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Communication Strategies for Mechanically Ventilated
Patients in the Emergency Department: A Letter to the

Editor

® Merve Eksioglu

Clinic of Emergency Medicine, University of Health Sciences Tiirkiye, Fatih Sultan Mehmet Training and Research Hospital, istanbul, Tiirkiye

Dear Editor,

| read with interest the article published in the Cyprus Journal of
Medical Sciences on communication with patients receiving mechanical
ventilation in intensive care units." The review clearly describes the
challenges of communication and emphasizes the contribution of both
low- and high-technology tools in supporting patient-healthcare worker
interaction.

From an emergency medicine perspective, these issues are equally
relevant. Both non-invasive mechanical ventilation (NIMV) and invasive
mechanical ventilation are widely used in the emergency department.?
Due to limited intensive care capacity, many patients remain in the
emergency department for prolonged periods under the supervision
of emergency physicians. However, communication is complicated by
high patient flow, time pressure, limited staffing, and less controlled
conditions compared with intensive care.

Agitation is common in patients receiving NIMV and may compromise
treatment. Structured tools such as visual communication boards or
tablet-based interfaces may reduce anxiety and agitation. This can
improve compliance with NIMV. This could lower sedative requirements
and decrease the transition rate to invasive ventilation. In intubated
patients, effective communication may support lighter sedation,
improve comfort, and contribute to better outcomes. A recent study
showed that patients intubated in the emergency department face a
higher risk of deep sedation and take longer to achieve lighter sedation
than those intubated in intensive care* Effective communication
strategies may contribute to achieving lighter sedation in this context,
and further research exploring this relationship would be valuable.

The literature describes various methods to facilitate communication,
including illustrated materials, communication cards, visual guides,
computer-based tools, and eye-tracking technologies.* For example,
eye-tracking systems have been shown to enable intubated or
tracheostomized patients to express basic needs, monitor complications,
and respond to quality-of-life measures.® Such findings suggest that
advanced technologies may play an important role in emergency care
as well.

In this context, adapting structured communication interventions
to the specific dynamics of emergency departments could address a
notable gap in the literature. Pilot studies testing the feasibility of these
strategies under conditions of high patient load and limited resources
may help align emergency and intensive care practices and improve
patient-centered outcomes.

Footnotes

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

Deaths due to road traffic accidents continue to represent a pressing global public health challenge. Reports from the World Health Organization
and other international agencies indicate that millions sustain injuries and hundreds of thousands lose their lives annually due to traffic
collisions. Most fatalities occur in nations with limited economic resources, where inadequate road infrastructure, limited use of seatbelts and
helmets, disregard for speed limits, and the prevalence of operating a vehicle while impaired by alcohol or other psychoactive substances
substantially increase the risk of death. In the investigation of fatal traffic accidents, postmortem examinations combined with systematic
toxicological analyses are indispensable for clarifying accident mechanisms and informing the development of targeted preventive strategies.

Keywords: Fatal traffic accident, alcohol, psychoactive substance, toxicology, autopsy

INTRODUCTION

Traffic accident-related fatalities are defined as deaths occurring
either immediately at the crash site or within 30 days of the incident.
Every year, road traffic accidents claim the lives of approximately
1.35 million individuals, translating to a fatality every few seconds.
Furthermore, between 20 and 50 million individuals suffer non-fatal
injuries, a significant portion of which results in long-term disabilities.
Among these fatalities, 92% are reported in nations with restricted and
intermediate levels of economic development; Africa experiences the
highest incidence rates, while Europe experiences the lowest incidence
rates. More than 50% of road traffic fatalities involve vulnerable road
users, including pedestrians, cyclists, and motorcyclists. Infrastructure
shortcomings were a major contributor: 80% of the evaluated facilities
failed to meet the minimum three-star safety threshold for pedestrian
protection and dedicated cycling lanes. Such deficiencies amplify
collision risks and magnify the severity of injuries.!

