Open and endovascular surgical techniques in oncovascular and vascular

surgery

Habilitationsschrift
zur Erlangung des akademischen Grades
eines habilitierten Doktors der Medizin (Dr. med. habil.)
fiir das Fachgebiet Chirurgie
vorgelegt
der Medizinischen Fakultét

der Martin-Luther-Universitdt Halle-Wittenberg

von Dr. med. Artur Rebelo

Gutachter*in:

Prof. Dr. Michael Ghadimi, Géttingen
Prof. Dr. Jiirgen Weitz, Dresden

Datum der Verteidigung: 07.05.2024



Abstract

The main goal of oncovascular surgery is to significantly reduce the risk of postoperative
complications and improve patient outcomes, by combining the surgical expertise from
vascular and surgical oncology surgeons. Both open surgery and endovascular surgery
have their own advantages and disadvantages, and the choice of surgery depends on the
specific condition being treated. The conducted research program was designed to
evaluate open questions regarding patient outcomes, surgical techniques, and diagnostic
methods regarding A) oncovascular and B) endovascular and open vascular surgery.
Al) The current evidence suggests that patients undergoing surgery for hilar
cholangiocarcinoma with arterial resections show higher morbidity and mortality rates
and shorter long-term survival when compared to standard resections. This demands new
multimodal treatment strategies for these patients. A2) Concerning cervical
paraganglioma, tumor volume can be used as additional information in a risk-benefit
analysis and discussions with patients prior to cervical paraganglioma resection.

B1) Regarding patients with mesenteric ischemia, morbidity and in-hospital mortality
are low when treating chronic mesenteric ischemia and high for acute mesenteric
ischemia. B2) Patients undergoing endovascular treatment for popliteal artery aneurysms
show higher rates on major amputation and loss of secondary patency when compared to
open surgery. B3) On the other hand, endovascular repair should be considered as first
line treatment for patients with visceral artery aneurysms in the elective and emergency
setting in the light of comparable mortality and technical success and lower morbidity
and length of stay when compared to open surgery. B4) Regarding the occlusive processes
of the femoral artery bifurcation, thrombendarterectomy can continue to be considered
the gold standard. BS) Finally, the percutaneous technique for vessel access in
endovascular aortic repair is safe and can be quickly performed. Nevertheless, this
technique reached no superiority in terms of minor complications when compared to

cutdown access.
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1 Introduction

2.1  General Background

Cancer has remained a major cause of morbidity and mortality worldwide, and it
continues to pose a significant challenge to healthcare systems globally. The treatment of
cancer has seen tremendous progress over the past decade, with advancements in
therapies, diagnostics, and surgical techniques. Among these advancements,
oncovascular surgery stands out as a critical innovation in the treatment of cancer. This
surgical concept involves the removal of tumor tissues while preserving the blood supply
to vital organs. The goal of oncovascular surgery is to significantly reduce the risk of
postoperative complications and improve patient outcomes, by combining the surgical
expertise from vascular and surgical oncology surgeons. Despite significant
advancements, oncological surgery remains challenging, with many patients requiring
multiple surgeries. As such, there is a growing emphasis on developing innovative
surgical techniques, diagnostic methods that are both effective and minimally invasive.

This work seeks to expand the current knowledge on oncovascular surgery, providing
insights into the pertinent issues, challenges, and opportunities associated with
oncovascular surgery. It sheds light on the latest techniques, best practices, and research
findings in the field, showcasing the potential of oncovascular surgery. In this thesis,
research regarding a meta-analysis on cholangiocarcinoma with arterial resections and a
multicentric study on tumor volumetry for predicting complications on resection of
paragangliomas were included. Ultimately, this research aims to provide a solid
foundation for further research in this field, paving the way for more effective and

innovative cancer treatment techniques.



The treatment of vascular diseases has also evolved significantly in recent decades, with
the advent of both open vascular surgery and endovascular surgery techniques. While
open surgery has been the traditional approach for many years, endovascular surgery has
gained popularity due to its minimally invasive nature and potential for quicker recovery
times. Despite these advantages, there remains an ongoing debate about which approach
is superior for different types of vascular conditions. In this research project, open
vascular surgery and endovascular surgery in terms of their efficacy and outcomes for the
treatment of mesenteric ischemia, popliteal aneurysms, visceral artery aneurysms and
femoral artery occlusion disease were compared. Furthermore, the outcome of cutdown
or a percutaneous technique for the treatment of aortic aneurysms was assessed. Through
systematic review and meta-analysis of the available evidence and analysis of patient
outcomes, a comprehensive understanding of the strengths and weaknesses of each
approach is provided, that ultimately will shed light on the optimal treatment strategy for

different vascular conditions.

2.2 Oncovascular surgery

As previously stated, oncovascular surgery is specialized on the treatment of cancer that
is localized in or around the blood vessels. This technique involves the removal of the
cancerous tissue along with the affected blood vessels. The goal of oncovascular surgery
is to remove the cancerous tissue while preserving the blood supply to the affected area.
This type of surgery is typically performed by a team of surgeons, including a vascular
surgeon and a surgical oncologist. The procedure can be performed using open surgery
or minimally invasive techniques like laparoscopy or robotic-assisted surgery.

Oncovascular surgery is commonly used to treat cancers that are in the liver, pancreas,



kidney, and other organs that are rich in blood vessels. It is also used to treat tumors that
have spread to the blood vessels from other parts of the body.
The success of oncovascular surgery depends on several factors, including the size and
location of the tumor, the extent of the cancerous tissue, and the overall health of the
patient. In some cases, additional treatments like chemotherapy or radiation therapy may
be required to ensure the complete removal of the cancerous tissue.
Overall, oncovascular surgery is a complex and specialized surgical technique that
requires a high level of expertise and skill. However, it can be an effective treatment

option for many types of cancers that involve the blood vessels.

2.2.1 Cholangiocarcinoma

Cholangiocarcinoma has an estimated incidence of 1-2 per 100,000 persons per year (1)
and constitutes the second most common primary hepatic malignancy (2). The effect of
systemic treatment is limited in most patients and surgery with complete removal of the
tumor is the only option offering a chance of cure or at least of long-term freedom from
tumor with 20-30% 5-year overall survival (3,4). Most cholangiocarcinomas arise in the
bile duct bifurcation. They are commonly referred to as hilar cholangiocarcinomas or
Klatskin tumors (5). Due to the proximity of vascular structures to the bile duct
bifurcation, tumor invasion of the portal vein, the proper hepatic artery or the contralateral
hepatic artery (i.e. a tumor arising from the left bile duct invading the right hepatic artery)
occur in a relevant proportion of cases. Vascular and especially arterial resection (AR)
and reconstruction during surgical removal of hilar cholangiocarcinoma is a debated issue
(6). Although it is the only way of facilitating complete resection if the vessels are

invaded, there are concerns of high postoperative morbidity and mortality rates following



vascular reconstruction, including hemorrhage and liver failure, which might offset the
potential survival advantage gained from complete removal of the tumor. However,
thanks to technical improvements in microvascular anastomoses and to a growing
experience with liver transplants in many centers, the surgical approaches for hilar
cholangiocarcinoma have generally become more aggressive in recent years and
concurrently the number of studies assessing feasibility, safety and oncological

effectiveness of AR and arterial reconstruction has been growing (7-11).

2.2.2 Cervical paraganglioma

Paragangliomas are vascularized neoplasms that derive from the neural crest and occur
sporadically or due to a hereditary predisposition (12-15). They commonly occur in the
cervical region (16). Carotid body tumors are paragangliomas located in the carotid
bifurcation (17). Their incidence is estimated at 1/100,000 persons per year. Most of them
have a benign biological behavior, but 5-16% of these tumors show malignant
transformation and metastasis. Lymphatic as well as distant metastases can occur (18).
The risk of metastasis, multilocular appearance and recurrences represent challenging
aspects in the care of these patients (19). A definite differentiation between benign and
malignant lesions can only be made by a histopathological assessment of the specimen,
and resection is therefore generally recommended (20). Preoperative imaging of cervical
paraganglioma allows to confirm the diagnosis, identify multifocal disease, and
determine the extent of the tumor. MRI including magnetic resonance angiography is
considered the non-invasive imaging modality of choice, but CT angiography is an
appropriate alternative (21-23). Because of the proximity to vascular and nerval

structures, surgical resection of cervical paraganglioma can be challenging. There is a



relevant risk of resection-related neurological complications, such as cranial nerve injury
in 27-53.8% of patients (24-25). Based on preoperative imaging, cervical paraganglioma
is commonly described using the Shamblin classification. This system stratifies tumors
according to the extent of their anatomic contact with the carotid vessels in three groups:
I = minimal contact to III = full encasement (26). This classification shows a good
correlation with postoperative morbidity and cranial nerve injury (20). However, it
remains unclear if other features, which can be assessed on preoperative imaging, such

as tumor volume and tumor location, also correlate with postoperative morbidity.

2.3  Open and endovascular techniques in vascular surgery

Open surgery and endovascular surgery are two different surgical techniques used to treat
a variety of medical conditions. Each technique has its own advantages and
disadvantages, and the choice of surgery depends on the specific condition being treated,
as well as the patient's overall health and medical history.
Open surgery is a traditional surgical technique in which an incision is made in the skin,
and the surgeon operates directly on the affected area. This technique is used to treat a
variety of conditions, including cancer, heart disease, and trauma. Open surgery allows
the surgeon to have direct access to the affected area, making it easier to remove tumors
or repair damaged tissues. However, open surgery is a more invasive procedure, requiring
a longer recovery time and a  higher risk of complications.
Endovascular surgery, on the other hand, is a minimally invasive surgical technique that
involves the use of catheters and tiny instruments to access the affected area. This
technique is used to treat a variety of conditions, including aneurysms, arteriosclerosis,

and varicose veins. Endovascular surgery is less invasive than open surgery, with smaller



incisions and a shorter recovery time. However, endovascular surgery may not be suitable
for all patients, and it may not be as effective as open surgery for certain conditions.
Both open surgery and endovascular surgery have their own advantages and
disadvantages, and the choice of surgery depends on the specific condition being treated.
In general, open surgery is more invasive but may be more effective for certain
conditions, while endovascular surgery is less invasive but may not be suitable for all

patients.

2.3.1 Mesenteric ischemia

The first descriptions of mesenteric ischemia were published before 1950 (27,28). Shaw
et al. performed the first open atherectomy of the superior mesenteric artery in 1958 (29).
Crawford, DeBakey et al. published a report on open revascularization of the celiac trunk
and superior mesenteric artery in 1962 (30). However, even nowadays mesenteric
ischemia has a high mortality rate. In recent years, endovascular and hybrid approaches
have been developed to reduce periprocedural morbidity and mortality of mesenteric
interventions (Figure 1) (31). Chronic mesenteric ischemia (CMI) is defined as
symptomatic ischemia without irreversible tissue damage caused by insufficient blood
supply to the gastrointestinal tract. The most common cause is atherosclerosis of the
celiac trunk, the superior mesenteric artery, or the inferior mesenteric artery (32,33). CMI
is the cause of abdominal pain in only 0.1% of hospital admissions for abdominal
symptoms (34). Symptoms are mostly postprandial abdominal pain (stage II), "food
anxiety", rest pain (stage III) and weight loss. CMI remains an underdiagnosed disease
(35). Therefore, most patients present in late stages with weight loss, chronic

malnutrition, or intestinal infarction, which is then termed acute or acute on chronic



mesenteric ischemia (AMI, stage IV) (36,37). In addition, AMI can also be caused by
arterial embolism and non-occlusive mesenteric ischemia. The mortality of AMI is
between 30% and 65% (38). CT angiography should be performed if AMI or CMI is
suspected and is also the gold standard for follow-up after open and endovascular
procedures (35,39). Early diagnosis and intervention are critical to AMI. ER and OS in
asymptomatic patients with CMI is rarely indicated. On the other hand, symptomatic CMI
should be treated to prevent AMI, bowel infarction, and death. It is still controversial

which patients should undergo open or endovascular interventions.

2.3.2 Popliteal aneuryms

Since 1994 (40) endovascular repair (ER) has been used as an alternative to “the gold
standard” open repair/surgery (OR/OS) on the treatment of popliteal aneuryms (PAA).
When symptomatic, PAA should undergo repair no matter its size. The risk factors
associated with growth of popliteal aneurysms are >20 mm in diameter, presence of
luminal thrombus, or atrial fibrillation (41). There is no unique approach for OR. It is not
clear if vein or prosthetic graft and posterior or medial approach have better outcomes
(42). ER represents an attractive alternative approach due to its lower invasiveness and
thus presumed lower morbidity and length of hospital stay (43). Several meta-analyses
have been performed to evaluate the outcomes of OR and ER in the treatment of PAA
(44.45). Moreover, studies reporting on the use of fibrinolysis in the acute treatment of
PAA have been published (46). Only one randomized controlled trial comparing OR with
ER exists (47). In Germany (48) and the registries such as the German POPART registry
or the Swedvasc (49) and Vascunet collaboration (50) represent a unique approach,

making it possible to analyze the modern treatment of PAA. Recently, a meta-analysis



also addressed the natural history of popliteal artery aneurysms (51). However, no meta-

analyses on the acute treatment of PAA with OR and ER have been published.

2.3.3 Aortic pathologies

Treatment of aortic pathologies changed fundamentally during the last two decades:
endovascular treatments and especially the use of stentgrafts have become more and more
frequent. Treatment of the abdominal aorta is commonly referred to as EVAR, and that
of the thoracic aorta as thoracic endovascular aortic repair TEVAR (52). With the
establishment of T/EVAR, during which stentgrafts are deployed minimally invasive
through an arterial access vessel, risky OR can mostly be circumvented (53). Potential
benefits of T/EVAR versus OR include reduced perioperative and 1-year mortality,
shortening of hospital stay and fewer periprocedural complications (54-56).

To establish large-bore vessel access in T/EVAR, either cutdown or a percutaneous
technique may be performed. cEVAR consists of a skin incision and surgical preparation
of the access vessel. In percutaneous pEV AR, the access vessel is punctured through the
skin. After puncture, a suture mediated closure device is used to prepare the sutures for
closure of the puncture site (57,58).

Both access techniques have been compared to a limited extent regarding different
parameters. A meta-analysis from 2017 comparing both techniques analyzed two
randomized controlled trials with 181 patients and suggested equivalence of pEVAR and
cEVAR. Analyzed parameters included bleeding complications, wound infections, and
major vessel complications (59). Especially access-related major complications like
thrombosis and access-vessel injury were rarely observed in either technique throughout

different studies (60,61).



Current evidence clearly shows a reduction of operation time in pEVAR. Technical
success rates of more than 90% imply good feasibility of the percutaneous technique (62-
66). Achieving high success rates presupposes preoperative evaluation of the access
vessel, usually the common femoral artery. Particularly diameter, anterior calcification
and possible kinking of the vessel are relevant (67,68). The impact of the calcification
level remains uncertain. Starnes et al. postulate safe feasibility of pEVAR even in
calcified vessels (69), other studies suggest different results (70,71). Furthermore, routine
ultrasound guidance for pEVAR access seems to reduce incidence of access-site
complications, especially hematomas and injuries of the femoral nerve (72,73).

Complications of both techniques frequently have been recorded only for short term
outcomes. A randomized controlled trial from 2019 showed no superiority for either
approach with wound infection rates between 0% or 1.5% but a reduction of postoperative
pain after pEVAR (74). Other studies also included access-related complications,
however only until one month after surgery or without comparing them to cEVAR (62-

66,75).

2.3.4 Visceral aneurysms

Visceral arterial aneurysms (VAA) are rare (prevalence 1-2%). Most VAA originate from
the splenic artery (60%), followed by the hepatic artery (20-50%). An origin from the
superior mesenteric artery (6%), the celiac trunk (4%) or other, smaller visceral arteries
is considerably less common. (76-78) The natural history of VAA is not entirely clear,
and they are mostly asymptomatic.(79) The incidental detection of VAA has increased
with evolving and more frequently used imaging modalities. (80) Risk factors associated

with rupture are pancreatitis, rapid growth, size >2 cm, and pregnancy. The mortality



associated with splenic artery aneurysm rupture has been reported at around 30%. (81) In
pregnancy, these rates are higher, with maternal mortality of up to 75% and fetal mortality
of up to 95%. (82-85) Nowadays, conservative therapy, endovascular, and open or
laparoscopic surgery are the treatment options for these patients. During the last decade,
endovascular repair of VAA has been increasingly done with several types of vascular

implants. (86-91)

2.3.5 Occlusive processes of the femoral artery bifurcation

Two modalities are available for the revascularization of occlusive processes in the region
of the femoral artery bifurcation in the setting of peripheral arterial disease. To date, OS
has represented the gold standard (92-98). However, ER are increasingly being proposed
as alternative treatment forms (99).

OS refers to the surgical removal of atherosclerotic plaques. It has high technical success
rates of almost 100% with very good short- and long-term outcomes (97). However, OS
carries a relevant risk of morbidity of up to 20%.This includes local complications such
as impaired wound healing, hematomas, and hemorrhage. The post- operative mortality
rate is 1-2 % (92-98).

ER is performed via a percutaneous access. Removal of the occlusive process is carried
out using transluminal angioplasty and, where necessary, stent implantation. The fact that
the femoral artery bifurcation is in the segment of motion poses problems such as
mechanical alterations to the stent. In addition, there is the risk of covering outflow
vessels, and thus the risk of obstruction of important collateral circulation, as well as
renewed occlusive processes because of neointimal hyperplasia. Subsequent

interventions may also be hampered by stent material (99-106).
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3 Research questions and objectives

The conducted research program was designed to evaluate open questions regarding

patient outcomes and surgical techniques and diagnostic methods regarding

oncovascular, endovascular and open vascular surgery. The addressed research questions

are presented in the following sections.

3.1 Oncovascular surgery

3.1.1 Evaluation of the patient outcomes

[. What are the outcomes of patients undergoing arterial resection when compared to

patients undergoing standard resection for the treatment of cholangiocarcinoma?

3.1.2 Evaluation of surgical techniques and diagnostic methods

II. Is there an association between tumor volume and tumor location determined on

preoperative imaging and postoperative outcomes for the resection of cervical

paraganglioma?

11



3.2 Open and endovascular surgery

3.2.1 Evaluation of patient outcomes

ITII. What are the outcomes of open surgical, endovascular, and hybrid interventions in
the treatment of acute and chronic mesenteric ischemia?

IV. What are the outcomes of patients undergoing OS or ER for the emergency treatment
of PAA?

V. What are the outcomes of patients undergoing OS or ER for the treatment of VAA?
VI. What are the outcomes of patients undergoing OS or ER for the treatment of femoral

artery occlusion disease?

3.2.2 Evaluation of surgical techniques and diagnostic methods

VII. What are the outcomes of vessel access during T/EVAR regarding in-hospital and

post-hospital complications?

4 Methods

4.1 Meta-analysis

Meta-analysis is a statistical technique that involves combining data from multiple studies
to draw a more accurate conclusion. It is commonly used in scientific research to evaluate
the effectiveness of various treatments or interventions. The process of conducting a

meta-analysis involves identifying relevant studies, extracting data from those studies,
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and analyzing the data using statistical methods. The goal is to identify patterns or trends
across the studies and draw a conclusion that is based on the collective evidence.
Meta-analysis is especially useful when individual studies produce conflicting results, as
it provides a way to synthesize the available evidence and arrive at a more definitive
conclusion. It can also help to identify areas where further research is needed.
Overall, meta-analysis is a powerful tool for researchers and practitioners alike, as it
provides a way to make more informed decisions based on the best available evidence.
In this research program we conducted meta-analysis to address the research questions I,
IV, V and VI.

The literature search and data analysis were conducted in accordance with the PRISMA
or MOOSE guidelines (107,108). The studies were prospectively registered in the
PROSPERO database (109).

Databases were searched through their respective online search engines. Furthermore, the
reference lists of the included studies were manually searched to find relevant articles.
Abstracts and full-text reviews were evaluated independently in an unblinded
standardized manner by two authors to assess eligibility for inclusion. Disagreements
between reviewers was resolved by consensus; if no agreement could be reached, a third
author decided if the respective study was included.

Risk of bias was assessed using the risk of bias in non-randomized studies of interventions
tool or the Newcastle-Ottawa Scale (110,111)

A more detailed description of the used methods for each research question are described

in the original publications 1, 4, 5, 7 and 8.
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4.2 Retrospective observational studies

Observational retrospective studies are a type of observational study that involves
analyzing data that has already been collected in the past. These studies are often used in
medical research to explore the relationship between various risk factors and health
outcomes. In a retrospective study, researchers identify a group of individuals who have
already experienced an outcome of interest (such as a particular disease) and then look
back in time to see if there were any common factors or exposures that may have
contributed to the outcome. This can involve analyzing medical records, surveys, or other
forms of data that were collected at an earlier point in time. One major advantage of
retrospective studies is that they can be conducted more quickly and at lower cost than
prospective studies, which involve following a group of individuals forward in time.
Retrospective studies can also provide a wealth of data on a particular population, as they
can draw on existing data sources such as medical records or administrative data.
However, retrospective studies also have some limitations. Because the data has already
been collected, researchers cannot control the types of data that are available, which may
limit the scope of the study. Retrospective studies may also be subject to biases, such as
recall bias (where participants may not remember certain information accurately) or
selection bias (where the group of individuals studied may not be representative of the
broader population). Despite these limitations, observational retrospective studies can
provide valuable insights into the relationships between different risk factors and health
outcomes and can help to guide future research and interventions.

In this research program we conducted meta-analysis to address the research questions II,

II1, IV, VI and VII.
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Demographic and clinical data as well as follow-up data were collected retrospectively
from patient charts, hospital information systems, and picture archiving and
communication systems (PACS). The studies were approved by the responsible ethics
committees.

A more detailed description of the used methods for each research question are described

in the original publications 2, 3, 4, 6 and 8.

5 Results

In this section the main results of the research program are presented. A more detailed

description of the results is available on the “List of publications for this thesis” section.

I. What are the outcomes of patients undergoing arterial resection when compared

to patients undergoing standard resection for the treatment of cholangiocarcinoma?

To address this research question, we performed a meta-analysis (original publication
1). Concerning in-hospital mortality, the meta-analysis showed higher mortality rates in
the AR group compared to the control group (6.8% vs 3.3%, OR 2.65, 95% CI [1.27;
5.32], p=0.009). In the meta-analysis regarding morbidity, higher rates were observed in
the AR group (55% vs 46%, OR 1.44, 95% CI [0.67; 3.09], p=0.003). In the meta-analysis
regarding morbidity defined as Clavien-Dindo classification > 3, statically significant
higher rates could be verified in the AR group (52% vs 47%, OR 1.44, 95% CI [1.02;
1.75], p=0.04). Six studies reported on vascular complications, with lower rates in the
control group (13% vs 5%, OR 3.53, 95% CI [2.26; 5.53, p<0.00001). Liver failure rates

were higher in the AR group, but the difference was not statically significant (26% vs
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16%, OR 2.50, 95% CI [0.95; 6.54, p=0.06). Postoperative bleeding was more frequent
in the AR group (4% vs 2%, OR 2.19, 95% CI [1.06; 4.52, p=0.03). Concerning actuarial
survival, 1-year, 3-year and 5-year survival rates were lower in the AR group compared
to the control group, respectively (54% vs 69%, OR 0.55, 95% CI [0.34; 0.91 p=0.02),
(34% vs 38%, OR 0.74, 95% CI [0.55; 0.98, p=0.03) , (18% vs 29%, OR 0.54, 95% CI
[0.39; 0.75, p=0.0002). RO resection rates were slightly higher in the control group, but
the difference was not statistically signiticant (68% vs 75%, OR 0.70, 95% CI [0.46; 1.07,

p=0.10).

I1. Is there an association between tumor volume and tumor location determined on
preoperative imaging and postoperative outcomes for the resection of cervical

paraganglioma?

To analyse this research question one multicentric observational study was performed
(original publication 2). The study included 47 patients (mean age 49 years, range 17—
77 years, 63.8% female). All patients had carotid body paraganglioma. Three patients
(6.4%) showed preoperative symptoms, such as local pain, dysphagia, and hoarseness.
The Shamblin classification was ascertained in 97.9% of patients (n = 46): most patients
(n=19, 40.4%) had a type I tumor followed by type III (n = 14, 29.8%) and type I (n =
13, 27.6%). Five patients (10.6%) underwent successful preoperative embolization. In
one patient (2.1%), preoperative angiography with unsuccessful embolization was
performed; the patient suffered from an intraprocedural stroke. Six (12.7%) patients had
a prior cervical surgical intervention. In five (10.6%) of these patients, this was a prior
paraganglioma resection. In one patient, only cervical lymph nodes had been removed

before without a resection of the paraganglioma. In all patients, a complete tumor
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resection was technically successful. Two tumors showed criteria of malignancy on
histopathology (4.3%). In a seventeen-year-old patient, systemic metastasis was
observed; this patient underwent postoperative chemoradiotherapy because of pulmonary
and bone metastases. Two patients had bilateral tumors (4.3%), and in one patient with a
family history of paragangliomas, an SDHD-gene mutation was found. In 17% (n = 8) of
patients, surgery was performed in an interdisciplinary team. The mean procedural time
was 132 min. In four patients (8.5%), a vascular reconstruction of the internal carotid
artery was necessary. Three patients (6.4%) received an alloplastic carotid interposition
graft and one patient an autologous interposition graft. In one patient with preoperative
embolization and endovascular occlusion of the internal carotid artery, a resection of the
internal carotid artery with reconstruction of the external carotid artery was performed.

Thirty-day mortality was 0%. The overall perioperative complication rate was 27.6% (n
= 13). Fifteen cranial nerve lesions in eleven patients (23.4%) were observed: four
hypoglossal nerve, seven vagal nerve, three glossopharyngeal nerve and one facial nerve
lesion. Three patients (6.4%) suffered from postoperative Horner syndrome. In eight
patients, the cranial nerve lesion was permanent at 30-day follow-up. Three patients with
a perioperative cranial nerve lesion were lost to follow-up. Thirty-day stroke incidence
was 4.2% (n = 2). One patient had an infiltrative tumor requiring an autologous
interposition graft; in addition, internal carotid artery stenting at the skull base was
necessary. Postoperatively, the patient developed hemiparesis and aphasia. The second
patient had an uneventful intraoperative course and developed immediate postoperative
sensory aphasia. Both patients still showed neurological symptoms at 30-day follow-up.
Duplex imaging was performed in all patients. Among the 47 included patients,
preoperative MRI (63.8%, n=30) and/or CT (55.3%, n=26) was conducted. The volume

measurement was successful in 78.8% (n = 37/47): eight CT and twenty-nine MRI. The
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mean horizontal tumor extension was 2.9 cm (range 1.1-5.5 cm), and the mean vertical
extension was 2.2 cm (range 0.8—3.9 cm). The degree of encasement of the carotid vessels
(Shamblin classification) showed no significant correlation with cranial nerve injury (p =
0.44) but did so with overall postoperative morbidity (cranial nerve injury, Horner
syndrome, and stroke) (p = 0.037). There was a significant difference in tumor volume,
as ascertained by volumetry, between patients with and without overall postoperative
complications. Patients without complications had a mean tumor volume of 6.92 cm3,
while patients with complications had one of 15.89 cm3 (p = 0.035). The mean tumor
volume was 7.64 cm3 in patients with no cranial nerve injury and 16.28 cm3 in patients
with cranial nerve injury (p = 0.05). Most tumors projected to the fourth cervical vertebra
(n = 18; 38.3%) and were located at the lower third of the vertebra. There was no
significant correlation between the tumor location in relation to the vertebra and the
occurrence of cranial nerve lesions (p = 0.42). The degree of encasement of the carotid

vessels showed no significant correlation with cranial nerve injury (p = 0.44).

II1. What are the outcomes of open surgical, endovascular, and hybrid interventions

in the treatment of acute and chronic mesenteric ischemia?

To answer this research question a retrospective observational study (original
publication 3) was conducted including a total of 64 patients, 20 with CMI and 44 with
AMI, underwent open, endovascular or hybrid surgery. In the CMI and AMI groups, 60%
and 64.6% of patients were male, respectively. Mean age was 66.9 and 70.7 years in the
CMI and AMI groups, respectively. Patients in the CMI group had higher prevalence of
obesity and COPD and lower prevalence of diabetes mellitus, cardiac comorbidities, renal

insufficiency, and history of malignancy. All patients were classified as ASA score 3 or
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4. Patients in the AMI group were classified as higher ASA score when compared to the
CMI group. There were no statistically significant differences between both groups. In
the AMI group, 27.3% had an embolic and 72.7% a thrombotic occlusion. Bowel
resection was performed in 45.5% of the patients with AMI (29.5% small intestine, 2.3%
colon and 13.6% both). Second-look laparotomy was performed in 27.3% of the patients.
Regarding the CMI group, 25% of the patients were classified as stadium II and 75% as
stadium III. The most often revascularized artery was the superior mesenteric artery in
both groups. On the CMI group, all patients underwent revascularization. On the AMI
group, 15.9% of the patients underwent bowel resection alone. In the CMI group only
one patient underwent open surgery, 19 received endovascular treatment. 80% of the
patients received treatment for stenosis/occlusion of the superior mesenteric artery and
20% for stenosis/occlusion of the celiac trunk. In the AMI group, of a total of 44 patients,
27 underwent open surgery and 17 endovascular treatments. The superior mesenteric
artery was treated in 52.3 % of the patients, TC in 13.6% and both in 23.5% of the patients.
Regarding the preoperative laboratory values, leukocytosis and elevated lactate were
more frequent in the AMI group when compared to the CMI group (10.95 (+ 1.69) Gpt/l
vs 18.3 (£1.9) Gpt/l, p=0.011 and 1.45 (x0.27) mmol/l vs 4.42 (£0.79) mmol/l, p=0.016).
No statistically significant differences in CRP levels were observed between groups.
Concerning in-hospital mortality, no CMI patient died. In contrast, a mortality rate of
29.5%was observed in the AMI group, with no differences regarding endovascular and
open surgery (29.6% vs 29.4% mortality). Severe morbidity (Dindo-Clavien >3) was also
significantly more frequent in the AMI group when compared to the CMI group (77.3%
vs 20%, p<0.001). Endovascular surgery was associated with fewer postoperative
complications when compared to open surgery (64.7% vs 85.2 %, p <0.001). The length

of intensive care stay, and hospital stay were different between the CMI and AMI groups
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(0.5 (£0.45) vs 7.2 (£1.9) days, p<0.001 and 5.8 (x1.2) vs 22.7 (£3.3), p=0.003). The
ASA classification was found to be associated with postoperative mortality in the AMI
group. Patients who died had a longer intensive care stay (10 (£12.9) vs 6 (£12) days,
p=0.05), and more often bowel resections (61.5% vs 38.7%, p=0.14) than those who
survived. Severe postoperative morbidity (Dindo-Clavien >3) was associated with bowel
resections (55.8% vs 10%, p=0.065) and inversely associated with second-look

laparotomy (20.5% vs 50%, p=0.066).

IV. What are the outcomes of patients undergoing OS or ER for the emergency

treatment of PAA?

Regarding this topic we performed a meta-analysis and a retrospective observational
study analysis (original publication 4). In the meta-analysis, among the 354 articles, one
retrospective study and one registry from two countries were included in the meta-
analysis. Our retrospective patient collective of 26 patients was also included. Publication
year varied from 2014 to 2021. Inclusion period varied from 2005 to 2021. Within these
2 studies and our patient collective, a total of 199 patients underwent emergent surgery
(39 ER and 160 OR) and 543 an elective procedure (102 ER and 441 OR). In the risk of
bias assessment, no study was classified as low risk. Median age range was 68 to 86
years and 97% of the patients were male. There were no relevant differences concerning
comorbidities between the groups. Concerning major amputation (30 days), our meta-
analysis showed lower rates (30 days) in the elective group (OR 6.64, 95% CI [2.25;
19.62], p<0.05), both for the ER subgroup (OR 12.1, 95% CI [2.35; 62.18], p<0.05) and
OR subgroup (OR 4.16, 95% CI [0.98; 17.66], p<0.05). Major amputation (30 days) rates

in emergency treatment were higher in the ER group when compared to the OR group.
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(OR 5.46, 95% CI [1.65; 18], p<0.05). In all included studies, mortality was higher in
the emergency group (OR 9.72, 95% CI [2.21; 42.71], p<0.05, ER subgroup OR 15.52,
95% CI [2.13; 113.15], p<0.05), OR subgroup OR 5.41 95% CI [0.59; 49.87], p<0.05).
Our analysis reported slightly lower mortality rates in the OR group compared to the ER
group on emergency surgery (OR 6.20, 95% CI [1.15; 33.60], p=0.03). Also regarding 1
year amputation rates in both subgroups, ER (OR 12.46, 95% CI [1.87; 82.88], p=0.009)
and OR (OR 2.26, 95% CI [0.93; 5.48], p=0.07), higher rates were reported in the
emergency group (OR 3.07, 95% CI [1.37; 6.86], p=0.006). Higher rates were observed
on the ER group compared to OR in emergency surgery (OR 3.61, 95% CI [1.18; 11.09],
p=0.02). A higher loss of primary patency (1 year) was observed for the emergency
compared to the elective groups (OR 2.26, 95% CI [1.52; 3.38], p<0.05) and in the ER
(OR 3.13, 95% CI [1.45; 6.75], p<0.05) and OR (OR 2.01, 95% CI [1.26; 3.21], p<0.05)
subgroups. When comparing ER and OR in emergency surgery, no statically significant
result was obtained (OR 3.38, 95% CI [0.87; 13.09], p=0.08). Loss of secondary patency
(1 year) was not statistically different between both groups (OR 1.58, 95% CI [0.63;
3.95], p=0.33) and on subgroup analysis (OR 2.33, 95% CI [0.45; 12.16], p=0.31; OR
1.33, 95% CI [0.74; 2.39], p=0.34)). In the meta-analysis from ER vs OR in emergency
treatment, higher rates of loss of secondary patency (1 year) were observed in the ER

group (OR 7.08, 95% CI [3.10; 16.20], p<0.05).

