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Abstract

Background: This study aims to analyze the clinical char-
acteristics and factors influencing postoperative limb func-
tion recovery in patients with acute type A aortic dissection
(ATAAD) complicated by lower extremity malperfusion
(LEM). The objective is to accurately assess preoperative
conditions, identify and manage risk factors, improve sur-
gical techniques, and offer insights to enhance the recovery
rate of LEM following surgery. Methods: This retrospec-
tive study included 131 patients with ATAAD complicated
by LEM, admitted to the Department of Cardiothoracic
Surgery at Nanjing Drum Tower Hospital between January
2013 and June 2019. Based on the resolution of lower
extremity malperfusion postoperatively, patients were di-
vided into a recovery group (n = 80) and a non-recovery
group (n = 51). The preoperative limb status and general
condition of both groups were evaluated, and factors in-
fluencing limb function recovery were analyzed using uni-
variate and multivariate logistic regression. Results: Uni-
variate analysis revealed statistically significant differences
between the recovery and non-recovery groups for vari-
ous variables. These included ischemic symptoms (odds
ratio [OR] = 3.841, 95% confidence interval [CI] 1.850-
8.197, p < 0.001), paresthesia (OR =2.197, 95% CI 1.080-
4.538, p =0.031), decreased muscle strength (OR = 2.594,
95% CI 1.203-5.688, p = 0.016), decreased skin temper-
ature (OR = 2.475, 95% CI 1.205-5.162, p = 0.014), non-
detectable limb blood pressure (OR =2.667, 95% CI 1.270—
5.692, p =0.010), prolonged cardiopulmonary bypass time
(OR = 1.008, 95% CI 1.003-1.014, p = 0.002), prolonged
aortic occlusion time (OR = 1.008, 95% CI 1.001-1.014,
p = 0.018), and the requirement for continuous renal re-
placement therapy (CRRT) (OR = 8.095, 95% CI 3.620-
19.165, p < 0.001). There were no significant differences
between the groups in terms of gender, age, body mass in-
dex (BMI), absence of limb numbness or pain, skin pallor
or mottling, absence of femoral or dorsalis pedis pulses,
or non-detectable lower limb blood pressure (p > 0.05).

Multivariate logistic regression identified ischemic symp-
toms (OR =4.519, 95% CI 1.910-11.320, p = 0.001), non-
measurable blood pressure (OR = 2.720, 95% CI 1.093—
6.996, p = 0.033), and prolonged cardiopulmonary bypass
time (OR = 1.018, 95% CI 1.006-1.034, p = 0.011) as in-
dependent early predictors of failure to recover limb func-
tion in patients with ATAAD. Conclusion: In ATAAD pa-
tients presenting with lower extremity ischemia at admis-
sion, healthcare providers should maintain heightened vig-
ilance for postoperative ischemia, especially in cases with
bilateral limb ischemia and non-measurable blood pressure.
Early identification of these risk factors may contribute to
enhancing postoperative outcomes.

acute type A aortic dissection; lower extremity malperfu-
sion; limb function recovery; influencing factors

Introduction

Acute type A aortic dissection (ATAAD) is charac-
terized by rapid progression, widespread implications, and
elevated susceptibility to numerous complications, render-
ing it among the most critical conditions in cardiovascu-
lar surgery. Without surgical intervention, the mortality
rate for ATAAD can reach up to 33% within the initial 24
hours, with a subsequent increase of 1-2% per hour. Alarm-
ingly, more than 70% of patients may not survive beyond
the first week. Urgent surgical intervention remains the pri-
mary treatment option for ATAAD [1-3]. Despite advance-
ments in diagnostic techniques and surgical methods, in-
cluding improvements in anesthesia, cardiopulmonary by-
pass, and organ-protection strategies, the persistence of ele-
vated postoperative mortality and complication rates is pre-
dominantly attributed to the severe preoperative status of
these individuals [4,5].
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A significant determinant impacting the prognosis of
ATAAD surgery is malperfusion syndrome (MPS), charac-
terized by inadequate blood flow to one or more organs or
limbs. Approximately 33% of patients with ATAAD en-
counter some form of malperfusion, with the lower extrem-
ities being the most commonly involved [6]. Lower limb
malperfusion (LLM) is the most frequent type of extremity
malperfusion. The presence of MPS among ATAAD pa-
tients is an independent risk factor for early postoperative
mortality and unfavorable outcomes [6,7]. Studies have
shown that the mortality rate in ATAAD patients with MPS
ranges from 29% to 89%, compared to 5% to 23% in those
without MPS, indicating a 10- to 30-fold increase in mortal-
ity [6]. Specifically, LLM can lead to severe complications
such as muscle necrosis, compartment syndrome, and limb
amputation, heightening the susceptibility to multiple organ
dysfunction syndrome and mortality [8—10].

