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Effect of Fractional Inspiratory Oxygen Concentration on
Perioperative Liver Injury and Lung Imaging

© Hakan Gokalp Tas!, ® Faruk Subasi’, ® Ufuk Kuyrukluyildiz!, ® Serhat Hayme2

1Erzincan Binali Yildirim University Faculty of Medicine, Department of Anesthesiology and Reanimation, Erzincan, Turkey
2Erzincan Binali Yildirim University Faculty of Medicine, Department of Biostatistics and Health Informatics, Erzincan, Turkey

Objectives: To maintain gas exchange and avoid desaturation during anesthesia, oxygen supplementation is frequently used. Nonetheless, there is an ongoing
discussion on the ideal fractional inspiratory oxygen concentrations (FiO,) concentration, with practices ranging from 30% in Europe to 100% in the US. While
preventing hypoxia, high FiO, levels can have unfavorable effects, including absorption atelectasis, which may affect liver function in the postoperative period.
The purpose of this study was to investigate how perioperative liver injury is affected by varying FiO,.

Methods: A total of 159 patients aged 18-65 years who underwent procedures lasting more than an hour were included in the study. Three groups of patients -
one for each intraoperative FiO, concentration - were given 34%, 50%, and 70% of the total. Pre- and postoperative measures of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and international normalized ratio (INR) were used to evaluate liver function. In this prospective trial design, participants
with a history of liver disease or other aggravating circumstances were not allowed to participate. Pre- and postoperative chest X-rays were compared.
Results: There were no statistically significant variations in the ALT and AST values of the groups according to the analysis. In contrast to the other groups, the
group that received 70% FiO, had much lower INR levels. This implies that increased FiO, concentrations may have a protective effect against liver function,
especially in individuals with impaired liver function. No significant pathological differences were detected between preoperative and postoperative chest
X-ray findings.

Conclusion: According to the study findings, patients who require liver-protective medication or have poor liver function may benefit more from high FiO,
concentrations after surgery. Although there was no indication of liver damage caused by hyperoxia, more investigation using larger samples and longer
follow-up is recommended to validate these results.

Keywords: Liver, fractional inspiratory oxygen concentrations, liver failure, general anesthesia, imaging

is absorption atelectasis.® During the perioperative phase, surgical site
infections are critical. To aid in the prevention of these infections, the
World Health Organization recommends setting the perioperative FiO,
concentration to 80%." Typically, the FiO, concentration is maintained
between 30% (low) and 80% (high) to minimize the negative effects of
high oxygen therapy and prevent hypoxia.®

Pre-, during-, and post-anesthesia oxygen supplementation at
concentrations above the standard atmospheric 21% is routinely used
to prevent desaturation and mitigate the disruption of gas exchange
caused by the residual effects of anesthetic and analgesic drugs during
airway management. The ideal concentration of this additional oxygen
is debatable, and regional variations exist in practice. In the US, oxygen
concentrations can reach as high as 100%, whereas in Europe, a 30%

Hypoxemia or ischemia due to other causes can particularly cause liver
tissue damage, especially following reperfusion.®” Tissue damage can

concentration is typical." Publications in the literature have shown a
strong correlation between postoperative cardiac damage and low
intraoperative fraction of inspired oxygen (Fi0,) values.? Similar to
low FiO, levels, high FiO, levels can have a major impact on clinical
outcomes. One of the negative consequences of elevated FiO, levels

also result from hyperoxia because it produces free oxygen radicals.®

In order to determine the ideal FiO, levels for patients with impaired
liver function or those in need of liver-protective medication, this
study aimed to examine the impact of different FiO, concentrations on
perioperative liver injury.
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Methods

The investigation was planned as an observational prospective study
that would be conducted in the operating room of our institution. The
study was approved by Erzincan Binali Yildinm University’s Clinical
Research Ethics Committee (approval number: 2022-08/5, approval
date: 22.12.2022). All patients who collaborated provided written
informed consent. According to G-Power analysis, the study comprised
159 patients, aged 18-65, who were categorized as American Society of
Anesthesiologists (ASA) 1, 2 and 3 and underwent surgical procedures
at the Mengiicek Gazi Training and Research Hospital that took more
than an hour to complete between January 1 and June 30, 2023.
Exclusion criteria were a history of drug allergies, liver disease, drugs
that affect the liver, pregnancy, electrolyte imbalances, organ failure,
liver dysfunction, kidney dysfunction, obesity, cachexia, refusal to
participate, or inability to cooperate.

One day before the procedure, all patients received information
regarding the study protocol and procedures, and written informed
consent was obtained. Preoperative chest X-rays were taken from the
patients. Patients were taken to the operating room on the day of the
procedure, and venous access was performed as usual through the left
antecubital fossa. Peripheral oxygen saturation, non-invasive blood
pressure monitoring, and three-channel electrocardiography were
performed.

Based on intraoperative FiO, values, patients were divided into three
groups: 34% (Group A), 50% (Group B), and 70% (Group C). A number of
preoperative tests were noted, including international normalized ratio
(INR), alanine aminotransferase (ALT), and aspartate aminotransferase
(AST). General anesthesia was induced in all patients using 0.6 mg/
kg of rocuronium, 1 mcg/kg of fentanyl, and 2 mg/kg of propofol.
Remifentanil was infused at a rate of 0.5-1 mcg/kg/min, and 2%
sevoflurane was infused at a rate of 4 L/min to maintain anesthesia.
Groups A, B, and Cwere given oxygen-medical air mixtures with different
FiO, concentrations: 34%, 50%, and 70%, respectively. At the end of
the operation, anesthetic gases and remifentanil were discontinued,
and the patients were transferred to extubation using 100% oxygen.
Atropine (0.015 mg/kg) and neostigmine (0.04 mg/kg) were given.
All patients underwent blood sampling for AST, ALT, and INR after
extubation. After surgery, patients were moved to the postoperative
recovery area. Atelectasis, effusion, infiltration, consolidation, and
edema were investigated on preoperative and postoperative chest
X-rays. Patients with aldrete scores >9 were moved to the ward after
the scores were recorded at 5, 10, and 30 minutes. Postoperative chest
X-rays were obtained from the patients in the ward. The preoperative
and postoperative test results were compared, and the collected blood
samples were examined.

Statistical Analysis

IBM Statistical Package for the Social Sciences (SPSS) Statistics 25.0 (SPSS
Inc., Chicago, IL, USA) was used for data analysis. For normally distributed

variables, descriptive statistics are presented as meanzstandard
deviation; for non-normally distributed variables, they are presented
as median (minimum-maximum); and nominal variables are presented
as frequency (%).

The significance of mean differences between the two groups was
evaluated using the t-test, whereas differences in medians were
evaluated using the Mann-Whitney U test. ANOVA was used to assess
mean differences in comparisons involving more than two groups, and
the Kruskal-Wallis test was employed to assess median differences. Both
Fisher's exact test and Pearson’s chi-square test were used to assess
nominal variables.

When the distribution was non-normal, the Spearman correlation test
was used to evaluate the relationship between continuous variables;
when the distribution was normal, the Pearson correlation test was
employed.

Results were considered statistically significant at a p value of <0.05.

Using one-way ANOVA and an effect size (Cohen’s f) of 0.25 for the
comparison of AST, ALT, and INR values among the three groups, the
sample size calculation required 159 individuals. Type 1 Error (a) was set
at 0.05 and Power (1-B) was set to 0.80. There was a constant participant
count in each group.

Results

The study included 167 individuals with ASA classes 1, 2, and 3 who were
aged 18-65 years. Two patients were omitted because of FiO, changes
caused by desaturation, and six patients were excluded because their
surgeries took less than an hour to complete. After the removal of these
individuals, the study was concluded, including the 159 participants
who were initially scheduled. All patients underwent blood sampling for
ALT, AST, and INR measures 1 h prior to surgery and again 1 h following
the conclusion of the procedure and the patients’ ward transfer. The
outcomes were noted and examined.

Of the participants in the study, 62% were female. The mean age of the
patients was 43.32115.20 years. The average duration of the surgeries
was measured at 122.45+59.57 minutes.

Pre- and postoperative ALT, AST, and INR values in each group are
summarized in Table 1.

When the preoperative and postoperative ALT results were compared,
A vs. B: p=0.605, A vs. C: p=0.262, and B vs. C: p=0.545 showed no
statistically significant differences were observed between the groups.
The postoperative ALT results of all three groups were statistically
significantly (p<0.05) lower than their preoperative ALT measurements
(Figure 1).

There were no statistically significant differences between the groups
when the preoperative and postoperative AST findings were analyzed

Table 1. Pre- and postoperative ALT, AST, and INR levels according to groups

Preoperative Postoperative

ALT AST INR ALT AST INR
Group A 25.11£20.28 29.17£36.35 0.99+0.06 22.04£17.50 29.62£33.23 1.10+0.12
Group B 23.60£16.05 23.32£9.24 1.02+0.07 20.641£15.42 22.8919.68 1.121+0.25
Group C 21.49£10.95 22.06£7.57 1.00£0.06 19.36+9.97 21.92£9.12 1.06+0.13

ALT: Alanine aminotransferase, AST: Alanine aminotransferase, INR: International normalized ratio
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(A vs. B: p=0.123; A vs. C: p=0.070; B vs. C: p=0.784). There was no
statistically significant difference (p=0.960) between the preoperative
and postoperative AST results among all groups were taken into account
(Figure 2).

There were no statistically significant differences between Groups A
and Group B (p=0.295) or between Groups A and Group C (p=0.278)
according to the examination of the INR values. In contrast to Group
C, Group B’s INR value was statistically considerably higher (p<0.05).
Postoperative INR values were significantly higher than preoperative
INR values when all groups were taken into account (p<0.05). Although
all three groups had considerably higher postoperative INR values than
preoperative values, Group Cs increase was less noticeable than the
other groups’ (Figure 3).

No significant pathological findings were detected on preoperative and
postoperative chest X-rays in any group. Examples of preoperative and
postoperative chest X-rays are shown in Figure 4.

Discussion

To determine the ideal FiO, concentration for patients with borderline
liver capacity or those in need of liver-protective medication, we
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Figure 1. Pre- and postoperative ALT levels
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Figure 2. Pre- and postoperative AST levels

AST: Alanine aminotransferase, Cl: Confidence interval

examined the effects of several FiO, concentrations (34%, 50%, and 70%)
on perioperative liver damage. Our findings showed that during the
anesthetic process, there was no statistically significant difference in the
AST and ALT levels among the various FiO, concentrations. In contrast
to the other groups, higher Fi0, concentrations were linked to more
favorable INR findings. Therefore, we deduced that patients requiring
liver-protective medicine or those with borderline liver function could
benefit more from increased FiO, levels.

