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Challenges in Intensive Care Airway Management:
A Comprehensive Review
Yogun Bakim Havayolu Yonetimindeki Zorluklar: Kapsamli Bir Derleme
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Abstract

This review delves into the complexities of difficult airway management in intensive care units (ICUs). We categorise difficult airway management
into five classes according to the American Society of Anesthesiologists guidelines. The review highlights the higher incidence of difficult airway
cases in ICUs compared to operating rooms, attributed to various factors such as the critical status of ICU patients, fluid therapy complications, and
the emergency nature of many intubations. We discuss the effectiveness of traditional anatomical indices in predicting difficult airways, noting
their limited predictive value. We also propose a difficult airway algorithm for ICU settings, which adapts to three potential scenarios: anticipated,
unanticipated, and critical "Can't Intubate Can't Ventilate" situations. This algorithm is complemented by the Vortex Approach, a cognitive tool
designed to streamline decision-making in difficult airway scenarios. We conclude with best practice recommendations adapted from the National
Audit Project 4, emphasising the need for specialised training, equipment readiness, and a collaborative team approach in ICU airway management.

Keywords: Airway management, intensive care, intubation

Bu derleme, yogun bakim nitelerinde (YBU) zor havayolu yonetiminin zorluklarini ele almaktadir. Amerikan Anestezi Uzmanlari Dernegi kilavuzlarina
gore zor havayolu yonetimini bes sinifa ayiriyoruz. Derleme, zor havayolu olgularinin YB('lerde operasyon odalarina kiyasla daha yiiksek olusunu
vurgulamakta; bu durumun nedenleri arasinda yogun bakim hastalarinin kritik durumu, sivi terapisi komplikasyonlari ve bircok entiibasyonun acil
niteligi bulunmaktadir. Geleneksel anatomik indekslerin zor havayollarini tahmin etmedeki etkinligini tartisip, bunlarin sinirli tahmin degerlerine
dikkat cekmeyi amacliyoruz. Ayrica, YBU icin ii¢ potansiyel senaryoya uyum saglayan bir zor havayolu algoritmasi éneriyoruz; éngériilen, beklenmeyen
ve kritik "Entlibe Edememe-Havalandiramama" durumlari. Bu algoritma, zor havayolu senaryolarinda karar almayi kolaylastirmak icin tasarlanmis
bilissel bir arac olan Vortex Yaklasimi ile tamamlanmaktadir. YBU havayolu yonetiminde uzmanlasmis egitim, ekipman hazirligi ve isbirlikci ekip
yaklasimi ihtiyacini vurgulayan Ulusal Denetim Projesi 4'ten uyarlanan en iyi uygulama Onerileriyle sonuca variyoruz.

Anahtar Kelimeler: Havayolu ydnetimi, yogun bakim, entlibasyon

Introduction

In a Closed Claims analysis (2,3) by the American Society of
Anesthesiologists (ASA) Closed Claims Project-a database that

The approach to the airway in the intensive care unit (ICU)
is a complex procedure, placing this subgroup of patients in a
high-risk category for difficult airway (DA) management (1).

records all anesthetic events leading to legal complaints - it was
found that for events related to the airway, occurrences outside
the operating room environment, such as in the emergency room
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or ICU, resulted in a fatal outcome in approximately 87% of
cases, with permanent brain injury in the remaining cases. These
findings were recently supported by a multicenter observational
project in the United Kingdom (1).

Definitions and Prevalence

The difficulty in airway management can be classified into
5 distinct categories, according to ASA recommendations (4):

a) Difficult mask ventilation or supraglottic device use [e.g.,
laryngeal mask airway (LMA), laryngeal tube, or intubating LMA
(ILMA®)]: when adequate ventilation by an Anesthesiologist is
not possible due to inadequate mask sealing, excessive leakage,
or excessive resistance to gas flow.

b) Difficulty in supraglottic device placement: with the need
for multiple placement attempts in the presence or absence of
tracheal pathology.

¢) Difficult direct laryngoscopy (DL): when no portion of
the vocal cords can be visualised after multiple attempts of
conventional laryngoscopy.

d) Difficult tracheal intubation: when tracheal intubation
requires multiple attempts in the presence or absence of
tracheal pathology.

e) Failed intubation: when the placement of the endotracheal
tube (ETT) fails after multiple attempts.

According to the literature, the incidence of DA is higher in
the ICU compared to the operating room, ranging between 10
to 22% of all intubations (5-8).

Why do patients in ICUs experience DA?

Various factors can explain this:

e Patients in ICUs are at the limit of their functional
reserves, particularly in terms of cardiorespiratory function,
often experiencing multi-organ failure and a significant need
for vasopressors, making them more susceptible to hypoxia or
sedatives and with a poorer response to fluids (9);

® These patients often have a positive fluid balance due
to the need for abundant prior fluid therapy. This can lead to
airway oedema or interstitial pulmonary oedema (10).

® Patients need to be more adequately positioned for airway
management, and often access to the head is limited by the
presence of monitoring/infusion pumps or extracorporeal
therapies, making DL difficult (11).

¢ |n ICUs, Orotracheal Intubation can potentially occur as
an emergent procedure, either due to the reasons mentioned
above or due to ventilatory weaning failure [in 26-42% of all
weaning attempts (12-14)] or accidental extubation in up to
15% of cases (15).

® These patients have an increased risk of regurgitation
because they traditionally are not fasted (considered "full
stomach") (16).

e DA/Invasive equipment is not frequently immediately
available in the ICU, and the use of EtCO2 for confirmation of
the correct ETT positioning is limited (17).

The addition of these factors may reflect in a greater need
for multiple attempts at endotracheal intubation. According
to Mort (19), it is observed that several attempts of intubation
using DL are associated with a dramatic increase in the incidence
of hypoxemia, regurgitation of gastric contents, aspiration,
bradycardia, and cardiorespiratory arrest (Figure 1) in patients
in a non-operating room environment (18).

Prediction of DA

Numerous clinical conditions predict a DA (20,21),
summarized in Table 1.

80%
60% ¢

40%

20%71

Hypoxemia Severe  Esophageal Regurgietion Aspiraion Bradycardis  Cardisc
Hypoxemia Intubation Asrest

W 2 or fewer attempts ®>2 attempts

Figure 1: Graphic display of complications by intubation attempts

Table 1: Clinical conditions that predict a difficult airway (35,54)

Anomalous facial anatomy

Limited mouth opening

Cervical restriction

Larynx/Pharynx
anomalies

e Small mouth and/or macroglossia

® Dental anomalies

® Prognathism

® Obesity

® Advanced pregnancy

® Acromegaly

e Congenital syndromes (e.g., treacher collins
syndrome)

e Masseter spasm (dental
abscess)

® Temporomandibular joint

dysfunction

e Facial burns

® Post-radiation fibrosis
e Scleroderma

e Qbesity/short neck

e Limited cervical
mobility (e.g., ankylosing
spondylitis)

® Previous surgery of the
cervical spine

e Presence of cervical
collar

® Post-radiation fibrosis

® High or anterior larynx
® Deep vallecula

® Anatomical changes
of the epiglottis or
hypopharynx

® Subglottic stenosis
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A previous history of difficult intubation or the presence of
signs or symptoms suggestive of cervical/pharyngeal/mediastinal
pathology is relevant in anticipating a likely difficulty in the
airway. On the other hand, despite being universally used, it
has not yet been demonstrated a significant positive predictive
value for the use of common anatomical indices, such as inter-
incisor distance, Mallampati index, cervical mobility, or distances
between various cervical anatomical point (11,22-27). The low
predictive value of individual anatomical indices has led to
the structuring of combinations of indices and the creation of
scores, also with variable sensitivity and specificity. Additionally,
in the context of ICU, the use of these methods can be time-
consuming and often impractical. A method for predicting
DAs outside the operating room, called the MACOCHA score
(Table 2) (28), has been described and has undergone external
validation. To rule out the probability of a DA, a cut-off of 3
seems appropriate.

Considering that the prevalence of DA is challenging to
establish among populations and most tests and scores have a
low negative predictive value, it is accepted by several authors
(29-33) that the systematic planning of an intubation strategy
is crucial for addressing unexpected problems that may occur
during the intubation attempt. The structured planning of this
strategy is suggested in the form of an algorithm.

DA Algorithm in the ICU

Each patient poses a unique airway challenge, making
the teaching of complex algorithms on airway management
often unrealistic and counterproductive (34). While the ASA
DA algorithm (4) is universally known and taught among
anesthesiologists, it has faced various criticisms, being designed
for the operating room environment and challenging to execute
in emergencies. Additionally, it is not widely disseminated
among nurses and non-anesthesiologist physicians, limiting
communication and teamwork in an emergent situation (35).
Therefore, many authors consider it unsuitable for difficult
or emergent airway situations outside the operating room,
particularly in locations such as the emergency room or the ICU
(29,36).

Table 2: The MACOCHA score (28)

Points
Factors related to the patient
Mallampati >3 5
Obstructive Sleep Apnea Syndrome (OSAS) 2
Reduced cervical spine mobility 1
Reduced mouth opening (<3 cm) 1
Factors related to pathology
Coma 1
Severe hypoxemia (Sa0, <80%) 1
Factors related to the operator
Non-anesthesiologist 1
Total 12

An alternative strategy aligning with the approach
proposed by the DA Society (DAS) (31), considers three
scenarios:

1. Anticipated DA

This represents the least lethal "scenario” since there is
time to consider a strategy, optimize the situation, and obtain
appropriate adjuvants/supplemental assistance. In this case, two
fundamental questions must be addressed: “Should the patient
be intubated awake, or can there be an anesthetic induction?”
and "Which intubation technique should be used?"

® Awake intubation: It is more time-consuming, requires
trained personnel, is less comfortable for the patient, and may
need to be abandoned due to a lack of cooperation. However, it
is significantly safer, considering the maintenance of pharyngeal
and laryngeal muscle tone and spontaneous ventilation. It is
commonly used in situations involving fiberoptic intubation
and retrograde intubation.

® |ntubation under anesthetic induction: This involves
inducing deep anesthesia sufficient to allow for DL and
orotracheal intubation without the use of muscle relaxants and
optimally with the maintenance of spontaneous ventilation.
Intubation without muscle relaxation can be facilitated by
the prior application of lidocaine spray. Patient preparation,
equipment readiness, and the involvement of all personnel are
crucial in this scenario (Table 3).

2. Unanticipated DA

In this case, there is only a small time-window to address
the problem, aiming to prevent hypoxemia, hypoventilation,
hemodynamic instability, and potentially cardiorespiratory arrest
(37). The patient is already anesthetised, often apnoeic, relaxed,
and may have undergone several unsuccessful intubation
attempts. If the appropriate equipment and assistance are not
immediately accessible, there may not be time to obtain them! If
a depolarizing relaxant, a short-acting non-depolarizing agent,

Table 3: Requirements for the approach to DA with intubation
under anaesthesia induction, adapted from Lavery and
McCloskey (11)

Fasted patient

Anti-acid therapy

Optimal positioning

Monitoring of vital signs and capnography

Availability of endotracheal tubes and laryngoscope blades in
various shapes and sizes

Availability of adjunct devices, ideally bougies, stylets, introducers,
laryngeal masks (of various sizes), or CombitubeO

Availability of a cricothyroidotomy kit or mini-tracheostomy kit
Preoxygenation of the patient

Maintenance of spontaneous ventilation until the airway is secured
Use of bimanual laryngoscopy or BURP (Backward, Upward,
Rightward, Pressure) maneuver if necessary

DA: Difficult airway
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or a reversible relaxant has been used and ventilation is easy, it
may be appropriate to allow the patient to regain consciousness,
with the option to plan a delayed awake intubation. However,
in most cases, due to the need to establish a definitive airway
for respiratory failure, altered consciousness, or other reasons,
alternative techniques to DL are often employed to improve
the chances of visualising and intubating the trachea (38). The
following are a set of techniques and devices alternative to DL.
For a better understanding of their potential, it is suggested to
search for illustrative videos online or attend a DA course.

Bimanual Laryngoscopy (BURP)

This corresponds to the initials of Backward, Upward,
Rightward, Pressure, (BURP) which can improve the visualization
of the vocal cords under DL (39), when performed by the
laryngoscopist and subsequently maintained by the assistant.

Bougie or Modified Bougie (Frova Catheter)

Bougie is a malleable, thin, and elongated plastic cylinder
that can have a blunt distal tip in the shape of a "hockey stick”
to facilitate direction and entry through a less visible or even
non-visible glottis (blind introduction). The correct placement
of the Bougie in the tracheobronchial tree is revealed by
transmitting the contact of the tip with the successive tracheal
rings, which is felt as a series of bumps. At this point, the ETT
can be introduced, according to the Seldinger technique (40)
through the Bougie, which acts as an introducer/guide. It is,
for many authors (41,42), the first alternative adjunct in a
Ventilation-Associated Device (VAD) situation because it is
cost-effective, disposable, enables ventilation (in the case of the
Frova catheter), and has a quick learning curve.

Stylus with Light Source (Light Wand)

Thestyluswith alightsource corresponds to a flexible introducer
with an optical fiber light source, which is inserted into the ETT to
later allow intubation when the light source is in the trachea. Itis a
device that facilitates blind intubation because it distinguishes the
tracheal lumen (more anterior) from the esophageal lumen through
transillumination of cervical tissues when the light source passes
beyond the vocal cords (43). An important disadvantage is the
requirement for low ambient lighting, which is not desirable (and
often not possible) in the intensive care environment. Additionally,
it is contraindicated in patients with anatomical airway alterations
or cervical tissue. The intubation failure rate appears to be similar
that of the lighted stylet.

Supraglottic Devices

e |MA®: The classic LMA (cLMA®) is a small rubber mask
shaped like a spoon with an inflatable elliptical cuff, connected
to a hollow plastic tube. It is blindly placed in the hypopharynx,
adapting obliquely to the pharyngeal opening. Despite providing
a seal for ventilation, the cLMA® does not protect against the

234

risk of aspiration. However, compared to intubation, it can be
placed more successfully and quickly, especially by operators
with limited training (44,45), making it useful as an alternative
device in VAD situations.

® Modified laryngeal masks: The technology of laryngeal
masks has seen significant differentiation in recent years,
with various modified laryngeal masks available in the market.
These include the ILMA®, Proseal LMA®, and several variations,
including disposable formats.

The ILMA has a more rigid, angled, and larger-diameter tube
with an insertion handle (see figure). These masks allow the
introduction of a modified wire-reinforced endotracheal tube
that can be inserted through the mask for blind intubation or
with the assistance of a fiberoscope. Due to their characteristics,
they can be used in trauma situations with suspected cervical
injury or limited airway access (46). The Proseal LMA® (47) was
introduced to overcome the risk of aspiration and improve
adaptation to the anatomical structures of the hypopharynx.
It features a larger and more concave mask, and the cuff is
positioned posteriorly.

Additionally, it incorporates a working channel parallel
to the tubeallowing the introduction of a suction catheter
for esophageal content aspiration, thus limiting the risk of
regurgitation.

Videolaryngoscopes: C-Mac, Glidescope®, Mcgrath®

Videolaryngoscopes are modified laryngoscopes that
incorporate a rigid optical fiber with a camera at the distal end
of the blade. The blade is inserted into the oral cavity along
the midline and directed toward the base of the tongue until
the epiglottis is visualized. The distal end of the endotracheal
tube can then be directed through the glottis under indirect
visualization. These devices appear to improve the approach
to airway management in Anaesthesiology and Intensive Care,
reducing the incidence of difficult laryngoscopy and intubation
(48). A major disadvantage is their costliness.

Combitube® (Dual-Lumen Esophagotracheal Airway)

The Combitube® is a modified blind-insertion tube that
includes an esophageal obturator and a tracheal tube (Figure 1).
Regardless of its placement in the trachea or esophagus, it allows
ventilation with partial protection against aspiration. Potential
disadvantages include the inability to aspirate the trachea if the
distal end is in the esophagus (more frequent position) and the
possibility of airway trauma during placement. For these reasons,
itis contraindicated in patients with known esophageal pathology,
intact laryngeal reflexes, or after ingestion of caustic substances.

3. “Can’t Intubate-Can’t Ventilate”

This is an absolute emergency situation. In this scenario, it
is crucial to remain calm and follow an appropriate algorithm
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that includes only two options: a "minimally” invasive approach
with a satisfactory method of ventilation without intubation,
or an invasive approach with a decision for a surgical airway
(cricothyroidotomy vs. emergency tracheostomy). The choice
should depend on the operator's familiarity with the technique
and the availability of materials/human resources in each
institution.

Cognitive Aid: “The Vortex Approach” (29)

In an emergency, having a protocol for action serves to
organise a team'’s response systematically and prevent delays
or lapses in certain therapeutic options. However, adherence
to guidelines may be challenging in a stressful environment
with limited time. As discussed above, in an emergency,
protocol-based action should be simple (for quick recall) and
universal, shared by all team members, allowing for anticipating
treatment priorities. In the case of DA, creating such guidelines
is complicated by the existence of various possible devices and
the understanding that the clinical context certainly influences
the most appropriate approach. In this context, guidelines need
to be both simple and robust to guide the approach in a wide
range of situations. Despite this, the guidelines (4,31) from
societies dedicated to DA remain relatively complex and are
designed for the operating room environment.

Therefore, all ICU staff need a simple and effective cross-
sectional mental model for DA management during a critical
event. The Vortex cognitive model (29) is one such suggested
method, conceptualizing the DA approach as a funnel based on
the following assumptions:

The primary goal is to ensure that oxygen delivery to the
alveoli is maintained, associated with airway patency (patient
kept in the “"Green Zone"). This can be achieved by:

1. Facial mask - Non-surgical extra-glottic airway,
2. LMA - Non-surgical supraglottic airway,
3. ETT - Non-surgical transglottic airway,

4. Surgical infra-glottic and definitive methods (surgical
airway and definitive airway).

Preferably, up to three "optimized attempts” should be made
to secure the airway with each of the non-surgical techniques
described above.

The order in which each technique should be used depends
on the operator and the airway maintenance objective (Figure 2).

The inability to establish airway patency after exhausting
the previous possibilities should prompt an immediate transition
to a surgical airway, regardless of Sa0,.

The “green zone" is conceptualized as a horizontal surface
that reinforces the idea that in the presence of a difficult
airway (VAD), there is no immediate imperative to proceed
with successive airway manipulations. Instead, the focus is on
ventilation/oxygenation, providing an opportunity to pause and
devise a strategy while keeping the patient in a "safety zone".

Proposal for an “Protocol” for Orotracheal Intubation in
Intensive Care

It has recently been demonstrated that the use of an airway
management protocol in intensive care has led to a reduction
in complications associated with tracheal intubation (49). The
protocol, the Montpellier algorithm, includes the interventions
described in the Table 4. Implementing this protocol has
resulted in a significant reduction in complications associated
with intubation (9% vs. 21%) (49,50).

Table 4: Orotracheal intubation protocol in the ICU [modified from (49)]

Pre-intubation

1. Presence of two operators

2. Administration of “Fluid Loading" (recommended 500 mL of 0.9% NaCl) in the absence of cardiogenic oedema

3. Preparation of long-term sedation and noradrenaline infusion

4. Pre-oxygenation for 3 minutes with NIV in case of respiratory failure (FiO, 100%, pressure support ventilation between 5-15 cmH,0 to

achieve tidal volume between 6-8 mL/kg, and PEEP of 5 cmH,0)

Peri-intubation

5. Rapid sequence intubation:
® Propofol 0.1 mg/kg or ketamine 1.5-3 mg/kg

e Succinylcholine 1-1.5 mg/kg (in the absence of known allergy, hyperkalaemia, severe acidosis, neuromuscular disease, burns over 48 hours,

spinal trauma, and organophosphate poisoning)

e Rocuronium: 0.6-0.9 mg/kg in case of succinylcholine contraindication, prolonged stay in the ICU, or risk of neuropathy
6. Sellick maneuver (also known as cricoid pressure is used for endotracheal intubation to prevent the occurrence of gastroesophageal reflux)

Post-Intubation

7. Immediate confirmation of tube placement by capnography

8. Immediate initiation of noradrenaline infusion if diastolic blood pressure <35 mmHg

9. Initiation of long-term sedation

10. Initiation of “protective ventilation": Tidal volume 6-8 ml/kg, PEEP>5cm H,0 , respiratory rate 10-20 cycles/min, P
11. Recruitment maneuver: CPAP 40 cmHzO for 40s, FiO2 100% (if the patient does not have cardiovascular collapse)

12. Maintenance of cuff pressure at 25-30 cmH,0

<30 cmH,0

plateau

NIV: Non-invasive ventilation, CPAP: Continuous positive airway pressure, ICU: Intensive care unit, PEEP: Positive-end-expiratory pressure
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Figure 2: Concept of "Green Zone"

ETT: Endotracheal tube, LMA: Laryngeal mask airway

Delayed Sequence Intubation (DSI)

Unlike rapid sequence intubation, which involves the
simultaneous administration of a hypnotic agent and a muscle
relaxant without providing ventilation until endotracheal
intubation, DSI involves the administration of specific sedative
agents with minimal attenuation of spontaneous ventilation or
airway reflexes. Another way to conceptualise DSI is to promote
mild sedation of the patient while effectively pre-oxygenating
under non-invasive ventilation. This technique often uses
Ketamine and Continuous Positive Airway Pressure, as described
in the Montpellier algorithm (49). After achieving Sa0, >95%,
the muscle relaxant can be administered, and ETI can be
performed. In the case of patients in respiratory failure, DSI
appears to be a safe and effective alternative to conventional
pre-oxygenation (51-54).

v..x

N

g W

Best Practice Recommendations for Airway Management
in the ICU [Adapted from the National Audit Project 4 (NAP4)
Recommendations (1)].

The NAP4, conducted in the United Kingdom in 2011, was a
national project to record all airway-related complications that
occurred in the previous year. From this project, which is available
for consultation, emerged best practice recommendations in
the field of intensive care, described in the Table 5, aiming to

Table 5: NAP4 best practice recommendations for airway management in the ICU

Capnography should be used during endotracheal intubation in all critical patients, regardless of their hospital location.
Continuous capnography should be used in all ICU patients who are intubated and ventilator-dependent (including those
with tracheostomies). When capnography is not used in the aforementioned situations, there should be documentation of

Capnography the clinical reason for non-use and regular review of the situation. Training for all ICU staff should include capnography
interpretation. The focus of the training should be on airway identification or displacement, as well as recognition of the
capnography waveform during cardiac arrest.

[E——— An intubation checklist should be developed and used for all intubations of critically ill patients. The checklist should

include alternative plans.

Anticipation of
difficulty and
planning

Each ICU should have an algorithm for airway management during intubation, extubation, and reintubation. Patients at
risk of airway-related events should be identified early and clearly recognized by the staff. There should be a documented
plan for these patients, including the primary plan and alternatives, as well as the necessary additional strategies and
equipment. This information should be communicated and validated at each shift change.

Displacement of the
endotracheal tube

Staff training should emphasize the recognition and risks of displacement of the endotracheal tube/tracheal cannula. This
event is more common in obese patients, those with tracheostomies, during mobilisation, and when sedation is interrupted.

Obesity

Obese critically ill patients should be identified as individuals with an increased risk of airway complications and an
elevated risk of associated morbidity (55).

Airway equipment

All' ICUs should have immediate access to a difficult airway cart. This cart should have the same content and layout as
the one in the operating room. The difficult airway cart should be checked regularly (56,57). A fiberscope should be
immediately available for use in the ICU.

Training for the staff involved in advanced airway management should include regular practice of cricothyrotomies on

Cricothyrotomy manikins. Regular identification of anatomical landmarks should be encouraged, especially in obese patients.
T There should be recognition that intra or inter-hospital transfers are high-risk events, and it is recommended to assess the
ransfers . . .
airway and establish an airway management plan before the transfer.
Specialty trainees responsible for managing critically ill patients should be proficient in basic management of emergency
Staff ; L . . . . .
airways. Additionally, they should always have access to a senior professional with advanced airway expertise.
Specialty trainees responsible for managing critically ill patients should learn basic emergency airway management. This
training should include basic airway management, familiarity with algorithms for handling predictable complications, and
Training the use/interpretation of capnography. This training should also serve to identify the limits of each trainee's experience and

teach the early need for seeking help from more experienced clinicians. Team training and simulation should be included in
this education. Regular audits of airway management issues and other critical events in the ICU should be conducted.

NAP: The National Audit Project 4, ICU: Intensive care unit

236



Ankara Universitesi Tip Fakiiltesi Mecmuasi 2024;77(3):231-238

Berger-Estilita et al. Challenges in ICU Airway Management

improve the quality of care and limit morbidity and mortality
related to airway management.

If difficulty in endotracheal intubation is anticipated,
consider the feasibility of an alternative initial approach.
The use of ILMA, videolaryngoscopy, or bronchofibroscopy is
associated with high success rates but requires time and the
patient's functional reserve.

If the lighted stylet is the chosen technique for initial
intubation, it isimportant to note that the first attempt is always
the best. After the second attempt, the risk of complications
increases by 85%. Positioning should be optimised as much as
possible, and pre-oxygenation is crucial.

Competent airway management depends on integrating
individual knowledge, clinical judgment, appropriateness for
the patient, and technical skills-factors that evolve throughout
each professional's career.

Airway management is a team effort where everyone
speaks the same language: training in cognitive tools among
all team members and early recognition of the need for a senior
anaesthesiologist is crucial to prevent fatal outcomes.

Airway management is not learned in theory: all techniques
should be practised in elective settings (in the operating
room) or in simulation. Attendance at a DA course is strongly
recommended.
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Abstract

Objectives: Renal artery stenosis (RAS) poses significant challenges due to decreased renal perfusion, leading to various disease processes. We aimed
to evaluate the safety and effectiveness of renal artery stenting in patients with atherosclerotic RAS, focusing on early renal function changes and
identifying factors influencing treatment response.

Materials and Methods: This single-center, retrospective, observational study included patients undergoing renal artery stenting for atherosclerotic
RAS over a 10-year period. Clinical and procedural data were analyzed, and renal function outcomes were assessed at the 1-month follow-up.
Statistical analysis was performed to identify correlations between patient characteristics, procedural factors, and treatment outcomes.

Results: Forty-nine patients were included, with a mean age of 67.08+8.73 years. Successful stenting was achieved in all patients, with no major
adverse clinical events reported. At the 1-month follow-up, 67.3% of patients had stable renal function, while 12.2% showed improvement
and 20.4% experienced worsening. A significant correlation was found between age and treatment response (p=0.045). However, no significant
associations were observed between changes in renal function and other patient characteristics or procedural factors.

Conclusion: Renal artery stenting in patients with atherosclerotic RAS resulted in successful procedural outcomes with minimal complications.
While age was identified as a significant predictor of treatment response, no other patient or procedural factors showed significant correlations with
changes in renal function. Our findings emphasize the need for further research to refine patient selection criteria in this population.

Keywords: Renal artery stenosis, renal artery stenting, atherosclerotic RAS, renal function outcomes, patient selection

Amag: Renal arter stenozu (RAS), azalmis renal perfiizyon nedeniyle cesitli hastalik siireclerine yol acarak énemli zorluklar teskil etmektedir.
Aterosklerotik RAS'li hastalarda renal arter stentlemenin giivenligini ve etkinligini degerlendirerek, erken dénem renal fonksiyon degisikliklerine
odaklanmayi ve tedavi yanitini etkileyen faktorleri belirlemeyi amacladik.

Gerec ve Yontem: Bu tek merkezli, retrospektif, gbzlemsel ¢alisma, 10 yillik bir donemde aterosklerotik RAS icin renal arter stentleme yapilan
hastalar icermektedir. Klinik ve prosediirel veriler analiz edilmis ve 1 aylik takipte renal fonksiyon sonuglari degerlendirilmistir. Hasta ozellikleri,
prosedirel faktorler ve tedavi sonuglar arasindaki korelasyonlari belirlemek igin istatistiksel analiz yapilmistir.

Bulgular: Kirk dokuz hasta dahil edilmis olup, ortalama yas 67,08+8,73 yil olarak belirlenmistir. Tlim hastalarda basarili stentleme gerceklestirilmis
ve major advers klinik olay bildirilmemistir. Bir aylik takipte, hastalarin 9%67,3'linde stabil renal fonksiyon gdzlenirken, %712,2'sinde iyilesme ve
%20,4'linde kitiilesme gorilmustir. Yas ile tedavi yaniti arasinda anlamli bir korelasyon bulunmustur (p=0,045). Ancak, diger hasta ozellikleri veya
proseddirel faktorler ile renal fonksiyon degisiklikleri arasinda anlamli bir iliski g6zlenmemistir.
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Sonuc: Aterosklerotik RAS'li hastalarda renal arter stentleme, minimal komplikasyonlarla basarili prosediirel sonuclar saglamistir. Yas, tedavi yanitinin
onemli bir belirleyicisi olarak tanimlanirken, diger hasta veya prosediirel faktdrler ile renal fonksiyon degisiklikleri arasinda anlamli bir korelasyon
bulunamamistir. Bulgularimiz, bu popllasyonda hasta secim kriterlerini iyilestirmek icin daha fazla arastirma yapilmasi gerektigini vurgulamaktadir.

Anahtar Kelimeler: Renal arter stenozu, renal arter stentleme, aterosklerotik RAS, renal fonksiyon sonuglari, hasta secimi

Introduction

Renal artery stenosis (RAS) poses a significant clinical
challenge, precipitating a decline in renal perfusion and
initiating various pathological cascades (1). The condition
directly induces ischemic atrophy due to reduced renal
perfusion, while also triggering systemic hypertension and
cardiovascular complications through the renin-angiotensin-
aldosterone system and the systemic nervous system. These
mechanisms collectively contribute to end-organ damage,
including glomerulosclerosis (2).

Atherosclerosis stands out as the primary etiology of RAS,
detectable on imaging in approximately 50% of patients with
coronary artery disease (3). Atherosclerotic renovascular disease
carries a substantial mortality rate, predominantly attributable
to associated cardiovascular conditions (4-6). It ranks as the
second most common cause of fibromuscular dysplasia (FMD)
following atherosclerosis (3).

The clinical presentation of organ dysfunction resulting
from impaired renal perfusion and its progression remains
multifaceted and not entirely understood (4). Presently, the
primary management approach for significant RAS primarily
involves medical intervention with antihypertensive agents (7).
While angioplasty without stenting suffices for FMD-induced
RAS, the preferred approach in atherosclerotic stenosis involves
concurrent stenting to mitigate potential recoil and restenosis
post-angioplasty.

Renal artery stenting remains a contentious topic in the
medical literature. Our study seeks to contribute to this ongoing
discourse by evaluating the safety and efficacy of renal artery
stenting in patients with atherosclerotic RAS and identifying
subpopulations poised to derive the greatest benefit.

This single-center, retrospective, observational study aims
to assess the early changes in renal function among patients
undergoing renal stenting for atherosclerotic RAS at our
institution over a decade-long period.

Materials and Methods

Patients aged 18 and above who underwent renal artery
stenting at our institution between July 25, 2012, and October
7,2022, due to RAS exceeding 50%, were included in this study.
We opted not to stratify patients based on the degree of stenosis,
encompassing all individuals with RAS greater than 500,
aiming to minimize exclusions during our retrospective review.
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Exclusion criteria comprised patients with FMD, total arterial
occlusion, spontaneous dissection, stenosis in a transplant or
bypass graft anastomosis, abdominal aortic aneurysm larger
than 45 mm in diameter, and those lacking follow-up after
1 month. This study adhered to the principles outlined in the
Declaration of Helsinki.

Approval for the protocol was obtained from the Human
Research Ethics Committee of Ankara University Faculty of
Medicine (date: 28.01.2023, approval no.: i02-73-23) the
participating hospitals, and written informed consent was
acquired from all patients before stent implantation.

Renal artery stenting decisions at our center were made
through consensus between the interventional radiologist and
the primary clinician following the patient. Stent implantation
utilized a standard retrograde femoral approach. Stent
deployment adhered to recommended pressure, with stent size
selection based on visual assessment. Peri-procedural and post-
procedural anticoagulant and antiplatelet therapy followed
routine hospital practice and were at the discretion of the
treating physician.

The primary endpoint, acute technical success, was defined
as angiographic residual diameter stenosis <30%. Secondary
endpoints encompassed major complications within 48 hours
post-stent implantation and changes in renal function at the
1-month follow-up.