V. What are the outcomes of patients undergoing OS or ER for the treatment of

VAA?

To address this research question a meta-analysis and a retrospective observational study

were performed (original publications 5 and 6). In the meta-analysis 25 cohort studies
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from ten countries published between 2004 and 2022 were included in the meta-analysis
(table 1).22%¢ The enrolment period of these studies ranged from 1975 to 2020. 4,447
patients (2,469 patients in the OS group and 1,978 in the ER group) were included.
Regarding 1-year mortality, no meta-analysis could be performed as all three studies
reporting on this outcome did not report any mortality in this period. Regarding in-
hospital and 30-day mortality, slightly lower rates were observed in the ER group when
compared to the OR group (1.8% vs 2.1%, OR 0.77, 95% CI [0.51; 1.17], p=0.23). ER
had lower mortality compared to OS in three VAA location subgroups (GDA/PDA, HA,
and SA: 0% vs 7%, OR 0.07 95% CI [0.01; 10.81], p=0.03; 0% vs 26%, OR 0.18 95% CI
[0.02; 1.62], p=0.13; 2.3% vs 3.2%, OR 0.6 95% CI [0.21; 1.69], p=0.33). For VAA
originating from the RA, higher mortality rates were observed for ER compared to OS
(1.7% vs 0.9%, OR 1.72, 95% CI [0.93; 3.17], p=0.08). In the subgroup analysis of
rupture vs. no rupture, mortality was only observed in one study in the no rupture
subgroup. In the rupture subgroup lower mortality rates were observed in the ER group
when compared to the OR group (4.1% vs 31 %, OR 0.43 95% CI [0.13; 1.43], p=0.17) .
Regarding morbidity (defined as Clavien-Dindo grade > 3), lower rates were observed in
the ER group (5.6% vs 8.4%, OR 0.61 95% CI [0.21; 1.77], p=0.02). Technical success
rates were comparable between both groups (97% vs 98%, OR 0.50 95% CI[0.21; 1.16],
p=0.11). Length of stay was shorter in the ER group (mean difference -4.25 days, 95%
CI [-5.52; -2.98], p<0.00001). 1-year reintervention rates were higher in the ER group
(9% vs 5%, OR 1.55 95% CI [0.58; 4.12], p=0.38).

In the observational study, from 2014 to 2022, twelve patients with VAA, eleven females
and one male, were treated at the University Hospital Halle (Saale). The median age was
59 years (range 40 to 87 years). Only one patient was male, and all were diagnosed by a

CT-scan. There were eight patients with an aneurysm of the splenic artery, two patients
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with aneurysms of the superior mesenteric artery, one patient with an aneurysm of the
HA and one patient with an aneurysm of the celiac trunk. Only one patient was
symptomatic and presented with signs of bleeding. All patients received a contrast-
enhanced CT-scan. The median aneurysm diameter was 2 cm (range 1.5 cm to 5 cm) for
all aneurysms, 3.75 cm for aneurysms of the superior mesenteric artery, 2 cm for
aneurysms of the splenic artery and for aneurysms of the celiac trunk and 1.5 for the
aneurysm of the hepatic artery. Six aneurysms of the splenic artery, one aneurysm of the
celiac trunk and one aneurysm of the hepatic artery were treated with ER (eight patients).
Seven patients were treated with covered stents and one with coiling embolization. In
total, eight covered stents were implanted. Two patients with splenic artery aneurysms
and two patients with superior mesenteric artery aneurysms underwent OS. No allogeneic
grafts were required. Three patients needed direct suture only and one a vein graft. There
was no in-hospital mortality and no major postoperative complications (Clavien-Dindo
grade >3). Technical success was achieved in all patients. The median postoperative stay
was 4 days for all procedures and significantly longer after OS when compared to ER (7

days vs 3 days).

VI. What are the outcomes of patients undergoing OS or ER for the treatment of

femoral artery occlusion disease?

We performed a meta-analysis with AD and IPD to access this question (original
publication 7). The literature search identified 671 studies, 42 of which met the inclusion
criteria and were included in the meta- analysis. The meta-analysis of IPD and AD
revealed no significant difference in primary patency following OS and ER at the 6-

month, 12-month, and 5-year time points. For the time point at 12 months post
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intervention, data from 13 studies were available. Here, as for the 6-month, 2-, 3-, and 5-
year time points, higher freedom from interventions was seen for OS compared to ER. At
6- and 12-months post intervention, no significant differences were seen in secondary
patency rates, with patency rates of 87-93% for ER and 97—-100% for OS. The same was
true at the 2-, 3-, and 5-year time points post intervention, whereby no data were available
for secondary patency at 3 years. The analysis on the endpoint of limb preservation was
carried out using AD for the 12-month, 1-, 2-, 3-, and 5-year time points post intervention.
At 12 months, limb preservation rates of 97% for OS and 95% for ER were seen. No
differences were seen at 2-, 3-, and 5-years post intervention, with values of 95-96% for
OS and 97-100% for ER. The meta-analysis of the two RCTs with AD and IPD found a
weighted mean difference in the duration of inpatient hospital stay of 4.2 days (95%
confidence interval [CI]: [2.5; 6.0]) in favor of ER. In the meta- analysis of IPD and AD,
a mean length of stay of 2.5 days (95% CI: [1.45; 3.6]) was seen for ER and 6.4 days
(95% CI: [4.0; 8.8]) for OS. The meta-analysis of AD and IPD found a complication rate
of 16% (95% CI: [12; 20]) following OS and 9% (95% CI: [5; 15]) following ER. A meta-
analysis of AD and IPD revealed a cumulative perioperative mortality rate of 2% for both
procedures (OS: 95% CI: [2; 2], ER: 95% CI: [1; 2]). The meta-analysis of AD and IPD
found a need for-revision frequency of 5% (95% CI: [3; 10]) for ER and 6% (95% CI: [4;
10]) for OS. Univariate Cox regression revealed an association between overall survival
following TEA and age, Rutherford classification, length of lesion, ASA score, renal
failure, and cardiac comorbidities. A multivariable analysis was carried out with these
variables; all factors were negatively associated with overall survival. In the meta-
analysis of AD and IPD, an overall survival after OS of 80-96% was seen for the 6-

month, 12-month, 2-year, and 3-year time points. Overall survival at 5 years was 70%.
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For ER, the meta-analysis yielded a cumulative overall survival of 80-93% for the 12-

month, 2-year, and 3-year post intervention time points.

VII. What are the outcomes of vessel access during T/EVAR regarding in-hospital

and post-hospital minor-complications?

Concerning this research question, we conducted a retrospective observational study
(original publication 8). Indications for T/EVAR included abdominal, thoracic and
thoracoabdominal aortic aneurysms as well as penetrating aortic ulcers and aortic
dissections. Emergency indication for surgery made up a remarkable part in both groups
(pEVAR: 22,6%, cEVAR: 16%). However, no significant correlation between emergent
procedures and complications could be observed in a subgroup analysis. Patients
receiving pPEVAR got local anesthesia in 64.5% of cases compared to 25% of patients in
the cEVAR-group (p=<0.01). After cEVAR, a significantly more frequent use of local
hemostyptic agents could be observed. Mean duration of surgery differed by 24.7 minutes
in favor of pEVAR (79.7 versus 104.4 minutes, p=0.03). Regarding minor complications
until postoperative hospital discharge no significant overall difference could be observed
between both techniques. The overall incidence of complications was at a similar level
(11,4% versus 9%, p=0,78). Only conservatively treatable bleedings occurred
significantly more often after pEVAR (6,8% versus <1%, p=0,02). Likewise,
complications recorded during follow-up had a similar incidence (10% versus 13,7%,
p=0,77) with no significant difference in any complication. Regarding secondary
endpoints, subjective pain levels were different among the two groups with mean values

of 0,9 (pEVAR) and 1,3 (cEVAR) (p=0,02). Furthermore, hematomas needing invasive
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revision occurred significantly more often in the pEVAR-group (pEVAR: 4,5%, cEVAR:

1%, p=0,03).

6 Discussion and Outlook

6.1 Oncovascular surgery

Oncovascular surgery is a highly specialized surgical approach that can be used to treat
certain types of cancer. The surgery involves the removal of cancerous tumors located
near major blood vessels, which can be challenging due to the potential for damage to the
vessels. Although the surgery is complex and carries a high risk of complications, it can
be a lifesaving treatment option for some patients. In this research project we addressed
two research questions on this topic, one regarding cholangiocarcinoma and one
regarding cervical paraganglioma.

Firstly, we addressed the impact of arterial resection in surgery for cholangiocarcinoma
by performing a meta-analysis on the topic (original publication 1). Most patients with
perihilar cholangiocarcinoma present with unresectable disease and have a poor survival.
Adjuvant chemotherapy provides significant improvement in overall survival with any
adjuvant therapy compared with surgery only (HR 0.74; 95% CI, 0.67 to 0.83; P <0.001)
(112). Nevertheless, sensitivity and response to chemotherapy are generally rather poor.
In most patients, liver transplantation is not a viable option due to the highly selective
criteria. Therefore, complete surgical resection offers the only chance of cure or at least
longer-term survival. In a previous meta-analysis on the topic published in 2013, resection
of the hepatic artery in surgery for cholangiocarcinoma was shown to have higher

morbidity and mortality rates than operations without arterial resection (113). The authors
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concluded that arterial resection has no proven benefit. Since the publication of the
mentioned meta-analysis, several larger studies on the topic have been published, which
was the motivation for us to conduct the present systematic review with meta-analysis. In
contrast to the previous study, we only performed an analysis on arterial resections and
only included studies reporting exclusively on cholangiocarcinoma. We also provide an
extended analysis on multiple outcomes specifically regarding arterial resection.
Furthermore, only studies with a control group were included. Our results mostly
corroborate those of the previous meta-analysis. Morbidity and mortality rates, although
deemed acceptable in absolute terms, were shown to be substantially higher for AR while
AR did not result in a higher probability of microscopically complete resection and long-
term survival was shorter. Given the non-randomized design of all included studies,
which implies a considerable selection bias, these findings do not necessarily mean that
AR is detrimental to long-term survival in patients which would otherwise not be resected
at all but only receive palliative treatment. To provide a valid information on the value of
AR in such patients, a randomized controlled trial would be necessary. It needs to be
noted that in the included studies, there was no clear differentiation if AR was planned a
priori or performed due to intraoperative injury of the hepatic artery. An indication for
the latter could be that histological arterial invasion was shown in only 28% of patients
in the AR group in the studies where it was reported (114,115).

Neoadjuvant chemotherapy might improve resectability and outcomes for patients with
locally advanced cholangiocarcinoma and several clinical trials are currently evaluating
its role for the treatment of cholangiocarcinoma However, results will be available only
in several years from now. In our analysis, only the study by Schimizzi et al. (116)
reported on neoadjuvant chemotherapy with a higher proportion of patients who

underwent neoadjuvant chemotherapy in the AR group. Interestingly, a higher median
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survival was observed in the AR group when compared to patients who underwent
combined arterial and venous resection or venous resection alone (33, 21 and 24 months,
respectively).

In addition to neoadjuvant or perioperative chemotherapy alone, chemotherapy combined
with transplantation may be an alternative for patients with arterial invasion. According
to the guidelines of the British Society of Gastroenterology, a liver transplantation may
be considered in highly selected patients in specialized centers after neoadjuvant
chemotherapy (117). Similarly, the guidelines of the European Association for the Study
of the Liver (EASL) state that in patients with neoadjuvant therapy concepts, liver
transplantation may be considered (118). In a study involving patients from 10 US
hospitals that compared transplantation with resection for hilar cholangiocarcinoma,
among all patients who underwent curative-intent surgery, transplantation was associated
with improved 5-year survival (64% vs 18%). Of note, many of the transplant cases in
the study were relatively early stage cholangiocarcinomas, and many of them were cases
of'sclerosing cholangitis, making a direct comparison to the patient collective in our meta-
analysis not possible (119). A meta-analysis from 2012, which included 14 studies,
addressed the efficacy and safety of liver transplantation in patients with
cholangiocarcinoma. Neoadjuvant therapies provided better outcomes with ORs for 1-,
3- and 5-year pooled survival of 0.83 (95% CI = 0.57-0.98), 0.57 (95% CI = 0.18-0.92)
and 0.65 (95% CI = 0.40-0.87) (120). Evidence from non-randomized studies shows
higher morbidity and mortality rates and shorter long-term survival in patients with
cholangiocarcinoma undergoing AR. However, the results are prone to selection bias, and
only randomized trials comparing AR with and without neoadjuvant therapy and
palliative treatment in patients with cholangiocarcinoma and arterial invasion might

reveal a possible benefit of arterial resection.
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Concerning cervical paraganglioma, we addressed the association of tumor volumetry
with postoperative outcomes (original publication 2). We can confirm that the resection
of cervical paraganglioma bears a relevant risk of morbidity and of cranial nerve injury
and stroke. Resection is recommended for all tumors of the carotid bifurcation region
considering their potentially malignant behavior. However, given that most cervical
paragangliomas are asymptomatic and of benign histology, a thorough risk-benefit
assessment needs to be performed, and procedural risks need to be well discussed with
patients prior to surgery. The findings of our study show that, in addition to the
established Shamblin classification, which was also significantly associated with the
study outcome perioperative complications, tumor volume measured with a dedicated
software based on preoperative cross-sectional imaging can be used to predict the risk of
perioperative complications, with larger tumors bearing a higher risk of complications.

This information can be used in shared decision-making with patients.

6.2 Open and endovascular techniques in vascular surgery

Open and endovascular surgeries are two different approaches in vascular surgery. Each
approach has its own unique benefits and drawbacks, and the choice of which method to
use will depend on a variety of factors, including the patient's medical history, the nature
of the condition being treated, and the preferences of the surgeon. Most of these decisions
are based on poor evidence and are mostly based on the surgical expertise of the team
treating these patients. Concerning this topic, we performed several studies comparing
open and endovascular approaches. The outcome of patients with mesenteric ischemia,

popliteal artery aneurysms, visceral artery aneurysms and femoral artery occlusion
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disease undergoing OS and ER was analyzed and compared. Furthermore, the outcomes
of vessel access during T/EVAR were accessed.

Concerning mesenteric ischemia, in a retrospective study (original publication 3), a
single center experience regarding the treatment of CMI and AMI, both with
endovascular and open surgery was reported. The major finding from this study concerns
the zero in-hospital mortality in CMI patients and the elevated in-hospital mortality in the
AMI group. Severe postoperative morbidity (Dindo-Clavien >3) was also significantly
more frequent in the AMI group when compared to the CMI group (77.3% vs 20%,
p<0.001). Endovascular surgery had fewer postoperative complications in AMI patients
when compared to open surgery (64.7% vs 85.2 %), not affecting mortality rates (29.6%
vs 29.4). An elevated leukocyte count and lactate levels were present in the AMI group
when compared to the CMI group. Finally, ASA classification and longer intensive care
stay were identified as factors associated with mortality in the AMI group. Our results
regarding outcomes of AMI are comparable with a 12-year retrospective analysis in
which 72 patients with AMI were analyzed. Perioperative morbidity and 30-day mortality
rates were 39% and 31%, respectively, and second-look surgery was performed in 53%
of the patients (121). In another retrospective study, data from a 20-year period revealed
a 30-day mortality rate of 27% in the 1990s and 17% during the 2000s. As in our study,
no significant differences in outcomes between open and endovascular revascularization
were observed (122). In another retrospective analysis, summarizing a 12-year experience
with endovascular treatment of AMI due to embolic occlusion of the SMA, the total in-
hospital mortality was 27.0%. Laparotomy was performed in 73.0% and bowel resection
in 40.5% of the patients (123). In a meta-analysis of 30-day mortality after open and
endovascular therapy of AMI, five non- randomized studies were included. Endovascular

therapy had lower bowel resection rates (OR 0.37, p=0.03) and lower 30-day mortality
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rates (OR 0.50; p=0.002) when compared to open surgery. The pooled overall 30-day
mortality rate after endovascular therapy was 17.2% compared with 38.5% after open
surgery (32). Concerning patients with CMI, we observed no mortality or severe
(Clavien-Dindo >3) morbidity. These findings could be related to the small patient
collective. Nevertheless, in another retrospective analysis, similarly low mortality rates
were observed. In a retrospective study from the Mayo Clinic (Rochester, Minnesota,
USA), 343 patients showed a procedure-related mortality of 2.6% (124). In our analysis,
no significant difference in terms of mortality between endovascular and open treatment
for AMI was observed, despite higher morbidity rates in the open surgery group. In an
analysis of register data from the Johns Hopkins Hospital, Baltimore, USA, 679 patients
underwent vascular intervention for AMI. Mortality was significantly higher after open
revascularization compared with endovascular intervention (39.3% vs 24.9%; P=0.01)
(125). A meta-analysis regarding mortality after open and endovascular revascularization
for CMI was published within the ESVS guidelines. In single center cohorts from highly
specialized centers, no difference in mortality was identified (OR 1.12). In administrative
data from the Nationwide Inpatient Sample from the USA, the mortality was lower after
endovascular compared to open revascularization (OR 0.20) (32).

We observed a higher leukocyte count and elevated lactate levels in the AMI group when
compared to the CMI group. According to the recent ESVS guidelines, in patients with
acute abdominal pain, D-dimer measurement is recommended to exclude AMI. In
contrast, lactate measurement is not recommended to diagnose AMI (32). In our study,
no data on preoperative D-dimer was available, as it is not commonly used at our center
in this context. In our analysis, ASA classification and length of intensive care stay were
associated with mortality. Some small single center studies showed comparable results

(126-130). In another retrospective study, congestive heart failure and chronic kidney
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disease predicted postoperative mortality, and bowel resection and cerebrovascular
disease predicted postoperative morbidity (131). Mesenteric ischemia remains a
challenge. Morbidity and in-hospital mortality are low when treating CMI and high for
AMLI. Early diagnosis and open or endovascular treatment may be decisive for the
outcome of these patients.

Regarding the emergency treatment of PAA, our analysis (original publication 4)
achieved two major findings. The first concerns the higher postoperative major
amputation rates for ER in emergency treatment. The second refers to lower rates on 1-
year secondary patency for endovascular repair in emergency surgery. Our analysis is
the first comparing OR and ER in emergency surgery. Regarding asymptomatic patients,
in a Cochrane Systematic Review on endovascular versus open repair of asymptomatic
popliteal artery aneurysms, only one single RCT was identified (132). In this study from
Antonello et al., 15 patients underwent ER and 15 patients OR. The primary patency rate
was 100% at 12 months for OR and 86.7% at 12 months for ER (47). In another study
involving 390 patients with asymptomatic popliteal aneurysms, no mortality was
observed. OR showed lower primary patency loss (HR 0.25; 95% CI, 0.10-0.58; P<.05)
(133). In a Study from Germany involving 206 OR, overall mortality was 2% with no
differences in 5-year primary patency between the emergent and elective repair groups.
88.1 (134). Concerning endovascular surgery, 1-year primary patency rates are described
between 82% and 87% (135-137). In another study, Speziale et al. analyzed 53 patients
who underwent ER. At a mean follow-up of 37.4 + 29.3 months, primary patency,
secondary patency, and limb salvage were 73.6%, 92.4%, and 100%, respectively. (138)
In the present analysis, major amputation (30 days) rates in emergence treatment were
higher in the ER group, when compared to the OR group. (OR 5.46, 95% CI [1.65; 18],

p<0.05). In a study from Vascunet, involving data from 1471 popliteal aneurysm repairs
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from 10 countries, the overall major amputation rate was 2.0%, and 6.5% after emergency
surgery. Major amputation was higher for ER (1.0%) compared to OR (1.8%) and hybrid
repair (26.3%, p < .0001) (139). In another study from Italy, involving 234 open
procedures, 30-day major amputation rates were 3.8% (140). In our meta-analysis, a more
frequent loss of secondary patency (1 year) was observed in the ER group (OR 7.08, 95%
CI [3.10; 16.20], p<0.05). In a retrospective study, Saunders et al. reported primary and
secondary patency for ER of 88% and 90%, respectively (141). In a 2016 meta-analysis,
14 studies with 4880 popliteal artery aneurysm repairs were identified (OR, 3915 and ER,
1210). 1-year primary patency was higher for OR (0.607 [P=.01) and no difference in 1-
year secondary patency (0.770 [P=.458]) was observed (142). Another meta-analysis
from 2015 reported outcomes for 514 PAA. Pooled primary and secondary patency rates
were 69.4% (95% CI 63.3% to 76.2%) and 77.4% (95% CI 70.1% to 85.3%), respectively,
at 5 years. No difference in primary patency on evidence synthesis (hazard ratio 1.30,
95% CI1 0.79 to 12.14, p=0.189) was described. (143) There were very few data on long-
term results of ER after emergency surgery. Although, the current data is scarce, long-
term results of OR are better than ER. Better patient selection regarding suitable anatomy
for ER and improvement of endovascular stent grafts could improve results. There is no
evidence to support ER during emergency treatment of PAA. New studies are needed to
generate new evidence in the endovascular era of vascular surgery.

Concerning VAA, we performed a meta-analysis and a retrospective observational study
(original publications 5 and 6). In the systematic review and meta-analysis, mortality
was comparable between ER and OS (1.8% vs 2.1%). Lower mortality for ER prevailed
in the subgroup analysis of ruptured aneurysms. Considerable mortality is a known
problem of this pathology in an emergency setting. (144) Our results are comparable to

large cohort studies. In a retrospective study from the Mayo Clinic, reporting on
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endovascular management of VAA between 1999 and 2009, 185 aneurysms were
identified in 176 patients. 46% of the patients were symptomatic with aneurysm rupture.
While a 98% technical success rate was reported after the initial intervention, the 30-day
overall and aneurysm-related mortality was 6.2% and 3.4%, respectively, in these
patients. In contrast, no deaths were observed in patients undergoing elective treatment.
(145) In another report from the same institution comprising 217 splenic artery
aneurysms, operative mortality was 5% in the elective group and 20% in the emergency
group (146). These data suggest that, in terms of mortality, ER should be considered as
first line treatment for VAA, especially in the emergency setting, if it is technically
possible and the necessary experience in endovascular procedures is present. Length of
stay was shorter in the ER group (mean difference -4.25 days, 95% CI [-5.52; -2.98],
p<0.00001). Comparable results regarding the length of stay were reported in a previous
meta-analysis. (147) In the present meta-analysis, technical success rates were
comparable between ER and OS (97% vs 98%). In a previous meta-analysis involving
1,321 patients with true splenic artery aneurysms, endovascular surgery required more
reinterventions (3.2%) compared with open surgery (0.5%). (148) Despite the higher
reintervention rates, endovascular repair is reported as the most cost-effective treatment
when compared to open surgery, independent of the risk profile in the treatment of splenic
artery aneurysms. (149) Contemporary evidence shows that ER is superior in terms of
length of stay and morbidity. With comparable technical success, but higher
reintervention rates, follow-up remains mandatory in these patients to avoid secondary
problems such as stent occlusion, endoleaks or secondary growth and rupture of the
aneurysm. The data suggest that ER should be considered as first line treatment for
patients with VAA in the elective and emergency setting in the light of comparable

mortality and technical success and lower morbidity and length of stay when compared

34



to OR. Due to the higher re-intervention rates, a structured follow-up must be offered to
patients treated with ER.

Concerning the occlusive process of the femoral artery bifurcation (original publication
7), we performed a meta-analysis to compare the outcomes between OS and ER. The
study demonstrated that OS is the more effective procedure compared to ER in terms of
patency, re-intervention, and limb preservation, albeit with a higher probability of peri-
operative complications. Due to the study design and available data, it was not possible
to generate formal statistical proof of superiority. Nevertheless, at present, OS can
continue to be considered the gold standard in the treatment of occlusive processes of the
femoral artery bifurcation. Endovascular procedures should only be used in exceptional
cases and following critical interdisciplinary evaluation. To generate broader evidence to
inform the treatment decision between OS and ER, randomized controlled studies
meeting quality standards and with sufficient statistical power (case number) and follow-
up duration need to be conducted.

Finally, the presented research program included an observational comparative study on
the percutaneous and cutdown access related minor complications after endovascular
aortic repair (original publication 8). The study suggests equivalence of percutaneous
and cutdown techniques for vessel access in T/EVAR regarding minor complications
after surgery. Neither early nor late postoperative complications occurred significantly
more often in either group. Nevertheless, the results of the study suggest that despite
ongoing development of closure systems, the percutaneous access technique does not
reach superiority over cutdown access concerning minor complications. As complications
during follow-up emerge in approximately the same number of cases as during hospital
stay, clinical examination of the access site should always be conducted and properly

documented on follow-up appointments. Future studies might quantify the period in
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which access-related complications most likely appear after T/EVAR. For patients being
dependent on or wishing for local anesthesia for T/EVAR, the percutaneous technique
should be the first choice for groin access if anatomical suitability is given. Future studies
and guidelines should aim for investigation and definition of more precise criteria for

selection of the individually best fitting access technique.

7. Conclusion and Outlook

Oncovascular surgery is an emerging field in the treatment of tumor patients. The current
evidence suggests that patients undergoing surgery for hilar cholangiocarcinoma with
arterial resections show higher morbidity and mortality rates and shorter long-term
survival when compared to standard resections. This demands new multimodal treatment
strategies for these patients. Concerning cervical paraganglioma, we showed that tumor
volume can be used as additional information in a risk-benefit analysis and discussions
with patients prior to cervical paraganglioma resection.

Endovascular techniques are also in more widespread use, but a multidisciplinary
evidence-based approach in using these tools is essential. Regarding patients with
mesenteric ischemia, morbidity and in-hospital mortality are low when treating chronic
mesenteric ischemia and high for acute mesenteric ischemia. Early diagnosis and open or
endovascular treatment may be decisive for the outcome of these patients. Patients
undergoing endovascular treatment for popliteal artery aneurysms show higher rates on
major amputation and loss of secondary patency when compared to open surgery.
Currently, there is no evidence to support endovascular surgery during emergency
treatment of popliteal artery aneurysms. On the other hand, endovascular repair should

be considered as first line treatment for patients with visceral artery aneurysms in the
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elective and emergency setting in the light of comparable mortality and technical success
and lower morbidity and length of stay when compared to open surgery. Regarding the
occlusive processes of the femoral artery bifurcation, thrombendarterectomy can continue
to be considered the gold standard. Finally, the percutaneous technique for vessel access
in endovascular aortic repair is safe and can be quickly executable. Nevertheless, this
technique reached no superiority in terms of minor complications when compared to

cutdown access.
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Abstract

Background: With the advances in multimodality treatment, an analysis of the outcome of arterial re-
sections (AR) in surgery of cholangiocarcinoma is lacking. The aim of this meta-analysis was to sum-
marize the currently available evidence onof AR for the treatment of cholangiocarcinoma.

Methods: A systematic literature search was carried out according to PRISMA guidelines.

Results: 10 retrospective cohort studies published from 2007 to 2020 with 2530 patients (408 AR group
and 2122 control group) were identified. Higher in-hospital mortality rates (6.8% vs 3.3%, OR 2.65, 95%
Cl [1.27; 5.32], p = 0.009), higher morbidity rates (Clavien-Dindo classification >3 ) (62% vs 47%, OR
1.44,95% CI [1.02; 1.75], p = 0.04) and lower 1-year, 3-year and 5-year survival rates (54% vs 69%, OR
0.55, 95% CI [0.34; 0.91 p = 0.02), (34% vs 38%, OR 0.74, 95% CI [0.55; 0.98, p = 0.03), (18% vs 29%,
OR 0.54, 95% CI [0.39; 0.75, p = 0.0002) were observed in the AR group when compared to the control
group.

Conclusion: Evidence from non-randomized studies shows a higher morbidity and mortality and
shorter long-term survival in patients undergoing AR. However, the results are prone to selection bias,
and only randomized trials comparing AR and palliative treatments AR might reveal a possible benefit of

AR.
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Background

Cholangiocarcinoma has an estimated incidence of 1-2 per
100,000 persons per year' and constitutes the second most
common primary hepatic malignancy.” The effect of systemic
treatment is limited in most patients and surgery with complete
removal of the tumor is the only option offering a chance of cure
or at least of long-term freedom from tumor with 20—30% 5-year
overall survival.”* Most cholangiocarcinomas arise in the bile
duct bifurcation. They are commonly referred to as hilar chol-
angiocarcinomas or Klatskin tumors.” Due to the proximity of
vascular structures to the bile duct bifurcation, tumor invasion of
the portal vein, the proper hepatic artery or the contralateral
hepatic artery (i.e. a tumor arising from the left bile duct invading
the right hepatic artery) occur in a relevant proportion of cases.

HPB 2022, 24, 1600-1614

Vascular and especially arterial resection (AR) and recon-
struction during surgical removal of hilar cholangiocarcinoma is
a debated issue.® Although it is the only way of facilitating
complete resection if the vessels are invaded, there are concerns
of high postoperative morbidity and mortality rates following
vascular reconstruction, including hemorrhage and liver failure,
which might offset the potential survival advantage gained from
complete removal of the tumor. However, thanks to technical
improvements in microvascular anastomoses and to a growing
experience with liver transplants in many centers, the surgical
approaches for hilar cholangiocarcinoma have generally become
more aggressive in recent years and concurrently the number of
studies assessing feasibility, safety and oncological effectiveness of

AR and arterial reconstruction has been growing.” '’

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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To summarize the currently available evidence on the topic, we
conducted a systematic review with meta-analysis.

Methods

The literature search and data analysis were conducted in
accordance with the PRISMA Guidelines (support material 1).'?
The study has been prospectively registered in the PROSPERO

database.'” The study protocol was also published a priori."*

Search strategy

The PubMed/Medline, Cochrane Library, Cinahl, ClinicalTrials.
gov (clinical trials registry) and Web of Science Core Collec-
tion databases were searched through their respective online
search engines. The search was performed on studies published
between database inception and the defined search date
December 9, 2020. The search strategies used in the single da-
tabases are displayed in the support material 2. Furthermore, the
reference lists of the included studies were manually searched to
find relevant articles. Abstracts and full-text reviews were eval-
uated independently in an unblinded standardized manner by
two authors (AR and NW) to assess eligibility for inclusion.
Disagreements between reviewers was resolved by consensus; if
no agreement could be reached, a third author (JU) decided if
the respective study was included.

Inclusion and exclusion criteria

Articles in English, German, Spanish, Portuguese, and Italian
language were considered. Studies reporting resection of chol-
angiocarcinoma, both primary and secondary, in curative intent
including resection of a segment of the hepatic artery with a
control group of patients undergoing resection without arterial
resection were included. Studies with an irrelevant abstract or
title or with less than five patients were excluded, as were reviews,
case reports, comments, and letters. Details of the study selection
process are summarized in a PRISMA flowchart (Fig. 1).

Data collection

Data were extracted separately by two authors (AR and UR) and
presented in a tabular fashion. The following descriptive data
were documented for each selected study: first author, year of
publication, inclusion period, country where the study was
conducted, sample size and median follow up time (Table 1).
Patient and operation characteristics were documented: age,
gender, ASA classification, ECOG performance status, preoper-
ative chemotherapy, type of operation, type of vessel resection
and reconstruction, duration of surgery and blood loss. The
following predefined outcomes were also extracted (Table 2):

e Mortality (30-day, In-Hospital, 90-day, and 100-day).

e Morbidity (any type of complication, surgical and medical, as
defined in the single studies, Clavien-Dindo classification > 3 7).

HPB 2022, 24, 1600-1614

e Vessel complications (thrombosis of the portal vein or hepatic
artery, stenosis of these vessels, and formation of
pseudoaneurysms).

e Liver failure (as defined in the single studies).

e Postoperative bleeding (within 48 h or as defined in the single
studies), survival time, actuarial survival (2-, 3- and 5-year
survival), complete resection rate, proportion of patients with
no resection during surgery, rate of histologically confirmed
arterial invasion and lymph node positivity (number of posi-
tive lymph nodes and lymph node ratio).

e Overall reoperation rate.

o Length of hospital stay.

e Survival time.

e Proportion of patients with no resection during surgery.

e Rate of histologic arterial invasion.

e Lymph node positivity (number of positive lymph nodes and
lymph node ratio).

In addition, subgroup analysis for patients with concomitant
portal vein resection and patients who had undergone neoad-
juvant chemotherapy prior to resection was carried out. Risk of
bias was assessed using the ROBINS-I tool (risk of bias in non-

. . . . 16
randomized studies of interventions). "~

Statistical analysis

The Review Manager (RevMan) software, version 5.3 (Cochrane
Collaboration, Oxford, UK) was used. If a given outcome was
reported in two or more studies, meta-analysis was performed.
The magnitude of the effect estimate was visualized by forest
plots. Odds Ratios (OR) were calculated for binary data and
weighted mean differences for continuous data. The 95% con-
fidence interval (CI), heterogeneity and statistical significance are
reported for each outcome. The X? and the Kruskal—Wallis tests
were used for evaluation of statistical significance. P < 0.05 was
considered statistically significant. When the studies did not
report mean and standard deviation, these were calculated using
the methods described by the guidelines of the Cochrane

Collaboration'”

and Hozo et al.'® As not all studies reported
time-to-event data and hazard ratios, the survival analysis was

performed with weighted rates.

