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Peripheral Vascular Disease

Short and Mid-Term Outcomes of Rotarex
Mechanical Thrombectomy for Acute Limb
Ischemia in Taiwan: A Retrospective Study in a
Single Medical Center
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Background: Acute limb ischemia (ALl) is a medical emergency necessitating immediate action to avert irreversible
tissue harm and limb loss. Rotarex mechanical thrombectomy (RMT) has become an efficient treatment alternative
for ALI. However, there is a lack of data on RMT in Taiwan.

Methods: We retrospectively analyzed 61 ALl patients treated with RMT at our hospital between January 2016 and
January 2022. We collected baseline characteristics, laboratory and angiographic data. We also examined the
outcomes at 30 days, 6 months, and 1 year, including major amputations, minor amputations, all-cause mortality,
and major adverse limb events (MALEs).

Results: Among the 61 RMT-treated patients, the average age was 70 £+ 14 years. ALl affected the upper extremities
in 9 cases and lower extremities in 52 cases. One-year outcomes revealed 2 major amputations (3.3%), 2 minor
amputations (3.3%), 6 all-cause deaths (9.8%), and 10 MALEs (16.4%). After multiple logistic regression analysis,
hemoglobin drop was significantly associated with 1-year all-cause mortality, and a history of peripheral artery
disease (PAD) was significantly associated with MALEs.

Conclusions: Our research is the first investigation into the application of RMT for ALl in Taiwan. The short- and
mid-term outcomes after RMT for ALl revealed reductions in amputation, mortality, and MALE rates. In addition, a
decline in hemoglobin level was a significant predictor of increased mortality, and a history of PAD was a significant
predictor of increased MALEs following RMT.
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INTRODUCTION

Acute limb ischemia (ALI) is a serious condition caused
by the sudden disruption of blood flow to the limbs."®
ALl can be caused by various factors, including embolism,
thrombosis, and injury. It is crucial to promptly diagnose
and intervene to prevent limb amputation and improve
patient outcomes. Thrombectomy is the primary treat-
ment for ALI, with various methods available such as
surgical thrombectomy, manual aspiration, rheolytic me-
chanical thrombectomy, rotational mechanical throm-
bectomy, and other novel techniques.®® Rotarex mechan-
ical thrombectomy (RMT) is a useful and effective treat-
ment option that can achieve a high success rate and re-
duce the risk of complications.g‘15 However, the Rotarex
device has only been introduced to Taiwan in recent years,
with the first procedure at our hospital on January 11,
2016. Since then, our peripheral endovascular team has
successfully completed over 70 cases using RMT for ALI.
Of these cases, more than 60 have now reached one
year of follow-up. In this study, we enrolled 61 of these
patients and assessed their outcomes at 30 days, 6
months, and 1 year. Furthermore, we also evaluated the
key predictors of 1-year mortality and major adverse
limb events (MALEs).

METHODS

Study subjects

We conducted this retrospective study at Kaohsiung
Medical University Hospital (KMUH) on patients with ALI
who underwent RMT between January 11, 2016 and Jan-
uary 31, 2022. We excluded cases with Rutherford stage
3 and cases without 1-year follow-up data. Finally, 61
cases were enrolled for analysis. We collected and ana-
lyzed their demographic, baseline, laboratory, and angio-
graphic data. Demographic and baseline data included
age, gender, history of diabetes mellitus, hypertension,
dyslipidemia, cerebrovascular disease, coronary artery
disease, peripheral artery disease (PAD), heart failure,
and atrial fibrillation. We also analyzed the duration of
ALl, Rutherford stage, body mass index, and percentage
of ALI involving lower extremities. Laboratory data in-
cluded white blood count, platelet count, triglycerides,
total cholesterol, low-density lipoprotein, HbAlc, uric
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acid, D-dimer, and hemoglobin (Hb) drop. Angiographic
data included occlusive location of ALI, treatment strat-
egy [RMT plus catheter-directed thrombolysis (CDT) or
RMT only], additional treatment (angioplasty only or
angioplasty plus stenting), and procedure success (com-
plete success, partial success, or failure). The research
protocol was approved and registered by the ethics com-
mittee (KMUH IRB) at our institution.