Chronic liver dysfunction significantly elevates perioperative risk. In
Europe, 26 cases of cirrhosis occur every 100,000 people. As with all
patients, patients with chronic liver disease may require surgery for
a variety of reasons. Surgical patients with liver illness have worse
morbidity and mortality rates than the general population; in patients
with decompensated liver disease, these rates can reach 11.6%.>™

= Group A
——Group B
=== Group C

Estimated Marginal Means

Preoperative Postoperative

INR
Error bars: 85% Cl

Figure 3. Pre- and postoperative INR levels

INR: International normalized ratio, Cl: Confidence interval

Figure 4. (a) Preoperative chest X-ray of a 54-year-old female patient.
(b) Postoperative chest X-ray of the same patient. (c) Preoperative chest
X-ray of a 27-year-old male patient. (d) Postoperative chest X-ray of the
same patient
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Worldwide, perioperative oxygen is the standard treatment for general
anesthesia. The normal oxygen content in Europe is approximately
30%; however, in the US, it can range from 30% to 100%. Regarding
the ideal oxygen concentration for perioperative oxygen treatment,
opinions differ. According to recent research, keeping oxygen support at
80% is adequate to prevent perioperative problems.”In our study, we
divided the patients into three groups and monitored them with oxygen
support at FiO, levels of 34%, 50%, and 70%, respectively.

The literature does not contain any research on the connection between
varying FiO, levels and liver injury. On the other hand, a study by
Pedersen et al.? examined the development of myocardial damage
in five patient groups undergoing surgery, with intraoperative FiO,
values varying from 34% to 70%. The study revealed that myocardial
damage occurred in tandem with an increase in FiO,. Furthermore,
increased FiO, levels were linked to a higher incidence of ischemic
events, including myocardial infarction, according to a previous study.
Wang et al.®demonstrated that ischemia and, in particular, subsequent
reperfusion can cause liver damage due to reduced oxygen delivery. On
the other hand, a different study conducted by Singer et al.2 showed
that hyperoxia might increase the production of reactive oxygen species,
which may cause harm to organs and tissues. We found no evidence of
statistically significant differences in ALT and AST levels between groups
with increasing FiO, concentrations. Compared to the other groups,
the group with 70% FiO, exhibited a noticeably lower INR increase.
This result implies that FiO, levels can be advantageous for liver injury.
We did not detect any evidence of liver damage related to hyperoxia
because we did not exceed 70% FiO,.

Study Limitations

The study we conducted has some limitations. Power analysis led us to
include 159 patients in the study. Larger trials with more patients will
yield more reliable results. Preoperatively and 24 hours after surgery,
we assessed the ALT, AST, and INR levels. Long-term comparisons of the
groups will be more accurate.

Conclusion

Our research concluded that, compared with the other groups, the
liver benefited more from increased FiO, concentrations. We found that
varying FiO, concentrations did not affect chest X-ray. Therefore, high
FiO, concentrations may be more advantageous when liver-protective
medication is needed or when liver capacity is questionable.

Ethics

Ethics Committee Approval: This study was conducted in accordance
with the Declaration of Helsinki (1975), as revised in 2013. The protocol
was reviewed and approved by the Clinical Research Ethics Committee
of Erzincan Binali Yildirrm University (approval number: 2022-08/5,
approval date: 22.12.2022).

Informed Consent: Informed consent was obtained from all patients
before the day of surgery.
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Prevalence of Lumbosacral Transitional Vertebra in Turkish
Population: A Retrospective Study

©® Koray Bingol!, ® Mithat Kerim Arslan2, ® Mukadder Sunar?!, ® Kemal Bugra Memis3
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Objectives: To determine the prevalence of lumbosacral transitional vertebra (LSTV) in patients admitted to the hospital with various complaints in Erzincan
and its surroundings and to determine the age-to-gender relationship.

Methods: Magnetic resonance images of 1,164 patients were retrospectively examined. Patients with disc degeneration, over the age of 65, patients with
scoliosis, spondylolisthesis, pelvic and spinal region trauma, and patients who had previously undergone lumbar region surgery were excluded from the study.
Our study is a retrospective cohort study.

Results: The prevalence of LSTV was 274 patients (23.53%), lumbarization was 264 patients (22.68%), and sacralization was 10 patients (0.85%). Correlations
with age and gender variables were also investigated. When age was examined by sex, the average age of the women was calculated as 42.2+13.1 (13-64) years
and that of the men was calculated as 41.8+13.0 (12-64) years. Age was statistically similar across the gender groups (p=0.386).

Conclusion: The LSTV is a frequently encountered anatomical variation. It is important to know this in advance and evaluate it, as it will reduce the risk of

complications in the nerves and tissues originating from this area in both surgical and invasive interventions to the area.

Keywords: Lumbarization, sacralization, lumbosacral transitional vertebra, spinal surgery, magnetic resonance imaging

Morphometric measurements of the human body and the contextual
relationships between them constitute the basis of anatomical studies.
Morphometry is the statistical presentation of some quantitative
variables such as the width, length, and height of structures. The
lumbosacral area is a critical area that is subjected to greater force
and resistance than other parts of the body, and at this level, there is a
dramatic change in the direction of transmission of forces.! The sacrum
may contain six vertebrae in cases where an additional sacral vertebra
is developed or when the fifth lumbar vertebra or the first coccygeal
vertebrae are included in the area. The phenomenon of the inclusion
of the fifth lumbar vertebra in the sacral region is called “sacralization”,
and the phenomenon of reduction of the sacral components due to the
separation of the first sacral vertebra is called “lumbarization” Figures
1, 2. Lumbarization and sacralization of the lumbosacral region are
referred to as the lumbosacral transitional vertebra (LSTV)."? LSTV is a
normal anatomical variation with characteristics of both the lumbar
and sacral vertebrae and is considered a clinically important condition.

LSTV, first described by Bertolotti® in 1917, is a variation that is usually
detected randomly in patients presenting to the clinic with different
and unrelated symptoms.* LSTVs are congenital spinal anomalies of
the spine and are highly prevalent in the general population, with a
reported value of 4-30%. The degrees of morphological variation in
the lowest or superior sacral segment vary from the L5 vertebrae with
enlarged longitudinal processes to complete fusion with the sacrum.
On the contrary, the S1 vertebral segment may show varying degrees
of lumbarization, such as well-formed lumbar-type facet joints, a
square appearance in the sagittal plane, and abnormal articulation
formation rather than merging with the rest of the sacrum.®> In the
literature; It is stated that since the existing biometric structure of
the spine is disrupted in the presence of LSTV, clinical conditions
such as spondylolysis, peripheral and central stenosis, intervertebral
disc pathologies, and facet arthritis are encountered.® The literature
defining the LSTV is relatively limited. There are many studies that
discuss the prevalence, diagnosis, and management of LSTVs, but many
of these studies show the need to reveal more population and variation
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findings to help understand LSTVs and their impact on patients.” There
is no standard method for diagnosing LSTV. Methods such as X-rays,
computed tomography (CT), and magnetic resonance imaging (MRI) are
used for diagnosis. The oldest of these is direct radiographs made with
X-rays. It is accepted that the diagnosis of LSTV can be best assessed
using anteroposterior radiography.

CT is a method that allows imaging of bone and soft tissue elements in
the spinal region and is quite successful in evaluating bones compared
with other imaging methods. An important advantage of MRI is that
radio waves are used, and images can be captured in any plane without
changing the patient’s position. At the same time, it is especially
preferred because it has the highest soft tissue contrast resolution.

Figure 1. Sacralization of L5. Sagittal plane T2W lumbar magnetic
resonance images (MRI) (A, B) showing the sacralized 5" lumbar
vertebra. The 12™ thoracic vertebra was confirmed by observing the 121"
rib (red arrow) on sagittal T2W MRIs

Figure 2. Lumbarization of S1. In the sagittal plane, T2-weighted lumbar
magnetic resonance imaging (A) and lateral lumbar radiograph (B)
show the summarized 1* sacral vertebra. The 12" thoracic vertebra was
confirmed by observing the 12™ rib (red arrow) on the lateral lumbar
radiograph
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In our study, we aimed to compare age, sex, and lumbalization/
sacrosanctation values in patients from the Erzincan region who visited
the clinic for various reasons and were diagnosed with LSTV.

Methods

Patient Population and Demographic Data

In this study, images taken at Erzincan Binali Yildirim University
Mengticek Gazi Training and Research Hospital Radiodiagnostic
Department between 01.01.2020 and 21.07.2022 were used. Approval
for the study was obtained from Erzincan Binali Yildinm University
Clinical Research Ethics Committee (ethics committee decision date:
March 30, 2023; decision number: 2023-07/4). MRI of the lumbosacral
region of 1,164 patients, which were obtained from the department
of radiodiagnostics between these dates, were retrospectively analyzed.
Patients aged >65 years, those with scoliosis, spondylolisthesis, pelvic or
spinal region trauma, and those who had previously undergone lumbar
region surgery were excluded from the study on the grounds that their
normal anatomy may be disrupted. Finally, 274 patients (119 men,
155 women) who were eligible for the study were identified, and their
gender and age were recorded.

Acquisition and Processing of Images

All MRI images were obtained using a 1.5T MRI machine with a
32-channel lumbar coil (Magnetom Aera, Siemens, Erlangen, Germany).
Images were taken with the patient in the supine position: sagittal
plane T2-weighted images TR (time of repetition): 4120 ms, TE (time of
echo): 104 ms, average: 2, field of view: 280 mm, slice thickness: 4 mm,
voxel size: 0.9%*0.9%4 mm; sagittal plane T1 images TR: 646 ms, TE: 9
ms, average: 2, field of view: 280 mm, slice thickness: 4 mm, voxel size:
0.9%0.9*4 mm; and axial plane T2-weighted images TR: 5070 ms, TE: 88
ms, average: 1, field of view: 190 mm, slice thickness: 4 mm, voxel size:
0.7%0.7*4 mm.

All MRI images were re-evaluated by a radiologist with 10 years of
experience. The MRIs were transferred to an image archiving and
transmission system workstation (Akgiin PACS Viewer v7.5, Akgiin
Software, Ankara, Turkey) for analysis and measurement in standard
digital imaging and medical formats.

Evaluation of Images

The presence of the LSTV, which constitutes the morphological data, was
obtained from the coronal and sagittal reformate images and recorded.
This was considered as lumbarization and sacralization.

Statistical Analysis

IBM Statistical Package for the Social Sciences 22 (IBM Corp., Armonk,
N.Y., USA) software was used for statistical analysis. The results are
summarized as numbers (n) and percentages (%) for categorical
variables and as mean+standard deviation and median and minimum-
maximum values for continuous variables. The Fisher’s exact test was
used to analyze categorical variables. The assumption of normality for
continuous variables was confirmed by the Kolmogorov-Smirnov test.
When comparing continuous variables between two groups, Student’s
t-test was used when statistical assumptions were met, and Mann-
Whitney U test was used when statistical assumptions were not met.
The statistical significance level was set at 0.05 for all tests.
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Results

As a result of retrospective screening, it was found that 121 (44.2%) of
the 274 patients included in the study were male and 153 (55.8%) were
female. The gender distribution of patients is presented in Figure 3 as
percentages and numbers. The overall average age of the patients was
found to be 41.6+13.0 (12-64) years, and the frequency distribution
according to the age ranges is shown in Figure 3.

When age was examined by sex, the average age of the women was
calculated as42.2+13.1 (13-64) years and that of the men was calculated
as41.8+13.0 (12-64) years. The results are presented in Table 1. Age was
statistically similar across the gender groups (p=0.386).

