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Abstract

Background: Stroke, primarily resulting from ischemic conditions, is the foremost cause of mortality and long-term
impairment and is frequently associated with narrowing of the carotid arteries. Although carotid endarterectomy
(CEA) is the treatment of choice, it carries the risk of cerebral ischemia and reduced blood flow. Transcranial Doppler
(TCD) ultrasound offers a nonintrusive method to assess cerebral blood circulation during CEA, potentially enhancing
surgical outcomes. The objective of this study was to assess the clinical utility and safety of TCD monitoring during
CEA and to identify factors influencing postoperative complications.

Methods This retrospective analysis included 158 CEA patients (from January 2021-August 2023) who underwent
TCD monitoring and whose data were compared to historical standard care data. The primary outcomes were
operation duration and artery occlusion time. Secondary outcomes included carotid shunt usage, seven-day
postoperative complications, and six-month carotid artery patency. Logistic regression identified factors linked to
adverse reactions, and a predictive model was evaluated with a receiver operating characteristic (ROC) curve.

Results: Comparative analysis indicated significant reductions in both the duration of surgery (113.26+7.29 min)
and artery occlusion time (21.85 +2.92 min) for patients monitored with TCD (P<0.001) and an increase in carotid
shunt implementation (25% as opposed to traditional care). The observed postoperative complications were minor,
with a nonsignificant trend that favored the use of TCD-monitored procedures (1% vs. historical rates). Factors such as
patient age and plaque echogenicity were found to be predictive of postoperative issues, with plague echogenicity
emerging as a significant predictive factor (OR=10.70, 95% Cl: 2.14-202, P=0.02) upon multivariate analysis. The
predictive model exhibited high precision (AUC=0.93).

Conclusion This retrospective evaluation suggested that TCD monitoring in the CEA may reduce procedural time
and potentially decrease postoperative complications, supporting its use for personalized surgical planning.
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Introduction

Stroke is a leading cause of mortality and disability, pre-
dominantly manifesting as an ischemic event [1, 2].
Carotid artery stenosis plays a crucial role in this pro-
cess. Ischemic stroke accounts for approximately 80% of
all stroke cases, with carotid artery stenosis being a major
contributing factor [3]. Carotid endarterectomy (CEA),
recognized as the gold standard for managing carotid
artery stenosis [4], serves as a preventive measure against
stroke. However, the risk of cerebral ischemia and hypo-
perfusion during CEA presents significant challenges to
patient safety and outcomes [4—6].

Transcranial Doppler (TCD) is an advanced, nonin-
vasive diagnostic tool that enables real-time assessment
of both intracranial and extracranial vascular circula-
tion and hemodynamics [7, 8]. TCD facilitates real-time
monitoring of cerebral blood flow, aiding in blood pres-
sure management and decision-making regarding the
diversion of blood flow during CEA, thereby minimizing
intraoperative complications [9].

This study aimed to evaluate the clinical utility and
safety of TCD monitoring during CEA. The primary out-
come was the reduction in operation duration and artery
occlusion time. Secondary outcomes included the rate
of carotid shunt usage, seven-day postoperative compli-
cations, and six-month carotid artery patency. By com-
paring surgical outcomes between the TCD and control
groups, we sought to enhance the scientific rationale
for CEA procedures, optimize surgical strategies, and
improve patient outcomes by minimizing postoperative
complications.

Materials and methods

Study participants

This study presents a retrospective analysis of the util-
ity of transcranial Doppler (TCD) monitoring during
carotid endarterectomy (CEA) procedures. A total of 158
patients who underwent CEA between January 2021 and
August 2023 were included in this study. The cohort com-
prised 107 males and 51 females, aged between 48 and
82 years, with an average age of 65.221+10.94 years. The
inclusion criteria included age between 40 and 85 years,
confirmed carotid artery stenosis=70% determined by
ultrasonography or computed tomography angiography
(CTA), and the absence of absolute surgical contraindi-
cations. The exclusion criteria were severe heart disease,
coagulopathy, a history of cerebral hemorrhage, or inabil-
ity to complete postoperative follow-up.

Study methods

In this retrospective study, the medical records of
patients who underwent CEA were analyzed. Partici-
pants were categorized into the TCD group or control
group based on the monitoring techniques used during
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surgery. Group allocation rather than randomization was
determined by standard practice at the time of surgery.
All CEA procedures were performed under general anes-
thesia, adhering to the standard of care.