From a demographic standpoint, road traffic accidents remain one of
the primary causes of mortality among individuals aged 5 to 29 years.
Males are almost three times more likely than females to be victims,
and nearly two-thirds of fatalities occur among individuals aged 18-59
years, who are the economically productive segment of the population.
This emphasises significant socioeconomic consequences as well as
human costs.!

Urban Transportation: Injuries and Fatalities Surrounding Micro-
Mobility Devices

Notably, new data show a significant increase in the number of traffic
crashes involving bicycles, motorcycles, electric scooters, and other
micromobility vehicles. According to a study conducted by Poulos et al .2
and colleagues in Australia, there are 0.29 bicycle accidents per 1,000
km. In a study examining hospital admissions due to bicycle injuries in
the Netherlands, a 5.7% mortality rate and 41% incidence of multiple
traumas were identified.?
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In a study analysing data on the clinical and demographic
characteristics, time of accident, injury conditions, and helmet use of
emergency department patients involved in bicycle accidents in Rome,
Italy, between 2019 and 2022, a mortality rate of 0.3% and multiple
trauma frequency of 30.4% was found among 763 patients. The results
of the investigation revealed that collisions with other automobiles led
to higher trauma scores and intensive care unit (ICU) admission rates,
whereas helmet use decreased head trauma severity and prevented
more ICU admissions.*

The national database in the United States (US) reviewed 1,933,296
micromobility-related injuries (including electric scooters, electric
bicycles, electric skateboards, and bicycles) from 2019 to 2022. The study
results showed a large increase in e-bike (from 293%) and e-scooter
(from 88%) injuries during the four-year period.’

Electric scooters are emerging as alternatives to bicycles and public
transportation systems, particularly for short distances. Owing to their
high availability from mobile applications and relatively small size,
they have gained popularity in urban transportation as micromobility
electric vehicles, that can be easily maneuvered between or alongside
vehicles on roads or sidewalks. In Poland, an analysis of nine fatalities
in traffic accidents involving electric scooters revealed that accidents
primarily occurred during the summer, on weekdays, and during peak
morning traffic hours. In only two of the cases examined, blood analysis
indicated the presence of alcohol at the time of the incident.®

Substance Use and Traffic Risk

A person who drives a vehicle under the influence of alcohol or other
psychoactive substances is subject to criminal liability if, as a result of
impaired driving, there isan accident with serious or fatal consequences.
Studies, which focus on alcohol and illegal drugs, show that such
substances only lead to an increased probability of road events, as they
impair the brain functions needed for driving.”

Forensic sciences are crucial in elucidating both the causes and the
situational aspects of deaths resulting from road traffic accidents. In
cases of fatal traffic accidents, autopsy examinations and systematic
toxicological analyses are vital for determining the circumstances
of the accident, as well as the physiological state of the driver or the
victim’s condition at the time of the incident, including potential
influencing factors. Toxicological analyses are typically performed to
determine whether the driver or victim was affected by alcohol, illicit
drugs, or medications at the time of the incident. Blood, urine, stomach
contents, brain tissue, liver, and lungs were collected for toxicological
and biochemical analyses. Forensic toxicology analyses of biological
samples were used to determine whether the driver exceeded the legal
limits or was influenced by drugs (medications used for medical and/
or recreational purposes). In addition, postmortem bhiological changes
are considered to estimate the level of a substance at the time of the
incident.®

Alcohol is the most commonly detected psychoactive substance in
traffic accidents. After alcohol, the most commonly detected drug
classes include cannabinoids (cannabis/marijuana), benzodiazepines,
stimulants, and opioids.’

Ethanol, commonly referred to as alcohol, is a prevalent euphoric
substance that exerts a depressant effect on the central nervous
system. Beyond its impact on cognitive functions, it impairs judgment,
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induces memory deficits, reduces alertness, and causes disturbances in
emotional regulation and physical coordination; this includes balance,
speech, vision, hearing, and reaction time. At elevated concentrations,
alcohol consumption can result in severe outcomes, such as vomiting,
loss of consciousness, and even death. The absorption rate of alcohol
from the gastrointestinal system varies depending on the amount
consumed, ethanol concentration in the beverage, interactions with
medications, presence of food in the stomach, and digestion time."

