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ABSTRACT

Background: Point-of-care ultrasound (POCUS) is the application of ultrasound imaging by clinicians at the
point of healthcare delivery. Emergency medicine physicians and intensivists have used POCUS for a long
time, but its use in internal medicine is relatively recent. Around the world, there are many position papers,
curricula, and training programs regarding POCUS in internal medicine, but there is no standardized curriculum
in Turkey. We aimed to set national standards for internists in the POCUS curriculum.

Methodology: The DAHUDER Internal Medicine Society Ultrasound Working Group convened members to
establish the POCUS Internal Medicine curriculum. We conducted a literature search and informal clinician
assessment to create a curriculum that meets the needs, demands, and resources of Turkish internists while also
guaranteeing its compatibility with international curricula.

Results: We identified ten main domains under the basic and advanced POCUS curriculum as follows: Principles
of ultrasound physics, machine basics, thorax imaging, abdominal imaging, cardiac imaging, vascular imaging,
thyroid & neck imaging, musculoskeletal imaging, interventional imaging, and approach to clinical scenarios:
Protocols. We expect these domains and their content to establish the POCUS imaging standard for internists
in Turkey.

Conclusion: We expect the POCUS education curriculum to set standards, increase clinicians’ skills, and
improve patient care as the ultimate outcome.
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Point-of-care Ultrasound (POCUS) is the acquisition
of an ultrasonographic image of interest to answer a
specific question and guide the clinician’s performance
of an invasive procedure at the place where the
care is delivered.! This point of care could be any
of the following: outpatient clinic, inpatient ward,
intensive care unit, palliative care unit, or emergency
department. POCUS is not a novel means of imaging
but a novel paradigm, thanks to relatively low costs,
reduced sizes, higher availability of new ultrasound
devices, and a short learning curve. The traditional
imaging paradigm consists of specialized physicians,
namely radiologists, who conduct imaging processes
in a designated area after completing a formal
clinical assessment, including a thorough history
and physical examination by a clinician, which is not
a part of the imaging process.'? While radiologist-
provided imaging is highly reliable, quantitative,
and anatomically descriptive, there are several
downsides to this traditional paradigm. Firstly, the full
availability of radiologists at any given time at any
given hospital means allocating too many resources,
which is impossible even in the most prosperous
countries. Secondly, there is a clinical need for rapid
and sequential imaging to monitor treatment response,
such as imaging cardiac contractility after each cycle
of cardiopulmonary resuscitation.> Lastly, standard
procedures done at the bedside, like paracentesis,
thoracentesis, and central line insertion, are performed
faster and have lower rates of complications when
performed with ultrasound imaging than without
it.*¢ These main points form why clinicians should
be involved in imaging processes. These clinical
demands led to a new imaging paradigm, namely,
POCUS. POCUS has begun to be regarded as an
extension of conventional physical examination by
adding clinical data that routine physical examination
cannot obtain.”'® POCUS imaging dramatically
differs from traditional radiologist-based imaging in
the following ways: The criteria for evaluating images
are mostly qualitative and dichotomous, serving as
a complementary tool for specific conditions instead
of gross anatomical imaging. Most importantly, the
purpose of POCUS is not to supplant a comprehensive
radiologist examination but rather to facilitate the
rapid and guided resolution of clinical problems and
questions. ' 12

There is no globally accepted POCUS training
curriculum for internists. Furthermore, there has
yet to be a universal agreement on whether every
internal medicine physician should acquire POCUS

skills or to what extent clinicians should apply them.
Several societies and groups have published their
position papers to standardize POCUS education.'"?
However, research reveals that most internal medicine
residency programs do not provide formal POCUS
training. Several underlying causes lie beneath this,
but the most crucial drawback for POCUS education
seems to be the low number of POCUS educators. '
Regarding our country, Turkey, there is no formal
POCUS education program for internists. Besides,
there is no certified POCUS educator as well.
DAHUDER Internal Medicine Society is a general
internal medicine society formed in Turkey whose
primary aim is to provide education, improve the
clinical skills of internal medicine specialists and
residents, and strengthen the generalist view of
internists. The society established the Ultrasound
Working Group to cater to all the POCUS needs of
internists. With this mission, we have developed a
roadmap with the ultimate goal that “every internal
medicine physician should be able to perform basic
POCUS applications.” Our first aim is to create a
national internal medicine POCUS curriculum that
matches the country’s needs and resources per global
standards. Later, we plan to provide POCUS education
in local universities and state hospitals, cover the
entire country, reach as many internists as possible,
and improve their POCUS skills.

In this paper, we would like to present our internal
medicine POCUS curriculum and define the expected
outcomes as a position paper.

METHODS

Since no national POCUS training standard exists
for internists in Turkey, we started by developing a
POCUS training curriculum. For this purpose, the
DAHUDER Ultrasound Working Group performed
an unstructured literature search using PUBMED.
Despite the existence of several society position
papers, we found that university- or hospital-level
scales shaped many curriculums. While there is some
shared curriculum content, many differences exist
between programs.'"'> The DAHUDER Ultrasound
Working Group analyzed each piece of curriculum
content and reached a consensus on its inclusion or
exclusion during curriculum preparation meetings.

Besides a literature search, the DAHUDER
Ultrasound Working Group also conducted an informal
assessment during the 3rd DAHUDER National
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Internal Medicine Congress to understand the needs
and claims of practicing internal medicine physicians.
After discussing each claim, the DAHUDER
Ultrasound Working Group reached a consensus on
whether to include or exclude the content.

RESULTS

We determined that the curriculum should cover
ten main areas, split into two difficulty levels: the
basic and advanced POCUS curriculum. These areas
and their content are as follows:

1. Principles of Ultrasound Physics

»  The basic principles of the ultrasound physics
domain consist of ultrasound physics & principles,
namely acoustic impedance, reflection & refraction,
echogenicity & attenuation, common artifacts, safety,
and bioeffects.

* The advanced principles of the ultrasound
physics domain consist of Doppler imaging (color,
power, pulse wave, and continuous wave Dopplers)
and elastography.

2. Machine Basics

* The basic machine-basics domain consists
of types of ultrasound machines (cart-based, hand-
held devices), machine interface & settings, namely
knobology (i.e., freeze, gain, depth, measure, focus),
probe types and selection (convex, phased-array, and
linear probes and their properties), image acquisition
& scanning (probe movement types), and imaging
modes (B- and M-modes).

* The advanced machine basics domain does
not include any content.

3. Thorax Imaging

* The basic thorax imaging domain consists
of understanding lung artifacts (A- and B-line
detection in a similar fashion to the BLUE protocol)"’,
determining pleural fluid, and pleural fluid-related
findings (e.g., spine sign, curtain sign, jellyfish sign,
etc.), and the presence or absence of lung sliding using
both B- and M-modes, with their clinical implications
for pneumothorax, consolidation, pulmonary edema,
and pleural effusion.

*  The advanced thorax imaging domain consists
of diaphragmatic ultrasound to detect diaphragmatic
thickness and mobility.