In ATAAD patients with LLM, inadequate blood flow
to the lower extremities may result from the dissection flap
extending into the iliac or femoral arteries, leading to a re-
duction or complete obstruction of distal perfusion [11].
This ischemia not only threatens limb viability but can also
cause irreversible damage to muscles and nerves, compli-
cating postoperative recovery. Early identification and in-
tervention are critical to restoring perfusion and preventing
long-term disability. However, despite advancements in
surgical techniques and postoperative management, a sig-
nificant proportion of patients with preoperative LLM con-
tinue to experience persistent malperfusion postoperatively,
severely impacting both their prognosis and quality of life.

Several studies have explored various strategies to
manage ATAAD with LLM, encompassing both endovas-
cular and open surgical interventions designed to restoring
distal perfusion. While these strategies have contributed
to reductions in overall mortality, postoperative outcomes
for limb function recovery remain suboptimal in certain pa-
tients. Sustained postoperative malperfusion of the limbs
can prolong recovery durations, elevate the incidence of
complications like limb ischemia and amputation, and di-
minish long-term survival prospects [12—14].

Given these challenges, it is crucial to accurately
identify the risk factors associated with the failure to re-
cover lower limb perfusion postoperatively in ATAAD pa-
tients. Early recognition of these factors could facilitate tar-
geted interventions to improve surgical outcomes and mit-
igate postoperative complications. Previous studies have
suggested several potential predictors of poor limb recov-
ery, including the severity of preoperative limb ischemia,
the duration of cardiopulmonary bypass, and intraopera-
tive management strategies [ 14]. However, comprehensive
analyses are warranted to comprehensively grasp the clin-
ical attributes and risk factors contributing to unsuccessful
postoperative recovery of limb function in these patients.

Therefore, this retrospective study aims to analyze the
preoperative characteristics of 131 ATAAD patients com-
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plicated by LLM, with the goal of identifying clinical fea-
tures and risk factors associated with postoperative failure
to restore adequate limb perfusion. By elucidating these
factors, the study endeavors to furnish valuable insights for
refining preoperative evaluation, optimizing surgical strate-
gies, and enhancing postoperative recovery of lower limb
perfusion in this high-risk patient population. The study’s
outcomes may offer critical guidance for healthcare pro-
fessionals in enhancing preoperative assessment and thera-
peutic strategies for ATAAD patients with lower extremity
malperfusion, ultimately enhancing their prognosis.

Study Design and Participants

This retrospective study included 131 patients diag-
nosed with ATAAD complicated by LLM, who were ad-
mitted to a tertiary hospital in Nanjing from January 2013
to June 2019. The inclusion criteria comprised: (1) confir-
mation of Stanford type A aortic dissection through med-
ical history, physical examination, echocardiography, and
computed tomography angiography, followed by surgical
intervention; (2) symptom onset within 14 days; and (3)
preoperative diagnosis of LLM. The diagnosis of LLM was
established based on classical clinical presentations such as
absent femoral pulses, sensory or motor deficits in the ex-
tremity, skin pallor or cyanosis, and imaging evidence from
computed tomography (CT) or ultrasound indicating dimin-
ished blood flow in the lower limb arteries [15]. Exclusion
criteria were: (1) subacute or chronic ATAAD with symp-
tom onset exceeding two weeks; (2) patients with other aor-
tic pathologies, such as intramural hematoma or penetrating
aortic ulcer, confirmed intraoperatively; (3) cases of iatro-
genic aortic dissection; (4) lower extremity ischemia unre-
lated to aortic dissection, such as that caused by cerebral
hemorrhage, cerebral infarction, or diabetic gangrene; and
(5) patients with cerebral malperfusion (manifesting as con-
sciousness disorders, strokes, or transient ischemic attacks).

