219788

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

15. Zymvragoudakis V, Saha P, Gkoutzios P, Zayed H, Abisi S. Use of the off-the-
shelf pre-cannulated E-nside endograft to overcome anatomical challenges in urgent
complex endovascular aortic repair. Ann Vasc Surg. (2022) 79:441.el-e7. doi: 10.
1016/j.avsg.2021.07.045

16. Arakawa M, Sumikura H, Okamura H, Miyagawa A, Homma A, Yamaguchi
A. A three-dimensional biomodel of type A aortic dissection for endovascular
interventions. J Artif Organs. (2022) 25(2):125-31. doi: 10.1007/s10047-021-
01294-0

17.Qin J, Wu X, Li W, Ye K, Yin M, Liu G, et al. Laser fenestration of aortic arch
stent grafts for endovascular treatment of retrograde type A dissection. Int J Cardiol.
(2021) 328:69-74. doi: 10.1016/j.ijjcard.2020.12.011

18. Benrashid E, Wang H, Andersen ND, Keenan JE, McCann RL, Hughes GC.
Complementary roles of open and hybrid approaches to thoracoabdominal aortic
aneurysm repair. | Vasc Surg. (2016) 64(5):1228-38. doi: 10.1016/j.jvs.2016.04.022

19. Huang B, Yuan D, Zhao J, Ma Y. Hybrid treatment of a thoracoabdominal aortic
aneurysm in China: report of the first successful case. Surg Today. (2012) 42
(12):1219-24. doi: 10.1007/s00595-012-0164-2

20. Simmons MN, Schreiber MJ, Gill IS. Surgical renal ischemia: a contemporary
overview. J Urol. (2008) 180(1):19-30. doi: 10.1016/j.juro.2008.03.022

21. Papadimas E, Tan YK, Qi Q, Ng JJ, Kofidis T, Teoh K, et al. Left heart bypass
versus circulatory arrest for open repair of thoracoabdominal aortic pathologies. ANZ
J Surg. (2020) 90(12):2434-40. doi: 10.1111/ans.16287

22. Bickerstaff LK, Pairolero PC, Hollier LH, Melton L], Van Peenen HJ, Cherry K],
et al. Thoracic aortic aneurysms: a population-based study. Surgery. (1982) 92
(6):1103-8. doi: 10.1055/s-0029-1245288

23. LeMaire SA, Price MD, Green SY, Zarda S, Coselli JS. Results of open
thoracoabdominal aotic aneurysm repair. Ann Cardiothorac Surg. (2012) 1:286-92.
doi: 10.3978/j.issn.2225-319X.2012.08.16

24. Trimarchi S, Tsai T, Eagle KA, Isselbacher EM, Froehlich J, Cooper JV, et al.
Acute abdominal aortic dissection: insight from the international registry of
acute aortic dissection (IRAD). ] Vasc Surg. (2007) 46(5):913-9. doi: 10.1016/j.jvs.
2007.07.030

25. Erbel R, Aboyans V, Boileau C, Bossone E, Bartolomeo RD, Eggebrecht H, et al.
2014 ESC guidelines on the diagnosis and treatment of aortic diseases: document
covering acute and chronic aortic diseases of the thoracic and abdominal aorta of
the adult. The task force for the diagnosis and treatment of aortic diseases of the
European society of cardiology (ESC). Eur Heart J. (2014) 35(41):2873-926. doi: 10.
1093/eurheartj/ehu281

26. Zlatanovic P, Dragas M, Cvetkovic S, Dimic A, Mitrovic A, Vujcic A, et al. Open
surgical treatment of acute spontaneous isolated abdominal aortic dissection. Ann
Vasc Surg. (2021) 74:525.e13-e21. doi: 10.1016/j.avsg.2021.02.035

27. Coselli JS, Bozinovski J, LeMaire SA. Open surgical repair of 2286
thoracoabdominal aortic aneurysms. Ann Thorac Surg. (2007) 83:5862-4;
discussion: $890-2. doi: 10.1016/j.athoracsur.2006.10.088

28. Conrad MF, Crawford RS, Davison JK, Cambria RP. Thoracoabdominal

aneurysm repair: a 20-year perspective. Ann Thorac Surg. (2007) 83:5856-61;
discussion: $890-2. doi: 10.1016/j.athoracsur.2006.10.096

frontiersin.org


https://doi.org/10.1016/j.avsg.2009.08.007
https://doi.org/10.1016/j.lpm.2018.02.001
https://doi.org/10.1016/j.avsg.2010.06.004
https://doi.org/10.1016/j.ejro.2018.11.003
https://doi.org/10.1007/s11748-017-0820-y
https://doi.org/10.1007/s11748-017-0820-y
https://doi.org/10.1016/0371-1951(55)80039-2
https://doi.org/10.3389/fcvm.2022.821260
https://doi.org/10.1016/j.jvs.2021.02.048
https://doi.org/10.1016/j.jvs.2020.05.027
https://doi.org/10.1016/S0140-6736(16)31135-7
https://doi.org/10.1016/S0140-6736(16)31135-7
https://doi.org/10.1007/s11845-013-0974-2
https://doi.org/10.1016/j.jvs.2015.10.095
https://doi.org/10.1016/j.jvs.2015.10.095
https://doi.org/10.1583/11-3556.1
https://doi.org/10.1177/152660280100800104
https://doi.org/10.1016/j.avsg.2021.07.045
https://doi.org/10.1016/j.avsg.2021.07.045
https://doi.org/10.1007/s10047-021-01294-0
https://doi.org/10.1007/s10047-021-01294-0
https://doi.org/10.1016/j.ijcard.2020.12.011
https://doi.org/10.1016/j.jvs.2016.04.022
https://doi.org/10.1007/s00595-012-0164-2
https://doi.org/10.1016/j.juro.2008.03.022
https://doi.org/10.1111/ans.16287
https://doi.org/10.1055/s-0029-1245288
https://doi.org/10.3978/j.issn.2225-319X.2012.08.16
https://doi.org/10.1016/j.jvs.2007.07.030
https://doi.org/10.1016/j.jvs.2007.07.030
https://doi.org/10.1093/eurheartj/ehu281
https://doi.org/10.1093/eurheartj/ehu281
https://doi.org/10.1016/j.avsg.2021.02.035
https://doi.org/10.1016/j.athoracsur.2006.10.088
https://doi.org/10.1016/j.athoracsur.2006.10.096
https://doi.org/10.3389/fcvm.2023.1219788
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Ma et al.