Renal function outcomes were categorized as improvement
[>20% increase in baseline estimated glomerular filtration
rate (eGFR)], worsening (=20% decrease in baseline eGFR), or
stabilization (no deterioration).

Major clinical adverse events (MACE) included events
necessitating additional procedures, prolonged hospitalization,
or death, encompassing deaths within 30 days post-procedure
or during hospitalization.

Statistical Analysis

Statistical analysis utilized SPSS version 23.0. Descriptive
statistics were presented as mean + standard deviation or
median (minimum-maximum) for numerical variables and as
percentages for categorical variables. Non-parametric data
underwent analysis using the Mann-Whitney U test, while
categorical variables were assessed using the chi-square test
or Fisher's exact test. Statistical significance was considered at
p<0.05.
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Demographic and clinical characteristics: A total of 49
patients were retrospectively evaluated, with a mean age of
67.08+8.73 years. Among them, 34 (69.4%) were male, and 15
(30.6%) were female. Hypertension was prevalent in 40 (81.6%)
patients, diabetes mellitus in 21 (42.9%), hyperlipidemia in 17
(34.7%), and atrial fibrillation in 4 (8.2%). Nineteen (38.8%)
patients had a history of previous myocardial infarction.
Regarding antihypertensive medication, 19 (38.8%) patients
received monotherapy, 21 (42.9%) received combination
therapy, and 9 (18.4%) did not use any hypertensive medication.
Additionally, 15 (30.6%) patients were using statins, 11 (22.4%)
were using insulin, 34 (69.4%) were using antiplatelets, and 2
(4.1%) were taking anticoagulants. The mean estimated eGFR
before the procedure was 77.31+36.98, and the mean creatinine
value was 1.35+0.52 mg/dL.

Renal artery stenting was performed on the left side in 23
(46.9%) patients, on the right side in 19 (38.8%), and bilaterally
in 7 (14.3%) patients. The mean stent diameter used was
5.544+0.64 mm, with a mean stent length of 16.38+5.36 mm.
Successful stenting was achieved with less than 30% residual
stenosis in all patients, and no major MACE were observed.

Thirty-three (67.3%) patients maintained stable renal
function, while improvement was noted in 6 (12.2%) patients,
and 10 (20.4%) patients experienced worsening post-stenting.
No significant correlations were found between changes in
renal function and patient characteristics or procedural data,
including gender, comorbidities, medication use, pre-procedural
renal function parameters, stent characteristics, or side of
stenting (all p>0.05).

At the 1-month follow-up, patients with improved renal
function (12.2%) had a mean age of 63.17+12.15 years, while
those with stable renal function (67.35%) had a mean age of
67.00+8.56 years, and patients with worsened renal function
(20.4%) had a mean age of 69.70+6.80 years. Statistical analysis
revealed a significant correlation between age and treatment
response (p=0.045).

RAS presents a complex clinical scenario characterized by
diminished renal perfusion and subsequent renal dysfunction.
Patients with RAS often exhibit parenchymal changes such
as interstitial fibrosis, tubular atrophy, glomerulosclerosis,
periglomerular fibrosis, and arteriolar abnormalities (8). The
optimal approach to managing RAS, whether through medical
or interventional therapy, remains a subject of debate in the
literature (9,10).

The STAR trial, focusing on 140 patients over 2 years, did not
demonstrate a clear benefit of stenting over medical treatment
alone (11). Similarly, the ASTRAL trial involving 806 patients
and the CORAL trial with 947 patients found no significant
differences in renal or cardiovascular outcomes between
stenting and medical therapy alone (1,12). Moreover, The
STAR trial reported a significant increase in procedure-related
complications (11). These trials collectively suggest that renal
artery stenting may not provide additional benefits when added
to high-quality medical therapy.

However, recentinsights from the CORAL trial's 5-year follow-
up introduced the urine albumin-to-creatinine ratio (UACR) as
a potential marker for treatment response. This metric proposes
that patients with RAS and healthy kidneys may benefit from
stenting, while those with poor organ function, indicated by an
elevated UACR, may not. Our study's correlation between age
and treatment response aligns with this hypothesis, suggesting
that younger patients with healthier kidneys may experience
improved renal function following stenting (13).

Our study may contribute to the patient selection process in
managing RAS with renal artery stenting. Notably, our findings
indicate that, in experienced hands, the risk of complications
can be minimal.

Study Limitations

Nevertheless, our study acknowledges several limitations,
including its retrospective design, lack of stratification based
on stenosis severity, and short-term follow-up. Additionally, the
multifactorial nature of eGFR changes underscores the need for
cautious interpretation. Similar to prior literature, our findings
suggest that stent placement may not consistently improve
early renal function, emphasizing the necessity for rigorous
patient selection criteria. Incorporating patient age into these
criteria may offer valuable insights into treatment response and
guide personalized management strategies for atherosclerotic
RAS.

Our study supports the safety and potential benefits of
renal artery stenting in preventing kidney function decline in
select patient populations. Determining factors such as UACR
and age may be beneficial in selecting suitable candidates
for stent intervention. Future studies should aim to address
these limitations by employing rigorous patient stratification
methods, longer follow-up periods, and comprehensive
outcome assessments to provide further insights into the
optimal management of RAS.
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Vertebral Artery Origin Stenosis in Patients with Posterior
Circulation Strokes Due to Large Artery Atherosclerosis
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Abstract

Objectives: The origin of the extracranial vertebral artery (V1 segment) is a common site for large artery atherosclerosis (LAA). The aim of this
study was to determine the risk factors, prevalence and prognosis of the patients presented with acute ischemic stroke due to vertebrobasilar
atherosclerosis and additional V1 stenosis.

Materials and Methods: We reviewed the charts of 957 patients who were admitted with acute ischemic stroke between the dates January 2011
and May 2017, and selected cases with stroke related to posterior circulation (PC) atherosclerosis. The demographic data, risk factors, National
Institutes of Health Stroke Scale (NIHSS) scores at admission, and modified Rankin scores (mRS) in the follow-up period were recorded.

Results: There were 80 (8.36%) patients with acute ischemic stroke in the PC due to LAA. Thirty (37.5%) patients [9 females (30%), mean age
67.4+14.3 years] had V1 stenosis. No between group differences in the history of vascular risk factors and mRS scores during the follow-up period
were observed (p>0.05). In logistic regression analysis, the admission NIHSS score was higher in patients with V1 stenosis than others (p=0.022).

Conclusion: In our registry, more than one third of patients with acute PC stroke due to LAA had stenosis in the origin of the vertebral artery. The
patients with coexisting V1 stenosis presented with relatively severe stroke.

Keywords: Vertebral artery origin, posterior circulation strokes, large artery atherosclerosis

Amag: Ekstrakraniyal vertebral arterin orjini (V1 segmenti), blyiik arter aterosklerozunun sik gériildigu bir bolgedir. Bu ¢alismanin amaci
vertebrobaziler aterosklerozu ve ek olarak V1 stenozu nedeniyle akut iskemik inme geciren hastalarin risk faktorlerini, prevalansini ve prognozunu
belirlemektir.

Gerec ve Yontem: Ocak 2011 ile Mayis 2017 tarihleri arasinda akut iskemik inme nedeniyle bagvuran 957 hastanin dosyalari incelendi ve post_erior
dolasim aterosklerozuna bagli inme gegiren hastalar calismaya dahil edildi. Demografik veriler, risk faktdrleri, bagvuru anindaki Ulusal Saghk Inme
Olgegi (NIHSS) skorlari ve takip donemindeki modified Rankin scores (mRS) degerleri kaydedildi.

Bulgular: Biiyiik arter aterosklerozu nedeniyle arka sirkiilasyonda akut iskemik inme geciren 80 (%8,36) hasta vardi. [Otuz (%37,5) hastada 9 kadin
(%30), ortalama yas 67,4+14,3 yil] V1 darligi vardi. Vaskiiler risk faktorleri ykisii ve takip siiresi boyunca mRS skorlari agisindan gruplar arasinda
fark gozlenmedi (p>0,05). Lojistik regresyon analizinde V1 darligi olan hastalarin basvuru NIHSS skoru digerlerine g6re daha yiiksekti (p=0,022).

Sonuc: Merkezimizde biiyiik arter aterosklerozuna bagli akut posterior sirkiilasyon inmesi gegiren hastalarin licte birinden fazlasinda vertebral arter
cikisinda darlik vardi. Eslik eden V1 darligi olan hastalar nispeten daha siddetli inme ile basvurmustu.

Anahtar Kelimeler: Vertebral arter orjini, posterior dolasim inmeleri, blytik arter aterosklerozu
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Introduction

Prognosis and clinical management differ significantly
among stroke subgroups according to anatomical localization
and infarct mechanism in patients with acute ischemic stroke.
One fifth of strokes and transient ischemic attacks (TIA) occur in
the posterior circulation (PC) area (1). The most common causes
of PC ischemia are large artery atherosclerosis (LAA), cardiac
embolism and small vessel occlusion (2,3).

Anatomically, the vertebral artery is traditionally evaluated
in four parts (V1-4). The first segment (V1) is the part from the
origin of the vertebral artery to the foramen in the transverse
processes of the fifth or sixth cervical vertebra. In the PC,
atherosclerosis usually occurs at the origin of the vertebral
artery. Autopsy and angiography studies have shown that up to
409 of patients with cardiovascular risk factors have stenosis or
occlusion at the origin of the vertebral artery (2-4). Moreovetr,
V1 segment stenosis of the vertebral artery accounts for almost
20% of PC strokes (2).

This study aimed to investigate the prevalence, demographic
and clinical characteristics of ischemic stroke patients diagnosed
with vertebral artery V1 stenosis due to LAA.

Materials and Methods

The medical records of patients hospitalized with a
diagnosis of acute ischemic stroke at the Ankara University
Faculty of Medicine Neurology Department between January
2011 and May 2017 were reviewed. Age, gender, drug history,
vascular risk factors [hypertension (HT), diabetes mellitus (DM),
hyperlipidemia (HL), atrial fibrillation (AF), coronary artery
disease (CAD), congestive heart failure (CHF) and malignancy],
history of stroke or TIA, history of myocardial infarction in
the last month, recurrent stroke status, admission National
Institutes of Health Stroke Scale (NIHSS) score, pre-stroke
and follow-up modified Rankin scores (mRS), and laboratory
results were recorded. The etiologic workup included cerebral
and cervical vascular imaging studies [carotid Doppler
ultrasonography, computerized tomography angiography,
magnetic resonance angiography, or digital subtraction
angiography (DSA)], transthoracic or transesophageal
echocardiography, 24- hour cardiac rhythm monitoring,
and laboratory tests for hypercoagulability and vasculitis.
Automated Causative classification of stroke system was
used to determine the etiological type of ischemic stroke (5).
Patients with acute ischemic stroke in the PC due to LAA (PC
infarction-LAA) were included in the study.

The Ankara University Faculty of Medicine Clinical Research
Ethics Committee granted ethical approval for this study
(date: 27.05.2019, approval no.: 10-772-19) and the study was
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conducted in accordance with the ethical standards of the
Declaration of Helsinki.

Statistical Analysis

The analysis of the data was made in the SPSS for Windows
15 package program. Descriptive statistics are shown as mean +
standard deviation for variables with normal distribution, and
as median (minimum-maximum) for variables with non-normal
distribution, and nominal variables are shown as number of
cases and percentage (%). The significance of the difference
between the two groups in terms of means was investigated
with the t-test, and the significance of the difference in terms of
median values was investigated with the Mann-Whitney U test.
Nominal variables were evaluated with Pearson's chi-square or
Fisher's exact test. Logistic regression analysis was performed
for the risk factors affecting the dependent variable. Results for
p<0.05 were considered statistically significant.

We reviewed the charts of 957 patients who were admitted
with acute ischemic stroke between January 2011 and May
2017. A total of 80 (8.36%) patients had acute ischemic stroke
in the PC due to LAA.

Thirty (37.5%) patients [27 females (90%), mean age
67.4+14.3 years] had symptomatic V1 stenosis and 15 (18.75%)
patients [13 females (86.7%), mean age 68.2+18.05 years] of
them had isolated V1 stenosis.

We compared the patients with acute ischemic stroke in the
PC due to LAA with and without V1 stenosis. No between group
differences in history of vascular risk factors and mRS in the
follow-up period were observed (p>0.05). The admission NIHSS
score was higher in patients with V1 stenosis (p=0.049). Serum
C-reactive protein (CRP) levels were higher in patients without
V1 stenosis, whereas serum magnesium levels were higher in
patients with V1 stenosis. The demographic data, clinical and
laboratory results are summarized in Table 1.

The distribution of arteries with significant stenosis in the
PC is shown in Table 2.

In logistic regression analysis, admission NIHSS scores
and serum magnesium levels were still significantly higher in
patients with V1 stenosis (p<0.05) (Table 3). The mean admission
NIHSS score + standard deviation in patients with coexisting
V1 stenosis was 11.5+11.7, while it was 4.88+4.55 in patients
without V1 stenosis (p=0.001). The admission NIHSS score was
significantly higher in patients with coexisting V1 stenosis in
logistic regression analysis (p=0.018).
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Table 1: Demographic and clinical characteristics of patients with acute posterior circulation stroke due to large artery atherosclerosis

PC-LAA with V1 stenosis n=30 PC-LAA without V1stenosis n=50 p value
Age, year, mean + SD 67.4+14.3 65.8+13.1 0.38
Sex, n (%)
- Female 9 (30) 24 (48) 0.088
- Male 21 (70) 26 (52)
Stroke/TIA, n (%) 21 (70)/9(30) 28 (56)/22 (44) 0.157
Medical history
- Hypertension, n (%) 22 (73.3) 40 (80) 0.336
- Diabetes mellitus, n (%) 9 (30) 21(42) 0.102
- Atrial fibrillation, n (%) 1(3.3) 1(2) 0.137
- Hyperlipidemia, n (%) 10 (33.3) 15 (30) 0.472
- CAD, n (%) 4(13.3) 14 (28) 0.105
- CHF, n (%) 0 (0) 3 (6) 0.239
- Previous TIA history, n (%) 2 (6.7) 1(2) 0.208
- Previous stroke history, n (%) 3(10) 10 (20) 0.741
Admission NIHSSS, mean +SD 49+4.5 4.9+5.1 0.825
Median 5 3.5 0.049
(Min-Max) (0-26) (0-14)
Hospital mortality, n (%) 4(13.3) 8 (16) 0.105
Follow up mRS, Mean + SD 1.79+2.3 2.61+2.3 0.515
Median 1 1
(Min-Max) (0-6) (0-6)
Recurrent stroke, n (%) 2(6.7) 8 (16) 0.762
LDL, mg/dL, mean + SD 112.38+50.2 120.24+49.6 0.967
CRP, mg/dL, mean + SD 8.74+5.92 16.97+16.19 0.017
Mg mg/dL, mean + SD 2.72+3.58 2.02+0.23 0.019

SD: Standard deviation, TIA: Transient ischemic attack, CAD: Coronary artery disease, CHF: Congestive heart failure, NIHSS: National Institutes of Health Stroke Scale, mRS: The
modified Rankin scale, LDL: Low-density lipoprotein, CRP: C-reactive protein, Mg: Magnesium, Min-Max: Minimum-maximum, PC-LAA: Acute ischemic stroke in the posterior
circulation due to large artery atherosclerosis

Table 2: Distribution of arteries with significant stenosis in patients with acute ischemic stroke in the posterior circulation due to large
artery atherosclerosis

PC-LAA with V1 stenosis n=30 PC-LAA without V1 stenosis n=50 p value
Isolated V1 stenosis 15 (50%) -
V2 stenosis 14 (46.6%) 3 (6%) <0.001
V3 stenosis 12 (400%) 1 (2%) <0.001
V4 stenosis 14 (46.6%) 27 (549%) 0.5
BA stenosis 6 (20%) 8 (169%) 0.64
PCA stenosis 9 (300%) 12 (24%) 0.55

PC-LAA: Acute ischemic stroke in the posterior circulation due to large artery atherosclerosis, BA: Basiler artery, PCA: Posterior cerebral artery, V: Vertebral artery

Table 3: Logistic regression analysis of PC-LAA with V1 stenosis

Beta 95%, confidence interval p value
Admission NIHSS, mean + SD 0.006 0.001-0.012 0.022
Mg mg/dL, mean + SD 0.051 0.036-0.066 <0.001

SD: Standard deviation, PC-LAA: Acute ischemic stroke in the posterior circulation due to large artery atherosclerosis, NIHSS: National Institutes of Health Stroke Scale
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Various vascular structures belonging to the intra- or
extracranial as well as anterior or PC may be affected in
ischemic stroke. Etiological, clinical and prognostic features
may vary depending on the vascular structures affected by
atherosclerotic stenosis (6). Investigating the subtypes of
ischemic stroke according to the affected vessel and underlying
causes may be beneficial in terms of better understanding the
risk factors and clinical features of the disease.

In PC ischemic strokes, there may be different underlying
causes, including cardio-embolism, LAA and small vessel
disease (7). The rate of large vessel disease as the etiology of
PC ischemic strokes varies among studies depending on the
diagnostic criteria used and the diagnostic methods performed
(8). Large artery disease was responsible for 32% of posterior
cerebral artery territory infarcts in the New England Medical
Center PC Registry (2).

LAA is defined as >500% stenosis or occlusion of a large
cervical or cerebral artery (9). In the PC, atherosclerosis
commonly occurs at the origin of the vertebral artery (7).
However, atherosclerosis can also occur in the distal vertebral,
basilar and posterior cerebral arteries. In this study, we focused
on posterior system strokes due to LAA. We investigated
whether there were differences in the demographic and clinical
characteristics between patients with and without V1 stenosis.

Vertebral artery stenosis (24.8%) ranks second among
extracranial stenosis after internal carotid stenosis (59.4%) (10).
The rate of V1 stenosis among patients with acute ischemic
stroke in the PC due to LAA was 37.50% in our registry. In a
prospective cross-sectional study conducted in Iran examining
3703 acute stroke patients, vascular imaging with DSA was
performed in 342 patients with large vessel disease, and stenosis
was detected in the extracranial segment of the right and/
or left vertebral artery in 32% of them (10). The researchers
noted that these results were similar to the North American and
European data. Similarly, in the Oxford Vascular Study, severe
stenosis of the vertebral or basilar artery was responsible for
26% of patients with posterior system minor stroke or TIA (11).

Although male dominance was noted in patients with V1
stenosis (70% vs. 52%), no statistically significant difference was
detected between the two groups in terms of age and gender.
There was also no group difference in the history of vascular
risk factors, including HT, AF, DM and HL as well as history of
CAD and CHF. In this study, median admission NIHSS score was
higher in patients with V1 stenosis (p=0.049) suggesting that
stroke may be clinically more severe in patients with coexisting
V1 stenosis. The higher frequency of additional vertebrobasilar
stenosis (V2, V3 segment, basilar artery and posterior cerebral
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artery) in half of the patients with V1 segment stenosis included
in the study may be related to the higher severity of stroke and
high NIHSS scores in this group.

Signs and symptoms seen in PC infarcts include dizziness,
vertigo, dysarthria, diplopia, dysphagia, nausea or vomiting,
impaired consciousness, weakness, ataxia and nystagmus (2,3).
However, in our study, we did not analyze which symptoms
and findings were responsible for the higher NIHSS scores in
patients with V1 stenosis. Although patients with V1 stenosis
had a higher admission NIHSS score, there was no difference
between the two groups in terms of hospital mortality rates
and mRS scores or recurrent strokes at follow-up. In patients
without V1 stenosis, presentation with TIA was more common
(46% vs. 30%). However, the difference between the two groups
in terms of stroke or TIA presentation was not significant.

Interestingly, serum CRP levels were higher and serum
magnesium levels were lower in patients without V1 stenosis
when compared with patients with V1 stenosis. Both higher
CRP and lower magnesium (Mg) levels may be associated with
an increased risk for atherosclerosis (12,13). On the other hand,
both may point to poor prognosis in patients with stroke (14-
16). A recent study revealed that although admission NIHSS
scores were similar between patients with normal and high CRP
levels, high CRP levels could predict poor prognosis (15). In our
study, the admission NIHSS score was lower in patients without
V1 stenosis, even though serum CRP levels were higher and
serum magnesium levels were lower. The outcomes were similar
in both groups despite these differences.

This study is a retrospective study and included only a small
number of patients from a single center; therefore, the results
should be interpreted cautiously. However, we can conclude
that PC stroke with coexisting V1 stenosis may be associated
with stroke severity in the acute stage. The associations between
localization of stenosis, stroke severity and serum biomarkers,
including CRP and Mg levels need to be further investigated
which may help to understand the pathogenesis and choose
better prevention and treatment methods.
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Evaluation of Odontoid Process Bone Quality with Hounsfield Unit
Values in the Adult Population

Eriskin Populasyonda Hounsfield Unitesi Degerleri ile Odontoid Proses Kemik Kalitesinin
Degerlendirilmesi

@ Baran Can Alpergin, ® Murat Zaimoglu, ® Omer Mert Ozpiskin, ® Eyiip Bayath, ® Yusuf Siikrii Caglar, ® Umit Eroglu

Ankara University Facutly of Medicine, Deperatment of Neurosurgery, Ankara, Tiirkiye

Abstract

Objectives: In this study, the aim is to investigate the changes in bone density and quality of the odontoid tip, neck and second cervical vertebral
body located beneath the base of odontoid with advancing age.

Materials and Methods: Seven study groups were formed, each consisting of healthy individuals in the age ranges of 18-29, 30-39, 40-49, 50-59,
60-69, 70-79, and 80 years and above. The odontoid bone structure of each individual was identified on cervical computed tomography images in
both sagittal and coronal planes. Mean Hounsfield unit (HU) values were calculated for the odontoid tip, odontoid neck, and the C2 body portion
below the odontoid base areas in both midsagittal and midcoronal planes. The HU values were compared and analyzed.

Results: There is a significant, negative correlation between age and the HU values measured in the sagittal plane for the odontoid tip, odontoid
neck, and C2 vertebral body portion under the odontoid base (the correlation coefficients are -0.795 r, -0.766 r, and -0.789 r, respectively). Similarly,
there is a significant, negative correlation between age and the HU values measured in the coronal plane for the odontoid tip, odontoid neck, and C2
vertebral body portion under the odontoid base (the correlation coefficients are -0.836 r, -0.680 r, and -0.802 r, respectively). These results indicate
that as age increases, the quality of the odontoid bone decreases.

Conclusion: The assessment of bone quality through computed tomography, based on HU values, reveals a significant decrease in the bone quality
of both the odontoid bone and C2 vertebral body with increasing age.

Keywords: Odontoid bone, odontoid fractures, Hounsfield unit

Amag: ilerleyen yas ile birlikte odontoid proses fraktiirlerindeki artisin kemik kalitesinin zaman icinde azalmasi ile iliskili olabilecegi gésterilmektedir.
Bu calismada, ilerleyen yasla birlikte odontoid proses, boyun ve ikinci servikal vertebra gévdesindeki kemik yogunlugu ve kalitesindeki degisikliklerin
arastirilmasi amaglanmistir.

Gerec ve Yontem: Her biri 18-29, 30-39, 40-49, 50-59, 60-69, 70-79 ve 80 yas ve lizeri saghkli bireylerden olusan yedi calisma grubu olusturuldu.
Her bireyin odontoid kemik yapisi bilgisayarli tomografi gorintilerinde tanimlandi. Ortalama Hounsfield tinitesi (HU) degerleri odontoid proses,
odontoid boynu ve C2 g6vde kismi icin hem midsagittal hem de midkoronal planlarda hesaplandi. Elde edilen veriler s6z konusu 7 grup arasinda
karsilastirildi ve istatistiksel olarak analiz edildi.

Bulgular: Yas ile odontoid proses, odontoid boynu ve C2 vertebra gdvdesi kismi icin sagital diizlemde dlclilen HU degerleri arasinda anlamli, negatif
bir korelasyon vardi (korelasyon katsayilari sirasiyla -0,795 r, -0,766 r ve -0,789 r'dir). Benzer sekilde, yas ile odontoid ucu, odontoid boynu ve
odontoid tabaninin altindaki C2 vertebra gdvdesi kismi icin koronal diizlemde 6l¢lilen HU degerleri arasinda anlamli, negatif bir korelasyon vardi
(korelasyon katsayilari sirasiyla -0,836 r, -0,680 r ve -0,802 r'dir). Bu sonuglar, yas arttikca odontoid kemigin kalitesinin azaldigini g6stermektedir.

Sonuc: HU degderlerine dayali olarak bilgisayarli tomografi ile kemik kalitesinin degerlendirilmesi, artan yasla birlikte hem odontoid kemigin hem de
C2 vertebra gdévdesinin kemik kalitesinde dnemli bir disis oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Odontoid kemik, odontoid kiriklar, Hounsfield tinitesi
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Introduction

The odontoid process is a specific bony projection of the
second cervical vertebra (C2), also known as axis, and it projects
superiorly from the C2 vertebral body to articulate with the
anterior arch of the first cervical vertebra (C1), also known as
atlas (1). The joint between C1 and C2 is stabilized by numerous
special and strong ligament structures, including the tectorial
membrane, transverse ligament, alar ligaments, apical ligaments,
and accessory ligaments (2). Bone and ligament structures
located in the atlantoaxial region are crucial for maintaining
the stability of this segment (3).

Fractures in the upper cervical region are a frequent
consequence of cervical trauma, and odontoid fractures are
present in approximately 18% of all cervical trauma cases (4).
This percentage rises to over 50% in the population aged >80
years (4). The most commonly used classification for odontoid
fractures today is the Anderson and D'Alonzo classification (4,5).
Odontoid fractures are categorized as type 1 for odontoid tip
fractures, type 2 for odontoid base fractures, and type 3 for
fractures extending into the C2 vertebral body (4,5). Type 2
odontoid fractures represent the most prevalent subtype among
these injuries (6).

The management of odontoid fractures is still not
definitively established, and treatment selection varies
depending on factors like fracture type, patient age, and
the quality of the odontoid bone (7,8). The increased life
expectancy hasresulted in a higher prevalence of osteoporosis,
leading to an elevated risk of fractures, particularly in the
elderly population, due to the reduction in odontoid bone
quality (8).

There are various radiological methods used to assess bone
quality and strength, and one of the most commonly used and
gold standart method is dual X-ray absorptiometry (DXA) (9).
However, in recent years, the success and reliability of measuring
bone Hounsfield unit (HU) values on computed tomography
(CT) for assessing bone quality have been demonstrated, and
calculating HU values has confidently become a method used
to measure bone quality (10). There is a correlation between low
bone HU values and osteoporotic fractures, screw loosening,
and the development of pseudarthrosis risks. Therefore, in
spinal surgery, HU values play a significant role in diagnosis,
determining the treatment method, and follow-up (10). In this
study, the age-related changes in odontoid bone HU values in
the adult age groups will be investigated. Consequently, the
alteration of odontoid fracture risk with age in adult population
will be elucidated.

Materials and Methods

Study Population

This retrospective study was approved by Ankara University
Human Research Ethics Committee (decision no.: i10-705-23,
date: 21.11.2023). The study population consists of 70 healthy
adults (35 males, 35 females). The individuals included in the
study were randomly selected. In the study, there are a total of
7 groups based on age: Group 1 (18-29 years), Group 2 (30-39
years), Group 3 (40-49 years), Group 4 (50-59 years), Group 5
(60-69 years), Group 6 (70-79 years), and Group 7 (80 years and
older). For each group, 10 healthy individuals were randomly
selected and included in the study.

Measured Parameters

The odontoid bone structure of each individual was
identified on cervical CT images in both sagittal and coronal
planes. Mean HU values were calculated for the odontoid tip,
odontoid neck, and the C2 body portion below the odontoid
base areas in both midsagittal and midcoronal planes (Figure 1).
The obtained HU values were compared among the mentioned 7
groups, revealing intergroup differences and demonstrating the
changes in odontoid bone quality with advancing age.

Statistical Analysis

The statistical analysis was conducted using the SPSS 22.0
software program for Windows. The results were evaluated
at a 95% confidence interval, and a p value less than 0.05
was considered statistically significant. To investigate the
correlation between age and odontoid bone HU values, both
Pearson's correlation test and Spearman’s rho correlation test
were utilized.

Groups 1, 2, 3, 4, 5, 6, and 7 consist of patients in the age
groups of 18-29, 30-39, 40-49, 50-59, 60-69, 70-79, and >80,
respectively. Each group includes 10 subjects, with 5 females
and 5 males. The mean age values for individuals in groups 1,
2,3, 4,5, 6, and 7 are, respectively, 25, 34.9, 45.1, 54.7, 64.5,
73.9, and 84.3 years with standart deviations of groups were as
follows:2,9;2,7;2,8;2,7;2,2;2,2; 2,2 respectively. The mean age
value for all patients in the study population is 54.6.

For all patients in the study population, the mean sagittal
plane HU values are 806.4 for the odontoid tip, 568.8 for the
odontoid neck, and 561.6 for the C2 vertebral body area below
the odontoid base. The mean coronal plane HU values for the
same areas are 800.3, 559.2, and 563.1, respectively.

The distribution of mean HU values for the odontoid tip in
the sagittal plane is examined based on groups, the values are
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Figure 1: A) Midsagittal, and B) mid-coronal sections. The circles indicated by red arrows, from top to bottom, respectively, encompass the odontoid tip,

odontoid neck, and the areas below the odontoid base

as follows: Group 1: 902.2, Group 2: 900, Group 3: 901.3, Group
4: 847.2, Group 5: 770.8, Group 6: 684.3, and Group 7: 639.6.
Distribution of mean HU values for the odontoid neck in the
sagittal plane across groups is as follows: Group 1: 666.3, Group
2:636.3, Group 3: 618.8, Group 4: 606, Group 5: 570.4, Group 6:
477.8, and Group 7: 406.3. Mean HU values for the C2 vertebral
body segment below the odontoid base were examined in the
sagittal plane, and the distribution for each group is as follows:
Group 1: 655.9, Group 2: 635.8, Group 3: 615.7, Group 4: 601.3,
Group 5: 567.3, Group 6: 465.2, and Group 7: 390.6. The graph
illustrating the distribution of sagittal plane HU values for
the odontoid tip, odontoid neck, and C2 vertebral body in all
patients included in the study is presented in Figure 2. Figure 2
demostrates that HU values decrease with increasing age.

When examining the distribution of mean HU values for the
odontoid tip in the coronal plane, Group 1 has a value of 895.6,
Group 2: 904.1, Group 3: 899, Group 4: 836.4, Group 5: 762.6,
Group 6: 681, and Group 7: 623.9. Examining the distribution
of mean HU values for the odontoid neck in the coronal plane,
Group 1 has a value of 611.7, Group 2: 612.3, Group 3: 618.9,
Group 4: 602, Group 5: 564.3, Group 6: 496.9, and Group 7:
408.5. Examining the distribution of mean HU values for the
C2 vertebral body located under the odontoid base in the
coronal plane, Group 1 has a value of 660.1, Group 2: 633.2,
Group 3: 615.5, Group 4: 600.1, Group 5: 573.7, Group 6: 463.9,
and Group 7: 395.8. The graph illustrating the distribution of
coronal plane HU values for the odontoid tip, odontoid neck,
and C2 vertebral body in all patients included in the study is
presented in Figure 3.

There is a significant, negative correlation between age and
the HU values measured in the sagittal plane for the odontoid
tip, odontoid neck, and C2 vertebral body portion under the
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odontoid base (the correlation coefficients are -0.795 r, -0.766
r, and -0.789 r, respectively). Similarly, there is a significant,
negative correlation between age and the HU values measured
in the coronal plane for the odontoid tip, odontoid neck, and C2
vertebral body portion under the odontoid base (the correlation
coefficients are -0.836 r, -0.680 r, and -0.802 r, respectively).
These results indicate that as age increases, the quality of the
odontoid bone decreases.

Odontoid fractures are commonly encountered after the
age of 65 and are the most frequent axis fractures in the
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elderly population (11). The treatment of these fractures is
generally managed through surgical intervention or the use
of cervical orthosis (11,12). In the elderly population, surgical
treatment carries increased risks and lower success rates due
to accompanying medical comorbities and poor bone quality
(11). Similarly, non-surgical treatment is more prone to non-
union risks due to the same reasons (11). The surgical treatment
of odontoid fractures is generally categorized into two main
approaches: anterior and posterior techniques (13). The choice
of approach for treatment is determined by considering various
factors such as the direction of fracture extension, presence of
accompanying osteoporosis, bone quality, and the age of the
patient (13).

