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Background: Several methods have been proposed to monitor cerebral perfusion during carotid endarterectomy (CEA), with the purpose of minimizing the risk of perioperative stroke. The INVOS-4100 is able to detect cerebral oxygen saturation providing an intraoperative real-time monitoring system of cerebral oximetry. The aim of this study was to evaluate the performance of the INVOS-4100 in predicting cerebral ischemia during CEA.



Methods: Between January 2020 and May 2022, 68 consecutive patients were scheduled for CEA either under general anesthesia or regional anesthesia with deep and superficial cervical block. Vascular oxygen saturation was recorded continually through INVOS before and during clamping of the ICA. Awake testing was performed in the group of patients undergoing CEA under regional anesthesia.



Results: Sixty-eight patients were included; 43 were males (63.2%). Severe stenosis of the artery was present in 92%. Forty-one (60.3%) patients were monitored by INVOS, while 22 (39.7%) underwent awake testing. Mean clamping time was 20 ± 6.6 min. Patients undergoing awake testing had a lower hospital stay and ICU stay during admission (p = 0.011 and p = 0.007 respectively). Comorbidities correlated with a higher ICU stay (p < 0.05). The INVOS monitoring was able to predict ischemic events with a sensitivity of 98% (AUC = 0.976).



Conclusions: The present study demonstrates that cerebral oximetry monitoring was a strong predictor of cerebral ischemia, although it was not possible to determine the non-inferiority of cerebral oximetry compared to awake testing. Nonetheless, the use of cerebral oximetry evaluates only perfusion in the superficial brain tissue and an absolute rSO2 value corresponding to significant cerebral ischemia has not been established. Therefore, larger prospective studies that correlate cerebral oximetry with neurologic outcomes are needed.
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1. Introduction

Carotid endarterectomy (CEA) as a treatment for high-grade carotid artery disease is nowadays an established treatment (1, 2). In an estimated 2%–3% of patients undergoing CEA perioperative stroke may occur due to either cerebral ischemia or embolism during surgery (3–5). In order to minimize the risk of a perioperative stroke, several methods are available that help monitor cerebral perfusion. Indeed, somatosensory evoked potentials (SEV), the use of electroencephalography, transcranial Doppler sonography, neurologic assessment in awake patients with regional block are established techniques (6). However, none of these can predict the occurrence of perioperative ischemia (7). Cerebral oximetry is a simple, non-invasive, real-time monitoring of cerebral oxygen saturation (rSO2) during extra-cranial carotid surgery (8), based on the principles of near-infrared spectroscopy, first described by Jobsis (9). The most widely used device, the INVOS-4100 (Somanetics, Inc, Troy, MI), is able to detect cerebral oxygen saturation at a depth of 11–14 mm below the surface of the brain (10, 11).

The aim of this study was to evaluate the performance of the INVOS 4100 in predicting cerebral ischemia during carotid endarterectomy.



2. Materials and methods


2.1. Study design

Between January 2020 and May 2022, 68 consecutive patients were scheduled for CEA either under general anesthesia or regional anesthesia with deep and superficial cervical block. Inclusion criteria were primary CEA in patients with symptomatic or asymptomatic internal carotid artery stenosis. Patients who had an internal carotid artery with a diameter ≤5 mm and who received an internal carotid artery patch angioplasty were excluded from this study due to the greater risk of restenosis.

A temporary reduction in our annual surgical volume was recorded in the study period due to COVID-19 pandemic (12). Written approval was obtained from the local hospital Research and Ethics Committee. Additional informed consent was obtained before all surgical procedures.



2.2. Carotid endarterectomy surgical technique

The patient is placed in a supine position with a hyperextension of the neck with a head rotation opposite to the operation side. A longitudinal skin incision is made along the anterior aspect of the sternocleidomastoid muscle. The carotid sheath is reached by cutting through the subcutaneous fat tissue and the platysma muscle. The carotid arteries are exposed. The common carotid artery is clamped below the bifurcation, then the external carotid is clamped, and finally the internal carotid is clamped distally. The surgeon opens the length of the internal carotid artery (ICA), to locate both ends of the plaque. The plaque is then divided and removed. The artery is then closed through a direct primary suture using a 4-0 or 5-0 prolene.

The indication for surgery were clinically asymptomatic severe or pre-occlusive carotid artery stenosis ≥70%, clinically asymptomatic stenosis with ipsilateral signs of cerebral ischemia on CT scan and clinically symptomatic stenosis.

