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Abstract

Objective: The aim of this study was to describe the preva-
lence and clinical characteristics of patients presenting with
lower limb malperfusion (LLM) following an aortic dissec-
tion, and the outcomes of the patients repair of the dissec-
tion as the initial operative procedure. Method: We per-
formed a retrospective medical record review at our sin-
gle center of patients who presented with an aortic dissec-
tion complicated by LLM from January 2019 to June 2023,
and analyzed the incidence, clinical characteristics, progno-
sis and reintervention of these patients. Result: The inci-
dence of patients with an aortic dissection complicated by
LLM was 6.3% (39/617) with mortality rate of 23% (9/39).
LLM cases were associated with malperfusion of other or-
gans in 77% (30/39) of patients. All surgical patients un-
derwent initial aortic central repair, with a mortality rate
of 26% (8/30). Mortality rates were 31.8% (7/22) for type
A dissections and 12.5% (1/8) for type B dissections. Im-
mediate femoral-femoral bypass grafting was performed in
10% (3/30) of cases following aortic central repair, with
the majority of patients experiencing significant improve-
ment in LLM with aortic central repair alone. The post-
operative readmission rate due to LLM was 6.7% (2/30).
Conclusion: Aortic dissection with lower limb malperfu-
sion (LLM) is associated with increased pre- and postoper-
ative mortality, especially in Type A aortic dissections ver-
sus Type B. However, for survivors of initial central aortic
repair surgery, the rates of amputation and readmission for
LLM are low.

acute aortic dissection; lower extremity malperfusion;
prevalence; clinical features and outcomes

Introduction

Aortic dissection is a life-threatening disease, mainly
due to the high risk of death caused by aortic rupture, peri-
cardial tamponade, and malperfusion resulting in organ fail-
ure. Malperfusion syndromes in acute aortic dissection
(AAD) continue to be a predictor of early mortality and has
been associated with worse survival. Specifically, lower
limb malperfusion (LLM) due to aortic dissection occurs in
4-23% of patients with acute aortic dissection, which may
result in permanent limb dysfunction or amputation if the
diagnosis and treatment are delayed [1,2].

The primary goal of treatment is to restore perfusion
of the lower limbs as soon as possible. Recent studies have
suggested that a paradigm shift toward initial reperfusion
followed by central aortic repair may be necessary in pa-
tients with AAD complicated by LLM, while others believe
conventional emergent central aortic repair in AAD with
LLM is still the gold-standard and treatment of choice [3—
5]. Unfortunately, the optimal treatment strategy to treat
LLM caused by aortic dissection is unknown.

The aim of this study was to describe the prevalence
and clinical characteristics of patients presenting with LLM
due to an aortic dissection, and outcomes patients undergo-
ing repair of the aortic dissection as the initial intervention.

Method

A retrospective review of medical records for patients
presenting with aortic dissection complicated by LLM at
a single center from 2019 to 2023 was performed. The
datasets used in this study are available from the corre-
sponding author upon reasonable request. Statistical anal-
ysis was conducted using SPSS 26 (IBM Corp., Armonk,
NY, USA). For normally distributed data with homoge-
nous variances, paired sample #-tests were used for within-
group comparisons, and independent sample #-tests were
used for between-group comparisons. For non-normally
distributed data, the Mann-Whitney U test was used for
between-group comparisons, and the Wilcoxon signed-rank
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Fig. 1. Acute aortic dissection concomitant organ malperfusion. (A,E) Poor lower limb perfusion. (B) Poor perfusion of the abdominal

aorta. (C) Inferior mesenteric perfusion deficiency. (D) Renal artery malperfusion.

Table 1. Demographics and preoperative variables.