Clinically, lower bone mineral density and bone quality
and accompanying osteoporosis is associated with a increased
risk of bone fractures (14). To assess bone quality and
measure bone mineral density, the most commonly used and
widely accepted method today is DXA, considered the gold
standard (15). However, numerous recent studies indicate
that measurements of HU using CT are correlated with DXA
and are highly successful in demonstrating bone quality,
fracture risk, the presence of osteoporosis, or the existence
of accompanying metabolic bone diseases (15-17). HU values,
especially in the femoral neck and lumbar vertebrae, are
calculated to investigate bone quality and mineral density,
and its success in this regard has been widely recognized (18).
HU values have been calculated to investigate the results of
various techniques, including C1-C2 posterior fixation, pedicle
and lateral mass screwing, translaminar screwing, and have
been presented in the literature (16,19).

In the literature, there are many morphometric studies
examining the anatomy of the C2 joint (20). In particular,
odontoid fracture examination studies using multi dimensional
and 3-dimensional CT reconstruction methods have an
increasingly more popular place in the literature (21,22). These
studies have pioneered radiomorphological studies, which are
important in understanding the biophysics of odontoid fractures
(23).

In this study, HU values were calculated for the odontoid
parts corresponding to the bone regions used in the classification
of odontoid fractures, and the changes in these values with
increasing age were investigated. Thus, the regions with the
highest bone quality of the odontoid bone were identified, and
the decline in bone quality in advanced age was demonstrated.

The assessment of bone quality through CT, based on HU
values, reveals a significant decrease in the bone quality of both
the odontoid bone and C2 vertebral body with increasing age.
This finding substantiates the increased occurrence of odontoid
fractures in the elderly population when compared to younger
individuals.

Ethics

Ethics Committee Approval: This retrospective study
was approved by Ankara University Human Research Ethics
Committee (decision no.: 110-705-23, date: 21.11.2023).

Informed Consent: Retrospective study.

Authorship Contributions

Surgical and Medical Practices: B.CA., U.E, Concept: Y.S.C.,
Design: 0.M.0., Data Collection and/or Processing: E.B., Literature
Search: M.Z., Writing: B.CA.,, M.Z.

Conflict of Interest: According to the authors, there are no
conflicts of interest related to this study.

Financial Disclosure: This study received no financial
support.

References

1. Akobo S, Rizk E, Loukas M, et al. The odontoid process: a comprehensive
review of its anatomy, embryology, and variations. Childs Nerv Syst.
2015;31:2025-2034.

2. Tubbs RS, Hallock JD, Radcliff V, et al. Ligaments of the craniocervical
junction. J Neurosurg Spine. 2011;14:697-709.

3. lacy J, Bajaj J, Gillis CC. Atlantoaxial Instability. Treasure Island (FL):
StatPearls Publishing. 2023.

4. Carvalho AD, Figueiredo J, Schroeder GD, et al. Odontoid Fractures: A
Critical Review of Current Management and Future Directions. Clin Spine
Surg. 2019;32:313-323.

5. Ryan MD, Taylor TK. Odontoid fractures in the elderly. J Spinal Disord.
1993;6:397-401.

251



Alpergin et al. Evaluation of Odontoid Process Bone Quality

Ankara Universitesi Tip Fakiiltesi Mecmuasi 2024;77(3):248-252

Denaro V, Papalia R, Di Martino A, et al. The best surgical treatment for
type Il fractures of the dens is still controversial. Clin Orthop Relat Res.
2011;469:742-750.

Shears E, Armitstead CP. Surgical versus conservative management for
odontoid fractures. Cochrane Database Syst Rev. 2008;2008:CD005078.
Simion G, Eckardt N, Senft C, et al. Bone density of the axis (C2) measured
using Hounsfield units of computed tomography. J Orthop Surg Res.
2023;18:93.

Hans D, Fuerst T, Lang T, et al. How can we measure bone quality? Baillieres
Clin Rheumatol. 1997;11:495-515.

. Mertens R, Hecht N, Bauknecht HC, et al. The Use of Intraoperative CT

Hounsfield Unit Values for the Assessment of Bone Quality in Patients
Undergoing Lumbar Interbody Fusion. Global Spine J. 2023;13:2218-2227.

. lyer S, Hurlbert RJ, Albert TJ. Management of Odontoid Fractures in the

Elderly: A Review of the Literature and an Evidence-Based Treatment
Algorithm. Neurosurgery. 2018;82:419-430.

. Chaudhary A, Drew B, Orr RD, et al. Management of type Il odontoid

fractures in the geriatric population: outcome of treatment in a rigid
cervical orthosis. J Spinal Disord Tech. 2010;23:317-320.

. Wagner SC, Schroeder GD, Kepler CK, et al. Controversies in the Management

of Geriatric Odontoid Fractures. J Orthop Trauma. 2017;31(Suppl 4):44-48.

. Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures of

bone mineral density predict occurrence of osteoporotic fractures. BMJ.
1996;312:1254-1259.

. Schreiber JJ, Anderson PA, Rosas HG, et al. Hounsfield units for assessing

bone mineral density and strength: a tool for osteoporosis management. J
Bone Joint Surg Am. 2011;93:1057-1063.

252

20.

21.

22.

23.

. Zhou LP, Shang J, Zhang ZG, et al. Characteristics and Comparisons of

Morphometric Measurements and Computed Tomography Hounsfield Unit
Values of C2 Laminae for Translaminar Screw Placement Between Patients
With and Without Basilar Invagination. Neurospine. 2022;19:899-911.

. No authors listed. Assessment of fracture risk and its application to

screening for postmenopausal osteoporosis. Report of a WHO Study Group.
World Health Organ Tech Rep Ser. 1994;843:1-129.

. Johnson CC, Gausden EB, Weiland AJ, et al. Using Hounsfield Units to Assess

Osteoporotic Status on Wrist Computed Tomography Scans: Comparison
With Dual Energy X-Ray Absorptiometry. J Hand Surg Am. 2016;41:767-
774.

. Lenz M, Egenolf P, Weber M, et al. Pedicle or lateral mass screws in Goel-

Harms construct? A biomechanical analysis. Injury. 2023.

Naderi S, Arman C, Giivencer M, et al. Morphometric analysis of the C2
body and the odontoid process. Turk Neurosurg. 2006;16:14-18.

Verbeek BM, Janssen SJ, Pielkenrood BJ, et al. Quantitative 3-dimensional
Computed Tomography (Q3DCT) analysis of odontoid fractures. J Clin
Neurosci. 2020;71:164-169.

Keller S, Bieck K, Karul M, et al. Lateralized Odontoid in Plain Film
Radiography: Sign of Fractures? A Comparison Study with MDCT. Rofo.
2015;187:801-807.

Benca E, Zderic I, van Knegsel KP, et al. Biomechanical assessment of
fracture loads and patterns of the odontoid process. Spine. 2022;47:1212-
1220.



ARASTIRMA MAKALES! / RESEARCH ARTICLE s e T e o ooy

DAHILI TIP BILIMLERI / MEDICAL SCIENGCES

Total Neoadjuvant Tedavi Alan Rektum Kanseri Hastalarinda Ginko
Diizeyi ve Patolojik Yanit lligkisi

The Relationship Between Zinc Level and Pathological Response in Rectum Cancer Patients
Receiving Total Neoadjuvant Therapy
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Amag: Total neoadjuvan tedavi (TNT) rektum kanserlerinde altin standart olarak kullaniimaktadir. Cinkonun hiicre siklusu tizerinde, hiicre ici yolaklar
ile hiicre proliferasyonu tizerinde etklili oldugu bilinmektedir. Calismamiz cinko diizeyinin TNT alan rektum kanserli hastalarda yanit ile iliskisinin
arastiriimasi amaciyla planlanmistir.

Gereg ve Yontem: Ankara Universitesi Tip Fakiiltesi, Tibbi Onkoloji Bilim Dali'nda TNT almis rektum kanserli 29 hastanin bilgileri retrospektif olarak
toplandi ve tedavi yaniti ile iliskisi degerlendirildi. Istatistiksel analiz klasik yontemler ve Bayesci analiz ile yapildi.

Bulgular: On sekiz erkek, 11 kadin olmak iizere calismaya 29 hasta dahil edildi. Ortanca yas 66 olarak izlendi, histolojik olarak hastalardan 26'si
adenokarsinoma histolojisi olarak goriildii. Neoadjuvan tedavi olarak 22 hasta kisa kol radyoterapi ve kemoterapi, 7 hasta uzun kol radyoterapi ve
kemoterapi aldi§i goriildu. Tedaviye tam yanit alinan hastalarda ortanca ¢inko diizeyi 89 pg/dL ve parsiyel yanit alinanlarda ortanca 77 pg/dL olarak
izlendi (p=0,07). Bayesci analizde sonuc orta degerlendirildi.

Sonug: Cinko seviyesinin yiiksek olmasi ile rektum kanserinde TNT yanitinin artabilecegine dair istatistiksel olarak anlamli fark izlenmesine ragmen,
elde edilen bulgular Bayesci analize gore ortadir.

Anahtar Kelimeler: Rektum kanseri, neoadjuvan tedavi, tedavi yaniti, cinko

Abstract

Objectives: Total neoadjuvant therapy (TNT) is used as the gold standard in rectal cancers. It is known that zinc has an effect on the cell cycle,
intracellular pathways and cell proliferation. Our study was planned to investigate the relationship between zinc level and response in rectal cancer
patients receiving TNT.

Materials and Methods: Information of 29 patients with rectal cancer who received TNT treatment at Ankara University Faculty of Medicine,
Department of Medical Oncology was collected retrospectively and its relationship with treatment response was evaluated. Statistical analysis was
performed using classical methods and Bayesian analysis.

Results: A total of 29 patients, 18 males and 11 females, were included in the study. The median age was 66 years, and histologically, 26 of the
patients were found to have adenocarcinoma histology. As neoadjuvant treatment, 22 patients received short-arm radiotherapy and chemotherapy,
and 7 patients received long-arm radiotherapy and chemotherapy. The median zinc level in patients with a complete response to treatment was 89
ug/dL, and in those with a partial response, the median zinc level was 77 pg/dL (p=0.07). In Bayesian analysis, the result was evaluated moderately.

Conclusion: Although a statistically significant difference was observed indicating that TNT response in rectal cancer may increase with high zinc
levels, the findings are moderate according to Bayesian analysis.

Keywords: Rectum cancer, neoadjuvant therapy, treatment response, zinc
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Kolorektal kanser (KRK) diinyadaki ticlincii en sik kanser tipi
olup 6lim nedenleri arasinda ikinci sirada yer almaktadir (1).
KRK sikhigr ve mortalitesi gbz oniine alindiginda, patogenezi
ve tlimor gelisimi tizerine cok sayida klinik ve preklinik calisma
yapiimistir. Cinko cesitli enzimlerde kofaktor olarak kullanilan
bir eser elementtir ve intestinal mukoza korunmasinda
onemli oldugunu gosteren calismalar mevcuttur (2). Cinko
homeostazinin korunmasi ve yeterli giinliik alimin saglanmasinin
basta over kanseri olmak tizere kanser gelisiminin 6nlenmesinde
ve prognozun iyilestirilmesinde faydasinin olabilecegini gdsteren
calismalar mevcuttur (3).

Cinko-parmak proteinleri hiicre siklusunda 6nemli bir rol
oynamaktadir. KRK gelisiminde klasik WNT/AKT/B-katenin yolagi
ZNRF3/RNF43, ZFP36, GATAG gibi cinkoyu kofaktor olarak kullanan
proteinler ile regiile edilmektedir (4). Bir ginko-parmak proteini
olan ZNF217'nin KRK hastalarinda asiri ekspresyonunun bulundugu,
hiicre migrasyonu ve invazyonunu artirdi§i distintilmektedir (5).
Bununla beraber KRK hastalarinda L3 cinko baglayici domainde
mutasyon olmasinin KRK prognozunu kot etkiledigi gosterilmistir
(6). Tarihsel olarak cinko eksikliginin kanser gelisiminde risk
faktorii oldugunu gosteren calismalar meveuttur (7). Ayrica,
cinko duzeylerinin kanserli over, pankreas, prostat, akciger
dokularinda azaldigini gbsteren calismalar meveuttur (8). Ozofagus
kanseri modellemesinde, ratlarda cinko ylklemesi ile apoptozun
indiiklendigi ve kanser gelisiminin dniline gegildigi gosterilmistir
(9). Saglikh cinko homeostazinin immiin sistem ve savunma
mekanizmalarinda 6nemli oldugu distiniilmektedir (10).

Buna ragmen, yapilan bir calismada cinko dahil olmak tizere
antioksidan ozellik bulunduran mikronitrientlerin aliminin
sigara icenlerde KRK hastalik gelisiminde risk azaltmadigina dair
bir goriis 6ne strilmistir (11). Ayrica KRK dokusunda, kanserli
olmayan dokulara gére cinko diizeyinin daha yiiksek oldugunu
gosteren calisma mevcuttur (12).

Cinko duzeyleri ve kanser prognozu, kanserin dnlenmesi ve
tedavi yan etkilerinin azaltilmasi ile ilgili glincel literatlirde ¢cok
sayida calisma bulunmaktadir. Buna ragmen total neoadjuvan
tedavi (TNT) alan rektum kanseri hastalarinda hastalk 6zellikleri
ve tedavi yaniti ile ilgili bir bilgi bulunmadigi icin bu calisma
planlanmistir.

Gereg ve Yontem

Calisma tek merkezli retrospektif kohort calismasi olarak
planlandi. Ankara Universitesi Tip Fakiiltesi, Tibbi Onkoloji
Anabilim Dali poliklinik ve kliniklerinde rektum kanseri icin TNT
alan 18 yas ve uzeri, cinko diizeyi ol¢imu yapilmis hastalar
dahil edildi. Dislama kriterleri olarak ikinci malignite olmasi,
preoperatif ve postoperatif patolojinin adenokarsinom veya

254

miisindz karsinom digi olarak sonuglanmis olmasi, tani aninda
evrelendirmenin tam olmamasi, total neoadjuvan protokoli
bilinmemesi ve eksik verilerin %710'dan fazla olmasi olarak
belirlendi. Hasta bilgilerine hastane bilgi yonetimi sistemi
tzerinden ulasildi.

Tani yasi, hastanin cinsiyeti, komorbiditeleri, tani tarihi,
tani patolojisi, tani lokalizasyonu, ttimor iliskili 6zellikler, ¢inko
seviyeleri, hastalarin aldi§i neoadjuvan tedaviler ve detaylari,
operasyon bilgileri ve operasyon patolojileri, niks ve sagkalim
bilgileri elektronik veri tabanina toplandi. Veri toplama
asamasinda hastalarin anonimligi korunmasi esas alindi, hasta
ile ilgili herhangi bir kimlik bilgisi toplanmadi.

Calisma protokolii icin Ankara Universitesi Klinik Arastirmalar
Etik Kurulu (tarih: 16.11.2023, karar no.: 110-694-23) ve hastane
bashekimliginden onay alindi. Calisma kisisel verilerin korunmasi
kanunu, Helsinki bildirgesi ve etik kurallar cercevesinde
gerceklestirildi.

istatistiksel Analiz

Istatistiksel analizler icin R4.1 (Viyana, Avusturya) kullanildi.
Kategorik degiskenler icin ki-kare testi, normal dagilan verilerin
analizleri icin Student's t-testi, normal dagilmayan verilerin
analizi icin Wilcoxon ve Mann-Whitney U testi kullanildi.
Cinko duizeyi ve hastalk iliskili parametrelerin iliskisinin
degerlendirilmesi icin Bayesci istatistik analizi yapildi, belirlenen
kesme degerlerine gore Bayesci faktor (BF) hesaplandi. Tiim
klasik istatistiksel analizlerde hasta sayisinin azligi nedeniyle p
degeri sinir1 0,10 olarak belirlendi.

Bulgular

Calismaya toplam 29 hasta dahil edildi. Cinsiyete bakildiginda
18 hastanin (%62,1) erkek cinsiyette, 11 hastanin (%37,9) kadin
cinsiyette oldugu gozlendi, cinsiyetler arasinda belirgin fark
izlenmedi (p=0,26). Ortanca yas 66 olarak goriildi. Hastalardan
26's1 adenokarsinoma (%89,7) ve 3'l misinoz karsinom (%10,3)
histolojisindeydi, adenokarsinom histolojisi anlamli olarak
fazlaydi (p<0,01). Tani aninda 26 hasta evre Il (%89,7) ve 3
hasta evre Il (%10,3) hastalik olarak degerlendirildi. Ortanca
cinko seviyesi 82 mg/dL olarak izlendi. Neoadjuvan tedavi olarak
22 hasta (%70,9) kisa kol radyoterapi ve kemoterapi ve 7 hasta
(%22,6) uzun kol radyoterapi ve kemoterapi almis olarak izlendi.
Sadece 1 hasta mikrosatelit instabil olarak izlendi. Hastalarin
demografik bilgileri ve tedavi 6zellikleri Tablo 1'de belirtildi.

Cinko seviyelerinin, hastalik ve tedavi ozellikleri ile
karsilastirmasinda timér, nod, metastaz-TNM evresi Il olan
hastalarda ortanca c¢inko diizeyi 82 mg/dL, evre Il olan
hastalarda 79,5 mg/dL olarak goriildi, fark istatistiksel olarak
anlamsiz olarak g6zlendi (p=0,97). Neoadjuvan tedaviye verilen
yanit incelendiginde tam yanit alan hastalarda cinko seviyesi
ortanca 89 mg/dL ve parsiyel yanit alinan hastalarda cinko
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77 mg/dL olarak izlendi, fark anlaml olarak degerlendirildi
(p=0,07). TNT protokolii uzun kol radyoterapi ve kemoterapi olan
hastalarda ortanca cinko diizeyi 77 mg/dL, kisa kol radyoterapi
ve kemoterapi olan hastalarda 82,5 mg/dL olarak izlendi, fark
istatistiksel olarak anlamsiz (p=0,70) olarak degerlendirildi.
Hastalik ve tedavi ozellikleri ile cinko seviyesinin karsilastirma
bilgileri Tablo 2'de verildi.

Histolojik alt tiplere gore adenokarsinom izlenen hastalarda
ortanca cinko seviyesi 79,5 mg/dL [minimum-maksimum (min.-
maks.) 36-103], miisinéz karsinomda ortanca cinko seviyesi 87
mg/dL (min.-maks. 73-97) olarak izlendi, fark istatistiksel olarak

Tablo 1: Hastalarin demografik bilgileri ve tedavi ozellikleri
(n=29)

Cinsiyet n (%)
Erkek 18 (0062,1)
Kadin 11 (%37,9)
Yas (ortanca, ceyrekler arasi aralik) 66 (56-70)
Histolojik tip n (%)
Adenokarsinom 26 (%89,7)
Miisindz karsinom 3 (%10,3)
Tani TNM evresi n (%)

Il 3 (%10,3)
I 26 (%89,7)
Cinko seviyesi (ortanca, ceyrekler arasi aralik) 82 (73-87)
Neoadjuvan tedavi n (%)
Uzun kol radyoterapi + kemoterapi 7 (%24,1)
Kisa kol radyoterapi + kemoterapi 22 (%76,9)
Mismatch instabilitesi’ n (%)
Mismatch stabil 23 (%095,8)
Mismatch instabilitesi-ylksek 1 (%4,2)

"Patolojik olarak bilinenlerde
TNM: Tiimér, nod, metastaz

Tablo 2: Hastalik ve tedavi ozellikleri ile cinko seviyesinin
karsilagtirnimasi

Hastalik ve tedavi ozellikleri

?inko diizeyi meg/dL
ortanca, min.-maks.)

TNM evre ‘p=0,97
Il (n=3) 82 (66-87)
Il (n=26) 79,5 (36-103)
Tiimor regresyonu ‘p=0,07
Tam yanit (n=5) 89 (74-103)
Parsiyel yanit (n=24) 77 (36-102)
TNT protokolii ‘p=0,70
Uzun kol + KT (n=7) 77 (56-97)

Kisa kol + KT (n=22)

82,5 (36-103)

‘Mann-Whitney U testi

TNM: Tiiméor, nod, metastaz, TNT: Total neoadjuvan tedavi, min.-maks.: Minimum-

maksimum

anlamsiz olarak gortldii (p=0,35). Yas ile ¢inko diizeyi iliskisi
incelendiginde, yas arttikca cinko seviyesinin azaldigi (Pearson
korelasyon analizi r=-0,30) ve istatistiksel olarak anlamli oldugu
gbzlendi (p=0,10).

Tam yanit alan hastalarda istatistiksel anlam gozlendigi icin
Bayesci istatistik analizi alindiginda cinko dizeyi ve BF+0 degeri
3.597 olarak izlendi, analize bakildigi zaman kanit orta olarak
izlendi. Bayesci analiz tanimlayicilari ve BF analizi Sekil 1 ve 2'de
belirtildi.

Sadece bir hastada niiks izlendi, niiks i¢in gecen siire tanidan
itibaren 18 ay olarak gorildii, analize alinan drneklemde
herhangi bir 6ltim izlenmedi. Ortanca takip siiresi 17 ay (min.-
maks. 4-49) olarak izlendi. Oliim izlenmemesi nedeniyle sagkalim
analizleri yapiimadi.

veri|H+
BF.,o=3.597 medyan = 0.878
BFo,=0.278 %95 G.A. [0.104, 1.861]
veri[HO
1.2
— Sonrasl
1.0 {  --- Oncesi |
%08
T
13)0 6 —
8o
0.4
0.2
0.0 -
T T T T T 1
-2.0 -1.0 0.0 1.0 2.0 3.0

Etki biiyikligi o

Sekil 1: Bayesian analizi

BF: Bayesci faktor, G.A.: Gliven araligi

o kullanici 6ncesi: BF.o=3.597
e max BF ,,: 2.26'da r=0.4928
e genis Oncesi: BF,,=2.045
o ultragenis 6ncesi:BF,,=1.773

10 4 r
T H+ kaniti Orta
o
3 — —

Q A
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Sekil 2: Bayesian tutarlilik
BF: Bayesci faktor
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TNT, metastatik olmayan rektum kanserinde glinlimiizde
ameliyat Oncesi standart tedavi olarak kullanilmaktadir. Bu
yaklasimin standart tedavilerde lstiin oldugu gosterilmistir ve
TNT ile elde edilen patolojik tam yanit oranlarinin artmasi yiiz
guldiirictdir. Bununla beraber patolojik tam yanita etki eden
faktorler ¢ok net olarak bilinmemektedir. Bu calismada cinko
diizeylerinin TNT yanitina etkisi arastiriimasi planlanmistir.

Cinko takviyelerinin, diger mikroniitrientler ile birlikte kanser
tedavisinde yan etkileri azalttigi bilinmektedir, bununla beraber
tedavi ile iliskisini degerlendiren bircok calisma mevcuttur (8).
Dhawan ve Cdahda (13) tarafindan yazilan derlemede ¢inko
takviyesi ile KRK gelisiminin 6nlenmesine katki saglanabilecegi
one siirtilmistiir. Cesitli mekanizmalar Uzerinden bu durum
iliskilendirilmeye calisilmis ve bu konuda celiskili sonuglar
elde edilmistir. Hansen ve ark. (11) tarafindan yapilan bir
calismada KRK'li hastalarda, tiitiin kullanimi ile artan oksidatif
stresin, antioksidan o©zellik bulunduran mikronttrientler ile
onlenilebilirligine dair bir kanit bulunamamistir. Fong ve ark. (9)
tarafindan 6zofagus kanseri modellenen bir calismada ise ¢inko
eksikligi olan ratlarda 6zofagus kanser gelisiminin 6nlenmesi ve
malignite potansiyeli tasiyan hiicrelerde ¢inko yerine konulmasi
ile apoptozun indiiklendigi gozlenmistir. Bu durum ¢inko-bagimli
proteinlerin apoptotik ozelliklerinin cinko seviyesiyle direkt
iliskili olmasi ve bir anti-kanser mekanizma olarak apoptozun
tekrar kullanima girmesi olabilir. Bununla beraber, Grant (7)
tarafindan yapilan ekolojik besinsel ¢cinko ve demir calismasinda
KRK ve diger bircok kanserin gelisiminde cinkonun 6nleyici rol
oynadigi gosterilmistir. Buna karsit olarak Kucharzewski ve ark.
(14) tarafindan yapilan calismada KRK'li dokularda, poliplere
nazaran daha fazla c¢inko bulundugu gosterilmistir. Wan ve
Zhang (2) tarafindan yapilan bir derlemede ise ¢inko eksikligi ya
da fazlahgi ile olusan ¢inko homeostazinin bozulmasinin kanser,
enflamatuvar barsak hastaligi gibi bircok kolorektal hastalik ile
iliskisine vurgu yapilmistir. Yin ve ark. (3) tarafindan over kanserli
hastalarda yapilan arastirmada disuk ¢inko seviyelerinin kot
differansiasyonla ilgili oldugu gosterilmistir.

Molekiler seviyede cinkonun kanser gelisiminde koruyucu
ya da ilerletici etkisinin olabilecegini savunan calismalar
bulunmaktadir. Loh (15) tarafindan vyazilan bir derlemede
cinkonun p53 katlanmasinda 6nemine ve kanserle iliskisine
vurgu vyapilmis, uygun olmayan baglanmalarin kanseri
tetikleyebilecegi 6ne siirlilmustiir. Borresen-Dale ve ark. (6)
tarafindan 1998'de yapilan calismada L3 cinko-baglayic
domain'de olusan mutasyonlarin KRK'de kotii prognoz ile iliskili
oldugu gosterilmistir. Bu mutasyonlarin bulunmasi durumunda
cinko baglanmasinin bozulmasi ve c¢inko metabolizmasinin
bozulmasi kétii prognoz ile iliskilendirilebilir. Zhang ve ark. (5)
tarafindan c¢inkonun sitotoksik dozlarda posttranslasyonel
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etkisinin bulundugu ve 6zellikle Dicer yolaginin ekspresyonunu
artirarak kanserli hiicrelerde sitotoksik etkiyi indikledigi
gosterilmistir. Bununla beraber lyer ve ark. (4) tarafindan
yazilan derlemede cinko-parmak proteinlerinin KRK'de roliiniin
olabilecegini savunulmustur ve Qi ve ark. (16) tarafindan bir
cinko-parmak protein olan MCOLN1/TRPML1 ile ¢inko aliminin
kanserli hicrelerde otofajiyi tetikledigi gosterilmistir. Zhang
ve ark. (17) tarafindan yapilan calismada bir ginko-parmak
protein olan TRPV4'lin tedavi hedefi olarak kullanilabilecedi 6ne
srilmustir.

Calismanin Kisithliklari

Calismamizin ana kisithhdi, calismamizin 6rneklem sayisinin
kisith olmasidir. Bunun nedeni ¢inko diizeylerinin rutin onkolojik
takiplerde kullanilmamasi, sadece cesitli toksisiteler ve diger
medikal durumlarda istenmesi olabilir. Diger kisitliliklar olarak
calismanin retrospektif olarak yiirutilmesinden dolayr veri
kisitliliklari olmasi, eksik verilerin olmasi, TNT alan hastalarin
sayisinin azligi, dokudaki cinko diizeyi ile iliskinin bilinmemesi,
istatistiksel analizlerin orta seviyede kalmasi olarak belirtilebilir.
Bu nedenle calismamizin daha genis bir popllasyonda,
prospektif olarak, doku diizeyleri ve tedavi ile cinko diizeyindeki
degisimlerinin degerlendirilmesi gerekmektedir.

Cinko seviyesinin yiiksek olmasi ile rektum kanserinde TNT
yanitinin artabilecegine dair istatistiksel olarak anlamli fark
izlenmesine ragmen, elde edilen bulgular Bayesci analizine gore
ortadir. Bu nedenle bir mikronitrient olarak ¢inkonun rektum
kanseri tedavisinde &nemini aciklamak Uizere daha genis ve
detayli calismalar gerekmektedir.

Etik

Etik Kurul Onayi: Calisma icin Ankara Universitesi Klinik
Arastirmalar Etik Kurulu (tarih: 16.11.2023, karar no.: i10-694-
23) ve hastane bashekimliginden onay alindi.

Hasta Onayi: Retrospektif calisma oldugundan hasta
onamina gerek duyulmamistir.

Yazarlik Katkilan

Konsept: E.C.E, M., G.U., Dizayn: E.C.E., MY, CT., Veri
Toplama veya i§leme: E.CE, MY, C.T,, Analiz veya Yorumlama:
E.C.E., M.Y., GU.,, Literattir Arama: E.C.E., M.Y., G.U., Yazan: E.C.E.,
M.Y.

Cikar Catismasi: Yazarlar arasinda herhangi bir c¢ikar
catismasi bulunmamaktadir.

Finansal Destek: Yazarlar bu yazinin arastirma ve yazarhk
slirecinde herhangi bir finansal destek almadiklarini beyan
etmislerdir.



Ankara Universitesi Tip Fakiiltesi Mecmuasi 2024;77(3):253-257

Erdat ve ark. Rektum Kanserinde Yanit ile Cinko iliskisi

1. Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2022. CA Cancer J
Clin. 2022;72:7-33.

2. WanY, Zhang B. The Impact of Zinc and Zinc Homeostasis on the Intestinal
Mucosal Barrier and Intestinal Diseases. Biomolecules. 2022;12:900.

3. Yin JL, Tao T, Wen ZY, et al. Association between pre-diagnostic dietary
copper, zinc, and copper-to-zinc ratio and severity of ovarian cancer. Front
Nutr. 2022;9:1003675.

4. lyer AS, Shaik MR, Raufman JP, et al. The Roles of Zinc Finger Proteins in
Colorectal Cancer. Int J Mol Sci. 2023;24:10249.

5. Zhang ZC, Zheng LQ, Pan LJ, et al. ZNF217 is overexpressed and enhances
cell migration and invasion in colorectal carcinoma. Asian Pac J Cancer Prev.
2015;16:2459-2463.

6. Borresen-Dale AL, Lothe RA, Meling GI, et al. TP53 and long-term prognosis
in colorectal cancer: mutations in the L3 zinc-binding domain predict poor
survival. Clin Cancer Res. 1998;4:203-210.

7. Grant WB. An ecological study of cancer mortality rates including indices
for dietary iron and zinc. Anticancer Res. 2008;28:1955-1963.

8. Story MJ. Zinc, w-3 polyunsaturated fatty acids and vitamin D: An
essential combination for prevention and treatment of cancers. Biochimie.
2021;181:100-122.

17.

Fong LY, Nguyen VT, Farber JL. Esophageal cancer prevention in zinc-
deficient rats: rapid induction of apoptosis by replenishing zinc. J Natl
Cancer Inst. 2001;93:1525-1533.

Skrajnowska D, Bobrowska-Korczak B. Role of zinc in immune system and
anti-cancer defense mechanisms. Nutrients. 2019;11:2273.

. Hansen RD, Albieri V, Tjgnneland A, et al. Effects of smoking and antioxidant

micronutrients on risk of colorectal cancer. Clin Gastroenterol Hepatol.
2013;11:406-415.

. Sohrabi M, Gholami A, Azar MHH, et al. Trace Element and Heavy Metal

Levels in Colorectal Cancer: Comparison Between Cancerous and Non-
cancerous Tissues. Biol Trace Elem Res. 2018;183:1-8.

. Dhawan DK, Chadha VD. Zinc: a promising agent in dietary chemoprevention

of cancer. Indian J Med Res. 2010;132:676-682.

. Kucharzewski M, Braziewicz J, Majewska U, et al. Selenium, Copper, and

Zinc Concentrations in Intestinal Cancer Tissue and in Colon and Rectum
Polyps. Biol Trace Elem Res. 2003;92:1-10.

. Loh SN. The missing Zinc: P53 misfolding and cancer. Metallomics.

2010;2:442-449.

. Qi J, Xing Y, Liu Y, et al. MCOLN1/TRPML1 finely controls oncogenic

autophagy in cancer by mediating zinc influx. Autophagy. 2021;17:4401-
4422.

Zhang P, Xu J, Zhang H, et al. Identification of TRPV4 as a novel target in
invasiveness of colorectal cancer. BMC Cancer. 2021;21:1264.