The circle of Willis and vertebral arteries were evaluated in all patients preoperatively by means of a CT-angiography. In the present study group, none of the patients had an in-complete or defective circle of Willis. Collateral flow to the cerebral hemispheres was pre-sent in all cases. Vertebral arteries were patent and viable in all subjects included in this study.



2.3. NIRS-INVOS 4100

The cerebral oximeter INVOS-4100 was used to measure rSO2 throughout the procedure. After cleaning the skin, bilateral rSO2 oximeter electrodes were placed as high up on the forehead as possible. After a stable rSO2 reading was achieved, the sensors were tightened with tape. Vascular oxygen saturation was then recorded continually before clamping and during clamping of the ICA. All patients were extubated in the operating room and tested for any new neurological deficit.



2.4. Awake testing

The awake testing procedure can only be performed under regional anesthesia. The procedure was explained to patients the day before surgery. The anesthesiologist asked the patient to open his/her eyes and to repeat this task every 30 s until the patient responded to the command and pupillary light reflexes were evaluated. Next, the patient was asked to squeeze both hands. Only after normal neurologic status was confirmed, the surgeon proceeded with carotid endarterectomy. Once surgery is completed, patients are tested for possible neurological deficits.



2.5. Statistical analysis

Continuous variables are expressed as means ± SD in case of normal distributions, otherwise as medians. Normality was assessed using visual inspection of density plot and Q-Q plot along with the Shapiro-Wilk test. Since most variables were not normally distributed, for quantitative variables possible differences between INVOS and clinical monitoring were assessed by means of a Mann–Whitney U Test. Association between the type of methods used and categorical variables was tested with a χ2 test. A p-value <0.05 was considered statistically significant.

All data manipulation and analyses were conducted using SPSS version 27 (13).



2.6. Receiver operating characteristic curve analysis

Receiver operating characteristic (ROC) curve analysis was generated by the Neural Net-work Analysis as a predictive data mining application. A ROC curve analysis was used to assess how accurate a marker is capable of describing the occurrence of ischemic events between 2 states: “Monitored by INVOS” and “Not monitored by INVOS” (14). In a ROC curve, the true positive rate (sensitivity) is plotted as a function of the false-positive rate (1-specificity) for different cutoff points of a parameter. Among the indices of accuracy proposed to summarize ROC curves is the AUC, a unidimensional index. The maximum AUC = 1 means that the diagnostic test is perfect in the description of ischemic events (15).




3. Results


3.1. Operative outcomes

Baseline characteristics and demographics are reported in Table 1. Sixty-eight patients were included in the study. Forty-three patients were males (63.2%).


TABLE 1 Baseline characteristics in INVOS monitoring versus awake testing groups.
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Thirty-three patients (48%) were diagnosed with stenosis of the left carotid artery, while 35 (51%) had stenosis of the right carotid artery. Forty-nine patients (72%) were asymptomatic.

Almost all patients, 92%, had severe stenosis of the artery involved. Twenty-four patients (35%) had mild contralateral stenosis, fifteen patients (22%) had moderate contralateral stenosis, twelve patients (17.6%) had severe contralateral stenosis. When analyzing the structure of the plaque, 20 cases were fibro-calcific (29.4%).

Only 6 patients (8.8%) experienced postoperative ischemic events. Mortality was 1.4% (n = 1). The cause of death was acute myocardial infarction in 1 patient. Of the 6 patients who developed a postoperative ischemic event, 4 had embolization highlighted by post-operative CT and/or MRI which resulted in a non-disabling minor stroke or transient ischemic attack; hyperperfusion injury syndrome was present in 1 patient; and no apparent attributable cause was found in 1 patient. There was no statistical difference in the rate of ischemic events between symptomatic and asymptomatic patients (p = 0.4413).

General anesthesia was performed in 41 (60.3%) who were monitored by INVOS, while 27 (39.7%) patients underwent regional anesthesia with awake testing. Data were collected before and during clamping. Mean clamping time was 20 ± 6.6 min.

Table 2 reports data comparing patients who underwent INVOS vs. awake testing. Patients undergoing awake testing had a lower hospital stay and ICU stay during admission (p = 0.011 and p = 0.007 respectively). Furthermore, comorbidities correlated with a higher ICU stay (p < 0.05).