Experienced surgeons, defined as those who have per-
formed at least 50 CEA procedures in the past five years,
conducted all operations. This definition ensures a high
level of proficiency and expertise in performing CEA.
In the TCD group, real-time TCD monitoring was con-
ducted using a 2-2.5 MHz probe through various acous-
tic windows, including temporal and orbital approaches,
to monitor the middle cerebral artery (MCA) and other
major intracranial arteries. This monitoring guided
intraoperative blood pressure regulation and flow diver-
sion decisions during critical surgical steps, such as
clamping and unclamping of the carotid artery. Carotid
shunting was based on predefined criteria, including clin-
ical assessment and ultrasound parameters. A shunt was
placed if the mean flow velocity dropped below 40 cm/s
or if significant reductions in cerebral perfusion were
observed.

In the control group, conventional monitoring prac-
tices included the use of surface electroencephalography
(EEG), stump pressure measurement, and near-infrared
spectroscopy (NIRS) to monitor cerebral perfusion dur-
ing surgery. These methods provide indirect assess-
ments of cerebral blood flow and are commonly used in
the absence of TCD monitoring. The outcome measures
included intraoperative blood pressure regulation, flow
diversion, early postoperative complications within seven
days, and carotid artery patency at the six-month postop-
erative follow-up.

Data collection

Data, including patient demographics, surgical notes,
intraoperative monitoring data, postoperative complica-
tion records, and postoperative vascular ultrasonography
results, were extracted from medical records. Clinical
variables potentially affecting postoperative outcomes,
such as age, sex, history of hypertension and diabetes,
preoperative stenosis rate, intraoperative blood pressure
changes, and flow diversion status during surgery, were
reviewed and documented.

Statistical analysis

Continuous variables are presented as the meanztstan-
dard deviation and were compared using t tests. Univari-
ate analysis was performed with chi-square or Fisher’s
exact tests to evaluate associations between variables
and postoperative adverse reactions. A P value of less
than 0.05 indicated statistical significance. Significant
variables from the univariate analysis were included in a
logistic regression model to identify independent factors.
The model’s predictive accuracy was assessed using a
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Table 1 Baseline characteristics
Variables Total TCD Control P
(n=158) (n=87) group
(n=71)
Age 6522+1094 6522+1134 6535+10.59 0.940
Gender 0.396
Female 50 30 20
Male 108 57 51
Hypertension 0.062
No 57 37 20
Yes 101 51 50
Diabetes 0.533
No 78 41 37
Yes 80 46 34
Stenosis ratio 85.01+831 85.70+827 84154834 0.668
Plaque
echogenicity
Soft 54 27 27 0.503
Mix 61 37 24
Hard 43 23 20

Table 2 Comparative analysis of CEA levels intraoperatively and
postoperatively

Variables Total TCD Control P
(n=158) (n=87) group
(n=71)

Operation 115584732 113.26+729 117.56+544 0.001
duration
Occlusiontime ~ 23.10+346  2185+292 2480+3.06 <0.001
Carotid shunt 0.047

No 127 62 65

Yes 31 22 9
Complications 0.027
(Within 7 days
after operation)

No 151 86 65

Yes 7 1 6
Review results 0.267
(6 months after
operation)

No Stenosis 157 87 70

Restenosis 1 0 1

receiver operating characteristic (ROC) curve. Statistical
analysis was performed using R software, with the rms
package for constructing the forest plot and the ggplot2
package for graphical representation.

Ethical considerations

This study was conducted in accordance with the ethical
standards of the institutional and national research com-
mittee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards. The
study protocol was approved by the Institutional Review
Board (IRB) of Jinan People’s Hospital, with the ethical
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protocol number 2024-LW-106. The study followed the
STROBE guidelines for reporting observational studies.

Results

Comparison of baseline characteristics

This study included 158 patients, 87 of whom were in the
TCD group and 71 of whom were in the control group. A
comparative analysis of the baseline characteristics indi-
cated no significant differences between the groups in
terms of age, sex, hypertension history, diabetes history,
or carotid artery stenosis rate. The statistical equivalence
at the onset of the study confirmed the comparability of
the cohorts. For detailed information, refer to Table 1.