29. Coselli JS, Amarasekara HS, Green SY, Price MD, Preventza O, de la Cruz KI,
et al. Open repair of thoracoabdominal aortic aneurysm in patients 50 years old
and younger. Ann Thorac Surg. (2017) 103:1849-57. doi: 10.1016/j.athoracsur.2016.
09.058

30. Tanaka A, Sandhu HK, Affi RO, Miller CC 3rd, Ray A, Hassan M, et al.
Outcomes of open repairs of chronic distal aortic dissection anatomically amenable
to endovascular repairs. J Thorac Cardiovasc Surg. (2021) 161(1):36-43.e6. doi: 10.
1016/j.jtcvs.2019.09.083

31. Crawford ES, Snyder DM, Cho GC, Roehm JO. Progress in treatment of
thoracoabdominal and abdominal aortic aneurysms involving celiac, superior
mesenteric, and renal arteries. Ann Surg. (1978) 188:404-10. doi: 10.1097/
00000658-197809000-00016

32. Coselli JS, Conklin LD, LeMaire SA. Thoracoabdominal aortic aneurysm repair:
review and update of current strategies. Ann Thorac Surg. (2002) 74:51881-4. doi: 10.
1016/50003-4975(02)04139-5

33. Coselli JS. The use ofleft heart bypass in the repair of thoracoabdominal aortic
aneurysms: current techniques and results. Semin Thorac Cardiovasc Surg. (2003)
15:326-32. doi: 10.1053/51043-0679(03)00090-X

34. Quinones-Baldrich WJ. Descending thoracic and thoracoabdominal aortic
aneurysm repair: 15-year results using a uniform approach. AnnVasc Surg. (2004)
18:335-42. doi: 10.1007/s10016-004-0033-6

35. Frederick JR, Woo YJ. Thoracoabdominal aortic aneurysm. Ann Cardiothorac
Surg. (2012) 1:277-85. doi: 10.1007/978-3-642-00418-6_2292

36. Cowan JA Jr, Dimick JB, Henke PK, Huber TS, Stanley JC, Upchurch GR Jr.
Surgical treatment of intact thoracoabdominal aortic aneurysms in the United
States: hospital and surgeon volume-related outcomes. J Vasc Surg. (2003) 37
(6):1169-74. doi: 10.1016/S0741-5214(03)00085-5

37. Crawford ES, De Natale RW. Thoracoabdominal aortic aneurysm: observations
regarding the natural course of the disease. J Vas Surg. (1986) 3:578-82. doi: 10.1016/
0741-5214(86)90281-8

38. Parodi JC, Palmaz JC, Barone HD. Transfemoral intraluminal graft implantation
for abdominal aortic aneurysms. Ann Vasc Surg. (1991) 5(6):491-9. doi: 10.1007/
BF02015271

39. Dake MD, Miller DC, Semba CP, Mitchell RS, Walker PJ, Liddell RP.
Transluminal placement of endovascular stent-grafts for the treatment of
descending thoracic aortic aneurysms. N Engl ] Med. (1994) 331(26):1729-34.
doi: 10.1056/NEJM199412293312601

40. Greenberg RK, West K, Pfaff K, Foster J, Skender D, Haulon S, et al. Beyond the
aortic bifurcation: branched endovascular grafts for thoracoabdominal and aortoiliac
aneurysms. ] Vasc Surg. (2006) 43:879-86. doi: 10.1016/j.jvs.2005.11.063

41. Han Y, Zhang S, Zhang J, Ji C, Eckstein HH. Outcomes of endovascular
abdominal aortic aneurysm repair in octogenarians: meta-analysis and systematic
review. Eur ] Vasc Endovasc Surg. (2017) 54(4):454-63. doi: 10.1016/j.ejvs.2017.06.027

42. Tenorio ER, Dias-Neto MF, Lima GBB, Estrera AL, Oderich GS. Endovascular
repair for thoracoabdominal aortic aneurysms: current status and future
challenges. Ann Cardiothorac Surg. (2021) 10(6):744-67. doi: 10.21037/acs-2021-
taes-24

43. Maurel B, Delclaux N, Sobocinski J, Hertault A, Martin-Gonzalez T, Moussa M,
et al. The impact of early pelvic and lower limb reperfusion and attentive peri-

Frontiers in Cardiovascular Medicine

79

10.3389/fcvm.2023.1219788

operative management on the incidence of spinal cord ischemia during
thoracoabdominal aortic aneurysm endovascular repair. Eur J Vasc Endovasc Surg.
(2015) 49(3):248-54. doi: 10.1016/j.€jvs.2014.11.017

44, Kirkkdinen JM, Sandri GA, Tenorio ER, Macedo TA, Hofer J, Gloviczki P, et al.
Prospective assessment of health-related quality of life after endovascular repair of
pararenal and thoracoabdominal aortic aneurysms using fenestrated-branched
endografts. J Vasc Surg. (2019) 69(5):1356-1366.¢6. doi: 10.1016/j.jvs.2018.07.060

45. Oderich GS, Ribeiro M, Hofer J, Wigham J, Cha S, Chini J. Prospective,
nonrandomized study to evaluate endovascular repair of pararenal and
thoracoabdominal aortic aneurysms using fenestrated-branched endografts based on
supraceliac sealing zones. J Vasc Surg. (2017) 65(5):1249-1259.10. doi: 10.1016/j.
jvs.2016.09.038

46. Gallitto E, Faggioli G, Melissano G, Fargion A, Isernia G, Lenti M. Preoperative
and postoperative predictors of clinical outcome fenestrated and branched
endovascular repair for complex abdominal and thoracoabdominal aortic aneurysms
in an Italian multicenter registry. J Vasc Surg. (2021) 74(6):1795-1806.e6. doi: 10.
1016/j.jvs.2021.04.072

47. Quifiones-Baldrich WJ, Panetta TF, Vescera CL, Kashyap VS. Repair of type IV
thoracoabdominal aneurysm with a combined endovascular and surgical approach.
J Vasc Surg. (1999) 30(3):555-60. doi: 10.1016/S0741-5214(99)70084-4

48. Bell KE, Lopez AC. Hybrid repair of thoracoabdominal aneurysms: a combined
endovascular and open approach. J Vasc Nurs. (2008) 26(4):101-8. doi: 10.1016/j.jvn.
2008.09.001

49. Tanaka A, Oderich GS, Estrera AL. Total abdominal debranching hybrid
thoracoabdominal aortic aneurysm repair versus chimneys and snorkels. JTCVS
Tech. (2021) 10:28-33. doi: 10.1016/j.xjtc.2021.08.002

50. Yang G, Zhang M, Muzepper M, Du X, Wang W, Liu C, et al. Comparison of
physician-modified fenestrated/branched stent-grafts and hybrid visceral debranching
plus stent-graft placement for complex thoracoabdominal aortic aneurysm repair.
] Endovasc Ther. (2020) 27(5):749-56. doi: 10.1177/1526602820934466

51. Ljungman C, Wanhainen A, Kragsterman B, Nyman R, Ericksson LG, Eriksson .
Propositions for refinement of the hybrid surgical technique for treatment of thoraco-
abdominal aortic aneurysm. Scand ] Surg. (2008) 97(2):174-7. doi: 10.1177/
145749690809700221

52. Arnaoutakis DJ, Scali ST, Beck AW, Kubilis P, Huber TS, Martin AJ.
Comparative outcomes of open, hybrid, and fenestrated branched endovascular
repair of extent II and III thoracoabdominal aortic aneurysms. J Vasc Surg. (2020)
71(5):1503-14. doi: 10.1016/j.jvs.2019.08.236

53. Riambau V, Bockler D, Brunkwall ], Cao P, Chiesa R, Coppi G. Editor’s choice—
management of descending thoracic aorta diseases: clinical practice guidelines of the
European society for vascular surgery (ESVS). Eur J Vasc Endovasc Surg. (2017) 53
(1):4-52. doi: 10.1016/.€jvs.2016.06.005