TABLE 2 Postoperative outcomes in INVOS monitoring versus awake testing groups.
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3.2. INVOS as a determinant of ischemic events

We used artificial neural network analysis to assess if INVOS could predict ischemic events. The INVOS monitoring was able to predict ischemic events in our cohort of patients with a sensitivity of almost 97.6% (AUC = 0.976) (Figure 1).


[image: Figure 1]
FIGURE 1
Receiver operating characteristic (ROC) curve highlighting how cerebral oximetry was able to predict ischemic events with a sensitivity of almost 98% (AUC = 0.976).





4. Discussion

This study was designed to evaluate INVOS 4100-cerebral oximetry performance in the prediction of ischemic events during CEA surgical procedures. Patients monitored with INVOS had a higher length of ICU and hospital stay. A lower in-hospital stay in the awake group could be perhaps attributable to regional anesthesia which concurs to an enhanced recovery to physiological activities, hence leading to a shorter overall length of stay and a lower rate of overall perioperative complications.

It was recommended by the INVOS manufacturer that a cerebral oximetry level of either <50% or a 20% decline from baseline values should be used as a sign of ongoing neuro-logical decline. However, some authors accepted a 5% decline from baseline as a significant sign of neurological cognitive deterioration (7). In our study, as per manufacturers' suggestion, a prolonged cerebral desaturation below 50% or a drop of more than 20% from baseline, was considered as an absolute value that could trigger the need for shunt placement. Nevertheless, in our experience, cerebral oximetry during clamping was 62 ± 10–63 ± 8.8% on the left and right hemispheres respectively, with no case dropping below the indicated threshold.

Despite no substantial drop in intraoperative cerebral oximetry in the INVOS group, postoperative ischemic events in this group were 9.7% (n = 4) vs. 7.4% (n = 2) in the awake testing group (p = 0.932). The 6 patients who displayed a postoperative ischemic event developed a non-disabling minor stroke or transient ischemic attack. The overall rate in our cohort of patients was 8.8% which is consistent with the incidence of ischemic events of 10.2% following CEA reported in the literature (16, 17).

Interestingly, monitoring patients with cerebral oximetry was able to predict ischemic events with a sensitivity of almost 98% (Figure 1). Such a high predictive value could contribute to a prompt diagnosis and appropriate management of intraoperative ischemic events. In fact, controversies on the use of systematic intraluminal shunting during CEA still exist, as it can complicate the procedure and raises the possibility of stroke, yet it helps to reduce cerebral hypoperfusion during carotid cross-clamping (7, 18). In this regard, cerebral monitoring could represent a crucial tool in leading to the decision of performing a selective intraluminal shunt in order to prevent intraluminal shunt-related stroke in those patients with major risk factors.

Our results, however, are in contrast with data emerging from the only two articles retrieved from the literature assessing cerebral ischemia through the use of the INVOS system. Both studies found cerebral oximetry had low sensitivity and specificity and a high negative predictive value for cerebral ischemic events. Specifically, Stilo et al. (7) demonstrated that cerebral oximetry was able to detect ischemic events with a sensitivity of 60%. Also, Samra et al. showed that monitoring rSO2 to detect cerebral ischemia during carotid endarterectomy had a strong negative predictive value but a low positive predictive role (19). Such a different result with regard to predictive values could be explained by the improved version of INVOS which was used in our cohort of patients compared to the aforementioned authors. Perhaps the advancement of technologies could aid in registering cerebral oximetry with greater precision, translating into a raised predictive value.

According to a recent systematic review and meta-analysis evaluating the diagnostic accuracy of intraoperative cerebral oximetry monitoring during CEA under regional anesthesia by means of different types of available near-infrared spectroscopy devices, the point estimate of the sensitivity of cerebral oximetry for predicting postoperative stroke was low (41%) with a broad confidence interval. The poor positive predictive value and high negative predictive value of intraoperative near-infrared spectroscopy in postoperative stroke prediction are also explained by the low frequency of stroke episodes. Additionally, the near-infrared spectroscopy value that could be used to forecast postoperative cerebral ischemia could not be found by the authors. As there was no threshold effect in the range of cutoff values reported in the primary trials, the ideal cutoff that would benefit from the use of shunting could not be identified (20).

Pennekamp et al. reported that a 16% decrease in near-infrared spectroscopy had a positive predictive value of 76% and a negative predictive value of 99% for the detection of cerebral hypoperfusion in a prospective cohort study involving patients submitted to CEA under general anesthesia, suggesting that this method might be utilized to direct the use of selective shunts (21).

