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ABSTRACT

Objectives: This study aimed to report our clinical experience regarding the surgical management and perioperative treatment strategy of
patients who presented to our clinic or were consulted with coronavirus disease 2019 (COVID-19)-associated acute limb ischemia (ALI).

Patients and methods: This retrospective observational single-center study was conducted with 40 patients (26 males, 14 females;
mean age: 67.2+16.9 years; range, 26 to 92 years) between January 2020 and April 2021. All the patients diagnosed with mild to severe
COVID-19 infection and presenting with ALI were managed and included in the study. The primary outcomes of the study were freedom
from reocclusion, freedom from amputation, ALI-related early- to late-term survival, absence of early reocclusion (<30 days), forefoot
ischemia, major amputation, and death <24 h after the operation. Secondary outcomes were postoperative complications.

Results: There was a significant relationship between early mortality and main femoral artery involvement (p=0.046). There was also
a significant relationship between early mortality and the COVID-19 polymerase chain reaction test (p=0.013). Early mortality was
observed in 100% of those who were intubated. Age and median fibrinogen levels of the group with late mortality were significantly higher
than the group without late mortality (p=0.014 and p=0.021, respectively). The median fibrinogen levels of those with amputation were
found to be significantly higher than those without amputation (p=0.048). Eleven (27.5%) patients included in the study died in the early
period, whereas five (12.5%) died in the late period. Amputation was performed in three (7.5%) patients, and complications developed in
seven (17.5%) patients.

Conclusion: According to the results of this study, surgical intervention for ALI might be difficult and more challenging than anticipated
in patients with COVID-19 due to the hypercoagulable state. Cardiovascular surgeons and physicians should be aware of the benefits of
extended pre- and postoperative anticoagulant administration.
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It has been reported that a coronavirus disease
2019 (COVID-19) infection predisposes to arterial
and venous thrombosis, resulting in morbidity and
mortality.!. Due to the nature of the disease, an
increase in thromboembolic events has been reported
in many cases as a result of the disruption of the
coagulation cascade.>?

Acute limb ischemia (ALI) has a symptom
duration of less than two weeks and is characterized
by a sudden decrease in arterial perfusion of the
limb, requiring urgent evaluation and treatment
and posing a potential threat to the survival of
the limb." In a systematic review of five cohort
studies, the incidence of ALI in patients with
mildly symptomatic COVID-19 was reported to be
0.4 t0 0.9%, compared to 2.5% in critically ill patients
(58% of all arterial thrombosis).>¢

Cardiovascular Surgery and Interventions, an open access journal

The pathophysiology of COVID-19-associated
ALI is not fully understood. Coagulopathy,
hyperinflammation, and endothelial damage are the
main factors that lead to micro- and macrovascular
thrombosis.[) Numerous case reports have been
published regarding COVID-19-related ALI in
patients without known peripheral artery disease
and even in young patients without comorbidities or
atherosclerosis.”®! In particular, some patients may
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present with ALI as the first sign of a COVID-19
infection.™ It is crucial to develop treatment strategies
based on guidelines and clinical experience to prevent
ALlI-related morbidity and mortality. Hence, this
study aimed to report our clinical experience regarding
the surgical management and perioperative treatment
strategy of patients who presented to our clinic or were

consulted with COVID-19-associated ALI.

PATIENTS AND METHODS

This retrospective observational single-center
study was conducted at the Ankara City Hospital
between January 2020 and April 2021. A total of
40 patients (26 males, 14 females; mean age: 67.2+16.9
years; range, 26 to 92 years) were included in the
study. All the patients diagnosed with mild to severe
COVID-19 infection and presenting with ALI were
managed and included in the study. Patients younger
than 18 years of age, patients with an unconfirmed
diagnosis of COVID-19, and pregnant women were
excluded. All interventions for aneurysmal disease
and carotid artery disease were also excluded.