54. Chiesa R, Kahlberg A, Mascia D, Tshomba Y, Civilini E, Melissano G. Use of a
novel hybrid vascular graft for sutureless revascularization of the renal arteries during
open thoracoabdominal aortic aneurysm repair. ] Vasc Surg. (2014) 60:62230. doi: 10.
1016/j.jvs.2014.03.256

55. Hughes GC, Barfield ME, Shah AA, Williams JB, Kuchibhatla M, Hanna JM.
Staged total abdominal debranching and thoracic endovascular aortic repair for
thoracoabdominal aneurysm. J Vasc Surg. (2012) 56(3):621-9. doi: 10.1016/j.jvs.
2011.11.149

frontiersin.org


https://doi.org/10.1016/j.athoracsur.2016.09.058
https://doi.org/10.1016/j.athoracsur.2016.09.058
https://doi.org/10.1016/j.jtcvs.2019.09.083
https://doi.org/10.1016/j.jtcvs.2019.09.083
https://doi.org/10.1097/00000658-197809000-00016
https://doi.org/10.1097/00000658-197809000-00016
https://doi.org/10.1016/S0003-4975(02)04139-5
https://doi.org/10.1016/S0003-4975(02)04139-5
https://doi.org/10.1053/S1043-0679(03)00090-X
https://doi.org/10.1007/s10016-004-0033-6
https://doi.org/10.1007/978-3-642-00418-6_2292
https://doi.org/10.1016/S0741-5214(03)00085-5
https://doi.org/10.1016/0741-5214(86)90281-8
https://doi.org/10.1016/0741-5214(86)90281-8
https://doi.org/10.1007/BF02015271
https://doi.org/10.1007/BF02015271
https://doi.org/10.1056/NEJM199412293312601
https://doi.org/10.1016/j.jvs.2005.11.063
https://doi.org/10.1016/j.ejvs.2017.06.027
https://doi.org/10.21037/acs-2021-taes-24
https://doi.org/10.21037/acs-2021-taes-24
https://doi.org/10.1016/j.ejvs.2014.11.017
https://doi.org/10.1016/j.jvs.2018.07.060
https://doi.org/10.1016/j.jvs.2016.09.038
https://doi.org/10.1016/j.jvs.2016.09.038
https://doi.org/10.1016/j.jvs.2021.04.072
https://doi.org/10.1016/j.jvs.2021.04.072
https://doi.org/10.1016/S0741-5214(99)70084-4
https://doi.org/10.1016/j.jvn.2008.09.001
https://doi.org/10.1016/j.jvn.2008.09.001
https://doi.org/10.1016/j.xjtc.2021.08.002
https://doi.org/10.1177/1526602820934466
https://doi.org/10.1177/145749690809700221
https://doi.org/10.1177/145749690809700221
https://doi.org/10.1016/j.jvs.2019.08.236
https://doi.org/10.1016/j.ejvs.2016.06.005
https://doi.org/10.1016/j.jvs.2014.03.256
https://doi.org/10.1016/j.jvs.2014.03.256
https://doi.org/10.1016/j.jvs.2011.11.149
https://doi.org/10.1016/j.jvs.2011.11.149
https://doi.org/10.3389/fcvm.2023.1219788
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

"\' frontiers ‘ Frontiers in Cardiovascular Medicine

") Check for updates

OPEN ACCESS

EDITED BY
Gianni Angelini,
University of Bristol, United Kingdom

REVIEWED BY

Roman Gottardi,

University Heart Center Freiburg, Germany
Yonghui Qiao,

Zhejiang University, China

Kexiang Liu,

Jilin University, China

*Correspondence
Xin Zhao
zhaoxin@email.sdu.edu.cn

"These authors have contributed equally to this
work and share first authorship

RECEIVED 17 February 2023
ACCEPTED 11 August 2023
PUBLISHED 24 August 2023

CITATION

Wang Z, Fang C, Song H, Wei D, Meng X, Bai X,
Liu C and Zhao X (2023) Endovascular repair of
thoracic aortic disease with isolated left
vertebral artery and unfavorable proximal
landing zone using fenestrated castor stent-
graft.

Front. Cardiovasc. Med. 10:1168180.

doi: 10.3389/fcvm.2023.1168180

COPYRIGHT
© 2023 Wang, Fang, Song, Wei, Meng, Bai, Liu
and Zhao. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Cardiovascular Medicine

Original Research
24 August 2023
10.3389/fcvm.2023.1168180

Endovascular repair of thoracic
aortic disease with isolated left
vertebral artery and unfavorable
proximal landing zone using
fenestrated castor stent-graft
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Objective: The main purpose of this study was to evaluate the safety and efficacy
of Castor single-branched stent-graft combined with fenestrated technique in
treatment of thoracic aortic disease (TAD) with unfavorable proximal landing
area (PLZ) and isolated left vertebral artery (ILVA).

Methods: From January 2018 to March 2022, 8 patients with TAD (6 patients with
type B aortic dissections, 1 patient with type B intramural hematomas, and 1 patient
with thoracic aortic aneurysm) underwent thoracic endovascular aortic repair with
fenestrated Castor stent-graft due to the existence of ILVA and unfavorable PLZ.
Demographic characteristics, surgical details, postoperative complications,
follow-up and postoperative CTA imaging results were collected and analyzed.
Results: The primary technical success rate was 100%. The mean operation time was
115 min (range, 70-180 min). All the left subclavian arteries (LSAs) and ILVAs of the
eight patients were revascularized by fenestrated Castor stent-grafts. During the
follow-up period, no deaths and complications were observed. No internal leakage,
aortic rupture, retrograde type A dissection were found on computed tomography
angiography. All of the LSAs and ILVAs maintained patency without stenosis.
Conclusion: Castor single-branched stent-graft implantation combined with
fenestration technique may be safe and feasible for TAD patients with ILVA and
unfavorable PLZ.

KEYWORDS

isolated left vertebral artery, unfavorable proximal landing zone, castor single-branched
stent-graft, fenestrated technique, thoracic aortic disease

Introduction

Thoracic endovascular aortic repair (TEVAR) has been increasingly used for the treatment
of various thoracic aortic disease (TAD), including type B aortic dissection (TBAD),
intramural hematoma (IMH), penetrating ulcer, thoracic aortic aneurysm, traumatic aortic
injury due to its advantages of high safety, less trauma and fewer postoperative
complications (1). However, the success of TEVAR largely depends on the sealing of the
proximal landing zone (PLZ), which requires that the length of the PLZ is at least 2.0 cm
(2). Therefore, for patients with unfavorable PLZ, the proximal stent-graft inevitably needs
to cover LSA. Isolated left vertebral artery (ILVA) directly originates from the aortic arch,
usually between the left common carotid artery and left subclavian artery (LSA) (3). It is
the second most common anatomical variant in the variation of the superior aortic trunk,

80 frontiersin.org
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with an incidence of 0.79%-8% (3-7). TAD with unfavorable PLZ
and ILVA is rare. If the circle of Willis is incomplete and the LSA
and ILVA are handled improperly, it may lead to an increased risk
of postoperative complications such as subclavian steal syndrome,
left upper limb ischemia and stroke (8,9).