Intraoperative and postoperative CEA indicator analysis

A comparative analysis of key intraoperative and post-
operative indicators after CEA in the TCD and control
groups revealed significant differences in several areas.
The TCD group exhibited a significantly shorter opera-
tion duration, averaging 113.26+7.29 min, compared
to 117.56+5.44 min in the control group (P<0.001).
Similarly, the occlusion time was notably reduced in
the TCD group, averaging 21.85%+2.92 min, compared
to 24.80%3.06 min in the control group (P<0.001). The
rate of carotid shunt utilization was significantly greater
in the TCD group (25%) than in the control group (13%)
(P=0.047). Postoperative complications within the first
week were low in both groups, but the control group had
a slightly greater incidence (9% vs. 1% in the TCD group),
which was statistically significant (P=0.027). A six-month
postoperative review revealed no significant difference
in restenosis rates between the groups, with one case
reported in each group. For further details, please refer to
Table 2; Figs. 1 and 2 for graphical representations.

Univariate analysis of factors influencing post-CEA
complications

This study examined the influence of various factors on
the occurrence of complications after CEA. The mean
age of the patients in the cohort was 65.28+10.97 years.
Patients who experienced complications had a sig-
nificantly greater mean age (73.29%£12.92 years) than
did those without complications (64.91+10.78 vyears)
(P=0.048). Sex was not a significant predictor of post-
CEA complications (P=0.514), nor was the presence of
hypertension (P=0.219) or diabetes (P=0.260) signifi-
cantly related to the rate of complications. The degree
of stenosis was not a significant factor influencing com-
plication rates (P=0.577). However, longer operation
durations were associated with an increased risk of com-
plications (P=0.018), whereas carotid shunt usage did not
significantly impact complication rates (P=0.138). The
postoperative stroke incidence was 1% in the TCD group
and 9% in the control group (P=0.027). The mortality
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Table 3 Univariate analysis of factors influencing post-CEA

complications

Variables Total Complica-  No-Compli- P
(n=158) tions cations
(n=7) (n=151)
Age 6528+1097 7329+1292 6491+10.78 0.048
Gender 0514
Female 50 3 47
Male 108 4 104
Hypertension 0219
No 57 1 56
Yes 101 6 95
Diabetes 0.260
No 78 2 76
Yes 80 5 75
Stenosis ratio 85.01+831 8329+562 8509+842 0577
Plaque 0.002
echogenicity
Soft 43 6 37
Mix 61 1 60
Hard 54 0 54
Operation 115.20+6.85 121.14+445 11492+683 0018
duration
Occlusion time 2318+332 2500%£342 2309+342 0.208
Carotid shunt 0.138
No 127 6 121
Yes 31 1 30
TCD 0.027
No 71 6 65
Yes 87 1 86
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Fig. 1 Comparison of CEA surgery duration between TCD and control group
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rates were 0% for both groups. The detailed postoperative
complications included stroke, acute myocardial infarc-
tion, death, and nerve injury, as specified in Table 3.

Multivariate analysis of factors influencing post-CEA
complications

Although hypertension was not statistically significant
in the univariate analysis (P=0.219), it was included in
the multivariate analysis based on clinical experience, as
six of the seven patients with complications had hyper-
tension. Multivariate analysis identified independent
predictors of post-CEA complications. Age was not a sig-
nificant independent predictor, with an odds ratio (OR)
of 1.06 (95% CI: 0.97-1.18, P=0.24), and hypertension
indicated a nonsignificant trend toward an increased risk,
with an OR of 4.49 (95% CI: 0.59-96.05, P=0.21). Plaque
echogenicity was significantly associated with post-CEA
complications, with an OR of 10.70 (95% CIL: 2.14-202,
P=0.02). Neither a longer operation duration (OR: 1.13,
95% CIL: 0.95-1.38, P=0.19) nor TCD monitoring (OR:
0.13, 95% CI: 0.01-98, P=0.09) were found to be signifi-
cant factors influencing post-CEA complications. Fig-
ure 3 shows a graphical representation of these findings.

Prediction model evaluation

The predictive efficacy of our model was assessed using
a receiver operating characteristic (ROC) curve, illus-
trating the trade-off between sensitivity and specificity
across various classification thresholds. The ROC curve,
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Fig. 2 Comparison of occlusion times during CEA surgery between TCD and control groups

Variable N Odds ratio P

Age 158 - 1.06 (0.97, 1.18) 0.24

Hypertension 158 }—-—I—{ 4.49 (0.59, 96.05) 0.21

Plaque 158 ——— | 10.70(2.14, 202.00) 0.02

operation_duration 158 - 1.13 (0.95, 1.38) 0.19

TCD 158 I—l—l 0.13 (0.01, 0.98) 0.09
0.01 01 1i 10 100

Fig. 3 Multivariate regression analysis for factors influencing post-CEA complications
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with an area under the curve (AUC) of 0.93 (Fig. 4), dem-
onstrated excellent discriminatory power, distinguishing
between positive and negative outcomes with high confi-
dence. This high AUC indicates that the model has strong
accuracy and reliability in predicting post-CEA compli-
cations and is thus a valuable tool for preoperative risk
assessment.