Tests and methods used in the diagnosis
of COVID-19 were positive real-time reverse
transcription-polymerase chain reaction (PCR),
serology (anti-severe acute respiratory syndrome
coronavirus 2 antibodies), and high-resolution chest
computed tomography. Blood parameters that could
potentially affect the prognosis during hospitalization
were collected from patient records and automation

systems (e.g., white blood cell count, fibrinogen, and
interleukin [1L]-2).

Clinical examination of the vascular system, pulse
examination, computed tomography angiography
(CTA), and color Doppler ultrasonography evaluations
were performed for all patients. In cases where blood
flow to the acute extremity was disrupted, with
cessation of arterial flow or lack of flow during the
color Doppler ultrasonography examination, CTA
examination was performed as a further examination.
More information was obtained about the extent
of the occluded arterial segment, collaterals, and
target vessels using CTA. All patients received low-
molecular-weight heparin (LMWH) during their
hospital stay and for one month after discharge unless
they had active bleeding or a high-risk profile for major
bleeding. If the D-dimer level was <1000 ng/mL,
prophylactic doses of LMWH were administered, and
if the D-dimer level was 21000 ng/mL or there were
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additional venous or arterial thromboembolic event
risk factors, therapeutic doses were administered.
Subsequently, their treatment with oral anticoagulant
(warfarin) was adjusted to keep INR (international
normalized ratio) levels effective.

Operative procedure

All procedures were performed in the hybrid
room, paying attention to appropriate sterilization and
wearing personal protective equipment. Most patients
with ALI underwent surgical thromboembolectomy
using a Fogarty catheter of appropriate diameter and
under local anesthesia and appropriate intravenous
sedation. Critically ill patients who had been intubated
in intensive care units due to COVID-19-related
pneumonia were operated on-site under general
anesthesia. All patients were given 100 mg/kg of
unfractionated heparin and prophylactic antibiotic
therapy before arteriotomy. In patients with acute lower
extremity occlusion, a standard longitudinal groin
incision was made to visualize the common femoral,
superficial, and deep femoral arteries. Acute limb
ischemia in the upper extremities was managed with
a slightly oblique S-shaped incision that visualized
the brachial artery. However, in some patients with
forearm ALI, the incision was appropriately widened
so that selective embolectomy could be performed
on the radial or ulnar arteries. All the patients
with ALI underwent thromboembolectomy using an
appropriately sized Fogarty catheter according to the
site of the occlusion, with subsequent revascularization
(Figures 1-4).

Outcome measures and follow-up

The primary outcomes of the study were freedom
from reocclusion, freedom from amputation,
ALl-related early- to late-term survival, absence
of early reocclusion (<30 days), forefoot ischemia,
major amputation, and death <24 h postoperatively.
Secondary outcomes were postoperative complications.
All patients received a standardized antithrombotic
regimen postoperatively, along with hourly clinical
examinations and appropriate blood tests every 8 h.
If the hemoglobin was below 8 g/dL, a transfusion of
packed red blood cells was administered. A specialist
pulmonologist and anesthesiologist frequently
examined all the patients throughout the admission
course to adjust the type, dose, and interval of
antibiotics and antiretroviral treatment. At discharge,
every postoperative patient was placed on enoxaparin
sodium injections for at-home use at a therapeutic
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Figure 1. Clinical appearance of lower extremity ALl in a Figure 2. Thrombus material obtained during the surgical
hospitalized patient with COVID-19 (Patient 1). thrombectomy procedure performed on Patient 1.

ety

Figure 3. Clinical appearance of upper extremity ALI in a Figure 4. Thrombus material obtained during the surgical
hospitalized patient with COVID-19 (Patient 2). thrombectomy procedure performed on patient 2.
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dose or 20 mg of oral rivaroxaban. Patients were
followed up at one, three, six, and 12 months and
annually thereafter. During the follow-up period, the
patients underwent CTA, as well as detailed clinical
examinations. Patients requiring reoperation were
admitted to the clinic for treatment.

