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Abstract
Introduction: Perioperative acute ischemic strokes (PAISs) are rare; however, they have potentially catastrophic complications and
outcomes. Endovascular therapy is the standard care in appropriately selected patients with acute ischemic stroke; nonetheless, there are
no guidelines on the treatment of PAIS, and the majority of the patients receive conservative treatments. This study aimed to present two
cases of mechanical thrombectomy (MT) for the treatment of PAIS.
Case Presentation: The first patient was a 43-year-old female who fell into a coma and had left limb dysfunction three h after
undergoing hysteromyomectomy with a National Institute of Health Stroke Scale (NIHSS) score of 22. A right middle cerebral artery (M1)
occlusion was detected on computed tomography angiography (CTA) leading to MT. The modified Rankin Scale (mRS) score was obtained
at 1 three months after treatment. The second patient was a 59-year-old male who suddenly fell into a coma and had right limb
dysfunction three h after undergoing a lung cancer operation with NIHSS score of 24. The CTA showed a left M1 occlusion leading to MT.
The mRS score was 1 three months after treatment. Both patients were admitted to and treated in the Wuxi Clinical College of Anhui
Medical University, Wuxi, China, in 2018.
Conclusion: The PAIS is a rare but serious complication after noncardiac surgery. In both cases, diagnosis and treatment were very
difficult. Further evidence was provided to regard MT as a useful and safe method to treat PAIS.
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1. Introduction
Perioperative acute ischemic stroke (PAIS) is a
relatively rare and unwanted complication in patients
that deserves attention because of its high rate of
mortality and serious disability that can lead to
prolonged hospital stay and high hospitalization
expenses (1-3). Even though the incidence of PAIS is
as high as 10% in patients who underwent high-risk
cardiac or brain surgery (1), its incidence after
noncardiac, non-neurologic, and nonmajor vascular
surgery is low with previously reported ranges of
approximately 0.1% to 1.9% depending on the
associated risk factors (2, 4). Mashour (4) also
reported that the incidence of perioperative strokes
in both their derivation and validation cohorts was
0.1% for 523,059 noncardiac and non-neurologic
patients in the American College of Surgeons National
Surgical Quality Improvement Program database (4).
Early diagnosis is very important; however, the vast
majority of the perioperative strokes were ignored in
the early stage. Unfortunately, many traditional forms
of emergency advanced treatments for PAIS, such as
thrombolysis and heparin administration, are not
suitable for patients after surgery (5). Therefore, the
outcomes after perioperative stroke are usually
devastating due to the high mortality rate associated

with PAIS (2, 5-7).
As many recent clinical trials have recommended,
mechanical thrombectomy (MT) has become the
standard treatment for acute ischemic stroke (AIS)
with large vessel occlusions (8-12). Although PAISs
have been deeply described and discussed in many
large studies, the application of MT for PAIS has been
rarely reported.
Mashour (4) reported that the absolute increase
in the risk for mortality after stroke was 21% in the
comorbidity-matched cohort and 24% in the
derivation cohort. According to Premat (7), the
mortality rate of perioperative strokes is as high as
33.3%, while it is just 4.2% in the nonperioperative
stroke group.
Since most patients were diagnosed with PAIS
during or after operation within some hours,
thrombolysis and heparin administration would
increase the risk of bleeding. Even though
thrombolysis had a good outcome, it is accompanied
by a risk of surgical site bleeding in up to 25% of the
patients including 8% of fatal bleeding in a previously
conducted study (7). Accordingly, the majority of the
patients with PAIS would not be able to continue
previous related treatments and only choose
conservative treatments, which may lead to a very
poor survival rate among these patients (7, 13). The
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MT was consistently and safely able to achieve
reperfusion in PAIS patients within a satisfactory
amount of time and clinical outcome.
This study aimed to present two patients with
PAIS in noncardiac and non-neurosurgical surgery
who were admitted to The National Advanced Center
of Stroke, Wuxi, China. Moreover, it focused mainly
on the value of MT in managing PAIS.