The criteria for shunt insertion reported in the literature are always based on neurological examination findings of evidence of cerebral ischemia or near-infrared spectroscopy data, and all investigations documented the use of selective carotid shunting (22–24). The number of patients experiencing a hemodynamic stroke during carotid cross-clamping, which may be prevented by the use of shunts, represents a significant issue, making this area of research of the utmost relevance. Therefore, it is necessary to develop an effective brain monitoring protocol to recognize these patients.

A comparison of cerebral oximetry evaluation with other accepted techniques of cerebral ischemia monitoring is difficult to achieve. The awake testing is considered the gold standard technique in the assessment of ischemia bearing the highest sensitivity and specificity (25). However, there is no consensus on the perfect monitoring of cerebral ischemia in patients undergoing carotid endarterectomy under general anesthesia. Cerebral oximetry is an easy, non-invasive technique of continuously monitoring cerebral oxygen saturation. Several studies correlated CO monitoring to other methods of cerebral perfusion assessment during carotid endarterectomy. Cho et al. (26) showed that a critical drop of −10 rSO2 units or a decrease in rSO2 below 50% were suggestive of cerebral ischemia based on changes in SSEPs. Williams and colleagues compared ipsilateral TCD monitoring in 54 patients undergoing carotid endarterectomy. Data showed a significant association between changes in ipsilateral cerebral oxygen saturation and the percent change in middle cerebral artery velocity. Authors concluded that cerebral oximetry could be more efficient since it can be used in all patients and does not require any particular assistance (27).

Some study limitations must be acknowledged. The use of two different types of anesthesia (general vs. regional) might influence the comparability of the two groups. Specifically, general anesthesia has been shown to reduce cerebral oxygenation during general anesthesia. However, INVOS oxygenation recordings were done throughout the whole procedure starting with a baseline value at the beginning of general anesthesia induction and all comparisons were based on this initial value.



5. Conclusions

Although the outcomes emerging from the present study demonstrate that cerebral oximetry monitoring was a strong predictor of cerebral ischemia, it was not possible to determine the non-inferiority of cerebral oximetry with respect to awake testing, which is still considered at present the gold standard. Nonetheless, the use of cerebral oximetry evaluates only perfusion in the superficial brain tissue and an absolute rSO2 value corresponding to significant cerebral ischemia has not been established yet. Therefore, larger prospective studies that correlate cerebral oximetry with neurologic outcomes are warranted.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



Ethics statement

The studies involving human participants were reviewed and approved by Ethical Committee Sapienza University of Rome. The patients/participants provided their written informed consent to participate in this study.



Author contributions

Conceptualization MF, FD, and BS; Data curation PG, KL, FD, and LC-G; Formal analysis MF; Investigation PG, MF, SI, KL, FD, and FF; Methodology MR, PG, and SI; Resources, SI, KL, FF, and AC; Software, MR and AC; Supervision LC-G and BS; Validation MF, AC, and LC-G; Visualization BS; Writing – original draft MR and LC-G; Writing – review & editing LC-G and BS. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Rothwell PM, Eliasziw M, Gutnikov SA, Warlow CP, Bar-nett HJ, Carotid Endarterectomy Trialists Collaboration. Endarterectomy for symptomatic carotid stenosis in relation to clinical subgroups and timing of surgery. Lancet. (2004) 363:915–24. doi: 10.1016/S0140-6736(04)15785-1

2. Taylor DW, Barnett HJM. Beneficial effect of carotid endarterectomy in symptomatic patients with high-grade carotid stenosis. NEJM. (1991) 325:445–53. doi: 10.1056/NEJM199108153250701

3. Walker MD, Marler JR, Goldstein M, Grady PA, Toole JF, WBaker WH, et al. Executive Committee for the Asymptomatic Carotid Arthrosclerosis Study: Endarterectomy for asymptomatic carotid artery stenosis. JAMA. (1995) 273:1421–8. doi: 10.1001/jama.1995.03520420037035

4. Berman SS, Bernhard M, Erly WK, McIntyre KE, Erodes LS, Hunter GC. Critical carotid artery stenosis: diagnosis, timing of surgery, and outcome. J Vasc Surg. (1994) 20:499–510. doi: 10.1016/0741-5214(94)90274-7