Statistical analysis

Statistical analysis was performed using IBM
SPSS version 25.0 software (IBM Corp., Armonk,
NY, USA). Descriptive data were expressed as mean
+ standard deviation (SD) or median (min-max) for
continuous variables and in number and frequency
for categorical variables. Chi-square analysis was
used to determine whether there was a relationship
between dependent variables (early mortality, late
mortality, amputation, and complications) and
categorical variables. The Pearson chi-square test
result was taken into account if the rate of eyes with
an expected frequency of <5 did not exceed 20%.
The Mann-Whitney U test was used to determine
whether there was a difference between the yes or
no categories of dependent variables in terms of
numerical variables since parametric test assumptions
were not provided. Since a nonparametric test was
used, the median (25" percentile-75" percentile or
min-max) was used as the descriptor. A p-value <0.05
was considered statistically significant.
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RESULTS

Baseline characteristics of the study population
are summarized in Table 1. Diabetes mellitus was
present in 32.5%, and hypertension was present in
42.5% of the patients. Hyperlipidemia was present in
22.5%, chronic obstructive pulmonary disease in 10%,
atrial fibrillation in 20%, coronary artery disease in
27.5%, and chronic kidney disease in 13.9%. Clinical
characteristics of the study population is summarized
in Table 2. Common femoral artery involvement was
present in 37.5%, superficial femoral artery in 50%,
and brachial artery in 12.5% of the patients. More than
one extremity was involved in 12.5%, and 87.5% of the
patients had single extremity involvement.

When the factors affecting early mortality were
analyzed, significant differences were found in
terms of arterial involvement, COVID-19 PCR
test, dyspnea, and intubation compared to other
patients. There was a relationship between early
mortality and main femoral artery involvement
(p=0.046). Accordingly, the early mortality rate
in the superficial femoral artery group (6.7%) was
lower than in the main femoral artery group (45%).
There was also a strong relationship between
early mortality and the COVID-19 PCR test
(p=0.013). Furthermore, there was a relationship
between early mortality and dyspnea (p=0.022).

Table 1
Baseline characteristics of the study population (n=40)

Variables n % Mean+SD
Age (year) 67.2+16.9
Sex

Male 26 65

Female 14 35
Diabetes mellitus 13 32.5
Atrial fibrillation 8 20
Family history 5
Congestive heart failure 7.5
Hypertension 17 42.5
Hyperlipidemia 9 22.5
Coronary artery disease 11 27.5
Chronic obstructive pulmonary disease 4 10
Chronic renal failure 10 25
SD: Standard deviation.
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Table 2
Clinical characteristics of the study population (n=40)

Variables n %
Arterial involvement

Common femoral artery 15 37.5

Superficial femoral artery 20 50

Brachial artery 5 12.5
Extremity involvement

Single extremity 35 87.5

More than one 5 12.5
COVID-19 PCR test

Positive 20 50

Negative 20 50
COVID-19 CT signs

Positive 39 97.5

Negative 1 2.5
Arrhythmia

Positive 32 75

Negative 8 25
Fever

Yes 7 17.5

No 33 82.5
Dyspnea

Yes 21 52.5

No 19 475
Intubation

Yes 8 25

No 32 75
COVID-19: Coronavirus disease 2019; PCR: Polymerase chain reaction;
CT: Computed tomography.
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There was also a significant relationship between
early mortality and intubation (p<0.001). Early
mortality was observed in 100% of those who were
intubated, while it was observed in 9.38% of those
who were not intubated. Statistical analysis of other
factors associated with early mortality is given in
Table 3. Median values for white blood cell count,
neutrophil count, C-reactive protein, procalcitonin
(PRC), IL-6, lactate dehydrogenase, and ferritin of
the group with early mortality were higher than the
group without early mortality (p<0.05).

There was a relationship between late mortality
and dyspnea (p=0.049). Statistical analysis of other
factors associated with late mortality is given in
Table 4. Age and median fibrinogen levels of the
group with late mortality were higher than the
group without late mortality (p=0.014 and p=0.021,
respectively). The median fibrinogen levels of those
with amputation were found to be higher than those
without amputation (p=0.048). However, since the
overall number of amputations was low (n=3), the
power of this result was low. The median platelet
levels of those with complications were found to be
lower than those without complications (p=0.004).