Surgical Procedures

All patients underwent thorough preoperative man-
agement, which involved prompt admission to the intensive
care unit (ICU). Continuous monitoring of arterial blood
pressure was commenced, and mechanical ventilation via
tracheal intubation was performed. Continuous intravenous
infusion of muscle relaxants, analgesics, and sedatives was
administered to maintain stable blood pressure and heart
rate, thereby reducing the risk of aortic rupture.

After diagnosis, patients were promptly transferred to
the cardiothoracic ICU, and all underwent central aortic re-
pair surgery within 24 hours of symptom onset. The surgi-
cal procedure involved a standard median sternotomy. Fol-
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lowing systemic heparinization, cardiopulmonary bypass
(CPB) was established through femoral artery and/or right
subclavian artery and right atrial cannulation. Upon reach-
ing a nasopharyngeal temperature of 18-22 °C, CPB was
temporarily ceased, and selective cerebral perfusion was
initiated. After completing distal arch repair, CPB was re-
sumed, and the patient was rewarmed [16]. All patients un-
derwent one of four surgical techniques based on their con-
dition. Total Arch and Descending Aortic Stent Implanta-
tion refers to a novel intraoperative hybrid stent graft system
designed for open implantation, where the stent graft fea-
tures a fenestrated design in the arch portion to ensure that
it does not obstruct the three branch vessels [17]. Frozen
Elephant Trunk Procedure (Sun’s Procedure) involves to-
tal arch replacement combined with descending aortic stent
implantation, in which the ascending aorta and the arch are
replaced using a thoracic vascular graft, while the descend-
ing aorta is reconstructed with a Microport® stent-graft.
Partial Arch Replacement is a procedure that replaces the
ascending aorta and the lesser curvature of the aortic arch
without involving direct manipulation of the branch vessels.
Lastly, Island Anastomosis entails suturing the region con-
taining the branch vessels to the synthetic vascular graft.

Data Collection

Data collection was conducted in two phases by clin-
ical postgraduate students who had received appropriate
training. In the first phase, general characteristics and
admission-related symptoms and signs were documented
within 48 hours of admission. In the second phase, intra-
operative and postoperative data related to lower extremity
ischemia recovery were collected at discharge.

General characteristics and admission-related symp-
toms included: sex, age, body mass index (BMI), unilat-
eral or bilateral limb ischemia, lower extremity pain, skin
pallor or mottling, absence of femoral and dorsalis pedis
pulses, femoral pulse strength, muscle strength, skin tem-
perature, blood pressure, and presence of diabetes melli-
tus or hypertension. Intraoperative and postoperative data
comprised: surgical procedure, cardiopulmonary bypass
time, aortic cross-clamp time, operation time, circulatory
arrest time, and utilization of continuous renal replacement
therapy (CRRT).

The primary endpoint was the postoperative recov-
ery of limb function, which was defined as the restoration
of normal muscle strength and the absence of symptoms
such as neuralgia or motor dysfunction at the time of dis-
charge. Resolution of lower extremity malperfusion was
determined by meeting these criteria. Conversely, patients
who succumbed to their condition or had persistent malper-
fusion were classified as having unrecovered lower extrem-
ity function.

E168

Statistical Analysis

Patients were divided into two groups according to the
resolution status of postoperative lower limb ischemia. A
comparative analysis of general characteristics, symptoms,
and signs at admission was conducted between the recovery
and non-recovery groups.

Continuous variables were summarized as medians
and interquartile ranges (IQR) and compared using Stu-
dent’s t-test or the Mann-Whitney U-test, as appropriate.
Categorical variables were presented as frequencies or per-
centages and analyzed using the Chi-squared test or Fisher’s
exact test. Variables with a p value < 0.1 in the univariate
analysis were further assessed using multivariate logistic
regression models to identify independent predictors. The
selection of variables for multivariate analysis was guided
by their clinical relevance and statistical significance in the
univariate analysis. A backward stepwise approach was
applied to exclude non-significant variables from the final
model. To address potential confounding factors, all clin-
ically relevant covariates, including age, sex, comorbidi-
ties (e.g., diabetes, hypertension), and perioperative fac-
tors, were adjusted for in the multivariate model. Results
were reported as odds ratios (OR) with 95% confidence in-
tervals (CI). A two-sided p value <0.05 was considered
statistically significant. For variables with missing data,
multiple imputation was performed to minimize potential
bias. Statistical analyses were performed using SPSS ver-
sion 26.0 (IBM Corp., Armonk, NY, USA) or R software
(version 4.2.0, R Foundation for Statistical Computing, Vi-
enna, Austria).