257



RESEARCH ARTICLE / ARASTIRMA MAKALES| sokars Universis T Foites Weamms 0240770258008

MEDICAL SCIENCES / DAHILI TIP BILIMLERI

A Correlation Study that Reveals the Relationship Between
Countries’ GDP, Frequency of Access to Clean Fuel, Level of

PM2.5, and Death Rate Related to Air Pollution

Ulkelerin GSYIH'si, Temiz Yakita Erisim Sikli§i, PM2.5 Diizeyi ve Hava Kirliligine Bagh Olim
Hizi Arasindaki lliskiyi Ortaya Cikaran Bir Korelasyon Galismasi

® Cemal Kogak

Ankara University Faculty of Medicine, Department of Public Health, Ankara, Tiirkiye

Abstract

Objectives: Air pollution is one of biggest environmental health problems and is responsible for 11.7% of deaths. It was aimed at examining the
relationship between gross domestic product (GDP), the percentage of access to clean fuels, PM2.5 level, air pollution death rates.

Materials and Methods: This study is a correlational study. Data for 208 countries for 1990-2019 were accessed from “Our World in Data" web
page in April-May 2023. Comparisons were made according to World Bank income groups.

Results: GDP per capita had a very strong positive correlation with percentage of access to clean/technological fuels (r=0.915), and a very strong
negative correlation with indoor air pollution death rate (r=-0.914). There was a moderate negative correlation between GDP per capita and
PM2.5 (r=-0.470). The average PM2.5 level had a moderate negative correlation with percentage of access to clean/technological fuel (r=-0.445),
a moderate positive correlation with indoor air pollution death rate (r=0.433), and a strong positive correlation with outdoor air pollution death
rate (r=0.602).

Conclusion: The percentage of access to clean/technological fuels has increased over the years, indoor air pollution death rate has decreased. It has
been almost completely eradicated in high-income countries, but remains in low-income countries. By encouraging clean/technological heating
and cooking methods, indoor air pollution death rate will no longer be a problem in any country. On the other hand, outdoor air pollution death
rate is higher in countries with high PM2.5 levels. If policymakers reduce coal, oil consumption and prioritize clean energy, transportation, they can
improve air quality by lowering PM2.5 levels.

Keywords: Indoor air pollution, outdoor air pollution, PM2.5, gross domestic product, clean fuel, World Bank country income groups

Amag: Hava kirliligi en biiyiik cevre sagligi sorunlarindan biridir ve 6ltimlerin %?11,7'sinden sorumludur. Gayri safi yurtici hasila (GSYiH), temiz
yakitlara erisim yiizdesi, PM2.5 diizeyi ve hava kirliliginden 6liim hizlar arasindaki iliskinin incelenmesi amacland.

Gerec ve Yontem: Bu calisma korelasyonel bir calismadir. Nisan-Mayis 2023'te "Our World in Data” web sayfasindan 1990-2019 icin 208 iilkeye ait
veriye ulasildi. Karsilastirmalar Diinya Bankasi gelir gruplarina gore yapildi.

Bulgular: Kisi basina diisen GSYiH, temiz/teknolojik yakitlara erisim yiizdesi ile cok giiclii bir pozitif korelasyona (r=0,915) ve ic ortam hava kirliligi
6ltim hizi ile ok giiclii bir negatif korelasyona (r=-0,914) sahipti. Kisi basina diisen GSYiH ile PM2,5 (r=-0,470) arasinda orta diizeyde negatif
korelasyon vardi. Ortalama PM2.5 diizeyi, temiz/teknolojik yakitlara erisim yiizdesi ile orta derecede negatif korelasyona (r=-0,445), i¢c ortam hava
kirliligi 61im hizi ile orta derecede pozitif korelasyona (r=0,433) ve dis ortam hava kirliligi 61im hiziyla glicli pozitif korelasyona sahipti (r=0,602).

Sonug: Yillar gectikce temiz/teknolojik yakitlara erisim yiizdesi artti, ic ortam hava kirliligi 61tim hizi azaldi. Bu hiz yiiksek gelirli tilkelerde neredeyse
tamamen ortadan kaldinldi, ancak diistik gelirli tlkelerde varhgini stirdiiriiyor. Temiz/teknolojik 1sitma ve pisirme yontemlerinin tesvik edilmesiyle,
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ic ortam hava kirliliginden 6liim hizi artik hicbir Gilkede sorun olmayacak. Ote yandan PM2.5 seviyesinin yiiksek oldugu tilkelerde dis ortam hava
kirliliginden 6lim hizi daha yiiksektir. Politika yapicilar kémiir ve petrol tliketimini azaltir ve temiz enerji ile ulasima &ncelik verirlerse PM2.5

seviyelerini duislirerek hava kalitesini artirabilirler.

Anahtar Kelimeler: ic ortam hava kirliligi, dis ortam hava kirliligi, PM2.5, gayri safi yurtici hasila, temiz yakit, Diinya Bankasi iilke gelir gruplari

Introduction

Air pollution is the deterioration of the air content by
pollutants such as heating, fuel, industrial activities, unplanned
urbanization. Air pollution is one of the world's biggest
environmental health problems. According to the Global Burden
of Disease study of the Institute for Health Measurements and
Evaluation, air pollution is responsible for 11.7% of deaths in the
world (1). Air pollution; it is examined in two ways as outdoor
and indoor air pollution.

Outdoor air pollution is caused by electricity generation,
industrial emissions, vehicle exhaust, wind-blown dust and crop
burning (2). According to the Global Burden of Disease study,
7.8% (4.5 million) of deaths are due to outdoor air pollution,
and in some countries air pollution accounts for at least 10% of
deaths. There are up to 10 times different death rates between
countries. Rates increase as countries industrialize and move
from low-income to middle-income, and are usually highest
in middle-income countries (1). If air pollution death rates are
to be reduced, both exposure should be reduced and health
conditions should be improved (3).

There are two main outdoor air pollutants, ozone and
particulate matter (PM). Mortality rates from PM pollution are
higher than from ozone. What is meant here is “tropospheric
ozone" found in the lower atmosphere near the surface. This
should not be confused with the ozone layer in the stratosphere,
which protects us from UV radiation (3). The main element of
outdoor air pollution is PM, which is a mixture of solid and
liquid, organic and inorganic particles. PM2.5 are fine particles
that can be taken up by alveolar macrophages and endothelial
cells in the lung and cause direct health effects (4). The World
Health Organization (WHO) Global Air Quality Guidelines offer
global guidance on thresholds and limits for key air pollutants
that pose health risks, such as PM. So much so that WHO set out
the annual average PM2.5 level up to 5 pg/m?® as the clean air
treshold in 2021 (5).

Indoor air pollution is caused by the burning of solid fossil
sources such as wood, coal, manure for cooking and heating.
Burning such fuels, especially in underdeveloped countries,
causes pneumonia, lung cancer, heart disease, stroke (6).
According to the Global Burden of Disease study, 4.1% (2.3
million) of global deaths are caused by indoor air pollution. On
the other hand, WHO predicted more deaths, announcing that
3.2 million people died from indoor air pollution in 2020 (7).

Only 60% of the world has access to clean fuel for cooking but
this share is increasing (8).

Income is a strong determinant of energy access and fuel
source choice. Low-income households mostly use traditional
solid fuels such as wood and dung. As income increases, this
energy mix shifts towards wood and coal. In higher-income
countries, cleaner fuels such as natural gas and ethanol are
often used instead of harmful fossil fuels. Electricity is mostly
available at higher income levels. In countries with a per capita
Gross Domestic Product (GDP) of less than 2,000 USD per year,
access to clean energy in houses is less than 10% (8).

In this study, it is aimed at examining the relationship
between the GDP of countries', the percentage of access to
clean or technological fuels, outdoor PM2.5 levels, and air
pollution death rates

Materials and Methods

Thisstudy is a correlational study. The data was obtained from
the website https://ourworldindata.org/ in the period of April-
May 2023, and data for 208 countries in total were obtained.
Data between 1990-2017 for the variable "PM2.5", and data
between 1990-2019 for the variables “GDP per capita”, “indoor,
outdoor and total air pollution death rates", "percentage of
access to clean/technological fuel” are included in the analysis
(9). Comparisons were made according to World Bank country
income groups (high-income, upper-middle-income, lower-
middle-income, low-income) available on the same website.

Statistical Analysis

Statistical analysis were evaluated using the R 3.5.1. program.
Descriptive values are expressed as number, percentage, mean
(standard deviation), median, minimum-maximum. Continuous
variables were compared with the non-parametric Kruskal-
Wallis test, as they did not conform to the normal distribution
in the evaluation made with visual-analytical tests, and the
relationships between them were evaluated using the Spearman
correlation test. The correlation coefficient is weak if r=0.00-
0.24, moderate if r=0.25-0.49, strong if r=0.50-0.74, very strong
if r=0.75-1.00 (10). The significance level was taken as p<0.05.
Since the study was produced from publicly available data, no
application was made to the ethics committee.
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Average values in the world between 1990-2019; GDP per
capita was 13847.4 (1836.8) USD, indoor, outdoor, total air
pollution death rates were 63.4 (22.1) (6.6% of deaths), 59.8
(1.1) (6.5% of deaths), 120.5 (22.2) (12.8% of deaths) per
hundred thousand, respectively. Average PM2.5 level was 47.0
(2.1) pg/m3 between 1990-2017. Average values in Tiirkiye
between 1990-2019; GDP per capita was 187309 (5201,8)
USD, indoor, outdoor, total air pollution death rates were 5.4
(6.8) (0.7% of deaths), 66.2 (7.8) (9.6% of deaths), 70.8 (13.9)
(10.1% of deaths) per hundred thousand, respectively. Average
PM2.5 level was 42.8 (1.4) ug/m3 between 1990-2017. Average
values in the world in 2019; GDP per capita was 16897,2 USD,
indoor, outdoor, total air pollution death rates were 30.2 (4.1%
of deaths), 57.4 (7.8% of deaths), 85.6 (11.7% of deaths) per
hundred thousand, respectively. PM2.5 level was 45.5 ug/m3 in
2017. Average values in Tirkiye in 2019; GDP per capita was
28197,3 USD, indoor, outdoor, total air pollution death rates
were 0.3 (0.1% of deaths), 53.7 (9.5% of deaths), 53.3 (9.5%
of deaths) per hundred thousand, respectively. PM2.5 level was
44.3 ug/m3in 2017.

The average indoor air pollution death rates were 1.0 (0.8),
54.6 (31.9), 118.6 (35.5), 210.3 (36.3) per hundred thousand in
high, upper-middle, lower-middle and low-income countries,

respectively. As income decreased, indoor air pollution death
rate increased (p<0.001). The average outdoor air pollution
death rates were 25.1 (7.8), 79.9 (5.9), 76.6 (9.8), 33.2 (5.8) per
hundred thousand in high, upper-middle, lower-middle, and
low-income countries, respectively (p<0.001). While outdoor
air pollution death rate was higher in upper-middle and lower-
middle-income countries than high and low-income countries,
it was higher in low-income countries than high-income
countries. As income decreased, total air pollution death rates
increased (p<0.001). The average PM2.5 level were 15.9 (0.8),
45.2 (3.8), 62.2 (2.1) and 41.7 (1.5) ug/ms3 in high, upper-middle,
lower-middle and low-income countries, respectively (p<0.001).
In high-income countries, PM2.5 level was lower than other
income groups. In addition, upper-middle income group and
low-income group also had lower PM2.5 concentrations than
lower-middle income group (Table 1).

Table 2 shows the correlation between GDP per capita
and air pollution death rates, PM2.5 level and percentages of
access to clean/technological fuel in the world between 1990-
2017. GDP per capita had a very strong positive correlation
with the percentage of access to clean/technological fuels
(r=0.915), and a very strong negative correlation with indoor air
pollution death rate (r=-0.914). There was a moderate negative
correlation between GDP per capita and PM2.5 (r=-0.470). As
GDP per capita increased, the percentage of access to clean/

Table 1: Comparison of GDP, air pollution death rates and PM2.5 levels among country income groups in the world in 2019-1990
) ) Indoor air Outdoor air Total air PM2.5 levels
World Bank income groups GDP per capita (USD) pollution death pollution death pollution death (ng/m?)*
rate rate rate
Mean (SD) 41437,0 (5593,2) 1.0 (0.8) 25.7 (7.8) 25.9 (8.6) 15.9 (0.8)
High Income Median 426770 0.7 23.8 24.4 16.2
Range 32193,1-50491,8 0.3-3.0 14.9-39.1 15.1-41.9 14.5-17.0
Mean (SD) 10097,5 (3867,2) 54.6 (31.9) 79.9 (5.9) 130.9 (34.2) 45.2 (3.8)
Upper-Middle Income Median 8936,5 51.3 81.9 132.3 44.7
Range 5857,8-17393,4 13.8-114.7 66.2-85.4 78.8-187.9 39.0-50.9
Mean (SD) 4552,9 (1299,0) 118.6 (35.5) 76.6 (9.8) 189.8 (25.9) 62.2 (2.1)
Lower-Middle Income Median 4205,1 119.6 74.7 188.6 62.3
Range 3162,2-7115,2 59.5-171.0 62.0-91.9 145.9-227.9 9.0-66.0
Mean (SD) 1556,5 (258,5) 210.3 (36.3) 33.2 (5.8) 240.2 (30.8) 41.7 (1.5)
Low Income Median 1480,5 213.2 30.8 241.0 41.8
Range 1229,4-2022,0 148.5-263.7 27.2-43.7 188.6-287.4 39.4-44.3
p value <0.001 <0.001 <0.001 <0.001 <0.001
Mean (SD) 13847,4 (1836,8) 63.4 (22.1) 59.8 (1.1) 120.5 (22.2) 47.0 (2.1)
Total Median 13767,5 63.0 60.0 120.5 46.6
Range 11097,3-16897,8 30.2-100.1 56.8-6.0 85.6-156.1 44.3-50.8
Mean (SD) 18730,9 (5201,9) 5.4 (6.8) 66.2 (7.8) 70.8 (13.9) 42.8 (1.4)
Turkiye Median 17610,3 2.0 64.7 66.0 42.6
Range 12507,3-28318,4 0.3-24.5 53.7-79.0 53.3-102.4 40.6-45.4
SD: Standard deviation, GDP: Gross domestic product, ‘per hundred thousand, 1990-2017
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Table 2: Correlation between GDP, air pollution death rates, PM2.5 levels and percentages of access to domestic clean fuel/technology
in the world in 1990-2017
Indoor air QOutdoor air
GDP per Access to clean fuel . A PM2.5 level
. pollution death | pollution death 5
capita (USD) | (%) rate' rate (ng/m’)
_ r 1,000
GDP per capita (USD)
p -
r 0.915 1,000
Access to clean fuel %
p <0.001 -
) , . r -0.914 -0.929 1,000
Indoor air pollution death rate
p <0.001 <0.001 -
. r -0.010 0.055 0.081 1,000
Outdoor air pollution death rate
p 0.460 <0.001 <0.001 -
Annual average r -0.470 -0.445 0.433 0.602 1,000
PM2.5 level (ug/m’) p <0.001 <0.001 <0.001 <0.001 s
GDP: Gross domestic product, r: Correlation coefficient, p: Significance level, ‘per hundred thousand
technological fuel increased significantly, and as income and
percentage of access to clean/technological fuels increased, w000
indoor air pollution death rate and PM2.5 decreased. There 5
was no significant correlation between GDP per capita and g e
outdoor air pollution death rate. The average PM2.5 level had % _—
a moderate negative correlation with the percentage of access g
to clean/technological fuel (r=-0.445), a moderate positive ‘g e
correlation with indoor air pollution death rate (r=0.433), and 2
a strong positive correlation with outdoor air pollution death §
rate (r=0.602). As PM2.5 level increased, indoor and outdoor air g™
pollution death rates increased. ® = oo b

Figure 1 shows that as GDP per capita increases, the indoor
air pollution death rate decreases.

Figure 2 shows that as the percentage of access to clean/
technological fuel for cooking increases, the indoor air pollution
death rate decreases.

According to Figure 3, as the PM2.5 increases, outdoor air
pollution death rate also increases. The percentage of access to
clean/technological fuels in the world has increased over the
years, and indoor air pollution death rate has decreased. Despite
the partial decrease in PM2.5 level, there is no significant
decrease in outdoor air pollution date rate (Figure 4).

The average indoor, outdoor and total air pollution death
rates in the world were 63.4, 59.8 and 120.5 per hundred
thousand in 1990-2019, respectively. Finally, the rates were 30.2,
57.4, 85.6 per hundred thousand in 2019, respectively. When the
literature is examined; air pollution appears to be the second
leading cause of death in Africa. There were 1.1 million deaths of
which 697,000 indoor, 383,419 outdoor PM2.5 pollution, 11230
outdoor ozone pollution attributed to air pollution in Africa in

GDP per capita (USD)

Figure 1: Relationship between GDP per capita and indoor air pollution
death rate

GDP: Gross domestic product

400,00

100,00

Indoor air pollution death rate (per 100.000)

00 20,00 40,00 60,00 80,00 100,00

Access to clean / technological fuel (%)

Figure 2: Relationship between percentage of access to clean/
technological fuel for cooking and indoor air pollution death rate
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2019. This was 16.3% of all deaths. Although indoor air pollution
death rate have decreased, outdoor air pollution death rate have
increased from 26 per 100,000 in 1990 to 29 per 100,000 in 2019,
according to one study (2). The frequency in this study is lower
than ours. In our study, while the outdoor air pollution death rate
in Africa was 31.5 per hundred thousand in 1990, it was 46.1 in
2019. This difference may be due to the different countries in
the sample. In our study, average indoor, outdoor and total air
pollution death rates were 5.4 (0.7% of deaths), 66.2 (9.6% of
deaths), 70.8 (10.1% of deaths) per hundred thousand in Trkiye
between 1990-2019, respectively. Finally, the rates were 0.3 per
hundred thousand (0.1% of deaths), 53.7 (9.5% of deaths), 53.3
(9.5% of deaths) in 2019, respectively. In studies conducted in
different regions of Tiirkiye, the share of air pollution in deaths
was found to be, 16.8% (4), 33.5% (4) and 29.2% (11). In our
study, this percentage for Turkiye is 9.5% in 2019, and lower than
the values in the studies above.

In the world, average PM2.5 level was 47.0 pug/m3 between
1990-2017, and 45.5 pug/m3 in 2017. In Tirkiye, average PM2.5
level was 42.8 pg/m3 between 1990-2017, and 44.3 pg/m3 in
2017. In the literature, exposure to PM2.5 was high in many
low and middle-income countries in Africa and Asia in 2017.

50,00

Outdoor air pollution death rate (per 100.000)

100000 20,00000 40,00000 60,00000 80,00000 100,00000 120,00000

PM2.5 level (ugim?)

Figure 3: Relationship between annual average PM2.5 concentration
and outdoor air pollution death rate
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Figure 4: Changes in air pollution death rates, PM2.5 levels and
percentages of access to clean/technological fuel over the years in the
world
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In particular, it was very high in North Africa, up to 200 pg/
m?, due to dry conditions with more sources of sand and dust.
Whereas in Sweden it was 40 times lower at 5 ug/m?® (4). Annual
PM2.5 level in Sub-Saharan Africa was 45 pg/m3 in 2019 (2).
Many African countries had PM2.5 concentrations that exceed
the WHO guideline (12). The average annual PM2.5 level
in China was 52.7 pg/ms3 in 2017, 9% lower than in 1990. In
2017, all Chinese population lived in areas that exceeded the
WHO guideline of 10 pg/m3, and 81.1% of them lived above
the interim target of 35 pg/m3 (13). The average PM2.5 level in
houses was 51 pg/m?. This was 10 times higher than the WHO
recommended value. (14). According to the Global Study of
Disease, Injury and Risk Factors, PM air pollution was the 4"
risk factor for death and disability-adjusted life years in China
(15). The Chinese Government has implemented a number of
measures to reduce PM2.5 levels (16). As a result, PM2.5 levels
have decreased in heavily polluted areas such as Beijing (17).
Tirkiye's 2017 PM2.5 level was high, although slightly below
China's. For this reason, it is necessary to implement practices
similar to those in China in our country.

According to the 2020 World Air Quality report of the
Sweden-based IQAir group, PM2.5 was above the upper limit
in 26 of 106 countries. The countries with the most polluted
air were Bangladesh, Pakistan and India. Average PM2.5 was
77.1 in Bangladesh, 59.0 in Pakistan, 51.9 pg/m?® in India. In the
Virgin Islands, New Caledonia and Puerto Rico, where the air
quality was highest, PM2.5 levels averaged 3.7 pg/me. Tirkiye
was the 46" most polluted country with an average PM2.5 level
of 18.7 pg/m?® (18). Within the scope of a joint project, 31,476
deaths in Tiirkiye in 2019 were associated with air pollution and
it was calculated that these deaths could have been prevented
if PM2.5 levels was at the standards set by WHO (19). According
to the 2021 European PM2.5 air quality ranking, Tlirkiye ranked
7" with 20 pg/me. Finland was the only country to reach the
5 pg/m?® limit set by WHO (20). The average PM2.5 level in
2019 determined for Tirkiye in these two studies is half of the
average value of the last 30 years in our study. Although PM2.5
levels have decreased in the last 30 years for our country, it
is regrettable that our country is still at the top of the world
rankings.

Indoor air pollution death rates increased significantly
as income decreased. While the outdoor air pollution death
rate was significantly higher in upper/lower-middle-income
countries than in high/low-income countries, it was significantly
higher in low-income countries than in high-income ones. As
income decreased, the total air pollution death rate increased
significantly. The literature on inequalities between countries in
air pollution is limited (21,22). Most of the literature documents
inequalities for a given city. Less literature documents
nationwide inequalities in the US, and indicates that those
from low socioeconomic status are more exposed to pollution



Ankara Universitesi Tip Fakiiltesi Mecmuasi 2024;77(3):258-264

Cemal Kogak. Countries’ GDP and Air Pollution Relationship

than those from higher socioeconomic status (23-25). Evidence
for European countries is limited and a mixed relationship is
considered (26,27). Information is also limited for China and
other low- and middle-income countries, where 91% (26%) of
outdoor air pollution premature deaths occur (22,28). In 2016,
increased PM levels were associated with 8.4% mortality in
undeveloped and developing countries and 4.2% in developed
countries (29). As a result, in our study, as the income situation
worsens, indoor and total air pollution and deaths increase in
parallel with the literature.

In this study, PM2.5 levels were found to be lower in
high-income countries than in other groups. In addition,
the upper-middle and low-income group also have lower
PM2.5 concentrations than the lower-middle income
group. As income increased, the annual average PM2.5 level
decreased significantly. In China, a positive relationship
was found between socioeconomic status and outdoor air
pollution. PM2.5 concentrations in China were higher in
high socioeconomic status than lower socioeconomic status,
and in long-term urban residents than come rural to urban
people (13). In Europe, it is estimated that approximately 60%
of the population of high-income countries and 80% of the
population of middle and low-income countries are exposed
to PM2.5 levels above the WHO limit (29). Similar to our study
in Europe, there is an inverse correlation between PM2.5 levels
and income, while the opposite is true in China. The fact that
the majority of China's population lives in industrial and
economically developed big cities may cause more air pollution
in high-income regions.

In this study as a result of the correlation analysis; as income
increased, the percentage of access to clean/technological fuel
increased, and the indoor air pollution death rate decreased. In
addition, as the percentage of access to clean/technological fuel
increased, the indoor air pollution death rate decreased. Indoor
air pollution is the common form of air pollution in Africa. The
highest rates in Africa were seen in countries with the lowest
social development indices, similar to our study. Indoor air
pollution accounted for more than 80% of disease damage
in Ethiopia and Rwanda, but only half in more economically
developed Ghana (2). As countries get richer, they begin to take
measures to reduce air pollution and related deaths. Countries
with a GDP per capita of 5-15 thousand USD (such as India) are
in the first phase. Countries that have become richer and more
competent (such as China, Tirkiye) enter the second phase. At
this stage, air pollution-related deaths are reduced by increasing
environmental investments. Turkiye's air pollution deaths, which
were 60-70 per hundred thousand in the 1990s, decreased to
40-50 in the 2010s (Ttrkiye's 2020 GDP per capita was 30,000
USD). The decline is more striking in Singapore, which is much
richer than Tirkiye, with air pollution deaths falling from 43 per

100,000 in 1990 to 20 in 2017 (Singapore's 2020 GDP per capita
was 102,000 USD) (30). In these studies, similar to ours, it was
observed that the death rate of air pollution decreased as the
income level of the country increased.

In Africa, 60% of air pollution deaths are caused by indoor
air pollution, and polluting fuels such as coal and kerosene are
widely used. With the intervention of the government, non-
governmental organizations and United Nations agencies,
morbidity and mortality from air pollution in the home is
decreasing, albeit slowly and sporadically. With exceptions like
Nigeria, African countries haven't yet any precautions against
the use of fossil fuels. Therefore, they have the opportunity to
get rid of their dependence on oil and natural gas by investing
in renewable energy and non-polluting technologies. Reducing
dependence on fossil fuels, switching to non-polluting
renewable energy sources such as solar, wind and hydroelectric,
and improving public transportation are the main pollution
prevention strategies (2). The proportion of households cooking
with solid fuel in China decreased from 84.4% in 1990 to 61%
in 2005 and 32.2% in 2017. The use of coal for cooking and
heating has been banned in the areas around Beijing, and clean
energy such as natural gas has been promoted in the country.
The age-standardized death rate attributed to air pollution
decreased by 60.6% in China between 1990 and 2017. The
decrease for outdoor PM pollution is 12.0% and for indoor air
pollution is 85.4%. In China, the age-standardized death rate
attributed to PM decreased by 8.9% between 2013 and 2017.
In addition, average PM2.5 concentrations decreased by 33.3%
between 2013 and 2017 (31). As can be seen, both PM levels
and air pollution death rates decrease as access to clean fuel
increases.

Study Limitations

There are some limitationsin this study. Only the relationships
between income level/access to clean/technological fuel/PM2.5
levels and deaths due to air pollution was examined. As we
know, there are many variables that have an effect on deaths,
and the fact that these variables are not included in the analysis
may lead to bias in the results.

In conclusion, there was a positive correlation between
income and percentage of access to clean/technological fuels;
there was a negative correlation between income and PM2.5,
death rate from indoor and total air pollution. As the percentage
of access to clean/technological fuels increased, PM2.5 and
indoor air pollution death rates decreased. There was a negative
correlation between percentage access to clean/technological
fuels and PM2.5 level; there was a positive correlation between
PM2.5 level, indoor and outdoor air pollution death rates.
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The percentage of access to clean/technological fuels in the
world has increased over the years, and indoor air pollution death
rate has decreased. Indoor air pollution death rate has a clear
economic distinction. It has been almost completely eradicated
in high-income countries, but remains an environmental and
health problem in low-income countries. By encouraging clean/
technological heating and cooking methods at houses, the indoor
air pollution death rate will no longer be a problem in low-
income countries. On the other hand, outdoor air pollution death
rate is higher in countries with high PM2.5 levels. If policymakers
reduce coal and oil consumption and prioritize clean air, energy
and transportation, it will benefit air quality improvement.
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Clinical Efficacy and Safety of Using N-Butyl Cyanoacrylate in the
Treatment of Perforator Vein Insufficiency

Perforator Ven Yetmezliginin Tedavisinde N-Butil Siyanoakrilat Kullaniminim Klinik Etkinligi
ve Glvenligi
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Abstract

Objectives: Venous insufficiency has traditionally been managed through various techniques, including surgical interventions and thermal ablation.
A novel technique for venous insufficiency is non-thermal ablation using a vein sealing system, involving the endovenous delivery of N-butyl
cyanoacrylate (NBCA) tissue adhesive to the vein. Despite advances in treatment options, the management of isolated perforator incompetence
remains a challenge due to its role in the pathophysiology of chronic venous insufficiency (CVI). This single-center retrospective study aimed to
evaluate the efficacy of the non-thermal, non-tumescent embolization method using NBCA for managing perforator incompetence.

Materials and Methods: We retrospectively analyzed 98 consecutive patients diagnosed with perforator vein insufficiency, treated with NBCA.
The study protocol included physical examinations, Doppler ultrasonography, venous clinical severity scoring, CEAP (Clinical-Etiology-Anatomy-
Pathophysiology) classification, and quality of life assessments before and after the procedure. The primary goal was to compare clinical, functional,
and duplex parameters in managing varicose vein diseases with isolated primary perforator incompetence using duplex-guided NBCA treatment.
Analyses were performed using SPSS software. Categorical variables were reported as frequencies, and continuous variables as means + standard
deviations or medians with interquartile ranges. Chi-square or Fisher's exact tests were used for categorical data, and the Mann-Whitney U test for
continuous variables. A p value less than 0.05 was considered statistically significant.

Results: Ninety-eight obliteration procedures were completed. The study evaluated occlusion rate, procedural pain, phlebitis, ecchymosis, and
paresthesia. The occlusion rate at 6 months was 96.9%, with a significant reduction in pain and other symptoms of CVI. The incidence of complications
was low. Phlebitis was observed in 3.4% of cases, ecchymosis in 2.8%, and transient paresthesia in 1.7%. There were no reports of serious adverse
events, such as deep vein thrombosis or systemic allergic reactions.

Conclusion: The interruption of perforators effectively reduces the symptoms of CVI and promotes rapid ulcer healing. This non-tumescent, non-
thermal embolization method can be safely applied with high success rates. The results of this study suggest that NBCA is a viable option for treating
perforator incompetence.

Keywords: N-butyl cyanoacrylate, perforator vein incompetence, venous ulcer

Amac: Venoz yetmezlik geleneksel olarak cerrahi miidahaleler ve termal ablasyon dahil olmak lizere cesitli tekniklerle tedavi edilmektedir. Venoz
yetmezlik icin yeni bir teknik, N-butil siyanoakrilat (NBCA) doku yapistiricisinin damara endovendz olarak verilmesini iceren, bir damar kapatma
sistemi kullanilarak termal olmayan ablasyondur. Tedavi seceneklerindeki ilerlemelere ragmen, izole perforatdr ven yetmezliginin tedavisi, kronik venoz
yetmezligin patofizyolojisindeki rolii nedeniyle halen zorluk teskil etmektedir. Bu tek merkezli retrospektif ¢calisma ile, perforator ven yetmezliginin
tedavisinde NBCA kullanilarak termal olmayan, tiimesan kullaniimayan embolizasyon yonteminin etkinliginin degerlendirilmesi amaglanmaktadir.
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Gerec ve Yontem: NBCA ile tedavi edilen, perforator ven yetmezligi tanisi alan 98 ardisik hasta retrospektif olarak analiz edilmistir. Calisma
protokolii, islem oncesi ve sonrasi fizik muayene, doppler ultrasonografi, vendz klinik siddet skorlamasi, CEAP (Klinik-Etiyoloji-Anatomi-
Patofizyoloji) siniflandirmasi ve yasam kalitesi degerlendirmelerini icermektedir. Birincil amag, Doppler ultrasonografi kilavuzlugunda NBCA tedavisi
kullanilarak izole primer perforatér ven yetmezligi olan damar hastaliklarinin tedavisinde klinik, fonksiyonel ve Doppler ultrasonografi parametreleri
karsilastirmaktir. Analizler SPSS yazilimi kullanilarak yapilmis olup, kategorik degiskenler frekanslar olarak ve stirekli degiskenler ortalama + standart
sapmalar veya ceyrekler arasi araliklara sahip medyanlar olarak rapor edilmistir. Kategorik veriler icin ki-kare veya Fisher's exact testleri, stirekli
degiskenler icin Mann-Whitney U testi kullanilmistir. 0,05'ten kiiclik bir p degeri istatistiksel olarak anlamli kabul edilmistir.

Bulgular: Doksan sekiz obliterasyon islemi tamamlanmistir. Calismada obliterasyon orani, islem esnasinda ve sonrasinda agr, flebit, ekimoz ve
parestezi degerlendirilmistir. Altinci ayda obliterasyon orani %96,9 olup, agrida ve diger kronik vendz yetmezlik semptomlarinda 6nemli bir azalma
olmustur. Komplikasyon gérilme sikhgi distiktir. Olgularin %3,4'liinde flebit, %2,8'inde ekimoz ve %?1,7'sinde gecici parestezi gdzlenmistir. Derin
ven trombozu veya sistemik alerjik reaksiyonlar gibi ciddi yan etkiler bildirilmemistir.