Discussion

The findings of this retrospective study underscore the
substantial utility of TCD monitoring in determining
the duration of CEA surgical procedures. The observed
reduction in both operation and occlusion times within
the TCD group aligns with the literature, suggesting the
need for the integration of TCD to guide surgical inter-
ventions and prevent cerebral ischemia [10-12]. TCD
provides real-time assessment of cerebral blood flow,
which enhances the precision of surgical decision-mak-
ing and can potentially decrease patient risk and associ-
ated morbidity [13-15]. The real-time feedback from
TCD monitoring allows for more precise and timely sur-
gical interventions, reducing the overall procedure dura-
tion and minimizing carotid artery occlusion time. This
efficiency likely contributes to better patient outcomes by
decreasing the risk of ischemic complications.
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The increased rate of carotid shunt utilization in the
TCD group, despite the reduction in operation and
occlusion times, highlights the utility of TCD in real-
time monitoring of cerebral blood flow. TCD enables the
immediate detection of cerebral hypoperfusion, prompt-
ing timely intervention with shunt placement to maintain
adequate cerebral perfusion. This proactive approach
likely contributed to the higher shunt rate observed in
the TCD group. The overall reduction in surgical and
occlusion times suggests that TCD monitoring facilitates
more efficient surgical management, allowing for quicker
decision-making and adjustments during the procedure
[16, 17].

Our retrospective analysis indicated a trend toward
lower postoperative complication rates among patients in
the TCD group, although this difference was not statis-
tically significant. This finding may be attributed to the
overall low complication rate in both groups, reflecting
the exemplary surgical care provided to the study popu-
lation. However, the reduced incidence of complications
in the TCD group suggested a possible protective role of
TCD, consistent with its established function in intraop-
erative hemodynamic regulation [18, 19].

Preoperative evaluation of cerebral circulation is cru-
cial in the context of CEA. In our study, preoperative
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Fig. 4 Receiver operating characteristic curve analysis for logistic regression model
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cerebral circulation was assessed using carotid ultra-
sound and computed tomography angiography (CTA) to
determine the degree of stenosis and identify any unfa-
vorable plaque characteristics. This evaluation helps in
planning the surgical approach and anticipating poten-
tial complications. The real-time monitoring of embolic
signals and hemodynamic changes allows for immedi-
ate corrective actions, which may contribute to reduced
complications such as stroke, myocardial infarction, and
nerve injury postoperatively. Despite the lack of statisti-
cal significance, the trend observed in our study supports
existing evidence on the protective role of TCD in pre-
venting perioperative strokes and other complications
during CEA [8, 20].

The univariate analysis identified age and plaque echo-
genicity as notable predictors of postoperative com-
plications, supporting the literature that highlights the
influence of patient-specific traits on surgical outcomes
[21, 22]. Multivariate analysis confirmed plaque echo-
genicity as an independent risk factor, underscoring the
importance of tailored surgical strategies, especially for
patients with unique plaque features [23-25]. Echogenic
plaques are often associated with a greater risk of emboli-
zation and perioperative complications, emphasizing the
need for meticulous intraoperative monitoring and indi-
vidualized patient management [26, 27].

The predictive model for postoperative complications,
marked by a high area under the curve (AUC=0.93),
demonstrated robust risk stratification for CEA patients.
By incorporating TCD monitoring with clinical variables,
this model serves as a valuable tool for clinicians, aiding
in preoperative assessment and facilitating the creation
of personalized treatment plans. This integration of pre-
dictive analytics and real-time monitoring can enhance
patient care by enabling more precise risk assessment
and tailored surgical interventions [28-30].

Limitations and future research directions

A critical review of our study revealed several limitations.
The modest sample size may have affected the broader
applicability of our findings. Future research should aim
to replicate these results in a larger, multicenter cohort to
bolster the generalizability of our conclusions. Moreover,
the limited follow-up period constrained the evaluation
of long-term outcomes post-CEA. Studies with extended
follow-up durations are essential to gauge the enduring
benefits of TCD monitoring.

