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Acute limb ischemia (ALI) is one of the potentially life-
threatening events in vascular disease. The incidence of ALI
is approximately 1.5 cases per 10,000 persons per year.1

Thirty-day mortality and amputation rates in ALI are 15
and 25%, respectively.2 Data from our hospital showed that
the intrahospital and 30-day mortality rates from ALI are
28.1 and 36.9%, respectively.3

When ALI developed after cardiac surgery, the mortality
rate was higher and reached 45% in two separate cohorts.4,5

Folkert et al found that ALI after cardiac surgerywas only 1.4%,
but itwas associatedwith a significant risk for amputationand
reduced long-term survival. The risk factors for developing ALI
after open cardiac surgery were extracorporeal membrane
oxygenation (ECMO) support, emergency operative status,
intra-aortic balloon pump (IABP), heart transplant, peripheral
artery disease, current smoking status, and body mass index.
The mortality rate has been reported as 28 to 80% in patients
with ECMO and IABP support.6
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Abstract Acute limb ischemia (ALI) is a predictor of high morbidity and mortality. Previous
studies showed that ALI developed after cardiac surgery may increase mortality.
This study aimed to elucidate the clinical course and identify risk factors contributing to
mortality in patients with ALI after cardiovascular surgery.
This is a single-center retrospective cohort study. We analyzed data from 52 patients
with ALI after cardiovascular surgery between 2016 and 2020. We evaluated the risk
factors for 1-year mortality using Cox proportional hazards regression analysis.
Most of the patients with ALI were male and the median age was 56 years (23–72
years). Most of the patients with ALI had coronary artery diseases. The 1-year mortality
rate was 55.8% (n¼29 patients). Multivariable analysis revealed that cardiopulmonary
bypass (CPB) time � 100minutes (hazard ratio [HR]: 3.067, 95% confidence
interval [CI]: 1.158–8.120) and postoperative acute kidney injury (HR: 2.927, 95%
CI: 1.358–6.305) were significantly increasing the risk of mortality in patients with ALI
after an operation. ALI after cardiovascular surgery was associated with high 1-year
mortality in our study and long CPB time and postoperative acute kidney injury
contributed to the mortality.
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Meanwhile, there are currently no data on the incidence of
ALI after cardiovascular surgery in our national cardiovascular
center. This study aimed to identify risk factors contributing to
mortality in patients with ALI after cardiovascular surgery.

Material and Methods

Study Design and Data Collection
This study was a retrospective cohort analysis. We analyzed
all patients with ALI after cardiovascular surgery between
January 1, 2016 and December 31, 2020. These patients were
followed for at least 1 year. This study assessed the mortality
rate aswell as risk factors of 1-yearmortality in patientswith
ALI. This study has been approved by the Harapan Kita
National Cardiovascular Center institutional review board
(LB.02.01/ VII / 510 / KEP 007 / 2021). This study complies
with the Declaration of Helsinki and the Nuremberg Code.

Patient Population
All adult patients who developed ALI following open cardiac
or thoracic aortic surgery were enrolled in our study.
Patients treated with subsequent structural cardiac inter-
vention in the catheterization lab were excluded. ALI after
cardiovascular surgery was defined as any ischemic event in
the arterial system of the upper or lower limbs after a
surgical procedure in the same index hospitalization.

Statistical Analysis
Data on the baseline characteristics of the subjects were
described in the tables. Normally distributed continuous
variables were expressed with mean and standard deviation
andcomparedusing independentgroup t-tests. Incontrast, the

nonnormally distributed variables were expressed using me-
dian andminimum-maximumvalues and compared using the
Mann–Whitney test. Categorical variables were expressed
with frequency and percentages and compared using chi-
square or Fisher’s exact test. Survival analyses were analyzed
using Kaplan–Meier estimates. Variables with a p-value of
<0.25 in univariate analysis fulfilling proportional hazard
assumptionwere included inCoxproportional hazards regres-
sion multivariate analysis to assess the effect of several risk
factors on survival time simultaneously. Selection of variables
for retention was based on p<0.05. We considered a two-
sided p-value of<0.05 as statistically significant. All analyses
were conducted using IBM Statistical Package for the Social
Sciences (SPSS) version 26.0 (IBM, New York, NY).