Results

From the 7628 articles, 10 cohort studies'” ** from three
countries (Japan, China, USA) published between 2007 and
2020 were included in the meta-analysis. The enrolment period
of these studies ranged from 1981 to 2018. In these studies, a
total of 2530 patients (408 patients in the AR group and 2122 in
the control group) were included. The study features, patient
and operation characteristics are presented in Table 1 the risk of
bias assessment is presented in Table 3. No meta-analysis of
duration of surgery could be performed as only one study

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Figure 1 PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

reported standard deviation of the mean. No meta-analysis was
performed on 30-day mortality as only the study from Schimizzi
et al’’ reported on this outcome. Also, only the study
Matsuyama et al.”* reported on 90-day mortality, not allowing a
meta-analysis on this outcome. No study reported on 100-day
mortality. No subgroup analysis for patients with portal vein
resection was performed as no data differentiating which pa-
tients in the AR group had a vein resection were provided. In
addition, no subgroup analysis on patients who had undergone
neoadjuvant chemotherapy prior to resection was performed, as
only one study reported on this subject. Regarding adjuvant

HPB 2022, 24, 1600-1614

chemotherapy three studies did not report on this
outcome.””*"** Three studies reported that patients did not
19,22,25

receive adjuvant chemotherapy. From four studies that
included patients undergoing adjuvant chemotherapy, only
three reported on rates.”**°"?® In these three studies, patients
undergoing arterial resection received more frequently adjuvant
treatment as compared to patients in the No AR group (AR: 98/
202 patients, 49%, No AR: 242/981 patients, 25%, p < 0.05).
Weighted median survival was 30.4 months in the AR group
and 42 months in the control group (data from five studies).
Regarding blood loss, a favorable mean difference for the

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 1 Descriptive data from the included studies

Study
Miyazaki et al., 2007

Group/Sample Size
ARNn=9

No AVRn =118
VRn =234

AR n =53

No AVR n = 176
VR n =69

AR n =47

No AVR n = 166
VR =25

AR =24

No AVR = 114
VR =16

AR N =44

No AVR n =74
VR n =54

AR n =28

No AR n = 181
AR n =26

No AR n =35
ARnNn =12

No AVR = 170
VRn=19

ARn =19

No AVR n = 174
VR n =56

AR n =146

No AVR n = 484
VR n =157

Igami et al., 2009

Yu et al., 2014

Wang et al., 2015

Matsuyama et al., 2016

Noji et al., 2016

Peng et al., 2016

Schimizzi et al., 2017

Higuchi et al., 2018

Mizuno et al., 2020

Inclusion Period
1981-2004

2001-2008

1998-2010

2005-2012

1992-2014

2000-2015

2005-2012

1998-2015

2000-2016

2001-2018

Country Median follow up (months)

Japan -

Japan -

China -

China -

38.2

Japan

Japan -

China 18

USA 22

Japan -

Japan 59

AR: arterial resection; AVR: arterial and venous resection; VR: venous resection

control group could be verified, but the result was not statically
significant (221.95, 95% CI [-229.77, 673.68], p = 0.34)
(Fig. 2).

Concerning in-hospital mortality, this meta-analysis showed
higher mortality rates in the AR group compared to the control
group (6.8% vs 3.3%, OR 2.65, 95% CI [1.27; 5.32], p = 0.009)
(Fig. 3). In this meta-analysis regarding morbidity, higher rates
were observed in the AR group (55% vs 46%, OR 1.44, 95% CI
[0.67; 3.09], p = 0.003) (Fig. 4a). In this meta-analysis regarding
morbidity defined as Clavien-Dindo classification > 3, statically
significant higher rates could be verified in the AR group (52% vs
47%, OR 1.44, 95% CI [1.02; 1.75], p = 0.04) (Fig. 4b). Six
studies reported on vascular complications, with lower rates in
the control group (13% vs 5%, OR 3.53, 95% CI [2.26; 5.53,

HPB 2022, 24, 1600-1614

p < 0.00001) (Fig. 5). Liver failure rates were higher in the AR
group, but the difference was not statically significant (26% vs
16%, OR 2.50, 95% CI [0.95; 6.54, p = 0.06) (Fig. 6). Post-
operative bleeding was more frequent in the AR group (4% vs
2%, OR 2.19, 95% CI [1.06; 4.52, p = 0.03) (Fig. 7).

Concerning actuarial survival, 1-year, 3-year and 5-year sur-
vival rates were lower in the AR group compared to the control
group, respectively (54% vs 69%, OR 0.55, 95% CI [0.34; 0.91
p = 0.02) (Fig. 8), (34% vs 38%, OR 0.74, 95% CI [0.55; 0.98,
p = 0.03) (Fig. 9), (18% vs 29%, OR 0.54, 95% CI [0.39; 0.75,
p = 0.0002) (Fig. 10).

RO resection rates were slightly higher in the control group,
but the difference was not statistically significant (68% vs 75%,
OR 0.70, 95% CI [0.46; 1.07, p = 0.10) (Fig. 11).

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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Table 2 Patient and operation characteristics from the include studies

Study Group Age Gender ASA ECOGPS Preoperative Type of operation Type of vessel Duration Blood
(Mean (Male) (3 and chemotherapy resection and of loss
+ SD) (%) 4) % (%) reconstruction surgery (mL)
(min)

Miyazaki ARNn=9 59+9 78 - - - Hepatectomy HA - 1726 +
etal, 1253
2007 No AVR 65+11 63 - - - Hepatectomy - - 1523 +

n=118 1147
VR n =234 64 +9 53 - - - Hepatectomy PV, HV and IVC - 1975 +
1474

Igami AR n =53 - - - - - Hepatectomy HA - -
etal, No AVR - - - - - Hepatectomy - - -
2009

n=176
VR n =69 - - - - - Hepatectomy PV - -

Yuetal, AR n =47 - - - - - Hepatectomy HA - -

2014 No AVR - - - - - Hepatectomy - - -
n=166
VR =25 - - - - - Hepatectomy PV - -

Wang AR =24 60+9 75 - - - Hepatectomy HA, Vein graft, - 1175 =
etal, E-E 713
2015 Anastomosis

No AVR 57+12 61 - - - Hepatectomy - - 527 =
=114 59
VR =16 53+7 25 - - - Hepatectomy PV E-E - 980 =
Anastomosis 511

Matsuyama AR N =44 69 61 - - - Trisectionectomy, HA E-E 914 + 148 2212 +
et al, Hemihepatectomy, Anastomosis 2192
2016 Caudate lobectomy,

bile duct resection,
Pancreatoduodenectomy

No AVR 69 74 - - - Trisectionectomy, - 703 £134 1929 +
n=74 Hemihepatectomy, 1387
Caudate lobectomy,
bile duct resection,
Pancreatoduodenectomy

VR n =54 70 72 - - - Trisectionectomy, PV E-E 773 +128 1981 +
Hemihepatectomy, Anastomosis, 1926
Caudate lobectomy, Interposition

bile duct resection,
Pancreatoduodenectomy

Noji et al., ARn =28 67 71 - - - Hepatectomy HA 771 1930
2016 No AR 69 71 - - - Hepatectomy - 638 1750
n=181
Pengetal, ARN=26 59+7 69 - - - Left Hepatectomy HA - 327 =
2016 146
No AR 63 +7 57 - - - Left Hepatectomy - - 400 +
n=235 209
Schimizzi ARnN =12 52 50 67 - 25 Right and Left hepatectomy, RHA, LHA, - 2100
etal, Caudate resection Vein Graft
2017 No AVR 66 40 71 - 4 Radical Cholecystectomy, - - 1011
=170 Right and Left
hepatectomy,

Pancreaticoduodenectomy,
Caudate resection

VRn=19 62 53 89 - 5 Right and Left hepatectomy, PV, Venous/ - 1020
Caudate resection Prosthetic
Patch/Conduit

Higuchi ARn =19 67 63 - - - Hepatectomy HA 520 1580

etal, No AVR 70 72 - - - Hepatectomy - 389 1234
2018

n=174
VR n =56 69.5 68 - - - Hepatectomy PV 415 1364
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Table 2 (continued)
Study Group Age Gender ASA ECOGPS Preoperative Type of operation Type of vessel Duration Blood
(Mean (Male) (3 and chemotherapy resection and of loss
+ SD) (%) 4) % (%) reconstruction surgery (mL)
(min)
Mizuno ARNn=146 67 49 - - - Hepatectomy, combined HA, E-E 685 1491
etal, pancreatoduodenectomy Anastomosis,
2020 Graft, rotating
artery
No AVR 69 67 - - - Hepatectomy, combined - 550 1078
n =484 pancreatoduodenectomy
VRn=157 67 68 - - - Hepatectomy, combined PV,E-E 610 1498
pancreatoduodenectomy Anastomosis,
Graft, direct
suture
AR: arterial resection; No AVR: no arterial and venous resection; VR: venous resection; ASA: American Society of Anesthesiologists classification;
ECOGPS: Eastern Cooperative Oncology Group performance status
Study Group Mortality Mortality Mortality Mortality Morbidity Morbidity Vascular Liver Postoperative Reoperation Mean Median
in- 30-day 90-day 100-day (%) - Clavien complications failure bleeding (%) rate (%) survival survival
hospital (%) (%) (%) Dindo (%) (%) (Months) (Months)
(%) 11-V (%)
Miyazaki AR =9 33 - - - 78 - 11 - 11 - - 7
ggg;" NoAVR 4 - - - 36 - 4 - 4 - - -
=118
VR =34 9 - - - 38 - 3 - 3 - - 11
Igami ARNn=53 - - - - - - - - - - - -
:BSIQ' NoAVR - - - - - - - - - - - -
n=176
VRn=69 - - - - - - - - - - - -
Yuetal, ARNn=47 - - - - 40.4 - - - - - - -
2014 No AVR - - - - 1241 - - - - - - -
n=166
VR =25 - 32 - - - - - - -
Wang AR =24 4 - - - 41.7 - 4 - 4 - - 26
etal.  \oAVR 4 - - - 35.1 - 2 - 2 - - 32
2015
=114
VR =16 0 - - - 375 - 0 - 0 - - 20
Matsuyama ARn =44 9 - 9 - 81.8 66 14 11 7 - - -
etal, AR 4 - - 82.4 49 8 8 3 - - -
2016
n=74
VRn=54 3.7 - 3.7 - 70.3 43 6 7 4 - - -
Nojietal., ARNn=28 3.6 - - - - 57.1 - 31 9 - - -
2016 No AR 6.6 - - - - 51.3 - 32 7 - - -
n=181
Peng ARN=26 7.7 - - - 42.9 19 0 12 0 - - 49
etal. AR 86 - - - 577 14 0 6 0 - - 24
2016
n=235
Schimizzi ARn=12 - 0 - - 50 67 - 0 - - - 33
:B:‘; NoAVR - - - 69 61 - 4 - - - 21
=170
VRn=19 - 16 - - 68 47 - 16 - - - 24
Higuchi ARNn=19 16 - - - - 47 26 - 5.3 - - -
S NoAVR 17 - - - - 33 3 - 17 - - -
n=174
VRn=56 54 - - - - 45 13 - 1.8 - - -
Mizuno ARnNn =146 4 - - - - 51 16 34 1.4 - - 29
Sgg'(')’ NoAVR 1 - - - - 48 3 22 04 - - 61
n =484
VRn=157 3 - - - - 48 10 34 1.3 - - 34

AR: arterial resection; No AVR: no arterial and venous resection; VR: venous resection;

HPB 2022, 24, 1600-1614
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Study Group 1-year 2-year 3-year 5-year Adjuvant RO (%) R1 (%) R2 (%) No pTNM
survival survival survival survival chemotherapy resection
(%) (%) (%) (%) (Yes/No//%) (%)
Miyazaki AR =9 11 - 11 0 No 67 - - - -
etal,
2007 No AVR =118 - - - - No 65 - - - -
VR =34 42 0 16 13 No 56 - - - -
Igami AR n =53 66 - 15 4 No - - - - -
et al., _
2009 No AVR n =176 74 - 34 14 No - - - - -
VR n =69 62 - 17 7 No - - - - -
Yu et al,, AR n =47 40 - 19.1 6.4 - - - - - -
2014
No AVR n = 174 62.6 - 27.6 21.8 - - - - - -
VR =25 48 - 20 0 - - - - - -
Wang AR =24 - - - 25 - - - - - -
etal, _
2015 No AVR =114 - - - 35.7 - - - - - -
VR = 16 - - - 25 - - - - - -
Matsuyama ARnNn =44 - - - 22 45.4 80 20 - -
etal,
2016 No AVR n =74 - - - 46 121 74 26 - -
VR n =54 - - - 51 51.8 80 20 0 - -
Noji AR n =28 61 - 36 18 - 71 - - - -
etal,
2016 No AR n = 181 80 - 54 27 - 81 - - - -
Peng AR n =26 61.9 41.6 29.7 14.8 No 72.3 - - - -
32?'6" No AR n = 35 58.2 50.7 443 2356 No 80 - - - -
Schimizzi ARnNn=12 - - - - 53 67 33 - -
et al., _
2017 No AVR =170 - - - - 53 70 30 - -
VRn =19 - - - - 42 74 26 0 - -
Higuchi ARn=19 - - - 14.5 Yes 63 37 0 -
et al., _
2018 No AVR n = 174 - - - 45.8 Yes 66 34 0 -
VR n =56 - - - 21 Yes 63 37 0 0 -
Mizuno AR n =146 - - 45 27 49 64 36 1 - -
et al., _
2020 No AVR n = 484 - - 53 35 9 85 14 1 - -
VR n =157 - - 32 18 40 69 27 4 - -

AR: arterial resection; No AVR: no arterial and venous resection; VR: venous resection; Proportion of macroscopically complete (R0), microscopically
incomplete (R1), and macroscopically incomplete (R2) resection; histopathological tumor stage (pTNM)

Regarding adjuvant chemotherapy

Study

Miyazaki

Igami

2009

Yuetal,
2014

HPB 2022, 24, 1600-1614

Group

AR =9
No AVR = 118

VR =34
AR n =53
No AVR n =176

VR n =69
AR n =47

No AVR n = 174
VR=n=25
AR =24

No AVR =114

VR =16

Proportion of patients
with histologically
confirmed arterial
tumor invasion (%)

Mean of tumor-positive

lymph nodes and

of retrieved lymph nodes

Median of tumor-positive

lymph nodes and

of retrieved lymph nodes
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Table 2 (continued)

Study Group
Matsuyama ARn =44
et al., _
2016 No AVRn =74
VRn=>54
Noji et al., ARn =28
2016 No AR n = 181
Peng et al., AR n =26
2016 No AVR n =35
Schimizzi ARnNn=12
etal,
2017 No AVR = 170
VRn=19
Higuchi ARn =19
etal,
2018 No AVR n =174
VR n =56
Mizuno AR n =146
etal,
2020 No AVR n = 484

VR n =157

Proportion of patients
with histologically
confirmed arterial
tumor invasion (%)

32
7

9
22
12

Mean of tumor-positive
lymph nodes and
of retrieved lymph nodes

AR: arterial resection; No AVR: no arterial and venous resection; VR: venous resection.

Median of tumor-positive
lymph nodes and
of retrieved lymph nodes

Table 3 Risk of bias assessed using the ROBINS-I tool (risk of bias in non-randomized studies of interventions)®

Bias due to
confounding

Miyazaki Moderate:
et al. Difference between
2007 three resection
groups analysed
and reported
Igami Moderate:
etal Patients have been
2009 divided into three
groups
(retrospective) and
no differences
between groups
have been reported
Yu Moderate:
et al. Difference among
2014 predefined groups

analysed and
stated (p511)

HPB 2022, 24, 1600-1614

Bias in selection of

participants into the

study

Low:
Included eligible
patients defined,
baseline
characteristics,
intervention and
follow up same

Low:
Included eligible
patients defined,
baseline
characteristics,
intervention and
follow up same

Moderate: in and
exclusion criteria
stated, predefined
groups observed
according to
differences

Bias in
classification of
interventions

Low:
Intervention
(vascular
resection) defined
for all patient/
groups

Low:
All surgery
approaches for
different groups
stated and
performed in the
same hospital
(assuming the
same team/
surgeon)

Low:
Intervention
stated as
vascular
resection in
surgical

Bias due to Bias due to

deviations from missing data

intended

interventions

Low: Low:
Single Reasons for
intervention of missing (not
interest (vascular  included)
resection) reported

Low: Low:
Intervention Missings (death)
stated as surgical  stated and
resection with regression
curative intent analysis
- > single accordingly
intervention

Low: Low: missings
Single stated (death

intervention of during surgery)

interest (vascular IPD and
resection) aggregated data
pooled for

Serious:

serious:

Bias in Bias in selection of
measurement of the reported result
outcomes
Serious: Serious:
Operative Operative
morbidity not morbidity and
defined, mortality stated in
Survival stated analysis and
and reported reported,
operative

morbidity not
defined before
analysis
(classification or
something)-

> several postop
complications
reported

Moderate
Morbidity and
mortality reported
(absolute and %),
survival reported
Both outcomes
not defined
beforehand
Morbidity not
defined
beforehand

Moderate
Complications

stated and

reported as

outcome but not

defined

(continued on next page)
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Table 3 (continued)

Bias due to
confounding

Wang Moderate:
et al. Difference between
2015 three resection

groups analysed
and reported

Matsuyama Low:

etal. Patients divided

2016 into three groups
- > characteristics
compared
(including p-Values)
- > no differences
between groups

Low:
Analysis for
potential
cofounders stated
defined before
analysis

Noji
et al.
2016

Low:
Patients divided
into two groups
- > characteristics
compared
(including p-Values)
- > no differences
between groups

Peng
etal.
2016

Schimizzi
etal.
2018

Low: potential
confounder stated
and collected (age,
race comorbidities);
statistical analysis
described but not
specifically focused
on confounding

Moderate:
Patient groups
have been analysed
regarding
differences before
intervention
(surgery), p-value
have been reported
too

Higuchi
et al.
2018

HPB 2022, 24, 1600-1614

Bias in selection of
participants into the
study

Low:
All patients with
resectable hilar
cholangiocarcinoma
have been included

Low:
All eligible patients
included

Low:
Eligible patient
included, exclusion
reported

Low:
All patients
undergoing radical
left hepatectomy for
hilar
cholangiocarcinoma
have been included in
the study

Low:
Included eligible
patients defined,
baseline
characteristics,
intervention and
follow up same

Low:
Included eligible
patients defined,
baseline
characteristics,
intervention and
follow up same

Bias in
classification of
interventions

management of
HCCA for all
participants

Low:
Surgical
intervention for all
patients, stated
and reported

Low:
Surgery with
curative intent,
procedures
reported

Low:
Surgical
approach
reported and the
same with all
patients

Low:
Intervtion the
same for all
patients

Low:
Intervention
status stated
(Table 2A)

Low:
Surgical
approach
reported and all
included patients

Bias due to
deviations from
intended
interventions

Low:
Resection and
reconstruction
approaches
reported (Table 1)

Low:
Intervention
stated as surgical
resection with
curative intent
- > single
intervention

Low:
Intervention
stated as surgical
resection with
curative intent
- > single
intervention

Low:
Single
intervention for all
patients, surgical
procedure
reported,
differences and
reasons why are
stated

Low:
Single
intervention of
interest (Vascular
resection)

Low:
Intervention same
for all patients,
HARs performed
by general
surgeon and
changed to
plastic surgeons
due to more
experience in
microscopic
surgery
(calculations
done and stated
with and without
patients
undergoing
intervention by
general surgeon)

Bias due to
missing data

outcomes
(complications
and long-term
survival)

Low:
Missings/death
reported and
analysed via
Kaplan-Maier

Low:
Missings/death
reported and
analysed

Low:

Missing reported,

Potentially
confounding
analysed via
binary logistic
regression

Low:
Missings/deaths
reported and
reported (Kapla-
Maier)

Low:
OS and RFS
stated as
outcome and
reported

Low: uni and
multivariate
analysis of
outcomes, all
analysis reported

Bias in
measurement of
outcomes

Low:
Outcome

measures defined

and reported
accordingly

Low:
Outcome
measurements
defined and
reported
accordingly

Low:
Survival,
morbidity and
mortality
according to
Calvien-Dindo
pre-defined
outcomes have
been reported
based on
definition

Low:
Outcome
measurements
defined and
reported
accordingly

Moderate:
OS defined and
RFS defined

Moderate:
Outcome
measurement
appropriate and
could not be
influenced by
knowledge of
intervention
received

Bias in selection of
the reported result

Low:
Outcomes
predefined and
reported

Low: outcomes
which have been
reported have
been beforehand

Low:
Survival,
morbidity and
mortality
according to
Calvien-Dindo
pre-defined
outcomes have
been reported

Low: outcomes
which have been
reported have
been beforehand

Low

Moderate
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Table 3 (continued)

Bias in
classification of

Bias in selection of
participants into the

Bias due to
confounding

study interventions
Mizuno Low: Low: Low:

etal. Patients divided Eligible patient Surgical

2020 into two groups and  included, exclusion procedure stated
two subgroups (for reported and the same
patients with VR) except
- > characteristics intervention of VR
compared
(including p-Values)
- > no differences
between groups

Discussion

In this systematic review and meta-analysis, we have assessed
the impact of arterial resection in surgery for chol-
Most with  perihilar  chol-
angiocarcinoma present with unresectable disease and have a

angiocarcinoma. patients
poor survival. Adjuvant chemotherapy provides significant
improvement in overall survival with any adjuvant therapy
after surgery compared with surgery only (HR 0.74; 95% ClI,
0.67 to 0.83; P < 0.001).”” Nevertheless, sensitivity and
response to chemotherapy is generally rather poor. In most
patients, liver transplantation is not a viable option due to the
highly selective criteria. Therefore, complete surgical resection
offers the only chance of cure or at least longer-term survival.
In a previous meta-analysis on the topic published in 2013,
chol-
angiocarcinoma was shown to have higher morbidity and

resection of the hepatic artery in surgery for
mortality rates.”’ The authors concluded that arterial resec-
tion has no proven benefit. Since the publication of the
mentioned meta-analysis, several larger studies on the topic
have been published, which was the motivation for us to
conduct the present systematic review with meta-analysis. In
contrast to the previous study, we only performed an analysis
on arterial resections and only included studies reporting
exclusively on cholangiocarcinoma. We also provide an
extended analysis on multiple outcomes specifically regarding
arterial resection. Furthermore, only studies with a control
group were included.

Our results mostly corroborate those of the previous meta-
analysis. Morbidity and mortality rates, although deemed
acceptable in absolute terms, were shown to be substantially
higher for AR while AR did not result in a higher probability of
microscopically complete resection and long-term survival was
shorter. Given the non-randomized design of all included
studies, which implies a considerable selection bias, these find-
ings do not necessarily mean that AR is detrimental to long-term
survival in patients which would otherwise not be resected at all
but only receive palliative treatment. To provide a valid infor-
mation on the value of AR in such patients, a randomized
controlled trial would be necessary. It needs to be noted that in
the included studies, there was no clear differentiation if AR was

HPB 2022, 24, 1600-1614

Bias due to Bias due to Bias in Bias in selection of
deviations from missing data measurement of the reported result
intended outcomes
interventions
Low: intervention Low: Moderate: Moderate

VR can be Missings/deaths OS defined

deviated reported and beforehand and

(“control”: no VR)  reported (Kapla- reported

Maier)

accordingly, all

other outcomes
stated (no
definition e.g.
TNM etc)

planned a priori or performed due to intraoperative injury of the
hepatic artery. An indication for the latter could be that histo-
logical arterial invasion was shown in only 28% of patients in the
AR group in the studies where it was reported.””**

Neoadjuvant chemotherapy might improve resectability and
outcomes for patients with locally advanced cholangiocarcinoma
and several clinical trials are currently evaluating its role for the
treatment of cholangiocarcinoma However, results will be
available only in several years from now. In our analysis, only the
study by Schimizzi et al.”’ reported on neoadjuvant chemo-
therapy with a higher proportion of patients who underwent
neoadjuvant chemotherapy in the AR group. Interestingly, a
higher median survival was observed in the AR group when
compared to patients who underwent combined arterial and
venous resection or venous resection alone (33, 21 and 24
months, respectably).

In addition to neoadjuvant or perioperative chemotherapy
alone, chemotherapy combined with transplantation may be an
alternative for patients with arterial invasion. According to the
guidelines of the British Society of Gastroenterology, a liver
transplantation may be considered in highly selected patients in
specialized centers after neoadjuvant chemotherapy.”’ Similarly,
the guidelines of the European Association for the Study of the
Liver (EASL) state that in patients with neoadjuvant therapy
concepts, liver transplantation may be considered.”” In a study
involving patients from 10 US hospitals that compared trans-
plantation with resection for hilar cholangiocarcinoma, among
all patients who underwent curative-intent surgery, trans-
plantation was associated with improved 5-year survival (64% vs
18%). Of note, many of the transplant cases in the aforemen-
tioned study were relatively early stage cholangiocarcinomas, and
many of them were cases of sclerosing cholangitis, making a
direct comparison to our patient collective not possible.”” A
meta-analysis from 2012, which included 14 studies, addressed
the efficacy and safety of liver transplantation in patients with
cholangiocarcinoma. Neoadjuvant therapies provided better
outcomes with OR for 1-, 3- and 5-year pooled survival of OR
0.83 (95% CI = 0.57-0.98), OR 0.57 (95% CI = 0.18—0.92) and
OR 0.65 (95% CI = 0.40-0.87).”" In a prospective study
involving 21 patients who underwent liver transplantation after
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AR No AR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Matsuyama 2016 2,212 2,192 44 1,951 1,629 128 19.1% 261.00 [-445.49, 967.49]
Miyazaki 2007 1,726 1,253 9 1,624 1,237 34 14.5% 102.00 [-816.16, 1020.16]
Peng 2016 327 146 26 400 209 35 35.5%  -73.00[-162.13, 16.13] —
Wang 2015 1,175 713 24 583 603 130 30.9% 592.00 [288.50, 895.50] D —
Total (95% CI) 103 327 100.0% 221.95[-229.77,673.68] ’
Heterogeneity: Tau? = 147720.16; Chi® = 17.64, df = 3 (P = 0.0005); I = 83% [ — T + J
Test for overall effect: Z = 0.96 (P = 0.34) 1000 500 AR No AR 500 1000

Figure 2 Forest plot of pooled odds ratio with 95% CI for AR vs no AR regarding blood loss. AR: Patients undergoing surgery for chol-
angiocarcinoma with arterial resection. No AR: Patients undergoing surgery for cholangiocarcinoma without arterial resection. The odds ratios
presented are AR vs. no AR (with no AR being the reference)

AR No AR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Higuchi 2018 3 19 6 230 15.5% 7.00 [1.60, 30.62] —
Matsuyama 2016 4 44 5 138 17.3% 2.66 [0.68, 10.38] T
Miyazaki 2007 3 9 8 152 14.4% 9.00 [1.89, 42.75] -
Mizuno 2020 6 146 10 641 23.6% 2.70[0.97, 7.56] =
Noji 2016 1 28 12 181 9.4% 0.52 [0.07, 4.18] e E—
Peng 2016 2 26 3 35 11.1% 0.89[0.14, 5.74] —_—
Wang 2015 1 24 5 130 8.6% 1.09 [0.12, 9.74] —
Total (95% CI) 296 1507 100.0% 2.60[1.27, 5.32] B
Total events 20 49
Heterogeneity: Tau? = 0.29; Chi® = 8.78, df = 6 (P = 0.19); I> = 32% I t t {
Test for overall effect: Z = 2.62 (P = 0.009) 0.01 01 AR No AR 10 100

Figure 3 Forest plot of pooled odds ratio with 95% CI for AR vs no AR regarding mortality. AR: Patients undergoing surgery for chol-
angiocarcinoma with arterial resection. No AR: Patients undergoing surgery for cholangiocarcinoma without arterial resection. The odds ratios
presented are AR vs. no AR (with no AR being the reference)

a
AR No AR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Matsuyama 2016 36 44 99 128 18.3% 1.32 [0.55, 3.15] T
Miyazaki 2007 7 9 55 152 11.7% 6.17 [1.24, 30.76]
Peng 2016 11 26 20 35 16.7% 0.55 [0.20, 1.54] I
Schimizzi 2017 6 12 130 189 15.3% 0.45[0.14, 1.47] I
Wang 2015 10 24 46 130 18.1% 1.30 [0.54, 3.17] I
Yu 2014 19 47 28 191 19.9% 3.95 [1.95, 8.01] .
Total (95% ClI) 162 825 100.0% 1.44 [0.67, 3.09] R
Total events 89 378
Heterogeneity: Tau® = 0.64; Chi® = 17.98, df = 5 (P = 0.003); > = 72% k + + |
Test for overall effect: Z = 0.93 (P = 0.35) 0:04 o4 AR No AR 19 00
b
AR No AR 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% ClI M-H, Random, 95% CI
Higuchi 2018 9 19 82 230 8.3% 1.62 [0.63, 4.16] =
Matsuyama 2016 29 44 59 128 14.5% 2.26[1.11, 4.62] . S
Mizuno 2020 75 146 307 641 57.0% 1.15 [0.80, 1.65] -
Noji 2016 16 28 94 181 11.4% 1.23 [0.55, 2.76] ——
Peng 2016 5 26 5 35 4.0% 1.43 [0.37, 5.56] ——
Schimizzi 2017 8 12 113 189 4.8% 1.35 [0.39, 4.62] —
Total (95% CI) 275 1404 100.0% 1.34 [1.02, 1.75] >
Total events 142 660
Heterogeneity: Tau? = 0.00; Chi® = 2.97, df = 5 (P = 0.70); I* = 0% k + + |
Test for overall effect; Z = 2.10 (P = 0.04) 901 g AR LNo AR 20 140

Figure 4 Forest plot of pooled odds ratio with 95% CI for AR vs no AR regarding morbidity. AR: Patients undergoing surgery for chol-
angiocarcinoma with arterial resection. No AR: Patients undergoing surgery for cholangiocarcinoma without arterial resection. The odds ratios
presented are AR vs. no AR (with no AR being the reference)
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AR No AR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Higuchi 2018 5 19 13 230 14.8% 5.96 [1.86, 19.10] e —
Matsuyama 2016 6 44 9 128 16.7% 2.09[0.70, 6.24] o
Miyazaki 2007 1 9 6 152 4.0% 3.04 [0.33, 28.38] —
Mizuno 2020 23 146 31 641 61.1% 3.68[2.07, 6.53] ——
Peng 2016 0 26 0 36 Not estimable
Wang 2015 1 24 2 130 3.4% 2.78[0.24, 31.96]
Total (95% CI) 268 1317 100.0% 3.53 [2.26, 5.53] <o
Total events 36 61
Heterogeneity: Tau? = 0.00; Chi? = 1.75, df = 4 (P = 0.78); 1> = 0% I t t {
Test for overall effect: Z = 5.52 (P < 0.00001) 0.01 0.1 AR No AR 10 100

Figure 5 Forest plot of pooled odds ratio with 95% CI for AR vs no AR regarding vascular complications. AR: Patients undergoing surgery for

cholangiocarcinoma with arterial resection. No AR: Patients undergoing surgery for cholangiocarcinoma without arterial resection. The odds
ratios presented are AR vs. no AR (with no AR being the reference)

AR No AR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CIl M-H, Random, 95% CI
Matsuyama 2016 5 44 10 128 22.7% 1.51[0.49, 4.70] e —
Mizuno 2020 50 146 159 641 31.5% 1.58 [1.07, 2.32] ——
Noji 2016 9 28 6 181 22.7% 13.82 [4.43, 43.04]  E—
Peng 2016 3 26 2 35  14.8% 2.15[0.33, 13.92] I B E—
Schimizzi 2017 0 12 10 189 8.3% 0.68 [0.04, 12.36]
Total (95% CI) 256 1174 100.0% 2.50 [0.95, 6.54] -
Total events 67 187
Heterogeneity: Tau? = 0.73; Chi? = 13.28, df = 4 (P = 0.01); I> = 70% I t t {
Test for overall effect: Z = 1.86 (P = 0.06) 0.01 0.1 AR No AR 10 100

Figure 6 Forest plot of pooled odds ratio with 95% CI for AR vs no AR liver failure. AR: Patients undergoing surgery for cholangiocarcinoma with

arterial resection. No AR: Patients undergoing surgery for cholangiocarcinoma without arterial resection. The odds ratios presented are AR vs.
no AR (with no AR being the reference)

neoadjuvant chemotherapy, overall survival was 100% (95% CI
100-100) at 1 year, 83.3% (27.3—-97.5) at 3 years, and 83.3%
(27.3-97.5) at 5 years.35 None of the studies included in our
meta-analysis reported on a liver transplantation group. A
probable limitation of studies addressing this question is that
only few patients qualify for liver transplantation due to the very

ST . . .36
strict indication criteria.””