Variable Total (mn=39) Type A(n=26) TypeB (n=13)
Age, year 562+ 124 51.8 £12.7 523 £ 11.5
Male sex (n, %) 33 (85%) 21 (80%) 12 (92%)
Coronary artery disease (n, %) 1 (3%) 0 1 (8%)
Cardiovascular disease (n, %) 2 (5%) 2 (8%) 0
Chronic obstructive pulmonary disease (n, %) 1 (3%) 1 (4%) 0
Hypertension (n, %) 33 (85%) 22 (85%) 11 (85%)
Diabetes (n, %) 1 (3%) 1 (4%) 0
Smoking history (n, %) 8 (21%) 6 (23%) 2 (15%)
Alcohol use (n, %) 10 (26%) 9 (35%) 1 (8%)

test was used for within-group comparisons. Categorical
data were expressed as percentages (%) and compared be-
tween groups using the chi-square test, corrected chi-square
test, or Fisher’s exact test for overall effectiveness. This
retrospective analysis was approved by the hospital’s ethics
committee (ethics approval number 20241.1.0430001) and
preoperative patients and their families. LLM was defined
as weak or absent pulsation of unilateral or bilateral femoral
arteries and at least one of the following additional find-
ings: pain, paresthesia or paralysis, decreased motor func-
tion, limb discoloration, or computed tomography demon-
stration of arterial obstruction of the affected limb/limbs by
the dissection (Fig. 1). For patients with aortic dissection
complicated by lower limb malperfusion, emergency surgi-
cal treatment is recommended according to the 2014 Euro-
pean Society of Cardiology Guidelines for the Management
of Aortic Diseases (Class I, Level of Evidence B). The pro-
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cedure involves resecting the primary tear in the aortic dis-
section under deep hypothermic circulatory arrest, replac-
ing the aorta with a synthetic graft, and placing a stent in
the descending aorta to expand the true lumen and increase
distal aortic blood supply, thereby improving lower limb
ischemia. Currently, there is no standardized guideline for
intervention decisions, and the approach primarily relies on
the clinical experience of the treating physician.

Patients were excluded if LLM was the result of an
iatrogenic injury. The cohort was subdivided into Stanford
type A and type B aortic dissections. Visceral ischemia was
determined by computed tomography findings of branch
occlusion or clinical abdominal symptoms, bowel ischemia
or renal failure. Multiple visceral ischemia was defined as
malperfusion of two or more visceral branches, excluding
isolated bilateral renal artery ischemia.
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Table 2. Dissection-related variables.

Variable (n,%)

Total (n=39) Type A (n=26) Type B (n=13) Preoperative death (n=9)

LLM laterality

Right 13 (33%)

Left 16 (41%)
Bilateral 10 (26%)
Isolated LLM 9 (23%)
Concomitant viscerorenal malperfusion

Celiac trunk 13 (33%)

SMA 11 (28%)

Renal 25 (64%)

Multiple viscerorenal vessels 13 (33%)

10 (38%) 3 (23%) 3 (33%)
11 (42%) 5(38%) 3 (33%)
5 (19%) 5 (38%) 3 (33%)
4 (15%) 5 (38%) 2 (22%)
9 (35%) 4 (31%) 3 (33%)
10 (38%) 1 (8%) 3 (33%)
17 (65%) 8 (62%) 6 (67%)
9 (35%) 4 (31%) 5 (56%)

LLM, lower limb malperfusion; SMA, superior mesenteric artery.

The need for surgical intervention for LLM was de-
termined by the operating surgeon based on the severity
and persistence of symptoms. All operative interventions
first repaired the aortic dissection. Low limb interventions
were defined as extra-anatomic bypass (femoral-femoral or
axillo-femoral), iliac stenting or amputation. The study pro-
tocol was approved by our institutional review board with
a waiver of patient consent.

The incidence of lower limb intervention, postopera-
tive complications, in-hospital mortality rate, and readmis-
sion for LLM are reported. The data was independently
extracted by two surgeons and one radiologist, and any dis-
crepancies were clarified through consensus.

