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Endovascular techniques have progressively become the first option for the treatment of stenosis and occlusions of both aorto-iliac and femoro-popliteal district. The development of new technologies and new materials has broadened the applicability of the endovascular techniques, allowing the treatment of each lesion with the most suitable material. A knowledge of the behavior of endovascular materials when treating peripheral arterial disease (PAD) is, therefore, crucial for optimization of the results. Here, we aim to review the most important technical features of the actually available endovascular materials for treating PAD.
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INTRODUCTION

Atherosclerotic peripheral arterial disease (PAD) is associated with an increased risk of limb loss (1). Therefore, it needs prompt risk factor management and optimal pharmacological treatment. Appropriate revascularization may also be required, especially in the case of progressive clinical deterioration despite optimal medical therapy or in the presence of severe limiting claudication with reduced quality of life, rest pain, and/or critical ischemia (2).

PAD may affect every segment, right from the infrarenal aorta and iliac arteries to the femoral, popliteal, and tibial arteries, extending even to the smaller foot arteries. A tailored approach is then required based on individual clinical risk and on the site of the arterial disease.

Endovascular techniques have progressively gained wide acceptance as the first option in the revascularization of short stenosis/short occlusions of both aorto-iliac and femoro-popliteal district (3), given their low invasiveness and better outcomes when compared with open surgery.

Technical improvement of the devices, along with the development of new technologies, have increased the applicability of the endovascular techniques, allowing the treatment of each lesion with the most suitable material.

A knowledge of the behavior of endovascular materials when treating PAD is, therefore, crucial for optimization of the results.

Here, we aim to review the most important technical features of the actually available endovascular materials for treating PAD.



TYPE OF ENDOVASCULAR DEVICES

A wide variety of guidewires, catheters, crossing devices, balloons, stents, and other devices are available for the endovascular treatment of PAD, but there are no clear guidelines for their application.

When planning the best endovascular strategy, the operator should consider the type and anatomic location of the target lesion, within the context of the whole vessel. Some scoring systems have also been elaborated to help in the preoperative technical stratification of femoropopliteal and infrapopliteal artery disease treatment, such as the Bollinger score, the TASC II grade, the run-off score, the calcium score, and the lesion length category (4). These scores describe the anatomical features of the index lesion and are helpful tools in predicting durability, outcomes, and response to endovascular interventions. Therefore, they should be taken into account when choosing the proper treatment.


Guidewires

Guidewires are the mainstay of endovascular treatment, since they are used basically in every procedure from the beginning to the end, to reach and cross the target lesion, and as a support for therapeutic devices such as balloons or stents.

Each guidewire has its own engineering features in terms of maneuverability, flexibility, visibility, traceability, smoothness, and support. The choice of the correct guidewire can be crucial for obtaining the optimal result, especially in the case of chronic total occlusions (CTOs).

Different guidewires are available in terms of core diameters, lengths, core material, tip design, covers, and coating. All these features may impact the strength, the flexibility, and the trackability of the wire.

The core diameter can range from 0.014 to 0.038 in., but in peripheral procedures, the most widely utilized sizes are 0.014, 0.018, and 0.035 in. The larger the diameter, the grater the rail support is. Conversely, larger diameter guidewires have reduced flexibility and trackability through the vessel (5). Usually, 0.035 in. guidewires are used for delivering sheaths and diagnostic catheters, while 0.018 in. are used for crossing more proximal lesions, and 0.014 in. are used for below knee interventions and CTOs.

The length of a guidewire can reach up to 300 cm. Usually, shorter guidewires are easier to maneuver and have a greater pushability to cross the lesion. Nevertheless, device compatibility and a knowledge of the road from the access vessel to the target lesion should be considered when choosing the proper guidewire diameter and length.

The most used guidewires are Nickel Titanium (Nitinol), which combine the columnar support of a stainless-steel guidewire with flexibility and good trackability. The tip, straight or “J”-shaped, can be made either of the same core material, giving a greater push force, or may be more delicate and soft, with a lesser probability to inadvertently damage distal vessels.

Finally, guidewires can be covered and coated by sleeves of polymer or plastic to increase lubricity, therefore, providing an enhanced lesion crossing and smooth tracking, especially in tortuous vessels. The most used are hydrophilic coatings to create a slippery surface that facilitates navigability through the vessels.



Catheters

Diagnostic and guiding catheters enable direct access to the treatment site when guidewires fail.

Depending on the case, they have specific preformed shaped tips at their distal ends that can help in intra-arterial navigation, correct orientation of the tip of the guidewire toward the lesion site, crossing of complex lesions, and opacification of the artery using a contrast agent.

The diameter unit of the catheters is measured in French (1 French = 0.3 cm). The length of the guidewire should always be greater than that of the catheter used.



Crossing Devices

CTOs are complex lesions that may deserve specific equipment with its own behavior.

Therefore, crossing devices are available for the endovascular antegrade and retrograde recanalization of peripheral CTOs, either under fluoroscopy or under intravascular sound guidance.

The aim of a crossing device is to perform microdissection and disruption of the atherosclerotic plaque while advancing the distal tip, which can have specific features (such as jaws or edges or may be connected to a generation of vibration energy) that can help penetrate through the CTO (6). While advancing through the CTO, a microguide catheter is sometimes needed to provide support to the distal end and guidewire exchange.