Baseline Characteristics

Among 1092 patients with acute type A aortic dissec-
tion, 133 (12.18%) had preoperative LEM, with a mortal-
ity rate of 22.56%, compared to 13.35% in patients without
LEM. The overall mortality rate for the cohort was 14.47%
(158/1092). Univariate analysis showed that preoperative
LEM was associated with a significantly higher risk of mor-
tality (OR = 2.123, p < 0.001). Flowchart of participant
selection is shown in Fig. 1.

Following the application of the exclusion criteria, a
total of 131 patients were included in the study. These pa-
tients were divided into two groups based on the postopera-
tive recovery of lower limb perfusion. Within the cohort, 80
patients (62.5%) experienced recovery of lower limb perfu-
sion, while 51 patients (37.5%) did not recover from post-
operative lower limb perfusion impairment.

The ages of the study participants ranged from 28 to
82 years, with a mean age of 52.44 £ 12.92 years. The aver-
age BMI was 25.87 + 4.26 kg/m?. The cohort included 102
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2013 to June 2019

A total of 1092 patients with TAAD were
admitted to our center from January

Of these,133 patients were
diagnosed with ATAAD complicated
by lower extremity malperfusion

2 Excluded

B | patients with cerebral malperfusion
1 patients lost to follow up

80 patients in recovery group

51 patients in non-recovery group

Fig. 1. Flowchart of participant selection. ATAAD, acute type A aortic dissection; TAAD, type A aortic dissection.

male patients (77.9%) and 29 female patients (22.1%). A
history of hypertension was present in 103 patients (78.6%),
and 4 patients (3.1%) had a history of diabetes mellitus. De-
tailed baseline characteristics are presented in Table 1.

Univariate Analysis of Factors Influencing Limb Function

Recovery in Acute Type A Aortic Dissection

Univariate analysis was performed on all patient data
to identify potential factors influencing limb function re-
covery. The results revealed statistically significant differ-
ences for eight variables: ischemic symptoms (OR = 3.84,
p < 0.01), paresthesia (OR =2.197, p = 0.031), decreased
muscle strength (OR =2.594, p = 0.016), reduced skin tem-
perature (OR = 2.475, p = 0.014), non-measurable blood
pressure (OR =2.667, p = 0.010), cardiopulmonary bypass
time (OR =1.008, p=0.002), aortic cross-clamp time (OR =
1.008, p=0.018), and the utilization of CRRT (OR = 8.095,
p < 0.01). These variables demonstrated statistically signif-
icant associations with limb function recovery, as detailed
in Table 2.

Multivariable Analysis of Factors Influencing Limb Func-

tion Recovery in Acute Type A Aortic Dissection

Multivariable logistic regression analysis revealed
that ischemic symptoms (OR = 4.519, p = 0.001), non-
measurable blood pressure (OR = 2.720, p = 0.033), and
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prolonged cardiopulmonary bypass time (OR = 1.018, p =
0.011) were identified as independent risk factors for the
lack of postoperative ischemia recovery in patients with
Stanford type A aortic dissection complicated by lower
limb ischemia. These findings suggest that the presence of
ischemic symptoms, non-measurable blood pressure, and
longer cardiopulmonary bypass time serve as significant
predictors of inadequate limb function recovery following
surgery (Table 3).

The performance of the regression model was evalu-
ated using a receiver operating characteristic (ROC) curve,
which demonstrated an area under the curve (AUC) of
0.769, indicating a moderate predictive ability (Fig. 2).