Treatment strategy of endovascular therapy

After a patient had been diagnosed with ALI, we
provided a clear explanation of the available treatment
options and devices to both the patient and their family.
Since our study specifically focused on patients using
RMT devices, all of the enrolled patients signed informed
consent forms for endovascular therapy and agreed to
use the self-paid Rotarex device, providing their signa-
ture for device usage permits.

For ALl involving the lower extremities, we performed
a contralateral common femoral artery puncture to insert
the crossover shuttle sheath. After the wires had crossed
the occlusive arteries, the Rotarex device was used for
mechanical thrombectomy from the initial occlusive lo-
cations to the distal popliteal arteries. After at least three
rounds of Rotarex mechanical thrombectomy, angiogra-
phy was performed to evaluate its effect. If most of the
thrombus burden had already been removed, we per-
formed angioplasty in the affected leg to create a straight-
line blood flow to the distal foot. If distal run-off blood
flow was still poor after angioplasty, CDT was frequently
performed in cases with below-the-knee thrombosis.
Urokinase is used as the thrombolytic agent for CDT at
our hospital, with a daily total dose of around 960 thou-
sand units. The timing of the second endovascular ther-
apy depended on the clinical symptoms/signs involved
in the affected extremities. Further angioplasty may also
have been indicated if the angiographic results were not
satisfactory (Figure 1). For ALl involving the upper extre-
mities, we often punctured the right common femoral ar-
tery and inserted a 90 cm shuttle sheath to the throm-
botic hand. After the wires had crossed the occlusive ar-
teries, the Rotarex device was used for mechanical th-
rombectomy from the occlusive location to the distal bra-
chial arteries. After that, the strategy was similar to the
procedure for the lower extremities. Cases needing CDT
treatment were transferred to our cardiac care unit for
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Figure 1. Treatment strategy of ALl using RMT in KMUH. ALI, acute limb ischemia; CDT, catheter-directed thrombolysis; CFA, common femoral ar-
tery; KMUH, Kaohsiung Medical University Hospital; RMT, Rotarex mechanical thrombectomy.

further intensive care and close monitoring of fibrino-
gen and activated partial thromboplastin time levels un-
der simultaneous heparinization.

Outcomes

The major outcomes evaluated in this study were
major amputation, minor amputation, all-cause mortal-
ity, and MALEs. We assessed the 30-day, 6-month, and
1-year major outcomes during 1 year of follow-up. The
outcome data were collected through a retrospective re-
view of the patients’ medical charts. For endovascular
therapy, technical success was defined as successfully
wiring across thrombotic lesions and performing RMT
smoothly. Procedural success was defined as success-
fully restoring continuous arterial patency of at least
one calf artery down to the ankle with a Thrombolysis in

Myocardial Infarction (TIMI) grade of 2 or 3. Partial suc-
cess was defined as regaining only TIMI 1 flow after the
intervention. Procedure failure was defined as TIMI flow
0 after the intervention, even after CDT treatment. We
defined major bleeding as the safety outcome using the
TIMI classification, as used in the VOYAGER study.16 In
addition, major amputation was defined as above-knee
or below-knee amputation. Minor amputation was de-
fined as forefoot or toe amputation. A MALE was de-
fined as severe limb ischemia leading to an intervention
or major amputation. These definitions were the same
as in the COMPASS study."’

Statistical analysis
We expressed all data as means + standard deviation.

We used the independent t-test to compare continuous
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variables between patients with and without 1-year all-
cause mortality. Fisher’s exact test and chi-square test
were used to compare categorical data. We further ana-
lyzed significantly correlated or relevant variables from
the univariate analysis using binary logistic regression an-
alysis to predict 1-year all-cause mortality and MALEs.
We used a significance level of p < 0.05 for all two-sided p
values. To conduct the statistical analysis, we used SPSS
version 26.0 for Windows (IBM Inc., Armonk, NY).

RESULTS

Among the 61 patients, the mean age was 69.6
14.1 years. All patients received RMT during endovas-
cular therapy, and 48 cases (78.7%) were combined with
CDT treatment. Technical success was achieved in all of
the patients. The average urokinase dose during CDT
treatment was 259 + 181 x 10° U and the duration of
urokinase infusion was 2.7 = 1.9 days. After 1 year of
follow-up, 56 patients were still alive, 6 had died, and 10
had MALEs. The major bleeding rate during hospitaliza-
tion was 9.8%.