When LSTV positivity was examined, LSTV was observed in the form of
lumbarization in 264 (96.4%) of the 274 patients included in the study.

Age distribution in groups with LSTV (lumbalization and sacralization)
was examined, and descriptive statistics of age are presented in Table
1. The median age was similar between the LSTV (S) and LSTV (L) groups
(p=0.984).

Discussion

LSTV is an anatomical anomaly observed between the 5th lumbar
vertebraand the os sacrum.® LSTV are characterized by lumbarization and
sacralization.? Sacralization is related to the extension of the processus
transversus of the 5" lumbar vertebra and its fusion with the first
sacral vertebra to varying degrees. Lumbalization is the development
of the first sacral vertebra partially or completely in the lumbar-type
morphology. When complete, six lumbar vertebrae are observed.® The
incidence of sacralization is higher than that of lumbarization.™

3

Frequency (n)

10-19 20-29 30-39 40-49 50-59 60-69

Age Categories

Figure 3. Age distribution of patients

The ligamentum iliolumbale is accepted as the reference point for
determining the LSTV. In a study using MRI, Carrino et al." found that
the ligamentum iliolumbale originates from the 5" lumbar vertebra in
96.8 % of cases. Castellvi et al."> developed a radiological classification
system that defines four types of LSTV. Type 1 includes unilateral (1a)
or bilateral (1b) dysplastic processus transversus. In type 2, incomplete
unilateral (2a) or bilateral (2b) lumbarization/sacralization is observed,;
there is a diarthrodial joint between the enlarged processus transversus
and the os sacrum. Type 3 is defined by complete osseous fusion of
the processus transversus to the os sacrum. It includes unilateral (3a) or
bilateral (3b) lumbalization/sacralization. Type 4 has a type 3 LSTV on
one side and a type 2 LSTV on the other side.

O’Driscoll et al.® developed four types of classification systems
according to the presence or absence of the discus intervertebralis and
anteroposterior length of S1-2 disc morphology using MRI. According to
this classification, between the os sacrum and the 1st sacral vertebra;
type 1 has no disc and is observed in those without LSTV. In type 2, there
is a residual disc. The AP diameter is lower than the AP diameter of the
os sacrum, and this type is most common in patients without LSTV. In
type 3, a normal disc has an AP diameter equal to the AP diameter of
the os sacrum. Type 3 is observed in the normal columna vertebralis
and LSTV. Type 4 is similar to type 3, with the difference being that
squareness is observed in the first sacral vertebra. There was a good
correlation between the type 4 disc and the summarized sacral vertebra.

In patients with LSTV abnormalities, the joint limitation of this region
increases as a result of the bilateral fusion of the processus transversus
of the lowest lumbar vertebra and the os sacrum, and this affects the
biomechanics of the lumbar region. Because this condition increases
the stabilization of this region, discus intervertebralis pathology is less
common below the LSTV level, whereas disc degeneration is more
common because the discus vertebralis at the upper level will carry
the load.”™ The relationship between low back pain and LSTV was first
described by Bertolotti® in 1917 and was named Bertolotti syndrome.'®

There are cases in the literature of surgical procedures performed at the
wrong lumbar level if there is a LSTV in both surgical interventions and
injections, as it is not known which level the nerve root corresponds to.
Therefore, the LSTV can have important clinical consequences.™

Although LSTV is a congenital anatomical variation frequently
encountered in the lumbosacral region, its pathophysiology and
biomechanical effects are not fully understood."” In various studies, the
incidence of LSTV varies between 4% and 37%."” This difference between
rates can be explained by assessment errors, differences in individual
diagnosis and classification criteria, and factors that create confusion
among the population samples investigated.'"

Table 1. Age distribution of LSTV (lumbalization and sacralization) patients and by gender

LSTV Mean SD Median Minimum Maximum p
Sacralization 41.80 15.519 41 23 64

S 0.984
Lumbalization 41.55 12.965 42 12 64
Women 422 131 43 13 64

0.386

Men 40.8 13.0 42 12 64
Total 41.6 13.0 42 12 64
The Mann-Whitney U test was applied.
SD: Standard deviation, LSTV: Lumbosacral transitional vertebra
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In the 28 studies conducted between 2000 and 2017 that we reviewed
regarding LSTV, radiological images of 47,586 patients were examined,
and LSTV variations were detected in 6,353 patients (13.3%). In 15
of these studies, researchers stated that LSGV was associated with
lumbarization and sacralization. These studies were conducted with a
total of 30,053 patients, and the average LSTV rate was 12.45%. Of these,
the lumbarization rate was 3.76%, and the sacralization rate was 8.69%.
In our study, the incidence of LSTV was higher than the average of 28
studies. According to the averages of 15 studies on sacralization and
lumbarization rates, these rates were quite different. In our study, the
incidence of LSTV was 23.53%, of which lumbarization was 22.68% and
sacralization was 0.85%.%

Study Limitations

Although our study was a comprehensive retrospective study, a majority
suitable for typing could not be achieved because of the large number
of patients who were excluded from the study. In the future, the
scope of this study can be expanded to include various morphometric
measurements to correlate LSTV with pain in patients with LSTV. Our
lumbar MRIs cover T12. The detection was performed on the t12
vertebra.

Conclusion

In our study, we aimed to compare age, sex, and lumbarization/
sacralization values in patients from the Erzincan region who came to
the clinic for various reasons and were diagnosed with LSTV. Currently,
MRI is @ method used by radiologists in radiodiagnostic departments
in medicine, both for accurate diagnosis and for diagnosis and
morphometric measurements of congenital variations, such as LSTV. In
addition, the variability in lumbalization/sacralization rates observed
according to regional patient profiles indicates the need for screening
in larger patient populations.
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Correlations Between Different Types of Posterior Superior
Rotator Cuff Tears and Myoarchitecture: Insights from
Magnetic Resonance Imaging

® Zahra S. M. Husain, ® Sarah Makki Al Salam, @ Abdullah Saad Al Driweesh

Dammam Medical Complex, Department of Diagnostic Radiology, Dammam, Saudi Arabia

Objectives: Posterior rotator cuff (RC) tears (RCTs) are common and cause adverse structural and functional changes within the associated musculature.
Despite our existing knowledge of the architectural features of normal RC muscles, their specific characteristics remain insufficiently understood in the
context of RCTs. The aim of the study is to investigate the association between muscle and tendon architectural alterations in posterior superior RCTs and their
correlation with the Goutallier grade of the supraspinatus and infraspinatus muscles.

Methods: The study cohort comprised 150 patients with distinct subtypes of posterior superior RCTs, specifically L-shaped, C/U-shaped, and complete tears.
Two experienced musculoskeletal radiologists conducted a blinded analysis of the magnetic resonance imaging (MRI) images obtained using a 3.0 Tesla MRI
machine to quantify the Goutallier grade for both the supraspinatus and infraspinatus muscles. Furthermore, the authors assessed the muscle architectural
parameters of the supraspinatus, including the central tendon angle (CTA), anterior pennation angle (PA), and posterior PA, for each individual in the cohort.

Results: The Goutallier grade was significantly higher in the infraspinatus muscle than in the supraspinatus muscle (p<0.001). CTA demonstrated a moderate
positive correlation with the Goutallier grade in L-shaped (p=0.002) and C/U-shaped tears (p=0.004), but no significant correlation was observed in complete
tears (p=0.183). Specifically, the anterior PA showed a moderate positive correlation with the Goutallier grade in L-shaped tears only (p=0.02), whereas the
posterior PA exhibited a strong positive correlation across all tear types (p<0.05).

Conclusion: In cases of posterior superior RCTs, changes in the posterior PA exhibit a robust correlation with the Goutallier grade of the supraspinatus and
infraspinatus muscles. Consequently, the posterior PA can serve as a surrogate marker for evaluating early, irreversible morphological alterations in the RC
muscles, thereby prompting timely consideration of surgical interventions.

Keywords: Rotator cuff, muscle atrophy, tendon, MRI, shoulder

linear relationship exists between muscle length and the force of
isometric contraction.® Consequently, variations in FBL can significantly
influence the optimal range and velocity of muscle contraction.? In the
pennate muscles, only a component of the force of the muscle fibers is
aligned with the line of action; thus, alterations in the pennation angle
(PA) will also impact the muscle’s force-generating capacity.”® Given
that FBL and PA are critical determinants of skeletal muscle function,”
quantifying these parameters in the pathological supraspinatus is
imperative. Existing literature has examined the myoarchitecture of
anterior and posterior rotator cuff (RC) tears (RCTs) and related them to
one another. However, no previous studies have specifically investigated
the subtypes of posterior superior RCT.

The supraspinatus muscle and tendon exhibit a complex architecture.
The muscle is anatomically divided into two primary regions: anterior
and posterior, each exhibiting distinct functional characteristics.
The anterior region comprises 75-86% of the muscle volume,
with its pennate fiber bundles inserted laterally into the anterior
tendon, thereby generating the predominant force output of the
muscle. Conversely, the posterior region is considerably smaller in
volume and partially situated deep into the anterior region, with
parallel fiber bundles inserted laterally into the posterior tendon.
The functional capacity of a muscle is intrinsically linked to its
architectural configuration. Among the architectural parameters, fiber
bundle length (FBL) is of paramount importance because it is directly The pattern of posterior superior RCT affects the development of
proportional to muscle excursion and contraction velocity.®” A direct surgical planning. C-shaped tears are typically repaired with direct
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tendons at the greater nodules of the humerus, whereas U-shaped and
smaller L-shaped tears require tendon edge convergence and side-to-
side tendon repair before the broken tendon can be directly anchored
to the bone insertion.’ Therefore, studying the myoarchitecture of
each tear pattern and specifying the tear pattern in radiology reports
will help orthopedists in their per-operative planning and guide the
management options.

The aim of this study is to investigate the association between muscle
and tendon architectural alterations in posterior superior RCTs and
their correlation with the Goutallier grade of the supraspinatus and
infraspinatus muscles.

Methods
Study Design and Grouping

The study population of this retrospective study comprised adult men
and women aged less than 60 years who underwent shoulder magnetic
resonance imaging (MRI) between January 2019 and December 2023 at
our hospital. All cases meeting the inclusion and exclusion criteria were
included in this study, and data were collected by searching the Picture
Archiving and Communication System (PACS) of the medical institution.
We divided the study population into three groups: 1) those involving
L-shaped tears, i.e., tear involving the anterior part of the supraspinatus
tendon with a tear gap wider in oblique coronal images and shorter in
sagittal oblique images (n=50); 2) those with crescent/U-shaped tears,
i.e., a tear that did not affect the anterior part of the supraspinatus or
the posterior part of the infraspinatus tendon with a tear gap wider in
the oblique-sagittal plane than in the oblique coronal images (n=50);
3) those with a complete tear of the supraspinatus and infraspinatus
tendons (n=50).

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: 1) Adult men and women aged
less than 60 years old 2) radiological final report with a diagnosis of full-
thickness posterior superior RCT. 3) MRI report was reviewed twice by
two senior musculoskeletal imaging radiologists, and the diagnosis was
confirmed as a full-thickness posterior superior RCT. 3) full-thickness
posterior superior RCT presenting as L-shaped, U/crescent-shaped, or a
complete tear of the supraspinatus and infraspinatus tendons.