4. Abdominal Imaging

*  The basic abdominal imaging domain includes
abdominal free fluid detection using the FAST

criteria'®; liver size (normal, decreased, or increased)
and parenchyma evaluation (homogenous or
heterogenous, liver surface nodular or not), spleen size
(normal, decreased and increased) and parenchyma
(homogenous or not) assessment, gallbladder stone
(present/absent), biliary sludge (present/absent),
gallbladder anterior wall thickness measurement,
gallbladder wall edema (present/absent), and biliary
tract dilatation (present/absent) assessment; renal size
(normal, decreased and increased) and parenchyma
thickness  assessment (normal or reduced),
hydronephrosis  (present/absent), nephrolithiasis
(present/absent), bladder urinary retention (present/
absent), as well as assessment of gross liver, spleen,
and kidney cysts & masses in dichotomous fashion.

 The advanced abdominal imaging domain
covers abdominal aorta aneurysm screening, ileus
evaluation, and appendicitis assessment.

5. Cardiac Imaging

* The basic cardiac imaging domain mainly
parallels the FoCUS core curriculum!' and starts
with the acquisition of five core echocardiographic
windows: parasternal long and short axes (PLAX
and PSAX), apical and subcostal four-chamber views
(A4C and S4C), and subcostal vena cava inferior view
(SVCI), followed by the determination of pericardial
and pleural fluid, gross left ventricular systolic
functions (trichotomously as normal, reduced, or
severely reduced), chamber size measurements,
detection of right ventricular strain, gross valvular
abnormalities (without the use of Doppler imaging),
inferior vena cava diameter and collapsibility, and the
presence of gross intracardiac masses.

» The advanced cardiac imaging domain
comprises the determination of left ventricular
diastolic dysfunction and acquiring Doppler imaging
of the valves.

6. Vascular Imaging

* The basic vascular imaging domain involves
detecting deep vein thrombosis using a 3-point
compression test (without Doppler imaging).

« The advanced vascular imaging domain
consists of carotid intima-media thickness
measurement.

7. Thyroid & Neck Imaging

* The basic thyroid & neck imaging domain
consists of thyroid size measurement, nodule
assessment  (present/absent), and  vascularity
assessment (increased, not increased).

*  The advanced thyroid & neck imaging domain
consists of assessment of thyroid nodules in accordance
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with the Ti-RADS classification and assessment of
cervical lymph nodes (reactive, not reactive).

8. Musculoskeletal (MSK) Imaging

* The basic MSK imaging domain does not
include any content.

e The advanced MSK imaging domain
comprises joint effusion assessment and soft tissue
collection evaluation.

9. Interventional Imaging

* The basic interventional imaging domain
consists of paracentesis, thoracentesis, vascular
access, bladder catheter placement, and confirmation
of endotracheal intubation & position under
ultrasonographic guidance.

* The advanced interventional imaging
curriculum consists of synovial joint aspiration and
abscess & collection aspiration under ultrasonographic
guidance.

10. Approach to Clinical Scenarios: Protocols

*  The basic protocols domain includes BLUE!?
and eFAST" protocols for lung assessment in critically
ill patients and free fluid assessment in trauma patients,
respectively.

*  The advanced protocols domain includes the
RUSH? protocol for assessment of a patient with
undifferentiated shock.

Table 1 provides a brief overview of the POCUS
curriculum for internists.

Table 1. Basic and advanced POCUS curriculum for internists

- Probe types, imaging modes, and image
acquisition

Domains Basic POCUS Curriculum Advanced POCUS Curriculum
Principles of US Physics | -US physics & principles - Doppler imaging

- Elastography
Machine Basics - US machines & knobology N/A

Thoracic Imaging

- Lung artifacts and sliding

- Diaphragmatic thickness and mobility

& size

- Gross liver, spleen, and kidney cysts &
masses

- GB pathology & biliary tract dilatation
- Hydronephrosis, nephrolithiasis, and
bladder urinary retention

- Pleural fluid
Abdominal Imaging - Free fluid - Tleus
- Liver, spleen, and kidney parenchyma | - Appendicitis

- Abdominal aorta aneurysm

Cardiac Imaging

- Main windows

- Pericardial & pleural fluid

- LV systolic functions

- RV strain

- Chamber sizes

- Gross valve and mass assessment
- IVC assessment

- LV diastolic dysfunction
- Doppler imaging of the valves

Vascular Imaging

- Deep vein thrombosis

- Carotid IM thickness

Thyroid & Neck - Thyroid size, nodule & vascularity - Thyroid nodule characterization
Imaging - Assessment of lymph nodes
MSK Imaging -N/A - Joint effusions

- Soft tissue collections

Interventional Imaging

- Paracentesis & thoracentesis

- Vascular access

- Bladder catheter placement

- Endotracheal intubation and position
confirmation

- Synovial joint aspiration
- Abscess & collection aspiration

Approach to clinical
scenarios: Protocols

- BLUE protocol
- eFAST protocol

- RUSH protocol

GB: Gallbladder, IM: Intima-media, IVC: Inferior vena cava, LV: Left ventricle, MSK: Musculoskeletal, N/A: Not applicable,
POCUS: Point-of-care ultrasound, RV: Right ventricle, US: Ultrasound
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CONCLUSION

Prior studies indicate that POCUS imaging
applications are reliable and efficient after adequate
education and training.

This paper marks the first comprehensive
examination of Turkish internal medicine specialists’
specific needs and objectives regarding POCUS
training. It addresses a significant gap in the existing
literature by focusing on the particular context and
requirements of clinicians in Turkey, which paves
the way for tailored education and skill development
in this vital area of medical practice. We expect the
POCUS education curriculum to set national standards,
provide a reference point, increase clinicians’ skills,
and improve patient outcomes in Turkey.

As both the data supporting evidence-based
applications of POCUS and the technology itself
continue to evolve, we recognize the necessity for this
paper to adapt accordingly. We intend to implement a
dynamic framework that not only captures the current
landscape of POCUS training but also commits to
regular updates. By doing so, we aim to ensure that
the curriculum remains relevant and meets healthcare
providers’ and patients’ continuously changing needs.
Through ongoing revisions, we strive to enhance the
quality of POCUS education, ultimately contributing
to better patient outcomes in Turkey.
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ABSTRACT

Background: This study presents a comprehensive comparative analysis of two methods for arterial cannulation,
palpation, and ultrasound guidance (USG), using a sample of 104 subjects for each method.

Methods: The primary objective was to evaluate the safety and efficiency of these techniques. Clinical and
laboratory parameters were recorded, including hemoglobin levels, platelet count, International Normalized
Ratio (INR), albumin, and total protein levels. The number of attempts and total procedure time were
documented for each procedure. Additionally, the ultrasound-guided (USG) method and the duration of each
recorded procedure were emphasized to provide a detailed comparison between the two techniques.

Results: USG required fewer attempts than palpation (1.63 +0.83 vs. 2.36 £ 1.18, p<0.001), resulting in a higher
success rate on the first attempt. The total procedure time was significantly shorter in the USG group (7.14 +
2.42 vs. 11.83 £ 4.45 minutes, p<0.001). This demonstrates the enhanced efficiency of USG. Complication
rates were also lower in the USG group (16.3% vs. 31.7%, p=0.009), confirming its safety advantage.
Although the two groups showed no significant differences in hemoglobin levels, platelet count, albumin, total
protein levels, inotropic agent requirements, or history of peripheral arterial disease (PAD) and congestive heart
failure (CHF), INR levels were significantly higher in the USG group (1.23 + 0.26 vs. 1.14 £ 0.25, p=0.004).
Furthermore, patients with higher BMI benefited more from USG, which was particularly advantageous in
challenging cases.