The mortalities occurring in the first six months
of the follow-up were accepted as early mortality, and

the mortalities observed later than six months were

Table 3
Statistical analysis of other factors associated with early mortality
Early mortality
No (n=29) Yes (n=11)
Median 25th-75th Min-Max Median 25th-75th Min-Max P
percentile percentile

Age (year) 69 56-83 37-92 64 61-73 26-91 0.353
WBC 10670 8480-14800  5960-151300 17700 14150-26600 10400-28900 0.001
NEU 6600 4860-11900 5.92-16900 14500 9600-25800 22.47-27200  0.006
PLT 297 243-341 122-465 223 119-309 54-550 0.196
Fibrinogen 4.01 2.88-4.6 1.87-6.06 3.26 2.3-5.12 1.22-6.47 0.530
CRP 0.04 0.01-0.1 0.001-0.35 0.142 0.096-0.157 0.038-0.2 0.002
D-Dimer 5.01 2-7.22 0.4-35.2 7.6 1.6-10.2 0.7-12.4 0.516
PRC 0.1 0.04-0.2 0.02-45.92 3.11 0.2-7.62 0.11-58.3 0.002
IL-6 22.4 18-31.2 2.93-83.3 44.2 26.2-103 20.1-176 0.023
CK 151 47.65-500 20-6000 192 61-1998 40-34653 0.437
LDH 306 264-429 180-1043 855 686-1174 301-2591 <0.001
Ferritin 440 107.9-582.2 4-4957.3 825 782-6014 233-15052 0.001
WBC: White blood cell count; NEU: Neutrophil count; PLT: Platelet count; CRP: C-reactive protein; PRC: Procalcitonin; IL-6: Interleukin-6; CK: Creatin kinase;
LDH: Lactate dehydrogenase.
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Table 4
Statistical analysis of other factors associated with late mortality

Late mortality
No (n=35) Yes (n=5)
Median 25th-75th Min-Max Median 25th-75th Min-Max ?
percentile percentile

Age (year) 66 54-82 26-91 84 75-84 73-92 0.014
WBC 13790 8600-17700  5960-151300 11620 10670-14280  6950-14890  0.524
NEU 9000 4860-13250 5.92-27200 8700 4910-13280 9.02-13520  0.874
PLT 297 220-342 54-550 243 151-249 148-286 0.170
Fibrinogen 3.6 2.52-4.6 1.22-6.47 5.04 4.3-5.7 4.03-6.06 0.021
CRP 0.042 0.01-0.142 0.001-0.35 0.13 0.13-0.14 0.02-0.295  0.228
D-Dimer 5.805 1.83-10.2 0.4-35.2 5.01 3.8-5.25 0.64-9.47 0.554
PRC 0.13 0.04-0.64 0.02-58.3 2.1 0.14-2.93 0.07-45.92 0.170
1L-6 26.3 21-48.5 2.93-176 21.1 17-24.3 15-30.8 0.170
CK 192 47.65-772 20-34653 151 135-366 100-1332 0.781
LDH 323 283-810 180-2591 398 296-446 264-1043 0.968
Ferritin 522 250-873 4-15052 173.4 32.4-439 20.2-4957.3  0.157
WBC: White blood cell count; NEU: Neutrophil count; PLT: Platelet count; CRP: C-reactive protein; PRC: Procalcitonin; IL-6: Interleukin-6; CK: Creatin kinase;
LDH: Lactate dehydrogenase.
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Figure 5. Kaplan-Meier survival curve for early mortality.

accepted as late mortalities. Eleven (27.5%) patients
included in the study died in the early period, whereas
five (12.5%) died in the late period. Amputation was
performed in three (7.5%) patients, and complications
developed in seven (17.5%) patients. Five of the
patients developed myocardial infarction. The other
two patients required revision due to bleeding and
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Figure 6. Kaplan-Meier survival curve for late mortality.

hematoma. Early and late Kaplan-Meier survival
curves are given in Figures 5 and 6.