Extensive research indicates that individuals impaired by alcohol
consumption have a significantly higher propensity for involvement in
traffic collisions compared to those who abstain from alcohol. Alcohol
consumption affects drivers’ speed preferences, increasing the risk,
severity , and extent of injuries in accidents.”

The relationship between high blood alcohol concentration (BAC) and
accident frequency has been demonstrated in numerous studies. These
findings have led many countries to implement regulatory policies
against drunk driving. A BAC of >0.50 g/L is typically considered the
threshold at which driving capabilities are impaired, thereby posing a
risk to road safety.”? Canada, the US, and New Zealand are recognized
as having the highest rates of traffic fatalities linked to alcohol
consumption.'

Two longitudinal studies from Greece have shown that the proportion of
drivers involved in traffic collisions who were impaired by alcohol was
37% during the period from 1995 to 1997. This percentage increased to
41% in the following years, from 1998 to 2004."

Further research is required to clarify the long-term risk of traffic
accidents due to alcohol consumption. Serum carbohydrate-deficient
transferrin (CDT) levels have been measured by researchers observing
correlations between CDT and post-accident BACs. This may provide
evidence suggesting that CDT is a new bhiomarker for detecting road
traffic crashes associated with chronic alcohol consumption.™

Over a five-year period (2017 to 2021), a retrospective study, performed
in the Iragi Nineveh province, revealed that most victims (injured or
dead) of traffic accidents were male. This is believed because not as
many women are driving. The research also found that motorcyclists
had a greater tendency to be involved in crashes compared to drivers of
other vehicles, and the rate of motorcyclist accidents was generally on
the rise. The predominant causes of mortality were identified as head
trauma and fractures of the lower extremities.™

A study comparing alcohol use among fatal and injured motorcycle
and bicycle riders, using data from three national public databases,
emphasized that the likelihood of fatal and non-fatal injuries being
alcohol-related was higher among middle-aged adults and men. The
findings indicated that over 38% of motorcycle riders who died each
year from 2008 to 2020 and 20% of bicycle riders involved in traffic
accidents were under the influence of alcohol.™

In Lithuania, an analysis of BAC from 2013 to 2023 was conducted
concerning sex, user category, location of death, and time of death in
136 traffic accident cases. The analysis was based on the frequency of
alcohol detected in blood specimens collected during autopsy. A total
of 31% of the individuals who succumbed to fatal injuries suffered from
alcohol intoxication. Specifically, alcohol consumption was identified in
32% of vehicle drivers, 41% of vehicle passengers, 37% of motorcycle
riders, and 37% of bicycle riders at the time of the collision. BAC was
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highest during the period from 9:00 PM to 5:00 AM, and over a slightly
smaller time window of 4 h, from 5:00 PM to 9:00 PM."®

Studies conducted in Scotland", Portugal'®, and Greece indicate that car
and motorcycle drivers are the primary contributors to alcohol-related
traffic fatalities, whereas research from Cote d’lvoire, China, Russia,
and Pakistan highlights higher mortality rates among pedestrians. Such
cross-national differences may reflect variations in cultural norms and
behaviors, the dominance of certain motorized transport modes, and
the broader conditions for cycling and walking.?2?

While the effect of alcohol on impaired driving ability is the most
frequently studied and documented factor, scientific data on the effects
of illicit and prescription psychoactive substances on drivers are quite
limited. Therefore, there is a lack of information on the frequency of
substances other than alcohol in fatal traffic accidents worldwide.
Nevertheless, existing studies indicate that other substances that affect
the central nervous system (e.g., medical and/or recreational drugs)
also seriously impair driving ability and cause road traffic accidents.
Extensive research has demonstrated that the intake of alcohol and
mind-altering substances markedly increases the probability of fatal
road traffic collisions.?*

Papalimperi et al."® analyzed 1,841 autopsy cases from fatal traffic
accidents to assess the role of alcohol and psychoactive substances.
Toxicological tests showed that 40.7% of deaths were alcohol-related,
while 18.9% involved drugs, including such as cannabis (46.6%),
benzodiazepines (25.9%), opiates (16.4%), and cocaine (11.1%). Alcohol
was combined with other substances in 4.5% of cases. Fatalities were
most common among males (87.3%) aged 21-30 years with high blood
alcohol levels.™

The misuse of illegal, naturally derived, or artificially synthesised,
psychoactive compounds often leads to mood changes. The repeated
use of such substances often causes addiction, resulting in health,
social, and environmental problems. Today, drug use has increased
at an unprecedented rate on a global scale, becoming a major public
health issue that directly affects crime rates, social stability, and the
economy.”