Conclusion: The current study demonstrates that USG is more efficient, safer, and quicker than palpation,
particularly in patients with a higher BMI. These findings suggest that USG is preferable for arterial cannulation
in clinical settings, offering reduced complications and enhanced success rates, especially in more challenging
patient populations.

Keywords: Arterial cannulation, dorsalis pedis artery, palpation technique, USG technique
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Intraarterial cannulation is frequently used in
intensive care units (ICU) for invasive blood pressure
monitoring, frequent arterial blood gas analysis, and
evaluation of fluid response in treatment.' Arterial
cannulation plays a vital role in adequate hemodynamic
monitoring.

Radial, dorsalis pedis, brachial, femoral, and
posterior tibial arteries should be preferred for arterial
cannulation.! Radial and dorsalis pedis arteries are
chosen more frequently because of their proximity to
the skin surface and ease of access.’

The traditional arterial cannulation method
performs the procedure by palpating the planned
vessel. An experienced physician is required for this
procedure. Since multiple arterial interventions may
be performed, arterial spasms and hematomas may
occur.’ With the complications in these procedures
over time, ultrasound (USG) technique has become
preferred. Its use in ICUs has grown due to fewer
complications. Additionally, it requires less bedside
time and offers higher success rates.**

Since the surgical outcomes related to the
dorsalis pedis artery are not yet well understood, our
study specifically selected it as the target artery for
cannulation to contribute to the existing literature.
Our research mainly aims to compare palpation and
ultrasound guidance in vascular cannulations in the
dorsalis pedis artery. The secondary objective was to
find the total time, number of trials, complications,
and success rates between the two procedures.

METHODS

This study compares 208 patients with arterial
cannulation (104 for palpation and 104 for ultrasound
techniques) and compares those patients undergoing
arterial cannulation. After the local ethical committee’s
approval (Number: 2023-18/10), the study was
conducted on patients in the internal medicine
intensive care unit at a university hospital.

Criteria for inclusion:

* 18 years of age or older (including 18)

*  Non-pregnancy

Exclusion criteria:

*  Patients under 18 years old

*  Pregnant patients

»  Patients without approval

» Patients with diabetes, arterial thrombosis,
infections, and related conditions were excluded

Patient selection and randomization:

Patients were randomly assigned to either the
palpation or ultrasound-guided (USG) groups to
minimize selection bias and ensure a balanced
comparison between the two techniques.

Artery selection:

As stated in the introduction, the dorsalis pedis
artery was selected for all procedures to maintain
consistency across the study. Additionally, collateral
circulation via the dorsalis pedis artery was assessed
before cannulation.

Observer’s role:

The observer documented key procedural
parameters, including the number of attempts, total
procedure time, and outcomes such as the success or
failure of the intervention.

Switching to a different artery:

If cannulation of the dorsalis pedis artery was
unsuccessful after multiple attempts, the physician
proceeded to another artery based on clinical judgment
to ensure patient safety and timely intervention.

In the study, an experienced internal medicine
physician observed patients undergoing arterial
cannulation. During the data collection process,
no intervention was carried out concerning patient
selection, indication of catheter installation, and vessel
selection, and it was monitored only by an external
observer. The data from patients who met the inclusion
criteria were collected. Electronic medical records
were used for the patient’s laboratory parameters.

Our study used a 20G arterial cannula for palpation
and ultrasound-guided cannulation. A vascular
transducer with a small footprint (8—13 MHz) and a
two-dimensional M-Turbo ultrasound system (Chison
ultrasound) device were used for the procedure. The
ultrasound was performed using a short-axis, in-
plane technique. Both methods retained predefined
times, which were not included in the total time. To
objectively compare the total operating times, arterial
palpation and detection times were included in the
entire duration. Complications such as bleeding and
hematoma were recorded after the catheter installation.

Statistical Analysis

All statistical analyses were performed using
SPSS software (version 26 for Mac). The normality
of the distribution of continuous variables was
assessed using the Kolmogorov-Smirnov test. Data
are presented as mean + standard deviation (SD)
for normally distributed variables and as median
(min-max) for non-normally distributed variables.
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Table 1. The comparison of continuous variables between the palpation and the USG technique used for

arterial cannulation.

Palpation UsSG
(=104) (=104) p
Mean = SD Median (Min-Max) | Mean + SD Median (Min-Max)
Age 65.85+ 14.94 67(24-96) 66.69 + 16.13 68(18-93) 0511
Height, cm 164.43 £9.6 162.5(145-184) 167.4 +9.47 170(150-185) | 0-033
Weight, kg 85.79 = 10.61 85(56-108) 84.43 = 12.64 84.5(52-108) 0.580
BMI, kg/m? 31.86+4.26 | 31.63(22.72-443) | 30.18+443 | 29.65(17.78-41.67) | 0004
Number of attempts | 535, |g 2(1-5) 1.63 +0.83 1(1-4) <0.001
Processing time, min | 1} g3+ 445 11(5-23) 714242 6(4-13) <0.001
MAP, mmHg 7343 +11.58 | 71.67(48.33-105) | 75.8+27.04 |71.67(48.33-321.67)| 0959
Systolic BP, mmHg | 9963+ 1549 95(65-145) 108.94 = 75.48 100(75-855) 0312
Diastolic BP, mmHg | ¢34+ 1043 60(40-85) 5923+ 10.61 60(35-85) 0.397
Hemoglobin, g/dL 92+1.14 9(7.3-12.5) 9.16+ 1.5 8.9(6-13.2) 0.459
Platelet (10° pl) 154.89+83.96 | 131.5(45-375) | 156.68 + 108.04 125(11-422) 0577
INR 1.14+0.25 1(0.8-2) 123+0.26 1.2(0.9-1.9) 0.004
Albumin g/L 2436+ 3.58 24(18-32) 24.63 +5.36 24(17-38) 0.895
Total protein g/L 52.57+7.31 55(35-67) 527241025 54(30-73) 0.957

MAP: mean arterial pressure, BP: blood pressure, INR: international normalization range min: minute

Categorical variables are expressed as numbers and
percentages. For comparison between the two groups
(USG and palpation), independent t-tests were used
for normally distributed continuous variables, while
Mann-Whitney U tests were applied for non-normally
distributed variables. Chi-square tests were utilized to
analyze categorical variables. A p-value < 0.05 was
considered statistically significant.

A power analysis was conducted to determine the
required sample size. Assuming an alpha level of 0.05,
a power of 0.80, and based on expected differences in
the number of attempts and procedure time between
the two techniques, a sample size of 104 patients per
group (208 patients in total) was determined to be
sufficient to detect clinically significant differences
between the groups.

RESULTS

We determined that the curriculum should cover
tenln the evaluation of catheterization techniques,
a comparative analysis between palpation (n=104)
and ultrasound-guided (USG) (n=104) procedures
revealed several significant findings.

Demographic Characteristics:

The mean age of patients in the palpation group
was 65.85 + 14.94 years, with a median of 67 years
(range: 24-96). The USG group’s mean age was 66.69
+ 16.13 years, with a median of 68 years (18-93). The
difference in age between the two groups was not
statistically significant (p = 0.511). The distribution of
males and females differed significantly between the

palpation and USG groups (n=38 vs. n=66, p=0.018).
Patients’ height (p = 0.033) and BMI (p=0.004)
showed a significant difference between the palpation
and USG groups, while no significant differences were
observed in weight (p=0.580, Table 1).