The exclusion criteria were as follows: 1) full-thickness not conforming
to L-shaped, U-shaped, crescent-shaped, or complete tear of the
supraspinatus and infraspinatus tendons. 2) Concurrent abnormal
disease process of the supraspinatus or infraspinatus muscle. 3) Tears to
the RC muscles other than the supraspinatus and infraspinatus. 4) Other
pathological shoulder processes such as metastatic lesions, Bankart,
Hill-Sachs deformity, osteoarthritis or osteonecrosis. 5) Prior RC repair
surgery or joint replacement. 6) Absent or poor quality oblique sagittal
T1-weighted MRI sequence.

Magnetic Resonance Imaging and Image Analysis

In this study, shoulder MRI examinations were conducted using a 3.0
Tesla MRI machine equipped with a specialized shoulder coil. The
imaging protocol included several sequences: 1) an oblique sagittal
and oblique coronal T1-weighted fat-sensitive sequence with repetition
time (TR) of 600 milliseconds (ms) and time to echo (TE) measuring 15
ms; 2) an oblique sagittal, oblique coronal, and axial proton density
fat suppression sequence (TE=40 ms, TR=3000 ms), and 3) an axial T2*
gradient inversion recovery sequence (TE=16 ms, TR=1039). The slice
thickness for all sequences was 3 mm.

Two senior musculoskeletal imaging radiologists performed a blind
analysis of the MRI images. These images were taken from the PACS.
They measured the medial-lateral and anterior-posterior tear range
data for full-thickness posterior upper RCTs. These tears were recorded
based on the RCT shape defined by Davidson and Burkhart', which
included L-shaped or U-shaped/crescent-shaped tears. A complete tear
was defined as a full-thickness tear involving the entire supraspinatus
and infraspinatus tendons.

Additionally, diagnostic radiologists retrospectively analyzed the
MRI images of each shoulder in the study population and measured
the central tendon angle (CTA) and anterior and posterior PA of the
supraspinatus muscle (Figures 1, 2). The degree of intramuscular fat
infiltration (FI) in the supraspinatus and infraspinatus muscles was
independently evaluated using the blind Goutallier grading method
utilizing imaging sequences corresponding to a Y-shaped view of each
study object. The Goutallier grades used in this study were as follows:
grade 0 (no fat), grade 1 (fat stripe), grade 2 (muscle > fat), grade 3
(muscle = fat), and grade 4 (muscle < fat).

Figure 1. Magnetic resonance imaging axial proton density fat saturation sequence. The red circle demonstrates the humeral head with its
transaxial axis. The central tendon angle (yellow arc) was measured between the supraspinatus tendon and the line paralleling the transverse

humeral head axis
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Figure 2. Magnetic resonance imaging axial gradient inversion recovery sequence of the left shoulder joint showing the anterior pennation angle

(red arc) and posterior pennation angle (yellow arc)

Statistical Analysis

The data were analyzed using Stata 15.0 statistical software. The chi-
square test was used to compare age, male-to-female ratio, tear range,
trauma history, and symptom duration (below or above 4 weeks).
Additionally, the mean Goutallier grades of the supraspinatus and
infraspinatus muscles were compared between the groups using an
unpaired t-test after examining the data using the Kolmogorov-Smirnov
test. Associations among age, male percentage, tear range, trauma
history, and Goutallier grade were evaluated using Spearman’s rank
correlation coefficient within each group. Additionally, the correlation
between CTA, anterior and posterior PA, tear range and subtype, and
Goutallier grade was examined using the same statistical method. The
reliability between the two assessors was determined by calculating the
kappa value, with a significance level of p<0.05.

Results

Assessment of the Goutallier Grade of the Supraspinatus and
Infraspinatus Muscles

The intraclass correlation coefficients (ICC) for the Goutallier grade
measurements provide important insights into the reliability of
these assessments. For the supraspinatus muscle, the 1CC was 0.500,
indicating moderate inter- and intraobserver agreement. Similarly, the
infraspinatus muscle had an 1CC of 0.480, which also reflects moderate
inter- and intraobserver agreement. These results suggest that although
there is a reasonable level of consistency between different observers
and across repeated measurements, room remains for improvement in
the reliability of these measurements.

Analysis and Summary of the Clinical Data of All Subjects in Each Group

The analysis of various factors related to different tear types (Table
1) revealed that the mean ages of the L-shaped, C/U-shaped, and
complete tear groups were approximately 51.58, 52.44, and 56.72
years, respectively. The P-value for age differences across these groups
is p<0.001, indicating a statistically significant difference in age
distribution, with the complete tear group being older on average. The
percentage of males was fairly consistent across the groups, with 50%
in the L-shaped group, 54% in the C/U-shaped group, and 48% in the
complete tear group (p=0.830). The distribution of right and left side
involvement was similar across the groups, with approximately 60-62%

of tears occurring on the right side (p=0.972). There was significant
variation in tear size distribution among the groups, particularly in
the complete tear group, which had a higher proportion of larger tears
[32% falling within the 3-5 cm range (p<0.001)]. Trauma history was
relatively uncommon across all groups, with the complete tear group
reporting no history of trauma history (p=0.143). Most patients in the
L-shaped and C/U-shaped tear groups experienced symptoms lasting
more than four weeks (86%), whereas all patients in the complete tear
group experienced symptoms lasting over four weeks (p=0.021).

The analysis suggests that there were statistically significant differences
in age, tear size distribution, and symptom duration among the different
tear types, whereas gender, side involvement, and trauma history did
not show significant differences.

Analysis of Myoarchitecture in Each Group

Analysis of muscle and tendon architecture (Table 2) revealed
significant differences among tear types. The comparison of L-shaped
and C/U-shaped tears yielded a p value of 0.233 for CTA, indicating no
statistically significant difference. However, significant differences were
observed between L-shaped and complete tears (p<0.001) and C/U-
shaped tears (p<0.001). Similarly, the anterior PA showed significant
differences between the complete tear group and both L-shaped
(p<0.001) and C/U-shaped tears (p<0.001). The posterior PA exhibited
statistically significant differences across all comparisons, with
particularly pronounced differences between L-shaped and complete
tears (p<0.001) and a p value of 0.002 when comparing C/U-shaped
to complete tears. The findings underscore that the posterior PA is
significantly altered in C/U-shaped tears compared with L-shaped tears.

Comparison of Goutallier Grades of the Supraspinatus and Infraspinatus
Muscles

The analysis of Goutallier grades for the supraspinatus and infraspinatus
muscles (Table 3) revealed that the complete tear group exhibits
significantly higher grades. The p values between both groups were
extremely low, demonstrating statistically significant differences in
Goutallier grade severity among the various types of RCTs. Within each
group, the differences between the supraspinatus and infraspinatus
muscles were generally not statistically significant; however, the
Goutallier grade was notably higher in the infraspinatus muscle than
in the supraspinatus muscle for all types of RCT. These findings suggest
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Table 1. Analysis and summary of the clinical data of all subjects in each group were performed using the chi-square test

Items L-shaped tear (n=50) C/U-shaped tear (n=50) Complete tear (n=50) p value
Age (years) 51.58%5.87 52.44%5.00 56.72+2.48 <0.001
Male % 50% 54% 48% 0.830
Side, n (%) 0.972
Right 31 (62%) 30 (60%) 31 (62%)

Left 19 (38%) 20 (40%) 19 (38%)

Tear range, n (%) <0.001
<1em 14 (28%) 14 (28%) 0

1-3 cm 36 (72%) 36 (72%) 34 (68%)

3-5¢cm 0 0 16 (32%)

>5cm 0 0 0

Trauma history, n (%) 0.143
Yes 4 (8%) 3 (6%) 0

No 46 (92%) 47 (94%) 50 (100%)

Duration of symptoms >4 weeks, n (%) 0.021
Yes 43 (14%) 43 (14%) 100%

No 7 (86%) 7 (86%) 0

Item

Normal subjects (n=30)

L-shaped tear (n=50)

Table 2. Comparison of myoarchitecture among the groups using the chi-square test

C/U-shaped tear (n=50)

Complete tear (n=50)

p value

CTA

6.351£0.67

7.02£1.35

7.31£1.07

9.14£1.56

0.233
<0.001
<0.001

Anterior PA

17.83+1.47

18.47+1.84

18.40%1.59

21.16£2.99

0.857
<0.001
<0.001

Posterior PA

17.86+1.54

19.73+2.38

23.56%3.09

25.53%3.06

<0.001
<0.001
0.0012

CTA: Central tendon angle, PA: Pennation angle

Table 3. Comparison of Goutallier grades of the supraspinatus and infraspinatus muscles using the unpaired t-test after examining the data with a

Kolmogorov-Smirnov test

Goutallier grade

L-shaped tear (n=50)

C/U-shaped tear (n=50)

Complete tear (n=50)

p value (between groups)

Supraspinatus 1.88+0.92 1.60£1.20 3.50£0.51 <0.001
Infraspinatus 2.44+1.19 2.54+1.20 3.63%0.76 <0.001
p value (within groups) 0.638 0.114 0.022

that the severity of Goutallier grade varies markedly among patients
with different types of RCTs, particularly highlighting the differential
involvement of the infraspinatus muscle.

Correlation Analysis Between Goutallier Grade, Myoarchitecture, and
Other Clinical Data

1. L-shaped Tear

Both age and tear size were strongly positively correlated with Goutallier
grade in the supraspinatus and infraspinatus muscles, suggesting that
older age and larger tears were associated with greater fatty infiltration
of the muscles. The duration of symptoms showed a moderate positive
correlation, indicating that longer symptoms duration is associated with
an increased Goutallier grade. In contrast, trauma history displayed a
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negative correlation, suggesting that patients with a history of trauma
tend to have a lower Goutallier grade than those without such a history.
This is likely because the majority of patients with a history of trauma
have symptoms lasting less than four weeks (Table 4).

All architectural parameters showed moderate positive correlations
with Goutallier grades of the supraspinatus and infraspinatus muscles,
with the strongest correlation noted in the posterior PA. The CTA and
posterior PA showed moderate positive correlations with duration of
symptoms, with no significant correlation found with anterior PA. The
tear range exhibited weak positive correlations with the anterior and
marginal PAs, indicating that larger tears may contribute to increases
in these angles. Conversely, age generally did not show significant
correlations with cytoarchitectural angles, suggesting that age may not
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directly influence the morphological alteration of muscle architecture
in the context of L-shaped tears (Table 5).