A descriptive univariate analysis was performed for all
variables. Normally distributed continuous variables were
described as mean and standard deviation (SD), and non-
normally distributed continuous variables as median and in-
terquartile range (IQR). Categorical variables are described
as frequency counts and percentage. A p-value of <0.05
was considered statistically significant. All statistical anal-
yses were performed using SPSS statistical software v27
(IBM Corp., Armonk, NY, USA).

Based on the variables mentioned in the Table 1 and
Table 2, the study included 39 individuals, 26 with Type A
and 13 with Type B. 85% of the individuals in the cohort
were males, and the average age is 56.2 + 12.4 years. 85%
of patients in both Type A and Type B individuals had hy-
pertension. Coronary artery disease (CAD) was present in
3% of individuals in the whole cohort, while cardiovascular
disease (CVD) was present in 5%. Chronic obstructive pul-
monary disease (COPD) was present in 3% of the Type A
individuals but none in Type B. 23% of individuals in Type
A and 15% in Type B had a history of smoking.

A total of 39 individuals were included in the study,
with 26 individuals categorized as Type A and 13 as Type
B. Notably, 9 individuals experienced a preoperative death,

E1146

22% patients was isolated LLM, and two preoperative
deaths were all type A aortic dissection cases. 33% indi-
viduals had right-sided LLM, 41% had left-sided LLM, and
26% had bilateral LLM. Most LLM patients had concomi-
tant viscero-renal malperfusion, with renal malperfusion
being the most common, 33% individuals had malperfusion
involving the celiac trunk, of which 28% involved the su-
perior mesenteric artery (SMA). The incidence of type B
aortic dissection (8%) was significantly lower than that of
type A aortic dissection (38%). 33% of patients had malper-
fusion involving multiple vessels.

Table 3 shows the various parameters between preop-
erative death and surgery. Out of the 30 surgical cases, 9
were reported as preoperative deaths. The myoglobin val-
ues were significantly higher in preoperative death cases
(82.05 4+ 47.28) compared to surgical cases (42.45 + 20.12)
(» =0.03). The lactic acid values were significantly higher
in preoperative death cases (11.3 [3.60—13.70]) compared
to surgical cases (4.15 [1.35-12.65]) (p = 0.05). The fib-
rinogen values were also significantly higher in preopera-
tive death cases (25.26 4 8.63) compared to surgical cases
(7.34 £ 2.16) (p = 0.00). In contrast, the erythrocyte count,
leukocyte count, lymphocyte count, hemoglobin values, D-
dimer values, prothrombin time, troponin values and cre-
atine kinase MB showed no statistical difference between
the two groups.

Table 4 presents surgical and perioperative parame-
ters. In patients with Type A aortic dissection, the duration
from onset to surgery averaged 28.0 & 17.3 hours, and the
surgical time averaged 8.41 &+ 0.53 hours. The extracor-
poreal circulation time was 228.73 4 20.61 minutes, with 3
patients from the Type A aortic dissection group undergoing
concurrent femoral artery bypass surgery. The ventilator
and intensive care unit (ICU) times were notably longer in
the Type A group compared to the Type B group. Addition-
ally, 3 patients, including two with Type A dissection, re-
ceived continuous renal replacement therapy (CRRT) treat-
ment post-surgery. The postoperative mortality rates dif-
fered between the two groups, with 7 patients succumbing
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Table 3. Laboratory examination variables.

Variable Preoperative death (n=9)  Surgical cases (n =30)  p value
Erythrocyte (1012/L) 4.25[3.69-4.62] 4.38 [3.98-4.75] 0.52
Leukocyte (109/L) 16.01 [12.15-19.65] 13.12 [8.85-17.65] 0.13
Lymphocyte (109/L) 1.30 [1.06-2.17] 0.85[0.59-1.24] 0.09
Hemoglobin (g/L) 134.00 [115.00-147.00] 134.00 [118.50-144.50] 0.70
D-dimer (mg/L) 7.70 [1.36-14.52] 7.12 [3.50-16.81] 0.70
Myoglobin (ng/L) 82.05 £+ 47.28 42.45 +£20.12 0.03%
Lactic acid (mmol/L) 11.30 [3.60-13.70] 4.15[1.35-12.65] 0.05%
Prothrombin time (s) 4.92 [2.27-13.60] 10.15 [2.75-13.53] 0.42
Fibrinogen (g/L) 25.26 + 8.63 7.34 £2.16 0.00%
Troponin (pg/L) 13.00 [9.00-76.00] 22.05 [8.99-25.34] 0.81

Creatine kinase isoenzyme MB (u/L) 76.00 [39-160] 22.05 [14.60-72.30] 0.70

“%” indicating differences.