This meta-analysis has some limitations. The main drawback
is that it is exclusively based on retrospective studies with het-
erogeneous outcome definitions and study-arms. The retro-
spective study design could also represent a problem in terms of
selection bias. The long inclusion period does not necessary
reflect contemporary surgical techniques. The results are based

on a non-randomized, uncontrolled comparison of patients with

AR No AR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Higuchi 2018 1 19 4 230 10.4% 3.14 [0.33, 29.58]
Matsuyama 2016 3 44 4 128 22.2% 2.27 [0.49, 10.56] —
Miyazaki 2007 1 9 6 152 10.5% 3.04 [0.33, 28.38] —
Mizuno 2020 2 146 4 641 18.0% 2.21[0.40, 12.19] —_—
Noji 2016 3 28 13 181 30.0% 1.55 [0.41, 5.83] _—1TE
Peng 2016 0 26 0 35 Not estimable
Wang 2015 1 24 2 130 B.8% 2.78[0.24, 31.96] -
Total (95% CI) 296 1497 100.0% 2.19 [1.06, 4.52] sl
Total events 11 33
Heterogeneity: Tau? = 0.00; Chi® = 0.49, df = 5 (P = 0.99); I* = 0% k t t |
Test for overall effect: Z = 2,12 (P = 0.03) 0.01 0.1 AR No AR 10 100

Figure 7 Forest plot of pooled odds ratio with 95% CI for AR vs no AR regarding postoperative bleeding. AR: Patients undergoing surgery for

cholangiocarcinoma with arterial resection. No AR: Patients undergoing surgery for cholangiocarcinoma without arterial resection. The odds
ratios presented are AR vs. no AR (with no AR being the reference)
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AR No AR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
lgami 2009 35 53 173 245 29.2% 0.81 [0.43, 1.52] — .
Miyazaki 2007 1 9 14 34 4.8% 0.18 [0.02, 1.59] !
Noji 2016 17 28 145 181 21.4% 0.38 [0.17, 0.89] —
Peng 2016 16 26 20 35 16.4% 1.20 [0.43, 3.38] I
Yu 2014 19 47 122 191 28.3% 0.38 [0.20, 0.74] —
Total (95% CI) 163 686 100.0% 0.55 [0.34, 0.91] -
Total events 88 474
Heterogeneity: Tau? = 0.12; Chi* = 6.50, df = 4 (P = 0.17); I* = 38% k t t |
Test for overall effect: Z = 2.31 (P = 0.02) %0t 0.1 AR No AR 19 100

Figure 8 Forest plot of pooled odds ratio with 95% CI for AR vs no AR regarding 1-year survival. AR: Patients undergoing surgery for chol-
angiocarcinoma with arterial resection. No AR: Patients undergoing surgery for cholangiocarcinoma without arterial resection. The odds ratios
presented are AR vs. no AR (with no AR being the reference)

AR No AR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Igami 2009 10 53 72 245 14.1% 0.56 [0.27, 1.17] e
Miyazaki 2007 1 9 5 152 1.6% 3.67 [0.38, 35.28]
Mizuno 2020 66 146 307 641 53.5% 0.90 [0.63, 1.29] -
Noji 2016 10 28 98 181 11.4% 0.47 [0.21, 1.08] —
Peng 2016 8 26 15 35 6.9% 0.59 [0.20, 1.73] —m
Yu 2014 9 47 54 191 12.4% 0.60 [0.27, 1.33] —_—
Total (95% CI) 309 1445 100.0% 0.74 [0.55, 0.98] L 4
Total events 104 551
Heterogeneity: Tau? = 0.01; Chi* = 5.17, df = 5 (P = 0.40); I = 3% ! i t |
Test for overall effect: Z = 2.11 (P = 0.03) ROk 0:1 AR LND AR A e

Figure 9 Forest plot of pooled odds ratio with 95% CI for AR vs no AR regarding 3-year survival. AR: Patients undergoing surgery for chol-
angiocarcinoma with arterial resection. No AR: Patients undergoing surgery for cholangiocarcinoma without arterial resection. The odds ratios

presented are AR vs. no AR (with no AR being the reference)

AR No AR
Study or Subgroup

Events Total Events Total Weight M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

Odds Ratio

Higuchi 2018 3 19 92 230 6.3%
Igami 2009 2 53 27 245 4.7%
Matsuyama 2016 10 44 62 128 14.9%
Miyazaki 2007 0 9 4 34 1.2%
Mizuno 2020 39 146 197 641 41.4%
Noji 2016 5 28 49 181 9.3%
Peng 2016 4 26 8 35 5.7%
Wang 2015 6 24 45 130 9.8%
Yu 2014 3 47 38 191 6.7%

Total (95% CI) 396

Total events 72 522
Heterogeneity: Tau® = 0.02; Chi* = 8.80, df = 8 (P = 0.36); I = 9%
Test for overall effect: Z = 3.67 (P = 0.0002)

1815 100.0%

0.28 [0.08, 0.99]
0.32 [0.07, 1.37]
0.31 [0.14, 0.69]
0.36 [0.02, 7.25]
0.82 [0.55, 1.23]
0.59 [0.21, 1.63]
0.61[0.16, 2.31]
0.63 [0.23, 1.70]
0.27 [0.08, 0.93]

——

—_—
M
—_—

0.54 [0.39, 0.75] <>

0.01 0.1 10 100
AR No AR

Figure 10 Forest plot of pooled odds ratio with 95% CI for AR vs no AR regarding 5-year survival. AR: Patients undergoing surgery for
cholangiocarcinoma with arterial resection. No AR: Patients undergoing surgery for cholangiocarcinoma without arterial resection. The odds

ratios presented are AR vs. no AR (with no AR being the reference)

different backgrounds. There was no clear distinction across all
the studies concerning potential differences between groups
receiving adjuvant therapy. Since individual patient data were not
available, it is not possible to estimate the effects of adjuvant
chemotherapy on outcome in this group of patients. When re-
ported, more patients in the AR group received adjuvant
chemotherapy so that this confounder should be taken in

HPB 2022, 24, 1600-1614

account when interpreting the results. Furthermore, a few of the
studies reported on liver resection combined with pancreatic

. 2
resectlon.24‘27’“

® In these patients, pancreatic resection was
performed if the tumor extended distally to the intrapancreatic
bile duct or pancreatic head. This heterogeneity is another lim-
itation of the study. The PRISMA guidelines were followed to

ensure transparency and standardized reporting, but the risk of
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AR No AR Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Higuchi 2018 12 19 150 230 13.2% 0.91 [0.35, 2.41] —
Matsuyama 2016 35 44 98 128 16.0% 1.19 [0.51, 2.75] ——
Miyazaki 2007 7 9 97 152 6.0% 1.98 [0.40, 9.89] T S
Noji 2016 20 28 147 181 14.6% 0.58 [0.23, 1.42] —
Peng 2016 19 26 28 35 9.7% 0.68 [0.20, 2.25] =
Schimizzi 2017 8 12 133 189 9.2% 0.84 [0.24, 2.91] —_—
Total (95% CI) 284 1556 100.0% 0.70 [0.46, 1.07]
Total events 194 1172 A
Heterogeneity: Tau? = 0.11; Chi* = 9.30, df = 6 (P = 0.16); I* = 36%
Test for overall effect: Z = 1.64 (P = 0.10) .01 01 1 10 100

AR No AR

Figure 11 Forest plot of pooled odds ratio with 95% ClI for AR vs no AR regarding RO. AR: Patients undergoing surgery for cholangiocarcinoma
with arterial resection. No AR: Patients undergoing surgery for cholangiocarcinoma without arterial resection. The odds ratios presented are AR

vs. no AR (with no AR being the reference)

bias is still considerable. Moreover, the number of studies and
patients were relatively small. Therefore, the data should be
carefully interpreted, and applied. Further, analysis, e.g. a
network-meta-analysis on comparing arterial resections with
non-surgical therapies are necessary in the future. The strength
of this meta-analysis is that all available studies providing
comparative information on the outcome of patients undergoing
surgery for cholangiocarcinoma with arterial resection with a
control group were included.

Conclusion

Evidence from non-randomized studies shows higher morbidity
and mortality rates and shorter long-term survival in patients
with cholangiocarcinoma undergoing AR. However, the results
are prone to selection bias, and only randomized trials
comparing AR with and without neoadjuvant therapy and
palliative treatment in patients with cholangiocarcinoma and
arterial invasion might reveal a possible benefit of arterial
resection.
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Abstract: Objectives: To analyze the association of tumor volume with outcome after surgery for
cervical paraganglioma. Materials and Methods: This retrospective study included consecutive
patients undergoing surgery for cervical paraganglioma from 2009-2020. Outcomes were 30-day
morbidity, mortality, cranial nerve injury, and stroke. Preoperative CT/MRI was used for tumor
volumetry. An association between the volume and the outcomes was explored in univariate and
multivariable analyses. A receiver operating characteristic (ROC) curve was plotted, and the area
under the curve (AUC) was calculated. The study was conducted and reported according to the
STROBE statement. Results: Volumetry was successful in 37/47 (78.8%) of included patients. A
30-day morbidity occurred in 13/47 (27.6%) patients with no mortality. Fifteen cranial nerve lesions
occurred in eleven patients. The mean tumor volume was 6.92 cm? in patients without and 15.89 cm?
in patients with complications (p = 0.035) and 7.64 cm? in patients without and 16.28 cm? in patients
with cranial nerve injury (p = 0.05). Neither the volume nor Shamblin grade was significantly
associated with complications on multivariable analysis. The AUC was 0.691, indicating a poor to
fair performance of volumetry in predicting postoperative complications. Conclusions: Surgery for
cervical paraganglioma bears a relevant morbidity with a particular risk of cranial nerve lesions.
Tumor volume is associated with morbidity, and MRI/CT volumetry can be used for risk stratification.

Keywords: cervical paraganglioma; carotid body tumor; preoperative imaging; volumetry; cranial
nerve injury

1. Introduction

Paragangliomas are vascularized neoplasms that derive from the neural crest and
occur sporadically or due to a hereditary predisposition [1-4]. They commonly occur in
the cervical region [5]. Carotid body tumors (CBTs) are paragangliomas located in the
carotid bifurcation [6]. Their incidence is estimated at 1/100,000 persons per year. Most
of them have a benign biological behavior, but 5-16% of these tumors show malignant
transformation and metastasis. Lymphatic as well as distant metastases can occur [7]. The
risk of metastasis, multilocular appearance and recurrences represent challenging aspects
in the care of these patients [8]. A definite differentiation between benign and malignant
lesions can only be made by a histopathological assessment of the specimen, and resection
is therefore generally recommended [9].

Preoperative imaging of cervical paraganglioma allows to confirm the diagnosis,
identify multifocal disease, and determine the extent of the tumor. Magnetic resonance
imaging (MRI) including MR angiography is considered the non-invasive imaging modality
of choice, but computed tomography (CT) angiography is an appropriate alternative [10-12].
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Because of the close proximity to vascular and nerval structures, surgical resection
of cervical paraganglioma can be challenging. There is a relevant risk of resection-related
neurological complications, such as cranial nerve injury in 27-53.8% of patients [13,14].
Based on preoperative imaging, cervical paraganglioma is commonly described using
the Shamblin classification. This system stratifies tumors according to the extent of their
anatomic contact with the carotid vessels in three groups: I = minimal contact to III = full
encasement [15]. This classification shows a good correlation with postoperative morbidity
and cranial nerve injury [9]. However, it remains unclear if other features, which can be
assessed on preoperative imaging, such as tumor volume and tumor location, also correlate
with postoperative morbidity.

The aim of this study was to explore a possible association between tumor volume
and tumor location determined on preoperative imaging and postoperative outcomes for
the resection of cervical paraganglioma.

2. Materials and Methods
2.1. Study Design

This retrospective study comprised consecutive patients undergoing open surgical
therapy for cervical paraganglioma in two vascular centers between January 2009 and
January 2020. Demographic and clinical data as well as follow-up data were collected
retrospectively from patient charts, hospital information systems, and Picture Archiving
and Communication Systems (PACS). Patients were followed up routinely in hospital and
in an outpatient clinic 30 days postoperatively.

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the competent ethics committee (Medical Faculty of the University of
Heidelberg, Germany, reference number: S5-026/2021; approval date: 26 February 2021).
The study is reported according to the guidelines of the STROBE statement (Supplemental
Figure S1) [16].

2.2. Endpoints and Definitions

Endpoints were 30-day morbidity, 30-day incidence of cranial nerve injury and Horner
syndrome, 30-day stroke incidence and 30-day mortality. Morbidity was adjudicated by
the investigators based on the exams and treatment noted. All cranial nerve lesions had
to be determined by an ENT specialist or neurologist. Nerve lesions were considered
temporary if the associated symptoms had subsided at 30-day follow-up and permanent if
the symptoms prevailed. Stroke was defined as any new-onset neurological deficit lasting
more than 24 h, diagnosed by a neurologist. A neurological impairment lasting less than
24 h was considered a transient ischemic attack (TIA).

2.3. Image Analysis

Preoperative contrast-enhanced CT or contrast-enhanced MRI of the neck region,
depending on availability, were used as preoperative imaging. In the case of bilateral
tumors, each side was analyzed individually. A three-dimensional tumor segmentation
for tumor volume calculation was performed using three-dimensional image processing
software (mint Lesion™ software platform, v3.4.5; Mint Medical) by manual delineation
of the tumor margins (Figure 1).

The carotid arteries were included into the segmentation if the encasement was >180°.
The axial slice with the largest tumor area, as defined by the three-dimensional tumor
segmentation, was identified, and the long and short axis diameters were recorded at this
slice. The same slice was used to manually measure the distance between the internal and
external carotid arteries. Furthermore, the encasements of the internal and the external
carotid arteries were evaluated and visually graded as 0-89°, 90-179°, 180-269°, 270-359°
or 360°. Finally, the level of the carotid bifurcation was assessed in relation to the spine.
Using sagittal reconstructions, a line was drawn perpendicularly to the spine through the
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upper border of the carotid bifurcation to identify the level of the carotid bifurcation at the
upper/mid/lower third of the respective vertebra or at the intervertebral disc.

Volumetry was performed by one board-certified fellow radiologist in consensus with a
board-certified attending radiologist. Both radiologists were blinded to the outcomes of patients.

short axis: 2.62 cm short axis: 2.85 cm

long axis: 5.34 cm long axis: 3.68 cm

tumor volume: 27.21 cm?3 tumor volume: 18.92 cm3
mint Lesion™ mint Lesion™

Figure 1. Three-dimensional tumor segmentation for tumor volume calculation (mint Lesion™),

2.4. Surgical Technique

All procedures were conducted in general anesthesia and were performed by a board-
certified vascular surgeon alone or in an interdisciplinary team with an ENT specialist.
In most cases, tumors were dissected in a periadventitial plane by using a bipolar knife
to avoid bleeding. If an unplanned vascular reconstruction necessitating clamping of the
internal carotid artery was performed, transcranial oxygen saturation measurement (Invos®
Cerebral Oximeter) was used. In such cases, completion angiography was performed to
rule out stenosis, dissection, or thrombosis of the vascular reconstruction. Selected patients
underwent preoperative angiography to attempt the embolization of tumor-feeding vessels.

2.5. Statistical Analysis

Descriptive data were given as a mean =+ standard deviation and as a median and
interquartile range in the case of non-parametric data. Continuous data were compared
using the Mann—-Whitney-U test. Proportions were compared using the Fisher-exact test
(if there were fewer than five observations per category) or chi-square test. Patients with
missing information for single variables were not included in the respective analyses. A
multivariable logistic regression analysis was performed with postoperative complications
as the dependent variable and with age, sex, and the two significant predictors on univariate
analysis, quartile of tumor volume and Shamblin grade, as independent variables. Only
patients with information for all used variables were included in the analysis. Goodness-of-
fit was assessed with the Hosmer-Lemeshow test. All p values (significance level p < 0.05)
and 95% confidence intervals (CIs) were two-sided. A receiver operating characteristic
(ROC) curve was plotted and the area under the curve (AUC) calculated to assess the
diagnostic performance of volumetry as a predictor of postoperative complications [17].
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3. Results
3.1. Patient Characteristics and Procedural Results

The study included 47 patients (mean age 49 years, range 17-77 years, 63.8% female).
All patients had carotid body paraganglioma. Tumor characteristics and demographics of
the patients are shown in Table 1. Three patients (6.4%) showed preoperative symptomes,
such as local pain, dysphagia, and hoarseness. The Shamblin classification was ascertained
in 97.9% of patients (n = 46): most patients (1 = 19, 40.4%) had a type I tumor followed by
type Il (n = 14, 29.8%) and type II (n = 13, 27.6%).

Table 1. Tumor characteristics and demographics. MRI: magnetic resonance imaging; CT: computed

tomography.
n =47 Percentage (%)
age (median, range) 49 (17-77)
gender
female 30 63.8
male 17 36.2
Shamblin classification
typel 19 40.4
type Il 13 27.6
type III 14 29.8
not assessable 1 2.1
preoperative imaging
Duplex scan 32 68.1
MRI scan 30 63.8
CT scan 26 55.3
angiography 1 21
time until diagnosis (mean) 20 months
preoperative symptoms 3 34
preoperative embolization attempt 6 12.8

Five patients (10.6%) underwent successful preoperative embolization. In one patient
(2.1%), preoperative angiography with unsuccessful embolization was performed; the
patient suffered from an intraprocedural stroke. Six (12.7%) patients had a prior cervical
surgical intervention. In five (10.6%) of these patients, this was a prior paraganglioma
resection. In one patient, only cervical lymph nodes had been removed before without a
resection of the paraganglioma.

In all patients, a complete tumor resection was technically successful. Two tumors
showed criteria of malignancy on histopathology (4.3%). In a seventeen-year-old patient,
systemic metastasis was observed; this patient underwent postoperative chemoradiother-
apy because of pulmonary and bone metastases. Two patients had bilateral tumors (4.3%),
and in one patient with a family history of paragangliomas, an SDHD-gene mutation
was found.

In 17% (n = 8) of patients, surgery was performed in an interdisciplinary team with
ENT specialists. The mean procedural time was 132 min. In four patients (8.5%), a vascular
reconstruction of the internal carotid artery was necessary. Three patients (6.4%) received
an alloplastic carotid interposition graft and one patient an autologous interposition graft.
In one patient with preoperative embolization and endovascular occlusion of the internal
carotid artery, a resection of the internal carotid artery with reconstruction of the external
carotid artery was performed. Operative characteristics are summarized in Table 2.
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Table 2. Operative characteristics. ICA: internal carotid artery; CAS: carotid artery stenting; ENT: ear,
nose, and throat specialist.

n=47 Percentage (%)
redo operation n==6 12.7
operating time (mean) 132 min
general anesthesia n =47 100
interposition graft ICA n=4 8.5
autologous n=1 2.1
allogenous n=3 6.4
ICA resection n=1 21
CAS n=1 21
interdisciplinary operation with ENT specialist n=_8 17.0

3.2. Results of Study Endpoints

Thirty-day mortality was 0%. The overall perioperative complication rate was 27.6%
(n = 13). Fifteen cranial nerve lesions in eleven patients (23.4%) were observed: four
hypoglossal nerve, seven vagal nerve, three glossopharyngeal nerve and one facial nerve
lesion. Three patients (6.4%) suffered from postoperative Horner syndrome. In eight
patients, the cranial nerve lesion was permanent at 30-day follow-up. Three patients with a
perioperative cranial nerve lesion were lost to follow-up.

Thirty-day stroke incidence was 4.2% (n = 2). One patient had an infiltrative tumor
requiring an autologous interposition graft; in addition, internal carotid artery stenting at
the skull base was necessary. Postoperatively, the patient developed hemiparesis and apha-
sia. The second patient had an uneventful intraoperative course and developed immediate
postoperative sensory aphasia. Both patients still showed neurological symptoms at 30-day
follow-up.

3.3. Association with Imaging Findings

Duplex imaging was performed in all patients. Among the 47 included patients,
preoperative MRI (63.8%, n = 30) and /or CT (55.3%, n = 26) was conducted. The volume
measurement was successful in 78.8% (n = 37/47): eight CT and twenty-nine MRI. The mean
horizontal tumor extension was 2.9 cm (range 1.1-5.5 cm), and the mean vertical extension
was 2.2 cm (range 0.8-3.9 cm). The degree of encasement of the carotid vessels (Shamblin
classification) showed no significant correlation with cranial nerve injury (p = 0.44) but
did so with overall postoperative morbidity (cranial nerve injury, Horner syndrome, and
stroke) (p = 0.037).

There was a significant difference in tumor volume, as ascertained by volumetry,
between patients with and without overall postoperative complications. Patients without
complications had a mean tumor volume of 6.92 cm3, while patients with complications
had one of 15.89 cm? (p = 0.035). The mean tumor volume was 7.64 cm? in patients with
no cranial nerve injury and 16.28 cm? in patients with cranial nerve injury (p = 0.05). Most
tumors projected to the fourth cervical vertebra (1 = 18; 38.3%) and were located at the
lower third of the vertebra. There was no significant correlation between the tumor location
in relation to the vertebra and the occurrence of cranial nerve lesions (p = 0.42). The degree
of encasement of the carotid vessels showed no significant correlation with cranial nerve
injury (p = 0.44). The results are summarized in Table 3.
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Table 3. Comparison of volumetry and imaging characteristics between patients with and without
postoperative complications. ICA: internal carotid artery.

Perioperative No Perioperative
Complications Complications p-Value
(n=13) (n=34)

tumor volume (cm?/median) 15.89 6.92 0.035
Shamblin classification

typel 2 17

type II 3 10

type III 8 6 0.016
tumor localization in projection to
cervical vertebrae

cervical vertebrae 2/3 6 9

cervical vertebrae 4/5 6 16 0.416
tumor encasement of the carotid arteries

0-89° 0 0

90-179° 2 9

180-169° 3 8

270-359° 2 3

360° 5 5 0.442
ICA interposition graft

yes 2 2

no 11 32 0.304
preoperative embolization

yes 3 3

no 9 31 0.173

The results of the multivariable logistic analysis, which was based on 35 cases with
complete information for all variables, are displayed in Table 4. Neither the tumor volume
nor the Shamblin grade showed a significant association with postoperative complications
on multivariable analysis.

Table 4. Results of logistic regression analysis with postoperative complications as dependent
variable. Hosmer-Lemeshow test: p = 0.84.

Variable Category OR 95% CI
Age (continuous) 0.97 0.91-1.03
Sex female reference
male 1.14 0.17-7.54

Shamblin classification 1 reference

2 2.54 0.18-34.89

3 12.10 0.94-156.35
Tumor volume per quartile 1.63 0.65-4.09

The receiver operating characteristic (ROC) curve yielded an area under the curve
(AUC) of 0.691, which indicates a poor to fair performance of volumetry as a predictor of
postoperative complications (Figure 2).
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Figure 2. Receiver operating characteristic (ROC) curve for the diagnostic performance of volumetry
as a predictor of overall postoperative complications. AUC: area under the curve.

4. Discussion

The present study aimed to evaluate the utility of preoperative-imaging-based vol-
umetry in assessing the risk of perioperative morbidity and cranial nerve injury in patients
undergoing open surgery for cervical paraganglioma. The results show that the preop-
erative tumor volume is associated with surgical morbidity and that MRI/CT volumetry
using a dedicated radiological software can be used for risk stratification as an adjunct to
the long-established Shamblin classification.

In 2017, Kim et al. analyzed the relationship of the Shamblin grade, tumor distance to
the base of the skull and tumor volume with complications from cervical paraganglioma
resection, including bleeding and cranial nerve injury. A total of 332 patients with 356 resec-
tions were included. Similar to the results of the present study, the most commonly injured
cranial nerves were the hypoglossal and vagal nerves (11% and 10%). Both the Shamblin
grade and tumor distance to base of the skull were associated with blood loss and cranial
nerve injuries, whereas the tumor volume was associated only with blood loss but not with
cranial nerve injuries [18].

In 2022, Ivanjko et al. aimed to confirm the findings reported by Kim et al. The authors
analyzed the effect of the distance to the base of the skull and tumor-size characteristics on
cranial nerve injuries in carotid body tumor resections. A total of 48 CBTs were included.
The distance to the base of the skull, craniocaudal tumor diameter, and tumor volume were
statistically significantly associated with cranial nerve lesions on univariate analysis, while
the distance to the base of the skull was the only parameter that retained significance on
multivariable analysis. While in the study by Ivanjko et al. cranial nerve lesions occurred in
37.5% of patients, in our study population this was the case for 23.4% of patients. Contrary
to our study, in which the vagal nerve was the most affected cranial nerve, in Ivanjko et al.’s
study population this was the case for the hypoglossal nerve. The main methodological
difference between the two studies is that our study assessed not only cranial nerve lesions
but all postoperative complications, including clinically important events such as stroke or
hemorrhage. Moreover, volumetry in Ivanjko’s study was calculated using a rigid formula,
whereas in our study it was determined with a dedicated radiological software [19].

In 2012, Power et al. analyzed 132 patients with 144 cervical paraganglioma resections.
The authors determined that the most common postoperative complication was temporary
cranial nerve injury and that it was significantly associated with the tumor volume, which
was however calculated using three axes and no dedicated algorithm. Thirty-three percent
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of patients suffered from cranial nerve injury, and the majority of patients (58%) had
Shamblin type III tumors. Preoperative embolization, the operating time, and a greater
blood loss were also associated with temporary cranial nerve injury [20].

In line with these previous studies, we can confirm that the resection of cervical para-
ganglioma bears a relevant risk of morbidity and, in particular, of cranial nerve injury and
stroke. Resection is recommended for all tumors of the carotid bifurcation region in light of
their potentially malignant behavior. However, given that most cervical paragangliomas
are asymptomatic and of benign histology, a thorough risk-benefit assessment needs to be
performed, and procedural risks need to be well discussed with patients prior to surgery.
The findings of our study show that, in addition to the established Shamblin classification,
which was also significantly associated with the study outcome perioperative complica-
tions, tumor volume measured with a dedicated software on the basis of preoperative
cross-sectional imaging can be used to predict the risk of perioperative complications, with
larger tumors bearing a higher risk of complications. This information can be used in shared
decision-making with patients [21]. Moreover, surgeons can anticipate the procedural risks
based on tumor volumetry and take particular precautions during the operation. In a
multivariable analysis, we attempted to determine which of the two modalities, volumetry
or the Shamblin classification, is a more suitable predictor for postoperative complications.
However, neither of the two showed significance on the analyses, which is probably due
to collinearity and the rather small sample size included in the multivariable analyses.
The receiver operating characteristic (ROC) curve showed a poor to fair performance of
the tumor volume as a predictor of postoperative complications, which shows that this
measure is not a perfectly discriminating test, but rather an indicative predictor.

This study has some methodological limitations. It has a retrospective design, and
volumetry was conducted retrospectively using available imaging material, which was not
acquired with the explicit aim of volumetry. Therefore, volumetry was not in all patients
technically possible. However, the imaging assessment followed a defined protocol, and
assessors were blinded towards patients” outcomes. Data on outcomes were extracted
from prospectively kept institutional databases but might have still been incomplete for
some patients. Nevertheless, a systematic bias regarding the completeness of data seems
unlikely. Cranial nerve lesions were ascertained by ENT specialists not involved in the
surgical treatment of patients, thus reducing the risk of observer bias. The sample size
and thus statistical power of the study was rather small. It is a strength of the study
that all consecutive patients undergoing resection of cervical paraganglioma in the two
participating institutions were included and analyzed, thus minimizing a possible selection
bias and increasing the external validity of the findings.

5. Conclusions

This study shows an association between the tumor volume of cervical paraganglioma
and postoperative morbidity on univariate analysis, which loses significance when adjust-
ing for other covariables such as the Shamblin classification. Tumor volume can be used
as additional information in a risk-benefit analysis and discussions with patients prior
to cervical paraganglioma resection. Volumetry should be considered to become part of
routine preoperative diagnostics prior to cervical paraganglioma resection.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/diagnostics13040744/s1.

Author Contributions: CM.H.-W., U.R,, D.B. and J.U. devised the project and the main conceptional
ideas. CM.H.-W,, A.R. and PE. carried out the data collection. M.M. and ER. performed volume mea-
surements. C.M.H.-W. drafted the manuscript with input from all authors. All authors contributed to
the final manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding. For the publication fee, we acknowledge
financial support by Deutsche Forschungsgemeinschaft within the funding programme “Open
Access Publikationskosten” as well as by Heidelberg University.


https://www.mdpi.com/article/10.3390/diagnostics13040744/s1
https://www.mdpi.com/article/10.3390/diagnostics13040744/s1

Diagnostics 2023, 13, 744 90f9

Institutional Review Board Statement: Medical Faculty of the University of Heidelberg, Germany,
reference number: S-026/2021; approval date: 26 February 2021.

Informed Consent Statement: The competent ethics committee waived the need for informed
consent given the retrospective nature of the study and the anonymized analysis of the data.

Data Availability Statement: Data available on request due to privacy restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Rangwala, A.F; Sylvia, L.C.; Becker, S.M. Soft tissue metastases of a chemodectoma: A case report and review of the literature.
Cancer 1978, 42, 2865-2869. [CrossRef]

2. Schipper, J.; Boedeker, C.C.; Maier, W.; Neumann, H.P.H. Paragangliomas in the head-/neck region. I: Classification and diagnosis.
HNO 2004, 52, 569-574, quiz 575.

3. Lee, ].H,; Barich, E; Karnell, L.H.; Robinson, R.A.; Zhen, WK.; Gantz, B.J. National Cancer Data Base report on malignant
paragangliomas of the head and neck. Cancer 2002, 94, 730-737. [CrossRef]

4. Fathalla, A.E; Elalfy, M.A. Clinical Outcome of Carotid Body Paraganglioma Management: A Review of 10-Year Experience. J.
Oncol. 2020, 2020, 6081273. [CrossRef]

5. Persky, M.; Tran, T. Acquired Vascular Tumors of the Head and Neck. Otolaryngol. Clin. N. Am. 2018, 51, 255-274. [CrossRef]

6. Pelliteri, P.; Rinaldo, A.; Myssiorek, D.; Jackson, C.; Bradley, P.; Devaney, K. Paragangliomas of the head and neck. Oral Oncol.
2004, 40, 563-575. [CrossRef]

7. Manolidis, S.; Shohet, J.A.; Jackson, C.G.; Glasscock, M.E. Malignant glomus tumors. Laryngoscope 1999, 109, 30-34. [CrossRef]

8.  Erhart, P; Korfer, D.; Hoffmann-Wieker, C.; Gieldon, L.; Dikow, N.; Wielpiitz, M.O.; Plinkert, PX.; Kender, Z.; Szendrodi, J.;
Schaaf, C.P; et al. Paraganglioma of the carotid artery. An interdisciplinary and heterogeneous pathology. Gefiisschirurgie 2022, 27,
517-523. [CrossRef]

9.  Sajid, M.; Hamilton, G.; Baker, D. A Multicenter Review of Carotid Body Tumour Management. Eur. |. Vasc. Endovasc. Surg. 2007,
34, 127-130. [CrossRef]

10. Guichard, J.-P.; Fakhry, N.; Franc, J.; Herman, P.; Righini, C.-A.; Taieb, D. Morphological and functional imaging of neck
paragangliomas. Eur. Ann. Otorhinolaryngol. Head Neck Dis. 2017, 134, 243-248. [CrossRef]

11.  van den Berg, R. Imaging and management of head and neck paragangliomas. Eur. Radiol. 2005, 15, 1310-1318. [CrossRef]

12.  Berger, G.; Lukasiewicz, A.; Grinievych, V.; Taraséw, E. Carotid Body Tumor—Radiological imaging and genetic assessment. Pol.
J. Surg. 2020, 92, 39-44.

13. Antonitsis, P; Saratzis, N.; Velissaris, I.; Lazaridis, I.; Melas, N.; Ginis, G. Management of cervical paragangliomas: Review of a
15-year experience. Langenbeck’s Arch. Surg. 2006, 391, 396—402. [CrossRef]

14. Kruger, A.J.; Walker, PJ.; Foster, W.J.; Jenkins, ].S.; Boyne, N.S.; Jenkins, ]. Important observations made managing carotid body
tumors during a 25-year experience. J. Vasc. Surg. 2010, 52, 1518-1523. [CrossRef]

15.  Shamblin, W.R.; ReMine, W.H.; Sheps, S.G.; Harrison, E.G. Carotid body tumor (chemodectoma): Clinicopathologic analysis of
ninety cases. Am. J. Surg. 1971, 122, 732-739. [CrossRef]

16. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Getzsche, P.C.; Vandenbroucke, J.P. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Epidemiology 2007,
18, 800-804. [CrossRef]

17.  Eng, J. ROC Analysis: Web-Based Calculator for ROC Curves. Baltimore: Johns Hopkins University. Available online: http:
/ /www.jrocfit.org (accessed on 31 January 2022).

18. Kim, G.Y,; Lawrence, P.E; Moridzadeh, R.S.; Zimmerman, K.; Munoz, A.; Luna-Ortiz, K.; Oderich, G.S.; de Francisco, J.; Ospina, J.;
Huertas, S.; et al. New predictors of complications in carotid body tumor resection. J. Vasc. Surg. 2017, 65, 1673-1679. [CrossRef]

19. Ivanjko, F; Konstantiniuk, P.; Muehlsteiner, J.; Cohnert, T. Effect of distance to the base of skull and tumor size characteristics on
cranial nerve injuries in carotid body tumor resections. J. Vasc. Surg. 2022, 77, 523-528. [CrossRef]

20. Power, A.H.; Bower, T.C.; Kasperbauer, J.; Link, M.J.; Oderich, G.; Cloft, H. Impact of preoperative embolization on out-comes of
carotid body tumor resections. J. Vasc. Surg. 2012, 56, 979-989. [CrossRef]

21. Whitney, S.N.; McGuire, A.L.; McCullough, L.B. A Typology of Shared Decision Making, Informed Consent, and Simple Consent.

Ann. Intern. Med. 2004, 140, 54-59. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1002/1097-0142(197812)42:6&lt;2865::AID-CNCR2820420648&gt;3.0.CO;2-Y
http://doi.org/10.1002/cncr.10252
http://doi.org/10.1155/2020/6081273
http://doi.org/10.1016/j.otc.2017.09.015
http://doi.org/10.1016/j.oraloncology.2003.09.004
http://doi.org/10.1097/00005537-199901000-00007
http://doi.org/10.1007/s00772-022-00919-9
http://doi.org/10.1016/j.ejvs.2007.01.015
http://doi.org/10.1016/j.anorl.2016.10.003
http://doi.org/10.1007/s00330-005-2743-8
http://doi.org/10.1007/s00423-006-0047-3
http://doi.org/10.1016/j.jvs.2010.06.153
http://doi.org/10.1016/0002-9610(71)90436-3
http://doi.org/10.1097/EDE.0b013e3181577654
http://www.jrocfit.org
http://www.jrocfit.org
http://doi.org/10.1016/j.jvs.2016.12.124
http://doi.org/10.1016/j.jvs.2022.09.001
http://doi.org/10.1016/j.jvs.2012.03.037
http://doi.org/10.7326/0003-4819-140-1-200401060-00012

Rebelo et al. BMC Surgery (2022) 22:56
https://doi.org/10.1186/512893-022-01511-4

BMC Surgery

RESEARCH Open Access
®

Check for
updates

Acute and chronic mesenteric ischemia:
single center analysis of open, endovascular,
and hybrid surgery

Artur Rebelo’, Marat Mammadov, Jumber Partsakhashvili, Carsten Sekulla, Ulrich Ronellenfitsch, Jorg Kleeff,
Endres John and Jorg Ukkat

Abstract

Background: The aim of the study was to analyse the outcome of open surgical, endovascular, and hybrid interven-
tions in the treatment of acute (AMI) and chronic (CMI) mesenteric ischemia.

Methods: Retrospective review of a cohort of mesenteric ischemia patients at a single tertiary referral center from
2015 to 2021. Primary end point was postoperative in-hospital mortality. Secondary end points were the number
of bowel resections, duration of the procedure, length of postoperative intensive care treatment, length of hospital
stay, revision surgery (number and type), and the nature and severity of postoperative complications according to
Dindo-Clavien.