2. C/U-shaped Tear

Both age and tear range were strongly positively correlated with
Goutallier grade in the supraspinatus and infraspinatus muscles,
mirroring the findings of the L-shaped tear group. Trauma history

Age demonstrates a strong correlation with posterior PA, indicating
that as age increases, there is a significant increase in posterior
PA. Additionally, tear size is consistently correlated with all three
cytoarchitectural features, suggesting that larger tears are associated
with notable changes in tendon and muscle architecture. The duration
of symptoms exhibits moderate correlations with the CTA, posterior
PA, and posterior PA, implying that longer symptom duration is linked

consistently displayed a moderate negative correlation in both
muscles. Unlike the L-shaped tear, the duration of symptoms showed
no significant correlation with the supraspinatus grade and a weak,
borderline significant correlation with the infraspinatus grade. These
findings underscore the importance of tear size as a significant factor
associated with the severity of muscle fatty infiltration regardless of the
duration of symptoms (Table 6).

to structural changes in these areas. Furthermore, the supraspinatus
and infraspinatus Goutallier grades were significantly correlated with
posterior PA, indicating that higher levels of Goutallier grade in the
supraspinatus and infraspinatus muscles are associated with alterations
in tendon and muscle architecture (Table 7).

Table 4. Correlation analysis of the average Goutallier grade in the L-shaped tear group

Supraspinatus muscle Infraspinatus muscle

rs p value rs p value
Age (vears) 0.611 <0.001 0.624 <0.001
Duration of symptoms 0.408 0.003 0.326 0.021
Trauma history -0.366 0.01 -0.398 0.004
Tear range 0.631 <0.001 0.605 <0.001
rs: Spearman’s rank correlation coefficient

Table 5. Correlation analysis of myoarchitecture in the L-shaped tear group

CTA Anterior PA Posterior PA

rs p value rs p value rs p value
Age (years) -0.117 0.418 -0.223 0.12 -0.129 0.372
Tear range 0.066 0.647 0.309 0.029 0.272 0.056
Duration of symptoms 0.380 0.007 0.232 0.105 0.418 0.003
Supraspinatus Goutallier grade 0.413 0.003 0.366 0.024 0.580 0.006
Infraspinatus Goutallier grade 0.335 0.008 0.269 0.022 0.595 0.002
CTA: Central tendon angle, PA: Pennation angle, rs: Spearman’s rank correlation coefficient

Table 6. Correlation analysis of average Goutallier grade in the C/U-shaped tear group

Supraspinatus muscle Infraspinatus muscle

rs p value rs p value
Age (years) 0.539 <0.001 0.607 <0.001
Duration of symptoms 0.045 0.754 0.277 0.052
Trauma history -0.293 0.039 -0.405 0.004
Tear range 0.538 <0.001 0.582 <0.001

rs: Spearman’s rank correlation coefficient

Table 7. Correlation analysis of myoarchitecture in C/U-shaped tear group

CTA Anterior PA Posterior PA

rs p value rs p value rs p value
Age (years) 0.47 0.013 0.27 0.1683 0.62 <0.001
Tear range 0.47 0.001 0.48 <0.001 0.36 0.011
Duration of symptoms 0.28 0.046 0.37 0.01 0.41 0.003
Supraspinatus Goutallier grade 0.32 0.025 0.23 0.116 0.22 <0.001
Infraspinatus Goutallier grade 0.40 0.004 0.37 0.088 0.47 <0.001
CTA: Central tendon angle, PA: Pennation angle, rs: Spearman’s rank correlation coefficient
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3. Complete Tear

The analysis indicates that age has weak or no significant correlation
with Goutallier grade in both muscles, whereas tendon retraction
has a moderate positive correlation with Goutallier grade in both
the supraspinatus and infraspinatus muscles. This finding is likely
attributed to the exclusion of elderly patients aged >60 years from
the study population to eliminate false-positive results secondary to
senile fatty infiltration of the muscles. No significant correlations were
found between tear range and trauma history, with some variables
being incalculable due to a lack of variability in the data. These
findings suggest that tendon retraction is a more influential factor in
determining Goutallier grade in the complete tear group, whereas age
and tear size play a less significant role (Table 8).

The posterior PA demonstrates the most significant correlations with
both Goutallier grade and tendon retraction, indicating that changes
in muscle architecture are closely linked to the severity of Goutallier
grade and tendon retraction. Tear range was moderately correlated
with anterior palmar arch, highlighting a relationship between tear
size and anterior muscle architecture. Age was significantly correlated
only with posterior PA, suggesting that older patients may exhibit more
pronounced changes in this particular aspect of muscle architecture
(Table 9).

Discussion

This is the first study to investigate and model both the muscle and
tendon architecture of the pathologic supraspinatus. The findings
revealed substantial architectural alterations associated with RC tendon
pathology, with variations observed among different subtypes of
posterior superior RCTs.

The RC forms a crucial structural complex with the anterior edge of the
supraspinatus tendon, facilitating force transfer from the tendon to the
proximal humerus. This complex provides stress-shielding protection
to the posterior upper RC crescent region. In comparison with anterior
supraspinatus tendon tears, full-thickness tears involving the RC-anterior
supraspinatus tendon complex are closely linked to RC dysfunction.™
Mesiha et al.’> emphasized that the integrity of this complex ensures

normal biomechanical load distribution from the scapula to the
proximal humerus. Notably, full-thickness tears involving the anterior
supraspinatus tendon result in larger tendon tears, displacement, and
mechanical changes in the stress area. These tears may lead to serious
clinical symptoms, joint damage, and propensity for RCT progression.

The posterior region, which exhibits a significantly smaller volume
than the anterior region in normal muscle, is highly susceptible to
even minor atrophy.> Chronic tears may lead to atrophy or complete
loss, highlighting the critical importance of early tear detection and
prompt tendon repair. Delayed detection is associated with surgical
complications and suboptimal outcomes, and substantial alterations in
the posterior region may contribute to these challenges.!'?

The precise origin of the posterior upper RCT remains a subject of
ongoing debate. Some theories propose that it initiates at the center
of the crescent area, involving the anterior supraspinatus tendon.>*
Researchers speculate that age plays a crucial role in the mechanical
load transfer from the scapula to the humerus through the RC-anterior
supraspinatus tendon complex. Podgérski et al.™ identified two distinct
age-related RCT patterns: 1) Young patients exhibit a robust RC crescent
part (the crescent dominant mode), while 2) Elderly patients experience
a weakened RC crescent part due to age-related tendon degeneration
(the RC dominant mode). Additionally, RC hypertrophy may serve as an
adaptation to age-related crescent thinning. Notably, the present study
found a positive correlation between age and average Goutallier grade
in the L-shaped and C/U-shaped tear groups, supporting the hypothesis.

Previous research indicates that anterior supraspinatus tendon tears are
associated with higher fatty infiltration of the supraspinatus than RCTs
in other regions. Researchers have speculated that the histology and
function of the anterior supraspinatus tendon differ from those of the
RC.> Additionally, Kim et al.”® found that full-thickness RCTs, even small-
scale tear, result in more severe supraspinatus fatty infiltration when
the anterior supraspinatus tendon is involved and less fatty infiltration
when it is not. Our investigation revealed a noteworthy association
between the degree of fatty infiltration in the supraspinatus muscle and
a specific RCT. This phenomenon is particularly pronounced in L-shaped
posterior superior RCTs that partially extend into the anterior portion

Table 8. Correlation analysis of the average Goutallier grade in complete tear group

Supraspinatus muscle Infraspinatus muscle

rs p value rs p value
Age (years) 0.157 0.276 0.297 0.036
Tear range -0.171 0.234 -0.210 0.143
Tendon retraction 0.435 0.002 0.497 <0.001

rs: Spearman’s rank correlation coefficient

Table 9. Correlation analysis of myoarchitecture in complete tear group

CTA Anterior PA Posterior PA

rs p value rs p value rs p value
Age (years) -0.248 0.083 -0.135 0.35 0.315 0.026
Tear range -0.036 0.806 0.413 0.003 0.106 0.466
Supraspinatus Goutallier grade 0.247 0.084 0.039 0.789 0.638 <0.001
Infraspinatus Goutallier grade 0.192 0.183 0.106 0.466 0.648 <0.001
Tendon retraction -0.022 0.881 0.076 0.602 0.539 <0.001

CTA: Central tendon angle, PA: Pennation angle, rs: Spearman’s rank correlation coefficient
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of the supraspinatus tendon. In contrast, C/U-shaped tears that do not
involve the anterior supraspinatus tendon exhibit lower degrees of fatty
infiltration.

Infraspinatus fatty infiltration is not proportionally correlated with
the extent of full-thickness tears observed on MRI. Mochizuki et al.””
conducted an autopsy study and revealed that the footprint of the
infraspinatus tendon insertion was larger than previously assumed.
Furthermore, the insertion extended further forward into the
articular surface of the upper part of the greater tuberosity of the
humerus. Consequently, the insertion range of the greater tuberosity
of the humerus in the supraspinatus tendon was much smaller than
previously believed. This information highlights the importance of
considering anatomical variations when assessing RCT and its impact on
muscle function. In our investigation, we observed that the Goutallier
grade for fatty infiltration was consistently higher in the infraspinatus
muscle than in the supraspinatus muscle across all subtypes of superior
posterior RCTs. Notably, the most pronounced difference was observed
in complete tear cases.

In the evaluation of tendon architecture, previous research has
demonstrated notable changes in the posterior PA in cases of tears
affecting the posterior superior RC. Conversely, alterations in the
anterior PA are minimal and do not significantly differ.’®™ Our study
corroborates these findings, as we observed significant deviations from
the mean normal posterior PA in healthy subjects, particularly in C/U-
shaped and complete tears, while the anterior PA exhibited minor
deviations with less significant statistical relevance.

In their study, Thompson et al.* investigated the CTA of the
supraspinatus muscle in both normal subjects and individuals with
full-thickness RCTs. The researchers found a statistically significant
reduction in supraspinatus CTA among those with full-thickness tears
compared with the normal group (17.7 degreesvs. 7.3 degrees; p<0.001).
Interestingly, our study showed that the mean CTA in normal subjects
was much lower than that observed in the literature, and across all
tear subtypes, there was a consistent positive trend in CTA. Notably, the
most pronounced difference in CTA was observed in complete tears.
Furthermore, the study revealed a moderate correlation between CTA
and Goutallier grade L-shaped and C/U-shaped tears. These findings
highlight the clinical relevance of CTA measurements in assessing the
pathology of RC.

Study Limitations

This study has several limitations that warrant consideration. First,
its retrospective nature restricted data collection to relevant clinical
information available within our institution’s PACS. Consequently, only
data from this specific source were retrieved. Second, certain factors
remained unclear due to the study design. Specifically, information
regarding the dominant hand and the range and intensity of daily
shoulder activities were not available for the study participants.
Third, caution should be exercised when generalizing the findings.
The conclusions may not apply to RCTs that were not included in this
specific investigation. Additionally, the lack of surgical confirmation
in RCTs introduces an element of uncertainty. Although our study
demonstrated moderate inter- and intraobserver agreement for the
Goutallier grade measurements, this level of consistency highlights the
need for further standardization and training to enhance the reliability
of this observational assessment. Furthermore, the study sample size
was relatively small, which could have affected the statistical power

and generalizability of the results. Moving forward, large-scale studies
are essential to validate the current findings and explore potential
differences among various full-thickness RCTs. Additionally, leveraging
big data research projects could shed light on the clinical correlations
between different RCT patterns, CTA, anterior and posterior PA, Fl, and
postoperative outcomes.