5. Gewertz BL, McCaffrey MT. Intraoperative monitoring during carotid endarterectomy. Curr Probl Surg. (1987) 24:475–53. doi: 10.1016/0011-3840(87)90014-1

6. Cuadra SA, Zwerling JS, Feuerman M, Gasparis AP, Hines GL. Cerebral oximetry monitoring during carotid endarterectomy: effect of carotid clamping and shunting. Vasc Endovascular Surg. (2003) 37(6):407–13. doi: 10.1177/153857440303700604

7. Stilo F, Spinelli F, Martelli E, Pipitó N, Barillà D, De Caridi G, et al. The sensibility and specificity of cerebral oximetry, measured by INVOS—4100, in patients undergoing carotid endarterectomy compared with awake testing. Minerva Anestesiol. (2012) 78(10):1126–35.23059517

8. Murkin JM, Arango M. Near-infrared spectroscopy a san index of brain and tissue oxygenation. Br J Anaesth. (2009) 103(Suppl. 1):i3–i13. doi: 10.1093/bja/aep299

9. Jobsis FF. Noninvasive, infrared monitoring of cerebral and myocardial oxygen sufficiency and circulatory parameters. Science. (1977) 198:1264–7. doi: 10.1126/science.929199

10. INVOS Cerebral Oximeter Principles of Operation. Somanetics product information. Troy, MI: Somanetics Corporation (2008).

11. Carlin RE, McGraw DJ, Calimlim JR, Mascia MF. The use of near-infrared cerebral oximetry in awake carotid endarterectomy. J Clin Anesth. (1998) 10:109–13. doi: 10.1016/S0952-8180(97)00252-3

12. Castagneto-Gissey L, Casella G, Russo MF, Del Corpo G, Iodice A, Lattina I, et al. Impact of COVID-19 outbreak on emergency surgery and emergency department admissions: an Italian level 2 emergency department experience. Br J Surg. (2020) 107(10):e374–5. doi: 10.1002/bjs.11813

13. IBM Corp. Released 2020. IBM SPSS statistics for windows, version 27.0. Armonk, NY: IBM Corp (2020).

14. Kamarudin AN, Cox T, Kolamunnage-Dona R. Time-dependent ROC curve analysis in medical research: current methods and applications. BMC Med Res Methodol. (2017) 17(1):53. doi: 10.1186/s12874-017-0332-6

15. Hajian-Tilaki K. Receiver operating characteristic (ROC) curve analysis for medical diagnostic test evaluation. Caspian J in-Tern Med. (2013) 4(2):627–35.

16. Coelho A, Peixoto J, Canedo A, Kappelle LJ, Mansilha A, de Borst GJ. Critical analysis of the literature and standards of reporting on stroke after carotid revascularization. J Vasc Surg. (2022) 75(1):363–371.e2. doi: 10.1016/j.jvs.2021.05.055

17. Schnaudigel S, Gröschel K, Pilgram SM, Kastrup A. New brain lesions after carotid stenting versus carotid endarterectomy: a systematic review of the literature. Stroke. (2008) 39(6):1911–9. doi: 10.1161/STROKEAHA.107.500603

18. Ribieras AJ, Tabbara M, Rey J, Velazquez OC, Bornak A. Outcomes and role of shunting during carotid endarterectomy for symptomatic patients. J Vasc Surg. (2022) 76(5):1289–97. doi: 10.1016/j.jvs.2022.06.096

19. Samra SK, Dy EA, Welch K, Dorje P, Zelenock GB, Stanley JC. Evaluation of a cerebral oximeter as a monitor of cerebral ischemia during carotid endarterectomy. Anesthesiology. (2000) 93(4):964–70. doi: 10.1097/00000542-200010000-00015

20. Duarte-Gamas L, Pereira-Neves A, Sousa J, Sousa-Pinto B, Rocha-Neves J. The diagnostic accuracy of intra-operative near infrared spectroscopy in carotid artery endarterectomy under regional anaesthesia: systematic review and meta-analysis. Eur J Vasc Endovasc Surg. (2021) 62(4):522–31. doi: 10.1016/j.ejvs.2021.05.042

21. Pennekamp CW, Immink RV, den Ruijter HM, Kappelle LJ, Bots ML, Buhre WF, et al. Near-infrared spectroscopy to indicate selective shunt use during carotid endarterectomy. Eur J Vasc Endovasc Surg. (2013) 46(4):397–403. doi: 10.1016/j.ejvs.2013.07.007