Comparisons of the clinical characteristics between
the patients with and without MALEs at 1 year are shown
in Table 1. More of the patients with MALEs had a his-
tory of PAD and a longer duration of ALl (6.9 + 5.0 vs.
3.8 + 3.9 days, p < 0.001) compared to the patients with-
out MALEs. However, there were no significant differ-
ences in age, gender, Rutherford stage, percentages of
diabetes mellitus, hypertension, dyslipidemia, cerebro-
vascular disease, coronary artery disease, chronic kidney

disease, heart failure, atrial fibrillation, or percentage of
lower extremity involvement.

Comparisons of the laboratory data between the
patients with and without MALEs at 1 year are shown in
Table 2. The results showed no significant differences in
white blood count, platelet count, triglyceride levels, to-
tal cholesterol levels, low-density lipoprotein levels, HbAlc
levels, uric acid levels, D-dimer levels, lowest fibrinogen

Table 1. Baseline characteristics of patients with and without 1

year MALE
. . MALE (-) MALE (+)

Baseline characteristics p value

n=>51 n=10
Age (yr) 71+14 63 +13 0.092
Male gender (%) 66.7 90.0 0.256
ALl duration (day) 3.8+3.9 6.9+5.0 0.039
Rutherford stage (%) 0.942

Stage 1 15.7 20.0

Stage 2a 33.3 30.0

Stage 2b 51.0 50.0
Diabetes (%) 45.1 20.0 0.176
Hypertension (%) 64.7 50.0 0.481
Dyslipidemia (%) 33.3 30.0 0.837
CVD (%) 21.6 20.0 0.912
CAD (%) 31.4 20.0 0.708
PAD (%) 25.5 60.0 0.041
CKD (%) 49.0 20.0 0.162
Heart failure (%) 25.5 10.0 0.429
Atrial fibrillation (%) 47.1 20.0 0.167
Body mass index (kg/m’)  25.0+4.1 253+45 0.847
Lower extremities (%) 88.2 70.0 0.157

ALl, acute limb ischemia; CAD, coronary artery disease; CKD,
chronic kidney disease; CVD, cerebrovascular disease; MALE,
major adverse limb events; PAD, peripheral artery disease.

Table 2. Laboratory data between patients with and without 1 year MALE

. . MALE (-) MALE (+)
Baseline characteristics p value
n=51 n=10
White blood count (><103/uL) 10.7+4.7 10.2+4.3 0.761
Platelet (x10%/uL) 228.5+96.7 239.5+120.2 0.755
Triglyceride (mg/dL) 105.9+£58.0 79.7£27.0 0.193
Total cholesterol (mg/dL) 171.0+43.2 146.5 +£28.1 0.131
Low-density lipoprotein (mg/dL) 104.8+37.4 93.2+27.6 0.381
HbA1lc (%) 6.8+2.4 5.8+0.8 0.310
Uric acid (mg/dL) 5.7+2.2 6.4+2.8 0.538
D-dimer (mg/L FEU) 44+4.1 4.7+3.9 0.909
Lowest fibrinogen (mg/dL) 269.3+90.9 296.7 £96.3 0.503
Hemoglobin drop (g/dL) 20+19 3.0+19 0.139

HbA1lc, glycated hemoglobin; MALE, major adverse limb events.
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levels, and hemoglobin drop.

Comparisons of the angiographic data between the
patients with and without 1-year MALEs are shown in
Table 3. There were no significant differences in the lo-
cation of the occlusive artery, treatment strategy (Ro-
tarex alone or combined with CDT), additional treatment
(angioplasty alone or combined with stenting), and pro-
cedure success.

The outcomes of major amputation, minor amputa-
tion, all-cause mortality, and MALEs at 30 days, 6 months,
and 1 year are presented in Table 4. The rates of major

Table 3. Angiographic data between patients with and without

amputation, minor amputation, all-cause mortality, and
MALEs at 30 days were 3.3%, 1.6%, 8.2%, and 4.9% re-
spectively. At 6 months, the rates were 3.3% for major
amputation, 3.3% for minor amputation, 9.8% for all-
cause mortality, and 9.8% for MALEs. Finally, at 1 year,
the rates were 3.3% for major amputation, 3.3% for mi-
nor amputation, 9.8% for all-cause mortality, and 16.4%
for MALEs.