Table 4. Surgical and perioperative variables.

Variable Type A (n=22) Type B(n=28)
Onset to surgery time (h) 28.00 £+ 17.30 120.87 £ 101.53
Surgical time (h) 8.41 +0.53 1.29 + 0.45
Extracorporeal circulation time (min) ~ 228.73 + 20.61 0
Femoral to femoral bypass (n, %) 3.00 (13.6%) 0

Iliac stenting 0 0
Amputation 0 0
Ventilator time (h) 67.13 £ 143.16 1.63 + 1.31
ICU time (h) 45.93 £10.72 7.13 £ 6.55
CRRT (n, %) 2.00 (9.0%) 1.00 (12.5%)

Intra-hospital mortality (n, %) 7.00 (31.8%) 1.00 (12.5%)

ICU, intensive care unit; CRRT, continuous renal replacement therapy.

to complications in the Type A dissection group and 1 pa-
tient in the Type B dissection group.

There was an average follow-up duration of 22.78 +
18.25 months. Subsequently, three patients required re-
admission, with one individual undergoing treatment due to
a cerebral infarction, and two patients returning for femoral
artery bypass surgery to due to lower limb claudication. No-
tably, there were no fatalities or amputations in the follow-
up cohort.

Discussion

Our retrospective study revealed an incidence of 6.3%
(39/617) for patients with aortic dissection complicated
by LLM, among which isolated LLM accounted for 23%
(9/39), with a preoperative mortality rate of 23% (9/39).
The majority of LLM cases were associated with malper-
fusion of other organs in 77% (30/39) of cases. All surgi-
cal patients underwent initial aortic central repair, with a
mortality rate of 26% (8/30). Postoperative mortality rates
were 31.8% (7/22) for type A dissections and 12.5% (1/8)
for type B dissections. Immediate femoral-femoral bypass
grafting was performed in 10% (3/30) of cases following
central aortic repair, with the majority of patients experi-
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encing significant improvement in LLM with aortic cen-
tral repair alone. The postoperative readmission rate due
to LLM was 6.7% (2/30).

The readmission rate for patients with inadequate
lower extremity perfusion was 6.7% (2/30). Observations
from an international registry on acute aortic dissection
have shown that compromised lower limb arterial perfusion
accompanies 9.7% of aortic dissection cases [6]. Our study
indicates a 6.3% incidence rate of aortic dissection patients
presenting with LLM. There is an ongoing debate over the
most effective method to address LLM, with some clini-
cians opting to first treat the threatened limb, while our ap-
proach favors primary intervention on the proximal aortic
dissection. Several studies have reported the resolution of
compromised perfusion in other organs following proximal
aortic repair alone, and our center’s experiences also con-
firm this strategy. In cases where central aortic repair does
not resolve the issue of blood supply to the lower limbs,
stent graft placement in the central aorta has been shown to
improve limb ischemia without the need for further inter-
ventions, as reported by Plotkin et al. [7].