After having crossed the CTO, a re-entry device may be needed to reach the true distal lumen from the subintimal plane beyond the CTO. These devices usually have a hollow curved needle or a microcatheter lancet at their tip. After re-entering the true lumen, guidewire placement is needed for completion of the procedure using balloons and stent delivery.



Balloons

Balloon angioplasty can be either coated or noncoated by drugs that aim specifically at reducing the risk of restenosis caused by neointimal hyperplasia (4).

Typical features of an angioplasty balloon that can affect one’s behavior during endovascular procedures include geometry, cutting ability, and the fabric material.

The geometry and the fabric material may impact the crossing profile. Balloons with a low crossing profile are for ease of entering and crossing challenging lesions and can be a useful tool to prepare the road for greater balloons. Furthermore, the geometry and the material are crucial for length and radial compliance of the balloon, which, in turn, may affect the rate of inflation and deflation.

The pressure exerted with the inflation allows the balloon to reach its nominal diameter or even a few tens of a millimeter more. However, inflation pressure cannot exceed the rated burst pressure. Usually, short balloons may need more pressure to reach their nominal diameter, but they can have a higher radial force for short lesions. Conversely, long stenotic regions may need longer balloons that may require a longer time of application.

In highly fibrotic lesions, such as postattinic stenosis or restenosis, balloons with small cutting edges (cutting balloon) can be employed to fracture the plaque.



Stents

According to the method of deployment, stents can be premounted on a balloon (balloon-expandable) or may have their own delivery system with a self-expandable opening.

Usually, balloon-expandable stents have a greater radial force, a greater radiopacity, and a more precise delivery when compared with self-expandable stents (7). Conversely, they have lower flexibility and trackability than self-expandable stents. Therefore, balloon-expandable stents are indicated for short, calcified stenosis, while self-expandable stents perform better in long lesions and tortuous arteries.

Furthermore, each stent may have its radial force or resistance to elongation, torsion, and crushing according to the struts material and shape. The struts may have bridges that connect to each other, leading to a design with “closed-cells.” Otherwise, the struts may have large uncovered gaps in a “open-cells” configuration. The number and frequency of bridges of the struts confer less flexibility and trackability to the stent.

When using balloon-expandable devices, a small risk of decrimping the stent from the balloon while crossing an occlusion or tightly calcified stenosis should be considered. Therefore, predilation with a smaller balloon is suggested. During expansion, the stent will take on the diameter of the balloon on which it is mounted. However, if needed, balloon-expandable stents may be dilated to a greater diameter by using a larger diameter balloon but that is shorter than the stent, in order to avoid dissection of the artery at the proximal and distal ends of the stent.

Differently, self-expanding stents cannot exceed their reference diameter. Therefore, when in doubt choosing between two options, it is preferable to opt for larger diameter stents. These stents open only slightly after delivery due to their low radial force, and, therefore, postdilation is needed.

Of note, self-expanding stents may act on the vessel wall in terms of chronic outward force, which is the radial force that the stent exerts at expansion, and is proportional to the amount of oversizing with respect to the vessel diameter. This amount of oversizing can induce wall shear stress, which can be responsible for in-stent restenosis; therefore, excessive oversizing should be avoided when choosing the proper stent diameter.

While the indication of stent placement in the aorto-iliac district is well recognized (7), conflicting data exist about the placement of a stent in the superficial femoral artery (SFA) and popliteal districts, since stent fatigue may occur, especially in Nitinol stents, leading to stent failure and vessel reocclusion (8).

The mechanical behavior of stents in the SFA-popliteal artery, which has been studied using the spring model and 3D finite element modeling, depends not only on the technical features of the stent, but also on the torsion and elongation of the vessel itself, to which the stent is subjected during the normal deambulation process. The type of the lesion is also an important determinant. Furthermore, overlapping regions and overexpansion of the stent beyond its nominal diameter may increase stent fatigue with the consequent risk of fracture and failure (8).

Balloon-expandable and self-expandable stents may be covered by poly-tetrafluoroethylene (covered stents) or bonded with heparin or drugs that are slowly released over time to the endothelium (drug-eluting stents, discussed below), with the aim of improving long-term vessel patency.




RECENT TECHNOLOGIES


Atherectomy Devices

Atherectomy devices represent a new way of catheter-based intervention for the treatment of PAD, based on the disruption of the plaque with different physical methods.

All of these devices have in common the presence of a catheter that is inserted inside the vessel lumen, and at the tip, there are specific devices for plaque debulking. Orbital atherectomy devices have a tip with a diamond-coated crown that rotates 360° in eccentric fashion, while rotational atherectomy uses rotating cutting blades at high speed. Directional atherectomy devices also have conical rotating blades at the tip, which has in adjunction a nose cone in which the removed debris of the plaque are captured and stored. Finally, laser atherectomy devices use the physical properties of the laser wave to debulk the lesions (5).

Atherectomy is usually performed as an adjunctive therapy with balloon angioplasty and stenting.



Lithotripsy

Intravascular lithotripsy is a novel technique for lesion preparation in calcified vessels. Lithotripsy is composed of a catheter that is connected to a generator and is enclosed in a semicompliant balloon. Electric sparks produced by the emitters create vapor bubbles in the surrounding fluid medium, resulting in acoustic pressure waves, which, in turn, create micro–macro fractures on endothelial calcium, without affecting soft tissue (5).



Drug-Coated Devices

Balloons and stents may be covered by cytotoxic drugs that aim to reduce the inflammatory response of injured endothelial cells and subsequent neointimal hyperplasia. Paclitaxel is the most used of these drugs and arrests the cells in the M phase of the mitotic cycle. Sirolimus has also been recently approved for use in PAD (9).