According to the World Drug Report, 284 million adults worldwide aged
between 15 and 64 years used at least one illicit drug, with a majority
being male.®® Regarding the coronavirus disease-2019 pandemic,
increased drug use due to social isolation, as well as concerns about
mental health and heightened economic insecurity, have been further
advanced can be set for the above reasons.?”

Drugs are subject to various restrictions based on their origin,
pharmacological effects, chemical structures, and legal status. Within
this classification, substances are categorised as natural, semi-synthetic,
or fully synthetic and further classified based on their legal status as
either prescription, legal, or illegal. Illegal drugs are those drugs whose
production, transportation, and sale are in contravention of laws.?®

In recent years, the heterogeneity of drugs available to individuals
has expanded, use pattern complexities have intensified, and the co-
consumption of several substances simultaneously has increased.
By 2022, the global estimated number of drug users was 292 million
(5.6% of the population aged 15-64), representing a 20% increase from
a decade ago. Illicit abuse is more frequent with opioids than any
other substance except cannabis; the third most commonly abused

substances are amphetamine-type stimulants, followed by cocaine and
MDMA (ecstasy).?

In a study conducted in the US, toxicological test results for one or more
psychoactive substances were positive in 71-99% of five different driver
populations. Additionally, approximately 50% of drivers tested positive
for multiple substances. The most commonly detected substances
across all groups were alcohol and cannabis; alcohol emerged as the
most commonly identified substance in isolation, whereas cannabis
was most often detected in conjunction with alcohol and additional
psychoactive agents.*

The rapid expansion of synthetic drugs within the illicit drug market
is largely due to their uncomplicated production methods, use of
inexpensive chemical components, and the ease of manufacturing
irrespective of geographical constraints. This development presents
intricate and substantial challenges to public health and safety,
particularly in low- and middle-income nations. The detection and
frequency of psychoactive substances are shaped by the country’s
patterns of drug misuse, its economic landscape, its regulatory stance
on alcohol, and the use of both prescription and illegal drugs.?

Recent studies have highlighted that in some populations, the
likelihood of vehicular accidents is higher when drivers are impaired by
cannabis than when they are impaired by alcohol. This risk is predicted
to increase in the coming years, and it is emphasised that this situation
will have increasingly negative impact on road safety.’'

Medications can have different effects depending on an individual’s
genetic makeup, physical characteristics, or current medical condition.*
Driving a motor vehicle is a complex activity that requires attention,
coordination, and the simultaneous execution of cognitive multitasking.
Research investigating the impact of pharmaceuticals and various
medications on driving performance has assessed multiple parameters,
including lane changes or deviations, vehicle speed and variability,
response time to environmental cues, and levels of attention. In most
studies in this field, participants are administered controlled doses of
drugs, after which their driving performance is measured in simulated
environments or closed courses. While performance tests provide
valuable information about the effects of a particular substance on
driving, they also have limitations, such as the inability to experimentally
test illegal substances due to legal and ethical restrictions and the fact
that controlled environmental conditions do not fully reflect real-world
drug use and driving conditions.3%33

The “Drug and Human Performance Fact Sheets” were published in
2004, encompassing 16 distinct drugs or categories of drugs. Developed
by an international panel of experts on driving under the influence of
drugs, these fact sheets contain scientific data on each drug’s chemical
properties, effects on the body, method of use and dosage, and its
potential effects on driving performance. These updated information
sheet provide scientific information on the substances most commonly
involved in traffic accidents caused by alcohol and drugs.*