Sonug: Perforatdr venlerin obliterasyonu ile kesintiye ugratilmasi, kronik vendz yetmezlik semptomlarini etkili bir sekilde azaltmakta ve Ulserin
hizli iyilesmesini desteklemektedir. Tiimesan kullanilmayan, termal olmayan bu embolizasyon ydntemi, yiliksek basari oranlariyla glvenle
uygulanabilmektedir. Bu ¢alismanin sonuclari, NBCA'nin perforatdr ven yetmezliginin tedavisinde uygun bir secenek oldugunu gostermektedir.

Anahtar Kelimeler: N-butil siyanoakrilat, perforator ven yetmezligi, venoz iilser

Introduction

Venous insufficiency has traditionally been managed through
various techniques, including surgical interventions and thermal
ablation. However, a novel technique for venous insufficiency
is non-thermal ablation using a vein sealing system, involving
the endovenous delivery of N-butyl cyanoacrylate (NBCA) tissue
adhesive to the vein, causing fibrosis. Perforators are veins that
connect the superficial and deep venous systems either directly
to main veins or indirectly through the muscular and soleal
venous plexus.

Despite advances in treatment options, the management of
isolated perforator incompetence remains a challenge due to
its role in the pathophysiology of chronic venous insufficiency
(CVI). This study explores the effectiveness of NBCA in treating
perforator incompetence, providing insights into its clinical and
functional outcomes.

The primary aim of thisstudy is to compare clinical, functional,
and duplex outcomes following treatment with NBCA. Given the
low prevalence of isolated perforator incompetence cases, there
is a lack of comprehensive clinical studies in the literature. This
study seeks to fill this gap by providing detailed observations
and results from a retrospective analysis.

Materials and Methods

This retrospective study analyzed 98 varied cases of lower
limb varicose vein diseases with isolated primary perforator
incompetence, between February 2018 and May 2021. This
retrospective study, conducted at a single center, received
approval from the Human Research Ethics Committee of Ankara
University Faculty of Medicine (approval no.: 106-454-24,
date: 09.07.2024) and adhered to the principles outlined in the
Declaration of Helsinki. All patients provided informed consent
for their participation in the study.
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Patients presenting with perforator vein incompetence
symptoms were examined in the outpatient clinic. A thorough
history and clinical examination were conducted, assessing
the venous system and recording symptoms such as dilated
veins, pain, night cramps, edema, ulcers, itching, bleeding,
pigmentation, eczema, activity tolerance, and quality of life
(using the Short Form-36 questionnaire).

Inclusion criteria for the study were patients aged 18-70
years with CEAP (Clinical-Etiology-Anatomy-Pathophysiology)
classification class C2-C6. Exclusion criteria included patients
with deep vein thrombosis, significant arterial disease, or
those who had undergone previous sclerotherapy or surgical
interventions for venous insufficiency.

Patients underwent duplex ultrasound to confirm the
presence and location of incompetent perforator veins.
NBCA was then administered under ultrasound guidance to
the identified incompetent perforators. The procedure was
performed under local anesthesia, and patients were monitored
for immediate complications.

A duplex ultrasonographic study of the venous system was
done preoperatively to assess the varicose vein diseases, the
presence of saphenofemoral or saphenopopliteal incompetence,
perforator vein incompetence, and the status of the deep veins.

For the superficial and perforator system, the veins are
examined in standing position. Perforators were examined using
transverse and oblique scanning since their long axis is seen well
in those planes. The veins are visualized correctly and evaluation
of the flow, compressibility, and augmentation of flow with
movements are documented. The incompetent superficial and
deep veins have a shorter reflux time (<0.5 s) and those with
signs of obstruction (thrombus).

For obtaining venous reflux in short perforating veins, we
used the following criteria: A shorter time cut point of 0.35 s
was used to define the reflux and perforators with a diameter
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of >3.5 mm. We marked the site and the number of perforating
veins and noted.

For patients with venous ulceration, conservative
management with daily saline dressings and layered bandage
application was executed until the active infection descended.
The procedure was not delayed by allowing time for the
complete healing of the ulcer.

After mapping the treatment area, access to the veins to be
treated was visualized and a 25-30-gauge needle was placed
within the vein by duplex guidance. Vein sealing system includes
3 mL of NBCA-based embolization polymer and we implemented
this microdelivery system for all patients. The target veins which
were most proximal were treated first. The amount of foam
injected was determined by using ultrasound to visualize when
the targeted vein was filled with glue. The deep venous system
was carefully investigated with the ultrasound probe (Figure 1).

All cases were implemented under local anesthesia.
Tumescent anesthesia was not required. Mean volume of glue
delivered was 1.5 cc. An elastic bandage was then wrapped
around the leg and the patients were immediately asked to walk
for 20 min. The median duration time of the procedure was 15
minutes (ranges between 10 and 30 minutes).

Compression dressing with bandage was applied after the
procedure, and the same was removed on day 2" no patient
underwent a secondary surgical intervention, and none of
the patients developed a deep vein thrombosis or pulmonary
embolism. All the patients were discharged on the same day of
operation.

Patients were not given any nonsteroidal anti-inflammatory
drug postoperatively, only advised to wear compression
stockings for a few days.

Post-procedural assessments included duplex ultrasound to
verify vein occlusion, as well as clinical evaluations to monitor

for pain, phlebitis, ecchymosis, and paresthesia. Follow-up visits
were scheduled at 1 week, 1 month, and 6 months post-procedure
to assess the outcomes and any potential complications.

Of the 98 patients, 61.2% were males and 38.8% were
females, with a mean age of 47.9+12.4 years. The study found a
higher prevalence of isolated perforator incompetence in males.
Among the patients, 28.5% had previously used compression
stockings without improvement. The primary presenting

Table 1: Patients demographics and preprocedural clinical
examination

Age (years, mean) 47.9+12.4 (range 23-79)
60 (61.2%)

15 (15.3%)

Gender (male, n, %)
Erythema (n, %)

Edema (n, %) 51 (52%)
Pain (n, %) 69 (70.4%)
Telengiectasia (n, %) 49 (50%)
Pigmentation (n, %) 61 (62.2%)

Dilated veins (n, %)
Duplex USG reflux grade (n, %)

61 (62.2%)

Grade 2 5 (5.1%)
Grade 3 62 (63.3%)
Grade 4 31 (31.6%)
CEAP classification (n, %)

C4b 26 (26.5%)
C5 24 (24.5%)
C6 48 (499%)
Size of PV (mm) 40 (35-52)

(median, min.-max.)

USG: Ultrasonographic, CEAP: Clinical-Etiology-Anatomy-Pathophysiology, min.-
max.: Minimum-maximum

Figure 1: a) Ultrasonographic images of perforator veins. b) After mapping the treatment area, access to the veins to be treated was visualized and a
25-30-gauge needle was placed within the vein by duplex guidance. c) Vein sealing system includes 3 mL of NBCA-based embolization polymer and

visualized within the vein via Doppler ultrasonography
NBCA: N-butyl cyanoacrylate
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symptom was pain (70.4%) (Table 1).

The primary outcome measure was the occlusion rate
of treated veins, assessed at one week, one month, and six
months. Secondary outcome measures included procedural
pain, assessed using a visual analogue scale (VAS), and the
incidence of complications such as phlebitis, ecchymosis, and
paresthesia.

Vein closure rates after the procedure were classified as total
and partial, and according to the follow-up days. On the first
day, total closure rate was 80.619%, first week was 90.82% and 6
months was 97.96% in accordance with our expectations. Only
minor complications were reported, including mild phlebitis
(8.16%), ecchymosis (12.2%), and transient paresthesia (5.1%).
No major adverse events or significant side effects were observed.

Table 2: Procedural and postprocedural features

Procedure duration (minutes)
(median, min.-max.)

15 (10-30)

Pain during procedure (n, %)

19 (19.4%)

Echymosis (n, %) 12 (12.2%)
Parestesia (n, %) 5 (5.1%)

Phlebitis (n, %) 8 (8.16%)

Vein closure rates (%) Total Partial
15t day 80.61% 19.39%
15t week 90.82% 9.18%
6" month 97.96% 2.04%
Symptom relief (%)

Good improvement 73.5%

Moderate improvement 22.4%

Mild improvement 4.1%

Unchanged 0%

Worsening 0%

Ulcer healing (n, %)

Granulation tissue formation 33 (33.7%)

Decrease in size

53 (54.1%)

Decrease in itching sensation

10 (10.2%)

(median, min.-max.)

Non-healing 2 (2%)
Ulcer recurrence (n, %) 4 (4.1%)
Recurrent perforator incompetence 4 (4.1%)
(n, %)
Recanalization (n, %) 1 (1%)
Technical success (n, %) 97 (99%)
Venoactive drugs (%) 46.9%
Compression bandage (%) 61.2%
Postoperative pain (VAS 1-10)

; ) 2(1-3)
(median, min.-max.)
Return to normal days (days) 2 (1-5)

Min.-max.: Minimum-maximum, VAS: Visual analogue scale
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Patients (19.4%) reported minimal pain during the procedure,
with a mean VAS score of 2.1+0.7. No severe pain episodes were
recorded (Table 2).

Patients were instructed to return for follow-up in intervals
of one week and 6 months respectively. Their symptomatic and
clinical improvement was documented at the end of the one
week and six months (+3 good improvement/asymptomatic, +2
moderate improvement, +1 mild improvement, 0 unchanged, -1
worsening). Symptomatic improvement was as the following;
good improvement rate was 73.5%, moderate improvement
was 22.4%, mild improvement 4.1%, and there was no patients
described worsening or unchanged symptoms.

The duration of return to normal day activities and the
perioperative complications following the procedures were
also noted. At follow-ups, the patients were assessed clinically
for presence of varicosities, resolution of skin changes, and
healing of ulcers. The symptomatic improvement of active ulcer
(granulation tissue, decrease in size of ulcer, decrease itching
sensation in ulcer) began around the first week, and signs of
satisfactory healing of ulcer took an average of 8 weeks. The
initial size of the ulcer did not correlate neither with the rate
of ulcer healing nor with the time taken for the healing of the
ulcer. Healing rates was noted as; decrease in the size of ulcer
was mostly seen with percentage of 54.1, granulation tissue
formation was 33.7%, decrease in itching sensation was 10.2%,
and 2% was in same status (Figure 2).

Return to normal day activities and quality of life assessment
was also applied on follow up by Short Form-36 before the
procedure, on first day, week and 3 months. Post procedural
quality of life scores were significantly increased (p<0.001)
(Figure 3).

Vein closure rates after the procedure were classified as total
and partial, and according to the follow up days. On the first
day, total closure rate was 80.6%, first week was 90.8% and 6

Figure 2: Significantly healing ulcer on follow-up (Figure a to d
respectively)
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Figure 3: Quality of life (short form 36) (p<0.001) return to normal day
activities and quality of life assessment was also applied on follow up
by short form 36 before the procedure, on first day, week and 3 months.
Post procedural quality of life scores were significantly increased

months was 97.6% in accordance with our expectations.

The elasticity of the stockings was checked during the
follow-up period, and the patients were instructed on the proper
application of the stockings as well. Ulcer recurrence was seen
4.1% of the patients, and recurrent perforator incompetence
was accompanied. Technical success rate was 99%. And on 6
months follow-up, recanalization was 1%.

Statistical Analysis

Categorical variables were reported as frequencies, and
continuous variables as means + standard deviations or medians
with interquartile range. Chi-square or Fisher's exact tests were
used for categorical data, and the Mann-Whitney U test for
continuous variables. A p value less than 0.05 was considered
statistically significant. Analyses were performed using SPSS
software.

Isolated perforator vein incompetence has been under-
studied as an independent factor in varicosities, though it
significantly impacts CVI severity. Compression therapy is
often the first treatment choice for CVI and venous ulcers with
perforator incompetence. However, compression therapy alone
did not yield satisfactory results for most patients with isolated
perforator incompetence (1,2).

The clinical outcomes of NBCA embolization demonstrate
a highly effective alternative to traditional thermal ablation
methods for treating perforator vein insufficiency. Endovenous
thermal ablation (EVTA), including radiofrequency ablation and

endovenous laser ablation, has been the gold standard for many
years due to its high occlusion rates and favorable long-term
results. However, EVTA procedures are associated with certain
drawbacks, such as the need for tumescent anesthesia, potential
thermal injury to surrounding tissues, and post-procedural
pain and bruising. The use of NBCA for the management of
perforator incompetence offers several advantages, including
the elimination of tumescent anesthesia and thermal risks
associated with endothermal ablation. The high occlusion rate
and minimal complications observed in this study support the
efficacy and safety of this non-thermal embolization method
(3-5).

NBCA embolization, as a non-thermal, non-tumescent
technique, addresses many of these issues. By eliminating the
need for thermal energy, NBCA reduces the risk of thermal
damage to nerves and other adjacent structures, which can
be a significant concern in EVTA. Furthermore, the absence
of tumescent anesthesia streamlines the procedure, reducing
both the duration and complexity of the treatment. The high
vein occlusion rates observed in this study (95.9% at one week,
94.3% at one month, and 92.8% at six months) are comparable
to those reported for EVTA, underscoring the effectiveness of
NBCA embolization.

The results of this study indicate that NBCA embolization
is a highly effective and safe method for treating perforator
vein insufficiency. The high occlusion rates and low incidence
of complications compare favorably with traditional thermal
ablation techniques. The non-thermal nature of the procedure
eliminates the risk of thermal injury to surrounding tissues,
which is a significant advantage (6).

The mechanism by which NBCA embolization achieves
vein occlusion involves a chemical reaction that induces an
inflammatory response, leading to fibrosis and permanent
closure of the vein. Upon injection, NBCA rapidly polymerizes
and adheres to the endothelial lining of the vein, causing
an immediate cessation of blood flow. This is followed by an
inflammatory process that culminates in fibrosis and eventual
obliteration of the vein lumen. This process is highly efficient
and does not rely on the application of thermal energy, thereby
avoiding the complications associated with thermal ablation
(7.8).

The safety profile of NBCA embolization observed in this
study is favorable, with minimal complications reported. The
most common adverse events in the recent studies were mild
and transient, including phlebitis (3.4%), ecchymosis (2.8%),
and transient paresthesia (1.7%). These rates are lower than
those typically associated with EVTA, where complications
such as post-procedural pain, bruising, and thermal injuries
are more prevalent. Notably, there were no instances of serious
adverse events such as deep vein thrombosis or systemic allergic
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reactions, highlighting the safety of NBCA as a treatment
modality (9).

Patient comfortis a critical consideration in the management
of CVI. The mean VAS score of 2.1+0.7 observed in this study
indicates minimal procedural discomfort, which is a significant
advantage over thermal methods. The absence of tumescent
anesthesia and the minimally invasive nature of NBCA
embolization contribute to this low pain score. Additionally,
the rapid recovery and immediate return to normal activities
post-procedure are likely to enhance patient satisfaction and
compliance with treatment (10).

The findings of this study have important clinical implications
for the treatment of perforator vein insufficiency. NBCA
embolization emerges as a viable and effective alternative to
traditional thermal ablation techniques, offering high efficacy
with a superior safety profile. This is particularly relevant for
patients who are contraindicated for thermal ablation or those
who seek a less invasive treatment option. The results also pave
the way for further research. While the short-term outcomes
are promising, longer-term studies are necessary to evaluate
the durability of vein occlusion and the long-term safety of
NBCA embolization. Comparative studies with larger patient
cohorts and randomized controlled trials will be instrumental
in establishing NBCA embolization as a standard treatment for
perforator vein insufficiency (11,12).

Additionally, exploring the cost-effectiveness of NBCA
embolization compared to EVIA could provide valuable
insights for healthcare providers and policymakers. Given the
lower procedural complexity and potential reduction in post-
procedural care associated with NBCA, this technique may offer
economic advantages that warrant consideration (13,14).

Perforator interruption effectively reduces CVI symptoms
and promotes rapid ulcer healing. Endovenous ablation with
cyanoacrylate-based glue is feasible and safe, with high success
rates and minimal significant side effects. Further developments
in this technique may offer an attractive solution to venous
reflux disease, provided it is cost-effective.

In conclusion, NBCA embolization is a highly effective
and safe treatment for perforator vein insufficiency. Its non-
thermal, non-tumescent nature provides significant advantages
over traditional thermal ablation methods, including reduced
procedural pain, minimal complications, and rapid recovery.

The results of this study suggest that NBCA is a viable option
for treating perforator incompetence, particularly in patients
who do not respond to conventional compression therapy. Future
research should focus on long-term outcomes and comparative
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studies with other treatment modalities to further establish its
role in clinical practice and to explore the long-term benefits
and cost-effectiveness of this promising technique.
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Comparison of Long-Term Results of Endovenous Ablation
Techniques and Classical Stripping Operations in the Treatment of
Venous Insufficiency

Venoz Yetmezlik Tedavisinde Endovendz Obliterasyon Teknikleri Uygulanan ve Klasik
Stripping Operasyonu Yapilan Hastalarin Uzun-Dénem Sonuglarinin Karsilastiriimas
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Abstract

Objectives: Chronic venous insufficiency affects approximately 25% of the population and is primarily associated with reflux in the great saphenous
vein. Traditional treatments like high ligation and stripping have been effective but are burdened with complications such as postoperative
pain, wound infections, and nerve damage, alongside high recurrence rates. In contrast, minimally invasive endovenous techniques, including
radiofrequency ablation, endovenous laser ablation (EVLA), and ultrasound-guided foam sclerotherapy, have gained popularity due to their lower
complication rates and efficacy demonstrated in short- and medium-term studies. This study synthesizes existing literature comparing these
treatment modalities and aims to evaluate the effectiveness of classical stripping and endovenous ablation techniques in the treatment of venous
insufficiency.

Materials and Methods: Between October 2011 and January 2016, 832 patients underwent different procedures at Ankara University Faculty
of Medicine, Department of Cardiovascular Surgery, with a total of 1,390 lower extremities treated. The study assessed patient demographics,
procedural outcomes, complications, and quality of life (QoL) improvements following each intervention. Statistical analyses, including t-tests,
Mann-Whitney U tests, and logistic regression, were employed to compare outcomes and identify influencing factors.

Results: The findings underscored high procedural success across all methods and significant QoL improvements post-treatment. However, no
statistically significant differences were observed in QoL outcomes between treatment modalities. Complication rates varied, with EVLA showing
higher rates of postoperative ecchymosis and classical stripping associated with increased wound infection incidence. Factors influencing outcomes
included body mass index, bilaterality of treatment, and use of venoactive drugs.

Conclusion: The study concluded with recommendations for further randomized controlled trials to refine treatment protocols and elucidate long-
term efficacy.

Keywords: Venous insufficiency, classical stripping, endovenous laser ablation, radiofrequency ablation, quality of life, complications

Amac: Kronik vendz yetmezlik niifusun yaklasik %25'ini etkilemektedir ve temel olarak biiyiik safen vende reflii ile iliskilidir. Yiiksek ligasyon ve
stripping gibi geleneksel tedaviler etkili olmustur ancak yiiksek niiks oranlarinin yani sira postoperatif agri, yara enfeksiyonlari ve sinir hasari gibi
komplikasyonlarla iliskilendirilmislerdir. Buna karsilik, radyofrekans ablasyon, endovendz lazer ablasyon (EVLA) ve ultrason kilavuzlugunda kopiik
skleroterapi gibi minimal invaziv endovenoz teknikler, daha duisiik komplikasyon oranlari ve kisa ve orta vadeli ¢alismalarda gdsterilen etkinlikleri
nedeniyle popllerlik kazanmistir. Bu calisma, bu tedavi yontemlerini karsilastiran mevcut literatiirlii sentezlemekte ve vendz yetmezlik tedavisinde
klasik stripping ve endovendz ablasyon tekniklerinin etkinligini degerlendirmeyi amaclamaktadir.
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Gerec ve Yontem: Ekim 2011 ile Ocak 2016 tarihleri arasinda Ankara Universitesi Tip Fakiiltesi, Kalp ve Damar Cerrahisi bolimiimiizde 832 hastaya
farkli prosediirler uygulanmistir ve toplam 1.390 alt ekstremite tedavi edilmistir. Calismada hasta demografisi, prosediirel sonuclar, komplikasyonlar
ve her bir miidahalenin ardindan yasam kalitesindeki (YK) gelismeler degerlendirilmistir. Sonuglari karsilastirmak ve etkileyen faktorleri belirlemek
icin t-testleri, Mann-Whitney U testleri ve lojistik regresyon dahil olmak lzere istatistiksel analizler kullaniimistir.

Bulgular: Bulgular, tim yontemlerde yiiksek prosediirel basarinin ve tedavi sonrasi YK'de dnemli iyilesmelerin altini ¢izmistir. Bununla birlikte, tedavi
yontemleri arasinda YK sonuclarinda istatistiksel olarak anlamli bir fark gézlenmemistir. Komplikasyon oranlari degiskenlik gostermis, EVLA daha
yliksek postoperatif ekimoz oranlari gdstermis ve klasik stripping operasyonu daha yiiksek yara enfeksiyonu insidansi ile iliskilendirilmistir. Sonuglari
etkileyen faktorler arasinda viicut kitle indeksi, tedavinin iki tarafli olmasi ve venoaktif ila¢ kullanimi yer almistir.

Sonugc: Calisma, tedavi protokollerinin iyilestirilmesi ve uzun vadeli etkinligin aydinlatilmasi icin daha fazla randomize kontrollii ¢calisma yapilmasi

onerisiyle sonlandirilmistir.

Anahtar Kelimeler: Venoz yetmezlik, klasik stripping, endovendz lazer ablasyon, radyofrekans ablasyon, yasam kalitesi, komplikasyonlar

Introduction

Chronic venous insufficiency (CVI) is a prevalent condition
characterized by inadequate venous return leading to venous
hypertension and associated symptoms such as leg edema,
pain, and skin changes. The primary pathology often involves
incompetence of venous valves, particularly in the great
saphenous vein, resulting in reflux and venous stasis. CVI affects
approximately 25% of adults worldwide and poses significant
healthcare challenges due to its chronic nature and potential
for complications such as venous ulcers.

Surgical interventions such as classical stripping, endovenous
laser ablation (EVLA), and radiofrequency ablation (RFA)
have emerged as effective treatments to alleviate symptoms
and improve patient outcomes. While these methods have
demonstrated high technical success rates, comparative studies
evaluating their efficacy across various parameters remain
essential for optimizing clinical decision-making. This study
aims to contribute to the existing literature by comprehensively
evaluating outcomes following different treatment modalities
for venous insufficiency.

Materials and Methods

This retrospective study is formed according to the ethical
guidelines of the 1975 Declaration of Helsinki and approved
by the the Human Research Ethics Committee of Ankara
University Faculty of Medicine (approval no.: 102-154-24, date:
06.03.2024). All the patients were consented about the study.

Thisstudy enrolled 832 patients meeting predefined inclusion
criteria. Patientdemographics, including age, gender distribution,
and body mass index (BMI), were recorded. Treatment methods
included classical stripping, EVLA, and RFA, with detailed
procedural descriptions provided for each. Outcome measures
encompassed postoperative pain levels [assessed using a visual
analogue scale (VAS)], incidence of complications (e.g., wound
infection, ecchymosis), and improvements in quality of life

(Qol) using Short Form-36 (SF-36) surveys. Statistical analyses
were conducted using SPSS software, employing t-tests, Mann-
Whitney U tests, and logistic regression to evaluate differences
in outcomes and identify predictive factors.

Inclusion Criteria

Venous insufficiency [Saphenofemoral incompetence,
reflux detected for more than 0.5 seconds in Sapheno-Femoral
Junction (SFJ) with Doppler ultrasound, vibrating sample
magnetometer (VSM) diameter (mm) equal to or greater than
0.5 cm above knee level].

*  Symptoms due to incompetence.
e Age between 18 and 80.

® (Good performance status.

Exclusion Criteria
® Previous treatment of ipsilateral VSM.
e  Deep venous insufficiency or thrombosis.

e Acute deep venous thrombosis or post-thrombotic
syndrome.

e Use of anticoagulation.

e Agenesis of deep venous system.
® Pregnancy.

® Heart failure.

®* Having a condition that contraindicates any of the
treatments to be applied (e.g., allergy to aetoxysclerol
or lidocaine).

* Immobilization.

e Peripheral artery disease (Ankle brachial index <0.6).
e Age under 18.

® Inability to give informed consent.

Demographic data of patients, including age, gender, BMI,
bilateral lower extremity treatment, VSM mm measured in SFJ,
amount of energy given for EVLA procedure (980 nm or 1470
nm), recurrence, use of venoactive drugs, use of compression
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therapy, postoperative pain VAS, paresthesia and ecchymosis
status, time to return to normal life after the procedure,
postoperative hyperpigmentation, wound infection, presence
of endovenous heat-induced thrombosis (EHIT), presence of
pulmonary thromboembolism, pre- and post-treatment QoL.
Qol was determined with SF-36 forms. CEAP (Clinical-Etiology-
Anatomy-Pathophysiology) classification before and after
treatment, presence of reflux in Doppler ultrasonography, and
reoperation conditions were recorded (Table 1).

Statistical Analysis

We analysed our study data using the SPSS for Mac OS X
version 20.0 (IBM Corp., Armonk, New York). Demographics of
patients were presented as percentage and mean + standard
deviation (SD) in the case of normal distribution. Comparisons
of basic data made by the chi-squared test and Student's test.
If the results found significant, Mann-Whitney U test was used.
P<0.05 was considered statistically significant.

The study included 832 patients who underwent classical
stripping, EVLA, and RFA treatment for venous insufficiency
between October 2011 and January 2016. The total number
of lower extremities treated was 1,390. The mean age of the
patients was 43.86+10.6 years, ranging from 18 to 78. There
were 347 male (41.7%) and 485 female (58.3%) patients in the
study.

Table 1: Patient demographics and clinical characteristics
43.8+10.6
Male gender, n (%) 347 (41.7%)
BMI 26.18+3.49
458 (52%)
832 (94.4%)
141 (16.9%)

Age (mean + SD)

Right lower extremity (%)

Left lower extremity (%)
Bilaterality (%)
VSM diameter measured at SFJ (mm)

(mean + SD) 7.24+1.26
QoL (SF-36) (1-100)

PCS (preprocedural) 35.18+3.6
MCS (preprocedural) 37.76+1.9
CEAP classification (%) (preprocedural)

C2 362 (43.5%)
C3 182 (21.9%)
C4 216 (26%)
C5 68 (8.2%)
C6 4 (0.5%)

SD: Standard deviation, BMI: Body mass index, VSM: Vena Saphena Magna,
QolL: Quality of life, SF-36: Short Form-36, SFJ: Safenofemoral junction, PCS:
Physical Summary Scores, MCS: Mental Summary Scores, CEAP: Clinical-Etiology-
Anatomy-Pathophysiology
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Demographic data of patients, including age, gender, BMI,
bilateral lower extremity treatment, VSM mm measured in SFJ,
amount of energy given for EVLA procedure (980 nm or 1470
nm), recurrence, use of venoactive drugs, use of compression
therapy, postoperative pain VAS, paresthesia and ecchymosis
status, time to return to normal life after the procedure,
postoperative hyperpigmentation, wound infection, presence
of EHIT, presence of pulmonary thromboembolism, pre- and
post-treatment QolL. QoL was determined with SF-36 forms
(Figure 1). CEAP classification before and after treatment,
presence of reflux in Doppler ultrasonography, and reoperation
conditions were recorded (Figure 2).

Table 1 presents the demographic and clinical characteristics
of the patient cohort. The average age is approximately 44
years, with a slight male predominance (41.7%). The majority
of treatments involved the left lower extremity (94.4%),
and a significant portion of patients (16.9%) had bilateral
involvement. The VSM mm averaged 7.24 mm. Preprocedural
QoL scores (Physical Summary Scores and Mental Summary
Scores) are relatively low, indicating a substantial impact on
physical and mental health due to their conditions. The CEAP
classification shows a diverse distribution, with the majority in
classes C2 to C4, reflecting varying degrees of chronic venous
disorders (Table 1).
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2 Qol (SF 36 MCS before procedure)

¥ Qol (SF 36 MCS 6th month)

Figure 1: Graph of change in patients who underwent SF-36 quality of
life survey before and after the procedure

SF-36: Short Form-36, RF: Radiofrequency, EVLA: Endovenous laser ablation, QoL:
Quality of life, MCS: Mental Summary Scores
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Figure 2: Graph of change in patients who underwent CEAP classification
before and after the procedure

RF: Radiofrequency, EVLA: Endovenous laser ablation, CEAP: Clinical-Etiology-
Anatomy-Pathophysiology
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Table 2: Treatment modalities and postoperative outcomes

Classical stripping, n (%) 358 (43%)

RFA, n (%) 62 (7.5%)

EVLA, 980 nm, n (%) 354 (42.5%)

EVLA, 1470 nm, n (%) 349 (41.9%)

Venoactive drug, n (%) 668 (80.3%)

Compression therapy, n (%) 656 (78.8%)

Postoperative ecchymosis, n (%) 245 (29.4%)

Postoperative pain (VAS 1-10) 3.75+2.1

Return to normal life (days) 3.12+1.2

Postoperative paresthesia, n (%) 125 (15%)

Postoperative hyperpigmentation, n (%) 131 (15.7%)

Wound infection, n (%) 28 (3.4%)
EHIT, n (%) 5 (0.6%)
PTE, n (%) 2 (0.2%)
QoL (SF-36) (1-100)
PCS (6 mo after procedure) 48.06+0.93
MCS (6 mo after procedure) 53.93+1.91

QolL: Quality of life, SF-36: Short Form-36, SFJ: Safenofemoral junction, PCS:
Physical Summary Scores, MCS: Mental Summary Scores, EVLA: Endovenous
laser ablation, VAS: Visual analogue scale, RFA: Radiofrequency ablation, EHIT:
Endovenous heat-induced thrombosis

Table 2 highlights the various treatment modalities and
postoperative outcomes. EVLA was the most common procedure
(85%), followed by classical stripping (43%). The use of venoactive
drugs and compression therapy was prevalent (80.3% and 78.8%,
respectively). Postoperative complications included ecchymosis
(29.4%), paresthesia (15%), hyperpigmentation (15.7%), and
a low incidence of wound infection (3.4%), EHIT (0.6%), and
PTE (0.2%). Pain levels were moderate (VAS 3.75), and patients
typically returned to normal activities within approximately
3 days. Qol scores showed significant improvement 6 months
post-procedure (Table 2).

The study found no significant differences in QoL
improvements among treatment modalities, with all methods
showing substantial post-treatment enhancements. However,
EVLA demonstrated a higher incidence of postoperative
ecchymosis compared to classical stripping (p=0.001), while
wound infections were more prevalent in classical stripping
cases (85.7%, p=0.001). Factors influencing outcomes included
BMI (p=0.004), bilaterality of treatment (p<0.05), and use of
venoactive drugs (p<0.05). Postoperative ultrasound detected
reflux in 4.9% of patients with associated implications for
recurrence rates and reoperation probabilities.

Table 3 provides a comparative analysis of various treatment
modalities, including classical stripping, EVLA, RFA, and pack
excision.