What makes the difference between the different kinds of available drug-coated devices is the carrier system, which ideally should both prevent the loosing of the drug while crossing the sheath and navigating the vessels and confer rapid transfer from the balloon surface to the arterial wall when the target lesion has been reached.



Focal Self-Expanding Nitinol Stents

Recently, a multiple stent system for spot stenting has been introduced for the treatment of femoro-popliteal lesions, with promising early results (10).

This device has six short (13 mm in length) self-expanding nitinol stents on a single 6F delivery system that is compatible with a 0.035 in. guidewire, and each of them can be individually implanted. The peculiarity of having multiple short stents instead of longer ones has the advantage of reducing the mechanical strain to which the stents can be subjected by bending and stretching, especially in the distal SFA or the popliteal artery.

Sigl et al. (10) described the first-in-human experience in 20 patients affected by claudication or critical limb ischemia, who underwent femoropopliteal revascularization using this device. They reported promising results with no device-related complications, no major adverse events, and a 100% patency at 6 months’ follow-up.



Chocolate™ PTA Balloons

The Chocolate™ PTA balloon has a unique design. It is a semicompliant balloon that is encased in a nitinol-constraining structure (cage). When the balloon inflates, the cage expands simultaneously, causing the segmentation of the balloon in a series of pillows and grooves with controlled dilatation on the vessel wall that allows for 1:1 vessel sizing.

The over-the-wire platform is compatible with 0.014 and 0.018 in. guidewires and is available in diameters ranging from 2.5 to 6 mm, therefore, allowing treatment both below and above the knee districts, with promising early results. Sirignano et al. (11) treated 81 claudicant patients who had femoro-popliteal lesions and reported a primary patency of 98.8% at a mean follow-up of 12.3 ± 5.6 months.

Furthermore, data obtained from the Chocolate BAR multicenter postmarket registry (12) showed a 97.2% rate of freedom from major amputation at 12-months’ follow-up in 262 patients.




CONCLUSION

Newer technologies are rapidly becoming available for the endovascular treatment of PAD. Endovascular operators should have a proper knowledge of the behavior of these materials in order to optimize the results.
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Background: Propofol-based total intravenous anesthesia (TIVA) is considered a prophylactic approach to decrease postoperative nausea and vomiting (PONV). Despite general anesthesia commonly being performed in end-stage renal disease (ESRD) patients, PONV in ESRD patients has not been well-described. We investigated PONV in peripheral vascular surgery under general anesthesia in ESRD patients.



Methods: To compare PONV between propofol-based TIVA and anesthesia with volatile anesthetics, we collected retrospective data from patients who underwent peripheral vascular surgery under general anesthesia from July 2018 to April 2020. We performed univariable and multivariable analyses, including factors that could be associated with PONV and those previously shown to affect PONV.



Result: A total of 1,699 peripheral vascular surgeries under general anesthesia in ESRD patients were eligible for analysis. Based on the multivariable analysis, TIVA (odds ratio [OR], 0.45; 95% confidence interval [CI], 0.35–0.60; P < 0.001) significantly decreased PONV. Female sex (OR, 1.85; 95% CI, 1.44–2.38; P < 0.001) and anesthetic duration (OR, 1.01; 95% CI, 1.00–1.01; P < 0.001) were associated with increased PONV.



Conclusion: Propofol-based TIVA is the most influential factor decreasing PONV after peripheral vascular surgery in ESRD patients. Anesthesiologists can apply propofol-based TIVA as an alternative to anesthesia with volatile anesthetics.
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Introduction

Postoperative nausea and vomiting (PONV) is one of the most common adverse effects of general anesthesia (1). Generally, the importance of PONV has been devalued, although it has a significant impact on postoperative care. PONV can delay discharge, disrupt oral intake, and lead to serious complications such as wound dehiscence and anatomic leaks. Therefore, it can increase treatment costs (2). Furthermore, PONV is a more common cause of patient discomfort than postoperative pain (3). Numerous factors affect the incidence of PONV, including patient characteristics, anesthetic factors, and surgical procedures (4). Among the prophylactic options for PONV, propofol-based total intravenous anesthesia (TIVA) is considered an excellent anesthetic strategy (5).

The incidence of end-stage renal disease (ESRD), the final stage of chronic kidney disease (CKD), is increasing globally. In the year 2000, approximately 1.1 million patients worldwide were being treated for CKD, showing an increase of 6%–7%, which is greater than the global population growth rate. The number of hemodialysis patients is estimated to reach 3,500,000 by 2020 (6). For these patients, hemodialysis is the most common treatment, which has increased the survival rate and improved patient quality of life (7). To achieve vascular access for chronic hemodialysis, peripheral vascular surgeries are performed in ESRD patients (8).

Although vascular access surgery (arteriovenous fistula formation) for hemodialysis can be performed under local anesthesia alone, many patients require general anesthesia for complicated peripheral vascular surgeries (e.g., graft interposition or aneurysm removal) due to the complexity of the procedures. For this reason, general anesthesia is commonly performed in ESRD patients.