Results

A total of 7,866 patients underwent cardiac surgery from 2016
to 2020. Five patients were excluded because the incidence of
ALI did not occur simultaneously with the surgery or because
there were concomitant cardiac catheterization procedures,
such as balloon mitral valvuloplasty, balloon aortic valvulo-
plasty, and balloon pulmonary valvulotomy. There were 52
patients (0.66%) who developed ALI after surgery that met the
criteria (►Fig. 1).Overallmortalitywas55.8%(n¼29),ofwhich
44.2% (n¼23) were still alive 1 year after the surgery. Baseline
characteristics of our population are shown in ►Table 1.

Most of the patients with ALI were male (57.7%), and the
median age was 56 years (23–72 years). Note that 65.4% of
patients with ALI had coronary artery diseases. The median
onset of ALI after the surgery was 24hours (0.5–288hours).
The proportion of patients with stage IIB or III (Rutherford

Fig. 1 Flowchart of patients included and excluded in the study.
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Table 1 Baseline characteristics of population study

Parameters n (%) Mortality p-Value

Yes (n¼ 29) No (n¼23)

Age, y 56 (23–72) 59 (23–72) 47 (33–71) 0.067

Male 30 (57.7) 19 (63.3) 11 (36.7) 0.200

Smoking history 17 (32.7) 12 (70.6) 5 (29.4) 0.134

Concomitant disease

Hypertension 32 (61.5) 18 (56.3) 14 (43.8) 0.930

Diabetes mellitus 10 (19.2) 8 (80) 2 (20) 0.155

Dyslipidemia 10 (19.2) 5 (50) 5 (50) 0.734

Coronary artery disease 34 (65.4) 22 (64.7) 12 (35.3) 0.075

Valvular disease 13 (25) 6 (46.7) 7 (53.8) 0.420

Aortic dissection 5 (9.6) 3 (60) 2 (40) 1.000

Peripheral artery disease 4 (7.7) 2 (50) 2 (50) 1.000

Atrial fibrillation 9 (17.3) 6 (66.7) 3 (33.3) 0.714

Onset, h 24 (0.5–288) 24 (1–168) 36 (0.5–288) 0.647

ALI stage I and IIA 29 (55.8) 16 (55.2) 13 (44.8) 0.922

ALI stage IIb and III 23 (44.2) 13 (56.5) 10 (43.5)

Location of occlusion

Upper extremity 2 (3.8) 2 (100) 0 0.497

Iliofemoral 28 (53.8) 15 (53.6) 13 (46.4) 0.730

Popliteal-tibial 29 (55.8) 19 (65.5) 10 (34.5) 0.112

Dorsal pedis-digital 13 (25) 8 (61.5) 5 (38.5) 0.629

Embolic cause 20 (38.5) 12 (60) 8 (40) 0.627

Surgical parameter

Urgent or emergency 26 (50) 14 (53.8) 12 (46.2) 0.780

CABG surgery 30 (57.7) 22 (73.3) 8 (26.7) 0.003

Valve surgery 15 (28.8) 6 (40) 9 (60) 0.145

Aortic surgery 7 (13.6) 4 (57.1) 3 (42.9) 1.000

Cardiopulmonary bypass
time � 100 min

34 (65.4) 24 (70.6) 10 (29.4) 0.003

Aortic cross clamp time>60 min 35 (67.3) 21 (60) 14 (40) 0.378

Intra-aortic balloon pump insertion 28 (53.8) 17 (60.7) 11 (39.3) 0.438

Supporting examination

Ejection fraction< 40% 16 (30.8) 10 (62.5) 6 (37.5) 0.468

Hemoglobin, g/dL 12.2� 2.5 12.4�2.7 12.0� 2.3 0.597

Leukocyte, /mm3 11810 (4270–40540) 11615 (5340–40540) 10100 (4270–29520) 0.985

Platelet, /mm3 262978� 115125 243200�85367 287915� 118000 0.318

Fibrinogen, mg/dL 390 (230–709) 363 (230–493) 394 (243–709) 0.465

eGFR, mL/min/1.73 m2 61.7� 22.0 57.5�26.4 66.9� 33.8 0.347

D-dimer, mg/dL 1761 (487–15733) 1800 (1344–5227) 1722 (487–15733) 0.808

Postoperative complications

Sepsis 13 (25) 9 (69.2) 4 (30.8) 0.259

Cerebrovascular event 2 (3.8) 1 (100) 1 (100) 1.000

Gastrointestinal bleeding 11 (21.2) 9 (81.8) 2 (18.2) 0.086

Acute kidney injury 22 (42.3) 18 (81.8) 4 (18.2) 0.001
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classification) in the deceasedgroup tended to behigher than
in the survivor group (56.5% vs. 43.5%). From the duplex
ultrasound examination, the incidence of acute ischemia
of the upper extremity was rare (3.8%). However, the iliac-
femoral, popliteal-tibial, and dorsal pedis-digital arteries
were commonly involved with the percentage of 53.8,
55.8, and 25%, respectively.