Conclusion

This retrospective analysis demonstrates that TCD
monitoring in carotid endarterectomy offers significant
benefits, including reduced operation and occlusion
times, as well as a lower rate of postoperative complica-
tions. These findings strongly support the integration of
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TCD monitoring as a standard practice in CEA, espe-
cially for patients with high-risk profiles. Adopting TCD
monitoring could represent a significant advancement
in personalized surgical planning, ensuring optimal
cerebral perfusion and minimizing the risk of ischemic
complications.

Author contributions

Na Yang and Changjiang Zhou conceived of and designed the study. Na Yang,
Zhen Song and Bai Zhang collected the data. Qinghong Wang and Hongmei
Qi analyzed the data. Zhen Song, and Na Yang drafted the manuscript. All
authors have reviewed and approved the final version of the manuscript
before submission.

Funding
This work has not received any funding.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethical approval

The retrospective nature of this study was reviewed and approved by the
Ethics Committee of Jinan People’s Hospital (Approval No. 2024-LW-106). The
approval was granted with consideration of the ethical standards pertaining
to the use of existing data.

Competing interests
The authors declare no competing interests.

Consent to participate

As this study is retrospective and involves the analysis of existing data,
consent to participate was not applicable. However, the study was conducted
in compliance with the principles of the Declaration of Helsinki, and any
necessary waivers were obtained from the Ethics Committee.

Received: 14 June 2024 / Accepted: 15 September 2024
Published online: 04 October 2024

References

1. TanKS, Pandian JD, Liu L, et al. Stroke in Asia. Cerebrovasc Dis Extra.
2024;14(1):58-75.

2. FeiginV, Brainin M, Norrving B, et al. World Stroke Organization (WSO): global
stroke fact sheet 2022. Int J Stroke. 2022;17:18-29.

3. LiuWJ.The diagnosis of intracranial artery stenosis in patients with stroke
by transcranial doppler ultrasound: a meta-analysis. Technol Health Care.
2023;Preprint:1-11.

4. Bonati L, Kakkos S, Berkefeld J, et al. European Stroke Organization guideline
on endarterectomy and stenting for carotid artery stenosis. Eur Stroke J.
2021;,6:1-XLVII.

5. MaY, Zhang R, Liu Y. Hypoperfusion cerebral infarction after carotid artery
stenting: a case report. Front Surg. 2023;9:1077826.

6. Manojlovi¢ V, Budakov N, Budinski S, et al. Cerebrovacular Reserve predicts
the cerebral hyperperfusion syndrome after carotid endarterectomy. J Stroke
Cerebrovasc Dis. 2020;29(12):105318.

7. Rasulo F, Bertuetti R. Transcranial Doppler and Optic nerve Sonography. J
Cardiothorac Vasc Anesth. 2019;33(Suppl 1):538-52.

8. Siniscalchi A, Gray C, Malferrari G. Ultrasound diagnostic method in vascular
dementia: current concepts. Curr Med Imaging. 2021;17(4):507-12.

9. Brusasco C, Germinale F, Dotta F, et al. Low intra-abdominal pressure with
complete neuromuscular blockage reduces post-operative complications
in major laparoscopic urologic surgery: a before—after study. J Clin Med.
2022;11(23):7201.

10.  Magyar-Stang R, P&l H, Csanyi B, et al. Assessment of cerebral autoregula-
tory function and inter-hemispheric blood flow in older adults with internal
carotid artery stenosis using transcranial Doppler sonography-based



Yang et al. Journal of Cardiothoracic Surgery

20.

(2024) 19:588

measurement of transient hyperemic response after carotid artery compres-
sion. Geroscience. 2023;45(6):3333-57.

Gydngyosi Z, Farkas O, Papp L, et al. The value of transcranial doppler moni-
toring of cerebral blood flow changes during carotid endarterectomy per-
formed under regional anesthesia. Translational Neurosci. 2022;13(1):476-82.
Shahripour R, Azarpazhooh M, Akhuanzada H, et al. Transcranial doppler to
evaluate postreperfusion therapy following acute ischemic stroke: a literature
review. J Neuroimaging. 2021;31:849-57.

WanY, Teng X, Li S, Yang Y. Application of transcranial Doppler in cerebrovas-
cular diseases. Front Aging Neurosci. 2022;14:1035086.

Cardim D, Robba C, Schmidt E, et al. Transcranial Doppler Noninvasive Assess-
ment of Intracranial Pressure, Autoregulation of Cerebral Blood Flow and criti-
cal closing pressure during Orthotopic Liver Transplant. Ultrasound Med Biol.
2019;45(6):1435-45.