Catheterization Parameters:

The number of attempts for catheterization was
significant between the two groups (2.36 = 1.18 vs.
1.63 + 0.83 attempts, p<0.001). Processing time was
significantly shorter in the USG group (7.14 £2.42 vs.
11.83 £ 4.45 minutes, p<0.001, Table 1).

Hemodynamic Parameters:

Mean Arterial Pressure (MAP), Systolic Blood
Pressure (SBP), and Diastolic Blood Pressure (DBP)
of the patients did not show statistically significant
differences between the two groups (p>0.05).

Laboratory Values:

The selection of ultrasound guidance for patients
with higher INR levels was driven by clinical
considerations to enhance patient safety. USG is
known to reduce complications, particularly the
risk of hematoma and excessive bleeding, which
are of more significant concern in individuals with
elevated INR. Significant differences were observed
in the International Normalized Ratio (INR) (p =
0.004) between the palpation and USG groups. The
USG group had a higher INR (1.23 £ 0.26) than the
palpation group (1.14 + 0.25). Hemoglobin, platelet
count, albumin, and total protein levels did not show
significant differences between the two groups (p >
0.05, Table 1).

Procedural Outcomes and Medical History:

The USG group demonstrated a significantly
higher rate of success on the first attempt (p<0.001)
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Table 2. The comparison of categorical variables between the palpation and the USG technique used for

arterial cannulation.

Palpation USG p
(n=104) (m=104)
Male/Female 38/66 55/49 0.018
First attempt, n (%) 34 (32.7) 62(59.6) <0.001
Complication, n (%) 33 (31.7) 17 (16.3) 0.009
Inotropic agent requirement, n (%) 50 (48.1) 61 (58.7) 0.126
PAD History, n (%) 9(8.7) 13 (12.5) 0.367
CHF History, n (%) 32 (30.8) 34 (32.7) 0.776

USG: ultrasound, PAD: peripheral artery disease, CHF: congestive heart failure

and a lower rate of complications (p=0.009) compared
to the palpation group (Table 2).

There were no significant differences in inotropic
agent requirement, peripheral artery disease (PAD)
history, and Congestive Heart Failure (CHF) history
between the two groups (p>0.05, Table 2).

DISCUSSION

In our daily intensive care practice, arterial
cannulation plays an important role, and arteries such
as the radial and dorsalis pedis are the vessels that
are frequently intervened.® The dorsalis pedis artery
proceeds as a continuation of the anterior tibial artery
in front of the ankle joint. It then descends as a deep
plantar artery and completes the plantar arch 7#

Our study showed that the total operating time of
patients undergoing ultrasound and arterial canulation
was significantly shorter than that of patients under
palpation. Similarly, Bicak et al.® and Anand et al.'
report that the procedure under the ultrasound was
significantly shorter. Shiver et al.!'! conducted a
comparative study on arterial cannulation procedures,
specifically ultrasound and palpation. The study had
60 patients and focused on determining the shorter
length of ultrasounds. However, Bhattacharjee et
al."”? reported no notable disparity in processing time
between the two methodologies.

Our study found that patients who underwent
cannulation using the USG approach had a greater
success rate on their initial attempt and required fewer
total attempts. According to a study by Yeap et al.',
using the USG method necessitates fewer surgical
procedures. Bruzoni et al.'* conducted a study on 150
pediatric patients and saw a decrease in ultrasound
surgical procedures.

The initial ultrasonography trial demonstrated a

superior success rate in research conducted by Ueda
et al.’’ involving 749 individuals. In our investigation,
we also discovered that with the USG procedure,
the success rate was higher in the first attempt. In
contrast to our study, Chanthawong et al.'® reported
comparable success rates in the initial effort when
comparing ultrasonography and palpation techniques
in a sample of 80 patients.

Our research has demonstrated a marked decrease
in the incidence of complications when ultrasound
is used for cannulation. Concurrently with our
investigation, Oulego-Erroz et al.!” and Souza et al.'?
demonstrated decreased complications using the USG
approach in a cohort of 354 patients. An analysis of
seven trials in the literature involving a total of 558
patients revealed that the incidence of hematoma was
markedly reduced in arterial cannulation operations
when ultrasound guidance (USG) was employed.!®
Zhao et al.'” analyzed 19 trials, including 3,220
patients. Their findings indicate that ultrasound-
guided arterial cannulation operations have much
lower complication rates than palpation procedures.

In the study conducted by Sung et al.?, 160
geriatric cases were examined. As a result of the
study, the success rate in the first attempt in the
arterial cannulation procedure performed on the radial
artery with the ultrasound technique was higher than
the palpation technique, and fewer complications
were detected in the procedures performed with the
ultrasound technique.

The groups did not exhibit any notable disparities
in terms of the rates of inotropic need, average
arterial pressure, peripheral artery disease, and heart
failure. No significant differences were observed in
the laboratory measurements of total protein (g/L),
albumin (g/L), hemoglobin (g/dL), and platelets (10°/
uL). The USG group exhibited elevated INR levels,
showing that USG was favored for individuals with

10
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a higher risk profile. Although patients with higher
INR values were more likely to undergo USG, this
approach did not introduce bias into the study, as
group assignments were determined randomly. The
retrospective nature of data analysis ensured that
comparisons between the palpation and USG groups
remained valid, with no deliberate preference or bias
influencing the results.

CONCLUSION

This study highlights that ultrasound guidance
(USQ) is safer, faster, and more efficient than palpation,
especially when cannulating the dorsalis pedis artery.
The preference for USG, particularly in patients with
elevated INR, helps minimize complications such as
hematomas. These findings suggest that USG should
be preferred for arterial cannulation procedures to
enhance success rates and reduce risks, especially in
more challenging cases.

Limitations

This study has some limitations. First, operator
dependence can affect the success of ultrasound-guided
cannulation. Second, variability in the availability of
ultrasound machines may limit the generalizability
of the findings. Third, ensuring homogeneous patient
selection was challenging, which could introduce
some variability in the results.

We acknowledge the importance of diabetes
mellitus (DM), Buerger’s disease, and other peripheral
arterial diseases that may impair vascular health and
potentially impact the success of arterial cannulation.
However, the study design did not include these
conditions to maintain a focused analysis of parameters
directly related to acute cardiovascular management
and procedural outcomes.

In future research, we recommend expanding the
scope to include additional vascular comorbidities,
such as DM and Buerger’s disease, to explore their
impact on arterial access procedures further.
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ABSTRACT

Background: This study investigates the biofilm formation capabilities of Lactobacillus species isolated
from fermented cassava and corn products. Understanding biofilm formation is crucial for evaluating the
probiotic potential of these species, as biofilm-forming ability influences their survival and functionality in
host environments.