The stented elephant trunk technique has been reported to treat
complicated TBAD with ILVA and unfavorable PLZ (10), but high
technical difficulty and mortality rate restrict its application. In
addition, TEVAR combined with carotid-subclavian bypass (CSbp)
and ILVA transposition was also widely used for treating this
special condition, but the trauma was massive (11,12). Fortunately,
methods for reconstructing supra-arch branches in TEVAR have
developed rapidly, including chimney technique, periscope
technique, fenestrated technique and single-branched stent-graft
implantation. With these techniques, an adequate proximal
landing area and supra-arch branches reconstruction could be
realized. In this study, we shared our experience of using Castor
single-branched stent-graft combined with fenestrated technique in
treatment of TAD patients with ILVA and unfavorable PLZ, which
may reduce the complexity and difficulty of surgery. We hope that
our experience can provide an additional choice for cardiovascular
surgeons to deal with this supra-arch variation, which may be less

invasive, safe and effective.

10.3389/fcvm.2023.1168180

Materials and methods

This is a single-center observational study. From January 2018 to
March 2022, a total of 8 TAD patients with ILVA underwent
TEVAR in our center (Figure 1). In this small series, there were 6
patients with TBAD, 1 patient with type B IMH, and 1 patient
with thoracic aortic aneurysm. As the opening of LSA was
involved by TAD in the eight patients, Castor single-branched
stent-graft was applied to obtain adequate PLZ and reconstruct
LSA. To reserve the ILVA, Castor single-branched stent-graft was
fenestrated prior to implantation. Demographic characteristics,
comorbidities, surgical details, postoperative conditions and follow-
up results were collected and analyzed. This study was approved
by the Ethics Committee of Shandong University Qilu Hospital.
Because this is a retrospective study and the data are anonymous,
we waived informed consent for this study.

TEVAR procedure

The Castor stent-graft used in this study was the first single-
branched stent-graft in China (9). It was with an integrated

FIGURE 1

Preoperative CTA. (A-C) in a patient with thoracic aortic aneurysm, the ILVA (the yellow arrow) and aortic aneurysm (the orange arrow) are evident on the
cross-sectional and three-dimensional reconstruction images; (D—F) in a patient with type B intramural hematoma, the ILVA (the blue arrow) and
intramural hematoma (the green arrow) can be clearly seen from the cross-sectional and three-dimensional reconstruction images.
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design of the main body and branch. All TEVAR procedures were
performed under general anesthesia in the hybrid operating room
by two experienced surgeons. The distance between LSA and
ILVA, diameters of aortic zone 2, distal landing zone and the
location of LSA and ILVA opening were obtained from
preoperative tomography angiography (CTA).
Usually, the right femoral artery (RFA) was chosen as the main

computed

approach. The details of the operation were as follows: first, the
proximal part of Castor single-branched stent-graft was
partially released from the sheath on the operation table.
According to the aortic parameters obtained for preoperative
CTA, including the relative location of LSA and ILVA, the size
of ILVA opening, a fenestration was performed at an
appropriate position (Figure 2A). The fenestration should be
sutured firmly and circularly to achieve a smooth edge. The
sutures around the stent-graft were tightened to avoid its
deformation. The stent-graft was reinstalled and returned to the
delivery sheath. Next, the RFA was exposed and two 6-F
sheaths were inserted percutaneously into the left brachial
artery (LBA) and left femoral artery (LFA), respectively. A 5-F
pigtail catheter with a guidewire (catheter A) was pushed
through the true lumen from the LFA to the ascending aorta.
Angiography was subsequently performed to show the situation
of the supra-arch branches and confirm the measurements
obtained from CTA (Figure 2B). Then, another 5-F catheter
(catheter B) was introduced from the LBA to the RFA through
the true lumen along with a guidewire, and it was drawn out
from the RFA and placed externally as a traction catheter. The
third pigtail catheter with a guidewire (catheter C) was led
from RFA to the ascending aorta and replaced with a super
stiff guidewire. The traction wire of the branch was threaded
into catheter B from RFA to LBA. Thereafter, the main body of
the Castor single-branched stent-graft was delivered to the

10.3389/fcvm.2023.1168180

thoracic aorta along the super stiff guidewire, while the catheter
B the
simultaneously with the main body of delivery system. The

and traction wire of the branch were moved
position of the stent-graft was constantly adjusted to ensure the
branch stent-graft was in good alignment with the LSA.
Afterwards. the outer sheath and the soft sheath were removed,
and the branch stent-graft was dragged into the LSA by pulling
the traction wire. Finally, the main and branch grafts were
released by pulling the trigger wire and the traction wire,
respectively. Angiography was performed immediately to
evaluate the stent-graft position, endoleak, LSA and ILVA
perfusion (Figure 2C). All patients were given aspirin (100 mg/
day) after operation to prevent thrombosis of the single-
branched stent at least 6 months.

Definition and main results

Primary technical success was defined as successful stent
deployment without conversion to open surgery or death,
patency of LSA with ILVA without significant stenosis, and no
obvious signs of endoleak. Postoperative stroke was determined
by brain CT or MRI scan. The main manifestations of spinal
cord ischemia were distal weakness of lower limbs and
intermittent claudication. The main symptoms of left upper limb
ischemia were pulseless of left arm, intermittent claudication of
left arm and cold shoulder sensation.

The follow-up results were obtained by telephone interview
and at outpatient clinic visits. Primary outcomes during the
follow-up included early (<30 days) survival, late survival,
freedom from aortic-related mortality, the patency of LSA and

ILVA. Furthermore, endoleak, retrograde type A dissection, aortic

FIGURE 2

TEVAR procedure. (A) on-the-table fenestration; (B) preoperative angiography showed that isolated left vertebral artery (the yellow arrow) and aortic
aneurysm (the orange arrow); (C) preoperative angiography showed that both ILVA (the yellow arrow) and LSA (the green arrow) were reconstructed.
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rupture, stent-graft fracture and displacement were also evaluated
from postoperative CTA.

Statistical analysis

Statistical analysis SPSS 26.0 (IBM, Armonk, New York, USA)
was used for statistical analysis. Continuous variables are presented
as mean = SD and range. Categorical variables were presented as
frequencies and percentages.

Results
Demographics and clinical characteristics

From January 2018 to March 2022, a total of 8 patients with
TAD and ILVA underwent TEVAR in our center. Six (75.0%)
patients were male, and the median age was 62.5 years old
(range, 41 to 75 years old). The most common comorbidities are
hypertension (62.5%). Four (50.0%) patients had smoking
history, and 2 (25.0%) patients were diagnosed with COPD.
According to preoperative CTA, there were 1 (12.5%) case of left
vertebral artery dominant, 4 (50.0%) cases of right vertebral
artery dominant, and 3 (37.5%) cases of symmetrical vertebral
artery dominant. Additional details of patient characteristics were
listed in Table 1.

Details of the procedure
TEVAR was performed in all patients, and the technical success
rate was 100%. For each patient, the length of stent-graft main body

was 200 mm and the length of the branch part was 25 mm. The

TABLE 1 Baseline clinical characteristics of patients (n = 8).