Discussion

LEM represents a severe and life-threatening compli-
cation in patients with ATAAD, contributing to elevated
mortality and worse clinical outcomes. In our study, LEM
was identified in 12.18% of ATAAD patients, with a strik-
ingly higher mortality rate of 22.56%, compared to 13.35%
in those without LEM. Univariate analysis further estab-
lished LEM as an independent risk factor for increased mor-
tality (OR =2.123, p < 0.001), underscoring its critical im-
pact on patient prognosis. These findings align with prior
research, which has demonstrated that LEM is associated
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Table 1. Baseline characteristics in patients with type A aortic dissection and preoperative lower extremity malperfusion based on recovery of lower extremity malperfusion after

surgery [n (%), (T £ s), median].

All (n=131) Recovery group (n=80)  Non-recovery group (n =51) p
Female, n (%) 29 (22.1) 18 (22.5) 11 (21.6) 0.999
Age, (years) mean (SD) 52.44 (12.92) 52.04 (12.53) 53.08 (13.62) 0.655
BMI, (kg/m?) mean (SD) 25.87 (4.26) 25.43 (4.11) 26.57 (4.44) 0.134
Lower Limb Pain, n (%) 9(6.9) 5(6.2) 4(7.8) 0.999
Paresthesia in Lower Limbs, n (%) 59 (45.0) 30 (37.5) 29 (56.9) 0.046
Pale or Mottled Skin, n (%) 4(3.1) 1(1.2) 3(5.9 0.326
. single 77 (58.8) 57 (71.2) 20 (39.2)
Ischemic Symptoms, n (%) 0.001
both 54 (41.2) 23 (28.7) 31 (60.8)
. . Femoral artery 3(2.3) 2(2.5) 1(2.0)
Absence of Femoral and Dorsalis Pedis Artery . K
Pulses, n (%) Dorsalis pedis artery 46 (35.1) 31 (38.8) 15(29.4) 0.017
both 34 (26.0) 13 (16.2) 21 (41.2)
none 83 (63.4) 56 (70.0) 27 (52.9)
Femoral Artery Pulse Strength, n (%) weaken 9(6.9) 7 (8.8) 2(3.9) 0.024
normal 39 (29.8) 17 (21.2) 22 (43.1)
none 13(9.9) 9(11.2) 4(7.8)
Dorsalis Pedis Artery Pulse Strength, n (%) weaken 38 (29.0) 27 (33.8) 11 (21.6) 0.202
normal 80 (61.1) 44 (55.0) 36 (70.6)
Decreased Muscle Strength, n (%) 38 (29.0) 17 (21.2) 21 (41.2) 0.024
Reduced Skin Temperature, n (%) 52 (39.7) 25(31.2) 27(52.9) 0.022
Non-Measurable Blood Pressure, n (%) 44 (33.6) 20 (25.0) 24 (47.1) 0.016
Diabetes Mellitus, n (%) 4@3.1) 3(3.8) 1(2.0) 0.952
Hypertension, n (%) 103 (78.6) 62 (77.5) 41 (80.4) 0.861
Continuous Renal Replacement Therapy, n (%) 39 (29.77) 12 (15.00) 27 (52.94) <0.001
Total Arch and Descending Aortic Stent Implantation 52 (39.7) 35 (43.8) 17 (33.3)
. Frozen Elephant Trunk Procedure (Sun’s Procedure) 52 (39.7) 29 (36.3) 23 (45.1)
Surgical Procedure, n (%) . 0.641
Partial Arch Replacement 21 (16.0) 12 (15.0) 9(17.6)
Island Anastomosis 6 (4.6) 4(5.0) 2(3.9)
Cardiopulmonary Bypass Time, (min) median [IQR] 231.00 [193.50,269.00]  218.00 [180.00, 255.25] 253.00 [215.50, 329.00] 0.001
Aortic Cross-Clamp Time, (min) median [IQR] 160.00 [127.50, 206.00]  149.50 [123.75, 187.00] 175.00 [149.00, 225.00] 0.011
Operation Time, (hours) median [IQR] 7.83 [6.50, 9.67] 7.33[6.17, 8.50] 9.00 [7.50, 10.33] <0.001
Circulatory Arrest Time, (min) median [IQR] 31.00 [24.00, 38.00] 30.00 [24.00, 38.00] 31.00 [23.50, 38.00] 0.962

SD, standard deviation; IQR, interquartile ranges; BMI, body mass Index.
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Table 2. Univariate analysis of influencing factors for limb function recovery in acute type A aortic dissection.