Methods: Nine bacterial isolates, including Lactobacillus fermentum, L. ghanensis, L. delbrueckii, L.
plantarum, Lactococcus lactis, L. reuteri, Lysinibacillus sphaericus, Bacillus cereus, and B. pacificus, were
assessed for biofilm production using the microtiter plate assay. After crystal violet staining, optical density
(OD) values were measured at 570 nm spectrophotometrically. Based on OD values, isolates were classified
into four categories: no biofilm, weak, moderate, and strong biofilm formation. Statistical analyses, including
two-stage least squares regression, were employed to evaluate biofilm formation trends and predictors.
Results: The predictive regression model was highly significant (R?=0.987, F = 122.618, p <0.0001). Biofilm
formation strength varied, with the highest mean percentage observed in the moderate group (31.29%), followed
by weak (27.41%), strong (20.46%), and no biofilm (20.05%). Among the isolates, Lactobacillus fermentum
exhibited the highest rate of strong biofilm formation (46.1%), while Lysinibacillus sphaericus showed none.
Moreover, The highest biofilm formation was observed at 37°C (31.29%), followed by 25°C (27.41%), and
45°C (20.46%). Similarly, biofilm formation was highest at pH 6.5 (30.41%), followed by pH 7.5 (25.39%)
and pH 4.5 (20.05%). Lactobacillus fermentum exhibited the highest strong biofilm formation (46.1%) at 37°C
and pH 6.5.

Conclusion: Biofilm formation in Lactobacillus species is species-specific and environmentally influenced by
temperature and pH. Lactobacillus fermentum demonstrated strong biofilm formation, making it a promising
candidate for probiotic applications.
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Statistical models
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Biofilm Formation Capabilities of Lactobacillus Species

The study of biofilm formation capabilities of
Lactobacillus species has several clinical benefits.
Lactobacillus species with strong biofilm-forming
abilities are more likely to adhere to the intestinal
epithelium, resist gastric acids, and survive bile salts,
enhancing their colonization potential and making
them effective probiotics for gut health." ? Biofilms
provide a protective matrix that shields bacteria from
hostile environments, ensuring sustained delivery of
health benefits. These probiotics can modulate gut
microbiota, helping prevent or treat conditions such
as irritable bowel syndrome (IBS), inflammatory
bowel disease (IBD), and diarrhea.> * Additionally,
their biofilm-forming ability aids in the competitive
exclusion of pathogens by occupying niches on
the gut lining. Probiotic Lactobacillus species with
antimicrobial properties can help manage infections
caused by harmful or antibiotic-resistant bacteria.’
They may also reduce the risk of dental caries and
periodontal diseases by preventing pathogenic
biofilms in the oral cavity. Variability in biofilm
formation across species provides insights for
tailoring probiotic supplements to individual health
needs, facilitating personalized dietary interventions
for improving gastrointestinal health or preventing
specific conditions. Demonstrating that fermented
foods contain biofilm-capable Lactobacillus species
supports their role as functional foods with preventive
health benefits beyond basic nutrition.* * Moreover,
Lactobacillus biofilms could be engineered for drug
delivery, offering sustained release of therapeutic
agents, particularly in gastrointestinal treatments. This
foundational knowledge contributes to advancing
probiotic therapy, infection management, functional
food development, and innovative drug delivery
systems, significantly impacting public health.
Fermented foods have been central to traditional
diets worldwide, offering not only unique flavors but
also significant health benefits. Notably, fermented
cassava and corn products are integral to African
cuisine, particularly in Nigeria, where they are staple
components. The fermentation process promotes
the growth of beneficial microorganisms, primarily
lactic acid bacteria (LAB), which are essential
for food preservation and improving nutritional
value.5,6 Increasing attention has been given to LAB,
particularly Lactobacillus species, because of their
well-documented probiotic properties, which include
gut health support, immune modulation, and inhibition
of pathogenic bacteria.”*

Probiotics are defined as live microorganisms that

provide health benefits to the host when administered
in sufficient quantities.” '° Lactobacillus species have
been widely studied for their resilience to acidic and
bile conditions, adherence to the intestinal mucosa,
and production of antimicrobial substances like
bacteriocins.'" > The rising demand for natural,
functional foods fortified with probiotics has fueled
research efforts to isolate and characterize promising
probiotic strains from traditional fermented foods."*- '*
The potential health benefits of Lactobacillus species
include preventive measures against gastrointestinal
infections and chronic illnesses.'> !¢

Despite their widespread use, research on the
probiotic potential of LAB from fermented cassava
and corn in Nigeria remains limited. Previous studies
have primarily focused on dairy-based fermented
products, while non-dairy sources, which are often
more accessible in tropical regions, have been
underexplored.' ' The ability of these isolates
to form biofilms is crucial, as biofilm formation
enhances bacterial adherence to the intestinal lining,
potentially improving gut colonization and probiotic
effectiveness.'” ?° Biofilms, as complex microbial
communities, offer protection against environmental
stressors, potentially increasing the bacteria’s survival
and functionality within the gastrointestinal tract.?!?
This research also assess biofilm formation as an
indicator of efficient gut colonization. By advancing
the understanding of indigenous probiotic strains,
the study aims to contribute to the development of
functional foods and therapeutic strategies that can
address prevalent health challenges in Nigeria and
beyond.” ** Furthermore, the results could support
the creation of locally produced, sustainable probiotic
products, enhancing health and nutritional security.?:
% Biofilm formation is a critical characteristic of
Lactobacillus species, significantly influencing their
probiotic functionality and resilience in various
environments. Factors like genetic diversity and
stress conditions can impact biofilm strength, which
varies among species and samples.?’?* Understanding
these differences aids in optimizing probiotic
applications.*

METHODS

This research focused on the isolation, identification,
and biofilm formation assessment of Lactobacillus
species from fermented cassava and corn samples. A
systematic approach was adopted, including sample
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collection, microbial isolation, biofilm formation
assessment, and statistical analysis.

Sample Collection

Fermented cassava and corn samples were collected
from various local markets in Benin City, Nigeria.
Samples were transported in sterile containers to the
laboratory and processed within 24 hours to ensure
the viability of the microorganisms.?

Microbial Isolation

The isolation of Lactobacillus species was performed
using serial dilution and plating techniques. A 10 g
sample of each fermented product was homogenized in
90 mL of sterile peptone water and serially diluted up
to 107¢. Aliquots (0.1 mL) of the appropriate dilutions
were spread on de Man, Rogosa, and Sharpe (MRS)
agar plates. Plates were incubated at 37°C for 48
hours under anaerobic conditions using an anaerobic
jar with gas-generating kits. Colonies displaying
typical Lactobacillus morphology (smooth, round,
and cream-colored) were selected and purified by sub-
culturing.

Assessment of Biofilm Formation

The biofilm-forming ability of the Lactobacillus
isolates was evaluated using the microtiter plate assay.
Overnight cultures of each isolate were adjusted to
an optical density of 0.5 at 600 nm, corresponding
to approximately 10¥ CFU/mL. A 200 pL aliquot of
each culture was transferred into wells of a sterile,
flat-bottomed 96-well polystyrene microtiter plate.
The wells were incubated at 37°C for 24 hours under
anaerobic conditions.?® 2! After incubation, wells
were washed three times with phosphate-buffered
saline (PBS) to remove non-adherent cells. Adherent
biofilms were fixed with 99% methanol for 15 minutes
and stained with 0.1% crystal violet for 20 minutes.
Excess stain was rinsed off with distilled water, and
the plates were air-dried. The bound crystal violet was
solubilized with 33% acetic acid, and the absorbance
was measured at 570 nm using a microplate reader.'>*

Categorization of Biofilm Formation

The strength of biofilm formation was categorized
based on the absorbance values: no biofilm (OD <
0.1), weak (0.1 < OD < 0.2), moderate (0.2 < OD
< 0.4), and strong (OD > 0.4). The experiment was
performed in triplicate for each isolate, and the mean
absorbance values were calculated.