Variables ______Median or No.___Range or% _

Age, years 62.5 41-75
Gender, male 6 75
Hypertension 5 62.5
CAD 1 12.5
Diabetes 2 25.0
COPD 2 25.0
CKD 0 0
Smoking 4 50.0
Drinking 4 50.0
Type of arch

Type T 3 375
Type I 4 50.0
Type III 1 12.5
Dominant vertebral artery

Left dominant 1 12.5
Right dominant 4 50.0
Symmetrical dominant 3 37.5
Bovine aortic arch 0 0

CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease.
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median proximal stent-graft diameter was 34 mm (range, 30-
36 mm). The median expansion ratio of proximal stents was
12.5% (range, 6.3%-15.4%). The median operation time was
115 min (range, 70-180 min). All the LASs and ILVAs were
reconstructed. There was no endoleak during surgery.

Early and late outcomes

The median duration of hospital stay was 8 days (range, 3-13
days). No postoperative complications were observed in the eight
patients, including stoke, spinal cord ischemia, left upper limb
ischemia, AKI and puncture complication. There were no in-
hospital deaths.

The median duration of follow-up was 48 months (range, 6-72
months). No neurological complications were observed during
follow-up. The long-term survival rate was 100%. All of the LSAs
and ILVAs maintained patency without stenosis (Figure 3). In
addition, no endoleak, aortic rupture, and retrograde type A aortic
dissection were observed in the eight patients. None of them
required further intervention. More details were shown in Table 2.

Discussion

ILVA has been increasingly recognized as the second most
common aortic arch branch variation, with an incidence of
0.79%-8% in general population (3-7). In patients with TBAD,
the frequency of this anomaly is 3.6%, suggesting that ILVA may
be related to the occurrence of TBAD (13). However, there were
no clear guidelines whether ILVA should be reconstructed during
surgery. In the most previous studies, the authors stated that the
ILVA should be preserved (14,15). The left vertebral artery is an
important component of the vertebrobasilar artery, which
accounts for two fifths of the blood flow of the posterior cerebral
artery (16). The posterior cerebral artery is the basic component
of the Willis circle. It has been reported that the frequency of a
complete Willis circle was 42% in the Western population.
However, the frequency of a complete Willis circle in Chinese
population was only 27% (17,18). Coverage of ILVA may
increase the risk of spinal cord injury and postoperative stroke.
However, some surgeons did not reconstruct the ILVA regularly
(13). In their view, the ILVA was not necessarily reconstructed if
it was with hypoplasia or thin size. Considering a high incidence
of an incomplete circle of Willis in the Chinese population and
the absence of cerebral artery CTA in an emergency, we regularly
reconstructed the ILVA.

Several studies have reported the results of different surgical
procedures for thoracic aortic disease and ILVA (10-12),
including open surgery, hybrid surgery and total TEVAR. Zhu
et al. (10) reported that seven patients with TBAD and ILVA
underwent the stented elephant trunk procedure (open surgery).
No deaths and postoperative complications were observed in the
early term. Yang et al. (12) reviewed thirteen patients with
thoracic aortic disease and ILVA using TEVAR with ILVA
transposition and carotid-subclavian bypass (hybrid surgery). No
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FIGURE 3
Follow-up CTA imaging. (A—C) in a patient with thoracic aortic aneurysm, both ILVA and LSA maintained patency without stenosis on three-dimensional
reconstruction and cross-sectional images; (D—F) the same results can be seen in a patient with type B intramural hematoma

deaths were observed in a mean follow-up of 22 months (range,
13-29 months). No complications were observed during the
follow-up, including neurologic deficits, bypass occlusion and
ILVA stenosis. Open surgery and hybrid surgery had shown
satisfactory outcomes in treating the patients with thoracic aortic
disease and ILVA. However, considering the massive trauma of
these surgical methods, we attempted a less invasive approach,
which is total TEVAR.

Total TEVAR for the thoracic aortic disease has been the
mainstream treatment for its encouraging outcomes and less
invasiveness. A length of 2.0 cm PLZ is essential for the success
of total TEVAR. However, total TEVAR of thoracic aortic disease
with ILVA and unfavorable PLZ was rarely reported. Ding et al.
(13) reported 9 TBAD patients with ILVA treated with zone-2
TEVAR combined with LSA chimney technique. In order not to
cover ILVA, the chimney stents were all bare stents. Neurologic
deficits and chimney stent occlusions were not observed during
surgery and follow-up, but complications such as immediate type
I endoleak, type II endoleak and occlusion of the ILVA origin
occurred. In our study, Castor single-branched stent-graft
implantation combined with fenestration technique was used for
treating patients with thoracic disease and ILVA. During the
follow-up, all of the LSAs and ILVAs maintained patency

Frontiers in Cardiovascular Medicine

without stenosis, no endoleak, aortic rupture and retrograde type
A aortic dissection were observed in the eight patients. Based on
excellent results, Castor single-branched stent-graft combined
with fenestrated technique may be safe and feasible for repairing
thoracic aortic disease with ILVA and insufficient PLZ.

It is considered that fenestrated or single-branched stent
technique may lead to the risk of endoleak due to groove
formation (12). However, previous published studies showed
that the incidence of endoleak after Castor single-branched
stent-graft implantation was low (19,20). Actually, single-
branched stent-graft is more consistent with the design concept
of anatomic correction. The anchoring effect of its branch part
reduces the risk of stent displacement and endoleak (21). In
2004, McWilliams et al. first applied the in-situ fenestration
technique of a thoracic stent-graft. to preserve LSA and
(22). then,
techniques have been developed continuously, mainly including

demonstrated its feasibility Since fenestration
in-situ fenestration and on-the-table fenestration. Currently, this
technique has been applied in clinical practice through several
classified as (1)
mechanical, such as wires and hollow needles, and (2) physical,
The

incidence of endoleak in the early stage of fenestration is 0%-—

preoperative and intraoperative methods

including laser and radiofrequency perforation (23).
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TABLE 2 Early and late outcomes of thoracic aortic disease with ILVA after
TEVAR (n = 8).

Variables e orNo.__Range or 3

Early outcomes

Technical success 8 100
70-180
Proximal stent-graft diameter, mm 34 30-36
Expansion ratio of proximal stent 0.125 0.063-0.154
Immediate type IA endoleak 0 0

Operation time, min 115

Hospital stays, days

Stroke

Spinal cord ischemia

Ischemic symptoms of the left arm
AKI

Puncture complication

Death

Late outcomes

ool o o|®

'S
3
T
~
8]

Follow-up, months
Paraplegia

Stroke

Reintervention

Death

Patency rate of LSA

Patency rate of ILVA
Retrograde type A dissection
Aortic rupture

Endoleak

Stent-graft fracture and displacement

o o 0|0 ® oo o o
—
(=3
(=}

AKI, acute kidney injury; ILVA, isolated left vertebral artery; LSA, left subclavian
artery.