Conclusion

In summary, our study revealed a strong association between alterations
in muscle architecture and Goutallier grade of the supraspinatus
and infraspinatus muscles in posterior superior RCT cases. Notably,
the posterior PA is a valuable surrogate marker for detecting early,
irreversible morphological changes in the RC muscles, prompting timely
consideration of surgical intervention. These findings underscore the
clinical significance of assessing the posterior PA in managing patients
with RC pathology.
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Retrospective Evaluation of Patients with Acute
Cholecystitis Who Undergoing Percutaneous Cholestostomy
with All Treatment Aspects: Single Center Results

@ Tiirkhun Cetin

Erzincan Binali Yildirim University Faculty of Medicine, Department of Radiology, Erzincan, Turkey

Objectives: Percutaneous cholecystostomy (PC) is an important procedure for the treatment of acute calculous cholecystitis (ACC). The main purpose of this
research study was to retrospectively analyze all data of patients who underwent PC placement via the transperitoneal (TP) or transhepatic (TH) approach in
patients with ACC.

Methods: The datasets of the 59 patients included in the research study included cases who underwent PC in the interventional radiology clinic after ACC
diagnosis between January 1, 2022 and September 1, 2024. The data included all six-month follow-up results recorded following the placement of permanent
tube catheters with TP or TH percutaneous cholecystostomy procedural techniques after the clinical and radiological imaging diagnoses of ACC.

Results: A total of 59 patients diagnosed with ACC underwent PC placement in 41 cases with TP and 18 cases with TH approach; In patients using the TH
procedural technique, there was a slight increase in the bleeding rate (1.8% vs. 0.6%, p=0.01), but there was no significant difference between the two
groups in terms of other post-procedural complications (tube dislocation, bile leakage and bile leakage hemorrhage, tube occlusion, peritonitis, organ
perforation, etc.).

Conclusion: PC has become an important procedure for the treatment of acute cholecystitis. PC is mostly performed in patients who cannot undergo
emergency laparoscopic cholecystectomy, and PC-related complications are much rarer compared with other invasive biliary procedures. The following
resolution of the clinical presentation of ACC, cholecystectomy should be performed in patients who can tolerate anesthesia and surgical risks to prevent
biliary event recurrence. PC is an effective and reliable intervention to decompress the gallbladder and prevent widespread sepsis.

Keywords: Percutaneous cholecystostomy, percutaneous transhepatic gallbladder drainage, percutaneous transperitoneal gallbladder drainage, calculous
cholecystitis, cholecystectomy, percutaneous cholangiography

according to the World Society for Emergency Surgery guidelines, PC is
widely indicated as an alternative treatment for ACC patients who are
not suitable for emergency LC, such as those with severe sepsis, shock,
or multiple comorbidities.>*

Percutaneous cholecystostomy (PC) is increasingly preferred for acute
sepsis control and gallbladder decompression in patients with acute
calculous cholecystitis (ACC) and is considered an effective treatment
procedure performed by interventional radiologists. Although
laparoscopic cholecystectomy (LC) is the current standard treatment for

Although there are different techniques for PC, PCis typically performed
under local anesthesia using the Seldinger technique and usually

ACC for patients who can tolerate surgery; it has been clearly proven in
the last decade that PCisan alternative safe procedure for the emergency
treatment of ACC, especially in cases with multiple comorbidities and
in patients considered to be at high risk for surgery or anesthesia.’?
The developmental stages of PC date back to the 1970s, when PC was
first applied to patients with obstructive jaundice. In the 1980s, PC
was gradually performed in acute cholecystitis (AC) patients. Currently,

under ultrasound systems or scopy guidance for direct visualization of
the needle. However, trocar techniques have also been described for
applications guided by computed tomography. There is an ongoing
debate about the best access route to the gallbladder; the two main
techniques involve crossing a segment of the liver to access the
gallbladder [transhepatic (TH) approach] or directly entering the lumen
of the gallbladder with a puncture [transperitoneal (TP) approach].'®®
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The TH approach is recommended to provide stable access to a
potentially mobile gallbladder, provide a good ultrasonographic
acoustic window, and reduce the risk of iatrogenic perforation of the
intestines. In addition, the possibility of bile leakage and subsequent
peritonitis decreases when the gallbladder perforation is contained by
the liver parenchyma.*”® In contrast, TP approaches can be considered
asimpler procedure with a reduced risk of liver parenchymal injury and
hemorrhage. Anatomical considerations, including the patient’s body
structure and mobility, can determine the approach technique and
treatment procedures.?'

Methods

The datasets of the 59 patients included in this research study include
patients who underwent PC in the interventional radiology clinic
of Erzincan Binali Yildirim University Faculty of Medicine Training
and Research Hospital after the diagnosis of ACC between January 1,
2022 and September 1, 2024. For this retrospective research study,
scientific approval and permission was obtained from the Ethics
Committee of Erzincan Binali Yildirim University Faculty of Medicine
(approval number: 2023.12/003-128.6, decision date: 12.12.2023). The
data included detailed evaluations of all six-month follow-up results
recorded following the placement of permanent tube catheters with
TP or TH PC procedural techniques after the diagnosis of ACC as clinical
and radiological imaging. Case data were collected by obtaining follow-
up data on catheter placement techniques together with short-term
and medium-term results (including post-procedural complications and
re-application).

Data Collection

The obtained data included preprocedural demographic information,
biochemical analyses, radiological imaging results, complicated or
uncomplicated cholecystitis, and factors associated with the technical
PC procedure. The patient group defined as complicated cholecystitis
included cases associated with emphysematous cholecystitis,
gangrenous cholecystitis, abscess formation and collection, gallbladder
perforation, or biloma.

Statistical Analysis

Statistical analysis was performed using IBM Statistical Package for the
Social Sciences version 27 (IBM Corp. Armonk, NY). Categorical data
points were analyzed using Fisher’s exact test or x? test. Mann-Whitney
U test was used for ordinal or nonparametric continuous variables,
and the independent sample t-test was used for other variables.
Data were evaluated using multivariate logistic regression modeling
to account for potential confounders, such as age, gender, and ACC
severity. Throughout the data analysis, p values <0.05 were consistently
considered significant.

Results

Atotal of 59 patients (33 female, 26 male) diagnosed with ACCunderwent
PC placement in 41 cases via TP and 18 via TH approach; there was
a slight increase in the bleeding rate in patients using TH procedural
technique (1.8% vs. 0.6%, p=0.01), but there was no significant
difference between the two groups in terms of other post-procedural
complications (cholecystostomy tube dislocation, bile leakage and bile
leakage hemorrhage, tube obstruction, tunnel infection, peritonitis,
organ perforation, etc.). The frequency of primary complications
associated with PC was recorded as only 11 cases (18.6%) in the entire
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series. No significant difference was observed in mortality rates within
the first 3 months after PCapplication (TH vs. TP, 5.3%, p=0.64 and 7.9%,
p=0.52, respectively). Rehospitalization rates in patients with recurrent
calculous cholecystitis were significantly higher in the TH group than in
the TP procedural approach (13.2% vs. 8.9%, respectively, p=0.01).3"12

There was no significant difference in the size of the cholecystostomy
tube between the 8- and 10-Fr catheter tube groups. More patients
in the TP group had complicated cholecystitis than in the TH group
(54.9% vs. 38.7%, p=0.02). No statistically significant difference was
found in median C-reactive protein (CRP) (274 TH vs. 281 TP, mg/L) in
the biochemical analysis, which is considered an indicator of sepsis
burden. No significant difference in morbidity associated with other
PC procedures, including biloma formation or abscess formation,
was observed. There was no relationship between tube size and
periprocedural bleeding rates (Table 1).3%315

Discussion

PC is a technically feasible and safe alternative to emergency
cholecystectomy in patients with AC who have multiple comorbidities
or severe inflammation and infection. PCis also considered an effective
procedure that can drain infectious bile and relax the gallbladder;
moreover, PC reduces the severity of systemic infection in a short time.
Regarding the time from PC placement to disease resolution, Horn et
al.’® reported that most patients showed clinical improvement on an
average of 3-4 days after PC placement. They demonstrated significant
decreases in white blood cell and CRP levels after PC; in particular,
the latter study focused mainly on patients with acute acalculous
cholecystitis.>'417.18

The TP approach was not associated with increased bile leakage, which
is an important rationale for preferring a TH approach in the literature
and popular discourse. This may be due to limited bile leakage from
the site at the time of placement or in the context of acute sepsis and
severe inflammation, where a small bile leak may not cause significant
additional irritation to the peritoneum (Table 2)."13

For patients with complete PC tube displacement, complete evaluation
is necessary. Once the patient is confirmed to be asymptomatic, he or she
can be discharged without repeat PC. For patients with suspected partial
PC tube displacement, cholangiography can be performed to confirm
the position of the drainage tube. The decision to keep or remove the
drainage tube is made by the physician or radiologists based on the
general condition of the patient. Among patients complicated by bile
leakage, which is usually symptomatic, antibiotics and image-guided

Table 1. High-risk and critical patient groups for cholecystectomy

operation

Advanced age

Leukocytosis
Hypoalbuminemia
Pericholecystic fluid

Diabetes mellitus

Elevated total bilirubin content
Male sex

® N oUW =

History of abdominal surgery
9. History of pulmonary disease
10. Serum hemoglobin <9 mg/dL
11. Gallbladder wall diameter (gallbladder wall thickness is over >6.5 mm)
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Table 2. Classification of acute cholecystitis severity according to the 2018 Tokyo guidlines’

Grade 1 (mild) Grade 2 (moderate)

Grade 3 (severe)

Any of the following conditions:

- No criteria for grade 2 or 3 - Leukocytosis >18,000/mm?

- Acute cholecystitis in a previously
healed patient with no organ
dysfunction and mild inlammation of
the gallbladder

- Symptom duration >72 h

emphysematous cholecystitis)

- Palpable tumor in the right upper quadrant

- Marked local inflammation (gangrenous
cholecystitis, pericholecystic abscess, bile peritonitis,

Any of the following organ dysfunctions:

- Cardiovascular: low blood pressure with need for 5 ug/kg/min
of dopamine or norepinephrine

- Neurological: decline in alertness

- Respiratory: Pa0,/Fi0,>300

- Kidney function: oliguria or creatinine >2.0 mg/dL
- Liver: INR >1.5

- Hematologic: plateletes >100,000/mm?