Statistical Analysis

All assays were conducted in triplicate to ensure
data reliability. Statistical analyses were performed
using appropriate software, such as SPSS version 23,
to compare the probiotic properties across isolates.
Data were analyzed using descriptive and inferential
statistical methods. The variations in biofilm formation
among different Lactobacillus species were assessed
using one-way analysis of variance (ANOVA). A
two-stage least squares (2SLS) regression model was
developed to explore the relationship between biofilm
formation strength and microbial interactions, ensuring
model reliability. The coefficient of determination
(R?) was calculated to evaluate the model’s predictive
power.>* 2

RESULTS

Table 1 presents the biofilm formation strength of
various Lactobacillus species, categorizing them into
no biofilm, weak, moderate, and strong formation.
Table 2 and 3 shows the effect of temperature and
pH on biofilm formation. Table 4 outlines the model
description used for statistical analysis, identifying
biofilm categories as predictors and instrumental
variables. The results from Table 5’s indicates model
summary. Table 6 provides detailed coefficients of
the variables in the model. Table 7’s descriptive
statistics summarize the central tendencies and
variability of biofilm formation across isolates. The
correlation matrix in Table 8 and 9 highlights the
inverse relationship between strong biofilm formation
and other categories. Finally, Table 10 offers the
distribution parameters, showing how biofilm data fits
a normal distribution. Figures 1 and 2 visually support
these findings, with Figure 1 displaying a histogram of
biofilm formation percentages and Figure 2 showing
P-plots for estimated distribution parameters.

DISCUSSION

Thedistribution ofbiofilm formationstrengthamong
Lactobacillus species isolated from fermented cassava
and corn samples highlights the variability in biofilm-
forming abilities (Table 1). Lactobacillus fermentum
(n=13) showed 46.1% strong biofilm formation and
7.7% no biofilm formation, while Lactobacillus
plantarum (n=14) exhibited 42.9% strong and 7.1%
no biofilm formation. These findings underscore
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Table 1: Biofilm Formation in Lactebacillus species Isolated from Fermented Cassava and

Corn Samples

Isolates Biofilm formation strength

No biofilm Weak Moderate Strong

n (%) n (%) n (%) n (%)
Lactobacillus fermentum (n=13) 1(7.7%) 2(15.4%) 4(30.8%) 6(46.1%)
Lactobacillus ghanensis (n=9) 2(22.2%) 3(33.3%) 2(22.2%) 2(22.2%)
Lactobacillus delbrueckii (n=10) 2(20.0%) 2(20.0%) 4(40.0%) 2(20.0%)
Lactobacillus plantarum (n=14) 1(7.1%) 3(21.4%) 4(28.6%) 6(42.9%)
Lactococcus lactis (n=9) 2(22.2%) 4(44.4%) 2(22.2%) 1(11.1%)
Lactobacillus reuteri (n=8) 2(25.0%) 2(25.0%) 3(37.5%) 1(12.5%)
Lysinibacillus sphaericus (n=7) 3(42.9%) 2(28.6%) 2(28.6%) 0(00.0%)
Bacillus cereus (n=9) 2(22.2%) 2(22.2%) 4(44.4%) 1(11.1%)
Bacillus pacificus (n=11) 2(18.2%) 4(36.4%) 3(27.3%) 2(18.2%)

the association between strong biofilm formation
and enhanced probiotic potential, contributing to
microbial stability in the gastrointestinal tract. In
contrast, Lactobacillus ghanensis and Lactococcus
lactis demonstrated lower biofilm formation, likely
influenced by genetic and environmental factors,
such as substrate availability and pH, consistent
with findings by Song et al.?® Biofilm formation in
Lactobacillus species is significantly influenced by
temperature and pH. Table 2 shows that Lactobacillus
fermentum and L. plantarum formed the strongest
biofilms at 37°C, optimal for human gut conditions.?

Biofilm production declined at 45°C, indicating stress.
Table 3 reveals that pH 5.5-6.5 supported maximum
biofilm formation, aligning with gut pH. Extreme pH
levels reduced biofilm production due to metabolic
disruptions. Statistical analysis (Table 4) revealed a
highly significant predictive model (R? = 0.987, p <
0.001), aligning with Bajpai et al.”’, who used similar
regression models to link microbial characteristics to
biofilm variability. The significant F value (122.618, p
= 0.000) underscores the robustness of these models.
Negative coefficients (Table 6) indicate an inverse
relationship between biofilm strength and predictor

Table 2: Effect of Temperature on Biofilm Formation

Temperature (°C)

Tsolates 25 30 37 45

Lactobacillus fermentum, (%) 20.5 323 46.1 33

Lactobacillus plantarum, (%) 18 290.5 42.9 28
Lactococcus lactis, (%) 12.5 245 30 18.5

Lactobacillus ghanensis, (%) 14 222 27 20
Lactobacillus delbrueckii, (%) 13.5 19.5 25 18.5
Lactobacillus reuteri, (%) 15.6 21 325 224
Lysinibacillus sphaericus, (%) 16 232 33.8 23.5
Bacillus cereus, (%) 16.8 254 38.5 26.7
Bacillus pacificus, (%) 14.9 228 30.2 21.8

Table 3: Effect of pH on Biofilm Formation
pH Level

Tsolates 4.5 55 6.5 75
Lactobacillus fermentum, (%) 28.5 39 46.1 31.2

Lactobacillus plantarum, (%) 26.2 35.1 42.9 28
Lactococcus lactis, (%) 18 25 30.5 22.5
Lactobacillus ghanensis, (%) 21.5 30 34.3 25.5
Lactobacillus delbrueckii, (%) 19 24.5 31 22.7
Lactoebacillus reuteri, (%) 19.8 22.9 33.5 24.5
Lysinibacillus sphaericus, (%) 23 30.7 34.6 25.6

Bacillus cereus, (%) 24.5 31 35.5 26
Bacillus pacificus, (%) 214 28.5 324 274
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Table 4: Two-stage Least Squares Analysis (Model Description)
Model Description Type of Variable
Equation 1 Strong Dependent
Moderate predictor & instrumental
Weak predictor & instrumental
No biofilm predictor & instrumental
Table 5: Model Summary
Equation 1 Multiple R 0.993
R Square 0.987
Adjusted R Square 0.979
Std. Error of the Estimate 2213
Table 6: ANOVA
Sum of Df Mean F Sig.
Squares Square
Equatio  Regressio 1802.009 3 600.670 122.618 0.000
nl n
Residual 24.494 5 4.899
Total 1826.502 8
Table 7: Coefficients
Unstandardized Beta T Sig.
Coefficients
B Std. Error
Equation 1 (Constant) 93.292 6.927 13.469 0.000
Strong -0.988 0.152 -0.387 -5.823 0.001
Moderate -0.927 0.144 -0.476 -6.455 0.001
Weak -0.949 0.130 -0.576 -7.311 0.001
No biofilm -0.888 0.076 -0.694 -11.639 0.000
Table 8: Descriptive Statistics
No biofilm Weak Moderate Strong Isolates
(%) (%) (%) (%)
Mean 20.0523 27.411 31.289 20.456 9
Std. Error of Mean 3.93630 3.0592 2.5879 5.0367
Median 21.1000a 25.000a 29.333a 18.200a
Std. Deviation 11.80890 9.1775 7.7636 15.1100
Variance 139.450 84.226 60.274 228.313
Skewness 216 .691 532 814
Std. Error of Skewness 17 17 17 17
Kurtosis 1.708 -.156 -.826 -.046
Std. Error of Kurtosis 1.400 1.400 1.400 1.400
Range 42.83 29.0 22.2 46.1
Minimum .07 15.4 22.2 .0
Maximum 42.90 44 .4 44 .4 46.1
Sum 180.47 246.7 281.6 184.1
Percentiles 25 15.5750b 21.050b 26.450b 11.333b
50 21.1000 25.000 29.333 18.200
75 23.9500 34.075 38.125 27.375
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Figure 1: Histogram Showing the Percentage of Biofilm Formation in Lactebacillus Sp.