Results: A total of 64 patients, 20 with CMI and 44 with AMI, underwent open, hybrid or endovascular surgery. Bowel
resection was performed in 45.5% of the patients with AMI (29.5% small intestine, 2.3% colon and 13.6% both). There
was no in-hospital mortality in the CMI cohort as compared to 29.5% in the AMI cohort (p = 0.03), with no differences
regarding endovascular and open surgery (29.6 vs 29.4%). Severe postoperative morbidity (Dindo-Clavien > 3) was
also significantly more frequent in the AMI group when compared to the CMI group (20 vs 77.3%, p <0.001). ASA clas-
sification and intensive care stay were identified as factors associated with mortality in AMI patients.

Conclusions: Morbidity and in-hospital mortality are low in CMI patients, but substantial in AMI patients. Early diag-

nosis and open or endovascular treatment may be decisive for the outcome of these patients.
Keywords: Mesenteric ischemia, Open surgery, Endovascular surgery, Hybrid surgery

Introduction

Mesenteric ischemia descriptions date back to 1900 [1,
2]. The first open atherectomy of the superior mesenteric
artery was performed in 1958 [3]. Later in 1962, Craw-
ford and DeBakey et al. described open revascularization
of the celiac trunk and superior mesenteric artery [4].
Despite recent developments in endovascular and hybrid
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surgery, mesenteric ischemia mortality and morbidity
rates are still high. (Fig. 1) [5].

Chronic mesenteric ischemia (CMI) is defined as
symptomatic ischemia without irreversible tissue dam-
age caused by insufficient blood supply to the gastroin-
testinal tract. The most common cause is atherosclerosis
of the celiac trunk (CT), the superior mesenteric artery
(SMA) or the inferior mesenteric artery (IMA) [6, 7].
CMI is the cause of abdominal pain in only 0.1% of hos-
pital admissions for abdominal symptoms [8]. Symp-
toms are mostly postprandial abdominal pain (Stage II),
"food anxiety”, rest pain (Stage III) and weight loss. CMI
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remains an underdiagnosed disease [9]. Therefore, most
patients present in the late stages of the disease with
weight loss, chronic malnutrition, or intestinal infarction,
which is then termed acute or acute on chronic mesen-
teric ischemia (AMI, Stage IV) [10, 11]. In addition, AMI
can also be caused by arterial embolism and non-occlu-
sive mesenteric ischemia [15]. The mortality of AMI is
between 30 and 65% [12]. Bowel resection performed in
an emergency setting is characterized by higher mortal-
ity [26]. CT angiography should be performed if AMI or
CMI is suspected and is also the gold standard for follow-
up after open and endovascular procedures [9, 13]. The
use of CT scanning to diagnose mesenteric ischemia has
increased over time [14]. Early diagnosis and interven-
tion are critical to AMI.

Several guidelines were published on this matter [27,
28]. Endovascular and open surgery in asymptomatic
patients with chronic mesenteric ischemia (CMI) is rarely
indicated. On the other hand, symptomatic CMI should
be treated to prevent acute mesenteric ischemia (AMI),
bowel infarction, and death. It is still controversial which
patients should undergo open or endovascular interven-
tions [16].

The study aims to show the outcome of open surgical,
endovascular and hybrid interventions in the treatment
of AMI and CMI in a single tertiary referral centre.

Methods
All patients 18 years and older at the time of surgery who
underwent endovascular, open or hybrid surgery for mes-
enteric ischemia at the Department for Visceral, Vascular
and Endocrine Surgery at the University Hospital Halle
(Saale), Germany from 2015 to 2021 were included in the
study. Patients with nonocclusive mesenteric ischemia
and mesenteric venous occlusion were not included.
Endovascular or hybrid treatment comprises mechanical
thrombectomy, visceral artery angioplasty and stenting
performed with or without laparotomy. Open revascu-
larization comprises laparotomy with embolectomy,
endarterectomy with or without patch angioplasty or
bypass with prosthetic or venous grafting. Patients with
AMI underwent emergency surgery. Patients with CMI
underwent elective surgery. In our center we follow an
endovascular first approach in the treatment of CML. In
AMI, when there is no clinical sign of bowel infarction,
we perform an endovascular procedure. If there are clini-
cal or radiological signs of bowel infarction, we perform
a laparotomy and, depending on the extent of the arte-
rial lesion, an exclusively open arterial bypass or hybrid
procedure.

The primary outcome of the study is postoperative in-
hospital mortality. Secondary outcomes are the number
of bowel resections, type of operation (open surgical,
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endovascular, hybrid), duration of the procedure, length
of postoperative intensive care treatment, length of hos-
pital stay, and the nature and severity of postoperative
complications according Dindo-Clavien Classification
[21]. All outcomes and patients’ demographic charac-
teristics and co-morbidities were collected by retrospec-
tive chart review. All data were anonymized prior to the
analyses.

The study was approved by the ethics committee of
the University Hospital Halle (Saale), Germany (ID
2021-031).

Pearson’s X” test was used to identify independent fac-
tors associated with early death and postoperative mor-
bidity. Mann—Whitney-Test was used for continuous and
ordinal variables and Chi-square-test to the categorical
variables. A P value of 0.05 determined statistical signif-
icance. IBM SPSS Statistics 27 was used to perform the
analysis.

Results

Demographics and clinical characteristics

A total of 64 patients, 20 with CMI (elective surgery) and
44 with AMI (emergency surgery), underwent open, end-
ovascular or hybrid surgery. In the CMI and AMI groups,
60% and 64.6% of patients were male, respectively. Mean
age was 66.9 and 70.7 years in the CMI and AMI groups,
respectively. Patients in the CMI group had higher preva-
lence of obesity and COPD and lower prevalence of dia-
betes mellitus, cardiac comorbidities, renal insufficiency,
and history of malignancy. All patients were classified as
ASA (American Society of Anesthesiology) score 3 or 4.
Patients in the AMI group were classified as higher ASA
risk when compared to the CMI group. A summary of
relevant demographics and comorbidities are presented
in Table 1. There were no statistically significant differ-
ences between both groups.

Etiology, classification, laboratory values and outcomes

In the AMI group, 27.3% had an embolic and 72.7% a
thrombotic occlusion. Bowel resection was performed
in 45.5% of the patients with AMI (29.5% small intestine,
2.3% colon and 13.6% both). Second-look laparotomy was
performed in 27.3% of the patients. Regarding the CMI
group, 25% of the patients were classified as stadium II
and 75% as stadium III. The most often revascularized
artery was the SMA in both groups. In the CMI group, all
patients underwent revascularization. In the AMI group,
15.9% of the patients underwent bowel resection alone.
In the CMI group, only one patient underwent open sur-
gery while 19 patients received endovascular treatment.
80% of the patients received treatment for AMS and
20% for TC stenosis/occlusion. In the AMI group, of a
total of 44 patients, 27 underwent open surgery and 17
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Table 1 Summary of the baseline and clinicopathologic features in 64 patients with AMI and CMI undergoing arterial
revascularization from 2016-2021 (Mann-Whitney-Test for continuous and ordinal variables and Chi-square-test to the categorical

variables used to compare CMI and AMI groups)

Variable CMI (n=20) AMI (n=44) P value
Open (n=1) Endovascular Total Open (n=27) Endovascular/ Total
(In=19) Hybrid (n=17)

Male Gender (%) 0% 63% 60% 48% 64.7% 54.4% 0.683
Age (years) Mean (SD) 75 66.5(9.1) 66.9 (9) 67.9(2.2) 75(4) 70.7 (1.7) 0.16
ASA 3 (%) 100% 89.5% 90% 66.7% 76.4% 70.4% 0.087
DM (%) 0% 36.8% 35% 29.6% 47.1% 36.3% 0916
Cardiac (%) 100% 73.7% 75% 81.5% 100% 88.6% 0.164
Renal Insufficiency (%) 0% 26.3% 25% 29.6% 52.9% 38.6% 0.287
Neoplasm (%) 0% 15.8% 15% 11.1% 17.6% 13.6% 0.884
Obesity (%) 0% 15.9% 15% 14.8% 0% 9% 0483
COPD (%) 0% 26.3% 25% 14.8% 5.9% 11.3% 0.164

AMI acute mesenteric ischemia, CMI chronic mesenteric ischemia

DM diabetes mellitus

COPD chronic obstructive pulmonary disease

ASA American Society of Anesthesiologists Physical Status Classification System

endovascular treatments. The AMS was treated in 52.3%
of the patients, TC in 13.6% and both in 23.5% of the
patients.

Regarding the preoperative laboratory values, leuko-
cytosis (gpt/l) and elevated lactate (mmol/l) were more
frequent in the AMI group when compared to the CMI
group (10.95 (£1.69) vs 18.3 (£1.9), p=0.011 and 1.45
(£0.27) vs 4.42 (£0.79), p=0.016). No statistically sig-
nificant differences in CRP levels were observed between
groups.

Concerning in-hospital mortality, no CMI patient
died. In contrast, a mortality rate of 29.5% (p=0.03) was
observed in the AMI group, with no differences regard-
ing endovascular and open surgery (29.6% vs 29.4% mor-
tality). Severe morbidity (Dindo-Clavien>3) was also
significantly more frequent in the AMI group when com-
pared to the CMI group (77.3% vs 20%, p <0.001). Endo-
vascular surgery was associated with fewer postoperative
complications when compared to open surgery (64.7% vs
85.2%, p<0.001).

The length of intensive care stay, and hospital stay
were different between the CMI and AMI groups (0.5
(£0.45) vs 7.2 (£1.9) days, p<0.001 and 5.8 (£1.2) vs
22.7 (£3.3), p=0.003). A summary of these results is
presented in Table 2.

Factors associated with postoperative morbidity

and mortality in AMI patients

The ASA classification was found to be associated with
postoperative mortality in the AMI group. Patients who
died had a longer intensive care stay (10 (£12.9) vs 6

(£12) days, p=0.05), and more often bowel resections
(61.5% vs 38.7%, p=0.14) than those who survived.

Severe postoperative morbidity (Dindo-Clavien > 3)
was associated with bowel resections (55.8% vs 10%,
p=0.065) and inversely associated with second-look lap-
arotomy rates (20.5% vs 50%, p=0.066). A summary of
these results is presented in Table 3.

Discussion

In this retrospective study, we report our single center
experience regarding the treatment of CMI and AMI,
both with endovascular and open surgery.

The major finding from this study concerns the zero
in-hospital mortality in CMI patients and the elevated
in-hospital mortality in the AMI group. Severe postop-
erative morbidity (Dindo-Clavien>3) was also signifi-
cantly more frequent in the AMI group when compared
to the CMI group (20% vs 77.3%, p<0.001). Endovas-
cular surgery had fewer postoperative complications in
AMI patients when compared to open surgery (64.7% vs
85.2%), not affecting mortality rates (29.6% vs 29.4). An
elevated leukocyte count and lactate levels were present
in the AMI group when compared to the CMI group.
Finally, ASA classification and longer intensive care stay
were identified as factors associated with mortality in the
AMI group.

Our results regarding outcomes of AMI are compa-
rable with a 12-year retrospective analysis in which 72
patients with AMI were analyzed. Perioperative mor-
bidity and 30-day mortality rates were 39% and 31%,
respectively, and second-look surgery was performed in
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Table 2 Preoperative laboratory values, technical details, and postoperative outcomes in 64 patients with AMI and CMI undergoing
arterial revascularization from 2016-2021 (Mann-Whitney-Test for continuous and ordinal variables and Chi-square-test to the

categorical variables used to compare CMI and AMI groups)

Variable cmi AMI (n=44) P value
Open(n=1) Endovascular(n=19) Total(n=20) Open(n=27) Endovascular/ Total
Hybrid (n=17)
Etiology (%) - - - - - - -
Embolic - - - 33.3% 174% 27.3% -
Acute on Chronic - - - 66.7% 82.4% 72.7% -
CMI Stadium (%) - - - -
2 0% 26.3% 25% - - - -
3 100% 73.7% 75% - - - -
Bowel Resection (%) - - - 62.96% 17.65% 45.5% -
Small intestine - - - 40.7% 11.7% 29.5% -
Colon - - - 3.7% 0% 23% -
Both - - - 18.5% 5.88% 13.6% -
Second-look laparotomy (%) - - - 18.52% 41.18% 27.3% -
Artery - - - - - - -
None 0% 0% 0% 22.2% 5.9% 15.9% -
AMS 100% 78.9% 80% 48.15% 58.8% 52.3% -
TC 0% 21.1% 20% 14.8% 11.8% 13.6% -
Both 0% 0% 0% 14.8% 23.5% 18.1% -
Leukocytes(gpt/l) 18 106 (1.7) 10.95 (1.69) 20.14 (2.7) 154 (2.22) 18.3(1.9) 0.011
CRP (mg/1) 30 37(11.9) 37.5(11.3) 96.12 (23.1) 110.97 (29.84) 101.89 (18.1) 0.072
Lactate (mmol/l) 22 1.4 (0.285) 1.45(0.273) 4.267 (0.998) 4.665 (1.342) 4.42(0.793) 0016
In-Hospital mortality (%) 0% 0% 0% 29.6% 29.4% 29.5% 0.028
Dindo-Clavien >3 100% 15.8% 20% 85.2% 64.7% 77.3% <0.001
Surgery duration (min) 219 66.3 (8.1) 73.95 (10.8) 1126 (14.1) 107.7 (24.16) 110.7 (12.6) 0.032
ITU Stay (d) 9 0.05 (0.229) 0.5 (0.45) 83(2.8) 5.35(1.87) 7.16 (1.85) <0.001
Hospital stay (d) 18 5.1(1.01) 5.75(1.16) 2726 (4.7) 15.35 (3.68) 2266 (3.3) 0.003

AMI acute mesenteric ischemia, CM/I chronic mesenteric ischemia
AMS superior mesenteric artery
CT celiac trunk

ITU intensive care unit

53% of the patients [12]. In another retrospective study,
data from a 20-year period revealed a 30-day mortal-
ity rate of 27% in the 1990s and 17% during the 2000s.
As in our study, no significant differences in outcomes
between open and endovascular revascularization were
observed [17]. In another retrospective analysis, sum-
marizing a 12-year experience with endovascular treat-
ment of AMI due to embolic occlusion of the SMA,
the total in-hospital mortality was 27.0%. Laparotomy
was performed in 73.0% and bowel resection in 40.5%
of the patients [20]. In a meta-analysis of 30-day mor-
tality after open and endovascular therapy of AMI, five
non- randomized studies were included. Endovascu-
lar therapy had lower bowel resection rates (OR 0.37,
p=0.03) and lower 30-day mortality rates (OR 0.50;
p=0.002) when compared to open surgery. The pooled

overall 30-day mortality rate after endovascular therapy
was 17.2% compared with 38.5% after open surgery [6].

Concerning patients with CMI, we observed no mor-
tality or severe (Clavien-Dindo>3) morbidity. These
findings could be related to the small patient collective.
Nevertheless, in another retrospective analysis, simi-
larly low mortality rates were observed. In a retrospec-
tive study from the Mayo Clinic (Rochester, Minnesota,
USA), 343 patients showed a procedure-related mortal-
ity of 2.6% [18]. Given these favorable outcomes, CMI
should be treated timely and before disease progression
exposing patients to acute or acute on chronic disease at
a higher age, in a poorer physical status and with co-mor-
bidities. Therefore, early diagnosis of CMI and presenta-
tion in a vascular surgery center for treatment already
at Stage II may be decisive for a better outcome of these
patients.
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Table 3 Pearson’s X2 test for factors associated with postoperative mortality and morbidity (Dindo-Clavien > 3) in patients with acute

mesenteric ischemia

Mortality Yes (n=13) No (n=31) P value
Male gender (%) 46.2% 58.1% 0469
Age (years) 72.8(10.3) 69.77 (11.9) 0.832
ASA 3 (%) 23.1% 90.3% <0.001
DM (%) 53.8% 70.9% 0.118
Cardiac (%) 92.3% 87.1% 0.619
Renal failure (%) 46.1% 35.5% 0.507
Neoplasm (%) 0% 19.4% 0.088
Obesity (%) 7.7% 9.8% 0.834
COPD (%) 154% 9.68% 0.586
Etiology—Embolic (%) 15.39% 32.26% 0.252
Open surgical approach (%) 61.54% 61.29% 0.998
Bowel resection (%) 61.54% 38.71% 0.141
Second-look laparotomy (%) 30.78% 25.8% 0.736
Leukocytes (gpt/l) Mean (SD) 13.9(7.8) 20.17 (13.64) 0.465
CRP (mg/1) Mean (SD) 89.49 (94.66) 107.1 (130.23) 0.603
Lactate (mmol/l) Mean (SD) 451(3.33) 4.38(5.935) 0272
surgery duration (min) Mean (SD) 148.38(113) 944 (61.2) 0.482
ICU Stay (d) 10(12.92) 5.97(12) 0.05
Hospital stay (d) 13.85 (15.4) 26.35 (23.5) 0.144
Morbidity Yes (n=34) No (n=10) P value
Male Gender (%) 60% 52.9% 0.694
Age (years) 72.1(11.3) 658 (11.1) 0.283
ASA 3 (%) 67.6% 80% 0.452
DM (%) 38.2% 30% 0.634
Cardiac (%) 85% 100% 0.198
Renal Failure (%) 353% 50% 0401
Neoplasm (%) 11.8% 20% 0.505
Obesity (%) 11.7% 0% 0.255
COPD (%) 11.8% 10% 0877
Etiology—Embolic (%) 29.4% 20% 0.557
Open surgical approach (%) 67% 40% 0.114
Bowel resection (%) 55.8% 10% 0.065
Second-look laparotomy (%) 20.5% 50% 0.066
Leukocytes (gpt/l) Mean (SD) 19.98 (1.72) 12.66 (13.86) 0.601
CRP (mg/1) Mean (SD) 1109 (124.8) 71.1(101.56) 0.307
Lactate (mmol/l) Mean (SD) 4.64 (4.71) 3.66 (7.065) 0.293
surgery duration (min) Mean (SD) 125.2 (80.07) 62.7 (76.9) 0.36

ICU Stay (d) Mean (SD) 7.79 (13.298) 5(8.138) 0.352
Hospital stay (d) Mean (SD) 266 (23.14) 9.2 (9.331) 0.494

AMI acute mesenteric ischemia, CMI chronic mesenteric ischemia

ICU intensive care unit
DM diabetes mellitus

COPD chronic obstructive pulmonary disease

ASA American Society of Anesthesiologists Physical Status Classification System
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Fig. 1 Patient with SMA occlusion treated with stent angioplasty

In our analysis, no significant difference in terms of
mortality between endovascular and open treatment for
AMI was observed, despite higher morbidity rates on
the open surgery group. In an analysis of register data
from the Johns Hopkins Hospital, Baltimore, USA, 679
patients underwent vascular intervention for AMI. Mor-
tality was significantly higher after open revasculariza-
tion compared with endovascular intervention (39.3%
vs 24.9%; P=0.01) [19]. A meta-analysis regarding mor-
tality after open and endovascular revascularization for
CMI was published within the ESVS guidelines. In single
center cohorts from highly specialized centers, no differ-
ence in mortality was identified (OR 1.12). In administra-
tive data from the Nationwide Inpatient Sample from the
USA, the mortality was lower after endovascular com-
pared to open revascularization (OR 0.20) [6].

We observed a higher leukocyte count and elevated
lactate levels in the AMI group when compared to the
CMI group. According to the recent ESVS guidelines, in
patients with acute abdominal pain, D-dimer measure-
ment is recommended to exclude AMI. In contrast, lac-
tate measurement is not recommended to diagnose AMI
[6]. In our study, no data on preoperative D-dimer was
available, as it is not commonly used at our centre in this
context.

In our analysis, ASA classification and length of inten-
sive care stay were associated with mortality in patients
with AMI. Some small single center studies showed com-
parable results [22-25]. In another retrospective study,
congestive heart failure and chronic kidney disease pre-
dicted postoperative mortality, and bowel resection and
cerebrovascular disease predicted postoperative morbid-
ity [17].

Our study has some limitations. The main drawback is
that it is based on a small number of patients. In addition,
the retrospective design is another significant limitation,
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increasing the risk of bias considerably. Therefore, the
results should be carefully interpreted, and applied. Nev-
ertheless, the findings of this work may provide useful
information for clinicians treating mesenteric ischemia
and should be included in future meta-analyses.

Conclusion

Mesenteric ischemia remains a challenge. Morbidity and
in-hospital mortality are low when treating CMI and high
for AMI. Early diagnosis and open or endovascular treat-
ment may be decisive for the outcome of these patients.
Which treatment is better for which indication remains
an open question and should be addressed in future
studies.
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endovascular versus open repair
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Abstract

Background: Popliteal artery aneurysms (PAA) were traditionally treated by open repair (OR). Endovascular repair (ER)
has become a new treatment strategy. The aim of this systemic review and meta-analysis was to evaluate and compare the
current outcomes of OR and ER in the emergency treatment of PAA.

Methods: A systematic literature search of the PubMed/Medline database was carried out. Outcomes were 30-day
mortality, morbidity, major amputation rate (30 days), major amputation rate (| year), |-year primary patency rate, |-year
secondary patency rate and |-year survival. Additionally, we included clinical data of patients with popliteal aneurysms
treated between 2009 and 2021 at the Martin-Luther University Halle-Wittenberg.

Results: We identified two cohort studies from 2014 and 2015 with a total of 199 patients that underwent emergent
surgery (39 ER and 160 OR). We also included 26 patients from our institution. For emergency treatment, 30-day major
amputation rates (18% vs 3%, Odds Ratio 5.82, 95% CI [1.75; 19.30], p = .004), 30-day mortality rates (10% vs %, Odds
Ratio 5.57,95% CI [1.01; 30.58], p = .05), |-year major amputation rates (15% vs 6% Odds Ratio 3.61,95% CI [1.18; 11.09],
p =.02), |-year loss of primary patency (54% vs 23%, Odds Ratio 3.19, 95% CI [0.91; 11.20], p =.07), and |-year loss of
secondary patency (44% vs 12%, Odds Ratio 6.91, 95% CI [3.01; 15.83], p < .05) were higher in the ER group when
compared to the OR group.

Conclusion: Endovascular repair represents an alternative approach for the emergency treatment of PAA. Limited
evidence from the available non-randomized studies shows unfavorable outcomes for patients undergoing ER. However,
the results are prone to selection bias, and only randomized trials comparing ER to OR might reveal whether a subgroup of
patients would benefit from ER as primary treatment of PAA in an emergency setting.

Keywords
Popliteal, aneurysm, vascular, surgery, endovascular surgery

represents an attractive alternative approach due to its lower
access morbidity and length of hospital stay.*

Background

Since 1994 endovascular repair has been used as an
alternative to the gold standard of open repair (OR) for
the treatment of popliteal artery aneurysms (PAA).!
When symptomatic, PAA should undergo repair re-
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gardless of its size. Risk factors associated with growth
of popliteal aneurysms are a diameter of 20 mm or more,
the presence of a luminal thrombus, and atrial
fibrillation.”

There is no unique approach to OR. It is not clear which
approach has the better outcomes: vein or prosthetic graft,
posterior or medial approach.” Endovascular repair (ER)
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Several meta-analyses have been performed to evaluate
the outcomes of OR and ER in the treatment of PAA.>
Moreover, studies reporting on the use of fibrinolysis in the
acute treatment of PAA have been published.” Recent
guidelines from the Society of Vascular Surgery recommend
a stratification of thrombotic or embolic complications of
PAA depending on the severity of ischemia at presentation
to decide if a thrombolysis or pharmacomechanical inter-
vention should be performed.® Only one randomized
controlled trial exists comparing OR with ER for elective
asymptomatic PAA.’ Registries such as those in Germany'°
or the Swedvasc'' and Vascunet collaboration'? represent a
unique approach, making it possible to analyze the modern
treatment of PAA. Recently, a meta-analysis also addressed
the natural history of popliteal artery aneurysms."> How-
ever, no meta-analyses on the emergency treatment of PAA
comparing OR with ER has been published. With the ad-
vances in endovascular repair in recent years, an analysis of
the current outcomes of OR and ER in the treatment of
popliteal aneurysms in an emergency setting is important.
The aim of this meta-analysis was to summarize and
compare the available evidence on outcomes of patients
undergoing OR or ER for the emergency treatment of
popliteal aneurysms. We also present and include into the
analyses our single center experience on the treatment of
PAA, reporting on 26 patients.

Methods

The literature search and data analysis were conducted in
accordance with the MOOSE guidelines.'* The study has
been registered in the PROSPERO database.'”

Search strategy

The PubMed/Medline database was searched for this study
through its respective online search engine. The search was
performed on studies published between database inception
and a defined search date. The last search date was on
24.05.2021. The PICO (population, intervention, control,
outcome) framework was used to develop the literature
search strategy. A protocol was established according to the
evidence-based PICO model to answer the following re-
search question: “In Patients undergoing emergency treat-
ment for popliteal aneurysms, what is the effect of
endovascular repair on mortality, morbidity, limb salvage
and other outcomes compared with open repair?”’ The
following search strategy was used: (“Popliteal” [Mesh] OR
Poplit*[tw]) AND (“Aneurysms” [Mesh] OR Aneurys*
[tw]) AND (“Surgical Procedures, Operative” [Mesh] OR
Operat*[tw] OR Surg*[tw] OR Excision*[tw] OR Dis-
section*[tw] OR resect*[tw] OR removal*[tw] OR ectomy
[tw]) AND (“endovascular” [Mesh] OR endovasc*[tw]).
Furthermore, the reference lists of the included studies were

manually searched to find relevant articles. Abstracts and
full-text reviews were evaluated independently in an un-
blinded standardized manner by two authors (AR and JP) to
assess eligibility for inclusion or exclusion. Disagreements
between reviewers were resolved by consensus; if no
agreement could be reached, a third reviewer (JU) decided
whether to include the respective study. If abstracts of
unpublished studies were detected, contact with the authors
was sought. In addition, data for all patients treated for
popliteal aneurysms at our center from 2009 to 2021 were
analyzed.

Inclusion and exclusion criteria

Articles in English, German, Spanish, Portuguese, and
Italian language were considered. Studies reporting on
outcomes for endovascular and open surgery both for
elective and emergent treatment of popliteal aneurysms (as
defined in the single studies) were included. Studies with an
irrelevant abstract or title were excluded, and so were re-
views, case reports, case series with less than five patients,
comments, and letters. Details of the study selection process
are summarized in a flowchart Figure 1.

From our institutional patient collective, patients were in-
cluded if they underwent endovascular (stent graft, throm-
bolysis) or open (vein or prosthetic graft bypass) treatment for
the diagnosis of a popliteal aneurysm (focal dilation of the
popliteal artery by >50%). PAA diagnosis was performed by
Doppler ultrasound or computed tomography. Emergency
treatment was defined as immediate treatment (within 6 hours
of diagnosis) for acute limb ischemia or aneurysm rupture.

Data collection

Studies were analyzed, and data were extracted separately by
two investigators and presented in a tabular fashion. The
following descriptive data were documented for each selected
study: first author, year of publication, inclusion period, sample
size, country where the study was conducted and study type.
The following patient and operation characteristics were
documented: total number of patients, mean or median age, sex,
and comorbidities. The following predefined outcomes were
extracted: mortality (30-day), morbidity (any type of compli-
cation, surgical and medical), major amputation rates (30 day
and 1-year), 1-year primary patency rate, l-year secondary
patency rate, and 1-year survival. Each outcome was docu-
mented for ER and OR in both an elective and emergent setting.
Risk of bias was assessed using the Newcastle-Ottawa Scale.'®

The clinical data of consecutive patients with PAA
treated at the University Hospital Halle (Saale), Germany,
between 1 January 2009, and 31 March 2021, were retro-
spectively reviewed. Patients were asked to return at 1, 3,
and 6 months and 1 year after intervention for physical
examination, ankle-brachial index measurement, and



Rebelo et al.

Records identified
through database
searching (n=354)

Additional records
— identified through
other sources (n=0)

Records after
duplicates removed
(n=354)

Records screened
(n=354)

Records excluded by
— title and abstract
review (n=334)

Articles retrieved for
more detailed
evaluation(n=20)

Full-text articles
|| excluded by absence
of subgroup
information (n=18)

Studies included in
systematic review and
meta-analysis (n=2)

Figure |. Flowchart with the number of studies identified,
screened, assessed and finally included in the meta-analysis.

duplex ultrasound imaging. Patency rates were based on
imaging studies. Follow-up information and patient vital
status was obtained from the medical records and mailing
questionnaires. The above-mentioned patient and operation
characteristics and outcomes were extracted. Patients were
divided in four groups by the type and urgency of the in-
tervention: ER or OR and elective or emergency.

Statistical analysis

The Review Manager (RevMan) software, version 5.3
(Cochrane Collaboration, Oxford, UK) was used. If a given

outcome was present in all studies, a meta-analysis was
performed, firstly on emergency versus elective therapy,
with both groups comprising ER as well as OR, and a
subsequent subgroup analysis of ER and OR. Secondly, ER
and OR were compared in an emergency setting. The
magnitude of the effect estimate was visualized by forest
plots. An odds ratio was calculated for binary data and the
weighted mean difference for continuous data. The 95%
confidence interval (CI), heterogeneity, and statistical sig-
nificance was reported for each outcome. The X> test was
used for the evaluation of statistical significance. p <.05 was
statistically significant. Descriptive statistics from our pa-
tient collective are reported as number (percentage) or mean
(standard deviation).

Results

From the 354 articles, one retrospective study'’ and one
registry'' from two countries were included in the meta-
analysis. Our retrospective patient collective of 26 patients
was also included. Publication years were 2014-2015. The
inclusion period (including our own patients) ranged from
2005 to 2021. Within the two studies and our patient col-
lective, a total of 199 patients underwent emergency surgery
(39 ER and 160 OR). 543 patients underwent an elective
procedure (102 ER and 441 OR). In the risk of bias as-
sessment, no study was classified as low risk (Table 1). The
age range was 68—86 years and 97% of the patients were
male. Comorbidities are presented in Table 2. No meta-
analysis of morbidity and 1-year survival could be per-
formed because these outcomes were not reported by all
studies (Table 3).

Concerning major amputation (30-day), our meta-
analysis showed lower rates for the elective group (4%
vs 0.7%, Odds Ratio 5.00, 95% CI [1.10; 22.72], p = .04),
also in the ER subgroup analysis (18% vs 1% Odds Ratio
12.1, 95% CI [2.35; 62.18], p = .003) but not for the OR
subgroup analysis (0.6% vs 0.7%, Odds Ratio 0.81, 95% CI
[0.08; 7.83], p=.85) (Figure 2). Major amputation (30 days)
rates in emergency treatment were higher in the ER group
when compared to the OR group (18% vs 3%, Odds Ratio
5.82, 95% CI [1.75; 19.30], p = .004). (Figure 3).

In the included studies, mortality (30-day) was higher in
the emergency group than in the elective group (3% vs
0.2%, Odds Ratio 7.95, 95% CI [1.86; 34.06], p = .005, ER
subgroup 10% vs 0% Odds Ratio 10.62, 95% CI [1.55;
72.80], p = .002), OR subgroup 1% vs 0.2%, Odds Ratio
5.41 95% CI[0.59; 49.87], p = .14) (Figure 4). Our analysis
demonstrated higher mortality rates in the ER group
compared to the OR group for emergency surgery (10% vs
1%, Odds Ratio 5.57, 95% CI [1.01; 30.58], p = .05)
(Figure 5).

Regarding 1-year amputation rates in both the ER (15%
vs 1%, Odds Ratio 12.46, 95% CI [1.87; 82.88], p = .009)
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Table I. Characteristics of included studies.

Sample size (emergent and

Newcastle—Ottawa

Reference Year Inclusion period  elective ER/OR) Country Study type scale
Huang et al. 2014 2005-2012 10/14 USA Retrospective 5 — Low quality
32/93
Cervinetal. 2015 2008-2012 27/138 Sweden Registry 5 — Low quality
68/335
Rebelo et al. 2021 2009-2021 2/8 Germany  Retrospective  —
3/13
Overall 20142021 20052021 39/160 — — —
102/441
Table 2. Surgical complications and outcomes.
I-Year I-Year
Major Mortality primary secondary |-Year
Morbidity amputations 30 days Amputation patency patency survival
Reference Group (%) 30 days (%) (%) | year (%) (%) (%) (%)
Cervi et al. Emergence ER — 14.8 37 17.4 429 47.6 85.2
OR — 37 1.4 6.8 78.8 86.8 95.5
Elective ER — 1.5 0 1.7 66 84 94
OR — 0.9 0 3 87 91 97.6
Huang et al. Emergence ER 80 20 20 0 48 79 —
OR 64 0 0 0 57 93 —
Elective ER 13 0 0 0 84 90 —
OR 28 0 I I 79 84 —
Rebelo et al. Emergence ER 50 50 50 50 50 50 50
OR 28 0 0 0 100 100 100
Elective ER 0 0 0 0 66 66 66
OR 21 0 0 0 93 93 93
Table 3. Patient characteristics (M — Male, HLP — Hyperlipidemia, CRI — Chronic renal insufficiency).
Reference Group Age (median) Sex (M%) Hypertension Cardiac HLP Diabetes Respiratory CRI
Cervi et al. Emergency ER 70 85 58 30 — 20 17 —
OR 69 94 65 26 — 9 10 —
Elective ER 75 97 67 67 — 67 14 —
OR 68 97 68 20 — 67 I —
Huang et al.  Emergency ER 86 100 90 60 80 — 5 10
OR 69 100 71 7 71 — I 0
Elective ER 80 100 76 24 80 — 3 0
OR 72 99 71 9 74 — 12 4
Rebelo et al.  Emergency ER 79 100 100 0 66 0 0 0
OR 74 100 100 57 14 28 0 14
Elective ER 76 100 100 50 50 100 0 100
OR 70 100 100 50 50 24 21 28
Overall Emergency ER  68-86 90 69 36 75 17 13 8
OR 95 68 26 50 10 9 5
Elective ER 98 71 54 80 69 I 9
OR 98 70 19 72 65 12 8

and OR (6% vs 2%, Odds Ratio 2.26, 95% CI [0.93; 5.48],
p = .07) subgroup, higher rates were reported in the
emergency group compared to the elective group (8% vs
2%, Odds Ratio 3.07, 95% CI [1.37; 6.86], p = .006)

(Figure 6). In emergency surgery, higher rates were ob-
served in the ER group compared to the OR group (15% vs
6% Odds Ratio 3.81, 95% CI [1.24; 11.75], p = .02)

(Figure 7).
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Emergency Elective Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% C| M-H, Random, 95% CI
3.1.1 ER
Cervin et al. 4 27 1 68 33.2%  11.65[1.24, 109.66] = *
Huang et al. 2 10 0 32 19.7% 19.12 [0.84, 436.79] - *
Rebelo et al. 1 2 0 3 14.5% 7.00[0.17, 291.34] - +
Subtotal (95% CI) 39 103 67.4% 12.10 [2.35, 62.18] | e
Total events 7 1
Heterogeneity: Tau? = 0.00; Chi® = 0.17,df = 2 (P = 0.92); I = 0%
Test for overall effect: Z = 2.98 (P = 0.003)
3.1.2 OR
Cervin et al. 1 138 3 335 32.6% 0.81 [0.08, 7.83] =
Huang et al. 0 14 0 93 Not estimable
Rebelo et al. 0 8 0 13 Not estimable
Subtotal (95% CI) 160 441 32.6% 0.81 [0.08, 7.83] e ——
Total events 1 3
Heterogeneity: Not applicable
Test for overall effect: Z = 0.18 (P = 0.85)
Total (95% CI) 199 544 100.0% 5.00 [1.10, 22.72] =
Total events 8 4
Heterogeneity: Tau? = 0.49; Chi® = 3.76, df = 3 (P = 0.29); I’ = 20% =O o1 110 100

Test for overall effect: Z = 2.08 (P = 0.04)
Test for subgroup differences: Chi? = 3.59, df = 1 (P = 0.06), I = 72.1%

0.1
Favours [Emergency] Favours [Elective]

Figure 2. Forest plot of pooled odds ratio with 95% Cl for emergency versus elective surgery regarding Major Amputation

with subgroup analysis for ER and OR.