DISCUSSION

Acute limb ischemia is characterized by a sudden
decrease in blood perfusion that endangers the
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viability of the limb.) Although hypercoagulability
conditions are rare causes for ALI, the incidence
of thromboembolic complications can be observed
up to 40%, particularly in cases with a COVID-19
infection."” In addition, critically ill patients have
an even higher risk of both venous and arterial
thromboembolism, which is associated with high
mortality." As we found in the present study,
ALI was associated with an early mortality rate of
27.5% and late mortality rate of 12.5%, although the
reported mortality in non-COVID-19 populations
with ALI ranges from 5 to 9% in the literature.'? In
parallel with our current finding, comparative studies
have also shown that the incidence of thrombotic
events, such as stroke, is higher in COVID patients
compared to others.!"’!

Another important point to focus on is whether
the incidence of ALI as a result of COVID-19
varies by age, sex, comorbid factors, and ethnicity.
In the current study, most of our patients admitted
with ALI and COVID-19 were male, and patients
generally had additional comorbidities, such as
hypertension, diabetes mellitus, and coronary artery
disease. Other studies in the literature also reported
cases with similar sex and age distribution and
comorbidities.”” However, ALI has been reported to
occur in patients suffering from COVID-19 without
known peripheral arterial disease, even in young
patients without comorbidity or previous significant
atherosclerosis.[®*  Although these new reports
associated with ALI are available, more efforts are
needed to understand the COVID-19 disease due to
the lack of large population-based studies that can
confirm this observation.

The pathophysiology and phenotype of ALI in
COVID-19 are still the subject of research. Severe
acute respiratory syndrome coronavirus 2, like other
members of the coronavirus family, causes isolated
respiratory tract infection. However, in some patients,
inappropriate triggering of the immune system may
cause the release of cytokines and chemokines, leading
to multiple organ failure.'” Factors causing ischemia
in COVID-19 patients can be considered endothelial
damage, coagulopathy and hypercoagulability
conditions, hyperimmune reaction, and platelet
aggregation. Although myocardial damage and
arrhythmia caused by COVID-19 infection can lead
to thromboembolic events, the virus can also directly
cause vascular endothelial damage.'® In addition,
complement activation also causes endothelial cell
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damage, leading to cell death and the release of
thrombogenic basement membrane. It was reported
that more than 70% of patients died from COVID-19-
related disseminated intravascular coagulation.!'”

High D-dimer levels, fibrinogen degradation
products, and prolonged thromboplastin and
prothrombin times in COVID-19 cases have been
associated with higher in-hospital mortality and the
need for mechanical ventilation.'® High levels of
D-dimer may have predictive value for the occurrence
of arterial thromboembolic events in COVID-19
patients. Monitoring the values of D-dimer and
fibrin breakdown products can help the clinician with
the early diagnosis of severe cases of COVID-19-
related thromboembolism." In our study, the levels
of fibrinogen, D-dimer, and other laboratory markers
at the time of diagnosis of ALI were examined in
all patients. In addition, the effects of preoperative
laboratory markers on early and late mortality in the
study were investigated. There was no association
of D-dimer levels with early and late mortality.
However, white blood cell count, neutrophil count,
C-reactive protein, PRC, IL-6, lactate dehydrogenase,
and median ferritin levels of the group with early
mortality were significantly higher than the group
without early mortality. Fibrinogen median levels of
the group with late mortality were also significantly
higher than the group without late mortality. Due to
the small number of patients, the relevant data may not
be meaningful. However, an optimal cut-off level and
its prognostic value in COVID-19-related ALI cases
are still unknown. In addition, a certain cut-off value
related to markers may be determined by prospective
studies with a large number of patients in terms of
their effects on mortality.