Multivariate logistic regression analysis was con-
ducted to identify the predictors of 1-year all-cause mor-
tality and MALEs (Table 5). In predicting 1-year all-cause
mortality, significant variables of age, Hb drop, and pro-
cedure success were used. Among these variables, only

1 year MALE X o .
y Hb drop remained a significant predictor of 1-year all-

Baseline characteristics MAI—-ES(l_) MA'_-Elg') p value cause mortality (p = 0.022). On the other hand, in pre-

n= n= dicting 1-year MALEs, significant variables of ALl dura-

Occlusive location from 0.424 tion and history of PAD were included. Among these va-
lliac artery (LE) 37.3% 20.0% riables, only a history of PAD was a significant predictor

0, 0,
FemF)raI artery (LE) 47.1% 40.0% of 1-year MALEs (p = 0.040).
Popliteal artery (LE) 3.9% 10.0%
Subclavian artery (UE) 5.9% 20.0%
Axillary artery (UE) 3.9% 0%
Brachial artery (UE) 2.0% 10.0% DISCUSSION

Treatment strategy 0.397
Rotarex (RMT) + CDT 82.4% 70.0% In this study, we aimed to evaluate short- and mid-
Rotarex (RMT) only 17.6% 30.0%

Additional treatment 0.143 Table 4. 30 days, 6 months, and 1 year outcome of major
Angioplasty only 39.2% 10.0% amputation, minor amputation, all-cause mortality,
Angioplasty + stenting 60.8% 90.0% and MALE

Procedure success 0.156
Complete success 90.2% 80.0% Outcomes 30 days 6 months 1 year
Partial success 9.8% 10.0% Major amputation 3.3% 3.3% 3.3%
Failure 0% 10.0% Minor amputation 1.6% 3.3% 3.3%

- H 0, 0, 0,

CDT, catheter directed thrombolysis; LE, lower extremities; All-cause mortality S'Zf’ 9'80A 9'80A’

MALE, major adverse limb events; RMT, Rotarex mechanical MAREE 4.9% 9.8% 16.4%

thrombectomy; UE, upper extremities. MALE, major adverse limb events.

Table 5. Predictors of 1 year all-cause mortality & MALE using multiple logistic regression analysis

Significant parameters Multivariate analysis (all-cause mortality) value

In univariate analysis Hazard ratio (95% confidence interval) P

Age 1.163 (0.967-1.399) 0.110

Hemoglobin drop 4.337 (1.231-15.274) 0.022

Procedure success 0.338 (0.045-2.556) 0.293

Significant parameters Multivariate analysis (major adverse limb events) value

In univariate analysis Hazard ratio (95% confidence interval) P

ALl duration 1.138 (0.973-1.332) 0.106

History of PAD 4.385 (1.067-18.017) 0.040

ALl, acute limb ischemia; MALE, major adverse limb events; PAD, peripheral artery disease.
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term clinical outcomes after using RMT in Taiwanese pa-
tients with ALL. There were several major findings. First,
RMT achieved good clinical outcomes regarding both
major and minor amputations and also short- and mid-
term all-cause mortality and MALEs. Second, Hb drop
during hospitalization was associated with increased 1-
year all-cause mortality after multivariate analysis. Third,
a history of PAD was associated with an increased 1-year
MALE rate after multivariate analysis. Fourth, 14.8% of
our cases had ALl in the upper extremities, and few stu-
dies have discussed the outcomes of ALl treated by RMT
in the upper extremities.

RMT involves using a rotating and aspirating cathe-
ter that can remove the thrombus from the affected ar-
tery. The catheter’s rotational speed creates a low-pres-
sure zone that facilitates the fragmentation and aspira-
tion of the thrombus.”™
under local anesthesia, and the procedure time can be
significantly reduced after mechanical thrombectomy.
RMT also has several advantages, such as lower risk of
distal embolization and higher success rates.