3.2% described in the previous study (24). In fact, in cases of aortic
arch disease that involved only the inner curve of the aorta, the
selection of on-the-table fenestration technique can help reduce
the incidence of endoleak after TEVAR (25). However, in our
study, no endoleak of fenestration was observed during surgery
and follow-up, which may be due to the small size of
fenestration and healthy aortic wall surrounding the ILVA
opening. Although the fenestrated technique may affect the
long-term durability of the stent-graft, the early and mid-term
results are still satisfactory whether in external pre-fenestration
or in-situ fenestration (24-26). It is worth mentioning that
computational fluid dynamics method based on patient-specific
CTA images has been widely applied to evaluate the efficacy of
complex TEVAR (27). Quantitative analysis of computational
would  be
physiological effect of Castor single-branched stent-graft on the

hemodynamics conducive to revealing the
thoracic aortic disease with unfavorable PLZ and ILVA.

Therefore, we are considering a related computational
hemodynamics study in eight patients in the future.

Of course, our study still has some limitations. First, it is a
single-center retrospective study with a small sample size.
Second, the follow-up time was relatively short, and the long-
term effect still needs further follow-up. Third, our study lacks
relevant study on computational fluid dynamics, which needs to
be further improved in the future. Finally, we lacked a
comparison with open or hybrid surgery. These features and the

limited experience with these anatomical variants do not allow us

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1168180

to make definitive recommendations from clinical or technical
aspects. However, the surgical approach we have employed has
hardly been reported in previous studies. We hope that larger
registries or studies will confirm its feasibility and safety in
addressing this challenge in the future.

Conclusion

Our limited experience indicates that single-branch stent-graft
combined with fenestrated technique may be a safe and feasible
treatment for TAD with ILVA and unfavorable PLZ. It can
provide surgeons with an attractive choice due to its less
invasiveness and good short-term effects. However, the durability
and long-term effects of the technique needs to be further
evaluated. Future studies with larger sample sizes and longer
follow-up are warranted to confirm this finding.
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Background: D-dimer (DD) is a vital biomarker to rule out the diagnosis of aortic
dissection (AD). However, the DD level in some patients with AD is not high in
clinical practice, which often leads to missed diagnosis; therefore, understanding
the characteristics of patients with AD and negative DD is of great clinical value.
Methods: From May 2015 to October 2020, 286 patients with AD who visited the
first medical contact (FMC) within 24 h of symptom onset and were hospitalized in
the Xiamen Cardiovascular Hospital of Xiamen University were enrolled in this
study. Clinical characteristics and outcomes of patients were assessed.

Results: Among them, 13 cases (approximately 4.5%) had negative DD results.
Compared to patients with positive DD results, patients with negative DD results
had significantly higher platelet counts and lower aortic dissection detection risk
scores (ADD-RS). The imagological analysis showed that patients with AD and
negative DD had lower extension scores and milder damage to the mesenteric
artery and three branches of the aortic arch. Furthermore, the results of the
multivariable analysis showed that white blood cell count (WBC) [odds ratio
(OR): 1.379, P=0.028], FMC (OR: 0.904, P=0.028), and extension score
(OR: 1.623, P =0.046) were associated with negative DD result.

Conclusions: Patients with AD and negative DD results had longer FMC and lower
WBC. Imaging showed a smaller tear extension range and less damage to the
mesenteric artery and three branches of the aortic arch. A negative DD result
could not completely rule out AD even if the ADD-RS was zero.

KEYWORDS

aortic dissection, D-dimer, clinical characteristics, imagological features, diagnosis

1. Introduction

As shown previously, aortic dissection (AD) is one of the most life-threatening
conditions caused by tears in the intimal layer of the aorta or bleeding into the aortic
wall, resulting in severe aortic rupture or peripheral hypoperfusion (1). Recent
epidemiological studies reported that the annual prevalence of AD is approximately 40
cases per 100,000 among people aged between 65 and 75 worldwide (2). Moreover, AD is
a common fatal macrovascular disease with different clinical manifestations, which is
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likely to be misdiagnosed (3). Therefore, effective, rapid, and
accurate diagnosis and confirmation are crucial for managing
patients with suspected AD.

DD, a serum biomarker for early diagnosis of AD, can be easily
detected in the emergency department (4). Previous studies
demonstrated that higher serum concentrations of DD show
higher sensitivity for diagnosing AD, whereas negative DD can
rule out AD (5). Recent findings from different studies have
confirmed that approximately 7.5% of patients with AD have
negative DD results (6-8). These findings suggest that a negative
DD result cannot simply rule out AD. Our study aimed to
analyze the clinical characteristics and the imagological features
of patients with AD and negative DD results, which may help
the early diagnosis of AD in the emergency department.

2. Methods
2.1. Selection of participants

From May 2015 to October 2020, this single-center,
retrospective observational study enrolled 286 consecutive
patients with AD visiting the first medical contact (FMC) within
24h of symptom onset who were admitted to Xiamen
Cardiovascular Hospital of Xiamen University. AD was classified

10.3389/fcvm.2023.1266919

according to the Stanford standard. Type A dissection was
defined as any dissection involving the ascending aorta or the
arch (proximal to the left subclavian artery), and type B
dissection was defined as dissection limited to the descending
aorta. For patients with several episodes of AD, only the first
registered episode was included in the analysis. Definite diagnosis
of AD was made using thoracic and abdominal contrast-
enhanced computed tomography (CT).

The exclusion criteria were as follows: (1) patients without on-
admission DD result; (2) patients who were also diagnosed with
intramural hematoma; (3) patients with treated AD who were
hospitalized for other reasons; (4) original imaging data could
not be obtained; (5) symptoms persisting for more than 24 h; (6)
having a history of malignant tumors; and (7) pregnancy. A
flowchart of the patients’ enrollment is shown in Figure 1.

2.2. Study protocol

The study was approved by the Ethics Committee of Xiamen
Cardiovascular Hospital of Xiamen University. The study was
conducted in accordance with the revised Declaration of
Helsinki. We retrospectively reviewed the medical records of
patients. On admission, blood samples were obtained for routine
laboratory tests.

653 patients with AD were identified between May 2015 and

October 2020
367 patients were excluded:
D-dimer test not completed, 132 patients.
Intramural hematoma, 151 patients.
Treated patients are hospitalized for other reasons, 35
patients.

Original imaging data could not be obtained, 27
patients.
>24 hours after the onset of symptoms, 17 patients.

Prior history of malignant tumor, 3 patients.

Pregnancy, 2 patients.

286 patients included

Negative group
N=13

FIGURE 1
Flow chart of patient enrollment.

Positive group
N=273
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The following factors were compared between patients with
negative DD results (negative group) and those with positive DD
results (positive group): age, gender, Stanford classification, FMC,
past medical history, presenting symptoms, aortic dissection
detection risk score (AAD-RS), laboratory results, extension
score, physical and CT findings.

True lumen and false lumen diameters were measured on the
same slice in the thickest part of the arterial false lumen in CT
angiography. Significant involvement of aortic branches was
defined as branch stenosis >50% or blood supply from false
lumen. The extension score of AD in each patient was
determined by considering the location of dissection in the
aortic arch, thoracic

following segments: ascending aorta,

descending aorta, suprarenal abdominal aorta, infra-renal
abdominal aorta, and iliac arteries. Scores (1-7) were calculated
according to the segment involved, with the thoracic descending
aorta receiving 2 scores due to its length and the remaining
segments, each one receiving 1 score. ADD-RS was calculated
retrospectively based on 12 clinical risk factors classified into
three categories (predisposing conditions, pain features, and
physical findings). The score was calculated based on the number
of categories where at least one risk factor was present (9).