Fifty percent of patients identified with ALI were patients
who underwent emergency surgery. Coronary artery bypass
graft (CABG) surgery was the predominant procedure in
deceased patients compared to the survivor patient (73.3%).
An IABP support was inserted mostly in the deceased group
(60.7%). Cardiopulmonary bypass (CPB) timewas significantly
longer (159.7�52.9 vs. 102.7�51.16minutes, p: 0.014) and
aortic cross-clamp times were also longer in the deceased
group. Only 16 patients (30.8%) with ALI had a low ejection
fraction.

Most patients with ALI experienced significant postoper-
ative complications, including sepsis (25%), gastrointestinal
bleeding (21.2%), cerebrovascular disease (3.8%), and acute
kidney injury (AKI) (42.3%). The AKI was significantly higher
in the deceased group than in the survivor group (81.8% vs.
18.2%). The median length of stay in the intensive care unit
(ICU) and hospital was 5 and 15 days, respectively.

A multivariable model was developed to assess factors
associated with 1-year mortality in the patients using Cox
regression analysis (►Table 2). CPB time � 100minutes and
postoperative AKI were significantly increasing the risk of

mortality in patients with ALI after an operationwith hazard
ratio (HR) of 3.067 (95% confidence interval [CI] 1.158–8.120)
and HR 2.927 (95% CI 1.358–6.305), respectively. Kaplan–
Meier curve is shown in ►Figs. 2 and 3.

Patients who developed ALI after cardiovascular surgery
had a high short-termmortality rate. In our study, 28 patients
died while still in the hospital, and only one patient died after
discharge.

Discussion

In this study, the prevalence of ALI after the cardiovascular
operationwas very lowat 0.66%, but withvery highmortality
events (55.8%). In a previous study by Allen et al a similar
incidence of ALI after cardiovascular surgery was found
(0.85%).4 This number was significantly lower than the
results presented in a study by Folkert et al, who found the
incidence of ALI to be 1.4% during 10 years of observation.6

Most patients who develop ALI after cardiovascular sur-
gery have a higher short-term risk of death, as death within
30 days of surgery. After that, the risk was the same.6 This is
consistent with our findings that 25 patients died in the
hospital during the postoperative period. Only one patient
died 6 months after discharge from the hospital. The critical
time for survival in ALI patients was in the acute phase,
especially during the index hospitalization.

One-year mortality of ALI after cardiovascular surgery in
our center was 56.5%. Our mortality rate is higher than the

Table 1 (Continued)

Parameters n (%) Mortality p-Value

Yes (n¼ 29) No (n¼23)

Hospital length of stay (d) 15 (2-54) 11 (2-40) 24 (8-54) <0.001

ICU length of stay (d) 5 (1-39) 5 (1-39) 5 (1-32) 0.573

Amputation rate 4 (7.7) 1 (25) 3 (75) 0.310

Abbreviations: ALI, acute limb ischemia; CABG, coronary artery bypass graft; eGFR, estimated glomerular filtration rate; ICU, intensive care unit.

Table 2 Factors associated with 1-year mortality in patients with postoperative acute limb ischemia in Cox regression analysis

Variable Univariate analysis Multivariate analysis

HR 95% CI p-Value HR 95% CI p-Value

Age>60 1.637 0.789–3.396 0.185

Male 1.536 0.712–3.316 0.274

Smoker 1.785 0.847–3.761 0.128

Diabetes mellitus 1.763 0.774–4.012 0.177

Coronary artery disease 2.002 0.853–4.699 0.111

CABG surgery 3.192 1.355–7.519 0.008

Valve surgery 0.523 0.212–1.290 0.160

Cardiopulmonary bypass time � 100 min 3.587 1.364–9.427 0.010 3.067 1.158–8.120 0.024

Postoperative GI bleeding 1.985 0.901–4.375 0.089

Postoperative acute kidney injury 3.359 1.567–7.200 0.002 2.927 1.358–6.305 0.006

Abbreviations: CABG, coronary artery bypass graft; CI, confidence interval; GI, gastrointestinal; HR, hazard ratio.
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Fig. 2 Comparison of survival between acute kidney injury (AKI) and non-AKI patients.