22. Chongruksut W, Vaniyapong T, Rerkasem K. Routine or selective carotid artery shunting for carotid endarterectomy (and different methods of monitoring in selective shunting). Cochrane Database Syst Rev. (2014) 2014(6):CD000190. doi: 10.1002/14651858.CD000190.pub3

23. Dakour-Aridi H, Gaber MG, Khalid M, Patterson R, Malas MB. Examination of the interaction between method of anesthesia and shunting with carotid endarterectomy. J Vasc Surg. (2020) 71(6):1964–71. doi: 10.1016/j.jvs.2019.08.248

24. Jonsson M, Lindström D, Wanhainen A, Djavani Gidlund K, Gillgren P. Near infrared spectroscopy as a predictor for shunt requirement during carotid endarterectomy. Eur J Vasc Endovasc Surg. (2017) 53(6):783–91. doi: 10.1016/j.ejvs.2017.02.033

25. Lee TS, Hines GL, Feuerman M. Significant correlation between cerebral oximetry and carotid stump pressure during carotid endarterectomy. Ann Vasc Surg. (2008) 22:58–62. doi: 10.1016/j.avsg.2007.07.022

26. Cho H, Nemoto EM, Yonas H, Balzer J, Sclabassi RJ. Cerebral monitoring by means of oximetry and somatosensory evoked potentials during carotid endarterectomy. J Neurosurg. (1988) 89:533–8. doi: 10.3171/jns.1998.89.4.0533

27. Williams IM, Mead G, Picton AJ, Farrell A, Mortimer AJ, McCollum CN. The influence of contralateral carotid stenosis and occlusion on cerebral oxygen saturation during carotid artery surgery. Eur J Vasc Endovasc Surg. (1995) 10:198–206. doi: 10.1016/S1078-5884(05)80112-1



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cerebral oximetry monitoring by means of INVOS-4100 as a predictor of ischemic events during carotid endarterectomy

		1. Introduction



		2. Materials and methods



		2.1. Study design



		2.2. Carotid endarterectomy surgical technique



		2.3. NIRS-INVOS 4100



		2.4. Awake testing



		2.5. Statistical analysis



		2.6. Receiver operating characteristic curve analysis











		3. Results



		3.1. Operative outcomes



		3.2. INVOS as a determinant of ischemic events











		4. Discussion



		5. Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Cerebral oximetry monitoring by
means of INVOS-4100 as a
predictor of ischemic events

during carotid endarterectomy









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/fsurg-10-1170019-g001.jpg
—  Awake monitoring
= INVOS monitoring

s

.

4

2

o 2 “ I s 10





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





OPS/images/fsurg-10-1170019-t001.jpg
INVOS p
monitoring val
(N=41)

Males, (%) 29(70.7) 11 (40.7)
Age, year, 73+10 73+9
mean + SD
Hypertension, n (%) 29 (70.7) 13 (48.1)
Diabetes, 7 (%) 9(22) 8 (29.6) 0747
COPD, 1 (%) 4097 5(185)
Smoking status, n (%)
Current Smoker 8(19)

ue

4(148)

Former Smoker 10 (24) 3(1L1)

Never smoked 23 (56) 15 (55.5)

Contralateral stenosis, 1 (%)

None 922) 3(Ly 0353
Mild ) 7259

Moderate 77.1) 6(222)

Severe 7(17.1) 4 (14.8)

COPD, chronic obstructive pulmonary disease; N/A, not applicable; SD, standard
deviation.
The bold values indicate significant differences between analyzed values.





OPS/images/fsurg-10-1170019-t002.jpg
INVOS
monitoring
(N=41)

Postoperative ischemic events,
n (%)
LOS, days, mean + SD
ICU, days, mean + SD
plague features, n (%)

Calcific 922 6(222)
Fibrocalcific 14 (34.1) 5 (185)
Ulcerated 0 0
Mixed 4098) 9(333)
N/A 2 (48) 0
[ plaque features, (%)
Hyperechogenic 4098)
Hypoechogenic 1(24)

i 707.1)
Clamping time, (min) 205
mean = SD
Cerebral oximetry before clamping, (%)
Left | eex78 | N/A |
Right 677
Cerebral oximetry during clamping, (%)
Left ICEU N/A
Right | 6388 |

LOS, length of stay; ICU, intensive care unit; N/A, not applicable; SD, standard

deviation.
The bold values indicate significant differences between analyzed values.