The results of the imaging study were interpreted by
experienced radiologists and cardiologists. All patients underwent

urgent CT scans for final diagnosis.

2.3. DD level measurement

All blood samples collected during the routine clinical
evaluation were immediately sent to the laboratory for measuring
DD level using the immunoturbidimetry method. Sysmex CS-
5100 Automated Coagulation Analyzer from Japan and
INNOVANCE reagents from Germany were used for the assay.
The reference range of DD was 0-0.55 ug/mL, and patients with
DD level <0.55 pg/ml were classified into the negative group, and
patients with DD level >0.55ug/ml were classified into the

positive group.

2.4. Data analysis

SPSS 25.0 (IBM, Armonk, NY, USA) and GraphPad Prism 9.0
were used for statistical analysis. Continuous variables with normal
distribution are described as mean + standard deviation, and
continuous variables without normal distribution are described as
median and quartile. Categorical data are expressed as frequency
and percentages. Independent t-test or nonparametric Mann-
Whitney U test was used to compare continuous variables,
whereas chi-square or Fisher exact test was applied for
categorical variables. Laboratory results, CT findings, and clinical
(excluding AAD-RS) with p<0.05 in the
univariate analysis were used in the multivariate analysis model.
Odds ratio (OR) and 95%
calculated. A p-value of <0.05 was considered statistically.

characteristics

confidence interval (CI) were
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3. Results
3.1. Baseline characteristics of patients

Based on the inclusion and exclusion criteria, 286 participants,
with a median age of 53 years, were included in the final analysis
(see Figure 1), most of whom were men (82.5%). The baseline
characteristics of the 286 participants are shown in Table 1. In
general, 13 (4.5%) and 273 (95.5%) patients showed negative and
positive DD results, respectively. The median age of the negative
group was 53 years, and 11 (84.6%) of them were male (as
shown in Table 1). Compared with the positive group, patients
in the negative group showed a significantly longer FMC period
(24 vs. 6, P<0.001), higher platelet count (218 vs. 167,
P=0.007), and relatively lower WBC (8.29 vs. 13.22, P<0.001).
Meanwhile, pain was milder in the negative group (46.15% vs.
97.07%, P<0.001). Additionally, the ADD-RS was significantly
lower in the negative group compared to the positive group
(1 vs. 2, P<0.001). Imaging results showed the extension score
of dissection was lower in the negative group than in the positive
group (3 vs. 5, P=0.002). The extension scores were mainly 1-2
points in the negative group (Figure 2), while 7 points in the
positive group. Moreover, the involvement of the mesenteric
artery and the three branches of the aortic arch was less likely in
the negative group than in the positive group.

3.2. Multivariable logistic regression analysis

WBC [odds ratio (OR): 1.379, P=0.028], EMC (OR: 0.904,
P=0.028), and the extension score (OR: 1.623, P =0.046) were
associated with negative DD result (Table 2).

4. Discussion

4.1. Negative DD results combined with
ADD-RS zero score could not completely
rule out suspected aortic dissection

DD, a small fragment that can be detected after coagulation, is
currently used in clinical practice for its high sensitivity; however, it
has low specificity for diagnosing AD. Notably, the negative value
of DD has recently been confirmed to have a high predictive power
(10). Since 2007, It has been accepted that a DD value less than
0.1 mg/ml can rule out AD (11), which has been confirmed by
many clinical observations from different countries (12). More
recently, Yin et al. conducted a comprehensive systemic meta-
analysis and found that the pooled sensitivity of DD for AD was
approximately 94.5% and 69.1%, respectively, indicating that DD
is the best biomarker for ruling out AD (13).

Nevertheless, recent reports have demonstrated that patients
with AD can have negative DD results. Morita et al. found that
among 113 consecutive patients with AD who came within 24 h
of symptom onset, nine patients (8%) exhibited negative DD
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TABLE 1 Baseline characteristics of all patients (N = 286).

10.3389/fcvm.2023.1266919

Negative group (n=13) Positive group (n=273) P-value
Gender (male) 11 (84.61%) 225 (82.42%) >0.999
Age (year) 53 (48.00-55.00) 53 (45.00-64.00) 0.948
FMC (h) 24.00 (8.50-24.00) 6.00 (5.00-9.00) <0.001
Temperature (°C) 36.5 (36.25-36.75) 36.5 (36.30-36.75) 0.875
Heart rate (beat/min) 80 (66.00-88.50) 79 (67.00-89.00) 0.829
Systolic blood pressure (mmHg) 156 (133.5-169.5) 148 (120.5-169.5) 0.318
Diastole blood pressure (mmHg) 90 (65.50-102.5) 81 (66.00-94.00) 0.343
Syncope or unconsciousness 0 (0%) 18 (6.59%) >0.999
Cerebrovascular disease 1 (7.69%) 12 (4.40%) 0.461
Diabetes 1 (7.69%) 4 (1.47%) 0.209
Hypertension 12 (92.31%) 225 (82.42%) 0.704
Pain* 6 (46.15%) 265 (97.07%) <0.001
AAD-RS 1(1-1) 2 (1-2) <0.001
Laboratory results
White blood cell (10°/L) 8.29 (6.16-11.96) 13.22 (10.95-16.05) <0.001
Platelet (10°/L) 218 (171-248.5) 167 (138-204) 0.007
Calcitoninogen (ng/ml) 0.09 (0.04-0.44) 0.15 (0.06-0.44) 0.311
Hs-cTnT (ng/L) 9.40 (7.26-23.28) 13.99 (8.19-45.90) 0.134
NT-proBNP (ng/L) 105.00 (45.75-729.57) 214.10 (95.47-729.57) 0.284
CT findings
Extension score 3.00 (1.50-5.00) 5.00 (4.00-7.00) 0.002
True lumen diameter (cm) 1.50 (1.12-2.76) 1.43 (0.94-1.83) 0.252
False lumen diameter (cm) 2.32 (1.18-2.69) 2.36 (1.68-3.25) 0.352
Stanford type A dissection 4 (30.77%) 158 (57.88%) 0.054
False lumen with partial thrombosis 8 (61.54%) 173 (63.40%) >0.999
Coronary artery involvement 0 (0%) 16 (5.86%) >0.999
Three bifurcated vessels of the aortic arch involvement 2 (15.38%) 123 (45.05%) 0.035
The mesenteric artery involvement 0 (0%) 77 (28.20%) 0.023
Coeliac trunk artery involvement 3 (23.08%) 102 (37.36%) 0.385
Renal artery involvement 5 (38.46%) 161 (58.97%) 0.143
Iliac artery involvement 6 (46.15%) 170 (62.27%) 0.243

AAD-RS, the aortic dissection detection risk score; FMC, symptom onset to the first medical contact; Pain*, Contains chest pain, back pain, abdominal pain, low back pain.