Maintenance of general anesthesia should be achieved using short-acting drugs with minimal renal metabolism. Generally, short-acting volatile anesthetics such as desflurane or sevoflurane are preferred and the opiate remifentanil and the hypnotic propofol can be administered through continuous intravenous infusion as an alternative (9, 10). However, volatile agents are commonly considered the main cause of PONV, whereas TIVA with propofol is thought to decrease PONV (5, 11). Furthermore, there is a relatively high incidence of nausea and vomiting in hemodialysis patients (6). Nevertheless, PONV in peripheral vascular surgery for ESRD patients has not been well-described.

The aims of this study were to investigate PONV in peripheral vascular surgery under general anesthesia in ESRD patients and to compare the incidence between propofol-based TIVA and anesthesia with volatile anesthetics.



Materials and methods

To compare PONV after general anesthesia in ESRD patients with propofol-based TIVA or anesthesia with volatile anesthetics, retrospective data collection was performed from July 2018 to April 2020 at Soonchunhyang University Hospital, Seoul, Republic of Korea. This retrospective observational study was approved by Soonchunhyang University Hospital's institutional review board (IRB number: SCHUH2020-06-004). Written informed consent was waived because of the retrospective case-control nature of the study. Our findings are presented following the format recommended by the Strengthening the Reporting of Observational Studies in Epidemiology guidelines (12). All methods were carried out in accordance with relevant guidelines and regulations.



Study population

We retrospectively enrolled 1,923 consecutive cases: all were ESRD patients who underwent peripheral vascular surgery under general anesthesia at age 30–90 years. Among them, emergency surgeries and cases without postoperative visit records for managing PONV were excluded.



Data collection

Medical records were reviewed retrospectively for patient characteristics, laboratory data, medical treatments, and clinical outcomes. We defined PONV as any nausea, retching, or vomiting according to the postoperative visit records. Demand for antiemetics and medical records indicating PONV in the post-anesthesia care unit (PACU) on postoperative day (POD) 1 were analyzed.



Anesthetic management

When departing for the operating theater, all patients were premedicated with 0.1 mg of glycopyrrolate intramuscularly, except when contraindicated. Upon arrival in the operating theater, standard monitoring devices were applied, including electrocardiography, pulse oximetry, and an oscillometric noninvasive blood-pressure cuff. Bispectral index monitoring (BIS System; Aspect Medical Systems, Newton, MA, United States) was performed for all participants.

In the TIVA group, general anesthesia was induced and maintained with propofol and remifentanil via effect site targeting using a target-controlled infusion system (Orchestra Primea; Fresenius Kabi AG, Bad Homburg, Germany) after intravenous lidocaine (40 mg) administration. Propofol was administered using the Schnider pharmacokinetic model and remifentanil using the Minto model. The target concentrations of propofol and remifentanil were maintained at 2–5 μg/ml and 0–6 ng/ml, respectively, according to a BIS of 40–60.

In the volatile-anesthetics group, induction was performed using intravenous lidocaine (40 mg), propofol (1–1.5 mg/kg), and rocuronium (0.6 mg/kg) for neuromuscular blockade. Anesthesia was maintained with oxygen, medical air, and volatile anesthetics, including desflurane (n = 170, 29.1%) or sevoflurane (n = 415, 70.9%). Patients were administered intravenous remifentanil as required in the same way as the TIVA group. The volatile anesthetic and remifentanil dose were adjusted to achieve target BIS values of 40–60.

Patients received intravenous ephedrine (4 mg), phenylephrine (50 μg), or an inotropic infusion as required for blood pressure values below 20% of baseline during the operation. At skin closure in both groups, patients received intravenous fentanyl (0.3–0.5 µg/kg). At the end of the surgical procedure, the neuromuscular blockade was reversed with intravenous pyridostigmine (0.2 mg/kg) and glycopyrrolate (5 µg/kg) or with sugammadex (1–2 mg/kg) as needed. Tracheal extubation was performed under a monitoring train-of-four ratio >0.9.

The agents used for anesthesia depended on the discretion of the anesthesiologist assigned to each case. In the PACU and ward, patients received opioid or anti-emetics on demand.



Statistical analysis

The Kolmogorov-Smirnov test was used to test the hypothesis of a normal distribution for continuous variables. All continuous variables were reported as means ± standard deviations and all categorical variables were reported as n values (proportion, %). Categorical variables were compared using the chi-square test or Fisher's exact test, and continuous variables were compared using the t-test or Mann-Whitney U test for intergroup comparisons of PONV and other clinical variables. To explore the relationships between PONV and other clinical variables, we performed univariable and multivariable analyses, including factors that could be associated with PONV and those previously known to have an effect on PONV. R software (version 4.0.0; April 24, 2020, R Foundation for Statistical Computing, Vienna, Austria) was used for all statistical analyses; a P-value <0.05 was considered significant.



Results

Among 1,923 cases, 224 were excluded because of a lack of postoperative visit records or emergency surgery. A total of 1,699 peripheral vascular surgeries under general anesthesia in ESRD patients were identified during the study period and all were included in the analysis.



Patient characteristics

The clinical characteristics of the patients are presented in Table 1. Age (P < 0.001), hypertension (P < 0.001), and diabetes mellitus (P < 0.001) were higher in the TIVA group than in the volatile group. The proportion of female sex (P < 0.001) and previous cerebrovascular accidents were higher in the volatile group (P = 0.02) than in the TIVA group. There were no significant differences in atrial fibrillation, current angina, previous myocardial infarction, asthma, chronic obstructive lung disease, or obesity between the two groups.