INR: International normalized ratio

drainage should be considered.®'” Most patients complicated by minor
bleeding can be managed conservatively. If the examination shows
tube obstruction, subsequent treatment, including PC tube reinsertion
or emergency cholecystectomy, should be based on the patient’s
clinical condition. Cholecystectomy is recommended for patients who
are physically fit for surgery. However, if the patient refuses surgery or
has multiple comorbidities, PC tube replacement is recommended. In
studies that have compared PC versus open cholecystectomy in critically
ill patients with acalculous cholecystitis, less morbidity, fewer days of
hospital stay, and lower associated costs have been observed in patients
who have undergone PC placement.'618

The primary function of PC is to reduce inflammation or infection in
patients with AC who cannot tolerate the risk of surgery or anesthesia
and not to limit the possibility of definitive surgery. It is important to
identify patients who are not suitable for surgery or who are suitable for
PC after surgery. In addition, the latest Tokyo Guidelines 2018 revised
the algorithm for severe cholecystitis and suggested that patients with
Charlson Comorbidity Index 4 and American Society of Anesthesiologists
Physical Status 3 should receive expectant management; however,
the effectiveness of this classification has not been studied.’ Future
research is needed on the effectiveness of the latest classification and
new objective factors that can distinguish patients who are suitable for
surgery from those who are not (Figure 1).310.17.19.20

Despite the lack of clear evidence, the initial puncture of the PC biliary
system drainage under ultrasound guidance has been accepted as the
standard in many international guidelines. LC is the gold standard
treatment procedure for AC and is superior to PC. PC is a valuable

EBYU Men.Eg. & Ara.Hast.Rad.
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option for high-risk and critically ill patients in intensive care who are
not suitable for LC and may even be the definitive treatment option.
Ultrasonographically guided PC can be performed at the bedside in
critically ill patients without fluoroscopy. Recent studies have reported
that contrast-enhanced USG can be used in PC for the selection of the
correct placement technique and appropriate catheter needle and for
confirming the sealing of the gallbladder (Figure 2).1%13.1921

The biggest and most important limitation of this study is that we
could not make a comparison with high-risk and critically ill patients
who underwent cholecystectomy in the same period. Whether
cholecystectomy would be advantageous for this patient group remains
unclear.?"?® In addition, urgent PL may be superior to PC as a definitive
treatment method because of the high rate of recurrent ACC symptoms
after PC.?2 The results of our study have proven that PC is a safe and
effective way to manage AC, especially in high-risk critically ill patients
who are followed in the intensive care unit, compared with conservative
treatments; we recommend PC as the first treatment option for this
particular patient group. We also suggest that PC is an effective and
definitive treatment option for stone-free AC in this patient group. In
addition, we primarily recommend the TP approach for PC procedures
because it is easily applicable, safe, and effective.”%152

Although many meta-analyses have clearly demonstrated that PC is an
effective and reliable treatment alternative in high-risk and critically ill
patients in whom LC surgery is contraindicated; it is clear that a standard
definition is needed for the criteria considered contraindicated for the
operation procedure in the future. The primary function of PC is to
reduce the inflammation or infection status of patients with AC who

Figure 1. Techniques used for TP or TH percutaneous cholecystostomy. Application of TP or TH percutaneous cholecystostomy under ultrasonography
(A) and fluoroscopic guidance (B, C). Placement of 8- and 10-Fr multihole pigtail indwelling drainage catheters after successful confirmation of

gallbladder lumen by percutaneous puncture and contrast injection

TP: Transperitoneal, TH: Transhepatic
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Figure 2. Risk and recurrence of acute cholecystitis in the period
following imaging-guided percutaneous cholecystostomy procedures'

cannot tolerate the risk of surgery or anesthesia and not limit or prevent
the possibility of definitive surgical treatment. Expertise, experience,
and clinical experience in interventional interventions directed at the
biliary system under ultrasound guidance are increasing, and we believe
that they will become more widely applied in the future."?>% However,
it seems certain that all types of interventional radiological procedures
will play an increasing role in treatment planning and applications in
developed countries with better-equipped health systems and high-
technology radiological modalities in the future >1119.18.2425

Conclusion

In recentyears, PChas become an important procedure for the treatment
of AC. PCis mostly performed in patients who cannot undergo emergency
LC, and PC-related complications are much rarer compared with other
invasive biliary procedures. The following resolution of the clinical
presentation of ACC, cholecystectomy should be performed in patients
who can tolerate anesthesia and surgical risks to prevent biliary event
recurrence. PC is an effective and reliable intervention to decompress
the gallbladder and prevent widespread sepsis until definitive surgical
operations.”'*? The placement of the PC catheter tube, procedural
techniques, and management should be evaluated individually for
each patient, and a personalized decision should be made. Although
drainage can be provided with PC as a palliative procedure until the
patient is ready for surgery; the presence of gallbladder stones in
these patients is a definitive indication for cholecystectomy. Although
a time period of 6-8 weeks is generally recommended between PC and
cholecystectomy by general surgery authorities; there is no consensus
yet on the optimum timing. In selected patients, the strategy of
performing cholangiography before removing the PC catheter tube is
generally applied. The TP PC approach may be safer than TH, with a
lower bleeding complication rate and fewer readmissions.”8'>1°

Ethics

Ethics Committee Approval: All procedures performed in this study
were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
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standards. The study was approved by the Ethics Committee of
Erzincan Binali Yildinm University Faculty of Medicine (approval
number: 2023.12/003-128.6, decision date: 12.12.2023).

Informed Consent: Since the study was a retrospective study, informed
consent was not required by the ethics committee. No animal or human
studies were conducted by the author for this article.

Footnotes

Financial Disclosure: The author declared that this study received no
financial support.
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Abstract

Objectives: Thoracic aortic aneurysm (TAA) is an uncommon disease with an incidence of 10.4 per 100,000 and dissection is the major complication of TAA.
The treatment of aortic diseases is surgery. In recent years, endovascular stent graft (EVSG) application has been performed for many reasons, especially due to
its low complications in the treatment of aortic aneurysm and dissection. The aim of this study is to evaluate the efficacy, treatment results, and complications
EVSG implantation.

Methods: A total of 34 patients with thoracic aortic disease who underwent stent grafting between August 2004 and January 2011 were included in the study.
The patients’” diagnoses and risk factors were recorded. Complications of the procedure and the presence of postprocedural leakage were evaluated. The
patients were followed up with computed tomography angiography.

Results: Of the 34 patients who underwent the procedure, 16 had no early, late complications and no leakage, whereas eight required additional stenting
and other intervention. During follow up three patients showed acute cerebral infarction and four patients have hospital infections. A total of 7 patients had
endoleaks occurred and repair with additional interventions. The average hospital stay is 5.8 days. The mortality rate in the hospital is 11.7%.

Conclusion: The EVSG treatments of acute and chronic thoracic aortic diseases in appropriate patients is an alternative and safe method to surgery with high

technical success, low complication rates.

Keywords: Endovascular stent-graft, thoracic aortic aneurysm, computed tomography, anjiography

Introduction

Thoracic endovascular stent graft (EVSG) is the preferred treatment
option for thoracic aortic pathologies and consists of placing a stent-
graft in the pathological area to restore the lumen. In the last thirty
years, the effectiveness of EVSG, especially in type B aortic dissection
and aneurysms, has been proven by numerous studies.”" In recent
years, studies have been conducted to evaluate the effectiveness of
different types and brands of stent grafts.”*™ Additionally, studies
by teams performing EVSG with new and different techniques are of
interest.'®7

In this study, we tried to present the treatment effectiveness and results
of EVSG implantation using different stent-grafts in 34 patients with
type B aortic dissection and aneurysm, and especially to emphasize the
importance of the complication profile and management.

Methods

Study Population

A total of 34 patients with thoracic aortic disease underwent stent
graft implantation. Twenty-six of these patients were male and 8 were

female, and their ages ranged from 27 to 81 years (mean age: 64.91
years). The patients’ comorbidities, risk factors, post-procedure follow-
up, early and late results of the procedure, early and late complications
of the procedure, and treatment of complications were evaluated
retrospectively. Additionally, the necessity of emergency surgery or
additional interventions was investigated. The study inclusion and
exclusion criteria are defined below. Criteria for inclusion in the study;

- Patients with complicated and uncomplicated type B aortic dissection,
rupture, penetrating ulcer and intramural hematoma

- Degenerative or traumatic type B aneurysms.
Exclusion criteria from the study;

- Patients with Stanford type A aortic dissection, rupture, penetrating
ulcer and intramural hematoma

- Patients with chronic dissection associated with connective tissue
disease
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Evaluation Before Endovascular Prosedure

All procedures were performed in the angiography unit, under
appropriatesterileconditions, bya multidisciplinaryteam consistingofan
interventional radiologist, cardiovascular surgeon and anesthesiologist.
All patients were administered local anesthesia and sedation. Before
the procedure, patients were evaluated for suitability for aneurysm
and dissection repair by computed tomography (CT) angiography (CTA)
(Sensation 16, Siemens, Germany) and digital subtraction angiography
(Siemens Multistar TOP). Detailed measurements were obtained to
determine graft type and dimensions. Iliac and femoral arteries were
evaluated for compatibility. Parameters such as the diameters of the
false and true lumens of the aorta, vascular calcification, the presence
of intraluminal thrombus, and the length of the aneurysmal segment
were measured. Informed consent was obtained from all patients after
discussion of potential complications.

Endovascular Procedure

After the patient was placed on the angiography table, vascular
sheaths were applied to appropriate anatomical areas to facilitate
thorax angiography (Table 1). During angiography, segment length
and iliac arteries requiring repair (especially if there was potential
iliac artery stenosis or angulation on preprocedural CT) were evaluated
according to predefined criteria. For aneurysm repair, measurements
were made to ensure that the proximal and distal graft implantation
sites adhere to intact vessel segments, and the graft diameter was
selected to be 20% larger than the measured vessel diameter. After
selecting the appropriate stent graft material and confirming vascular
access, the patency of the left subclavian artery was assessed. The right
common femoral artery was then exposed and accessed via incision.
The left femoral artery was incised in five patients (15%) (Table 1). A
guidewire was advanced into the aortic arch through an appropriately
sized vascular sheath, followed by proper positioning of the sheath for
stent graft placement. The stent was directed to the targeted location
with the graft delivery system and the graft was positioned correctly. A
follow-up angiography was performed to confirm stent placement and
assess for any endoleak.

For aneurysm repair, measurements were made to ensure that the
proximal and distal graft implantation sites adhere to intact vessel
segments, and the graft diameter was selected to be 20% larger than
the measured vessel diameter. After selecting the appropriate stent
graft material and confirming vascular access, the patency of the left
subclavian artery was assessed. The common femoral artery was then
exposed and accessed via incision. A guidewire was advanced into the
aortic arch through an appropriately sized vascular sheath, then the
appropriate sheath for the stent graft was positioned. The stent was
directed to the targeted location with the graft delivery system and the
graft was positioned correctly. A follow-up angiography was performed
to confirm stent placement and assess for any endoleak. Once

le 1. The vascular structures used for the access of stent graft for

iography in the endovascular stent graft procedure

Angiography Stent graft access
access (surgical cutdown)
Right axillary artery 18
Left axillary artery 7
Right main femoral artery 5 29
Left main femoral artery 4 5

completed, the vascular sheath was removed and the femoral artery
was repaired and closed.

Endovascular Prosthesis

A total of 50 stent grafts were placed in the patient cohort. Stent graft
systems used included Medtronic Valiant Captiva, Gore TAG, Jotec E-vita®
Thoracic Stent Graft System, and Medtronic [R] Talent stents.

In cases where lesion extension was necessary, the left subclavian artery
was occluded in 2 patients with thoracic aneurysms and in 7 patients
who underwent dissection. In 1 patient with chronic aortic dissection,
planned occlusion of the left subclavian artery was postponed after
angiography detected insufficient flow in the right vertebral artery
due to atherosclerotic changes. In this case, the left subclavian artery
patency was preserved initially, and the occlusion was completed in the
next session after the left carotid-left subclavian artery transposition.