50

40

relative frequency (%)

FIGURE 2

1 5 6

Extension score ( score)

Hl Negative group
= Positive group

Comparison of extension scores between negative D-dimer (DD) group and positive DD group.

results (14). Additionally, approximately 45% of patients in the  Therefore, we analyzed the characteristics of patients with AD and

negative group were diagnosed with type A dissection, and 33%  negative DD to provide a reference for the accurate and effective

underwent emergency surgery due to cardiac tamponade (15),  diagnosis of AD in patients with suspected AD. We enrolled

implying fatal conditions even in patients with negative DD.  patients admitted within 24 h of symptom onset and figured out
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TABLE 2 Multivariable logistic regression models for risk factors related to
negative results of D-dimer testing on the diagnosis of AD.

L or owa

FMC (h) 0.904 | 0.826-0.989 0.028
Non-pain 0.130 | 0.017-0.996 0.050
White blood cell (10°/L) 1379 | 1.034-1.839 0.028
Platelet (10°/L) 0.988 | 0.974-1.002 0.087
Stanford type A dissection 0.469 | 0.055-4.004 0.489
Extension score 1.623 | 1.008-2.613 0.046
Three bifurcated vessels of the aortic arch 1.098 | 0.112-10.733 0.936
involvement

The mesenteric artery involvement 0.000 | 0.000-0.000 0.997
False lumen with partial thrombosis 1.861 | 0.314-11.032 0.494

OR, odds ratio; 95% ClI, 95% confidence interval; FMC, symptom onset to the first
medical contact.

that approximately 4.5% of patients with AD had a negative DD
result. Additionally, we found that low ADD-RS was significantly
associated with negative DD. Takayama et al. reported that none
of the DD-negative patients had an AAD-RS score of zero (15).
Stefano et al. reported that ADD-RS 0 or <1 combined with a
negative DD can accurately rule out AD (16), whereas Ruth et al.
reported two patients with acute AD who had zero AAD-RS and
negative DD (17). We found 2 (15.4%) patients with a zero score
in the negative group, suggesting a negative DD result can not
completely rule out AD even if the ADD-RS is zero.

4.2. Extension score, false lumen diameter,
and affected vessels in patients with
negative DD result

The exposed area of the intimal layer was decided based on the
length of the dissection tear and false lumen diameter. Smaller
exposed area was associated with weaker activation of exogenous
coagulation factors. Therefore, patients with a smaller dissection
tear range and smaller false lumen diameter were more likely to
have negative DD results. We divided the aorta into several
segments in a relatively average way, and the extension score was
calculated based on the number of these segments, which could
indirectly indicate the length of the dissection tear. Our
imagological analysis showed that there were lower extension
scores, smaller false lumen diameters, and milder involvement of
the mesenteric artery and branches of the aortic arch in the
negative group than in the positive group.

Damages to peripheral organs supplied by the three branches
of the aortic arch and the mesenteric artery were associated with
large dissection areas in patients with AD. Thus, the involvement
of these vessels caused a large area of hypoperfusion, damaging
vascular endothelial cells and activating endogenous coagulatory
pathways (18). Thus, severe dissection can present with increased
serum concentrations of DD. Consistently, we found a lower
extension score in AD patients with negative DD results,
suggesting milder organ ischemia. Additionally, our imagological
analysis might provide a possible explanation for Chai X et al’
outcome that increased DD concentrations can predict a higher
risk of in-hospital mortality in patients with AD (19).
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4.3. Inflammatory response in patients with
AD and negative DD results

During the development of AD, the inflammatory response is
involved in several pathological processes in the affected artery,
including medial degradation of the aortic artery and arterial wall
remodeling, which subsequently weaken the aortic wall and
increase mortality (20). On the other hand, the imbalance between
pro-inflammatory and anti-inflammatory signals can contribute to
AD (21). Takayama et al. demonstrated that WBC significantly
increases in patients with AD owing to the inflammatory response
in the acute phase reaction (15). Recently, some studies have
shown a wide range of interactions between inflammatory
The
response not only stimulates coagulation but also accelerates the

response systems and vascular systems. inflammatory
progression of coagulation (22, 23). Previous clinical trials on
patients with AD demonstrated that increased concentrations of
DD can reflect the severity of systemic inflammatory response
(24). Besides, it was shown that patients with AD and increased
WBC possess higher levels of DD (25). Similarly, another clinical
trial reported that WBC is increased in patients with positive DD
(19). We have shown that patients with negative DD results have
a lower WBC and a higher platelet count compared with those
with positive DD, possibly due to lower tear extension scores in
the negative group. Because of the smaller tear extension score, the
exposure area of the intima of the artery is relatively smaller, and
the elevating count of WBC caused by both the acute phase
reaction as well as the underlying inflammatory process is smaller
(26), resulting in a lower WBC count in the negative group.
Additionally, as the exposed area of the intimal layer was smaller
in the negative group, coagulation and platelet aggregation were
less likely in this group, resulting in a higher platelet count.
Multivariable logistic regression also showed that a low WBC is
associated with a negative DD result. These findings also shed light
on the underlying processes of the inflammatory response is

inclined to become the targets for treating AD in the future.

4.4. Painless AD in the negative DD group

Typically, AD presents with acute or severe chest, back, and
tearing abdominal pain. It has also been suggested that AD can
be rarely painless (27). Imamura et al. demonstrated that AD can
be painless due to neurologic deficit, syncope, or disturbance of
consciousness (28). Besides, slow or gradual dissection with less
wall stretching can be painless. Though there are several
potential explanations for the absence of pain, none are
convincing (25). Since the negative group presented a smaller
extension range with less wall stretching, asymptomatic AD is
expected to be more common in this group.

4.5. Others

We found that among patients with negative DD results, the
FMC of nine patients (approximately 69.2%) was between 20 and
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24 h, which was slightly longer than that in patients with positive
DD results. In addition, the results of the multivariable analysis
showed that FMC (OR: 0.904, P=0.028) was associated with
negative DD results. Eggebrecht et al. reported that FMC is
inversely associated with the serum concentrations of DD in
patients with AD (29). However, they did not provide a
reasonable explanation for the underlying mechanism. Thus, it is
still needed to conduct in-depth investigations.

Cai Y et al. showed a statistically significant association between
relatively low blood pressure and negative DD results (19), but our
study did not find a similar association. Murai M et al. reported
that age is an independent risk factor for positive DD, and none
of the patients with negative DD were older than 70 years in their
study (14). However, in our study, two patients with negative DD
were 73 years old and 81 years old, and age did not significantly
differ between the positive and negative groups.

5. Conclusions

Patients with AD and negative DD had longer FMC and
slighter chest pain. Imaging showed a smaller tear extension
range and less involvement of the mesenteric artery and three
branches of the aortic arch. In clinical practice, physicians should
be aware that a negative DD result cannot completely rule out
AD even if the ADD-RS is zero. Therefore, imaging should be
conducted as early as possible for patients with suspected AD.

6. Study limitations

There are some limitations to this study. First, it was a single-
center retrospective study with a relatively small number of AD
patients in the negative group. Second, participants with both
Stanford type A and type B AD were included. Given the small
number of participants, we did not conduct an independent
analysis on patients with type A or B dissection. Nevertheless,
our findings are important since the molecular mechanisms
through which D-dimer is produced are similar between Stanford
type A and type B aortic dissection. Finally, as we focused on
Chinese patients, similar studies on other nationalities are needed.
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