TABLE 1 Clinical patient characteristics.
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Anesthetic management and PONV

Table 2 shows anesthetic management and PONV. The incidence of PONV was significantly higher in the volatile group in total (P < 0.001) and in the PACU (P < 0.001) than in the TIVA group (Figure 1). Anesthetic duration (P < 0.001) and the volume of intraoperative crystalloid infusion (P < 0.001) were higher in the volatile group than in the TIVA group. PONV at POD 1, use of intraoperative vasoactive agents, use of postoperative inotropic agents, laryngeal mask airway, patient-controlled analgesia (PCA), fentanyl dosage in PCA, and dosage of administered antiemetics (palonosetron hydrochloride and ramosetron hydrochloride) did not differ significantly between the two groups.
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FIGURE 1
Incidence rate of postoperative nausea and vomiting (PONV) between total intravenous anesthesia (TIVA) group and volatile anesthesia group. *P value <0.05 between two groups.



TABLE 2 Anesthetic management and PONV.

[image: Table 2]



Univariable and multivariable analyses of factors associated with PONV

Based on our univariable analysis, TIVA (P < 0.001), female sex (P < 0.001), age (P = 0.001), anesthetic duration (P < 0.001), fentanyl dosage in PCA (P < 0.001), and volume of intraoperative crystalloid infusion (P = 0.01) were significant factors affecting PONV (Table 3). Among these factors, TIVA (odds ratio [OR], 0.53; 95% confidence interval [CI], 0.43–0.65) and age (OR: 0.99; 95% CI, 0.98–1.00) were associated with decreased PONV. Female sex (OR, 1.85; 95% CI, 1.78–2.69) and anesthetic duration (OR, 1.01; 95% CI, 1.01–1.01) were associated with increased PONV.


TABLE 3 Univariable and multivariable analysis of factors associated with PONV.

[image: Table 3]

Based on our multivariable analysis, TIVA (P < 0.001), female sex (P < 0.001), anesthetic duration (P < 0.001), and fentanyl dosage in PCA (P < 0.001) were significant factors affecting PONV. Multivariable analysis showed that TIVA (OR, 0.45; 95% CI, 0.35–0.60) decreased PONV. Female sex (OR, 1.85; 95% CI, 1.44–2.38) and anesthetic duration (OR, 1.01; 95% CI, 1.00–1.01) were associated with increased PONV.



Discussion

In this retrospective observational study, TIVA was the most influential factor decreasing PONV after peripheral vascular surgery in ESRD patients. Female sex and anesthetic duration were factors that increasing PONV. The total incidence of PONV was 34.55%. Our study shows that propofol-based TIVA could be considered an alternative anesthetic method to reduce PONV in peripheral vascular surgery for ESRD patients.

Several independent factors are thought to be associated with PONV. These factors can be divided into multiple categories, including patient-specific (age, sex, smoking status, history of motion sickness or previous PONV), anesthetic (volatile anesthetics, intraoperative use of opioids, hydration, anesthetic duration), surgical (type and postoperative use of opioid), and other (mask ventilation, body mass index, pain) (4, 13). Among these, the most reliable risk factors of PONV were female sex, history of PONV or motion sickness, non-smoker, younger age, volatile anesthetics and postoperative opioids (14).

In ESRD patients, previous studies reported a higher prevalence of upper gastrointestinal (GI) symptoms such as nausea (74%), vomiting (68%), and anorexia (64%) (15). The reason for the high prevalence of GI symptoms in ESRD patients is unclear. Nevertheless, multiple etiologies such as treatments for the digestive system, the patient's diet, medication regimen, and developed disabilities are considered major causes of nausea and vomiting (16, 17).

Among the available anesthetics, propofol is commonly used for the induction and maintenance of general anesthesia because it is a rapid-onset and short-acting hypnotic agent. Moreover, propofol is known to have an antiemetic effect and TIVA with propofol is effective to reduce the incidence of PONV (11). General anesthesia with volatile anesthetics is largely responsible for PONV and avoidance of volatile anesthetics alone reduced the incidence of PONV by 19% (5). In our study, propofol-based TIVA reduced the incidence of PONV, even in ESRD patients.

For patient characteristics, female sex was considered the most important risk factor for PONV in several previous reports (3, 18–20). In these articles, female patients suffered from PONV three times more often than male patients. This may be due to hormone status, since this difference between the sexes begins at puberty. Nevertheless, the menstrual cycle does not have an impact on the occurrence of PONV (21). Although the mechanism of high PONV incidence in females remains unclear, our study showed the same results with female sex increasing the incidence of PONV.

Anesthetic duration is believed to increase PONV (18, 22). Correlation between anesthetic duration and PONV was same in our study. Some studies demonstrated that sufficient intravenous fluid administration might effectively prevent PONV (23, 24). But, there was no difference according to the amount of crystalloid infusion in our study.

There are some limitations to our study. First, similar to other retrospective studies, the data were incomplete so it may have introduced unrecognized bias into the results. In addition, some baseline characteristics of the two groups were significantly different. It might cause selection bias. Second, we did not evaluate patient-specific risk factors such as smoking status, history of motion sickness, and previous PONV. Despite these factors being strongly associated with PONV, our study did not reveal a correlation. Third, we analysed the data only up to POD 1 because of most patients were discharged at POD 2; therefore, we did not compare subsequent days. Finally, nausea is a subjective symptom so the collected data relied on patient answers.