Table 9: Correlations

No biofilm ‘Weak Moderate | Strong
(%) (o) (%) (%)
No biofilm | Pearson Correlation 1 0.352 0.034 -0.914**
(%) Sig. (2-tailed) 0.353 0.930 0.001
Sum of Squares and Cross-products 1115.600 305.389 25.114 | -1304.199
Covariance 139.450 38.174 3.139 -163.025
95% Confidence Interval | Lower 1 0.352 0.034 -0.914
| Upper 1 0.352 0.034 -0.914
Weak (%) | Pearson Correlation 0.352 1 -0.654 -0.509
Sig. (2-tailed) 0.353 0.056 0.161
Sum of Squares and Cross-products 305.389 673.809 | -372.809 | -564.886
Covariance 38.174 84.226 -46.601 -70.611
95% Confidence Interval | Lower 0.352 1 -0.654 -0.509
Upper 0.352 1 -0.654 -0.509
Moderate | Pearson Correlation 0.034 -0.654 1 -0.123
(%) Sig. (2-tailed) 0.930 0.056 0.752
Sum of Squares and Cross-products 25.114 -372.809 | 482.189 | -115.754
Covariance 3.139 -46.601 60.274 -14.469
‘ 95% Confidence Interval | Lower |  0.034 -0.654 1 -0.123
| Upper 0.034 -0.654 1 -0.123
Strong Pearson Correlation -0.914%* -0.509 -0.123 1
(%) Sig. (2-tailed) 0.001 0.161 -0.752
Sum of Squares and Cross-products -1304.199 | -564.886 | -115.754 | 1826.502
Covariance -163.025 -70.611 -14.469 228.313
‘ 95% Confidence Interval | Lower | -0.914 -0.509 -0.123 1
| Upper -0.914 -0.509 -0.123 1
**_ Correlation is significant at the 0.01 level (2-tailed).
Table 10: Estimated Distribution Parameters
Parameters No biofilm (%) ‘Weak (%) Moderate (%) Strong (%)
Normal Distribution Location 20.0523 27.4111 31.2889 20.4556
Scale 11.80890 9.17748 7.76361 15.11002
The cases are unweighted.
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Figure 2: P-Plots for Estimated Distribution Parameters

models (Figures 2 and 3) validate data robustness,
supporting conclusions by Patel et al.** and Li et al.*
The strong correlation (r =-0.914, p =0.001) between
no and strong biofilm formation reinforces biofilm
strength as a critical microbial behavior variable.

variables, echoing Ahmed et al.*°, who noted metabolic
and environmental stressors reduce biofilm formation.

Descriptive statistics (Table 7) revealed variability
in biofilm strength, with positive skewness in strong
biofilm data indicating most isolates exhibit moderate
biofilm strength. Similar trends were reported by
Fernandez et al.’! and Huang et al.*’ Distribution

21



DAHUDER MJ 2025;5(1):13-23

Biofilm Formation Capabilities of Lactobacillus Species

CONCLUSION

This study highlights the biofilm formation
capabilities of Lactobacillus species isolated from
fermented cassava and corn, emphasizing the critical
roles of environmental factors such as temperature
and pH. Optimal biofilm production was observed
at 37°C and pH 5.5-6.5, which mimics the human
gastrointestinal ~ environment, reinforcing their
probiotic potential. The findings underscore biofilm
formation is species-dependent, with Lactobacillus
fermentum and L. plantarum demonstrating the
strongest biofilm-forming abilities. At the same time,
extreme temperatures and pH levels significantly
impair biofilm formation. These insights provide
valuable information for selecting and optimizing
Lactobacillus  strains in probiotic applications,
particularly in enhancing gut microbiota stability and
health. The study also emphasizes the need for future
research to explore additional environmental factors
and their synergistic effects on biofilm formation. Such
efforts can further optimize the use of Lactobacillus
strains in developing functional foods and therapeutic
probiotics, contributing to improved human health
outcomes.
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ABSTRACT

Burning Mouth Syndrome (BMS) is a chronic condition characterized by a burning or scalding sensation in
the oral cavity, typically involving the tongue, lips, palate, or entire mouth, without any identifiable mucosal
or systemic pathology. This case report discusses the presentation, diagnosis, and management of BMS in a
45-year-old female patient. The patient presented with a chief complaint of persistent oral burning sensation,
which significantly impacted her quality of life. A diagnosis of BMS was established through a thorough
clinical examination and exclusion of potential causes. Management involved a multidisciplinary approach,
including pharmacotherapy, behavioral therapy, and lifestyle modifications. The patient showed improvement
in symptoms following treatment, highlighting the importance of a comprehensive approach to managing BMS.

Keywords: Burning Mouth Syndrome, Glossodynie, Oral burning sensation

INTRODUCTION

Burning Mouth Syndrome (BMS) remains challenging for clinicians due to its elusive etiology and varied
clinical presentation.! BMS is a perplexing and debilitating condition characterized by burning pain in the
oral cavity, often accompanied by alterations in taste sensation and oral dryness.? Despite its prevalence and
impact on quality of life, BMS remains a diagnostic and therapeutic challenge in clinical practice. The etiology
of BMS is multifactorial, encompassing a complex interplay of biological, psychological, and environmental
factors. While no single cause has been identified, hypotheses suggest the involvement of neuropathic,
hormonal, immunological, and psychological mechanisms.® This heterogeneity underscores the need for a
comprehensive understanding of BMS pathophysiology to facilitate accurate diagnosis and targeted treatment
strategies. In recent years, neurobiology and oral medicine advancements have shed light on the underlying
mechanisms of BMS, revealing potential neurosensory disturbances, alterations in oral mucosal innervation,
and dysregulation of pain processing pathways. Furthermore, emerging evidence implicates factors such as
hormonal imbalances, nutritional deficiencies, and psychological comorbidities in the pathogenesis of BMS,
highlighting the importance of a multidisciplinary approach to patient evaluation and management. Despite
progress in unraveling the complexities of BMS, significant gaps in knowledge persist, particularly regarding
optimal diagnostic criteria and evidence-based treatment modalities. This case report aims to provide a
comprehensive overview of Burning Mouth Syndrome, encompassing its epidemiology, clinical presentation,
pathophysiology, and management strategies. By synthesizing current literature and expert insights, we seek
to enhance understanding of this enigmatic condition and stimulate dialogue surrounding future research
directions and clinical innovations.
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Burning-Mouth Syndrome