According to the literature, complications are com-
mon among patients with ALI. Even with early revascula-
rization, the 30-day amputation rates and mortality rates
remain high, typically ranging from 10% to 15%, or even
higher."®2° Higashitani et al. reported the results of the
Edo registry on 1-year limb outcomes and mortality in
ALl patients undergoing revascularization. In their study,
the 1-year rates of major amputation, all-cause mortal-
ity, and MALEs were 5.7%, 28.6%, and 40.0%, respec-
tively.”* In contrast, clinical studies have reported rela-
tively favorable outcomes with RMT for ALI,>™
similar to our study. Another Taiwanese study also re-
ported the use of RMT for ALI. Wang et al. compared the
use of pharmaco-mechanical thrombolysis (PMT) and
CDT for ALI,15 and used RMT as the mechanical throm-
bectomy device in their PMT group. However, 62.1% of
patients in this group also used the EkoSonic endovas-
cular system (EKOS). EKOS is a useful tool for local th-
rombolysis, as it releases ultrasonic waves to thin and
separate fibrin strands and accelerate lytic dispersion
deeper into the clot. Therefore, the outcomes in their
study reflect the combined effect of Rotarex and EKOS
devices, which is different from our study.

In addition, despite being developed many years
ago, RMT is a relatively new technique in Taiwan. KMUH

The technique can be performed

which is
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started using RMT in Taiwan in January 2016, and it has
gradually gained popularity as a safe and effective treat-
ment option for ALIL. In our study of patients with ALI,
relatively good outcomes were achieved in all cases at
30 days, 6 months, and 1 year, not only in terms of ma-
jor and minor amputation, but also in terms of all-cause
mortality and MALEs. However, despite its advantages,
RMT is not without its limitations and potential compli-
cations, including the risk of vessel injury and Hb drop
related to thrombectomy. Our experience at KMUH sug-
gests that RMT should be avoided in relatively small ar-
teries, such as those below the popliteal artery in the
lower extremities and below the brachial artery in the
upper extremities to avoid the possibility of vessel injury.
Moreover, Hb drop is also an important issue after RMT,
especially for patients combined with CDT treatment. The
average major bleeding rate in our study during hospital-
ization was 9.8%. The patients who died also had a much
higher major bleeding rate (66.7% vs. 3.6%) than the pa-
tients who survived. However, after analyzing the causes
of 1-year mortality in our patients, we found that three
patients died due to sepsis progression, two patients died
due to reperfusion injury, and 1 patient died due to in-
hospital cardiac arrest. Consequently, none of these deaths
were due to major bleeding. Therefore, although Hb drop
was an important predictor of 1-year mortality, it was
not directly associated with mortality. In addition, a his-
tory of PAD was also found to be a significant predictor
of MALEs. Because MALEs included amputation and re-
intervention events in this study, it is reasonable that
the patients with PAD may have had a higher risk of ma-
jor adverse cardiac events and MALEs.?**® Careful pa-
tient selection and operator experience are essential to
minimize the risks and maximize the benefits of RMT.

Study limitations

There were some limitations to this study. First, the
sample size was not very large. However, this is the first
study to focus on RMT for ALl in Taiwan, and we evalu-
ated both short- and mid-term clinical outcomes. Sec-
ond, we did not compare RMT treatment with other no-
vel thrombectomy strategies, such as Angiojet, Indigo
System, or CDT treatment in this study.

New knowledge gained
This study is the first to focus on RMT for patients
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Central lllustration.

* This study is the first study focusing on RMT
for patients with ALI in Taiwan

* Results showed g1

At snort- a mid-term

outcomes for minor amputation, major
amputation, all-cause mortality, and MALE.

* A decrease in hemoglobin level is an important
predictor of all-cause mortality and history of
PAD is a vital predictor of MALE

Short- and mid-term outcome of Rotarex mechanical thrombectomy for acute limb ischemia. ALl, acute limb ischemia;

MALE, major adverse limb ischemia; PAD, peripheral artery disease; RMT, Rotarex mechanical thrombectomy.

with ALl in Taiwan. The results showed good short- and
mid-term outcomes for minor amputation, major ampu-
tation, all-cause mortality, and MALEs. In addition, we
found that a drop in Hb levels was an important predic-
tor of all-cause mortality, and that a history of PAD was
an important predictor of MALEs (Central lllustration).

CONCLUSIONS

RMT is a safe and effective treatment option for ALI,
with high success rates and low risk of complications. Our
results showed good short- and mid-term outcomes of
RMT. In addition, we found that Hb drop may predict 1-
year all-cause mortality, and that a history of PAD may
predict 1-year MALEs in patients with ALI.
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