occlusion to the distal side of the MCA-M1 occlusion
using microwires (Transcend 0.014, Boston Scientific,
USA). The distal side of the MCA was kept open by
microcatheters during the angiogram (Figure 1D). A
Solitaire AB stent (EV3, USA) (3×20 mm) was
deployed across the thrombus and kept in place for 5
min (Figure 1E). The microcatheter and Solitaire AB
device were then pulled back together; meanwhile,
another assistant used the thrombus suction
technique to avoid complications, such as thrombus
disintegration, translocations, and thrombosis
formation. Finally, angiography revealed TICI 2b
recanalization with reperfusion of the middle M2
trunk (Figure 1F). The total procedure lasted 86 min.
The follow-up CT acquired immediately after the
operation revealed no hemorrhagic transformation
or contrast media leakage (Figure 1G). Postoperative
Transcranial Doppler sonography (TCD) monitoring
showed the patency of the right MCA with
vasospasms in the early period that were significantly
relieved after one week (Figure 1H). The patient was
ultimately discharged from the hospice after 20 days
and had the NIHSS and mRS scores of 2 and 1 at the
90-day follow-up, respectively.

2. Case Presentation
2.1. Case one
A 43-year-old female underwent hysteromyomectomy in a different hospital three hours earlier;
however, she did not wake up after anesthesia and
had left limb dysfunction (Table 1). Following that,
the patient was transferred to our tertiary care center
(Department of Neurosurgery, 904th Hospital of Joint
Logistic Support Force of PLA, Wuxi Clinical College
of Anhui Medical University, Wuxi, China) in June
2018. The time from the start of hysteromyomectomy
to presentation in our emergency department was
approximately 5 h, and she was not considered a
candidate for tissue plasminogen activator (tPA)
treatment due to concomitant anticoagulation
therapy from the large operation.
According to the neurologic examination results,
the patient was comatose and had a Glasgow Coma
Scale E2V2M5 (GCS) score of 9 and a National
Institutes of Health Stroke Scale (NIHSS) score of 22.
The head computed tomography (CT) showed an
Alberta Stroke Program Early CT score (ASPECTS) of
12, and computed tomography angiography (CTA)
revealed a right middle cerebral artery (MCA)-M1
occlusion (Figure 1 A, B). A decision was made by
the neurosurgeons, cerebrovascular doctors, and
interventional cardiologists to proceed with an MT.
The patient was immediately transferred to the
digital subtraction angiography (1) operating room,
managed with anesthesia care, and monitored.
Initially, an 8F sheath was placed in the right
common femoral artery with the Seldinger technique.
Subsequently, an 8F Envoy sheath (Codman, Corids,
USA) was placed into the right common carotid
artery (CCA), and an angiogram confirmed the right
MCA-M1 occlusion (Figure 1C). Following that, a 115cm 8F Navien guiding sheath (EV3, USA) was placed
through the sheath with the same axle transfixion
technique, and the head of the Navien guiding sheath
was placed as close as possible to the site of the
occlusion. In the next stage, Rebar 27 microcatheter
(EV3, USA) was maneuvered across the MCA-M1

2.2. Case two
A 59-year-old male suddenly fell into a coma and
had right limb dysfunction for two h (Table 1). He
underwent a small video-assisted thoracoscopic
operation for lung cancer 10 h earlier. Subsequently,
the patient was transferred to our tertiary care center
(Department of Neurosurgery, 904th Hospital of Joint
Logistic Support Force of PLA, Wuxi Clinical College
of Anhui Medical University, Wuxi, China) in October
2018. The time from symptom onset to presentation
in our emergency department was approximately 2.5
h, and he was not regarded as a candidate for tPA
therapy due to concomitant anticoagulation therapy
for the large operation. On the neurologic
examination, he was comatose and had a GCS of 7 and
an NIHSS score of 24. The head CT showed an
ASPECTS of 11, and CTA revealed a left MCA-M1
occlusion (Figure 2 AB). A decision was made to
proceed with an MT, and the patient was immediately
sent to the DSA operating room, managed with
anesthesia care, and monitored.
The patient received the same treatment as
presented in case one, and an angiogram confirmed
the right MCA-M1 occlusion (Figure 2C). The Solitaire
AB device was also utilized for the thrombectomy.
Finally, angiography revealed TICI 3 recanalization
with reperfusion of the middle M2 trunk (Figure 2D).

Table 1. Clinical information of the patients
No.

Year

Age

Gender

1

2018

43

Female

2

2

2018

59

Male

Diagnosis
Cerebral
infarction
Cerebral
infarction

Causative
procedure

Occlusion

NIHSS

Time
(h)

GCS

ASPECTS

hysteromyomectomy

M1

22

5

9

12

lung cancer
operation

M1

24

2.5

7

11

Solitaire
Solitaire
AB stent
Solitaire
AB stent

mTICI
score

mRs

2b

1

3

4

Iran Red Crescent Med J. 2020; 22(9):e108.