CASE REPORT

A 45-year-old female presented to the internal
medicine clinic with complaints of persistent burning
sensation in her mouth for the past six months. The
sensation was described as a constant burning pain
affecting primarily the tongue and palate. The patient
reported exacerbation of symptoms throughout the
day, particularly during meal times and stressful
situations. She denied any history of recent dental
procedures, oral trauma, or systemic illnesses.
Medical history was unremarkable, and there were
no known allergies to medications. On intraoral
examination, no significant mucosal abnormalities,
lesions or signs of inflammation were noted. Salivary
flow appeared adequate, ruling out xerostomia as
a potential cause of oral burning. The patient’s oral
hygiene was satisfactory, with no evidence of dental
caries or periodontal disease ( Figure 1). Neurological
assessment revealed no abnormalities suggestive
of neuropathic pain syndromes. Given the absence
of apparent mucosal lesions or systemic diseases,
a provisional diagnosis of BMS was considered.
However, a comprehensive diagnostic workup

was conducted to exclude other possible causes
of oral burning, including candidiasis, nutritional
deficiencies, hormonal imbalances and psychological
factors. Laboratory investigations, including complete
blood count, serum iron, vitamin B12 and thyroid
function tests, were within normal limits, ruling out
systemic causes. Pharmacotherapy was provided
by prescribing low-dose tricyclic antidepressants
(amitriptyline), which have been shown to alleviate
neuropathic pain associated with BMS. Additionally,
topical agents such as benzocaine-containing lozenges
were recommended for temporary oral relief.
Considering the contribution of psychosocial factors
to the patient’s symptoms, behavioral interventions
like stress management techniques and cognitive-
behavioral therapy were also implemented. The patient
was followed up regularly to monitor the response to
treatment and adjust management as needed. Over the
subsequent months, she reported gradual improvement
in her symptoms, with a reduction in the intensity
and frequency of oral burning episodes. The patient
expressed satisfaction with the treatment approach
and reported a significant enhancement in her overall
quality of life.
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Figure 1. No significant mucosal abnormalities, lesions,| or signs of inflammation and no

evidence of dental caries or periodontal disease
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DISCUSSION

BMS poses a diagnostic and therapeutic
challenge due to its complex etiology and diverse
clinical manifestations.* A systematic approach to
diagnosis, including thorough history-taking, clinical
examination, and exclusion of potential causes, is
crucial in differentiating BMS from other oral and
systemic conditions. BMS management strategies are
primarily symptomatic and may involve a combination
of pharmacotherapy, behavioral interventions, and
lifestyle modifications tailored to individual patient
needs.’ ThemanagementofBMSinthispatientinvolved
a multidisciplinary approach aimed at addressing
both symptomatic relief and underlying contributory
factors.® Pharmacotherapy included the prescription of
low-dose tricyclic antidepressants (e.g., amitriptyline)
and anticonvulsants (e.g., gabapentin), which have
been shown to alleviate neuropathic pain associated
with BMS.” Additionally, topical agents such as
benzocaine-containing lozenges were recommended
to temporarily relieve oral discomfort.® Behavioral
interventions, including stress management techniques
and cognitive-behavioral therapy, were incorporated
to address psychosocial factors contributing to the
patient’s symptoms. Dietary modifications, such as
avoiding spicy or acidic foods and beverages, were
suggested to minimize exacerbation of oral burning.
Moreover, proper oral hygiene and regular dental
check-ups were emphasized to maintain oral health
and prevent secondary complications. The role of
psychosocial factors in the etiology and exacerbation
of BMS symptoms underscores the importance of
a holistic management approach, addressing the
condition’s physical and psychological aspects.
Furthermore, the effectiveness of pharmacotherapy
in providing symptomatic relief highlights the
neuropathic component of BMS, supporting the use
of medications targeting neuropathic pain pathways.
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ABSTRACT

Alcohol addiction is a significant public health issue worldwide, leading to various physical, psychological,
and social problems. This manuscript explores the role of family physicians within the discipline of family
medicine in managing alcohol addiction, emphasizing the importance of a comprehensive approach that
incorporates lifestyle medicine principles. The COVID-19 pandemic has brought additional challenges to the
healthcare system, including shifting priorities and increased demand for mental health services. In extraordinary
situations like pandemics, the role and significance of family medicine in meeting the changing priorities and
addressing the needs in areas such as mental health are crucial. This manuscript highlights the importance of a
holistic approach, person-centeredness, and the involvement of family physicians in the management of alcohol
addiction. The integration of evidence-based interventions, lifestyle modifications, destigmatization efforts,
and collaborative care can contribute to improved outcomes and better quality of life for individuals with
alcohol addiction. Family physicians need to be equipped with the knowledge, skills, and resources necessary
to provide comprehensive care for patients with alcohol addiction, particularly in the context of evolving
healthcare landscapes and extraordinary circumstances like the COVID-19 pandemic.
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INTRODUCTION

Alcohol addiction, characterized by uncontrolled alcohol consumption, poses significant challenges to
individuals and society at large.!? Family physicians practicing within the discipline of family medicine play a
crucial role in addressing the complex needs of patients with alcohol addiction.’ Family medicine emphasizes a
comprehensive and holistic approach to healthcare, considering individuals’ physical, psychological, and social
aspects within the context of their families and communities.* Integrating lifestyle medicine principles, which
focus on promoting healthy behaviors and addressing modifiable risk factors, can enhance the management of

alcohol addiction within the family medicine setting.> ¢
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Alcohol Addcition During COVID-19

CASE DESCRIPTION AND MANAGEMENT

During the COVID-19 pandemic, family
physicians have faced evolving roles and changing
healthcare priorities’ In this case, a 25-year-old male
patient with alcohol addiction was identified through
the monitoring system established for COVID-19
patients. The family physician, utilizing a person-
centered approach, engaged in regular communication
with the patient and his family, addressing acute
complaints, exploring additional concerns, and
providing support. The management plan included
addressing withdrawal symptoms, coordinating
COVID-19 treatment, and facilitating referral to the
Substance Addiction Treatment and Training Center
(AMATEM) for ongoing care.®

DISCUSSION

Stigmatization of individuals with alcohol
addiction remains a significant barrier to seeking
help and receiving appropriate care.” Within society,
negative attitudes, stereotypes, and misconceptions
surrounding alcohol addiction persist, hindering
access to treatment.'” ' As primary care providers,
family physicians have a crucial role in combating
stigma and promoting a person-centered and holistic
approach to care.!? Incorporating lifestyle medicine
principles, such as promoting healthy behaviors,
addressing underlying determinants of health, and
fostering patient engagement, can contribute to
comprehensive alcohol addiction management.'* !4
Collaborative care, involving multidisciplinary teams
and community resources, is essential for addressing
the complex needs of individuals with alcohol
addiction."

CONCLUSION

The COVID-19 pandemic has highlighted the
importance of family medicine in meeting evolving
healthcare priorities, including the management
of alcohol addiction and mental health needs.
Family physicians, equipped with a comprehensive
understanding of alcohol addiction, lifestyle medicine
principles, and person-centered care, can play a vital
role in addressing the complex needs of individuals
with alcohol addiction. By integrating evidence-based
interventions, promoting lifestyle modifications,

combating stigma, and collaborating with other
healthcare professionals, family physicians can
contribute to improved outcomes and better quality of
life for individuals with alcohol addiction.
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