Statistical Analysis

Normally distributed continuous variables such as age and gender, were
expressed as median, standard deviation, and range values. Imaging
findings were summarized descriptively using absolute counts and
percentages based on the final consensus interpretations. Statistical
analysis was performed with Microsoft Excel.

Results

Seventeen type B aneurysms and 17 type B aortic dissections were
included in the study. Four (24%) of the aortic aneurysms were ruptured
(Figure 1). Of the unruptured aneurysms, 4 were saccular (31%)
and 9 (69%) were fusiform aneurysms. Only one of the saccular and
fusiform aneurysms had associated ulcerated plaques. 83% (n=14) of
the dissection patients had acute dissection and 3 of them (21%) had
traumatic dissection.

Except for patients with traumatic dissection, all patients had at least
one accompanying chronic disease (Table 2). The most common disease
accompanying the patients was hypertension. 76% of aneurysm patients
and 82% of dissection patients had hypertension. Smoking was higher
in aneurysm patients (n=7) than in dissection patients (n=3). One of the
patients with traumatic aortic dissection had multiple rib and vertebral
fractures and splenic rupture. This patient underwent splenectomy
before graft placement.

No early complications or early endoleaks were observed in 16 of 34
patients who received endovascular treatment during an average

Figure 1. In thoracic aortography (a) ruptured aneurysm, (b) the image
of the same patient after the procedure
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follow-up period of 10 months. Complications after EVSG procedure are
shown in Table 3.

The most common complication was late leakage (n=7, 21%). Leak
was most common in patients with unruptured aneurysms (n=5,
71%). The minimal type 1 leak seen in three of these patients
resolved during follow-up. In one of the other two patients, type 2
leakage originating from the intercostal arteries resolved over time.
In the other, a new aneurysm developed two years after treatment
and required an additional stent. However, type 1 leak occurred
due to stent migration, which resolved after placement of a third
stent. Subsequently, type 2 leakage from the intercostal arteries
was noted during late phase control angiography, but no additional
intervention was performed because there was no sign of further
leakage at follow-up.

In the only acute dissection patient in whom we detected a leak,
balloon angioplasty was performed to address the leak and the leak
was successfully resolved. However, the same patient later developed
a type 2 leak from the closed subclavian artery and closed on its own
during follow-up.

Leak was detected in only 1 of the patients with aneurysm rupture.
In this patient, control CTA showed active extravasation extending to
the abdomen and thorax at both ends of the graft. Four stent grafts
were performed to manage leaks. Distal extravasation continued. It
was thought that this leak was due to the incompatibility between
the calcified atherosclerotic aortic wall and the stent. Additionally,
simultaneous mid-stent leakage was observed. While the middle stent
leak was effectively closed by placing two additional stent grafts at the
leak sites, distal leak continued despite balloon dilatation. Percutaneous
embolization was then closed for this area (Figure 2).

The least common complications were stent graft failure (3%) and
bleeding (3%).

Acute renal failure was seen in three patients (9%). In one of these
patients, a stent was placed for a type A dissection extending into the
left renal artery. The other patient developed acute cerebral infarction
and nosocomial infection and was lost during follow-up. The third
patient was followed up with compensated renal failure.

Acute cerebral infarction (n=5, 15%) was most frequently seen in ruptured
aorticaneurysms (n=3, 60%). One of these patients had acute renal failure
and nosocomial infection mentioned above and was lost to follow-up.

Recurrence was detected on follow-up imaging in three patients (9%)
(two with dissection and one with aneurysm). Among these two patients,
one had type A dissection and the other had type A dissection, dissection
in the superior mesenteric artery and bleeding in the jejunal artery
branches. Surgery was performed for type A dissection. The recurrent
aneurysm was treated with stent graft, and the other dissection was
treated with microcoil embolization.

Figure 2. (a) Rupture of proximal and distal parts of the graft, (b)
after procedure leakage (white arrow) and hematoma in thorax (black
arrow) and abdomen (thick white arrow), (c) leakage (white arrow) and
hematoma (black arrow), (d) leak continues after second EVSG

EVSG: Endovascular stent graft

Table 2. Risk factors of the diseases, coexisting diseases

HT DM CAD COPD CRD Cigarette smoking
Aneurysm 14 5 2 3 4 7
Dissection 13 2 5 1 1 3
HT: Hypertension, DM: Diabetes mellitus, CAD: Coronary artery disease, COPD: Chronic obstructive pulmonary disease, CRD: Chronic renal disease

Table 3. Complications in the patients who were performed stent graft procedure

Descendan aort aneurysm (n=17)

Descendan aort dissection (n=17)

Non-ruptured (n=13)

Ruptured (n=4)

Acute (n=14) Chronic (n=3)

Primer failure - 1

Hemorrhage 1

Acut renal failure 1 1 1
Acut cerebral infarct 1 3 1

Nasocomial infection 1 2 1

Leakage 5 1 1

Additional stent necessity 1 1 2 2
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Gore TAG Medtronic Valiant/Captiva Jotec E-VITA
Patient (n) 6 20 8
Mortality rates 17% (n=1) 10% (n=2) 0

In a patient treated for an aneurysm, a follow-up CTA scan performed
one month after discharge revealed air and an abscess within the
thrombosed aneurysmal wall. The patient had symptoms of fatigue,
loss of appetite, cough and sputum production. The patient’s infection
was treated with appropriate antibiotic therapy (Figure 3).

A total of four patients, two with dissection, one with traumatic
dissection, and one with a ruptured aneurysm, did not attend follow-up
examinations and were therefore categorized as lost to follow-up.

The average hospital stay was 6 days in acute and chronic dissection
cases, 4.2 days in aneurysm patients, and 14.6 days in traumatic
dissections.

In the stent usage analysis, Medtronic VALIANT/CAPTIVA stents (29
devices) (=20, 59%) were used the most. The mortality rate for these
stents was 16.6% (1/6). There were no deaths among patients treated
with E-VITA stents (Table 4).

Four patients were lost to follow-up after discharge, and no significant
late complications were detected in the remaining patients.

The 30-day mortality rate of the patients was 8.82% (3/34) and the in-
hospital mortality rate was calculated as 11.7% (4/34).

While the mortality rate in patients with ruptured aneurysms was 75%
(3/4), this rate was 7% (1/14) in those with acute dissection. No mortality
was observed in patients who underwent traumatic transection or
chronic dissection.

(@) Thrombosed aneurysm in the descending aorta (b), post-
procedural air densities and abscess (c), air images (black arrow) in
the right vicinity of stent graft and abscess (white arrow) (d), evident
regression and decline in air images after treatment

EVSG treatment in the thoracic aorta was first introduced in 1991 by
Volodos et al.,'® with the first clinical series reported by Dake et al." in
1994 using Dacron-coated EVSG in 13 patients with descending aortic
aneurysm, the first usage was reported by Bilgen et al.® in 2002 for
thoracic aortic aneurysm (TAA) cases.

For aortic dissections, EVSG aims to close the intimal tear, promote
thrombosis in the false lumen, improve flow in the true lumen, and
restore perfusion to the aortic branches. In TAA, the aim is to reduce the
aneurysmal tension by excluding the affected segment.

Pre-procedural evaluation with CT angiography is critical, as accessing
the vascular system can be challenging in patients with underlying
atherosclerosis.

As technology evolves, improvements in stent designs and more
accurate indications have helped provide increasingly favorable data
on mid- and long-term mortality outcomes following EVSG. Despite
technological advances, data remain variable due to differences in stent
choice and procedural indication. Elective surgical repair of aneurysms
is known to effectively and permanently prevent rupture; however,
mortality rates range from 5-22%.' This rate increasly patients and those
with comorbidities, including coronary artery disease, chronic renal
failure, and chronic obstructive pulmonary disease. Mortality reaches
approximately 50% in the presence of rupture,? underscoring the need
for e intervention in patients with advanced age or comorbidities.

Despite advancements in surgical techniques and postoperative
care, urgent surgical intervention in acute Stanford type B dissection
cases remains associated with high morbidity and mortality. In large
published series, mortality rates in cases of acute traumatic rupture
are 15-28%,% and for ruptured thoracic aneurysm orsection, 50-60%.%*
Although endovascular procedures cannot revascuintercostal arteries,
some literature has reported spinal cord ischemia as a complication. In
our study, paraplegia did not occur in any patient, but cerebral infarction
developed in three cases (8.82% or 3/34) in the early phase. Due to early
diagnosis and treatment, two of these cases had no residual effects,
while one patient, who had a ruptured aneurysm, died in the second
month due to concurrent acute renal failure and nosocomial infection.
Recognizing early and late complications and implementing vigilant
follow-up after EVSG are essential for timely diagnosis and appropriate
intervention.

Because EVSG does not involve aortic clamping, patients generally
maintain stable hemodynamics throughout the procedure.? Compared
to surgery, EVSG often results in shorter hospital and intensive care unit
stays, reducing complications such as nosocomial infections. In our
study, the mean hospital stay was notably short, although traumatic
transection patients required longer hospitalization due to associated
traumatic injuries.

Complications can arise from both the procedure and the stent or
graft itself, including aortic dissection, arterial perforation, distal
embolization, pseudoaneurysm, infection, stent graft displacement,
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collapse, endoleakage, and occlusion. Early-phase endoleakage rates
are reported to range from 30-40%.% In our study, leakage occurred at a
rate of 20.5% (7/34). All but one of the leaks were type 1 leaks. The type
2 leak seen in this patient during the follow-up examination resolved
over time. While leakage continues to be a problem in EVSG, ongoing
advances in stent technology, early detection and improved indications
are attempting to alleviate this problem.

Among 10 patients treated for dissection, minimal false lumen filling
was observed in the late phases of follow-up. Since this delayed filling
reduces the direct transmission of systemic pressure to the false lumen
and may inhibit aneurysm progression, these patients were observed
without further intervention.*

Additional and complementary surgical interventions are sometimes
required following EVSG." In this series, two patients with type A
dissection underwent EVSG after surgical graft interposition in the
aortic arch and ascending aorta. The rate of post-procedural surgical
intervention was 5.8% (2/34): one due to newly developing dissection in
the aortic arch and ascending aorta, and the other due to left carotid-
subclavian bypass surgery for closing the left subclavian artery.

Study Limitations

The first limitation of our study is its design and small sample size. The
effectiveness, complexities, and limitations of EVSG should be validated
by conducting larger-scale studies in the future. The second limitation is
the short follow-up period of the patients. In this regard, tracking times
can be extended to at least 5 years.

Conclusion

In conclusion, stent-graft placement is a safe, less invasive, and
effective treatment for thoracic aortic aneurysms and fistulas and the
complications of type B dissection. The major limitation of surgery is
the presence of concomitant conditions, whereas the major limitation
of stent-graft therapy is anatomic suitability. In selected patients, short-
term morbidity and mortality from endovascular therapy compare
favorably with those from surgery. Stent-graft therapy is currently
the best option for a significant number of patients with descending
thoracic aortic disease who are poor candidates for surgical repair.
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