(30 Days)

ER OR Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cervin et al. 4 27 5 138  74.7% 463 [1.16, 18.52) ——
Huang et al. 2 10 0 14 14.5% 8.53 [0.36, 199.48] 4
Rebelo et al. 1 2 0 8 10.8% 17.00[0.45, 648.20] ol >
Total (95% CI) 39 160 100.0% 5.82 [1.75, 19.30] =i
Total events 7 5
Heterogeneity: Tau? = 0.00; Chi? = 0.50, df = 2 (P = 0.78); I = 0% :O o1 031 150 100“

Test for overall effect: Z = 2.88 (P = 0.004)

Figure 3.

Favours [ER] Favours [OR]

Forest plot of pooled odds ratio with 95% ClI for ER versus OR in emergency surgery regarding Major Amputation (30 Days).

Emergency Elective Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.1.1 ER
Cervin et al. 1 27 0 68 203% 7.75 [0.31, 196.40] - ’
Huang et al. 2 10 0 32 21.6% 19.12 [0.84, 436.79] - >
Rebelo et al. 1 2 0 3 15.2% 7.00[0.17, 291.34]) = *
Subtotal (95% CI) 39 103 57.1% 10.62 [1.55, 72.80] e
Total events 4 0
Heterogeneity: Tau® = 0.00; Chi® = 0.22, df = 2 (P = 0.90); I = 0%
Test for overall effect: Z = 2.41 (P = 0.02)
3.1.2 OR
Cervin et al. 2 138 0 335 22.9% 12.29(0.59, 257.65] i Y
Huang et al. 0 14 1 93 20.1% 2.13 [0.08, 54.74] -
Rebelo et al. 0 8 0 13 Not estimable
Subtotal (95% CI) 160 441  42.9% 5.41 [0.59, 49.87] e . ——
Total events 2 1
Heterogeneity: Tau? = 0.00; Chi® = 0.62, df = 1 (P = 0.43); I = 0%
Test for overall effect: Z = 1.49 (P = 0.14)
Total (95% CI) 199 544 100.0% 7.95 [1.86, 34.06] e
Total events 6 1

F P 2 . i2 .12 ! + 4
Heterogeneity: Tau® = 0.00; Chi* = 1.03, df = 4 (P = 0.91); I° = 0% bor o1 10 100

Test for overall effect: Z = 2.79 (P = 0.005)
Test for subgroup differences: Chi* = 0.20, df = 1 (P = 0.65), I = 0%

Favours [Emergency] Favours [Elective]

Figure 4. Forest plot of pooled odds ratio with 95% Cl for emergency versus elective surgery regarding Mortality with subgroup analysis

for ER and OR.
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ER OR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cli M-H, Random, 95% CI
Cervin et al. 1 27 2 138 48.9% 2.62 [0.23, 29.91] i
Huang et al. 2 10 0 14 29.2% 8.53 [0.36, 199.48] b *
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Emergency Elective 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.1.1ER
Cervin et al. 5 27 1 68 13.4%  15.23[1.69, 137.48] —t
Huang et al. 0 10 0 32 Not estimable
Rebelo et al. 1 2 0 3 4.7% 7.00 [0.17, 291.34] 4
Subtotal (95% CI) 39 103  18.0% 12.46 [1.87, 82.88] e
Total events 6 1
Heterogeneity: Tau® = 0.00; Chi* = 0.12,df = 1 (P = 0.72); P = 0%
Test for overall effect: Z = 2.61 (P = 0.009)
3.1.2 OR
Cervin et al. 9 138 10 335 75.9% 2.27 [0.90, 5.71] ——
Huang et al. 0 14 1 93 6.1% 2.13 [0.08, 54.74]
Rebelo et al. 0 8 0 13 Not estimable
Subtotal (95% CI) 160 441 82.0% 2.26 [0.93, 5.48] .
Total events 9 11
Heterogeneity: Tau? = 0.00; Chi* = 0.00, df = 1 (P = 0.97); I’ = 0%
Test for overall effect: Z = 1.80 (P = 0.07)
Total (95% CI) 199 544 100.0% 3.07 [1.37, 6.86] il
Total events 15 12

Horn 2 . i2 .12 I Il 4 Il
Heterogeneity: Tau® = 0.00; Chi® = 2.73,df = 3 (P = 0.44); I° = 0% bo1 o1 10 100

Test for overall effect: Z = 2.73 (P = 0.006)

Test for subgroup differences: Chi* = 2.56, df = 1 (P = 0.11), I’ = 60.9%

Favours [Emergency] Favours [Elective]

Figure 6. Forest plot of pooled odds ratio with 95% Cl for emergency versus elective surgery regarding Amputation Rate (I Year) with

subgroup analysis for ER and OR.

A higher loss of primary patency (1 year) was ob-
served in the emergency group when compared to the
elective group (29% vs 17%, Odds Ratio 2.16, 95% CI
[1.45; 3.23], p <.05). The same observation persisted in
the ER (54% vs 28%, Odds Ratio 2.94, 95% CI [1.36;
6.34], p = .006) and OR (23% vs 15%, Odds Ratio 1.93,
95% CI [1.21; 3.09], p = .006) subgroup analysis
(Figure 8). When comparing ER and OR in emergency
surgery, no statistically significant result was obtained
(54% vs 23%, Odds Ratio 3.19, 95% CI [0.91; 11.20],
p = .07) (Figure 9).

Loss of secondary patency (1 year) was higher in the
emergency group (18% vs 9%, Odds Ratio 2.41, 95% CI
[1.21; 4.78], p = .01). In the subgroup analysis of ER and
OR, a similar result was observed (44% vs 15%, Odds
Ratio 4.48, 95% CI [1.90; 10.60], p < .05; 12% vs 8%,
Odds Ratio 1.25,95% CI[0.35; 4.49], p=.73) (Figure 10).
In the meta-analysis of ER versus OR in emergency
treatment, higher rates of loss of secondary patency
(1 year) were observed in the ER group (44% vs 12%,
Odds Ratio 6.91, 95% CI [3.01; 15.83], p < .05)
(Figure 11).

Discussion

In our analysis, there are two major findings, concerning
both short-term and long-term outcomes. The first is the
higher 30-day mortality and major amputation rate for ER
for emergency treatment. The second is that 1-year major
amputation rates and rates of loss of 1-year primary and
secondary patency are higher after endovascular repair in
emergency surgery.

Our meta-analysis is the first one comparing OR and
ER for emergency surgery. Studies concerning popliteal
aneurysms are scarce and mostly reporting on asymp-
tomatic patients undergoing elective repair without
comparing ER and OR in an emergency setting. In a
Cochrane Database Systematic Review on endovascular
versus open repair of asymptomatic popliteal aneurysms,
only one single RCT was identified.'® In this study from
Antonello et al., 15 patients underwent ER and 15 pa-
tients OR. The primary patency rate at 12 months was
100% for OR and 86.7% for ER.’ In another study in-
volving 390 patients with asymptomatic popliteal an-
eurysms, no mortality was observed. OR showed lower
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Figure 7. Forest plot of pooled odds ratio with 95% ClI for ER versus OR in emergency surgery regarding Amputation Rate (| Year).
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Figure 9. Forest plot of pooled odds ratio with 95% ClI for ER versus OR in emergency surgery regarding loss of primary patency

(I year).

primary patency loss (HR 0.25; 95% CI, 0.10-0.58; p <
.05).'? In a Study from Germany including 206 patients
with OR, overall mortality was 2% with no differences in
5-year primary patency between emergent and elective
therapy.>’ Concerning ER, 1-year primary patency rates
between 74.2% and 87% have been described.”'"** In
another study, Speziale et al. analyzed 53 patients who
underwent ER. At a mean follow-up of 374 =+
29.3 months, primary patency, secondary patency, and

limb salvage rate were 73.6, 92.4, and 100%, respec-
tively.?® In our analysis, major amputation rate at 30 days
and 1 year, loss of 1-year primary patency and loss of 1-
year secondary patency rates were higher for emergency
surgery in both the ER and OR groups. This reinforces
the need for an analysis including only emergency
patients.

After emergency treatment, 30-day mortality and major
amputation rates were higher for endovascular repair
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In our analysis, the major amputation rate at 30 days was
0.7% for elective patients and 6% for emergency surgery.
These results are comparable with a study from Vascunet,
involving data from 1471 popliteal aneurysm repairs from
10 countries: the overall major amputation rate was 2.0%
after elective and 6.5% after emergency surgery. Major
amputation rates were higher for hybrid repair (26.3%)
compared to OR (1.8%) and ER (1.0%, p < .0001).>’ In
another study from Italy, involving 234 open procedures,
the 30-day major amputation rate was 3.8%.”* Concerning
acute popliteal artery aneurysm thrombosis and leg ische-
mia, a study analyzed the outcomes of preoperative and
intraoperative use of intra-arterial thrombolysis reporting
30-day amputation rates of 18% and 29%, respectively.’
Leak et al. reported on 186 popliteal aneurysms (110 OR,
76 ER). OR was performed in more patients with throm-
bosis (41.8% vs 5.3%; p < .001), acute ischemia (24.5% vs
9.2%; p <.010), and ischemic rest pain (34.5% vs 6.6%; p <
.001). There was no difference in major amputation rates
(OR, 3.7%; ER, 1.3%; p = .65).*° In a meta-analysis
comparing ER with OR and comprising 652 patients,
there were no differences regarding limb salvage between

groups (Odds Ratio 0.59, 95% CI 0.16-2.15).*" These data
highlight again the need to separate emergency and elective
treatment when comparing ER and OR. According to our
analysis OR is superior to ER concerning both short-term
major amputation and mortality.

Higher rates of I-year major amputation and loss of
primary and secondary patency were observed in the ER
group in emergency treatment

Regarding long-term outcomes, the available data mostly
do not separate between elective and emergency treatment.
In a retrospective study, Saunders et al. reported primary and
secondary patency for ER of 88% and 90%, respectively.’’
In a study from Italy, no differences on secondary patency
were observed at 1 year between ER and OR (94% vs 94%,
p 9)°? In a 2016 meta-analysis, 14 studies with
4880 popliteal artery aneurysm repairs (OR, 3915 and ER,
1210) were identified. One-year Primary patency was better
for OR (Hazard Ratio 0.607, p =.01) and no difference in 1-
year secondary patency (Hazard Ratio 0.770, p = .46) was
observed.” Another meta-analysis from 2015 reported
outcomes for 514 popliteal artery aneurysm repairs. Pooled
primary and secondary patency rates at 5 years were 69.4%
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(95% CI 63.3%-76.2%) and 77.4% (95% CI 70.1%—
85.3%), respectively. No difference in primary patency
(Hazard Ratio 1.30, 95% CI 0.79 to 12.14, p = .189) was
described.® The data on long-term results of ER after
emergency surgery are scarce, but long-term results of OR
are superior to ER. Better patient selection regarding
suitable anatomy for ER and improvement of endovascular
stent grafts could improve results for this approach.

The main limitation of this meta-analysis is that it is
based exclusively on two small non-randomized studies and
a small unpublished and not peer-reviewed single center
patient collective. Furthermore, the lack of patient-level data
from the included studies and potential publication bias are
also important limitations, leading to a potentially high risk
of bias. Because of the low statistical power and corre-
sponding wide 95% confidence intervals, the results should
be appreciated with caution. Multicentric RCTs and reg-
istries with patients who underwent emergency repair of
popliteal aneurysms are needed to identify which patients
could benefit from ER or OR.

Conclusion

In this meta-analysis, all relevant studies providing com-
parative information on the outcome of patients undergoing
ER or OR for the treatment of PAA in the emergency setting
were included. Limited evidence from the available non-
randomized studies shows unfavorable outcomes for pa-
tients undergoing ER. However, the results are prone to
selection bias, and only randomized trials comparing ER to
OR might reveal whether a subgroup of patients would
benefit from ER as primary treatment of PAA in an
emergency setting.
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Abstract

The aim of this study was to analyse and compare the outcome of open surgery (OS) and endovascular repair (ER) for the
treatment of visceral artery aneurysms (VAA). A systematic literature search was carried out. 25 comparative cohort studies
with 4447 patients (2469 OS and 1978 ER) were included in the meta-analysis. Mortality (ER vs OS 1.8% vs 2.1%, OR .77,95% ClI
[.51; 1.17], P=.23) and technical success rates (97% vs 98%, OR .50, 95% CI [.21; I.16], P=.11) were comparable between both
groups. Lower mortality rates for ER were observed for ruptured aneurysms (4.1% vs 31%, OR .43 95% CI [.13; 1.43], P=.17).
Length of stay was shorter (mean difference —4.25 days, 95% Cl [-5.52; —2.98], P < .00001) and |-year reintervention rates
were higher in the ER group (9% vs 5%, OR 1.55 95% CI [.58; 4.12], P = .38. The presented evidence suggests that ER should be
considered a first-line treatment for VAAs, especially in an emergency setting, due to lower morbidity and comparable mortality
and technical success. Follow-up should be offered to these patients due to the higher reintervention rates.

Systematic review registration: PROSPERO ID 348699

Keywords
visceral, aneurysm, endovascular, surgery

Introduction

Visceral artery aneurysms (VAA) are rare (prevalence 1-2%).
Most VAA originate from the splenic artery (60%), followed
by the hepatic artery (20-50%). An origin from the superior
mesenteric artery (6%), the celiac trunk (4%) or other, smaller
visceral arteries is considerably less common.'™

The natural history of VAA is not entirely clear, and they
are mostly asymptomatic.* The incidental detection of VAA
has increased with evolving and more frequently used imaging
modalities.” Risk factors associated with rupture are pancre-
atitis, rapid growth, size >2 cm, and pregnancy. The mortality
associated with splenic artery aneurysm rupture has been
reported at around 30%.° In pregnancy, these rates are higher,
with maternal mortality of up to 75% and foetal mortality of up
to 95%.”"°

Nowadays, conservative therapy, endovascular, and open
or laparoscopic surgery are the treatment options for these
patients. During the last decade, endovascular repair of VAAs
has been increasingly done with several types of vascular
implants.'''¢

With the continuous development of endovascular tech-
nics, a contemporary meta-analysis comparing the available

treatments for VAA is lacking. The last published meta-
analysis included only studies until 2016."” The aim of the
present meta-analysis was to summarize and compare the
currently available evidence on outcomes of patients under-
going open surgery (OS) or endovascular repair (ER) for the
treatment of VAA.

Patients and Methods

The literature search and data analysis were conducted in
accordance with the PRISMA guidelines.'® The study was
prospectively registered in the PROSPERO database. '’
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Table I. Study Characteristics.

Sample size open Sample size endovascular  Inclusion Newcastle-Ottawa scale (total
Study Surgery repair period Country quality Score)
Boll 2016 3 13 19962015 USA 6
Buck 2016 1627 1082 1988-201 | USA 7
Chivot 2015 2 8 2007-2014 France 7
Cochennec 201 | 17 I5 1995-2010 France/UK 6
Erban 2015 17 5 1992-2015 USA 6
Giacomelli 2016 68 76 1982-2014 Italy 6
Grego 2003 10 3 1987-2000 Italy 7
Lawrence 2014 172 31 - USA 5
Hislop 2009 124 91 2000-2006 USA 7
Huang 2007 13 19 1995-2005 Taiwan 6
llluminati 2021 31 26 1994-2019 Italy/France 6
Kagaya 2010 9 8 19852008 Japan 7
Keschenau 2020 18 6 2006-2018 Netherlands/ 6
Germany
Lakin 2010 13 49 19962009 USA 7
Martinelli 2017 69 56 19922017 Italy 7
Novak 2013 20 9 2000-2012 USA 7
Orion 2016 6 I 1995-2018 USA 7
Regus 2016 13 12 19962014 Germany 7
Saltzberg 2005 9 I8 19902003 USA 6
Sessa 2004 29 13 1975-2022 France 6
Stark 2022 10 I 1999-2019 Canada 7
Sticco 2016 112 347 2008-2011 USA 6
Tsilimparis 2013 20 24 20002012 USA/Germany 7
Wolk 2020 37 23 1994-2020 Germany 7
Zhu 2018 20 22 2011-2017 China 6
Total: 25 studies 2004 - 2469 1978 1975-2020 10 countries
2022

Search Strategy

The PubMed/Medline, Cochrane Library, Web of Science
Core Collection, CINAHL, Clinical Trial Gov, and Inter-
national Clinical Trials Registry Platform ICTRP (WHO
Trials) databases were searched for this study through its
respective online search engines. The search was performed
on studies published between database inception and 18th
November 2022. The details of the search are described in
the supplemental material. Furthermore, the reference lists
of the included studies were manually searched to identify
relevant articles.

Inclusion and Exclusion Criteria

Articles in English, German, Spanish, Portuguese, and
Italian language were considered. Comparative studies
reporting on outcomes for both ER and OS for VAA were
included. Studies reporting on pseudoaneurysms (defined
as false aneurysm, which is confined only by the adventitia)
were excluded. Studies with an irrelevant abstract or title

were excluded, as were reviews, case reports, case series

with less than ten patients, comments, and letters.

Data Collection

Data were extracted separately by two authors (AR and UR)
and presented in a tabular fashion. The following descriptive
data were documented for each selected study: first author,
year of publication, inclusion period of the study, country and
city where the study was conducted, and sample size. Patient
and operation characteristics were documented: gender, age at
diagnosis, use of diagnostic imaging techniques, aneurysm
localization, aneurysm size and symptoms and therapy. The
following predefined outcomes were also extracted: in-
hospital and 30-day mortality, major morbidity (defined as
Dindo-Clavien >3), length of hospital stay, technical success
(defined as the ability to bridge an occluded segment and
successfully open the artery), 1-year reintervention rates and
1-year mortality. Subgroup analysis was performed for an-
eurysm localization (gastroduodenal and pancreaticoduodenal
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Figure |. Prisma flow-chart.

arteries (GDA/PDA), hepatic artery (HA), renal artery (RA)
and splenic artery (SA)) and ruptured vs non ruptured an-
eurysms. Risk of bias was assessed using the Newcastle—
Ottawa Scale.?%?!

Statistical Analysis

The Review Manager (RevMan) software, version 5.3 (Co-
chrane Collaboration, Oxford, UK) was used. If a given
outcome was reported in two or more studies, meta-analysis
was performed. Odds Ratios (OR) were calculated for binary
data and weighted mean differences for continuous data. The
95% confidence interval (CI), heterogeneity and statistical
significance are reported for each outcome. The y* and the
Kruskal-Wallis tests were used for evaluation of statistical
significance. A 2-sided P < .05 was considered statistically
significant. As not all studies reported time-to-event data and
hazard ratios, the survival analysis was performed with
weighted rates.

Results

From 1635 articles, 25 cohort studies from ten countries
published between 2004 and 2022 were included in the
meta-analysis (Table 1).%™*® Details of the study selection
process are summarized in a flowchart (figure 1). The

enrolment period of these studies ranged from 1975 to
2020.4447 patients (2469 patients in the OS group and 1978
in the ER group) were included. Table 2 summarizes the
data on gender, age at diagnosis, imaging diagnostics,
aneurysm localization, aneurysm size and symptoms. The
outcomes are presented in Tables 3 and 4 and the risk of bias
assessment is presented in Table 1. Regarding 1-year
mortality, no meta-analysis could be performed as all
three studies reporting on this outcome did not report any
mortality in this period.

Regarding in-hospital and 30-day mortality, slightly lower
rates were observed in the ER group when compared to the OR
group (1.8% vs 2.1%, OR .77, 95% CI [.51; 1.17], P = .23).
ER had lower mortality compared to OS in three VAA location
subgroups (GDA/PDA, HA, and SA: 0% vs 7%, OR .07 95%
CI [.01; 10.81], P = .03; 0% vs 26%, OR .18 95% CI [.02;
1.62], P =.13;2.3% vs 3.2%, OR .6 95% CI [.21; 1.69], P =
.33). For VAA originating from the RA, higher mortality rates
were observed for ER compared to OS (1.7% vs .9%, OR 1.72,
95% CI [.93; 3.17], P = .08). In the subgroup analysis of
rupture vs no rupture, mortality was only observed in one
study in the no rupture subgroup. In the rupture subgroup,
lower mortality rates were observed in the ER group when
compared to the OR group (4.1% vs 31%, OR .43 95% CI
[[13; 1.43], P = .17) .

Regarding morbidity (defined as Clavien—Dindo grade >3),
lower rates were observed in the ER group (5.6% vs 8.4%, OR
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Table 2. Patient and operation characteristics. SA—Splenic artery; HA—Hepatic artery; PDA—Pancreaticoduodenal artery; GDA—
Gastroduodenal artery; CT—Coeliac trunk; LGA: Left gastric artery; SMA—Superior mesenteric artery; IMA—Inferior mesenteric artery;

RA—Renal artery; PGA—Pancreatic and gastric arteries.

Gender (%  Age at diagnosis Imaging Aneurysm Aneurysm Size Symptoms
Study Therapy  female) (mean SD) diagnostic localization (n) (mean SD cm) (symptomatic %)
Boll 2016 ER 55 61.5 - GDA/PDA - 85
oS - -
Buck 2016 ER 42 58 - RA - -
oS 57 57 - - -
Chivot 2015 ER 50 6l CTA PDA 4.5 100
os 0 2.25
Cochennec ER 47 57 (14.9) - RA-14 2.1 (1.3) -
2011 SA-11
oS CT-7
SMA-7
HA-4
PD-4
LGA-3
GD-1
Erban 2015 ER 33 66 - HA 4.5 (28) 52
os -
Giacomelli ER - - - SA-43
2016 HA-6
RA-8
CT-5
PGA-11
oS - - - SA-34
HA-7
RA-8
CT-1
PGA-9
Grego 2003 ER 56 - CTA SA-8 - 19
HA-4
SMA-3
oS - CT-3 -
SMA-2
PD-1
Lawrence ER - - - RA 23 (2) -
2014 oS - - - 2.1 (1) -
Hislop 2009 ER 41.8 62 (17.02) - RA - -
(0N 47.6 65 (14.67) - - -
Huang 2007  ER 32 56.4 (13.2) - I1-SA - -
17-HA
8-GDA
oS 385 45.6 (19.1) - 6-PDA - -
5-SMA
2-IMA
llluminati ER 35 58 (11) Duplex/CTA PDA-26 2.7 (6) 42
2021 os 42 54 (1) GDA-9 32 (8) 48
PDA-29
Kagaya 2010 ER I 57 CTA/ SA 3.1 33
(ON) 50 57 Angiography 28 13
Keschenau ER 16 70 - CT-18 - 29
2020 SA-11
os - SMA -8 - -
HA-5
Lakin 2010 ER 60 58 (10) Duplex/MRA/  SA 29 50
os CTA 4.4

(continued)
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Table 2. (continued)

Gender (%  Age at diagnosis Imaging Aneurysm Aneurysm Size Symptoms
Study Therapy  female) (mean SD) diagnostic localization (n) (mean SD cm) (symptomatic %)
Martinelli ER 41 65 CTA/MRA RA-I5 33 -
2017 SA-25
HA-5
os SMA-3 CT-4
PDA-1
LCA-I
Novak 2013 ER - - - RA 2.2 (74) -
(0N 1.9 (6)
Orion 2016 ER - - CTA GDA 2.0 36
os 43 67
Regus 2016 ER - - CTA/MRA - - 56
oS
Saltzberg ER - - - - 5.52 -
2005 (0N - - - - 3.17 -
Sessa 2004 ER 62 57 - SA-19 - 36
PDA-6
CT-5
SMA-5
HA-4
GDA-2
IMA-|
oS -
Song 2017 ER 49 49.5 (13.6) CTA SA-22 3.61 (1.86) 56
SMA-12
RA-9
HA-7
CT-7
GDA-2
os 482 (12) SA-23 3.85 (1.14) 59
SMA-3
RA-1
HA-0
CT-4
GDA-3
Stark 2022 ER 35 63 (15.6) - HA 48 28
oS
Sticco 2016 ER 53 54.2 (15.1) - SA - -
(0N 59 56.4 (16.3) - - -
Tsilimparis ER 58 56 (14) - RA 22 (2.2) 8
2013 oS 85 53 (12) 2.5 (1.5) 40
Wolk 2020 ER 49.2 62.8 (13.3) CTA SA-22 3.0 (1.5) 40
HA-9
Renal artery
8
PDA-5
GDA-5
CT-5
LGA-2
SMA-2
IMA-2
os
Zhu 2018 ER 619 55.9 (8.5) CTA/MRA Splenic artery 3.3 (1.6) 7.1
(0N 50.7 (13.9)

Total
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Table 3. Patient outcomes.

30-day Major morbidity Duration of |-Year I-Year
In-hospital mortality ~ (Dindo—Clavien hospital Stay Technical reintervention mortality
Study Therapy mortality (%) (%) >3) (%) (days, Median SD)  Success rate (%) (%)
Boll 2016 ER 0 - - - - - -
oS 0 - - - - - -
Buck 2016 ER 1.8 - - 4.6 - - -
(0N 0.9 - - 6 - - -
Chivot 2015 ER 0 - - - 100 - -
os 50 - - - 100 - -
Cochennec ER 7 - - 4 100 6.6 -
2011 (ON 0 - - 17 88 12 -
Erban 2015 ER 0 - - - 80 - -
oS 29 - - - 100 0 -
Giacomelli ER 2.6 - - - 96 - -
2016 os 1.4 - - - 100 - -
Grego 2003 ER 0 - - - - 0 0
(0N 0 - - - - 0 0
Lawrence ER 3 - - - - - -
2014 oS 0 - - - - - -
Hislop 2009 ER 1.1 - - 409 - - -
os 32 - - 7(19) - - -
Huang 2007 ER 10.5 10.5 - - 8l - -
(ON) 0 0 - - 90 - -
llluminati ER 0 - - 5 92 8 -
2021 oS 0 - - 3 100 0 -
Kagaya 2010 ER 0 0 - - 100 0 0
os 0 0 - - 100 - -
Keschenau ER 0 - - Il 83 17 -
2020 (ON) 0 - - 18 100 0 -
Lakin 2010 ER 0 - - I 96 - -
oS 15 - - 9 100 - -
Martinelli ER - 0 9 - 98.3 - -
2017 oS - 12 6 - - - -
Novak 2013 ER - - - 2.37 (2.32) - - -
(0N 8.94 (4.96) -
Orion 2016 ER 0 - 0 3 - - -
os 33 - 67 19 - - -
Regus 2016 ER 0 - - - 75 - -
os 77 - - - 100 - -
Saltzberg ER 0 - - - 94.4 - -
2005 (ON) 1.1 - - - 100 - -
Sessa 2004 ER - 0 - - - - -
(0N - 23 - - - - -
Song 2017 ER 0 - - 1.19 (.74) 96.6 - 0
os 3 - 100 - 0
Stark 2022 ER - 0 - - 73 - -
(0N - 20 - - 100 - -
Sticco 2016 ER 3 2 - 4 - - -
(0N 3 3 - 6 - - -
Tsilimparis ER 0 - - 23 (34) 98 18 -
2013 os 0 - - 6.3 (2.5) 95 18 -
Wolk 2020 ER 0 - - 7.2 (6.9) 73 - -
os 2.8 - - 11.8 (6.7) 100 - -
Zhu 2018 ER 0 0 0 5.6 3.1) 100 45 0
(0N 0 0 0 10.8 (5.2) 100 0 0
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Table 4. Patient outcomes regarding subgroups rupture and no rupture.
Major
morbidity ~ Duration of
In-hospital ~ 30-day (Dindo- hospital Stay I-Year I-Year
mortality mortality  Clavien 23) (days, Technical  reintervention  mortality
Study Group Therapy (%) (%) (%) Median SD)  Success rate (%) (%)
Cochennec Rupture ER (n=2) 50 - - - - - -
2011
OS (n=2) 0 - - - - - -
No rupture ER (n=13) 0 - - - - - -
OS (n=14) 0 - - - - -
Martinelli Rupture  ER (n =2) - 0 - - - - -
2017
OS (n=20) - 40 - - - - -
No rupture ER (n=54) - 0 - - - - -
OS (n=49) - 0 - - - - -
Orion 2016 Rupture ER (n=2) 0 - - - - - -
OS (n=3) 67 - - - - - -
No rupture  ER (n=9) 0 - - - - - -
OS (n=3) - - - - - -
Regus 2016 Rupture ER (n=1I) 0 - - - - - -
OS (n=4) 20 - - - - - -
No rupture ER (n=12) 0 - - - - - -
OS (n=9) 0 - - - -
Sessa 2004 Rupture ER (n=2) - 0 - - - - -
OS (n=13) - 25 - - - - -
No rupture ER (n=11) - 0 - - - - -
OS (n=16) - 0 - - - - -
Stark 2021 Rupture ER (n=4) - 0 - - 50 - -
OS (n=3) - 33 - - 100 - -
No rupture  ER (n=7) - 0 - - 86 - -
OS (n=7) - 14 - - 100 - -
Wolk 2020 Rupture  ER (n=I1) 0 - - 11.2 (7.1) - - -
OS (n=7) 14.3 - - 11.4 (4.5) - - -
No rupture ER (n=12) 0 - - 3.2 (29) - - -
OS (n=29) 0 - - 11.9/7) - - -

.61 95% CI [.21; 1.77], P = .02). Technical success rates were
comparable between both groups (97% vs 98%, OR .50 95% CI
[.21; 1.16], P =.11). Length of stay was shorter in the ER group
(mean difference —4.25 days, 95% CI [-5.52; —2.98], P <
.00001). 1-year reintervention rates were higher in the ER group
(9% vs 5%, OR 1.55 95% CI [.58; 4.12], P = .38).

Discussion

In this systematic review and meta-analysis, we compared the
outcomes of OS and ER for the treatment of VAA.
Mortality was comparable between ER and OS (1.8% vs
2.1%). Lower mortality for ER prevailed in the subgroup
analysis for ruptured aneurysms. Considerable mortality is a
known problem of this pathology in an emergency setting.*’
Our results are comparable to large cohort studies. In a ret-
rospective study from the Mayo Clinic, reporting on

endovascular management of VAA between 1999 and 2009,
185 aneurysms were identified in 176 patients. 46% of the
patients were symptomatic with aneurysm rupture. While a
98% technical success rate was reported after the initial in-
tervention, the 30-day overall and aneurysm-related mortality
was 6.2% and 3.4%, respectively, in these patients. In contrast,
no deaths were observed in patients undergoing elective
treatment.*® In another report from the same institution
comprising 217 splenic artery aneurysms, operative mortality
was 5% in the elective group and 20% in the emergency
group.*” These data suggest that, in terms of mortality, ER
should be considered as first line treatment for VAA, espe-
cially in the emergency setting, if it is technically possible and
the necessary experience in endovascular procedures is
present.

Length of stay was shorter in the ER group (mean
difference —4.25 days, 95% CI [—5.52; —2.98], P <.00001).
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Comparable results regarding the length of stay were reported
in a previous meta-analysis.'” In the present meta-analysis,
technical success rates were comparable between ER and OS
(97% vs 98%). In a previous meta-analysis involving 1321
patients with true splenic artery aneurysms, endovascular
surgery required more reinterventions (3.2%) compared with
open surgery (.5%).”® Despite the higher reintervention rates,
endovascular repair is reported as the most cost-effective
treatment when compared to open surgery, independent of
the risk profile in the treatment of splenic artery aneurysms.'
Contemporary evidence shows that ER is superior in terms of
length of stay and morbidity. With comparable technical
success, but higher reintervention rates, follow-up remains
mandatory in these patients to avoid secondary problems such
as stent occlusion, endoleaks or secondary growth and rupture
of the aneurysm.