Table 3: Comparative analysis of treatment modalities

Classical stripping EVLA RFA Pack excision
Age (mean + SD) 43.4+10 (p=0.53) 44.19+10.9 (p=0.1) 43.46+8.1 (p=0.71) 43.3+9.8 (p=0.6)
Gender (M) (%) 42.7 (p=0.6) 41.3 (p=0.55) 46.8 (p=0.40) 40.4 (p=0.68)

BMI

26.2+3.4 (p=0.84)

26.17+3.46 (p=0.98)

26.3+3.56 (p=0.82)

26.8+3.57 (p=0.004)

VSM diameter (mm)

7.25+1.26 (p=0.72)

7.24+1.25 (p=0.81)

7.13+1.19 (p=0.54)

7.20+1.2 (p=0.77)

Reoperation (%) 0.6 (p=0.7) 0.7 (p=1) 16.7 (p=0.37) 66.7 (p=0.018)
Recurrence (%) 36.4 (p=0.52) 86.4 (p=1) 9.1 (p=0.67) 27.3 (p=0.42)
Venoactive drugs (%) 43.3 (p=0.78) 85 (p=0.36) 7 (p=0.35) 83 (p=0.31)
Compression therapy (%) 43.1 (p=0.9) 86 (p=0.52) 6.7 (p=0.11) 21.3 (p=0.38)
Postoperative ecchymosis (%) 37.6 (p=0.03) 72.7 (p=0.001) 6.9 (p=0.71) 59.2 (p=0.001)
Postoperative pain (VAS 1-10) 3.58+2.12 (p=0.05) 3.6+2.1 (p=0.001) 3.6+2.2 (p=0.52) 6.2+1.8 (p=0.001)
Postoperative parestesia (%) 45.6 (p=0.52) 73.6 (p=0.001) 6.4 (p=0.62) 52.8 (p=0.001)
Return to normal life (days) 3.13+1.14 (p=0.16) 3.11+1.12 (p=0.001) 3.77+1.7 (p=0.003) 4.04+1.42 (p=0.001)
Hyperpigmentation (%) 17.6 (p=0.001) 85.5 (p=0.97) 12.2 (p=0.02) 87.8 (p=0.001)
Wound infection (%) 85.7 (p=0.001) 35.7 (p=0.001) 0 (p=0.25) 7.1 (p=0.07)

EHIT (%) 20 (p=0.39) 80 (p=0.54) 20 (p=0.32) 100 (p=0.001)

QoL PCS (Difference between before
and after treatment)

13+3.5 (p=0.26)

12.7+3.7 (p=0.065)

13.3+3.6 (p=0.28)

12.9+3.9 (p=0.84)

QoL MCS (Difference between before
and after treatment)

16.05+2.7 (p=0.17)

16.6+2.6 (p=0.06)

16.2+2.8 (p=0.92)

16.2+2.8 (p=0.44)

Reoperation (%)

0.6 (p=0.7)

0.7 (p=1)

1.6 (p=0.37)

2.3 (p=0.018)

SD: Standard deviation, M: Male, EVLA: Endovenous laser ablation, RFA: Radiofrequency ablation, BMI: Body mass index, VSM: Vena Saphena Magna, VAS: Visual analogue

scale, EHIT: Endovenous heat-induced thrombosis, QoL: Quality of life, PCS: Physical Summary Scores, MCS: Mental Summary Scores
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This table compares key demographic and clinical parameters
among different treatment modalities for CVI. The treatments
evaluated include classical stripping, EVLA, RFA, and pack
excision. Each row represents a specific parameter, and columns
depict the mean values or percentages for each treatment
group, along with the p values indicating statistical significance.

Age (mean + SD): The mean ages across treatment groups-
classical stripping (43.4 years), EVLA (44.19 years), RFA (43.46
years), and pack excision (43.3 years-show no statistically
significant differences (p values ranging from 0.1 to 0.71).

Gender (%): The percentage of male patients in each group-
classical stripping (42.7%), EVLA (41.3%), RFA (46.8%), and pack
excision (40.4%) indicates no significant gender distribution
differences (p values ranging from 0.4 to 0.68).

BMI values are similar across groups: Classical stripping
(26.2), EVLA (26.17), RFA (26.3), and pack excision (26.8). Only
the comparison with pack excision shows a significant difference
(p=0.004), suggesting higher BMI in this group.

VSM mm: Mean mm's of the VSM at the SFJ are comparable
across all groups-classical stripping (7.25 mm), EVLA (7.24 mm),
RFA (7.13 mm), and pack excision (7.20 mm) with no statistically
significant differences (p values ranging from 0.54 to 0.81).

Reoperation (%): Reoperation rates are notably higher
in the pack excision group (66.7%) compared to classical
stripping (0.6%), EVLA (0.7%), and RFA (16.7%). The difference
is statistically significant (p values ranging from 0.018 to 1).

Recurrence (%): Recurrence rates vary among groups-
classical stripping (36.4%), EVLA (86.4%), RFA (9.1%), and pack
excision (27.3%) with no statistically significant differences
observed (p values ranging from 0.42 to 1).

Venoactive drugs (%): Usage of venoactive drugs differs
across groups-classical stripping (43.3%), EVLA (85%), RFA (7%),
and pack excision (83%) with statistically significant differences
noted (p values ranging from 0.31 to 0.78), particularly notable
between RFA and EVLA.

Compression therapy (%): Rates of compression therapy
show slight variations across groups-classical stripping (43.1%),
EVLA (85.4%), RFA (7.4%), and pack excision (83.3%) with
significant differences between RFA and EVLA (p=0.01) (Table 3).

Early technical success was 100% in patients in all groups.
When compared according to gender and BMI, no statistically
significant differences were found in terms of success between
methods and the percentage of application.

This study evaluated the efficacy and safety of classical
stripping, EVLA, and RFA in the treatment of venous insufficiency.
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Our findings indicate that all methods provide significant
symptom relief and improvements in QoL. However, the choice of
treatment should consider individual patient factors, including
BMI, the extent of venous disease, and patient preferences
regarding recovery time and potential complications (1,2).

EVLA and RFA offer the advantages of minimally
invasive techniques, with faster recovery times and fewer
complications compared to classical stripping. The higher
incidence of postoperative ecchymosis with EVLA and wound
infections with classical stripping highlight the need for
careful postoperative management and patient education to
mitigate these risks (3,4).

The study's findings underscore the effectiveness of classical
stripping, EVLA, and RFA in treating venous insufficiency,
highlighting their impact on patient QoL and complication rates.
While each method demonstrated high procedural success,
differences in complication profiles warrant consideration in
clinical practice. EVLA's higher ecchymosis rates and classical
stripping's elevated infection risks necessitate tailored
patient counseling and management strategies. Moreover,
the study's identification of BMI and treatment bilaterality as
predictive factors for outcomes emphasizes the importance
of individualized treatment approaches based on patient
characteristics.

Current guidelines recommend endovenous techniques as
first-line treatments due to their efficacy, safety profile, and
faster recovery times compared to surgical stripping. Studies
have shown that EVLA and RFA achieve high rates of vein closure
and symptom relief comparable to traditional surgery but with
fewer postoperative complications. Moreover, advancements
in techniques and equipment have further improved outcomes
and patient satisfaction (6).

Pathophysiology of CVI

CVI typically results from venous valvular incompetence,
which impairs the normal flow of blood toward the heart,
leading to venous hypertension. Chronic venous hypertension
causes venous dilatation, capillary leakage, and eventual tissue
damage, manifesting clinically as edema, skin pigmentation, and
in severe cases, venous ulceration. The pathophysiology involves
a complex interplay of venous valve dysfunction, venous wall
remodeling, and inflammatory processes within the venous wall
and surrounding tissues (7).

Understanding the pathogenesis and predisposing factors
of CVI, such as venous stasis, hypertension, and genetic
predisposition, is crucial in tailoring treatment approaches.
Diagnostic methods, including Doppler ultrasonography,
remain integral for assessing disease severity and guiding
treatment decisions. The CEAP classification system facilitates
standardized evaluation, aiding in treatment planning and
outcome assessment (8).
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Comparative Analysis of Treatment Modalities

Recent advancements in endovenous techniques have
revolutionized the treatment landscape for CVI. RFA, EVLA,
and ultrasound-guided foam sclerotherapy (UGFS) offer
targeted, minimally invasive approaches to ablate diseased
veins while preserving surrounding tissues and minimizing
patient discomfort. These techniques utilize thermal or chemical
energy to achieve vein closure, thereby redirecting blood flow
to healthier veins and alleviating symptoms associated with
venous reflux (9-15).

Traditional surgical treatment options for CVI, such as high
ligation and stripping (HL/S), aim to eliminate reflux by physically
removing or ligating the diseased veins. However, HL/S is
associated with considerable postoperative pain, longer recovery
times, and high recurrence rates due to neovascularization and
residual tributary varicosities. These limitations have prompted
the development and widespread adoption of minimally invasive
endovenous techniques, including RFA, EVLA, and UGFS (16-19).

RFA

RFA involves the percutaneous delivery of radiofrequency
energy through a catheter inserted into the diseased vein under
ultrasound guidance. The thermal energy heats the venous wall,
causing collagen denaturation and subsequent vein contraction
and fibrosis. RFA is effective in treating both saphenous and
perforator veins and has demonstrated high success rates in
achieving vein closure and symptom relief. The procedure is
typically performed under local anesthesia, and patients can
resume normal activities within a few days (20-24).

EVLA

EVLA employs laser energy to achieve vein closure through
a similar mechanism of thermal injury to the venous wall. Laser
fibers are inserted into the vein under ultrasound guidance, and
laser energy is delivered to cause vein contraction and fibrosis.
EVLA is effective in treating saphenous veins and has shown
comparable success rates to RFA. The choice of laser wavelength
(980 nm versus 1470 nm) can influence outcomes, with studies
suggesting lower wavelengths may result in less postoperative
pain and ecchymosis (20-25).

UGFS

UGFS involves the injection of a sclerosant foam into the
diseased vein under ultrasound guidance, causing endothelial
damage and subsequent vein fibrosis. UGFS is effective in
treating both superficial and perforator veins and can be used
as an adjunctive treatment following endovenous procedures.
The technique is minimally invasive and can be performed in
an outpatient setting. However, UGFS may require multiple
treatment sessions to achieve optimal results (26-28).

Comparative Outcomes

Studies comparing the efficacy of endovenous techniques
versus HL/S have demonstrated superior outcomes with
endovenous procedures in terms of reduced postoperative pain,
faster recovery times, and lower complication rates. Endovenous
techniques also offer the advantage of treating tributary veins
and perforators simultaneously, reducing the risk of recurrence.
Long-term follow-up studies have shown sustained symptom
relief and high patient satisfaction rates with endovenous
treatments (29).

The study highlights the efficacy and safety of minimally
invasive endovenous techniques in treating CVI, underscoring
their role as first-line treatments. While classical stripping
remains an effective option, its higher complication
rates warrant careful patient selection and postoperative
management. Further research through randomized controlled
trials is essential to refine treatment protocols and establish
long-term outcomes for endovenous procedures.
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Evaluation of Simulation-Supported Flipped Classroom Model
in the “First Hour of Sepsis Management” Training for 6" Year
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6. Sinif Tip Fakiiltesi Ogrencilerine Verilen “Sepsis Yonetiminin Birinci Saati” Egitiminde,
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Abstract

Objectives: This study aims to evaluate the effectiveness of a non-traditional medical education method, as simulation-based training combined
with flipped classroom model compared with traditional didactic lecture.

Materials and Methods: A pre-test was applied to all participants at the beginning of the clerkship and a post- test at the end. Participants were
divided into two groups; intervention group and control group. The intervention group had access to guidelines about sepsis and the practical
training was provided with a simulation-based scenario session. A traditional lecture was provided to the control group. Last year medical students
who were doing their compulsory clerkship of Department of Emergency Medicine at Ankara University Faculty of Medicine between February 1,
2021 and March 31, 2021, were included in the study. SPSS Statistics Version 22 (IBM, USA) was used for statistical analysis. McNemar test was used
for categorical variables and Wilcoxon test for ordinal variables in paired samples. Two tailed Mann-Whitney U test and chi-square test were used
for inter-group evaluations.

Results: Participants in the intervention group were more successful than the control group considering post-tests results. Success in the difficult
questions was higher in the intervention group. Participants trained with sim+ flipped model were more satisfied regarding the training from the
control group. No statistically significant difference was found between the groups in other compared parameters.

Conclusion: Students would benefit more from the education given with simulation based training combined with flipped classroom, compared to
conventional didactic method.

Keywords: Sepsis management, flipped classroom, medical education, high fidelity simulation

Amag: Sepsis, enfeksiyona kontrolsiiz bir konak yanitinin neden oldugu hayati tehdit eden organ islev bozuklugudur. Tip fakiiltelerinde, 6zellikle
sepsis gibi teorik bilgi ylikiiniin yogun oldugu bir konuda uygulanan egitimde, geleneksel egitim disinda bir egitim yonteminin etkinliginin 6lctilmesi
amaclanmistir.

Gereg ve Yontem: Calismaya, 01.02.2021-31.03.2021 tarihleri arasinda, Ankara Universitesi Tip Fakiiltesi, Acil Tip Anabilim Dali'nda staj yapmakta
olan intérn doktorlar dahil edilmistir. Katihmcilara calismanin basinda 6n-test yapiimistir. Katilimeilar, blok randomizasyon yéntemi kullanilarak iki
gruba ayrilmistir: Similasyon tabanli pratik ile ters-yiiz egitim (n=39) ve didaktik egitim grubu (n=40). Ters-yiiz + simiilasyon modelinde, Gnce sepsis
yonetiminin ilk saati ile ilgili kaynaklar verilmistir, sonrasinda simiilasyon tabanl bir senaryo ile pratik egitim verilmistir. Diger gruba da ayni konu ile
ilgili didaktik egitim verilmistir. Katimcilara Acil Tip rotasyonunun sonunda bir son-test yapilmistir. Verilerin istatistiksel analizi icin SPSS Statistics
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Version 22 (IBM, USA) kullanilmistir. Eslestirilmis 6rneklerde, kategorik degiskenler icin McNemar testi, ordinal degiskenler icin de Wilcoxon testi
kullanilmistir. Gruplar arasi degerlendirmeler icin ise iki yonlii Mann-Whitney U testi ile ki-kare testi kullaniimistir.

Bulgular: Gruplar arasinda cinsiyet, yas ve daha dnce simiilasyon tabanl egitime katilmis olma durumu arasinda fark saptanmamistir. Son-testteki
puan ortalamasi, son-testteki puanin artis ortalamasi, son- testte dogru cevaplanan zor soru sayisindaki degisimde; anlamli bir fark saptanmamis
olsa da ters-yiiz + simiilasyon modeli ile editim alan grup, kontrol grubuna kiyasla bu parametrelere gére daha basaril bulunmustur. Son-testteki
zor sorular icerisinde dogru yanitlanan soru sayisinda, son- testte basarili olma oraninda, 6n- teste gére son- testteki basarili olma durumundaki
degisiklikte ve egitimden elde edildigi dlsilinllen faydanin degerlendirilmesinde verilen puanda; ters-yiiz + simiilasyon ile egitim alan katihmcilar,
kontrol grubuna gore istatistiksel olarak anlamli bir sekilde daha yiiksek degerler kaydetmistir.

Sonug: Calisma sonucunda 6grencilerin, tip fakiiltelerinde simiilasyon tabanli pratik ile ters-yliz sinif modeli ile verilecek egitimden didaktik

yontemle verilecek egitime kiyasla, daha fazla yarar saglayacagini gésteren 6nemli deliller elde edilmistir.

Anahtar Kelimeler: Sepsis yonetimi, ters yiiz sinif, tip egitimi, yliksek gerceklikli simiilasyon

Introduction

Sepsis arises from an unregulated host response to infection,
leading to life-threatening organ dysfunction (1-3). Septic shock
is a subgroup of sepsis with circulatory and cellular/metabolic
dysfunction (4). Sepsis and septic shock pose significant health
challenges, impacting millions of individuals globally annually.
Early diagnosis and proper management within the initial hours
contribute to enhanced outcomes (5). One of the most important
conditions for the rapid initiation of treatment is related to the
clinician's awareness. Physicians in charge of potential critical
patients have to be competent about the diagnosis and the
management of sepsis. In order to achieve this, the clinician
must have undergone an effective training. Although the
teaching/learning methods applied for this purpose and for
general medical education are the most important stage in
the training of the clinician, there is not yet a consensus in the
literature about which method is the most effective (6).

Simulation is one of the important tools used in medical
education. Simulation emulates a clinical encounter and
is characterized as a method that substitutes or enhances
genuine experiences with guided scenarios, reproducing
aspects of reality interactively (7). Simulation-based medical
education provides authentic training within an enriched
setting, fostering experiential learning and reflective practices,
thereby better preparing students for actual patient care (6).
Moreover, the simulation laboratory provides students a safe
environment where they can enhance their learning through
the rational application of the skills necessary to efficiently
assess and treat an unstable patient (8). In addition to being an
effective and well- experienced education method of traditional
medicine education; with the developing technology, the use
of simulation-based medical education method is increasing
due to the safe and supportive environment provided by this
method (9-11).

Another important tool used in medical education is the
flipped classroom method. The flipped classroom approach is
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a hybrid teaching/learning technique employed to familiarize
students with content prior to participating in in-person
sessions. While existing literature endorses the flipped classroom
as an educational method, there is insufficient research on its
application for skill acquisition (12). Moreover, the flipped
classroom is defined as a method that creates the opportunity
for the student to learn the theoretical knowledge by herself/
himself at home and apply what she/he has learned at school,
unlike conventional teaching method (13). The essence of
this approach, which liberates the instructor from imparting
fundamental information, also demands effort from the learner.
This not only fosters increased engagement in individual learning
but also cultivates proficiency in utilizing technological tools,
establishing a more robust foundation for interaction during
instructional sessions (14). The objective of this study is to assess
the efficacy of an unconventional medical education method,
as simulation based training combined with flipped classroom
model compared with traditional didactic lecture of managing
first hour of sepsis.

Materials and Methods

Study Design, Setting, and Population

The research conducted at Ankara University Faculty of
Medicine has been reviewed and approved by the Human
Research Ethics Committee under the reference number [11-
662-20. Medical students undertaking the Emergency Medicine
clerkship at a Fauclty of Medicine between February 1, 2021
and March 31, 2021 were extended invitations to partake in the
study. The study was started with the approval of the university
where the study conducted. Informed consent was obtained
from the participants.

A pre-test with 25 multiple choice questions related to the
first hour management of sepsis was applied to all participants
at the beginning of the clerkship rotation. Then, the students
were divided into two groups through block randomization;
simulation-based training combined with flipped classroom
group [sim+ flipped classroom; intervention group (IG)] (n=39)
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and didactic training group [control group (CG)] (n=40). The
IG had access to simplified guidelines about the first hour of
sepsis management and 3 days after the pre-test, the practical
training was provided with a simulation-based scenario session.
A simulation mannequin [Laerdal SimMan® 3G mannequin
(Laerdal, USA)] was used in this tutorial. A traditional lecture
3 days after the pre-test was given by an emergency physician
experienced in sepsis management to the CG. Due to the
current pandemic at the time of the study the lecture was given
online. A public video communication application was used for
this process [Zoom®, Zoom Video Communications, Inc. (San
Jose, California, USA)]. All of the participants undertook a -25
multiple choice question- post-test at the end of the clerkship
rotation. This test was prepared with the same questions as the
pre-test, however the placement of the questions and their
answers choices differed from the pre-test. A score over 60
out of 100 was considered successful. Besides total scores, the
ability to answer correctly to the most difficult questions was
evaluated. Criteria for a question to be considered as a difficult
one was to have an item difficulty index <0.29. The item
difficulty index of the questions was calculated through the
utilization of the Henryson method (15). Out of 25 questions,
4 questions were mentioned as most difficult ones. The Delta
value of difficult questions were evaluated for each participant.
The delta value was defined as; (number of questions answered
correctly out of 4 difficult questions in the post-test)- (number
of questions answered correctly out of 4 difficult questions in
the pre-test). Along with the post-test, the participants were
asked to determine their degree of satisfaction and presumed
benefit from the training. Visual analog scale from 0 to 10 was
used for this evaluation.

Data Analysis

Statistical analysis of the obtained data was conducted
using SPSS Statistics Version 22 (IBM, USA). A power analysis
of independent sample t-tests, with an alpha level of 0.05, an
effect size of 0.50, and a power of 0.80, indicated a required
total sample size of -72. McNemar test was used for categorical
variables and Wilcoxon test for ordinal variables in paired
samples. Inter-group assessments were conducted using the
two-tailed Mann-Whitney U test and chi-square test.

Of the 88 last-year medical students enrolled in the
clerkship, 79 willingly joined the study. All participants provided
their informed consent. They were randomly assigned to the IC
(n=39) and to the CG (n=40). Two students from the CG could
not complete the study because of absenteeism on examination
day (Figure 1).

The average age of the participants was 25.23 (0.43), 56%
of the students enrolled were female and 95% of them did not
have any experience in simulation practice (Table 1).

Participants' post-tests’ mean scores were higher in both IG
and CG. Students who were in the flipped classroom and had
simulation practice had a higher increase in post-tests' scores
compared to the ones who underwent the didactic lecture. The
delta value of the most difficult 4 questions in the IG was found
to be significantly higher than the control group (p=0.048).
Participants trained with sim+ flipped model were more satisfied
regarding the training from the control group (Table 2).

Invited
n=88

I Unwilling to participate (n=9)

Pre-test
Participants
n=79

Control Group
n=40

Intervention
Group n=39

| I—
Post-test (2

Months Later)
n=39

| Test day absenteeism (n=2)

Post-test (2
Months Later)
n=38

Figure 1: Flowchart of the study

Table 1: Demographic data and previous participation status of the groups

Parameters Intervention group Control group p value
Age (years) Mean (+SD) 25.23 (+0.43) 25.16 (+0.32) 0.983
Gender, n (%)

Female 22 (56) 18 (47) 0.497
Male 17 (44) 20 (53)

Previous simulation experience, n (%)

No 37 (95) 36 (95) 1.000
Yes 2 (5) 2 (5)

SD: Standard deviation
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Table 2. Comparison of the learning outcomes and satisfaction level

Parameters Intervention group® Control group® p value
Pre-test score 53.1+8.1 54.748.5 0.43
Post-test score 69+12.4 63.9+13.7 0.14
Delta value between the tests 15.9+14.2 9.16+13.4 0.083
Number of correct answers out of the 4 difficult questions

At pre-test 0.64+0.843 0.68+0.775 0.649
At post-test 2.21+£0.894 1.68+1.118 0.025*
Delta value of the difficult questions 1.564+1.119 1+£1.315 0.048*
Success over test score “60/100"

At pre-test

<60/100 27 (69%) 23 (61%)

>60/100 12 (31%) 15 (39%) 0479
At post-test

<60/100 5 (13%) 13 (349%) .
>60/100 34 (87%) 25 (66%) 0.03
Increase in the success over the score "60/100"

Yes 22 12

No 17 26 00247
Degree of satisfaction from the learning methodology 9.05+1.05 6.742.19 <0.001*
“Numerical data were presented as mean + standard deviation and categorical data were represented as frequency (%).

*p value <0.05 is considered statistically significant

Sepsis, emerging from a spectrum of endemic and epidemic
diseases, has left a deep imprint on the course of human history.
Today, sepsis continues to significantly contribute to illness and
death on a global scale. The exact number of people affected
by sepsis is not known. In addition, the increase in antimicrobial
resistance and nosocomial sepsis has been a concern; researches
suggest 10 million people worldwide will die from health-
related infections each year by 2050's (16).

During the past several years, numerous extensive studies
have demonstrated the crucial role of prompt diagnosis and
management in the successful treatment of sepsis. The Surviving
Sepsis Company provides valuable resources for enhancing
the diagnosis and treatment of sepsis, particularly in cases of
severe sepsis and septic shock in patients. Nevertheless, based
on existing scientific evidence, a substantial portion of patients,
around 30% to 40%, does not receive care, and an estimated
20% to 25% of the administered care may be unnecessary or
potentially harmful for the patient (17).

Therefore, correct and on-site management of sepsis patients
will protect the health system and humanity from the burden
of serious morbidity and mortality due to sepsis. For prompt
and accurate management of sepsis, health- care providers,
especially doctors, should receive an effective and adequate
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education about sepsis. In the current study, learners trained
with sim+flipped classroom method on the management of the
first hour of sepsis showed better post-tests results than the CG.

Pre-test and post-tests comparison are instruments useful
to measure changes and knowledge gains. According to our
results, mean scores in the post-test, were higher in the IC with
a mean score of 69 than in the CG with a score 63.1, however
this difference showed no statistically significant difference
(p=0.14). It has been observed that some of the similar studies
in the literature have superior results for IG and some for CG
(18,19).

The delta value of difficult questions was found to be
statistically significantly higher in the participants in the IG
(p=0.048). Similarly, Liebert et al. (20) evaluated the efficacy
of a flipped classroom method applied in surgical clerkships of
third year medical students. Their results showed a significant
increase in mean delta values for each module after flipped
classroom training.

Participants were considered successful or unsuccessful
according to their scores in the pre-test and post-test
respectively >60 and <60. No significant difference was found
between the IC and the CG for the pre-test (CG= 15, IG= 12)
(p=0.479). However, participants became successful in the post-
test in both groups (CG= 25, IG= 34) (p=0.03). In a research
conducted by Zhao et al. (21) and published in 2020, which the
combined problem-based with case-based learning method was
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compared with traditional education, the difference between
the participants' post-test success was examined. Similar to
our study, the group who underwent traditional education
was found to be more unsuccessful in the post-test, however
the difference between the two groups was not statistically
significant (21).

Many studies comparing simulation based education with
traditional education have shown medical students to score
equivalent or higher on post-tests (22-25). Learning through
didactic methods primarily relies on explicit memory, involving
the direct recall of previously acquired information. Practical
training using simulation facilitates the formation of implicit
memory originating from subconscious cognitive processes.
Implicit memory is activated through the observation of cues
and their association with suitable actions, as opposed to the
direct presentation of information through oral or written
means. Given the extensive preclinical content, students
frequently encounter challenges in determining how to allocate
their time and efforts. After experiencing simulations rooted in
authentic clinical scenarios, students can grasp the significance
and practical relevance of delving more profoundly into the
simulated subjects (26).

In  comparing teaching/learning methods, besides
performance or score improvement it is important to assess
whether the method provided appeared beneficial to the
pariticipants. For this purpose, the students who participated
to the study were asked to score the benefit they thought they
received from the training, along with the post-test. We used
a visual analog scale, who perceived the benefit at the highest
level were asked to give 10 points, and those who perceived the
least level of benefit were asked to give 0 point. Considering
the mean scores given by the participants (CG= 6.7, 1G= 9.05),
it was determined that the IG reported a statistically significant
higher level of benefit compared to the CG (p<0.001). In a
study published by Ramnanan and Pound (27), the students
were satisfied with the use of activities based on small group
discussions in face-to-face sessions of flipped classroom model;
in addition, it was concluded that these sessions helped to
increase their motivation to learn, increase their participation
level and increase their interest in the subject (27). However,
in a study conducted by Fahy et al.(28), certain limitations of
the flipped classroom method were identified, especially among
reserved students hesitant to engage in discussions with their
peers during class sessions.

Study Limitations

This study was conducted at a single center with a limited
number of participants; therefore, the results need to be
validated in randomized multicenter studies. Another issue that
should be emphasized is that traditional education was given

online, not face-to-face, due to the current COVID-19 pandemic
at the time of the study. This study, centered around sepsis
management, consequently, its results cannot be extrapolated
to encompass all of medical education.

Although our study was carried out with a limited number
of participants (n=77) in a single center, some important
evidences were obtained showing that students would benefit
more from the education given with simulation based training
combined with flipped classroom in medical schools, compared
to conventional didactic method. Considering all the parameters
in this study, although the flipped classroom method was
found to be more successful than the didactic method for the
management of the first hour of sepsis, multicenter studies with
larger samples are needed on this subject.

Ethics

Ethics Committee Approval: The research conducted at
Ankara University Faculty of Medicine has been reviewed and
approved by the Human Research Ethics Committee under the
reference number 111-662-20.

Informed Consent: Informed consent was obtained from all
the participants before conducting the study.

Authorship Contributions

Surgical and Medical Practices: A.G., S.G., A.B.O., M.G.E,,
Concept: A.G., AK., M.G.E, Design: A.G., AK, AB.O., M.G.E,
Data Collection andfor Processing: A.G., Analysis and/or
Interpretation: A.G.,, AK, S.G.,, O.P, M.G.E.,, Literature Search:
A.G. AK, AB.O., Writing: A.G., AK.

Conflict of Interest: Each author declares the absence of
any commercial affiliations (e.g., consultancies, stock ownership,
equity interest, patent/licensing arrangements, etc.) that could
potentially create a conflict of interest related to this article.

Financial Disclosure: This research did not receive financial
support from any specific grant provided by public, commercial,
or not-for-profit organizations.

References

1. Singer M, Deutschman CS, Seymour CW, et al. The Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA.
2016;315:801.

2. Seymour CW, Liu VX, Iwashyna TJ, et al. Assessment of Clinical Criteria for
Sepsis. JAMA. 2016;315:762-774.

3. Shankar-Hari M, Phillips GS, Levy ML, et al. Developing a New Definition
and Assessing New Clinical Criteria for Septic Shock: For the Third
International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3).
JAMA. 2016;315:775.

4. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R, vd.
Surviving Sepsis Campaign: International Guidelines for Management of
Sepsis and Septic Shock: 2016. Intensive Care Med. 2017;43:304-377.

283



Goniilcan et al. Flipped Classroom Sepsis Training Evaluation

Ankara Universitesi Tip Fakiiltesi Mecmuasi 2024;77(3):279-284

10.

Dellinger RP. Cardiovascular management of septic shock. Crit Care Med.
2003;31:946-955.

Gordon JA, Oriol NE, Cooper JB. Bringing good teaching cases "to life": a
simulator-based medical education service. Acad Med. 2004;79:23-27.

Kundra P, Kurdi M, Mehrotra S, Jahan N, Kiran S, Vadhanan P. Newer
teaching-learning methods and assessment modules in anaesthesia
education. Indian J Anaesth. 2022;66:47.

Ten Eyck RP, Tews M, Ballester JM, Hamilton GC. Improved Fourth-Year
Medical Student Clinical Decision-Making Performance as a Resuscitation
Team Leader After a Simulation-Based Curriculum. Simulation in Healthcare.
2010;5:139-145.

Eng AJ, Namba JM, Box KW, Lane JR, Kim DY, Davis DP, vd. High-Fidelity
Simulation Training in Advanced Resuscitation for Pharmacy Residents. Am
J Pharm Educ [Internet]. April 17, 2014 [a.yer January 10, 2021];78. Access
address: https://www.ncbi.nim.nih.gov/pmc/articles/PMC3996391/

Perkins GD. Simulation in resuscitation training. Resuscitation. May
2007;73:202-211.

11. Kim JH, Kim WO, Min KT, Yang JY, Nam YT. Learning by Computer Simulation

Does Not Lead to Better Test Performance on Advanced Cardiac Life
Support Than Textbook Study. J Educ Perioper Med [Internet]. January 01,
2002 [taken from January 11, 2021];4(1). Access address: https://www.ncbi.
nim.nih.gov/pmc/articles/PMC4865364/

. Wilson KE, Hobbs JR. Innovative use of a flipped-classroom approach to

teach fundamental nursing skills. Teaching and Learning in Nursing.
2022;51557308722000932.

. Zownorega SJ. Effectiveness Of Flipping The Classroom In A Honors Level,

Mechanics-Based Physics Class. :26.

. Blanie A, Shoaleh C, Marquion F, Benhamou D. Comparison of multimodal

active learning and single-modality procedural simulation for central
venous catheter insertion for incoming residents in anesthesiology: a
prospective and randomized study. BMC Med Educ. 2022;22:357.

. Hasancebi B, Terzi Y, Kiiciik Z. Madde Giigliik indeksi ve Madde Ayirt

Edicilik indeksine Dayali Celdirici Analizi. Giimiishane Universitesi Fen
Bilimleri Enstitiisti Dergisi [Internet]. January 15, 2020 [taken from May
31, 2021]; Access address: https://dergipark.org.tr/tr/doi/10.17714/
gumusfenbil.615465

. Salomio R, Ferreira BL, Salomido MC, Santos SS, Azevedo LCP, Brunialti

MKC. Sepsis: evolving concepts and challenges. Braz J Med Biol Res.
2019;52(4):8595.

284

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Tromp M, Bleeker-Rovers CP, van Achterberg T, et al. Internal medicine
residents' knowledge about sepsis: effects of a teaching intervention. Neth
J Med. 2009;67:312-315.

Riddell J, Jhun P, Fung CC, et al. Does the Flipped Classroom Improve Learning
in Graduate Medical Education? J Grad Med Educ. 2017;9:491-496.

Angadi NB, Kavi A, Shetty K, Hashilkar NK. Effectiveness of flipped classroom
as a teaching-learning method among undergraduate medical students -
An interventional study. J Educ Health Promot. 2019;8:211.

Liebert CA, Lin DT, Mazer LM, Bereknyei S, Lau JN. Effectiveness of the
Surgery Core Clerkship Flipped Classroom: a prospective cohort trial. The
American Journal of Surgery. 2016;211:451-457.e1.

Zhao W, He L, Deng W, Zhu J, Su A, Zhang Y. The effectiveness of the
combined problem-based learning (PBL) and case-based learning (CBL)
teaching method in the clinical practical teaching of thyroid disease. BMC
Med Educ. 2020;20:381.

Bassily-Marcus A, Kohli-Seth R, Petrinko I, Oropello JM, Manasia A, Ellozi S,
vd. Knowledge Retention Among Medical Students After Simulation-Based
vs Traditional Critical Care Teaching. Chest. 2010;138:197A.