The diagnosis of impaired lower extremity arterial
perfusion impairment is often based on clinical symptoms
such as numbness, sensory abnormalities, pain, and de-
creased skin temperature. Some patients may not exhibit
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clinical symptoms of LLM, yet enhanced CT scans can dis-
play significant perfusion deficits. This could be due to
anatomical features that mitigate the severity of the dissec-
tion, such as a dynamic flap causing intermittent flow ob-
struction, partial obstruction by a static dissection flap, or
sufficient collateral circulation from arteries including the
iliolumbar, internal iliac, deep circumflex, epigastric, and
deep femoral arteries [8]. Nagamine ef al. [9] and oth-
ers have conducted a retrospective assessment of the per-
fusion status of the entire aorta and its branches to evaluate
the outcomes of central aortic repairs. In the absence of
biomarkers for determining the extent of LLM, abnormali-
ties in imaging data can serve as a valuable supplement.

Acute aortic dissection (AAD) typically begins with-
out specific symptoms, and although many patients expe-
rience sudden chest pain, it’s often misdiagnosed as my-
ocardial infarction or other heart-related conditions. Var-
ious biomarkers have been established to diagnose car-
diac events, particularly creatine kinase MB (CK-MB) and
cardiac troponin T (cTnT), which have a long history of
specificity and sensitivity in detecting myocardial infarc-
tion (MI) [10]. These biomarkers’ levels often reflect the
severity of the cardiac condition. Some biomarkers, such
as D-dimer, matrix metalloproteinases, soluble elastin frag-
ments, and soluble ST2, have been reported to help di-
agnose and detect AAD, and are capable of quickly dif-
ferentiating the causes of chest pain [11-13]. However,
aside from D-dimer, most of these biomarkers have not
been widely implemented in clinical practice [13]. Our
study found elevated levels of fibrinogen in the preopera-
tive death group, which may indicate an overactive coag-
ulation and fibrinolytic system, meriting further investiga-
tion into the underlying mechanisms. The comparisons of
three laboratory indicators—Myoglobin, Lactic Acid, and
Fibrinogen—between preoperative mortality and surgical
patients are statistically significant. These three indicators
may serve as risk factors for clinicians to assess in-hospital
preoperative mortality in patients with aortic dissection.

Patients with Type A dissection underwent surgery
significantly sooner than those with Type B (7.2 hours ver-
sus 38.2 hours), consistent with other research [7]. Patients
with LLM were treated sooner than those without LLM.
The postoperative mortality rate was markedly higher in
Type A dissection patients at 31.8%, compared to 12.5% in
Type B dissection patients. Additionally, only two patients
were readmitted for claudication and underwent femoral-
femoral bypass surgery, which resulted in symptomatic im-
provement. It’s important to note that when an aortic dis-
section presents with LLM, it often indicates poor perfusion
to other organs as well. These patients face a high risk of
mortality prior to surgery, irrespective of LLM issues. In
patients with Lower Limb Malperfusion, the mortality rate
for those who did not receive early reperfusion is signifi-
cantly higher than for those who did. Malperfusion also af-
fects surgical mortality, with patients experiencing malper-
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fusion having a significantly higher surgical mortality rate
than those without malperfusion.

Therefore, the primary objective of central aortic re-
pair vs. restoring blood flow to ischemic limbs is to address
organ malperfusion [14]. Based on our data, prioritizing
central aortic repair remains the preferred treatment strat-
egy.

The limitations of this study are largely attributed to
its retrospective nature, including treatment bias and a small
sample size, from a single center. None of the patients with
aortic dissection in this cohort underwent a limb-first in-
tervention; hence, we cannot comment on the outcomes of
this strategy. In addition, the small number of study patients
which could lead to selection bias, thus larger multi-center
studies are necessary.

The limitations of this study are largely attributed to
its retrospective nature, including treatment bias and small
sample size. No patients with aortic dissection in this cohort
underwent limb-first intervention; hence, we cannot com-
ment on the outcomes of this strategy. The small number
of study patients, which could lead to selection bias, thus,
larger, multi-center studies are necessary.

Conclusion

Aortic dissection with lower limb malperfusion
(LLM) is associated with elevated risks of pre- and post-
operative mortality, especially in Type A aortic dissections
versus Type B. However, for survivors of initial central aor-
tic repair, the rates of amputation and readmission for LLM
are notably low.
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