In conclusion, propofol-based TIVA is the most influential factor in decreasing PONV after peripheral vascular surgery in ESRD patients. Additionally, female sex and anesthetic duration might be increasing factors of PONV. Considering the strong prevalence of PONV in ESRD patients, anesthesiologists can apply propofol-based TIVA as an alternative to anesthesia with volatile anesthetics.
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Total (n=1,699) TIVA group (n=1,114) Volatile group (n =585) P-value*

Anesthetic duration (min) 11683 + 49.39 106.15 + 43.08 137.17 5408 <0001

Intraoperative vasoactive agents

Ephedrine 644 (37.9%) 417 (37.4%) 228 (38.9%) 0746
Phenylephrine 411 (24.1%) 253 (22.7%) 158 (27.0%) 0333
Dopamine infusion 19 (11%) 15 (14%) 4(0.7%) 0495
Norepinephrine infusion 19 (11%) 10 (09%) 9 (15%) 0556
Crystalloid 17266 +195.1 164,61 +194.6 187.99+195.3 <0001
LMA 435 (25.6%) 285 (25.58%) 150 (25.64%) 5099
PCA 273 (14.20%) 189 (16.97%) 84 (14.36%) 013
Fentanyl dosage in PCA 1,071.79 £ 291.25 1,053.44 +307.10 111310+ 248.75 021"
Palonosetron HCl 0152003 014005 015+0 041%
Ramosetron HC 071+18 0724017 07+0.18 082"
PONV total 587 (34.55%) 329 (29.53%) 258 (44.1%) <0.001
PONV in PACU 539 (31.72%) 296 (26.57%) 243 (41.54%) <0.001
PONV at POD 1 96 (7.80%) 61 (6.86%) 35 (10.26%) 0.06

HCL, hydrochloride; LMA, laryngeal mask airway; PACU, post-anesthesia care unit; PCA, patient-controlled analgesia; POD, postoperative day; PONV, postoperative
nausea and vomiting.

All continuous variables are reported as mean + SD and all categorical variables as n (proportion, %). Data were analyzed using the t-test, “Mann-Whitney U test,
and z° test.

*p-value for an analysis between the TIVA group and volatile group.
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Univariable analysis Multivariable analysis

OR (95% CI) P-value OR (95% CI) P-value

TIVA 053 (0.43-0.65) <0.001 0.45 (0.35-0.60) <0.001
Sex (F) 219 (1.78-269) <0.001 185 (1.44-2.38) <0.001
Age (years) 099 (0.98-1.00) 0.001 1.00 (09-1.01) 0.42
Hypertension 1.07 (0.82-1.39) 063 141 (0.98-2.03) 0.07
Previous MI 1.23 (0.69-2.18) 048 122 (061-2.42) 0.58

iabetes mellitus 084 (0.69-1.02) 008 095 (0.73-1.25) 074
Previous CVA 117 (0.88-1.56) 027 1.04 (0.72-1.51) 0.
Anesthetic duration (min) 101 (1.01-1.01) <0.001 101 (1.00-1.01) <0.001
Fentanyl dosage in PCA 1.00 (1.00-1.00) <0.001 1.00 (1.00-1.00) <0.001
Crystalloid 1.00 (1.00-1.00) 001 1.00 (1.00-1.00) 0.94
Cl, confidence interval; CVA, cerebrovascular accident; MI, myocardial infarction; OR, odds ratio; PCA, p: analgesia; TIVA,
anesthesia

Rl e e e i e By
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OR (95% CI)
Adjusted for gender and age

MAD 1.063 (1.042-1.085) <0.001
TAV 1.006 (1.003-1.010) 0.001
1T volume 0038
PWS 1.010 (1.003-1.018) 0.009
RRED 1.031 (1.008-1.054) 0.006

AAAs, abdominal aortic aneurysms; OR, odds ratio; C, confidence interval; MAD,
maximal aneurysm diameter; PWS, peak wall stress; RRED, rupture risk
equivalent diameter: TAV, total aneurysm volume; riLT, relative intraluminal
thrombus volume.

Gender is a categorical variable. All variables are continuous.
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AUC 95% CI Cut-off Correct
values | classification,

MAD, mm 0790 (0.726-0.854)

PWS, kPa 0713 (0.593-0.832)

RRED, mm 0717 (0.590-0.844) 046 55
TAV, cm® 0756 (0.626-0.886) | 310.4 79
£ILT volume % 0.656 (0.529-0.783) 413 60
MAD + TAV +1ILT | 0.797 (0.687-0908) |  0.05* 82

*Probability cut-off for AAA rupture.
AAAs, abdominal aortic aneurysms; ROC, receiving operative characteristic; AUC,
area under the ROC curve; Cl, confidence interval; MAD, maximal aneurysr
diameter; PWS, peak wall stress; RRED, rupture risk equivalent diameter; TAV,
beital snetrvain volime: LT, relative Fstaliiminal ficombus volurme
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Comorbid condition aAAA group, rAAA group, P
N=75 (%) N=23 (%)