Essentially, COVID-19 patients who develop an
upper or lower limb injury usually have a large clot
burden, which is an anatomically more common
disease and is accompanied by higher amputation
rates.?”) Therefore, it is recommended to perform
complete imaging with CTA from the aortic arch
to the upper and lower extremities in such patients.
Detection of other thromboembolic events, such as
pulmonary thromboembolism, cardiac thrombus,
and aortic thrombus, using whole-body CTA
scan is of great benefit to the clinician. After a
detailed CTA evaluation, the recommendations
in the guidelines should be applied in the initial
management of ALI patients. These include
adequate analgesia, intravenous rehydration,
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oxygen therapy, and intravenous heparin
administration.[®?1 Therapeutic anticoagulation

with intravenous unfractionated heparin should be
provided following the diagnosis of ALI, unless
there are significant contraindications, such as
active severe bleeding or recent surgery within
48 h. There is no published study that shows the
superiority of a particular anticoagulant.

As an initial strategy, all patients in the current
study were given LMWH during their hospital
stay and for one month after discharge if they
did not have active bleeding or a high-risk profile
for major bleeding. Rivaroxaban treatment as oral
anticoagulation after the procedure was preferred in
long-term follow-up.

The choice of endovascular or surgical methods
after initial treatment may vary depending on
the experience of the clinician and the clinic. In
patients admitted with ALI, treatment should not be
postponed regardless of the severity of COVID-19,
and treatment should be applied urgently according to
current guidelines.”! Endovascular procedures such
as catheter-mediated thrombolysis and mechanical
thrombectomy may be preferred in selected patients.
Although reported in some publications, systemic
thrombolysis is not recommended as the initial
treatment of ALI in severe COVID-19 patients due
to a lack of supporting evidence.l?” In patients with
a demarcation line and motor loss, the decision on
the timing of major amputation should be made
according to the severity of COVID-19 symptoms. In
our clinical experience and the patient's preference,
surgical methods are preferred for the management
of COVID-19-related ALI cases. Open surgical
treatment using thromboembolectomy remains
the most common revascularization technique in
many countries and centers.”) We perform surgical
embolectomy using appropriate brachial, femoral,
and popliteal incisions. In contrast, intra-arterial
locoregional thrombolysis using alteplase can be
considered an adjunct to thromboembolectomy,
particularly in patients with residual distal thrombus
and foot ischemia. Regional anesthesia may be
preferred instead of general anesthesia to avoid
any airway manipulation in COVID-19 cases.[?’)
Although there is no scientific evidence to support
this theory, we performed our local anesthesia
procedures under sedation whenever possible in our
clinical practice. In addition, a total complication
rate of almost 17.5% and an amputation rate of
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7.5% were present in our study, and the majority
of these were major amputations. In comparison to
clinical series previously reported in the literature,
successful revascularization in COVID-19 patients
in our study was disappointingly low.?¥ Medical
follow-up in selected comorbid patients may be
superior to surgery in patients with COVID-19-
associated ALI. It is difficult to make a definite
comment on this issue. It would be more accurate
to develop patient-based treatment strategies, and
wider publications may surely shed light on what
should be done.

Although COVID-19, which had a high mortality
rate during the pandemic period, appears to have
decreased, its effects still continue, albeit low, and
should be taken into consideration. Additionally, the
effects on long-term vascular pathologies are still a
matter of research.

There are some limitations to this study. This
study was a single-center retrospective study with a
small sample size. Randomized controlled studies
of larger populations are needed to assess its general
applicability and management strategy.

In conclusion, the choice of patient-based
endovascular or surgical methods to be applied after
appropriate anticoagulation in COVID-19, where
high thrombotic events are observed, is crucial in
terms of reducing morbidity and mortality rates.
In cases of ALI associated with this disease, the
chances of successful revascularization are relatively
less. In some selected comorbid patients, medical
follow-up may be superior to surgery. Development of
patient-based treatment strategies for the treatment

of COVID-19-associated ALI is essential.
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