Zhu X et al.

Figure 1. Case one, a 43-year-old female.
A. Head CT showing an ASPECTS of 12.
B. CTA showing a right MCA-M1 occlusion (Red arrow indicated).
C. DSA confirming the CTA results (Red arrow indicated).
D, E, and F. Mechanical thrombectomy process, and the last DSA revealing TICI 2b recanalization with reperfusion of the
middle M2 trunk (F). G. Postoperative CT showing no hemorrhagic transformations or contrast media leakage.
H. Postoperative TCD monitoring showing the patency of the right MCA.

Figure 2. Case two: a 59-year-old male.
A. Head CT showing an ASPECTS of 11.
B. CTA revealing a left MCA-M1 occlusion (Red arrow indicated).
C. DSA confirming the right MCA-M1 occlusion.
D. Last DSA revealing TICI 3 recanalization with reperfusion of the middle M2 trunk. E. Postoperative CT revealing few
hemorrhagic transformations and contrast media leakages.
F. CT revealing swelling in the left hemisphere (particularly in the left frontal, temporal and parietal lobes), pressure in the
low left ventricle, and a large low-density midline shift to the right 12 h after surgery.
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Figure 3.
A. Seven days after DC, CTA re-examination showing the patency of the left MCA (Red arrow indicated).
B. CTP scan revealing left hemisphere hypoperfusion and an infarct.
C. Postoperative TCD monitoring also confirming the patency of the left MCA; however, a relatively higher PI indicating
higher intracranial pressure.

The total procedure time was 50 min, and the
follow-up CT was acquired immediately after the
operation revealed few hemorrhagic transformations and contrast media leakage (Figure 2E).
The GCS score of 7 decreased to 5 (12 h after
surgery), and CT revealed swelling in the left
hemisphere (particularly in the left frontal-temporal
and parietal lobes), pressure in the low left
ventricle, and a large low-density midline shift to
the right (Figure 2F). The patient immediately
underwent decompressive craniectomy (14) and
was subsequently managed for seven days with mild
hypothermia (34-35°C) treatment. On the seventh
day, the CTA re-examination showed patency of the
left MCA (Figure 3A), and the CT perfusion (CTP)
scan also revealed left hemisphere hypoperfusion
and an infarct (Figure 3B). Postoperative TCD
monitoring also confirmed patency of the left MCA;
however, the relatively higher pulsatility index (PI)
indicated higher intracranial pressure (Figure 3C).
The patient was ultimately discharged from the
hospice after 50 days and had an NIHSS and mRS
scores of 13 and 4 at the 90-day follow-up,
respectively.
4

3. Discussion
The PAIS is a relatively rare and unwanted
complication for patients. The incidence of cerebral
infarctions after general surgery is 0.2% (15).
However, the incidence of cerebral infarctions after
pulmonary lobectomy or segmentectomy has
recently been reported to be as high as 4.5% (16).
Kato (17) also reported 515 patients diagnosed with
advanced or postoperative recurrent non-small cell
lung cancer (NSCLC) at the Juntendo University
Hospital, Tokyo, Japan, and 2.9% of the patients had
cerebral infarctions. Furthermore, the overall
survival time from the diagnosis of advanced NSCLC
or postoperative recurrence to the analysis was
significantly shorter in patients with cerebral
infarction, compared to that in patients without
cerebral infarctions. Since the majority of PAISs occur
in non-neurologic or non-neurosurgical cases, this
complication was also easy to misdiagnose, which
delayed treatment. Therefore, diagnosis, prevention,
and treatment of PAIS have become a very important
topic for improving the outcomes. Through the
review of the published literature, the treatment
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Table 2. Published clinical data of perioperative acute ischemic stroke
First Author

Year

Age
(year)

Gender

Thomas Nguyen
et al.22

2019

5

Male

JM Ali et al.20

2019

84

Male

Zhu Binbin et al.18

2019

55

male

2019

71
76

Male
male

Yusuke Morinaga
et al.19

Diagnosis
Cerebral
infarction
Cerebral
infarction
Cerebral
infarction
Cerebral
infarction