Edjlali M, Gobin-Metteil M, Mélé N, et al. Transcranial color-coded duplex
sonography reliably identifies intracranial vasculopathy in adult patients with
sickle cell disease. Am J Hematol. 2021,96:961-7.

Vries J, Heirman A, Bras L, et al. Geriatric assessment of patients treated for
cutaneous head and neck malignancies in a tertiary referral center: predictors
of postoperative complications. Eur J Surg Oncol. 2020;46(1):123-30.

Lemij A, Plas-Krijgsman W, Bastiaannet E, et al. Predicting postoperative com-
plications and their impact on quality of life and functional status in older
patients with breast cancer. Br J Surg. 2022;109(7):595-602.

Pei W, Zhou S, Liang J, et al. Analysis of risk factors for severe postoperative
complications in elderly patients with colorectal cancer aged over 80 years.
Chin J Gastrointest Surg. 2020;23(7):695-700.

Zhang C, Xi M, Zeng J, et al. Prognostic impact of postoperative complica-
tions on overall survival in 287 patients with oral Cancer: a retrospective
single-Institution Study. J Oral Maxillofac Surg. 2019Jul;77(7):1471-9.

Liang Y, Duan Y, Xing C, et al. Clinical value of TCCD for evaluating the prog-
nosis of patients with severe traumatic brain Injury after large decompressive
craniectomy: a retrospective study. Adv Ther. 2022,39(10):4556-67.

Eslami M, Saadeddin Z, Farber A, et al. External validation of the Vascular
Study Group of New England carotid endarterectomy risk predictive

model using an independent U.S. national surgical database. J Vasc Surg.
2020;71(6):1954-63.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 8 of 8

Poorthuis M, Herings R, Dansey K, et al. External validation of risk prediction
models to improve selection of patients for carotid endarterectomy. Stroke.
2021;53:87-99.

Li B, Verma R, Beaton D, et al. Predicting Major adverse Cardiovascular events
following carotid endarterectomy using machine learning. J Am Heart Assoc
Cardiovasc Cerebrovasc Dis. 2023;12(20):e030508.

Liu Z, Sun X, Guo ZN, et al. Effects of a planned web-based Educational inter-
vention based on the Health Belief Model for patients with ischemic stroke in
promoting secondary Prevention during the COVID-19 Lockdown in China:
quasi-experimental study. JMIR Mhealth Uhealth. 2024;12:44463.

Ostrovskiy G, Reynolds AS, Sarwal A. Neurovascular ultrasound in acute
stroke: emergency department applications. Emerg Med Pract. 2024;26(Suppl
4):1-28.

Gan L, Yin X, Huang J, Jia B. Transcranial doppler analysis based on computer
and artificial intelligence for acute cerebrovascular disease. Math Biosci Eng.
2023;20(2):1695-715.

D'’Andrea A, Fabiani D, Cante L, et al. Transcranial doppler ultrasound: clinical
applications from neurological to cardiological setting. J Clin Ultrasound.
2022;50(8):1212-23.

Rynkowski CB, de Oliveira Manoel AL, Dos Reis MM, et al. Early transcranial
doppler evaluation of cerebral autoregulation independently predicts func-
tional Outcome after Aneurysmal Subarachnoid Hemorrhage. Neurocrit Care.
2019;31(2):253-62.

Robba C, Goffi A, Geeraerts T, et al. Brain ultrasonography: methodology,
basic and advanced principles and clinical applications. A narrative review.
Intensive Care Med. 2019;45(7):913-27.

Bhandari A, Feridooni T, Pikula A, Styra R, et al. Evaluating the influence of
altered cerebral hemodynamics on cognitive performance in asymptomatic
carotid artery stenosis: a systematic review. J Vasc Surg. 2024;79(2):436-47.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿TCD-Guided management in carotid endarterectomy: a retrospective study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study participants
	﻿Study methods
	﻿Data collection
	﻿Statistical analysis
	﻿Ethical considerations

	﻿Results
	﻿Comparison of baseline characteristics
	﻿Intraoperative and postoperative CEA indicator analysis
	﻿Univariate analysis of factors influencing post-CEA complications
	﻿Multivariate analysis of factors influencing post-CEA complications
	﻿Prediction model evaluation

	﻿Discussion
	﻿Limitations and future research directions

	﻿Conclusion
	﻿References