Gordon JA, Shaffer DW, Raemer DB, Pawlowski J, Hurford WE, Cooper JB. A
randomized controlled trial of simulation-based teaching versus traditional
instruction in medicine: a pilot study among clinical medical students. Adv
Health Sci Educ Theory Pract. 2006;11:33-39.

Wong G, Jenkins C, Yao TJ, Irwin M. A trend toward improved learning of
cardiovascular pathophysiology in medical students from using a human
patient simulator: results of a pilot study. Adv Physiol Educ. 2007;31:372.
McCoy CE, Menchine M, Anderson C, Kollen R, Langdorf MI, Lotfipour S.
Prospective randomized crossover study of simulation vs. didactics for
teaching medical students the assessment and management of critically ill
patients. J Emerg Med. April 2011;40:448-455.

Alluri RK, Tsing P, Lee E, Napolitano J. A randomized controlled trial of high-
fidelity simulation versus lecture-based education in preclinical medical
students. Med Teach. 2016;38:404-409.

Ramnanan CJ, Pound LD. Advances in medical education and practice: student
perceptions of the flipped classroom. Adv Med Educ Pract. 2017;8:63-73.
Fahy BG, Vasilopoulos T, Chau DF. Use of Flipped Classroom and Screen-
Based Simulation for Interdisciplinary Critical Care Fellow Teaching of
Electroencephalogram Interpretation. Neurocrit Care. 2020;33:298-302.



RESEARCH ARTICLE / ARASTIRMA MAKALES| sokarsUniversies T Fites Meumume s004 286 255

SURGICAL MEDICAL SCIENCES / CERRAHI TIP BILIMLERI

Predictive Value of ARISCAT Risk Index in the Development of
Postoperative Pulmonary Complications After Major Abdominal

Cancer Surgery
Major Abdominal Kanser Cerrahisi Sonrasi Postoperatif Pulmoner Komplikasyon
Gelismesinde ARISCAT Risk Indeksinin Prediktif Degeri
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Abstract

Objectives: The ARISCAT risk assessment score is a seven-variable regression model that divides patients into low, moderate, and high-risk groups
in terms of developing postoperative pulmonary complications (PPC). In this study, we aimed to assess the predictive value of the ARISCAT score in
major abdominal cancer surgery patients since they are considered to be vulnerable to postoperative complications.

Materials and Methods: A total of 410 patients aged >18 years old with American Society of Anesthesiologists (ASA) I-IV were included. Demographic
data, body mass index, smoking status, ASA scores, preoperative hemoglobin levels, pulmonary disease history in the last 30 days, location of surgical
incision (lower-upper abdominal), type of surgery (laparoscopic or open), emergency or elective, and operation times of patients were recorded.

Results: Age, smoking, higher ASA score, type of operation, preoperative pulmonary dysfunction, and higher ARISCAT scores were found to be
related with PPC (p<0.05). A positive correlation was found between ARISCAT score and PPC (p<0.05). Elderly, lower preoperative Sp0O,, surgeries
with upper incision site, emergency surgeries were found to be associated with increased risk of developing PPC. Age was found to have the
strongest relationship among the variables.

Conclusion: We found that the ARISCAT risk score was a strong predictor of the development of PPC after major abdominal cancer surgery.

Keywords: Complications, postoperative, pulmonary, scoring methods

Amag: ARISCAT risk skoru, postoperatif pulmoner komplikasyon (PPK) gelisimi agisindan hastalar diisiik, orta ve yliksek riskli gruplara ayiran yedi
degiskenli bir regresyon modelidir. Bu calismada, ARISCAT risk skorunun majér abdominal kanser cerrahisi geciren hastalarda prediktif degerini
arastirmaktir.

Gerec ve Yontem: On sekiz yas Ustii, Amerikan Anestezistler Dernegi (ASA) I-IV olan toplam 410 hasta galismaya dahil edildi. Demografik veriler,
viicut kitle indeksi, sigara dykusi, ASA skorlari, ameliyat 6ncesi hemoglobin diizeyleri, son 30 giin icindeki akciger hastaligi 0ykiisu, cerrahi insizyonun
yeri (alt-Ust karin), ameliyatin tiirii (laparoskopik veya agik), acil veya elektif ve hastalarin operasyon siireleri kaydedildi.

Bulgular: Yas, sigara kullanimi, yiiksek ASA skoru, operasyon tipi, preoperatif akciger fonksiyon bozuklugu ve yiiksek ARISCAT skorlarinin PPK ile
iliskili oldugu belirlendi (p<0.05). ARISCAT puani ile PPK arasinda pozitif korelasyon bulundu (p<0,05). Yashlarda, ameliyat 6ncesi Sp0,'nin dusiik
olmasi durumunda, Ust kesi yeri olan ameliyatlarda, acil ameliyatlarda PPK gelisme riskinin arttigi g6zlenmistir. Degiskenler arasinda PPK gelismesiyle
en guclii iliski hastanin yasi oldugu tespit edilmistir.

Sonuc: ARISCAT risk skorunun majér abdominal kanser cerrahisi sonrasi PPK gelismesini tahmin etmede giiclii bir 6ngdriicii oldugunu tespit ettik.

Anahtar Kelimeler: Komplikasyon, postoperatif, pulmoner, skorlama yontemi
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Introduction

Postoperative pulmonary complications (PPC) are quite
common and one of the important causes of postoperative
morbidity and mortality (1). While the rate of mortality and
morbidity is 14-30% in patients with PPC, it is 0.2-3% in
patients without PPC. The incidence of PPC in non-cardiac
surgery has been reported between 2% and 19%, and it is more
common than cardiac complications (2,3). PPCs continue to be
an important cause of unexpected intensive care admissions
and long-term hospital stays (4).

Major abdominal cancer surgery is a very common type
of surgery, and the rate of PPC development is expected to
be higher due to the immunodeficiency of the cancer itself,
decreased physiological reserve or complicated long surgical
procedures. In the literature, the incidence of PPC development
after major abdominal surgery has been reported as 5.8% (5).

In this study, our primary aim was to investigate the
effectiveness of the ARISCAT risk scoring index in predicting
the development of PPC in patients undergoing major
abdominal cancer surgery. Secondary purposes were to show
the relationship of PPCs with parameters such as radiotherapy/
chemotherapy history, operation type and duration, demographic
characteristics, pulmonary function status, length of hospital
stay and 30-day mortality.

Materials and Methods

After ethical approval from University of Health Sciences
Turkiye, Ankara Dr. Abdurrahman Yurtaslan Oncology Training
and Research Hospital Clinical Research Ethics Committee
(approval no.: 2019-11/459, date: 20.11.2019, trial registry:
NCT04663958), between December 2020-June 2021, 420
patients over the age of 18 with an American Society of
Anesthesiologists (ASA) score of 1-4, who were planned for major
abdominal cancer surgery in the general surgery, urology and
gynecological oncology departments with general anesthesia
were included in the study prospectively and observationally,
and informed consent forms were signed by all patients.
Pregnant patients, patients with acute or chronic respiratory
disease, previously intubated patients, patients who underwent
surgery due to previous surgical complications, patients with
severe cardiovascular disease or severe hemodynamic instability,
and patients given regional anesthesia were excluded from the
study. The study was conducted in accordance with the Helsinki
Declaration-2013.

ARISCAT risk assessment scores were calculated by
evaluating the patients preoperatively. ARISCAT risk scoring
system is one of the most important measurement tools
which is simple to implement, inexpensive, and widely used
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in the evaluation of PPC at the bedside (4). The ARISCAT risk
assessment score (The Assess Respiratory Risk in Surgical
Patients in Catalonia: Evaluating respiratory risk in surgical
patients in Catalonia) has seven variables (age, preoperative
Sp0,, preoperative anemia, lung infection presence in the last
month, duration of operation, operation procedure, surgical
incision site) that divides patients into low, medium and high risk
groups, which is a risk scoring tool. A score of <26 is considered
low risk, a score of 26-44 is considered medium risk, and a score
>45 is considered high risk (Table 1) (2).

The patients were followed during the post-anesthetic care
unit and hospital stay, and the presence of PPC was evaluated,
and the time to discharge was recorded. On the 30" day after
discharge, the patients were called by phone and the presence
of mortality was questioned.

PPC are defined by the development of one of the
following novel findings. This definition is based on the

Table 1: The ARISCAT risk assessment score

Risk factors Risk score

Age

<50 0

51-80 3

>80 16

Preoperative O, saturation

>96 0

91-95

<90 24

Respiratory infection in the last

month 17

Preoperati\_/e anemia 1

(hemoglobin<10 g/dL)

Surgical incision

Peripheric 0

Upper abdominal 15

Intrathoracic 24

Duration of surgery

<2 hours 0

2-3 hours 16

>3 hours 23

Operation procedure

Elective 0

Emergency surgery

Risk class Total risk E(l:m;)(l)izggons
score rates

Low <26 Lete

Intermediate 26-44 13.3%

High >45 42.1%
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European Perioperative Clinical Outcome Definitions (EPCO)
(6). Unscheduled emergency re-intubation and previously
intubation before intensive care unit admission, which are
not included in the EPCO definitions, are also included in this
classification (Table 2).

Statistical Analysis

Research data was uploaded to the computer and evaluated
by means of “SPSS (Statistical Package for Social Sciences) for
Windows 20.0 (SPSS Inc, Chicago, IL)". Mean, standard deviation,
ratio and frequency values were used in the descriptive statistics
of the data. The distribution of variables was checked with
the Kolmogorov-Smirnov test. Mann-Whitney U test and
independent samples t-test were used to analyze quantitative
data, chi-square test was used to analyze qualitative data, and
Fisher's exact test was used when chi-square conditions could
not be met. Logistic regression was performed to investigate
the effect level, odds ratios (OR), 95% confidence interval (Cl),
and receiver operating characteristic (ROC) analysis were used
to estimate the relationship between PPC and other variables.
P value <0.05 was considered statistically significant. In order
to decide on the sample size, a literature review was conducted
and power analysis was performed. The overall incidence of PPC
was found to be 5.8% in previous studies (6). For the simplest
within-group and between-group comparisons, the sample
size with an effect value determined for a statistical power of
0.90 at the alpha=0.05 level was calculated as n=405 (G*Power
3.1.9.7). The n=410 patients collected for this study is more than
sufficient for the purpose of the study.

6 who
declined
enrollment

420 Eligible

patients

Figure 1: Recruitment flowchart

Of the 420 patients included in the study, 6 were excluded
because they did not sign the written consent and 4 patients
were excluded due to lack of data (Figure 1). Statistical analysis
of a total of 410 patients was performed. PPC was detected in
12.4% (n=51) of 410 patients who underwent major abdominal
cancer surgery, and PPC was not detected in 87.6% (n=359)
(Table 3). According to these data, a significant difference was
found between the patients with and without PPC in terms of
age, smoking, ASA score, operation type, pulmonary function
status and ARISCAT scores (p<0.05).

The mean ARISCAT score of 359 patients without PPC was
33.62, and of the 51 patients with PPC was 49.07 (Table 4).
The most common complication was pneumonia, which was
observed in 23 (5.6%) patients, and then atelectasis 19 (4.6%),
respiratory failure 15 (3.6%), pleural effusion 14 (3.4%), ongoing
postoperative intubation after surgery 6 (1.5%), pulmonary
embolism 4 (1%), unplanned emergency reintubation 4 (19%),
pneumothorax 3 (0.7%) and ARDS 2 (0.5%).

While the mean ARISCAT score of 12 (23.5%) patients with
one PPC was 39.7+12.13, the mean ARISCAT score of the patients
with four PPCs was 59.5+2.12. A positive statistical significance
(p<0.005) was found between the development of more than
one PPC in the same patient and the ARISCAT score (Table 4).

According to this study, ROC analysis was performed to
determine the cut-off points in terms of low, medium and high

4 for
unrecorded
reasons

Table 2: Definitions of postoperative pulmonary complications

Respiratory failure

When postoperative Pa0,” <60 mmHg on room air, a ratio of Pa0, to inspired oxygen fraction <300 or arterial
oxyhemoglobin saturation measured with pulse oximetry <90% and requiring oxygen therapy

Respiratory infection

When a patient received antibiotics for a suspected respiratory infection and met at least one of the following
criteria: new or changed sputum, new or changed lung opacities, fever, leukocyte count >12,000/u

Aspiration pneumonitis

Acute lung injury after the inhalation of regurgitated gastric contents

Pleural effusion

Chest X-ray demonstrating blunting of the costophrenic angle, loss of the sharp silhouette of the ipsilateral
hemidiaphragm in upright position, evidence of displacement of adjacent anatomical structures, or (in supine
position) a hazy opacity in one hemithorax with preserved vascular shadows

Pneumothorax Air in the pleural space with no vascular bed surrounding the visceral pleura
. Lung opacification with a shift of the mediastinum, hilum, or hemidiaphragm toward the affected area, and
Atelectasis ) o . '
compensatory over inflation in the adjacent non atelectatic lung
Bronchospasm Newly detected expiratory wheezing treated with bronchodilators

Acute respiratory
distress syndrome

days after surgery, Pa0, /Fi0,": <300

The presence of diffuse bilateral infiltrates on chest radiograph no signs of minimal left atrial overload within 7

“Partial pressure of oxygen, fInspired oxygen concentration
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Table 3: Demographic characteristics and distribution of ARISCAT scores in patients with and without postoperative pulmonary
complications
PPC
Total value
n=410 (%) Yes No .
n=51 (12.4) n=359 (87.6)

s =l 60.69+11.9 66.4+11.98 59.9+11.7 0.001°
Mean + SD
Gender, n (%)
Woman 225 (54.9) n=29 (12.8) n=196 (87.2) 0.440"
Man 185 (45.1) n=22 (11.9) n=163 (90.1) :
BMI (kg/m?) n (%)
0-20 (kg/m?) 42 (10.2) 6 (14.2) 36 (85.8)
21-35 (kg/m?) 336 (82) 42 (12.5) 294 (87.5) 0.815"
>35 (kg/mz] 32(7.8) 3(9.3) 29 (91.7)
Smoking, n (%) Yes, n (%) No, n (%)
0 packs/year 218 (53.2) 19 (8.7) 199 (91.3)
1-20 packs/year 62 (15.1) 9 (14.5) 53 (85.5)
21-40 packs/year 94 (22.9) 12 (12.7) 82 (87.3) 0.005*
41-60 packs/year 35(8.5) 11 (31.4) 24 (68.6)
61-80 packs/year 1(0.2) n <2 n <2
ASA scores (%) Yes, n (%) No, n (%)
| 13 (3.2) n <2 13 (100)
1] 190 (46.3) 9 (4.7) 181 (95.3) o
I 188 (45.9) 30 (15.9) 158 (84.1) <0.001
\Y 19 (4.6) 12 (63.1) 7 (36.9)
Type of operation n (%) Yes, n (%) No, n (%)
Emergency 38(9.3) 18 (47.3) 20 (52.7) <0.001"
Elective 372 (90.7) 33(8.8) 339 (91.2) .
Chemotherapy history in the last 1 year n (%) Yes, n (%) No, n (%)
Yes 92 (22.4) 9(9.7) 83 (90.3) 0381
No 318 (77.6) 42 (13.2) 276 (86.8) ’
Radiotherapy history in the last 1 year n (%) Yes, n (%) No, n (%)
Yes 51 (12.4) 5(9.8) 46 (90.2) 0.655"
No 359 (87.6) 46 (12.4) 313 (87.2) ’
Pulmonary function n (%) Yes, n (%) No, n (%)
No dyspnea 324 (79) 31 (9.5) 293 (90.5)
Dyspnea with exercise 80 (19.5) 16 (20) 64 (80) <0.001*
Resting dyspnea 3(0.7) 2 (66.6) n<2 ’
Always dyspnea 3(0.7) 2 (66.6) n<2
ARISCAT risk classification Yes, n (%) No, n (%)
Low risk <26 91 (22.2) 2 (2.1) 89 (97.9)
Medium risk <26-44 214 (52.2) 18 (8.4) 196 (91.6) <0.001*
High risk <44 105 (25.6) 31 (29.5) 74 (70.5)
Values are mean + SD, PPC: Postoperative pulmonary complication, n: Number of patients, %: Column percentage, ‘Mann-Whitney U test, *Pearson chi-square test, *Fisher's
Precision test (p<0.005)
SD: Standard deviation, BMI: Body mass index, ASA: American Society of Anesthesiologists Classification

risk according to the ARISCAT risk scores of patients with PPC,
and ARISCAT scores were found to be 29 and 44 [77.6% (95%
Cl; 71%-85%)]. In this case, as a result of the analysis obtained,
0-29 low risk value; 29-44 were considered as medium risk
factors and >44 as high-risk factors. In Figure 2, the ROC analysis
graph for the sensitivity and specificity values of the cutoff
notes was given. Logistic Regression analysis was performed to
determine the effect power of the ARISCAT variables used to
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determine the risk of PPC in patients. The full model including
the variables in the ARISCAT scale was found to be statistically
significant (p<0.001).

Surgical incision site, preoperative SpO, value, the type
of surgical procedure was found to be statistically significant
(p<0.05) in the development of PPC (Table 5). The age was found
to be the strongest predictor of the occurrence of PPC. When all
other items in the scale were kept under control, it was observed



Ankara Universitesi Tip Fakiiltesi Mecmuas 2024;77(3):285-292

Sahin et al. ARISCAT Risk Index in Cancer Patients

that 51-80 years of age increased the probability of PPC 3 times
(OR=3.37) and that age >80 increased 14 times (OR=13.694).

The incidence of PPC was higher in emergency surgeries,
open surgical procedures, upper abdominal incisions, and
low preoperative SpO, and hemoglobin values. There was no
statistically significant difference between the duration of
surgery and PPC. While patients who did not develop PPC stayed
in the hospital for 8.6+4.32 days, this period was found to be
12.9+9.22 days in patients who developed PPC. The duration of
stay in the postoperative care unit was 17.9+5 and 82.7+147.6
hours, respectively (Table 6). A positive and significant
relationship was found between the length of hospital stay-
postoperative care unit stay and PPC (p<0.001).

Fourteen (3.4%) deaths were detected in the 30-day period
in 410 patients included in the study. While there were 13

Sensitivity

o

ROC Curve

04 0e 0.a 1.0
1 - Specificity

Figure 2: Receiver operating characteristic analysis result

ROC: Receiver operating characteristic

Table 4: Relationship between ARISCAT score and number of postoperative pulmonary complications

Number of PPCs ARISCAT mean score + SD n (%) p value
1 39.7412.13 12 (23.5)

2 50.04+14.8 23 (45.2)

3 54.07+17.6 14 (27.4) 0.008
4 59.5+2.12 2 (3.9)

Total 49.07+15.6 51 (100)

Values are mean + SD, ‘Spearman-rho test

SD: Standard deviation, n: Number of patients, PPC: Postoperative pulmonary complication

Table 5: Power of ARISCAT risk index to predict the development of postoperative pulmonary complications

S.E. Wald p value | OR B Risk scores 95% Cl for odds ratio

Low High
Age
<50 10.050 | 0.007
51-80 0.669 | 2.761 0.009 3.37 0.437 0.819 11.263
>80 0.853 9.403 0.002 13.694 | 1.706 17 2.571 72.934
Preoperative SpO,
>96 5.550 0.005
91-95 0.456 | 0.088 0.042 1.145 0.673 7 0.468 2.797
<90 0.577 4.133 0.027 3.232 2.038 20 1.043 10.013
Pulmonary infection in the last month | 1.106 | 0.152 0.697 0.650 0.431 4 0.074 5.676
Preoperative anemia
Hb <10 g/dL 0.449 | 360 0.549 0.764 0.269 3 0.317 1.841
Surgical incision site
Peripheral
Upper abdominal 356 9.441 0.002 2.989 1.095 1 Rl UL
Operation time
<2 hours 0.703 1.152 0.283 2.127 1.085 10
2-3 hours 0.742 2.141 0.143 2.960 0.331 3 0.536 8.439
>3 hours
Type of procedure
Elective
Emergent 0.439 | 17.497 |0.000 6.263 1.835 19 2.651 14.797

SE: Standard error, Wald: Wald test, OR: Odds ratio, B: Beta, Cl: Confidence interval, Sp0,: Peripheral oxygen saturation, Hb: Hemoglobin
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(25.5%) deaths in 51 patients who developed PPC, 1 (0.2%)
died in 359 patients who did not develop PPC. A statistically
significant relationship (p<0.001) was found between PPC and
30-day mortality.

This is the first observational study to investigate the
effectiveness of ARISCAT in predicting the occurrence of PPC
after major abdominal cancer surgery to our knowledge. PPC
was detected in 12.4% of the patients, and a positive correlation
was found between the increase in ARISCAT score and the
development of PPC. Among the independent variables, age,
preoperative Sp0,, surgical incision site and operation procedure
(elective/emergency) were effective factors in predicting the
development of PPC, and age was found to be the strongest
variable.

Canet et al. (2) reported the rates of PPC development as
1.6% in the low-risk group, 13.3% in the intermediate-risk
group, and 42.1% in the high-risk group according to the
ARISCAT scores. In another study examining renal transplant

patients, PPC was observed in 75% of the patients in the high-
risk group and 19.5% of the patients in the intermediate-risk
group (7). In our patient group, a significant positive correlation
was found between the ARISCAT score and the development
of PPC. The ARISCAT scores were found to be 29 and 44 as a
result of the ROC analysis performed to determine the cut-off
points of the patients in terms of low, medium and high risk,
which is similar to other studies (2,8,9). Canet et al. (2) found
the incidence of PPC development as 39.6% in cardiac surgery,
31.4% in thoracic surgery, 7.2% in abdominal surgery and 5.8%
in vascular interventions. It has been shown that the incidence
of PPC is inversely proportional to the distance of the incision
line from the diaphragm, and a similar result was observed in
our study (3,10).

Postoperative pneumonia is a common pulmonary
complication after thoracic or non-thoracic surgery (11,12).
Arozullah et al. (13) found the incidence of postoperative
pneumonia to be 1.5% in their study in which they evaluated
multifactorial risks to prevent postoperative pneumonia in
patients who underwent non-cardiac surgery. In our study, the
most common PPC was found to be pneumonia with a rate

Table 6: Relation of perioperative data with postoperative pulmonary complications
PPC
Yes n (%) No n (%) Total p value
L Yes 30 (9.6) 282 (90.4) 312 (100) N
Premedication 0.002
No 21 (21.4) 77 (78.5) 98 (100)
Upper abdomen | 31 (20) 124 (80) 155 (100)
Incision site Lower abdomen | 9 (7.1) 118 (92.9) 127 (100) 0.001°
Laparoscopic 11 (8.5) 117 (91.5) 128 (100)
<2 hour 4 (8.8) 41 (91.2) 45 (100)
Duration 2-3 hour 30 (12.9) 202 (87.1) 232 (100) 0.746"
>3 hour 17 (12.7) 116 (87.3) 133 (100)
Preoperative SpO, (mean + SD) 91.9+4.53 94.01+2.3 0.002*
) Elective 33 (8.9) 339 (91.1) 372 (100) .
Surgical Procedure 0.000
Emergent 18 (47.4) 20 (52.6) 38 (100)
Open 40 (14.2) 243 (85.8) 283 (100) N
Type of surgery - 0.146
Laparoscopic 11 (8.7) 116 (91.3) 127 (100)
Hemoglobin (mean + SD) 11.64+2.17 12.7+2.1 0.004*
Total 51 (100) 359 (100) 410 (100)
Values are mean + SD, ‘Pearson chi-square, *Fisher's exact test, ‘Mann-Whitney U test
PPC: Postoperative pulmonary complication, n: Number of patients, %: Column percentage, Sp0,: Peripheral oxygen saturation, SD: Standard deviation
Table 7: Relationship between length of stay in hospital and postoperative care unit with postoperative pulmonary complications
Total PPC Yes PPC No value
(n=410) (n=51) (n=359) P
Length of hospital stay (days) mean + SD 9.15+5.37 12.9+9.22 8.6+4.32 0.001*
Postoperative care (hours) mean + SD 26+56 82.7+147.6 17.9+5 0.000*
Values are mean + SD, ‘Mann-Whitney U test
n: Number of patients, PPC: Postoperative Pulmonary Complication, %: Column percentage, SD: Standard deviation
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of 5.6%. Some differences in the frequency of all PPCs in the
literature might be related to the heterogeneity of the patient
populations, the type of surgery and the variability of the
definitions used in the studies (14).

Age is an important factor in the development of
postoperative complications, and Canet et al. (2) determined
the age of 80 as a deviation point at which PPCs increase
significantly (9). In our study, we observed that the frequency
of PPC increased significantly over the age of 80. It has been
suggested that decrease in physiological reserve with advancing
age, high airway closure capacity and low ventilation/perfusion
ratios lead to hypoxia among the potential mechanisms.

The SpO, value is included in the ARISCAT risk score
parameters as it may reflect both respiratory and cardiovascular
functional status. In our study, we found that SpO2 was also
found to be an effective predictor. Many studies indicated that
smoking was an important risk factor in the development of
PPC (11). Although it is known that the risk of PPC increases 6
times in smokers compared to those who have never smoked
before, it has been suggested in recent publications that this
rate is lower in those who started smoking in the last year before
surgery (15). In our study, a positive and significant correlation
was found between the increase in the amount of smoking
and PPC. Yang et al. (5), in their multicenter study, in which
they retrospectively analyzed 165196 cases, reported that there
was a positive correlation between the presence and severity
of respiratory distress in patients and PPC. Although different
results were reported in the studies (2,7,16,17), a positive and
significant correlation was found between the ASA values of
the patients and PPC in this study (p<0.001).

There is no conclusive level of evidence that obesity
increases PPCs. In obese individuals, decreased chest wall and
lung compliance and functional residual capacity are observed
(18). Yang et al. (5) found a significant relationship between
BMI and PPC. There were also several studies showing that the
risk of PPC did not increase with obesity (19,20). In our study,
no significant relationship could be demonstrated between BMI
and PPC.

Preoperative anemia (hemoglobin<10 g/dL") has been
defined as a poor prognosis marker in postoperative and
intensive care patients. It was reported that even mild anemia
might cause an increase in 30-day mortality and cardiac
complications (21). Canet et al. (2) found that preoperative
anemia increased the development of PPC 3 times. In our study,
in the logistic regression analysis used to determine the effects
of the independent ARISCAT variables in the development of
PPC, preoperative anemia could not be defined as a strong factor.
However, there was a significant difference in hemoglobin levels
between patients with and without PPC (p<0.005). For this
reason, we think that preoperative anemia should be evaluated

in the early period, especially in risky patient groups, and
attention should be paid to its perioperative management.

Emergency surgery is the independent risk factor that
contributes most to the development of PPC (22). These patients
are generally hypovolemic, have poor vital signs and need
active resuscitation. Canet et al. (2) showed that the risk of PPC
increased 2.2 times in patients who were operated on urgently
(2). Perilli et al. (8) reported the incidence of PPC in patients
undergoing major abdominal surgery as 7% in elective cases
and 33% in emergency cases. In our study, these rates were
found to be 8.9% and 47.4%, respectively. The fact that our
patient population was cancer patients and the increased frailty
levels and co-morbidities related to cancer might have caused
the difference in the results. McAlister et al. (23) stated that
the duration of the operation longer than 2.5 hours increased
the incidence of PPC development 3.3 times. In our patients
who underwent major abdominal cancer surgery, no significant
relationship could be demonstrated between the duration of
the operation and the development of PPC. It was thought that
the fact that the time was evaluated in only three categories
might have affected the difference between cancer surgeries
that lasted much longer than 3 hours.

The surgical incision site plays an important role in the
evaluation of PPCs. In ARISCAT risk scoring, the incision sites
are defined as thoracic, upper abdominal and peripheral and
do not contain information about laparoscopic methods. PPC
most commonly develops after thoracic and upper abdominal
surgeries. The incidence of PPC varies inversely with the distance
of the incision site to the diaphragm (3). In our study, similar to
the literature, PPC was mostly observed after upper abdominal
incision.

[t was shown that the duration of intensive care and
hospitalization was significantly prolonged in patients with PPC
(p<0.001). Smith et al. (24) reported that PPCs increased the
length of hospital stay up to 17 days in patients who underwent
laparotomy. Similar results have been shown in other studies
(11,14,25). In our study, the group with the highest 30-day
mortality was the group that developed PPC (p<0.001) and a
similar result was observed by Canet et al. (2).

Study Limitations

The fact that there is no definition of ARISCAT score in
laparoscopic interventions. Therefore, we scored laparoscopic
procedures as peripheral surgeries and our definition of
laparoscopic procedures might have an impact on the results.
However, we thought that this effect would not cause a
significant change in our results due to the absence of large
abdominal incisions that caused postoperative pain and
difficulty in mobilization and the speed of the healing process
in laparoscopic procedures. We added emergency re-intubation
and continuation of intubation after surgery to the EPCO
criteria used in the evaluation of PPCs. Although this change
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in definition might make a difference in developing PPC types,
it did not affect the correlation between PPC frequency and
ARISCAT scores. In addition, clinically insignificant atelectasis
might have been overlooked, since routine chest radiographs
were not requested from every patient who was operated on.

In our study, we found that the ARISCAT risk scoring index
was significantly effective in predicting the development of PPC
in patients undergoing major abdominal cancer surgery. Among
the independent variables, age, preoperative SpO,, surgical
incision site and type of operation procedure were important
factors, and age was found to be the strongest variable.
Revealing the potential risk factors for the development of
PPC will contribute to the early determination of preventive
strategies and the effective use of health resources, especially
in cancer patients with high frailty. In future studies, simple-
to-use, bedside preoperative tests such as ARISCAT should be
developed, and targets for identifying patient and surgical risk
factors and improving perioperative care should be determined.
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Renal Metastasis from a Primary Hepatic Neuroendocrine Tumor:
A Case Report and Literature Review

Primer Karaciger Noroendokrin Timaorunin Bobrek Metastazi: Nadir Olgu ve Literatar
Taramas!
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Abstract

Neuroendocrine tumors (NET) are a diverse collection of neoplasms with varying biological characteristics, histologic patterns, and therapeutic
responses. We present a rare case of a 41-year-old female who was diagnosed with a primary NET of the liver and had multiple kidney and bone
metastases. Primary hepatic NETs are rare, and metastasis to the kidney makes this case one of the few in the literature. The patient was admitted
to the hospital because of pain in the lower extremities. Several imaging examinations revealed multiple lesions in the bone, kidney, and liver.
Sandostatin and Denosumab treatments are started against the tumor and bone metastases. At first, the team thought the case was a NET of the
liver and synchronous renal cell carcinoma. However, after the total excision of the kidney, pathology was reported as the NET metastasis to the
kidney. Despite showing regression in bone metastases, the lesion in the the liver has advanced. "7’Lu-DOTATATE treatment was added to the current
treatment regimen. Renal metastasis from a primary hepatic NET can be challenging to diagnose and treat. Since there are no guidelines specifically
designed for this type of case, multiple treatment modalities must be discussed with a multidisciplinary team to choose the best option for patients.

Keywords: Neuroendocrine tumor, primary hepatic neuroendocrine tumor, renal metastasis, sandostatin

N&roendokrin timérler (NET), degisen biyolojik 6zelliklere, histolojik yapilara ve terapotik yanitlara sahip cok cesitli neoplazmalar koleksiyonudur.
Bu makalede karacigerde primer NET tanisi alan, cok sayida bobrek ve kemik metastazi bulunan 41 yasinda kadin hastayi sunuyoruz. Primer hepatik
NET'ler nadirdir ve bébrege metastaz olmasi durumu daha da nadir hale getirir. Hasta alt ekstremite agrisi nedeniyle hastaneye basvurdu. Cesitli
goriintiilemelerde kemik, bobrek ve karacigerde cok sayida lezyon ortaya ¢ikti. Timor ve kemik metastazlarina karsi Sandostatin ve Denosumab
tedavilerine baslandi. Ekip ilk basta vakanin karacigerde ndéroendokrin bir timoér ve senkron renal hicreli karsinom oldugunu duistindi. Ancak
bobregin total eksizyonu sonrasinda patoloji, NET'in bobrege metastazi olarak rapor edildi. Kemik metastazlarinda gerileme goriilmesine ragmen
karacigerdeki primer lezyonu ilerledi. Mevcut tedavi rejimine "7’Lu-DOTATATE tedavisi eklendi. Primer hepatik NET'ten kaynaklanan renal metastazin
teshis ve tedavisi zor olabilir. Bu tip vakalar icin 6zel olarak tasarlanmis bir kilavuz bulunmadigindan, hastalar icin en iyi secenegin secilebilmesi icin
birden fazla tedavi yonteminin multidisipliner bir ekiple tartisiimasi gerekir.