Variables OR 2.50%  97.50% B Wald p value
1 Ischemic Symptoms 3.841 1.850 8.197 1.346  12.641 <0.001
2 Paresthesia 2.197  1.080 4.538 0.787  4.648 0.031
3 Decreased Muscle Strength 2.594  1.203 5.688 0.953  5.838 0.016
4 Reduced Skin Temperature 2475  1.205 5.162 0.906  6.000 0.014
5 Non-Measurable Blood Pressure 2.667 1.270 5.692 0.981 6.618 0.010
6 Cardiopulmonary Bypass Time 1.008  1.003 1.014 0.008 9910 0.002
7 Aortic Cross-Clamp Time 1.008  1.001 1.014 0.007  5.579 0.018
8  Continuous Renal Replacement Therapy  8.095  3.620 19.165 2.091 24.434 <0.001

OR, odds ratio.

Table 3. Multivariable analysis of influencing factors for limb function recovery in acute type A aortic dissection.

Variables OR 2.50%  97.50% B Wald p
1 Ischemic Symptoms 4519 1910 11.320  1.508 11.192  0.001
2 Non-Measurable Blood Pressure  2.720  1.093 6.996 1.001 4526  0.033
3 Cardiopulmonary Bypass Time  1.018  1.006 1.034  0.018 6.529 0.011

with more extensive aortic dissections and the involvement
of other vital organ systems, such as the renal and mesen-
teric vasculature, thereby amplifying the severity of MPS
and worsening clinical outcomes [18,19]. The mechanisms
by which LEM contributes to increased mortality are mul-
tifaceted. This perfusion deficit sets off a cascade of patho-
logical processes, including ischemia-reperfusion injury,
systemic inflammatory response syndrome, and progres-
sion to multiple organ dysfunction syndrome, all of which
exacerbate clinical deterioration [20].

The clinical significance of LEM is further empha-
sized by the fact that 20% to 40% of ATAAD patients
present with varying degrees of malperfusion at admission,
and 9.7% to 15% suffer from LLM [21]. The presence
of LLM often indicates a more extensive aortic dissection,
frequently accompanied by malperfusion of other major
branches, such as the celiac trunk and renal arteries, thereby
complicating the clinical scenario significantly. In ATAAD,
the primary mechanism of LLM involves increased pres-
sure within the false lumen, leading to compression of the
true lumen and subsequent reduction or complete obstruc-
tion of blood flow. Additionally, the acute nature of the
occlusion prevents the establishment of effective collateral
circulation, leading to limb ischemia. Previous studies have
shown that the severity of limb ischemia is influenced by
the degree of obstruction, the duration of ischemia, and the
presence or absence of collateral circulation. Skeletal mus-
cle necrosis can commence as early as three hours follow-
ing complete ischemia, with irreversible necrosis occurring
after six hours [22]. Despite significant advances in the sur-
gical treatment of ATAAD, leading to reductions in opera-
tive mortality and complications, the restoration of postop-
erative lower limb perfusion in patients with preoperative
LLM remains a challenge. Our study identified that bilat-
eral ischemic symptoms, non-measurable blood pressure,
and prolonged CPB time are independent risk factors asso-
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ciated with the inability to achieve postoperative limb per-
fusion recovery.

This study found that bilateral lower limb ischemic
symptoms are an independent risk factor for inadequate
postoperative limb perfusion recovery. Patients with bilat-
eral limb ischemic symptoms had a 4.519-fold higher risk
of persistent postoperative limb malperfusion compared to
those with unilateral symptoms. This may be attributed to
the presence of complete or near-complete occlusion of the
true lumen in the thoracoabdominal aorta (true lumen area
<30%) among patients with bilateral limb ischemia, result-
ing in compromised antegrade perfusion to the lower ex-
tremities. Consequently, these patients face a greater sus-
ceptibility to intraoperative and postoperative limb malper-
fusion [23]. Clinically, when encountering ATAAD pa-
tients with bilateral lower limb ischemia, clinicians should
remain vigilant, continuously assess the ischemic status,
and expedite efforts to restore limb perfusion to prevent ir-
reversible damage.