This meta-analysis has some limitations. The main
drawback is that it is exclusively based on retrospective
studies with heterogeneous outcome definitions and study
patient populations in the single study groups. The long in-
clusion period does not necessarily reflect contemporary
surgical and endovascular techniques. The results are based on
anon-randomized, uncontrolled comparison of patients. There
was no clear distinction across all the studies concerning
potential differences between groups receiving treatment in an
emergency setting. The PRISMA guidelines were followed to
ensure transparency and standardized reporting, but the risk of
bias is considerable. Moreover, the number of studies and
patients were relatively small. The strength of this meta-
analysis is that all available comparative studies providing
information on the outcome of patients undergoing ER and OS
surgery for VAA were included. The findings of this work may
provide useful information for clinicians treating VAA. The
data suggest that ER should be considered as first line
treatment for patients with VAA in the elective and emergency
setting in the light of comparable mortality and technical
success and lower morbidity and length of stay when com-
pared to OR. Due to the higher reintervention rates, a
structured follow-up must be offered to patients treated with
ER.

Conclusion

Evidence from non-randomized studies shows similar mor-
tality and longer hospital stay for patients undergoing OS for
VAA when compared to ER. With comparable technical
success to OS, reintervention remains an issue of ER. Nev-
ertheless, according to the available evidence, ER should be
considered as first-line treatment for VAAs.
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Abstract. The aim of the present study was to analyze the
outcome of open surgical and endovascular interventions
for the treatment of visceral aneurysms. A retrospective
review of a cohort of visceral aneurysm patients treated at
a single tertiary referral center was conducted. STROBE
guidelines were followed. The primary endpoint was post-
operative in-hospital mortality. Secondary endpoints were
major morbidity (Dindo-Clavien score, >3), the duration of the
procedure, technical success and the length of hospital stay. As
a result, 12 patients underwent open or endovascular surgery.
No 30-day mortality or major morbidity were observed. The
median aneurysm diameter was 2.0 cm (range, 1.5-5.0 cm).
The median postoperative stay was four days for all procedures
and significantly longer after open surgery compared with
endovascular repair (ER) (7 vs. 3 days). Overall, the evidence
from the present retrospective analysis shows no mortality
and a shorter length of stay for patients undergoing ER for the
treatment of a visceral aneurysm (VAA). Although the results
are in line with the fact that ER is considered to be the first line
treatment for VAA, this may be prone to selection bias.

Introduction

Visceral artery aneurysms are defined in this retrospective
analysis as a true aneurysm in the celiac trunk (CT), superior
mesenteric artery (SMA), inferior mesenteric artery, and/or
their branches. Visceral artery aneurysms (VA As) are rare and
mostly asymptomatic., Rapid growth, size >2 cm, and preg-
nancy are risk factors associated with rupture. True visceral
aneurysms are aneurysms are the result of weakening and
thinning of the artery wall. Atherosclerosis, connective tissue
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Halle-Wittenberg Ernst-Grube-Strale 40, D-06120 Halle (Saale),
Germany
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Key words: endovascular, open surgery, visceral aneurysms

disorders, infection (for example pancreatitis) and abdominal
surgery are known risk factors for the development of VAA.
Nowadays, conservative therapy, endovascular, and open
surgery are the treatment options for patients with visceral
aneurysms (VAA). During the last decade, endovascular repair
of VAAs has been increasingly used (1-6). Catheter-based
embolization or stent-graft placement are two major treat-
ment options. Most VAAs originate from the splenic artery
(SA) (60%) (Figs. 1 and 2), followed by the hepatic artery
(HA) (20-50%) (Figs. 3 and 4). An origin from the superior
mesenteric artery (SMA) (6%) (Figs. 5 and 6), the celiac trunk
(CT) (4%) or other, smaller visceral arteries is considerably
less common (7).

Mostly, VAAs are asymptomatic and incidental findings
owing to the evolving and more frequently used imaging
modalities. Risk factors associated with rupture are pancre-
atitis, rapid growth, size >2 cm, and pregnancy. The mortality
associated with splenic artery aneurysm rupture has been
reported at around 30%. In pregnancy, these rates are higher.
Higher flow rate through the splenic artery because of distal
compression of the aorta and iliac arteries by the pregnant
uterus, portal congestion, and the progressive weakening of
the basic structure of the arterial media are possible factors
that explain this high mortality (8-16).

The aim of the present study is to compare the outcomes of
patients undergoing open surgery (OS) or endovascular repair
(ER) for the treatment of VAAs. We present our single center
experience on the treatment of VA As, reporting on 12 patients.

Patiends and methods

All patients 18 years or older at the time of surgery who were
treated for VA As and underwent endovascular or open surgery
at the Department of Visceral, Vascular and Endocrine Surgery
at the University Hospital Halle (Saale), Germany from 2014
to 2022 were included in the study. The STROBE statement
(a checklist of items that should be addressed in articles
reporting on the three main study designs of analytical epide-
miology: cohort, case-control, and cross-sectional studies) was
followed for reporting on observational data (17).
Anastomotic pseudoaneurysms and aortic aneurysms
involving the visceral arteries were excluded. The decision
to perform an open or endovascular repair was made after
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Figure 1. Angiography of an aneurysm of the splenic artery (black arrow)
after positioning an 8F-Sheath in celiac trunk.

Figure 2. Angiography after endovascular treatment of a splenic artery aneu-
rysm with a covered stentgraft (black arrow).

Figure 3. Angiography of an aneurysm of the common hepatic artery after
endovascular treatment with a covered stentgraft (black arrow).

Figure 4. Computed tomography scan of a common hepatic artery aneurysm
(black arrow) before endovascular treatment.

Figure 5. Computed tomography scan from an aneurysm of the superior
mesenteric artery (black arrow) (sagittal plane).

Figure 6. Computed tomography scan from an aneurysm of the superior
mesenteric artery (black arrow) (axial plane).

discussion in a multidisciplinary meeting (angiology, radi-
ology and vascular surgery). All ruptured VAAs underwent
intervention. Open repair was performed in general anesthesia
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as an aneurysmorrhaphy with or without vascular reconstruc-
tion by (direct end-to- end anastomosis or using a vein graft
interposition). Endovascular treatment was performed in local
anesthesia and consisted either of coilembolization or covered
stent placement. If a stent graft placement was technically
possible it was performed in order to maintain the vessel
patency. If not, a coilembolization was performed.

Data was extracted and presented in a tabular fashion. The
following descriptive patient and operation characteristics
were documented: sex, age at diagnosis, use of diagnostic
imaging techniques, aneurysm localization, aneurysm size and
symptoms and therapy. The following predefined outcomes
were also extracted: in-hospital mortality, major morbidity
(when defined as Dindo-Clavien >III) (18), length of hospital
stay and technical success (complete aneurysm occlusion in
the postoperative CT-Scan). The Clavien Dindo Classification
was used to rank the severity of surgical complications. This
classification consists in a scale of several grades (Grade I, II,
[IIa, IIIb, IV and V). Grade I complications consists in any
deviation from the normal postoperative course without the
need for pharmacological treatment or surgical, endoscopic,
and radiological interventions. Grade II include complica-
tions requiring pharmacological treatment. Grade III refers to
complications requiring surgical, endoscopic or radiological
intervention (IITa not under general anesthesia and IIIb under
anesthesia). Grade IV regards life-threneting complica-
tions and Grade V represents the death of the patient (18).
Descriptive statistics from our patient collective are reported
as numbers or mean.

Results

From 2014 to 2022, 12 patients with VAAs, 11 females and
one male were treated at the University Hospital Halle (Saale).

The median age was 59 years (range 40 to 87 years). Only
one patient was male, and all were diagnosed by a CT-scan.
The detailed patient and operative characteristics are given in
Tables I and II.

There were eight patients with an aneurysm of the SA, two
patients with aneurysms of the SMA, one patient with an aneu-
rysm of the HA and one patient with an aneurysm of the CT.
Only one patient was symptomatic and presented with signs of
bleeding. All patients received a contrast-enhanced CT-scan.

The median aneurysm diameter was 2 cm (range 1.5 cm to
5 cm) for all aneurysms, 3.75 cm for aneurysms of the SMA,
2 cm for aneurysms of the SA and for aneurysms of the CT and
1.5 for the aneurysm of the HA.

Six aneurysms of SA, one aneurysm of the CT and one
aneurysm of the HA were treated with ER (eight patients).
Seven patients were treated with covered stents and one
with coiling embolization. In total eight covered stents were
implanted. Two patients with SA aneurysms and two patients
with SMA aneurysms underwent OS. No allogeneic grafts were
required. Three patients needed direct suture only and one a
vein graft.

There was no in-hospital mortality and no major postop-
erative complications (Clavien-Dindo grade =3). Technical
success was achieved in all patients. The median postoperative
stay was four days for all procedures and significantly longer
after OS when compared with ER (seven days vs. three days).

Table I. Patients and preoperative characteristics.

Diabetes

Previous
abdominal surgery  Mellitus Type II

Connective
tissue disorders

Symptoms related

Size,

Smoker

Infection

Atherosclerosis

to the aneurysm

Imaging Location cm

Sex Age Year

No.

ZZZHZZZ

2.5

SA
SA

CTA
CTA
CTA
CTA
CTA
CTA
CTA
CTA
CTA
CTA
CTA
CTA

2019

50
69
61

2017

SMA

2014

2,5

SMA
SA
SA
HA
CT

2021

33
52
74
67

2020
2021

35
1.5

Bleeding

2020

2022

64
54
57

2.2

SA
SA
SA
SA

2021

1.5

2021

10
11

12

2021

53
87

2022

M, male; F, female; SA, splenic artery; SMA, superior mesenteric artery; CT, celiac trunk; HA, hepatic artery; CTA, computed tomography angiography; Y, Yes; N, No.
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Table II. Surgical characteristics and postoperative outcomes.

Duration of

Morbidity In-Hospital ~ postoperative
No. Therapy Implants (Dindo-Clavien) Mortality stay (Days)
1 OS; aneurysm resection, direct suture - 0 N 6
2 OS; aneurysm resection, direct suture - 0 N 4
3 OS; aneurysm Resection, Vein graft - 0 N 19
4 OS; aneurysm resection, direct suture - 0 N 8
5 ER; covered stentgraft Viabahn 5x50 mm 0 N 1
6 ER; covered stentgraft Viabahn 8x57 mm 0 N 3
7 ER; two covered stentgrafts Gore Viabahn 5x50 mm 0 N 7
and Bentley Begraft
6x18 mm
8 ER; covered stentgraft Bentley Begraft 6x27 mm 0 N 3
9 ER; covered stentgraft Bentley Begraft 6x37 mm 0 N 4
10 ER; covered stentgraft Bentley Begraft 6x27 mm 0 N 3
11 ER; covered stentgraft Viabahn 5x50 mm 0 N 2
12 ER; coiling Platinum embolization 0 N 5

coils

N, none; ER, endovascular; OS, open surgery.

Discussion

In this retrospective study we reported on our single center
experience on the treatment of VAAs, both with endovascular
and open surgery.

In our small patient collective, no mortality was observed.
This may be due to the almost total absence of emergency
repairs. Considerable mortality is described in the treatment of
these patients in an emergency setting (19). In a retrospective
study reporting on 185 aneurysms, 46% of the patients were
symptomatic with bleeding or rupture. Despite 98% technical
success on treating symptomatic patients, 30-day overall and
aneurysm-related mortality was 6.2 and 3.4%, respectively. On
the other hand, no deaths were observed in patients undergoing
elective treatment (20). In another report of 217 splenic artery
aneurysms, operative mortality was 5% in the elective group
and 20% in the emergency group (8). In another study an
operative mortality rate of 37.5% for ruptured superior mesen-
teric artery aneurysms was described. Also in this study, no
mortality was observed for elective repair (21). In another large
retrospective study, morbidity (19% vs. 4%; P=.003), 30-day
mortality (13% vs. 0% P=0.001), 1-year (32.5% vs. 4.1%,
P<.001), and 3-year mortality rates (36.4% vs. 8.3%; P<.001)
were significantly higher for ruptured aneurysms than for
intact aneurysms. Open surgery had higher 30-day mortality
rates thanendovascular repair (28% vs. 7%; P= .00) (22). In our
retrospective patient cohort, length of stay was shorter in the
ER group (mean difference -4.25 days, 95% CI [-5.52; -2.98],
P<0.00001; seven vs. four days). Comparable results regarding
the length of stay were reported in a previous meta-analysis (23).
The technical success of 100% when using endovascular
stentgrafts or coiling observed in our patient collective may
reflect the bias inherent in the analysis of a very small patient

collective. In a systematic review and meta-analysis from 2016
comprising 22 studies reporting on endovascular treatment of
VAAsS, a 93.2% technical success rate was reported (24).

This study has limitations. The main limitation is that it is
exclusively based on retrospective data, which could represent a
problem in terms of selection bias. The long inclusion period does
not necessarily reflect contemporary surgical and endovascular
techniques. Another limitation is the small number of patients.
The STROBE guidelines were followed to ensure transparency
and standardized reporting. Nevertheless, the findings of this
work may provide useful information, as it reports a case series of
arare disease with outcomes on open and endovascular treatment.

In conclusion, evidence from this retrospective small case
series shows no mortality and a shorter length of stay for patients
undergoing ER for the treatment of VAA. Although the results
are in line with the fact that ER is nowadays considered the first
line treatment for VAA, they may be prone to selection bias.
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Open Surgical Thrombendarterectomy Versus
Endovascular Treatment in Occlusive
Processes of the Femoral Artery Bifurcation

A Systematic Review and Meta-Analysis of Aggregate Data and Individual Patient Data

Carola Marie Hoffmann-Wieker*, Ulrich Ronellenfitsch*, Artur Rebelo, Nadine Gorg,

Guido Schwarzer, Enzo Ballotta, Yann Gouéffic, Dittmar Bockler

Summary

Background: The standard treatment of occlusive processes of the femoral artery
bifurcation is thrombendarterectomy (TEA). Endovascular techniques (ENDO) have
recently been put forward as a potential alternative. It is unclear so far which
modality yields better outcomes with respect to long-term revascularization and
periprocedural complications.

Method: Multiple databases were systematically searched for pertinent publications
(publication date November 1965 to February 2022). From the included studies, in-
dividual patient data (IPD) were requested. Aggregate data (AD) were used when
no IPD were available. Primary and secondary patency (PP and SP), perioperative
morbidity/mortality, and further endpoints were determined separately for TEA and
ENDO and compared with each other. AD for each modality were summarized in
meta-analyses. Time-to-event analyses and comparative meta-analyses with PP as
primary endpoint were carried out using IPD.

Results: 42 studies (3 IPD, 39 AD; 27 TEA, 12 ENDO, 3 comparisons of TEA versus
ENDO) were included. In the combined meta-analysis of IPD and AD, PP for TEA
was 97% at 6 months and 92% at 12 months, while PP for ENDO was 84% at 6
months and 85% at 12 months. The differences were not statistically significant. The
comparative meta-analysis regarding PP did not reveal any significant differences
either (TEA versus ENDO: HR 0.30 [0.06; 1.48]). SP at 12 months was 97% (TEA)
and 93% (ENDO). The periprocedural morbidity was 16% for TEA and 9% for
ENDO.

Conclusion: In light of a higher PP, even without formal statistical proof of superior-
ity, TEA can still be considered the standard treatment for occlusive processes of
the femoral artery bifurcation.

Cite this as
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of occlusive processes in the region of the femoral

artery bifurcation in the setting of peripheral arterial
disease. To date, open surgical thrombendarterectomy
(TEA) has represented the gold standard (1-7). However,
endovascular techniques (ENDO) are increasingly being
proposed as alternative treatment forms (8).

TEA refers to the surgical removal of athero-
sclerotic plaques. It has high technical success rates of
almost 100% with very good short- and long-term
outcomes (6). However, TEA carries a relevant risk of
morbidity of up to 20% (5, 8, 9). This includes in par-
ticular local complications such as impaired wound
healing, hematomas, and hemorrhage. The post-
operative mortality rate is 1-2 % (1, 3, 4, 7).

ENDO is performed via a percutaneous access.
Removal of the occlusive process is carried out using
transluminal angioplasty and, where necessary, stent
implantation. The fact that the femoral artery
bifurcation is located in the segment of motion poses
problems such as mechanical alterations to the stent. In
addition, there is the risk of covering outflow vessels,
and thus the risk of obstruction of important collateral
circulation, as well as renewed occlusive processes as a
result of neointimal hyperplasia. Subsequent interven-
tions are also hampered by stent material (10-17).

When indirectly comparing the two approaches,
studies to date suggest a longer lasting vascularization
success for TEA, albeit with more frequent postoperative
complications (1, 4, 7, 16, 18). There are only two com-
parative randomized trials (19, 20). Since the results
show significant heterogeneity, an evidence synthesis is
needed in order to make valid statements with regard to
advantages and disadvantages of the techniques.

T wo modalities are available for the revascularization
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Kaplan-Meier curve for primary patency (PP) from the TECCO trial (19) based on individual patient data (IPD);

ENDO, endovascular treatment; TEA, thrombendarterectomy

Methods

The study was conducted according to Prisma Guide-
lines (eFigure 1) and prospectively registered (PROS-
PERO: CRD42018091539). PubMed, EMBASE,
Cochrane Library, Web of Science, ClinicalTrials.gov,
and ICTRP were searched using a predefined search
strategy (eBox; eMethods Section) for the period
11/1965-02/2022.

For TEA, studies on patients with femoral artery
bifurcation lesions who underwent surgical treatment
were included.

For ENDO, studies on endovascular procedures on
femoral artery bifurcation lesions were included.
With the exception of case reports, all study designs
were taken into consideration. The risk of bias of the
individual studies was assessed.

A detailed description of methodology, including
endpoints and statistical methods, can be found in the
eMethods Section.

Results

The study selection is presented in eFigure 1. The
literature search identified 671 studies, 42 of which met
the inclusion criteria and were included in the meta-
analysis. Three studies provided individual patient data

(IPD) of 875 patients; these included one randomized
controlled trial (19) and two non-comparative studies
on TEA (1, 7). Aggregate data (AD) for 9822 patients
were made available by 39 studies. In all, 27 studies in-
vestigated only TEA (3, 4, 9, 18, 21-40, el), 12 ENDO
(17, e2—e12), while two compared the two techniques
(20, el3).

The randomized controlled trials (RCTs) on ENDO
and TEA included 197 interventions. For studies on
TEA, data from 8678 interventions were available,
and for ENDO from 2331 interventions. Details on
studies and endpoints as well as patient characteristics
and the most important outcomes of the individual
endpoints are presented in eTables 1-3 (eMethodls).

Primary endpoint: primary patency (PP)
A direct comparison of PP following ENDO and TEA
was carried out based on IPD from the randomized
TECCO trial. This showed a non-significantly lower
PP at 6, 12, and 24 months for ENDO compared to
TEA (Figure 1). The meta-analysis of the two RCTs
with AD and IPD likewise showed no significantly
different PP with an HR of 0.3 in favor of TEA (Figure 2).
The meta-analysis of IPD and AD revealed no
significant difference in PP following TEA and
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Study Case number InHR SE(InHR) HR [95% Cl]  Weight
Linni (20) 80 -217 0.8400 / 0.11  [0.02;0.59] 42.7%
TECCO (19) 103 -0.51 0.5478 ; 0.60 [0.21;1.76] 57.3%
0.30 [0.06; 1.48]  100.0%
Random effects model |<"|’” | |
P =64%, 1=0.88; p=10.10 0.1 051 2 10
TEAbetter ENDO better

Hazard ratio

Meta-analysis for primary patency (PP) with individual patient data (IPD) and aggregate data (AD) from the two randomized controlled trials.
ENDO, endovascular treatment; HR, hazard ratio; Cl, confidence interval; SE, standard error; TEA, thrombendarterectomy

ENDO at the 6-month, 12-month, and 5-year time
points (Figure 3). A formal statistical comparison be-
tween the two techniques was deliberately not carried
out in view of the high risk of bias.

Results of the analysis of IPD from three studies on
TEA are presented in eFigure 2.

Secondary endpoints

Freedom from interventions

Only AD were included in the meta-analysis of free-
dom from interventions since no IPD were available for
this endpoint. For the time point at 12 months post
intervention, data from 13 studies were available. Here,
as for the 6-month, 2-, 3-, and 5-year time points,
higher freedom from interventions was seen for TEA
compared to ENDO.

Secondary patency

No IPD were available for the meta-analysis of
secondary patency. An analysis was carried out using
AD for the 6-month, 1-, 2-, 3-, and 5-year time points
post intervention. At 6 and 12 months post intervention,
no significant differences were seen in secondary paten-
cy rates between ENDO and TEA, with patency rates of
87-93% for ENDO and 97-100% for TEA. The same
was true at the 2-, 3-, and 5-year time points post inter-
vention, whereby no data were available for secondary
patency at 3 years. The fact that secondary patency was
higher at some later follow-up time points than at earlier
ones arises from the fact that not all studies reported re-
sults at all time points, and thus the studies included in
the individual analyses differed (e7able 2).

Limb preservation
The analysis on the endpoint of limb preservation was
carried out using AD for the 12-month, 1-, 2-, 3-, and
S-year time points post intervention. At 12 months,
limb preservation rates of 97% for TEA and 95% for
ENDO were seen. No differences were seen at 2, 3, and
5 years post intervention, with values of 95-96% for
TEA and 97-100% for ENDO.

The fact that limb preservation was higher at some
later follow-up time points than at earlier ones arises
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from the fact that not all studies reported results at all
time points, and thus the studies included in the indi-
vidual analyses differed.

Duration of inpatient hospital stay

The meta-analysis of the two RCTs with AD and IPD
found a weighted mean difference in the duration of
inpatient hospital stay of 4.2 days (95% confidence
interval [CI]: [2.5; 6.0]) in favor of ENDO. In the meta-
analysis of IPD and AD, a mean length of stay of 2.5
days (95% CI: [1.45; 3.6]) was seen for ENDO and 6.4
days (95% CI: [4.0; 8.8]) for TEA.

Perioperative morbidity and mortality

An analysis of perioperative morbidity was initially
carried out based on IPD from the randomized TECCO
trial (19). This revealed a complication rate of 20.8%
following TEA and 7.5% following ENDO (risk
ratio = 2.76; 95% CI: [0.93; 8.22]). The meta-analysis
of AD and IPD found a complication rate of 16% (95%
CI: [12; 20]) following TEA and 9% (95% CI: [5; 15])
following ENDO. There were no perioperative
fatalities in the randomized TECCO trial, rendering a
comparison of perioperative mortality based on ran-
domized data impossible. A meta-analysis of AD and
IPD revealed a cumulative perioperative mortality rate
of 2% for both procedures (TEA: 95% CI: [2; 2],
ENDO: 95% CI: [1; 2]).

Need for revision

An analysis of the need for revision was initially car-
ried out based on IPD from the randomized TECCO
trial (19). This revealed a frequency of need for revi-
sion of 3.6% following TEA and 2.1% following
ENDO (risk ratio=0.57; 95% CI: [0.05; 6.12]). The
meta-analysis of AD and IPD found a need-for-revision
frequency of 5% (95% CI: [3; 10]) for ENDO and 6%
(95% CI: [4; 10]) for TEA.

Overall survival

A comparison of overall survival following the two
treatment modalities was carried out with IPD from the
randomized TECCO trial (19). This revealed no
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difference, with a 2-year survival rate of 95% (95% CI:
[89; 100]) for TEA and 91% (95% CI: [83; 99]) for
ENDO.

Using IPD, it was possible to evaluate overall sur-
vival for TEA up to 6 years post intervention. Here, a
difference was seen between TECCO and Ballotta et
al. (1, 19) on the one hand and Wieker et al. (7) on the
other, with a shorter overall survival time seen in the
latter study (eFigure 3).

Univariate Cox regression revealed an association
between overall survival following TEA and age,
Rutherford classification, length of lesion, ASA score,
renal failure, and cardiac comorbidities. A multivari-
able analysis was carried out with these variables; all
factors were negatively associated with overall
survival.

In the meta-analysis of AD and IPD, an overall sur-
vival for TEA of 80-96% was seen for the 6-month,
12-month, 2-year, and 3-year time points. Overall sur-
vival at 5 years was 70%. For ENDO, the meta-analy-
sis yielded a cumulative overall survival of 80-93%
for the 12-month, 2-year, and 3-year post intervention
time points. No 5-year outcomes were recorded for
ENDO.

Change in ankle-brachial index
The pre- to postoperative change in ankle-brachial
index was investigated based on IPD from the ran-
domized TECCO trial (19). No difference was found
here between TEA and ENDO with a cumulative differ-
ence of 0 (95% CI: [-0.13; 0.13]).

The meta-analysis with AD and IPD showed a
change of 0.31 for TEA (95% CI: [0.24; 0.39]) and of
0.18 for ENDO (95% CI: [0.10; 0.27]).

Intervention duration

The meta-analysis with AD and IPD yielded a mean
intervention duration of 165 min for TEA (95% CI: [123;
208]) and of 87 min for ENDO (95% CI: [50; 124]).

Risk of bias
The results of the assessment of bias risk of the individ-
ual studies can be found in eTable 4.

Discussion

This systematic review and meta-analysis summarizes
the evidence comparing the two modalities used for the
treatment of occlusive processes of the femoral artery
bifurcation. Whereas TEA has long represented the
gold standard (1, 3, 4, 7) and is recommended in the
current German S3 guideline (5), ENDO has been pro-
posed as an alternative in recent years (8).

Primary patency was defined as the primary end-
point of the present analysis. The meta-analysis to
directly compare the techniques showed better out-
comes for TEA. Statistical significance was not
achieved. The meta-analysis carried out separately for
each procedure also yielded higher primary patency
for TEA. Higher values were also found for freedom
from interventions and secondary patency for TEA.

In view of the nominally more favorable results
with TEA, ENDO can still not be considered as
equivalent in terms of revascularization success.
However, the available data are not able to identify
the reasons for this with any certainty. Patients in the
included studies on ENDO were treated with angio-
plasty, stent implantation, as well as atherectomy (17,
19, 20, e2—e12). A formal comparison of these tech-
niques was not possible due to the small and hetero-
geneous study populations. An indication can be
found in Mehta et al. (¢10). In their study, 38 patients
received angioplasty and 15 additional stenting.
Primary patency following stent implantation was
100%, while it was only 77% following angioplasty
alone (e10). Both RCTs comparing ENDO with TEA
placed stents in the ENDO arm. Whereas no differ-
ences regarding revascularization rates were seen in
the TECCO trial Linni et al. showed stenting to be in-
ferior compared to TEA (19, 20). Relevant problems
of stent implantation, particularly when using covered
stents, include the obstruction of collateral circulation
as well as the difficulty of vessel puncture for subse-
quent interventions. In younger patients, stenting in a
segment of motion is to be viewed critically due to the
poorer long-term outcomes and greater physical ac-
tivity in this group (15).

The safety of the procedures was assessed on the
basis of morbidity, mortality, and need for revision
procedures. In the analysis of IPD from one of the
RCTs, a disadvantage in terms of perioperative mor-
bidity was found for TEA. The meta-analysis of AD
and IPD confirmed this higher probability of compli-
cations; however, the difference between the pro-
cedures was much smaller here. In terms of the need
for revision and mortality, there were no differences
between the procedures, with both techniques having
a perioperative mortality rate of 2%. Since these end-
points are much more homogeneously defined and
recorded, the results can be deemed valid.

In 2019, Changal et al. published a meta-analysis
on the same question, albeit with a separate consider-
ation of endovascular procedures with selective and
routine stenting (14). The authors conclude that
ENDO with routine stenting is an equivalent alter-
native to TEA in selected patients. On closer scrutiny,
however, the results of that particular meta-analysis
do not differ significantly from the results of the pres-
ent meta-analysis. For example, in Changal et al.’s
study, primary patency at 12 months was 93% for
TEA and 84% and 78%, respectively, for the two en-
dovascular techniques. In the present study, primary
patency at 12 months was 94% for TEA and 83% for
ENDO. Changal et al.’s perioperative complication
rate was 5% and 7%, respectively, for the endovascu-
lar techniques, and 22% for TEA, whereas the present
analyses of AD and IPD revealed a complication rate
of 16% following TEA and of 9% following ENDO.
How Changal et al. come to the conclusion, based on
the cited data, that endovascular procedures are an
equivalent alternative remains unclear, given that the
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authors were unable to carry out a formal statistical
comparison for the pooled data of nonrandomized
studies. Moreover, analyzing selective and routine
stenting separately is a different approach. The aim of
the present analysis was to compare the “class effect”
of endovascular and open surgical management
without going into greater detail regarding subspecifi-
cations of the treatment.

The study has a number of limitations. The
comparison of TEA and ENDO is hampered by
predominantly non-randomized study designs,
heterogeneous study populations and treatment
methods, as well as the limited availability of IPD.
As a result, no statistical comparison of the two
groups was undertaken since comparisons of this
kind are not randomized and are thus invalid (13). A
considerable proportion of the included studies had
a high risk of bias according to the prespecified
criteria. Likewise, there is a possibility of a publi-
cation bias in terms of of a more likely publication
of particularly impressive results for one of the two
treatment methods in non-comparative studies or of
results showing a particularly large difference be-
tween the two treatment methods in comparative
studies. Formal testing for possible publication bias
was not carried out due to the low number of com-
parative studies.

The strength of the present evaluation lies in the
fact that data on the clinically most relevant and
clearly defined endpoint of primary patency were
evaluated from virtually all studies, meaning that a
reliable statement can be made on the revasculariz-
ation success of the respective procedure, but not on
the direct comparison of the two procedures. How-
ever, the long-term results at 5 years post interven-
tion are based, particularly for ENDO, on data from
only a handful of studies, making any estimate of
true patency at that time point subject to a degree of
uncertainty. A selective follow-up, which could dis-
tort these long-term results, is conceivable since
some of the comparative studies have attrition bias,
that is, differences in follow-up between the two
groups.

In summary, the current study demonstrates that
TEA is the more effective procedure compared to
ENDO in terms of patency, re-intervention, and limb
preservation, albeit with a higher probability of peri-
operative complications. Due to the study design and
available data, it was not possible to generate formal
statistical proof of superiority. Nevertheless, at
present, TEA can continue to be considered the gold
standard in the treatment of occlusive processes of the
femoral artery bifurcation. Endovascular procedures
should only be used in exceptional cases and follow-
ing critical interdisciplinary evaluation. In order to
generate broader evidence to inform the treatment
decision between TEA and ENDO, randomized con-
trolled studies meeting quality standards and with suf-
ficient statistical power (case number) and follow-up
duration need to be conducted.
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PubMed 439 studies
Web of Science Core Collection 194 studies
CINAHL 27 studies
ClinicalTrials.gov 29 studies
Cochrane Library 45 studies
WHO ICTRP 6 studies
Current Content Medicine 1 study
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Remaining after removal of duplicates
n=671
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Preselection

| Inclusion and exclusion criteria applied . Studies excluded basgd=05rg gtle/abstract screening

72 Studies remaining, 3 additional studies
from the reference list of the full texts
n=75

Eligibility

26 Studies excluded following full-text screening
6 Studies excluded during data extraction
1 Study excluded (no full text available)

Studies included in meta-analysis
n=42

PRISMA diagram
Flowchart showing the different phases of the systematic review and the number of studies included and excluded in the various phases
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Search strategy

Search period: 11/1965-02/2022

Determining the relevant aspects of the topic

P

Peripheral arterial occlusive disease (PAOD) in the region of the inguinal/
femoral artery

|

Thrombendarterectomy (TEA)

c

Endovascular treatment

AND 2AND 3

Databases searched and number of hits per database
PubMed: 439

Cochrane Library: 45

Web of Science Core Collection: 194

CINAHL: 27

Current Content Medicine CCMed (via LIVIVO): 1
ClinicalTrials.gov (study registry): 29

WHO ICTRP (study registry): 6

Reporting of results

The results were saved in EndNote™ and deduplicated according to the
Wichor Bramer method. To this end, the following settings were used: “Author,”
“Year,” “Title,” “Secondary Title/ Author, Year, Title,” “Pages/ Title/ Author, Year.”
Some articles may nevertheless appear multiple times.

Hits were sorted in EndNote™ according to database. The PubMed hits
were the first to be exported to EndNote™. As such, they are favored in the
deduplication, that is to say that in the case of duplicates, entries from other
databases are removed first.

The number of hits in each database in this report refers to status prior to
deduplication in EndNote™.

Example:

PubMed

No. of hits  Date

323 + 116 17 July 2017 and 15 February 2022

1. P (29,831)

((“Arterial Occlusive Diseases”[Mesh] OR
Arterial Occlusive Disease*[tw] OR
Arterial Obstructive Disease*[tw])

AND

(“Femoral Artery”[Mesh] OR

femoral arter*[tw] OR

inguinal arter*[tw]))

OR

“Peripheral Arterial Disease”[Mesh] OR
peripheral artery disease*[tw] OR
peripheral Arterial Disease*[tw]
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2.1(21,476)
“Endarterectomy”[Mesh] OR
thrombendarterectom*[tw] OR
endarterectom*[tw]

3.C (303,688)

“Endovascular Procedures”[Mesh] OR
intravascular*[tw] OR

endovascular*{tw] OR

angioplast*[tw] OR

stent*[tw]

4. (445)
1AND 2AND 3
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eMETHODS SECTION

Methods

The study was conducted according to the PRISMA Guidelines (eFigure 1)
and prospectively registered (PROSPERO: CRD42018091539). The
PubMed, EMBASE, Cochrane Library, Web of Science, ClinicalTrials.gov,
and ICTRP databases were searched using a predefined search strategy
(eBox) for the period 11/1965-2/2022 by independent reviewers (NG/AR,
UR/CHW). Identified abstracts were read by the reviewers and checked for
inclusion criteria. For TEA, these were studies on patients with
femoral artery bifurcation lesions that received open surgical treatment
involving opening of the vessel lumen, thrombendartectomy, and recon-
struction with or without patch plasty. For ENDO, studies of endovascular
procedures (atherectomy, PTA, or stenting) on femoral artery bifurcation
lesions were included. For both techniques, studies were also included in
which there was additional endovascular treatment of central or peripheral
vascular lesions in the same intervention but no simultaneous open surgical
treatment of other arterial vascular lesions or bypass implantation. With the
exception of case reports, all study designs were taken into consideration.
Based on the full text, the reviewers made a final appraisal regarding inclu-
sion. The risk of bias of the individual studies was assessed on the basis of
the following specified domains: selection bias, performance bias, attrition
bias, detection bias, and reporting bias. The overall risk of bias was classi-
fied as ‘low’ if there was no risk of bias in any of these domains, as
‘moderate’ if there was a risk of bias in two domains, and as ‘high’ if there
was a risk of bias in three or more domains.