Fig. 3 Comparison of survival between patients with cardiopulmonary bypass time � 100minutes versus< 100minutes.
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previous study by Allen et al and Folkert et al. The mortality
rates in their study were nearly very similar at about 46 and
45%, respectively.4,6

There are several possibilities of the cause of the high
mortality rate. First, there was higher comorbidity in the
patients. Patients from the deceased group tend to be older
and have more coronary artery disease, atrial fibrillation,
hypertension, and renal dysfunction. This reflects diffuse
and multivessel disease involving the coronary and
peripheral vasculature. The fact that overall mortality rates
of acute ischemia have not improved dramatically over the
past 20 years no doubt reflects the severity of the underlying
diseases in these high-risk patients.7 Second, regarding the
surgical procedure in patients from the deceased group had a
higher proportion of CABG operations and long CPB and
aortic cross-clamp time compared to the survivor group. Any
coronary bypass operationwith a long CPB time is associated
with a higher risk of developing ALI after cardiac surgery.6

Mesh et al found that patients with vascular disease
required longer cross-clamp times (63.1�25.3minutes)
and CPB time (> 108.3�42.2minutes).8 The longer the lower
extremities are not perfused, the more susceptible they
become ischemic and thus increase the morbidity and mor-
tality rate.5

Regarding the limb loss, of the patients represented with
ALI after cardiovascular surgery, four patients (7.7%) required
amputations during the index hospitalization, but only three
were amputated. One patient did not undergo amputation
because the patient did not survive. Folkert et al also showed
that the rate of amputation was 9.8% in their study.6 When
patients survived and were discharged, the mortality rate
from limb loss rate was significantly reduced. Zero mortality
and amputation occurred after 6-month to 1-year follow-up
in our research.

Using multivariate Cox regression analysis, we identified
two factors associated with 1-year mortality in ALI patients
after cardiovascular surgery. CPB time � 100minutes and
postoperative AKI were significantly increasing the risk of
mortality in patients with ALI after an operation with HR
3.067 (95%CI1.158–8.120) andHR2.927 (95%CI 1.358–6.305),
respectively.

Regarding CPB time, everyminute counts. Ng et al showed
that prolonged bypass time (� 100minutes) was associated
with mortality.9 Madhavan et al found that prolonged CPB
time (> 180minutes) in CABG patients significantly pre-
dicted mortality after adjusting with EuroSCORE II, postop-
erative complications, prolonged ICU stay, and prolonged
mechanical ventilation.10

AKI is defined as a deterioration of kidney function
over hours or days following surgery, with symptoms includ-
ing oliguria (urine output less than 400mL/day), parallel
rises in serum blood urea nitrogen, and creatinine, and the
development of severe electrolyte and acid-base disorders.11

Cardiovascular surgery itself can contribute to AKI develop-
ment and is implicated as a contributing factor in elevated
mortality and poor outcome.12,13 The pathogenesis of AKI
after cardiac surgery is multifactorial, complex, and incom-
pletely understood. Several injury pathways contribute to

the development of AKI after cardiovascular surgery: a
combination of hemodynamic instability, mechanical stress
such as CPB, inflammation, oxidative stress, neurohormonal
factors, nephrotoxic agents, and postoperative complications
such as infections and ischemic-reperfusion injury.14,15 In
ALI, ischemic-reperfusion injury plays a pivotal role. Early
death in ALI is mainly caused by metabolic disorders associ-
ated with reperfusion syndrome following revasculariza-
tion.16 Reperfusion of rhabdomyolytic muscle induces the
release of myoglobin, a potential renal toxin causing acute
tubular necrosis. Reperfusion also induces an overflow of
intracellular potassium and hydrogen ions due to the
destroyed potassium-sodium pump causing metabolic aci-
dosis and fatal arrhythmia.17 A combination of AKI after
cardiovascular surgery and ALI is therefore very lethal and
was one of the predictors of death in our study. Allen et al also
reported that one of the causes of death in ALI postcardiac
surgery was renal failure.4

Limitation
All the data were collected retrospectively from the medical
record in which some of the patients’ data were incomplete
and lost during the follow-up. More subjects and a bigger
sample are needed to gain a more confident result.

Conclusion

ALI is a rare but severe complication after cardiovascular
surgery associated with increased morbidity and 1-year mor-
tality. One-yearmortality fromALI after cardiovascular surgery
in our center was very high at 55.8%. Two factors associated
with the 1-year mortality of ALI patients after cardiovascular
surgery in our study are CPB time� 100minutes and AKI after
surgery.
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