Mean age (years) 70£7.9 714£874 020
Male/female 63/12 (84/16) 18/5 (78.37/21.73) | 0524
Hypertension 60 (80) 15 (652) 0564
Hyperlipoproteinemia 15 (20) 3(13.04) 0424
Statin therapy 9 (12) 2 (8.69) 0217
Diabetes 6(8) 2 (8.69) 0230
Coronary artery disease 37 (49.33) 8 (18.4) 0053
Previous PCI or CABG 21 (28) 16 (15.53) o111
Arial fibrillation 9 (12) 7 (679) 0.176
copD 15 (20) 5(2073) 0229
Renal insufficiency 9 (12) 8 (7.76) 0775
PAOD 8 (10.66) 7 (679) 0855
Previous vascular operation 3@ 2(1.99) 0472
Carotid disease 15 (20) 6 (5.82) 0153
Aneurysm in other arterial 3@ 1(097) 0.198
segments

omorbid dy group 0 dy gro

0 0 9 41 (9
Mean age (years) 70682 714874 0433
Male/female 81/17 (84/16) 214/27 (888/112) | 0.048
Hypertension 75 (76.5) 206 (85.5) 0498
Diabetes 8 (8.16) 25 (10.4) 0300
Coronary artery disease 45 (45.91) 57 (23.7) 0.000
Arial fibrillation 9(12) 7 (679) 0176
coPD 20 (20.4) 36 (14.9) 0014
Renal insufficiency 9(12) 8 (776) 0775
PAOD 8 (10.66) 7(679) 0855
Previous vascular 3(4) 2 (1.94) 0472
operation
Carotid disease 15 (20) 6 (5.82) 0.153
Aneurysm in other 3(4) 1(097) 0.198
arterial segments

AAAs, abdominal aortic aneurysms; PCI, percutaneous coronary intervention;
CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary

disease; PAOD, peripheral arterial occlusive disease.
Variables were compared by the chi-square test.
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Parameter

MAD (mm)

6659 % 18.76

60.82 % 15.49

79.30=19.3

<0.001°

Total aneurysm volume (cm’) 2010 (146.9-201.0) 187.4 (1347-2387) 337.4 (2038-482.1) <0.001°
Lumen volume (cm’) 918 (66.7-1280) 87.4 (613-117.4) 1307 (875-211.0) <0.001°
ILT volume (cm®) 77.0 (39.7-138.3) 67.4 (36.8-111.0) 149.2 (84.4-297.0) <0.001°
rILT volume (%) 39.68 (29.38-50.37) 37.12 (28.00-45.40) 4531 (37.70-54.40) 0.027°
PWS (kPa) 2241696 2129645 2697 £ 7227 0001
RRED (mm) 5699 =223 53521890 7141 £29.60 0.002°
Mean wal stress (kPa) 11090 +24.06 10844 +22.34 12478 29.18 0020"
Mean stress in ILT (kPa) 7152125 7.00+1.28 786+ 0.96 0016°
Shape index in the neck zone® 0.75+0.17 0.77 = 0.16 0.68 =021 0.040*
Distance from lower renal to aortic bifurcation (mm) 116.38 + 21.65 11362 +19.19 12620 +27.18 0.022*
Maximal ILT thickness (mm) 20581104 1861 £9.69 2810=13.07 <0001

AAAs, abdominal aortic aneurysms; rAAA, ruptured abdominal aortic aneurysms; ILT, intraluminal thrombus; MAD, maximal aneurysm diameter; PWS, peak wall stress;
RRED, rupture risk equivalent diameter; rILT, relative intraluminal thrombus volume: ILT volume X 100/total aneurysm volume.
*Data are expressed as mean + SD and compared by Student's t-test.
*Values are expressed as medians and quartile values and compared by the Mann-Whitney U test

SCHapa iidex demonstraiis the level of aroulation.
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Parameters OR (95% Cl)

RRED 1,031 (1,009-1,054) 0.007
MAD 1062 (1.041-1082) | <0001
PWS 1011 (1.004-1.018) 0.003
Mean wall stress 1027 (1.003-1.051) 0028
Total aneurysm volume 1.006 (1.003-1.010) | <0001
Lumen volume 1.010 (1.003-1.016) 0.004
ILT volume 1011 (1005-1018) | <0.001
1ILT volume 1041 (1.003-1.079) 0032
Neck length 0976 (0.932-1.021) 0293
Neck diameter 1020 (0.944-1.102) 0620
Shape index in the neck zone 056 (0.003-0.950) 0.046
Shape index in the aneurysm zone 0031 (0.01-4.416) 0170
Shape index in the iliac zone 0380 (0.041-3.552) 039
Lowest renal to aortic bifurcation distance | 1030 (1.003-1.059) 0032
Maximal LT thickness 1.084 (1.029-1.141) 0.002

AAAs, abdominal aortic aneurysms; rAAA, ruptured abdominal aortic aneurysms;
OR, odds ratio; CI, confidence interval; MAD, maximal aneurysm diameter; PWS,
peak wall stress; RRED, rupture risk equivalent diameter; TAV, total aneurysr
volume; rlLT, relative intraluminal thrombus volume.

All variables are continuous
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1494 of records 616 of additional 68 of records identified

identified through records identified through CINAHL and
PubMed database EMBASE datab. dditional datab
searching searching searching

[ [ I

1797 of records after

duplicates removed
1797 of records 1752 of records
screened excluded

Full-text articles
excluded, with
reasons (n=45)

27 Wrong study

Full-text articles designs
assessed for 18 Wrong
eligibility (n=45) intervention

Studies included
in qualitative
synthesis (n=0)

Studies included
in quantitative
synthesis
(meta-analysis)
(n=0)
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Baseline characteristics