Individual patient data (IPD) were requested for all included studies. If
these were not available, aggregate data (AD) were extracted from the
respective publication.

The following endpoints were defined for the meta-analyses.

Primary endpoint

® Primary patency (PP): Time from procedure to occurrence of a clinically
relevant reocclusion process at the femoral artery bifurcation, as defined
in the respective study

Secondary endpoints

® Freedom from interventions: Time from procedure to reintervention at
the treated femoral artery bifurcation

® Secondary patency (SP): Time from procedure to definitive occlusion of

the femoral artery bifurcation

Limb preservation: Time from procedure to ipsilateral major amputation

Duration of inpatient hospital stay

Perioperative morbidity, mortality, and need for revision within 30 days

Overall survival: Time from procedure to death, irrespective of cause of

death

® Pre- to postinterventional change in ankle-brachial index (using the last
measurement at follow-up in each case)

® Duration of the procedure in minutes

Statistical methods

Data on the duration of the procedure and the inpatient hospital stay were
presented as mean values. Incidences were calculated for perioperative
morbidity, need for revision, and perioperative mortality. In a second step,
a comparison of the two collectives was performed. To this end, meta-
analyses with random effects models were conducted, first only for
randomized (primary analysis) and then for all directly comparative
studies. In the meta-analyses, the probabilities were first transformed using
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the log function. The inverse variance method was used to combine the
individual probabilities. To estimate the variance between studies, the
Paule—Mandel method was employed in the random effects model, and
the “metaprop” function in the R package meta was used (e15). In the
meta-analysis that included the individual TEA and ENDO arms from
nonrandomized trials, no formal statistical comparison of the two
groups was carried out since these included heterogeneous populations,
thus the risk of bias in the comparison would have been unreasonably
high. Hazard ratios were calculated for time-dependent endpoints
(primary/secondary patency, freedom from interventions, limb preser-
vation, overall survival). The duration of inpatient hospital stay was
presented as weighted mean difference. The dichotomous endpoints of
perioperative morbidity, need for revision, and perioperative mortality
were evaluated using risk ratios. For all endpoints, 95% confidence
intervals (CI) were calculated and reported.
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eTABLE 1
Characteristics of the included studies
Procedure | Type of | Period Publication Study Follow-up Number of | Number of
data year design period patients interventions
(months)
Ballotta (1) TEA IPD 2000-2007 2009 Prospective 50 17 121
Kang (3) TEA AD 2002-2005 2008 Retrospective 27 58 65
Kuma (27) TEA AD 1998-2014 2016 Retrospective, 33 1M 18
multicentric
Siracuse (36) TEA AD 2007-2010 2013 Retrospective - 1513 1513
Dufranc (23) TEA AD 2010-2012 2014 Prospective 16 121 147
Zou (e1) TEA AD 2007-2009 2012 Retrospective 12 40 41
Kechagias (4) TEA AD 1983-2006 2007 Retrospective 7 90 1M
Mukherijee (18) TEA AD 1969-1987 1989 Retrospective 86 29 29
Nishibe (32) TEA AD 2010-2014 2015 Retrospective 14 34 38
Wieker (7) TEA IPD 2006-2012 2016 Retrospective, 59 655 713
bicentric
Malgor (29) TEA AD 1997-2008 2012 Retrospective 75 145 169
Siracuse (17) ENDO AD 2010-2015 2017 Retrospective 5 1014 -
Davies (€5) ENDO AD 2006-2012 2013 Retrospective 27 115 121
Cotroneo (e4) ENDO AD 2005-2007 2010 Retrospective 9 18 27
Lee (e8) ENDO AD 2009-2011 2017 Retrospective - 147 200
Mehta (e10) ENDO AD 2006-2013 2016 Retrospective 43 167 167
Linni (20) TEA AD 2011-2013 2014 RCT 1 80 80
ENDO 9
Gougffic (19) TEA IPD 2011-2013 2017 RCT 24 103 103
ENDO IPD
Berchiolli (21) TEA AD 2008-2011 2019 Retrospective 42 43 43
Bohme (e2) ENDO AD 2009-2017 2021 Retrospective 31 250 250
Cioppa (€3) ENDO AD 2012-2016 2021 Register 36 78 80
DeCarlo (22) TEA AD 2012-2017 2021 Retrospective - 1537 -
Elbadawy (9) TEA AD 2015-2017 2020 Prospective 32 159 159
Elsherif (24) TEA AD 2002-2015 2018 Retrospective 24 40 45
Esposito (25) TEA AD 2014-2016 2019 Retrospective 22 31 32
Imran (e6) ENDO AD 2010-2014 2018 Retrospective - 70 80
Jorshery (26) TEA AD 2012-2015 2018 Retrospective 1 509 -
Kronlage (e7) ENDO AD 2018-2020 2020 Prospective " 56 61
Kuo (e13) TEA AD 2013-2016 2018 Retrospective 24 40 40
ENDO AD 60 60
Langenberg (28) TEA AD 2013-2016 2018 Retrospective - 229 229
Martin (e9) ENDO AD 2012-2017 2021 Retrospective 32 33 35
Mezzetto (30) TEA AD 2016-2018 2021 Retrospective 32 132 132
Mirmehdi (31) TEA AD 2007-2018 2020 Retrospective - 142 142
Perou (33) TEA AD 2006-2015 2018 Retrospective - 129 143
Peters (34) TEA AD 2013-2014 2021 Retrospective 16 95 95
Ray (35) TEA AD 2000-2007 2017 Retrospective 23 36 41
Shammas (e11) ENDO AD 2012-2017 2021 Retrospective - 89 16
Soares (37) TEA AD 2016-2019 2020 Retrospective 6 19 19
Stavroulakis 1 (€12) ENDO AD 2011-2016 2018 Retrospective 16 26 26
Stavroulakis 2 (€12) ENDO 17 21 21
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Uhl (38) TEA AD 2007-2018 2021 Retrospective 54 863 977
Woronowicz-Kmie 1 (39) TEA AD 2007-2018 2021 Retrospective 84 267 267
Woronowicz-Kmie 2 (39) | TEA 84 160 160
Zavatta (40) TEA AD 2009-2015 2018 Retrospective 9 879 879

AD, aggregate data; ENDO, endovascular treatment; IPD, individual patient data; RCT, randomized controlled trial; TEA, thrombendarterectomy
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eTABLE 2

Main findings of the included studies
patency1 patency intervention | preservation survival morbidity | mortality
e [ vee | vee | v | vee | o0 |

Ballotta (1) 100 - 100 100 100 6.6 0
Kang (3) 93 - 82 100 89 5 0
Kuma (27) 98.1 - 99 97.4 86.8 16 -
Siracuse (36) - - - - - 7.9 15
Dufranc (23) 93.2 98.6 - 96.5 89.2 8.2 -
Zou (e1) 64 78 - 86.4 - 244 -
Kechagias (4) - - - - - 54 1.8
Mukherijee (18) 100 - - 100 - 34 0
Nishibe (32) 90 - 94.7 97 97 1 0
Wieker (7) 96.5 99.1 - - 93.9 16.3

Malgor (29) 96 100 90.2 92 88 16 0.7
Siracuse (17) 83 - 85.3 93.5 92.9 9.9 1.6
Davies (€5) - - 77 97 87 19 25
Cotroneo (e4) 57.9 79.6 - 88.9 77.8 0 0
Lee (e8) - - - - - 24 -
Mehta (e10) - - - - - 3 0.6
Linni (20) TEA 100 100 100 100 90 175 0
Linni (20) ENDO 86 82 75 97.5 88 0 25
Gougffic (19) TEA 87 - - - 95 21 0
Gouéffic (19) ENDO 82 - - - 98 7 0
Berchiolli (21) 85.3 90.3 - 95.2 88.4 1.6 23
Bohme (e2) - - - - - 10.4 0.4
Cioppa (€3) - - - - - - -
DeCarlo (22) - - - - - 34.7 0.8
Elbadawy (9) - - - - - 14 2
Elsherif (24) TEA/hybrid - - - - - - 29
Elsherif (24) TEA - - - - - - 10
Esposito (25) - - - - - 15 0
Imran (e6) 94 - - - - - -
Jorshery (26) - - - - - 238 2.8
Kronlage (e7) - - - - 96.4 0 0
Kuo (e13) ENDO 75 975 75 90 - 75 -
Kuo (e13) TEA 96.7 98.3 96.7 96.7 - 1.7 -
Langenberg (28) - - - - - - 21
Martin (e9) 88.9 96.3 - - - - -
Mezzetto (30) 96 - - - - 5 1
Mirmehdi (31) - - - - - - -
Perou (33) 96.3 - - - 93.8 18.8 0.7
Peters (34) - - - - - 253 42
Ray (35) - - - - - 31 27
Shammas (e11) - - 779 99.1 94.4 - -
Soares (37) 87.5 100 - - - 10.5 53
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Stavroulakis 1 (€12) 68 81 75 88 - - -
Stavroulakis 2 (e12) 88 100 89 80 - - -
Uhl (38) - - - - - - 2.7
Woronowicz-Kmie 1 (39) 87 - - 99 93 - 14
Woronowicz-Kmie 2 (39) 82 - - 88 74 - 14
Zavatta (40) 81 - - 97.1 95.7 - 34

ENDO, endovascular treatment; Y, year; RCT, randomized controlled trial; TEA, thrombendarterectomy

eTABLE 3

Main characteristics of the study populations of all

studies included in the meta-analyses

Cpaameer | en | erconzge
Age 70.1Y
Males 70.2
Females 29.8
Diabetes mellitus a[lit5
Smokers 53.3
Coronary heart disease 46.9
Arterial hypertension 80.9
Hyperlipidemia 68.5
Chronic renal failure 214

Y, years
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Kaplan-Meier curve of primary patency (PP) following thrombendarterectomy (TEA), based
on individual patient data (IPD)
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Kaplan-Meier curve for overall survival following thrombendarterectomy (TEA), based on
individual patient data (IPD)
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eTABLE 4

Evaluation of the risk of bias of the individual studies included in the meta-analyses
BN SRS
bias bias bias bias bias risk of bias
Ballotta (1) + + + - - High
Berchiolli (21) + + + = = High
Bohme (e2) + + + - - High
Cioppa (€3) i & W i = High
Cotroneo (e4) + + + - - High
Davies (€5) i & W = = High
DeCarlo (22) + + + - - High
Dufranc (23) + + + + = High
Elbadawy (9) + + + - - High
Elsherif (24) + + + + = High
Esposito (25) + + + + - High
Gouéffic (19) = + + = = Medium
Imran (e6) + + + + - High
Jorshery (26) + + + = = High
Kang (3) + + + + - High
Kechagias (4) i 0 & = = High
Kronlage (e7) + + + - - High
Kuma (27) i 0 & = = High
Kuo (e13) + + + - - High
Langenberg (28) + + + = = High
Lee (e8) + + + + - High
Linni (20) = = + = = Medium
Malgor (29) + + + - - High
Martin (e9) i & W i = High
Mehta (e10) + + + - - High
Mezzetto (30) + + + + = High
Mirmehdi (31) + + + - - High
Mukherjee (18) i & W = = High
Nishibe (32) + + + - - High
Perou (33) i & W i = High
Peters (34) + + + - - High
Ray (35) & + + + = High
Shammas (e11) + + + - - High
Siracuse (36) + + + + = High
Siracuse (17) + + + - - High
Soares (37) + + + + = High
Stavroulakis (e12) + + + - - High
Uhl (38) + + + = = High
Wieker (7) + + + - - High
Woronowicz (39) + + + + = High
Zavatta (40) + + + + - High
Zou (e1) + + + = = High

+, Risk of bias present in the respective category; —, no risk of bias present in the respective category
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Abstract. The aim of the present study was to compare
the open surgical and percutaneous access for thoracic/
endovascular aortic repair (T/EVAR) regarding in-hospital and
post-hospital minor-complications. Percutaneous (pEVAR)
and cutdown (cEVAR) techniques for femoral vessel access
for T/EVAR were compared regarding their minor complica-
tions. The basic population of this retrospective cohort study
consisted of 44 percutaneous and 215 cutdown accesses for
endovascular aortic repair (T/EVAR-procedure) conducted
between August 2008 and October 2019. The primary outcome
consisted of conservatively treatable minor complications until
hospital discharge and during follow up. Secondary outcomes
comprised postoperative pain and complications requiring
invasive treatment. Minor complications were observed in
11.4% (pEVAR) vs. 9% (cEVAR) of cases throughout index
hospital stay and 10 vs. 13.7% during follow-up. No signifi-
cant differences were noticed regarding overall complication
rate between pEVAR and cEVAR. Only bleedings treatable
through compression occurred significantly more often in
the pEVAR-group (6.8 vs. 0.5%; P=0.02). In conclusions, the
percutaneous technique represents a safe and quickly execut-
able alternative to cutdown access. A significant difference
in overall minor complications could not be observed. In
both techniques, complications may occur even months after
surgery. In order to demonstrate the superiority of the percu-
taneous technique compared with cutdown access, possible
predictors for the use of the percutaneous technique should be
defined in the future.
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Introduction

Treatment of aortic pathologies changed fundamentally during
the last two decades: endovascular treatments and especially
the use of stentgrafts have become more and more frequent (1).
Treatment of the abdominal aorta is commonly referred to as
endovascular aortic repair (EVAR), and that of the thoracic
aorta as thoracic endovascular aortic repair (TEVAR) (1).
With the establishment of thoracic/endovascular aortic repair
(T/EVAR), during which stentgrafts are deployed minimally
invasive through an arterial access vessel, risky open aortic
repair (OAR) can mostly be circumvented. Potential benefits
of T/EVAR vs. OAR include reduced perioperative and 1-year
mortality, shortening of hospital stay and less periprocedural
complications (2-5).

To establish large-bore vessel access in T/EVAR either
classic cutdown or percutaneous technique may be performed.
cEVAR consists of a skin incision and surgical preparation of
the access vessel. In pPEVAR, the access vessel is punctured
through the skin. After puncture, a suture mediated closure
device (SMCD) is used to prepare the sutures for closure of
the puncture site (5). Commonly used SMCDs are the systems
Perclose ProGlide or Prostar XL (both by Abbott Vascular) (6).

Both access techniques have been compared to a limited
extent regarding different parameters (7). A meta-analysis
from 2017 comparing both techniques analyzed two random-
ized controlled trials with 181 patients and suggested
equivalence of pPEVAR and cEVAR (7). Analyzed parameters
included bleeding complications, wound infections and major
vessel complications (7). Especially access-related major
complications like thrombosis and access-vessel injury were
rarely observed in both techniques throughout different
studies (8,9).

Current evidence clearly shows a reduction of opera-
tion time in pEVAR (10-12). Also technical success rates of
more than 90% imply good feasibility of the percutaneous
technique (11,13,14). Achieving high success rates presup-
poses preoperative evaluation of the access vessel, usually
the Common Femoral Artery (CFA). Particularly diameter,
anterior calcification and possible kinking of the vessel are
relevant (15,16). The impact of the CFA calcification level
remains uncertain. Starnes et al (17) postulate safe feasibility
of pEVAR even in calcified vessels, other studies suggest
different results (18,19). Furthermore, routine ultrasound
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guidance for pPEVAR-access seems to reduce incidence of
access-site complications, especially hematomas and injuries
of the femoral nerve (20,21).

Complications of both techniques frequently have been
recorded only for short term outcomes. A randomized
controlled trial from 2019 shows no superiority for either
approach with wound infection rates between 0 and 1.5% but a
reduction of postoperative pain after pPEVAR (22). Other studies
also included access-related complications, however only until
one month after surgery (11,13) or without comparing them to
cEVAR (14,23). Nevertheless, overall acquired data shows a
clear trend towards reduced access-related complication rates
when using the percutaneous technique (9)

The aim of this study was to compare the incidence of
short- and long-term minor complications after percutaneous
and cutdown groin vessel access for T/EVAR. Because of
several previous studies implying a rather low incidence of
access-related major complications (8,9), those complications
were not considered in the present study.

Materials and methods

Definitions. In this retrospective cohort study minor compli-
cations after groin vessel access were compared between
pEVAR and cEVAR. As the term ‘minor complication’ is not
subject to a specific definition it was defined as a conserva-
tively treatable complication. In the ‘Classification of Surgical
Complications’ by Dindo et al (24), this corresponds to severity
degrees I and II. Thus, the following primary endpoints have
been chosen: Secondary wound healing, wound infection,
lymphocele, lymphorrhea, bleeding, hematoma, femoral
neuropathy.

Every event chosen as a primary endpoint was defined to
be conservatively treatable (e.g. through cooling and anal-
gesia). Complications requiring invasive treatment, such as
hematomas requiring surgical intervention, were not consid-
ered as primary endpoints. Bleeding was defined as a failure
of vascular closure manageable by manual compression.
Hematomas were defined as a collection of blood in the vessel
access area. Femoral neuropathy was defined as sensomotoric
symptoms relating to the femoral nerve caused by direct
affection in the vessel access area. There were no events of
neuropathy being generated by other complications such as
retroperitoneal or intraspinal hematoma.

Complications were stratified into those occurring during
the index hospital stay and early (0-1 months postoperative),
medium (2-6 months postoperative) and late (>6 months post-
operative) during follow-up, based on their first documentation.

Postoperative pain was chosen as a secondary endpoint.
Patients were asked to assess their pain on a scale from
0 (no pain) to 10 (highest imaginable pain). Given that many
of the patients were in the intensive care unit (ICU) on the first
postoperative day, the second postoperative day was selected
for recording of patients' pain level.

Additionally, the relatively frequent complications hema-
tomata and lymphoceles requiring revision were defined as
secondary endpoints.

Study design and population. This study retrospectively
evaluates data from all patients who received a single T/EVAR

at our institution between August 2008 and October 2019. The
minimum follow-up of the latest included patients was three
months.

Overall, 269 patients had an operation during the previ-
ously mentioned period. Out of this cohort, 110 patients were
not eligible for this study. Exclusion criteria are displayed in
Table I. Only two of the 12 exclusions because of peripro-
cedural major complications were caused by access-related
events (aneurysm of the CFA and bleeding from the access
vessel requiring open patching).

Data of 159 patients with 259 femoral access sites were
included in the study. Results were analyzed per patient (e.g.
pain level) or per access site (e.g. complication), as appropriate.
47 percutaneous accesses were conducted initially, in which
3 needed conversions to cutdown due to technical failure.
For vessel access in pEVAR, ultrasound guidance was not
routinely used. For closure of the percutaneous vessel access
site, SMCD's Perclose ProGlide, Prostar XL (both by Abbott
Vascular) or AngioSeal (Terumo) were used. Technical failure
of percutaneous access was caused by a failure of the SMCD's
in all 3 cases. Thus 44 percutaneous and 215 cutdown accesses
(31 patients vs. 128 patients) were included into the analysis of
postoperative complications. The first eligible cEVAR patient
underwent surgery in November 2008, the first included
PEVAR patient was operated on in January 2017. Each involved
surgeon had conducted at least 350 percutaneous accesses for
different interventions before performing the first pPEVAR.

Follow-Up at the study site is conducted regularly one,
three and six months after surgery and from then on in an
annual cycle. It includes clinical examination of the access site
and a CT angiogram of the aorta, iliac arteries, and access
vessels or, if contraindicated, ultrasound examination of the
access vessels. 97 patients presented for follow-up. 30 percuta-
neous and 131 cutdown access sites (19 patients vs. 78 patients)
were eligible for analysis of follow-up complications. The main
reasons for follow-up interruptions were lack of understanding
regarding the necessity of follow-up, unawareness of appoint-
ment schedule and follow-up performed in another hospital as
we are a tertiary referral hospital. Table II gives an overview
of included patients and access sites.

Statistical analysis. Data were retrospectively collected with
Excel (Version 2019, Microsoft, Redmond) and analyzed using
SPSS (Statistics subscription, Build 1.0.0.1347; IBM Corp.). For
descriptive statistics, the absolute number and percentage or, if
appropriate, mean value and standard deviation (MV = SD)
were reported. Nominal variables were compared by Fisher's
exact test and an unpaired t-test was used for comparison of
metric variables. Statistical significance was defined as P<0.05.

Ethical approval. The study was approved by the ethics
committee of the University Hospital Halle (Saale), Germany
(ID 2019-037).

Results

Baseline characteristics and comorbidities. Table 111 shows
baseline characteristics and comorbidities of both groups.
No significant differences occurred, the pEVAR- and
cEVAR-group were well balanced. Regarding comorbidities,
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Table I. Exclusion criteria.

Table II. Number of included patients and access sites.

Criteria No. of patients (%)  Analysis pEVAR, n cEVAR, n
Overall excluded cases 110 (41) Postoperative analysis

Missing/incomplete data 57 (21.4) Patients 31 128
Concomitant open procedure® 7(2.6) Femoral access sites 44 215
Rare indication® 15 (5.5) Follow-Up analysis

Major complication 124 .4) Patients 19 78
Previous femoral access® 15(5.5) Femoral access sites 30 131
‘Learning curve’ for 4(1.5)

percutaneous technique?

*Simultaneous treatment of two aortic segments: One by T/EVAR,
another one by open aortic repair. "Indication for T/EVAR in less
than 5 patients each: Contains atherosclerosis of common iliac artery,
iatrogenic damage, revision after therapy at other hospital, thrombus,
malignoma and transection. ‘Previous large-bore access (e.g., for
endovascular aortic valve replacement) led to exclusion, previous
small-bore access up to 6 French (e.g., for coronary intervention)
was not an exclusion criterion. ‘Quantifying the learning curve with
percutaneous technique is discussed controversially in the litera-
ture: A study published in 2013 describes an amount of 30 cases to
reach 90% technical success for the percutaneous technique (26).
Nelson et al (11) assess this number critically because of the initially
low success rate of 45% and suggest a far lower number of cases,
whereas a third study highlights the importance of ultrasound guid-
ance for achieving high technical success rates (19). As the involved
surgeons had each conducted at least 350 percutaneous accesses for
different interventions before performing the first percutaneous endo-
vascular aortic repair, only the first 5 percutaneous T/EVAR-accesses
(corresponds to n=4 patients) were excluded. T/EVAR, thoracic/
endovascular aortic repair.

hypertension occurred in a high number of patients in both
cohorts (pEVAR: 87.1%, cEVAR, 75%).

Indications for surgery. Indications for T/EVAR included
abdominal (AAA), thoracic (TAA) and thoracoabdominal
aortic aneurysms (TAAA) as well as penetrating aortic ulcers
(PAU) and aortic dissections (AD). For cEVAR, A A A-patients
made up the largest part of the cohort (67.2%). This contrasts
with the pEVAR-subgroup in which the proportion was minor
with 32.3%. Emergency indication for surgery made up a
remarkable part in both groups (pEVAR: 22.6%, cEVAR: 16%)
(Table IV). However, no significant correlation between emer-
gent procedures and complications could be observed in a
subgroup analysis.

Perioperative parameters. Table V summarizes recorded
perioperative parameters. Patients receiving pEVAR got local
anesthesia in 64.5% of cases compared to 25% of patients in
the cEVAR-group (P=<0.01). After cEVAR, a significantly
more frequent use of local hemostyptic agents could be
observed. Mean duration of surgery differed by 24.7 min in
favor of pEVAR (79.7 min vs. 104.4 min, P=0.03).

Primary endpoints.Regarding minor complications until postoper-
ative hospital discharge (Table VI) no significant overall difference
could be observed between both techniques. The overall incidence

cEVAR, cutdown endovascular aortic repair; pEVAR, percutaneous
endovascular aortic repair.

of complications was at a similar level (11.4 vs. 9%, P=0.78). Only
conservatively treatable bleedings occurred significantly more
often after pEVAR (6.8 vs. <1%, P=0.02).

Likewise, complications recorded during follow-up
(Table VII) had a similar incidence (10 vs. 13.7%, P=0.77)
with no significant difference in any complication. Table VIII
depicts temporal distribution of first appearance of follow-up
complications. Persisting of complications was not registered.

Secondary endpoints. Regarding secondary endpoints,
subjective pain levels were different among the two groups
with mean values of 0.9 (pEVAR) and 1.3 (cEVAR) (P=0.02).
Furthermore, hematomas needing invasive revision occurred
significantly more often in the pEVAR-group (pEVAR: 4.5%,
cEVAR: 1%, P=0.03) (Table IX).

Discussion

This study suggests equivalence of percutaneous and
cutdown technique for vessel access in T/EVAR regarding
minor complications after surgery. Neither postoperative nor
follow-up complications occurred significantly more often
overall. Nevertheless, the results of the study suggest that
despite ongoing development of improved closure systems, the
percutaneous access technique does not reach superiority over
cutdown access concerning minor complications. Although
several studies reported a reduction of single types of compli-
cations, a consistent benefit for patients did not become
apparent (7-9).

In contrast to complication rates, clearer advantages
of percutaneous technique emerged elsewhere: Besides a
reduction in the duration of surgery, which was consistently
observed in past research, also a significant reduction of post-
operative pain is remarkable. Additionally, the possibility of
a more frequent use of local compared to general anesthesia
represents an important alternative for patients who are
limited in undergoing intubation anesthesia because of their
multimorbidity. Even though cutdown access is theoretically
also possible in local anesthesia, especially for obese and
non-compliant patients it is often not feasible.

As complications during follow-up emerge in approxi-
mately the same number of cases as during hospital stay, clinical
examination of the access site should always be conducted
and properly documented on follow-up appointments. Future
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Table III. Baseline characteristics and comorbidities.

Variables PEVAR (n=31 patients) cEVAR (n=128 patients) P-value
Female, n (%) 10 (32.3) 24 (19.0) 0.14*
Male, n (%) 21 (67.7) 104 (81.0)

Age, years (MV = SD) 71 (9.9) 71.6 (10.0) 091°
Hypertension, n (%) 27 (87.1) 96 (75.0) 0.23*
Diabetes Mellitus Type I, n (%) 13.2) 2(2.0) 0.48*
Diabetes Mellitus Type II, n (%) 5(16.1) 21 (16.0) 0.19*
COPD, n (%) 7(22.6) 21 (16.0) 0.44*
Marfan-Syndrome, N (%) 1(3.2) 2(2.0) 0.48*
BMLI, kg/m2 (MV = SD) 272 (4.9) 273 (5.1) 0.92°
ASA-levels 2 and 3, n (%) 26 (83.9) 96 (75.0) 047"
ASA-levels 4 and 5, n (%) 5(16.1) 29 (23.0)

*P-value determined by Fisher's exact test. °P-value determined by t-test. Results are presented as the absolute number (percentage of cohort
patient number) unless indicated otherwise. MV + SD, mean value + standard deviation; COPD, chronic obstructive pulmonary disease;
ASA, American Society of Anesthesiology; cEVAR, cutdown endovascular aortic repair; pEVAR, percutaneous endovascular aortic repair.

Table IV. Indications for surgery.

Indications for surgery PEVAR, n (%) (n=31 patients) cEVAR, n (%) (n=128 patients)
AAA 10 (32.3) 86 (67.0)

TAA 6(19.4) 3.0

TAAA 3(9.7) 6(5.0)

PAU 6(19.4) 13 (10.0)

AD 6(19.4) 20 (16.0)
Emergency 7 (22.6) 20 (16.0)

AAA, abdominal aortic aneurysm; TAA, thoracic aortic aneurysm; TAAA, thoracoabdominal aortic aneurysm; PAU, penetrating aortic ulcers;
AD, aortic dissection; cEVAR, cutdown endovascular aortic repair; pEVAR, percutaneous endovascular aortic repair.

Table V. Perioperative parameters.

Parameters PEVAR (n=31 patients) cEVAR (n=128 patients) P-value
Local anesthesia®, n (%) 20 (64.5) 32 (25.0) <0.01°
Use of hemostyptic agents®, n (%) 1(3.2) 52 (41.0) <0.01°
Duration of surgery, min (MV + SD) 79.7+59.1 104.4+53.9 0.03¢
Blood transfusion (red cell concentrates), n (%) 13.2) 4 (3.0) 0.42¢
ICU stay, days (MV = SD) 14+x1.5 1.3+1.2 0.83¢
Hospital stay, days (MV + SD) 8.7£6.9 7.9+4.8 0.56¢
Start of physiotherapy, days (MV + SD) 1.9+14 2.1+2.3 0.59¢

"Without additional sedation. *Includes hemostyptic products Tabotamp (Johnson & Johnson), Tachosil (Takeda Pharmaceutical Company, Ltd.)
and Cellistypt (B. Braun Melsungen AG). °P-value determined by Fisher's exact test. ‘P-value determined by t-test. Results are presented as the
absolute number (percentage of cohort patient number) unless indicated otherwise. ICU, intensive care unit; MV + SD, mean value + standard
deviation; cEVAR, cutdown endovascular aortic repair; pEVAR, percutaneous endovascular aortic repair.

studies might quantify the period in which access-related
complications might be able to appear after T/EVAR.

Besides the retrospective design implying possible selec-
tion bias regarding the chosen technique for vessel access, the

limitations of this study include a low cohort size mainly in
the pEVAR group. The main reason for this lies in incom-
pletely accessible data especially from older cases. Moreover,
the fact that ultrasound guidance was not routinely used for
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Table VI. Primary endpoints until hospital discharge.

PEVAR, n (%) cEVAR, n (%)

Complication (n=44 access sites) (n=215 access sites) P-value®
Secondary wound healing 0 5(2.0) 0.59
Wound infection 0 1 (<) >0.99
Lymphocele 0 0 -
Lymphorrhea 0 6(3.0) 0.59
Bleeding 3(6.8) 1(<1) 0.02
Hematoma 1(2.3) 5.0) >0.99
Femoral neuropathy 12.3) 2(1.0) 043
Overall 5(11.4) 20 (9.0) 0.78

*P-value determined by Fisher's exact test. Results are presented as the absolute number of events (percentage of cohort groin access number).
cEVAR, cutdown endovascular aortic repair; pPEVAR, percutaneous endovascular aortic repair.

Table VII. Primary endpoints during follow-up.

Complication PEVAR (n=30 access sites) cEVAR (n=131 access sites) P-value®
Secondary wound healing, n (%) 0 3(2.0) >(0.99
Wound infection, n (%) 0 54.0) 0.56
Lymphocele, n (%) 1(3.3) 2(2.0) 0.46
Lymphorrhea, n (%) 0 43.0) >0.99
Hematoma, n (%) 1(3.3) 0 0.19
Femoral neuropathy, n (%) 1(3.3) 43.0) >0.99
Overall, n (%) (mean = SD) 3(10) (2.3x1.2) 18 (13.7) (4.3+4.6) 0.77

*P-value determined by Fisher's exact test. Results are presented as the absolute number of events (percentage of cohort groin access number)
or as absolute number of events (percentage of cohort groin access number) (mean value + standard deviation of months after surgery until first
documentation of complication). cEVAR, cutdown endovascular aortic repair; pPEVAR, percutaneous endovascular aortic repair.

Table VIII. Time of first documentation of complications during follow-up.

Months after surgery PEVAR, n (%) (n=3 complications) cEVAR, n (%) (n=18 complications)
Early (0-1 months) 1(33.3) 4(222)
Medium (2-6 months) 2 (66.6) 10 (55.5)
Late (>6 months) 0(0.0) 4 (22.2)

cEVAR, cutdown endovascular aortic repair; pPEVAR, percutaneous endovascular aortic repair.

Table IX. Secondary endpoints.

Secondary endpoints pEVAR cEVAR P-value®
Complications until hospital discharge n=44 access sites n=215 access sites
Pain level MV + SD) 0.9+1.0 1.3+0.9 0.02
Hematoma requiring invasive therapy, n (%) 2(4.5) 3(1.0 0.03
Lymphocele requiring invasive therapy, n (%) 0 0 -
Complications during follow-up n=30 access sites n=131 access sites
Hematoma requiring invasive therapy, n (%) 0 0 -
Lymphocele requiring invasive therapy, n (%) 0 3(20) >0.99

*P-value determined by t-test (pain level) and Fisher's exact test (hematoma and lymphocele). Results are presented as the absolute number
of events (percentage of cohort groin access number) or as the MV + SD. MV + SD, mean value + standard deviation; cEVAR, cutdown
endovascular aortic repair; pEVAR, percutaneous endovascular aortic repair.
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vessel access in pEVAR might have had a negative impact on
the technical success and complication rates of this subgroup.
Lastly, albeit excluding the first five percutaneous accesses
to account for possible effects of a learning curve, a lack of
experience of the operating surgeons with pI/EVAR might
have had a negative impact on the results observed for the
technique (25). Further prospective studies are needed to
identify which group of patients who may profit from each
technique.

As of today, the individual surgeon's decision regarding
the vessel access technique is mainly based on own prefer-
ence and expected technical success. The current German
guidelines for treatment of AAA suggest only the degree of
calcification of the access vessel and the respective surgeon's
experience as factors for the decision (26). Prospectively, this
decision process should be complemented by evidence-based
data for complication rate of access techniques and the related
improvement of patient's quality of life. Factors which are
associated with percutaneous access with few complications
and high technical success should be investigated and defined
in the future. By doing so, the technique for vessel access that
potentially achieves the best outcome could be chosen more
individually.

In conclusion, the percutaneous technique for vessel access
in T/EVAR proved to be a safe and quickly executable alterna-
tive to cutdown vessel access. No technique reached superiority
in terms of minor complications. For patients being dependent
on or wishing for local anesthesia for T/EVAR, the percuta-
neous technique should be the first choice for groin access if
anatomical suitability is given. A thorough clinical examina-
tion of the groin access site should not be neglected during
follow-up as access-related complications might appear even
months after surgery. Future studies and guidelines should
aim for investigation and definition of more precise criteria
for selection of the individually best fitting access technique.
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