Our results also indicated that preoperative non-
measurable blood pressure is an independent risk factor
for poor postoperative limb perfusion recovery. Patients
with non-measurable blood pressure exhibited a 2.720-fold
higher risk of persistent postoperative limb malperfusion
compared to those with measurable blood pressure. Studies
have reported that hypotension in patients with acute aor-
tic dissection is frequently associated with pericardial tam-
ponade or rupture of the aortic dissection due to external
leakage of blood from the ascending aorta, severe aortic
valve insufficiency or coronary artery obstruction leading
to acute heart failure. These patients typically have a poor
prognosis [24]. Additionally, given that the lower limbs
receive blood supply from the most distal branches of the
aorta, significant engagement of these vessels suggests a
more widespread dissection. In such cases, non-measurable
blood pressure may result from arterial occlusion, a condi-
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Fig. 2. The receiver operating curve of logistic model. AUC, area under curve.

tion frequently associated with more severe ischemia than
in patients with measurable blood pressure, thereby increas-
ing the likelihood of poor postoperative recovery.

Furthermore, prolonged CPB time emerged as a fac-
tor associated with inadequate postoperative limb perfusion
recovery. Prolonged CPB could exacerbate lower limb is-
chemic injury due to extended cardiac arrest and reperfu-
sion. The severity of limb ischemia depends on both the
degree and duration of obstruction, underscoring the criti-
cal importance of minimizing ischemic duration. Intraoper-
ative collaboration among multidisciplinary teams, particu-
larly the CPB team, is essential for the timely restoration of
limb perfusion. The complexity and duration of aortic dis-
section surgery often present challenges in achieving timely
reperfusion within the optimal ischemic timeframe, further

E172

aggravating tissue damage in the affected limbs. Addition-
ally, prolonged CPB time often signifies more severe dis-
ease or intricate surgical interventions. LLM is frequently
accompanied by visceral or renal malperfusion, worsen-
ing perfusion pressure in the distal vasculature and increas-
ing the likelihood of intraoperative vascular grafting pro-
cedures, which, in turn, prolong CPB duration. Previous
studies have also shown that prolonged CPB time is a risk
factor for mortality in patients with preoperative MPS [25].
In this study, patients who died were considered to have
unresolved limb malperfusion. Therefore, the reduction
of CPB duration and minimization of surgical trauma are
paramount in enhancing postoperative recovery of lower
limb perfusion and reducing associated complications.
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Limitations

Several limitations of this study warrant acknowledg-
ment. Firstly, its retrospective design could potentially in-
troduce selection bias, given that data were obtained from
medical records rather than through prospective means.
Secondly, the relatively small sample size, particularly in
the non-recovery group, may restrict the statistical power
and the generalizability of our findings to larger popula-
tions. Thirdly, the single-center nature of this study may di-
minish the external validity of the findings when applied to
more diverse and heterogeneous populations. Additionally,
while we identified several early predictors of poor postop-
erative LEM recovery, certain potential factors, including
specific intraoperative techniques, postoperative manage-
ment strategies, and patient comorbidities, were not fully
explored. Furthermore, the lack of long-term follow-up
data on limb function recovery limited our ability to assess
the sustained outcomes and potential late complications be-
yond the immediate postoperative period.

Future multicenter, prospective studies with larger
sample sizes, comprehensive data on intraoperative and
postoperative factors, and longer follow-up periods are
needed to validate these findings, improve statistical robust-
ness, and explore additional predictors and interventions
aimed at optimizing clinical outcomes.

Conclusion

In the treatment of Stanford type A aortic dissection
complicated by lower extremity malperfusion, the primary
objective is not only to save the patient’s life but also to
enhance postoperative quality of life, with a specific fo-
cus on preserving limb function. This study identified early
predictors of limb function recovery in patients with acute
Stanford type A aortic dissection and lower limb ischemia
based on admission data. The key predictors include bi-
lateral limb ischemia, non-measurable blood pressure, and
prolonged CPB time. However, this study has certain lim-
itations, primarily due to the relatively small sample size,
which may introduce bias. Additionally, the uncertainty re-
garding whether additional symptoms from the “6P” signs
of ischemia can function as early predictors poses a note-
worthy limitation. Future studies involving larger, mul-
ticenter cohorts are imperative to corroborate and expand
upon these findings, as well as to explore other potential
predictive factors.
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