Anahtar Kelimeler: Noroendokrin tiimor, primer karaciger ndroendokrin timori, bobrek metastazi, sandostatin
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Introduction

Neuroendocrine tumors (NETs) are a diverse collection of
neoplasms with varying biological characteristics, histologic
patterns, and therapeutic responses. NETs are commonly seen in
the gastrointestinal system, especially in the small intestine and
pancreas. Primary hepatic NETs (PHNETs) are exceedingly rare
tumors that cause challenges in diagnosis (1). Kidney metastases
are exceedingly rare in NET, especially if the primary site is the
liver (2). Here, we present a rare case of a 41-year-old female
who was diagnosed with a primary NET of the liver and had
multiple kidney and bone metastases.

Case Presentation

The patient was admitted to the orthopedics department
because of pain in the lower extremities. Magnetic resonance
imaging (MRI) showed a 63 mm heterogenous lesion in the
lower segment of the right kidney, a 24x36 mm heterogenous
lesion with cystic structures was found in the left proximal
femur, and a 42x76 mm similar lesion was detected in the right
proximal femur (Figure 1H). Abdominal MRI with intravenous
(IV) contrast showed multiple lesions in different segments of
the liver, with the largest one being a 35 mm well-circumscribed
hypervascular lesion in segment VIII (Figure 1D). In addition, the
MRI revealed a semisolid lesion in the posterior part of the right
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kidney containing cystic structures with several retroperitoneal
enlarged lymph nodes, which resembled renal cell carcinoma
(Figure 1F).

Furthermore, fluorodeoxyglucose (FDG) positron emission
tomography (PET) showed a 50x30 mm lesion with pathological
FDG absorption in the proximal part of the right femur, liver,
kidney and multiple lytic lesions in C7, TH5, TH11, and 51
vertebras (Figure 1A-C, E, G). Tru-cut biopsy was done for
the lesions in the liver, and the results were consistent with
a grade 1 NET. In the liver tru-cut biopsy sample, a neoplasm
consisting of monotonous epithelial cells separated from the
liver parenchyma with smooth borders is observed. Neoplastic
cells, forming an organoid pattern, have oval or round nuclei
with no visible nucleoli and eosinophilic granular cytoplasm
(Figure 2). No mitotic figure is seen. No necrosis is observed.
Immunohistochemical staining was done and demonstrated
CK8/18 and Synaptophysin positive, PAX8, and GATA3 negative
neoplastic cells (Figure 2). The proliferative index of the
tissue provided by Ki-67 labeling was less than 2% (Figure
2). Furthermore, GA-68 DOTA PET was done to determine the
possibility of Sandostatin treatment. GA-68 DOTA PET results
showed high-level somatostatin receptor expression in lesions
at the liver, vertebras, and femur (Figure 1). Denosumab 120 mg
once in 4 weeks for bone metastases and Sandostatin 30 mg
once in 4 weeks treatments were started. Palliative radiotherapy
was done for the lesions on the proximal femur. After several

-
e

Figure 1: Tumoral masses in the liver, right renal cystic metastasis, and most of the bone metastasis are negative in FDG PET (A) and positive in
8GA-DOTATATE PET (B). 2 Liver lesions in VIl segment showing intense ®GA-DOTATATE uptake in axial Ga DOTATATE PET MIP image (C) and strongly
restricted diffusion in diffusion-weighted axial MRI (D). Contrast-enhanced axial T1A FS MRI (F) images and axial MIP DOTA PET images (E) demonstrate
a right renal cystic metastatic lesion with a great avidity for ®GA-DOTATATE. The largest bone metastasis is located in the right femoral neck, causing
surrounding soft tissue edema and cortical thinning; coronal T2A FS MRI (H). Intramedullary tumor showing metabolic activity both in FDG-PET/CT (A)

and %Ga-DOTATATE PET/CT (B, G)

PET: Positron emission tomography, CT: Computed tomography, MRI: Magnetic resonance imaging, MIP: Maximum intensity projection, FDG: Fluorodeoxyglucose
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Figure 2: A) Tru-cut biopsy specimen, liver, hematoxylin eosin stain. B)
Tru-cut biopsy specimen, liver, synaptophysin stain. C) Tru-cut biopsy
specimen, liver, Ki-67 stain. D) Nephrectomy material, right kidney
neuroendocrine tumor, hematoxylin-eosin stain 4x. E) Nephrectomy
material, right kidney, neuroendocrine tumor hematoxylin-eosin
stain 20x. F) Nephrectomy material, right kidney, neuroendocrine
tumor synaptophysin stain. G) Nephrectomy material, right kidney,
neuroendocrine tumor Ki-67 stain

months, laparoscopic right radical nephrectomy surgery
was done with suspicion of renal cell carcinoma. Pathology
reported a single Grade 1 NET. In the nephrectomy material, an
intrarenal solid tumor with a diameter of 65 mm was observed
in the lower pole. A neoplasm consisting of monotonous
epithelial cells forming an organoid pattern, separated from
the renal parenchyma by smooth borders, was observed (Figure
2). Neoplastic cells had oval or round nuclei with no visible
nucleoli and large eosinophilic granular cytoplasm without
necrosis (Figure 2). The mitotic index is counted as 0-1/10 HPF.
Immunohistochemical staining was done and demonstrated
CK8/18 and Synaptophysin positive, PAX8, and GATA3 negative
neoplastic cells (Figure 2). The proliferative index of the tissue
provided by Ki-67 labeling was less than 2%. Follow-up imaging
demonstrated a heterogenous response to the treatment, a GA-
68 DOTATAE PET/computed tomography (PET/CT) was obtained
after seven months and showed an obvious enlargement noted
in the high-grade somatostatin receptor-expressing lesions in
the VIII segment of the liver (Figure 3A-C). In contrast, MRI
showed partial regression in the dimensions, T2A signal intensity,
and metabolic activity of right femoral metaphyseal metastasis
(Figure 3A, D, E). "’Lutetium-Dotatate treatment was added to
the current drugs. The patient currently comes for control visits
without any complications.

Figure 3: Heterogeneous metabolic response in ®*GA-DOTATAE PET/CT obtained 7 months after treatment. Obvious enlargement was noted in the
high-grade somatostation receptor expressing lesions in the VIl segment of the liver; Coronary view DOTA PET (A), DOTA PET fused axial image (B), Late
liver phase postcontrast TIW axial MRI obtained with hepatospecific contrast agent (C). Partial regression was observed in the dimensions, T2A signal
intesivity and metabolic activity of right femoral metaphyseal metastasis; Fused posterior DOTA PET image (D), Coronal T2A FS MRI (E)

PET: Positron emission tomography, CT: Computed tomography, MRI: Magnetic resonance imaging
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PHNET are incredibly uncommon, and not many studies have
been done to analyze the features and available treatments.
PHNETs generally do not secrete hormones (2). The World
Health Organization developed the NET categorization system
in 2010, and it is based on pathological findings, including cell
morphology, the number of mitotic cells found in ten high-
power fields of view, and the Ki-67 index (3). NET tumors of the
pancreas and gastrointestinal tract (GEP-NETs) can be divided
into three categories based on this classification system: low
malignancy (grade 1), moderate malignancy (grade 2), and high
malignancy (grade 3). The tumor was grade 1 in our patient
according to the classification.

With only around 200 reported PHNET cases globally,
the diagnosis and treatment can be challenging.PHNETs can
resemble other hepatic tumors radiologically so it is difficult to
differentiate them preoperatively. CT with IV contrast and MRI
with gadolinium can be helpful in showing tumor enhancement
by featuring tumor vascularity (4). Immunostaining is one of
the best tools to diagnose PHNETs since more than 70 percent
of the tumors are positive for various hormones irrelevant
of the functionality status (4). Neuroendocrine markers like
hydroxyindoleacetic acid (5-HIAA) and serum chromogranin A
can also assist to diagnose NET, but they are usually elevated
in extrahepatic carcinoids rather than PHNETs (5). Although
there are a few cases reported in the literature that show
renal metastasis from rectal, ileal, and bronchial NETs, to our
knowledge this is the first case that reports renal and bone
metastasis from a PHNET (1,6-9).

Less than 1% of all NETs are found in the genitourinary tract,
and the kidney is an incredibly uncommon location, accounting
for 5-19% of them. Even less common are metastatic renal NETs
from other main organs (1). Even though there is very little data
regarding the management of renal metastasis of carcinoids
because of their rarity, there are some papers regarding primary
renal NET (PRNETs) that can give physicians some opinion.
Romero et al. (10) investigated 56 reported cases and found that
the median age of the patients with PRNETs was 49. 17.8% of
the reported cases were present in horseshoe kidney. Only 12.7%
of the cases showed classical neuroendocrine syndromes, and
45.6% of the cases were metastatic at the time of first diagnosis,
which may suggest that there are challenges in early diagnoses
of PRNETs. They found that significant negative prognostic
factors are: age greater than 40 years, tumor size greater than 4
cm, purely solid tumors on the cut surface, mitotic rate higher
than 1/10 high power fields, metastasis at initial diagnosis, and
tumors extending throughout the renal capsule (10).

Most critically, renal NET need to be distinguished from
renal cell carcinoma and from benign renal tumors such as
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oncocytoma, angiomyolipoma, or malacoplakia. The primary
form of treatment for renal carcinoids, like with other carcinoids,
is surgical resection (6). In our case, the lesion was thought of as
renal cell carcinoma at first until the post-operative pathological
report.

Treatment methods for NET are improving day by day. While
surgery is counted as the best treatment option for solitary
PHNETs, metastatic cases like ours are not the best candidates
for resection (4,11). The 5-year survival rate was found 74% in
patients who had undergone liver resection for the solid PHNET
(4). Somatostatin analogs remain the first-line treatment
for functional and non-functional NET because It has been
demonstrated that somatostatin possesses all four regulatory
roles: endocrine, paracrine, neurocrine, and autocrine (12). In
addition, Stueven et al. (13) reported that while initially used
in the treatment of carcinoid syndrome to inhibit the release
of neuropeptides or bioactive amines, several trials meanwhile
revealed an effect of somatostatin analogs on tumor cell
proliferation. We used Sandostatin (octreotide) for the initial
treatment of the patient.

GA-68 Dotatate PET/CT scan is widely used to detect the
feasibility of somatostatin analog treatment in early-stage NET.
Lee et al. (14) found that GA-68 DOTATATE PET/CT independently
predicted early failure on SSA monotherapy in patients with
well-differentiated grade 1-2 GEP-NET. Thus, Routine GA-68
DOTATATE PET/CT has excellent sensitivity for quickly identifying
patients who are not expected to benefit from SSA therapy.
We also used a GA-68 DOTATATE PET/CT scan before starting
Sandostatin treatment.

In addition to Sandostatin, Denosumab treatment was
added to the patient's treatment regimen to target the bone
metastases. A helpful phase 3 trial done by Lipton et al. (15)
reported that in individuals with advanced cancer and bone
metastases, denosumab outperformed zoledronic acid in
preventing skeletal-related events with favorable safety and
convenience.

Novel approaches are emerging for the treatment of NET.
"Lutetium-Dotatate treatment is one of them. "’Lutetium-
Dotatate approved by the FDA after the NETTER-1 trial and
outcome data from a large European registry. The drug's
mechanism is evident in its structure, which consists of a
somatostatin analog (octreotide) that binds to only cells that
express the somatostatin receptor and a chelated beta-emitting
isotope called "’Lu. Due to its potential to promote tumor
cytoreduction, which is uncommon compared to other available
treatments, and provide sustained disease control, '’Lu-
DOTATATE stands out as a unique addition to the treatment
arsenal for gastroenteropancreatic NETs (16). We added '"’Lu-
DOTATATE treatment to the patient's current treatment regimen
after the treatment progression of the primary tumor.
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There are other promising minimally invasive treatment
modalities like trans-arterial chemoembolization, systemic
chemotherapy, and local ablation, but none of them showed
favorable results in terms of long-term survival (17).

Future research on the demographical, clinicopathological,
and survival data with a large sample size of PHNETs would give
a valuable understanding for clinicians.

To conclude, PHNETs are sporadic tumors, and metastasis
to the kidney makes it even more uncommon. Renal metastasis
from a PHNET tumor can be challenging to diagnose and treat.
Since there are no guidelines specifically designed for these
types of cases, multiple treatment modalities must be discussed
with a multidisciplinary team to choose the best option for
patients.
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Suprapubik Doku Defekti ile Basvuran Munchausen Sendromiu
Hasta: Olgu Sunumu

A Patient with Munchausen Syndrome Presenting with Suprapubic Tissue Defect: A Case
Report

@ Arda Ozdemir, ® Burak Kaya

Ankara Universitesi Tip Fakiiltesi, Plastik Rekonstriiktif ve Estetik Cerrahi Anabilim Dali, Ankara, Tiirkiye

Munchausen sendromu nadir goriilen, hastanin bilingli olarak hasta rolii oynadigi, tamamen kendi olusturdugu yapay, tekrarl ve abartili bir fiziksel
ya da ruhsal hastalik veya yaralanma sebebi ile stirekli ilgi ve genellikle girisimsel tibbi tedavi arayisi icinde oldugu psikiyatrik bir hastaliktir. Bu olgu
sunumunda daha dnceden lokosit adezyon defekti diislinlilen ancak devaminda Munchausen sendromu tanisi konan, suprapubik alandaki cerrahi
insizyonun tekrarl dehissansi ile klinigimize refere edilen ve klinigimizce debridman ve primer onarim yapilan hastanin anlatildigr nadir gériilen bir
olgu sunulmaktadir.

Anahtar Kelimeler: Lokosit adezyon defekti, dehissans, Munchausen sendromu, kronik yara

Abstract

Munchausen syndrome is a rare psychiatric disorder in which the patient consciously plays the role of the patient and seeks constant attention and
often interventional medical treatment due to an artificial, repetitive and exaggerated physical or mental illness or injury that is completely self-
created. In this case report, we present a rare case of a patient who was previously thought to have leukocyte adhesion defect, but was subsequently
diagnosed with Munchausen syndrome. The patient was referred to our clinic with recurrent dehiscence of the surgical incision in the suprapubic
area, and debridement and primary repair was performed.

Keywords: Leukocyte adhesion defect, dehiscence, Munchausen syndrome, chronic wound

Munchausen sendromu 1951 yilinda Richard Asher
tarafindan tanimlanmistir (1). Hastalik ismini Rus ordusu ile

birden cok hastaneye basvurmaktadir (1). Hastalar cok sayida
ve bazen hayati tehlikeye neden olabilecek operasyonlar
gecirebilmektedirler (1). Hastalar tibbi Gykiilerini doktorlari
yaniltmak adina tamamen ya da kismen uydurabilmekte,

katildigi savaslar ile ilgili abartil ve uydurma macera Oykiileri
ile Ginlenen Alman aristokrat Baron Karl Friedrich Hieronymus
Freiheiss von Munchausen'den (1720-1797) almaktadir (1,2).
Hastalar genellikle akut prezentasyonlu ilging hastaliklar ve
enfeksiyon, bozulmus yara iyilesmesi, agri, kanama, kaynagi
belirsiz ates gibi cerrahi branslari da ilgilendiren semptomlarla

laboratuvar degerlerine miidahale edebilmekte veya gercek doku
defektlerine neden olabilmektedir (1,3). Organ ampiitasyonlarina
ve gereksiz ila¢ kullanimina neden olarak saghk kuruluslarina,
hastalara ve cerrahi brans doktorlarina dnemli derecede is yukii
getirebilen bu sendromda en dnemli basamak hastalarin erken
tanisinin yapilabilmesidir (1,4).
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On bes yasinda kadin hasta klinigimiz cocuk sagligr ve
hastaliklari imminoloji bolimine karin 6n duvarinda tekrarli
doku defekti nedeni ile basvurdu. Hastanin anamnezinden
hastanin 5yasinda baslayansiddetliidraryolu enfeksiyonu dykuisi
ve bu nedenle 2 defa yatis verilerek intraven6z antibiyoterapi ile
takip edildigi 6grenildi. Tekrarli idrar yolu enfeksiyonu etiyolojisi
sirasinda |okosit adezyon defekti tip 1 tanisindan siiphelenilen
hastanin 7 yasinda bilateral vezikolretral reflii nedeni ile
Yaklasik 6 yil herhangi bir semptomu olmadan takip edilen
hastanin 6. yilin sonunda operasyon sahasinda doku defekti
gelistigi ve bu nedenle yeniden yara yeri debridmani ve onarimi
operasyonu gecirdigi 6grenildi. Hastanin yara yerinde bir siire
sonra yeniden doku defekti gelisti§i ve en sonuncusu klinigimize
basvurusundan 2 hafta once olmak Ulzere toplamda 3 defa
debridman ve yara yeri revizyonu operasyonu gecirmek zorunda
kaldigi 6grenildi. Hastanin gestasyonel dykiisiinde ise hastanin
39 yasinda anneden G3Y3 olarak 28 haftalik iken sezaryen ile
dogdugu 6grenildi. Hastanin annesi ile babasi arasinda akrabalik
oykusii olmadigi ve kendisinden biiyiik 2 erkek kardesinde
herhangi bir saglik problemi bulunmadigi 6grenildi. Yapilan fizik
muayenede inspeksiyonunda suprapubik alanda yaklasik 10 cm
uzunlugunda insizyon skari ve insizyon hattinin sag lateralinden
orta hatta uzanan yer yer akintili 3 cm boyutunda doku defekti
goriilmekteydi. Hastanin insizyon hatti etrafi yer yer eritemliydi.
Palpasyonda deri alti apseyi akla getirecek fluktuasyon, agn
veya hassasiyet gibi bulgular mevcut degildi. Hastanin son
operasyonu sirasinda yara yerinden alinan dis merkez patolojisi
"hipertrofik skar, akut enflamasyon, iltihabi graniilasyon dokusu"”
olarak raporlanmisti. Hastanin cocuk hastaliklari kiniginde
yatisi sirasinda istenen laboratuvar degerlerinden kanama
parametreleri, tam kan sayimi, alblimin degeri ve immiinglobulin
(Ig) G, IgA, IgM degerleri normal araliktaydi. Hastanin C-reaktif
protein degeri 0,3 mg/L (N<0,1 mg/L) olarak normal degerler
arasindaydi. Ayni zamanda hastanin doku defektinden alinan
yara kiiltiirlinde lireme olmamisti. Hastadan istenen yiizeyel doku
ultrasonografi sonucu "deri ve deri alti dokular arasinda serbest
ya da lokiile sivi izlenmemistir. insizyon hatti sag lateral kesimi
deri diizeyinde acik izlenmektedir." olarak raporlanmaktaydi.
Hastadan yara iyilesmesini bozdugu distintlerek istenen cinko
degeri de normal degerin Uzerindeydi. Hastadan yine cocuk
hastaliklari klinigince istenen alt abdomen bilgisayarli tomografi
sonucu ise "suprapubik bdlgede orta hat ve saginda deri ve deri
alti dokuyu ilgilendiren defektif g6riiniim, apse veya yabanci
cisim saptanmamistir.” olarak raporlanmisti. Hastanin cocuk
cerrahisi ekibince yatak basi alinan patoloji spesimeni klinigimiz
patoloji bdliimiince incelenmis ve “hafif siddette non-spesifik
kronik enflamasyon bulgulari, yag nekrozu ve fibrinden zengin

iltihabi eksuda” olarak raporlanmisti. Bu siire zarfinda hastanin
yara kiiltiirii yenilenmis ancak yine treme olmamisti. Hasta
klinigimize karin 6n duvarinda tekrarli doku defekti onarimi
nedeni ile danisildi.

Hasta bu asamadan sonra karin 6n duvarinda tekrarh doku
defekti on tanisi ile genel anestezi ile onarim icin hazirland.
Hastadan istenen tam kan sayimi, tam biyokimya, koagilasyon
parametreleri ve viral marker testleri normal sinirlardaydi.
Hastaya debridman ve fasiyokiitan flep ile onarim uygulandi.
Hastanin insizyon hattindan alinan spesimen doku kiiltliri
olarak mikrobiyoloji laboratuvarina ve patolojik incelemeye
gonderildi. Hastanin insizyon hattina intraoperatif olarak
negatif basingh yara tedavisi (NBYT) uygulandi. Hastanin NBYT
pansumani postoperatif 3. glinde sonlandirildi. Hastanin yara
yerinde herhangi bir komplikasyon goriilmemesi {izerine hasta
antibiyotik ve antienflamatuvar ilaclari recete edilip poliklinik
kontrolleri diizenlenerek taburcu edildi. Hastadan intraoperatif
olarak alinan spesimenin patolojik incelemesi "lilserasyon, iltihabi
graniilasyon dokusu, sitiir artiklarina karsi gelismis yabanci
cisim tipi iltihabi olay, yag nekrozu bulgulan” olarak raporlandi.
Hastanin intraoperatif doku kiiltiiriinde tireme olmadi. izlemde
hastanin ek sikayeti olmadi ve komplikasyon izlenmedi. Hasta
kronik yara etiyolojisi acisindan yeniden degerlendirildiginde
mevcut doku defekti icin herhangi bir neden bulunamadi.
Hastanin patoloji raporunda spesifik bir bulgu olmamasi ve
buna ek olarak hastanin utangag, sessiz tavirlari ve siipheli
davranislari nedeni ile Munchausen sendroumu 6n planda
tutuldu. Bu nedenle hasta taburculuk sonrasi cocuk ruh saghgi
boliimiine konsilte edildi ve tedavisine ilgili bolim tarafindan
devam edildi.

Hastanin preoperatif gériinimu Sekil 1'de gosterilmistir.

Hastanin intraoperatif goriinlimleri Sekil 2, 3 ve 4'te
gosterilmistir.

Sekil 1: Hastanin preoperatif gériintimi

299



Ozdemir and Kaya. Munchausen Sendromlu Hasta: Olgu Sunumu

Ankara Universitesi Tip Fakiiltesi Mecmuasi 2024;77(3):298-302

Sekil 2: Hastanin debridman sonrasi intraoperatif erken donem
gorintmi

Sekil 3: Hastanin primer onarim sonrasi intraoperatif ge¢c donem
goriintimi

Sekil 4: Hastaya intraoperatif olarak uygulanan negatif basincli yara
tedavisi sonrasi goriniim
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Sekil 5: Hastanin postoperatif 1. ay gériinimii

Hastanin postoperatif 1. ay kontroliinde ek sikayetinin
olmadigi ve yarasinin tamamen iyilestigi gorildu.

Hastanin postoperatif 1. ay gériinimi Sekil 5'te gdsterilmistir.

Pediatrik hasta popllasyonu dustindldiigiinde deri yapisi
ve fizyolojisi eriskinlere benzer olmasina ragmen pediatrik
deri, yetiskin derisine gére daha hassas ve frajildir (5). Pediatrik
deride bagisiklik yaniti, olgunlasmamis enflamatuvar hiicreler
ve daha az sayida kemik iligi progenitor hiicresi nedeniyle daha
az gelismistir (5). Bu nedenle pediatrik hastalarin, ézellikle de
yenidoganlarin mikroorganizmalara karsi tepkileri zayiftir (5).
Buna karsilik cocuklarda yara enfeksiyonlarinin genel fizyolojik
durumdan ziyade operasyon sirasindaki faktorlerle iliskili oldugu
da belirtilmektedir (6). Pediatrik kronik yara ayirici tanisinda
otoimmiin hastaliklar, basi yaralari, koagilasyon bozukluklari,
cesitli dermatitler, sigara sondiiriilmesi benzeri ihmal ve
istismarlar gibi cok genis spektrumda nedenler bulunmaktadir
(7). Olgu sunumundaki hastada operasyon Gncesi alinan doku
patolojisinin normal olmasi ve hasta dykiisii 6ncelikli tanida
Munchausen sendromunu dislindirmustiir.

Kronik bir hastalik olan Munchausen sendromunun dahil de
oldugu yapay bozukluklar icin DSM-IV-TR tani kriterlerine gore
3 ana klinik bulgu mevcuttur. Bunlar hastanin kendisi tarafindan
yapay fiziksel veya psikolojik semptomlarin Gretilmesi, hasta
rollinlin benimsenmesi ve hastanin kendisi veya bir baskasi
icin ekonomik kazang, yasal sorumluluklardan kagma, fiziksel
ivilik gibi dis kazanimlarin olmamasidir (1). Yine DSM-IV-TR
Munchausen sendromunu “fiziksel veya psikolojik bulgu veya
semptomlarin kasith olarak olusturulmasi veya varmis gibi
davraniimasi" olarak tanimlamaktadir (8). Olgu sunumunda
bahsedilen hastada Munchausen sendromu tanisi icin gerekli tic
tani kriteri de saglanmaktadir.

somatoform
Somatizasyon

sendromunun benzer
ayrilmasi  gerekmektedir.

Munchausen
bozukluklarindan
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bozuklugunda ve konversiyonda hastalar semptomlari tamamen
bilincdisi  nedenlerle ve istemsiz olarak yapmaktadirlar.
Hastalar gercekten hasta olduklarina inanmaktadirlar ve
organik bir patoloji olmadan duygusal stres ve catismalarini
fiziksel bulgular olarak yansitmaktadirlar (1,9). Temaruzda
ise hastalarin semptomlari olusturmasinda ekonomik kazang,
yasal sorumluluklardan kagma veya korunma gibi sekonder
kazanclar rol oynamaktadir. Hastalarin sekonder kazanc ihtiyaci
kalmadiginda semptomlar da kaybolmaktadir. Hastalar bilingli
ve istemli olarak hasta taklidi yapmaktadirlar. Bu iki patoloji
arasinda bir spektruma sahip olan yapay bozukluklarda ve ona
dahil olan ve bu gruptaki en uc¢ noktayr olusturan Munchausen
sendromunda semptomlar bilingalti diirtiiler ile bilingli ve istemli
sekilde ortaya ¢cikmaktadir. Ancak temaruzdaki gibi sekonder dis
kazanclar s6z konusu degildir ve hastalar bu semptomlara neden
sebep olduklarini bilmemektedirler (9).

Bu hastalar genellikle tani alamadigindan Munchausen
sendromunun prevalansi tam olarak bilinmemekle birlikte
1.200 hastalik bir calismada psikiyatri konsiiltasyonu istenen
hastalarda fiziksel semptom iceren yapay bozukluk orani %0,8
olarak belirlenmistir (1).

Munchausen sendromu 20:1 oraninda kadinlarda daha
stk goriilmekte ve 09030-70'e varan oranlarda intihar ile
sonuclanabilmektedir (10). Hastalarin yaklasik olarak %50'sinin
saghk calisani veya saglk calisani yakini olmasi dikkat
cekmektedir (11). Bu hastalar kendi hastaliklari hakkinda genis
bilgiye sahip olabilmektedirler (8). Olgu sunumunda bahsedilen
hastanin kadin olmasi ile literatiire uymaktadir. Munchausen
sendromunda hastalar borderline kisilik bozukluguna benzer
davranis degisiklikleri gosterebilmektedir. Ancak borderline
kisilik bozuklugunda hasta kendine zarar verse bile bunu
saklamamakta ve bu durumu kendi ¢ikari igin kullanmamaktadir
(11). Hastanin, doktorunun tani ve tedavi asamalarinda yasadig
zorluktan alinan zevk hastanin bilingsiz sadistik davraniglarini,
kendine zarar verip girisimsel tani ve tedavilere maruz kalarak
fiziksel 1zdiraba maruz kalmasi da mazosistik davranis paternini
aciklamaktadir (4,10).

Munchausen sendromu  genellikle apendektomi ve
kolesistektomi gibi abdominal operasyonlar ile sonuglansa
da bu sendrom post-travmatik ve cerrahi kesileri de komplike
edebilmektedir (1). En sik goriilen olgulardan biri olan tekrarli
kronik iyilesmeyen Ulserler malignensi, enfeksiyon, vaskiilit,
otoimmiin hastaliklar veya yara iyilesmesini bozan metabolik
hastaliklar ile karisabilmektedir (12).

Viicutta elle ulasilabilen, agriya cok hassas olmayan alanlara
yerlesmis, ozellikle gecikmis yara iyilesmesinin oldugu ytizeyel
yaralarda veya cerrahi kesilerde yabanci cisim bulunmasi,
keskin sinirli veya dairesel yeni kesiler, cok sayida tirnak izi veya
delik olmasi, taze kanama alanlarinin bulunmasi durumunda

Munchausen sendromundan siiphelenilebilir (10). Hastanin
birden fazla merkezde c¢ok sayida operasyon gegirmesi,
radyolojik herhangi bir bulgunun eslik etmemesi ve devaminda
hizl bir iyilesme siirecinin ardindan aciklanamayan doku
defektinin tekrarlamasi halinde Munchausen sendromundan
stiphelenilmelidir (8,13). Hastanin pansumanini bilerek bozmasi
ya da kirletmesi ve bu yolla yara yeri enfeksiyona neden olmasi
da stiphe uyandiricidir (1,10). Hastanin kendine zarar verdiginin
kesin kaniti olmasa da olgu sunumunda bahsedilen hastaya yara
yeri revizyonu éncesi Munchausen sendromu tanisi koyulmustur.
Yaraya NBYT uygulanarak hastanin yarasina miidahalesinin
oniine gecilmis ve yara iyilesme sireci hizlandinlmistir (14).
NBYT ile hastanin yara yerine miidahalesine engel olunduktan
sonra yara hizli ve komplikasyonsuz bir bi¢imde iyilesmistir.

Hastalarda daha 6nceden gecirilmis bir psikiyatrik bozukluk
olmasi, herhangi bir risk faktorii olmamasina ragmen bilateral
olabilen iyilesmeyen vyaralar, yara yerinden tekrarli kanama
olmasi, cok sayida basarisiz operasyon dykusii ve hastanin hasta
rollinii benimseyip cerrahi girisimler gibi tanisal ve terapotik
yontemler ile hastanede kalmaya devam etmek istemesi gibi
ipuclari tanida 6nem kazanmaktadir (1). Lezyonun goriindisd,
lokalizasyonu, histopatolojik bulgulari ve dogal siireci arasinda
uyumsuzluk halinde Munchausen sendromu ayirici tanida
akla gelmelidir (4). Olgu sunumunda bahsedilen hastanin
patolojik incelemesinde spesifik bir hastaliga ait bir bulgunun
olmamasi, hastane yatisi sirasindaki asiri utangac ve sessiz tavri
Munchausen sendromu tanisini gliglendirmektedir.

Munchausen sendromu tanisi  bir ekartasyon tanisi
oldugundan en kisa stirede tani konmalidir (4). Tani konar konmaz
hastanin ileri tanisal ve terapdtik girisimsel uygulamalara
maruz kalmasi engellenmeli ve psikiyatrik muayeneye
yonlendirilmelidir. Ancak bu kotii prognozlu hastaligin kesin bir
tedavisi bulunmamakla beraber farmakoterapiye aile terapisi
ve davranissal tedavi eklenmektedir (8,9). Olgu sunumunda
bahsedilen hasta yara yeri iyilesmesinin ardindan cocuk ruh
saghgr bollimine konsiilte edilmis ve hastaya ilgili bolim
tarafindan aile terapisi planlanmistir.

Munchausen sendromu %71'den daha nadir goriilse de her
plastik cerrahin aklinda olmasi gereken, 6zellikle postoperatif
donemde tanisi zor konan bir hastaliktir. Medikolegal ag¢idan
doktorlarin kendilerini glivence altina almalari adina hastalarin
medikal kayitlari tutulmali, gerekirse gecmis medikal kayitlari
dikkatlice incelenmelidir (9). Tedavide amacg yara iyilesmesini
saglamak ve hastanin sahte cerrahi dongtlerini kirmaktir (1,15).
Hastaligin gec tanisinin getirdigi ekonomik yiik distiniildigiinde
bulgular ve taninin uyusmamasindan stphelenilen hastalarda
mutlaka interdisipliner bir tedavi plani yapilmali ve hastalar
direnc gosterse bile psikiyatrik muayeneden gecirilmelidir (4,10).
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Etik

Hasta Onayi: Hastadan yazili ve sozel olarak aydinlatiimis
onam alinmistir.
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