Re-intervention strategies

Overall Types
ARAFAT (N=18)  Double breasting (N = 12) Explantation p-value
(N=14)
AAA size (CT Scans), cm 600+ 175 590+1.93 6122124 0.940
Stent-graft material (PE vs PTFE) 27 (61.4%) vs 17 (38.6%) 12vs6 5vs7 0258
No of pieces (stents), n 342+131 333£137 3.58+0.99 336+155 0.846
Proximal aortic cuff size, mm 316+380 323377 315+403 309+377 0.651
Right limb stent-graft size, mm 176420 158+4.86 1884437 180+3.14 0.306
Left limb stent-graft size, mm 179+428 163552 19.1£429 181 %266 0.422

Abbreviations: AAA, abdominal aortic aneurysm; ARAFAT, EVAR GORE SalvAge FAbric Technique; CT, computerised tomography; PE,

sclvietrafisorostivisne:

polyester; PTFE,
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Endograft types Fabric  Primary  Re-intervention

material EVAR (total = 44)
(total = 910)

Zenith (Cook, Bloomington, Polyester 4 (0.44%) 3 (75.00%)
IN, USA)
Powerlink/ AFX I and I ePTFE 110 (12.20%) 6 (5.50%)
(Endologix, Irvine, CA, USA)
Talent/Endurant Tand I Polyester 330 (36.30%) 19 (5.80%)
(Medtronic, Santa Rosa,
CA, USA)
Excluder Generation Tand Il ePTFE 343 (37.70%) 11 (321%)
(Gore Medical, Flagstaff, AZ,
USA)
Incraft (Cordis, Miami Lakes, Polyester 123 (13.52%) 5 (4.10%)
FL, USA)

Abbrevistion: sPTEE. exmpanded polytetraliuorostiwierns:
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Baseline characteristics

Re-intervention strategies

Overall Types
ARAFAT (N=18) Double breasting (N = 12) Explantation (N = 14) p-value

Total 4 18 (409%) 12 (27.3%) 14 (318%) =
Male, 1 (%) 33 (75%) 10 (22.7%) 9 (205%) 0511
Age (mean = SD), years 797 +7.03 814493 77.7+863 0.408
Tissue Plasminogen Activator use 3 0 3 0

Ischemic Heart Disease 27 10 8 9 0803
Coronary stenting 11 8 3 0 0251
Hypercholesterolimia 33 13 9 11 0925
Atrail fibrillation 9 0 4 5 0022
Hypertension 37 15 9 13 0261
Diabetes Mellitus 15 3 5 7 0129
Renal disease 7 3 2 2 0583

Abbreviations: EVAR, EndoVascular Aneurysm Repair: ARAFAT, EVAR GORE SalvAge FAbric Technique: SD, standard deviation.
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Vascular Surgery Cardiothoracic Surgery Total

Storage solutions for harvested great saphenous veins Heparinized saline 2 7 3
17.99% 5.04%
78.13% 21.88%
83.33% 58.33%
Autologous blood 1 2 3
0.72% 1.44%
33.33% 66.67%
333% 16.67%
pH- buffered solution 0 2 2
0% 1.44%
0% 100%
0% 16.67%
Storage solutions for harvested radial arteries Heparinized saline 1 1 2
0.72% 0.72%
50% 50%
3.33% 8.33%
Autologous blood 0 2 2
0% 1.44%
0% 100%
0% 16.67%
PpH- buffered solution 0 ) 3
0% 2.16%
0% 100%
0% 25%
Average storage duration of harvested conduits Less than 5 min 1 0 1
0.72% 0%
100% 0%
3.33% 0%
5 to 15 min 0 2 2
0% 1.44%
0% 100%
0% 16.67%
15 to 30 min 0 4 4
0% 2.88%
0% 100%
0% 33.33%
30 to 45 min o 6 6
0% 4.32%
0% 100%
0% 50%
“No-touch” technique used to harvest the vein or artery Yes 9 8 17
(i. the vein or artery is harvested with a pedicle of 647% 5.76%
surrounding tissue) 5294% 47.06%
30% 66.67%
No 20 4 24
1439% 288%
83.33% 16.67%
66.67% 33.33%
Extent of mechanical distension the conduit following None 0 1 1
harvest: 0% 0.72%
0% 100%
0% 8.33%
Enough to fill the conduit but not 12 8 20
expand it beyond its native (pre- 863% 5.76%
dissection) diameter 60% 40%
40% 66.67%
The conduit expands up to 1.5-2x its 16 3 19
native (pre-dissection) diameter 1151% 2.16%
84.21% 15.79%
53.33% 25%
The conduit expands more than 2x its 1 0 1
native (pre-dissection) diameter. 072% 0%
100% 0%
3.33% 0%

Mata reiorted a5 Count. Percant oF el Row sarcarace. Coliffii Parcemase:
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Surgery type Application AR modality Setup
Gao (11) Endovascular Catheter navigation HMD Vascular phantom
Garcia-Vizquez (17) Endovascular Tools navigation in EVAR HMD Torso phnatom
Lu (1) Endovascular Retrograde peroneal access AR glasses Clinical
Rynio (14) Endovascular Planning and navigation in EVAR HMD Clinical
West (15) Endovascular Navigation and stentgraft deployment HMD Animal model
Mialhe (16) Endovascular Peripheral and carotid angioplasty, EVAR HMD Clinical
Mialhe (17) Endovascular Lower limb angioplasty HMD Clinical
Parrini (%) Endovascular Tool navigation HMD Vascular phantom
Cheng (19) Endovascular “Tools navigation 2D display Not specified
Aly (20) Not specified Groin incision guidance Smartphone Clinical/vascular phantom
Jeon (21) Not specified US-guided vascular acces Microprojector Vascular phantom
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