methods of PAIS were summarized in Table 2.
However, no studies have yet investigated long-term
outcomes and detailed assessments before and after
treatment. In addition, the majority of the patients
come from pulmonary lobectomy, and the clinical
information was not sufficient in this regard.
In the present study, the first patient underwent a
hysteromyomectomy, did not wake up after
anesthesia, and had left limb dysfunction. The CTA
revealed a right MCA-M1 occlusion. On the other
hand, the second patient underwent a small videoassisted thoracoscopic operation for lung cancer,
suddenly fell into a coma, and had right limb
dysfunction for two h. The CTA revealed a left MCAM1 occlusion. The diagnoses of both patients were
confirmed by CTA promptly, and MT was also
performed on time; accordingly, they both had good
outcomes. It is worth mentioning that both of these
PAIS cases occurred after surgery.
Mechanisms of the PAIS development in patients,
especially in those with tumors, may include the
stasis of blood flow in the stump of the left upper
pulmonary vein after lung cancer operations, which
allows a thrombus to develop easily (18). That is why
the incidence of AIS was higher in patients who
underwent lung cancer operations, compared to
other patients. Furthermore, tumors and tumor
emboli, especially myxomas, can directly cause AISs.
A previously conducted study reported that extensive
and rapidly growing neoplasms (lung cancer)
generate large emboli. Lung cancer emboli and other
systemic metastatic tumors can frequently affect
cerebral circulation (18-20). Coagulation disorders
are the most important mechanisms for PAIS
development. Primarily, cancer is known to have
severe complications related to coagulation
disorders, such as disseminated intravascular
coagulation (21). Secondly, large operations and
stress reactions can similarly lead to coagulation
disorders. Other risk factors may be closely related to
the development of PAIS, such as type 2 diabetes,
high plasma concentrations of C-reactive protein and
inflammation-sensitive plasma proteins, as well as
genetic mutations associated with stroke (22-24).
The PAISs are very difficult to treat and have poor
outcomes; accordingly, the key is to prevent the
occurrence of PAISs. Subcutaneous heparin injections
are probably insufficient, and early postoperative
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Causative
procedure
spinal
operation
pulmonary
lobectomy
upper
lobectomy
Thoracic
Surgery

Occlusion

Treatment

mTICI
score

mRs at 3
months

cerebellum

conservativ
e

no data

no data

M1

MT

no data

1

M1

MT

no data

no data

MT

2b
3

3
1

M3
M1

systemic heparinization treatment should be
considered. Early postoperative fibrinolytic or/and
anticoagulation therapy is especially important and
useful for high-risk patients and those who
underwent lung cancer operations (16, 25). The
presence of perioperative risk factors should be fully
evaluated, and the PAIS-related risk factors should
especially be paid attention to. The patients should
undergo accurate neurologic and neuropsychological
examinations after surgery or in the recovery room.
Once coma, dyskinesia, or facial palsy occur, head
CTA and treatment should be performed promptly.
The PAIS is very difficult to manage, especially in
patients who underwent operations. Very few
previous studies or case reports were available to
help guide the management of these patients. Most
patients receive heparin treatment or are transferred
to other hospitals or departments to receive
intravascular therapy (25); however, the outcome is
poor if a large cerebrovascular occlusion is noted.
Traditional treatments, such as thrombolysis and
heparin administration, are not suitable for patients
after surgery. Therefore, MT may be the most
appropriate choice for these patients. In the present
study, both patients underwent MT on time, and the
postoperative angiography and TCD monitoring
revealed cerebrovascular TICI 2b recanalization with
reperfusion. It should be mentioned that both
patients had good outcomes after a long follow-up
period.
Premat (7) analyzed perioperative strokes in a
case-control study and indicated that MT was a
quick and safe method for opening occluded
cerebrovascular vessels. Moreover, the results
showed essential reperfusion in AIS patients in the
postoperative period. Even though MT may help
improve the outcomes of AIS patients as part of the
global management strategy, time is directly linked to
brain tissue preservation that can determine which
patients can undergo this procedure.
Regarding the strength of the current study, one
can name the confirmation of the effectiveness of MT
to treat PAIS that has already been highlighted in
other studies representing a great opportunity for
patients. On the other hand, the retrospective nature
of this study that was conducted in a singleinstitution with a small number of cases can be
regarded as a limitation associated with our study.
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Therefore, further investigations with larger series
and randomized controlled trials are required to
confirm the potential benefits of MT for PAIS.
The PAIS is a relatively rare condition that is
challenging to manage and has poor outcomes. Since
"Time is brain", an accurate early diagnosis,
full assessment, and optimized periprocedural
management strategy in highly skilled centers are
important once this kind of stroke appears.
Furthermore, timely CTA re-examinations should be
performed in the perioperative period. The MT has
become a global management strategy for large
cerebrovascular occlusions.
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