In the “Drug, Alcohol, and Medication Influence on Driving” (DRUID)
project, which involved 36 institutions from 18 European countries
and lasted five years (2006-2011), the frequency of use of various
psychoactive substances and their risk levels on driving performance
were assessed, and the general effects of different drug categories on
performance were identified through meta-analyses.>
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Recent studies have supported the findings of the DRUID project.
McCartney and colleagues highlighted that cannabis consumption
results in deficits across various driving-related abilities. These
impairments are more pronounced in occasional users compared to
habitual users.?®

Simmons et al.*” reported that the consumption of alcohol and cannabis,
as well as their simultaneous use, significantly impaired driving
performance. Moreover, the concurrent intake of these substances
results in a more pronounced detrimental effect than the consumption
of either substance individually.>”

Additionally, impairments in driving performance have been observed
in the morning following the use of certain hypnotic medications. The
effects of sedative hypnotics such as zopiclone, flunitrazepam, and
ramelteon are similar to the impairing effects of alcohol on driving
performance.®®

Toxicological Analysis of Biological Samples Collected from Drivers:
Applications and Limitations

A law enforcement officer who arrests a driver suspected of operating
a motor vehicle while impaired by alcohol and/or other psychoactive
agents, will request that the driver provide a biological sample (breath,
blood, urine, or oral fluid) for screening or testing for the presence
of alcohol and other controlled substances. In some circumstances,
the officer may compel the driver to do so. Toxicological analyses of
biological samples are conducted as part of forensic investigations of
living drivers and post-mortem investigations of individuals involved in
fatal traffic accidents.®

Breath

In cases where drunk driving is suspected, portable breathalysers are
routinely used to reliably estimate the BAC. However, because the
current technology can only measure alcohol levels through breath, it is
not suitable for the detection of other psychoactive substances.*

Urine

Urine is a commonly preferred biological specimen, particularly for
assessing drug consumption. Urine analysis is a valuable method
for detecting the history of drug use or exposure. There is debate
about whether urine is a suitable test sample for driving under the
influence of drugs,. Urinalysis is unable to determine the exact time
of substance ingestion or the precise concentration of a substance
affecting the body in relation to the timing of a traffic accident or
driving violation.*!

Blood

Blood is widely regarded as an optimal biological specimen for
toxicological evaluation aimed at detecting psychoactive substances.
However, for a blood sample to be obtained in a suspected driving
violation, the driver must be transported to a healthcare facility.
During this time, the medications in the driver system continue to be
metabolised. Therefore, the findings from toxicological assessments
may not accurately indicate the concentration of drugs in the driver’s
bloodstream at the time of the incident, as the substance could have
been completely metabolized within the time elapsed since the
event.*
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Oral Fluid

Saliva is a biological sample, an oral fluid composed of substances
such as cell debris found in the mouth and particles of swallowed
materials, that can be easily and quickly collected at the time of the
event compared to blood and urine. Currently, in some countries, oral
fluid analysis devices are used during roadside checks to screen for
specific drug groups. Rapid and qualitative (positive/negative) results
regarding the presence of drugs can be obtained using these devices.
Toxicology laboratories can use oral fluid specimens for confirmatory
testing, resulting in a full drug panel and quantitative determination of
drug concentration.®

Biological samples collected from living individuals often include blood
(whole blood, plasma, or serum), urine, hair, nails, exhaled air, oral fluid
(saliva), and stomach content. For post-mortem investigations, critical
samples for toxicological analysis encompass arterial or venous femoral
blood, cardiac blood, urine, vitreous fluid, stomach contents, and
organ tissues, particularly liver and lungs. Furthermore, under specific
circumstances, alternative samples, such as blood clots, blood from the
thoracic or abdominal cavities, cerebrospinal fluid, brain tissue, spleen,
bile, bone, synovial fluid, bone marrow, skeletal muscle, and larvae may
be utilised if traditional samples are unavailable or compromised.*

Interpretation of Drug Concentrations in Postmortem Toxicology

Interpreting drug concentrations in postmortem biological samples
presents several challenges. For example, urine is a simpler sample
than blood or intraocular fluid; however, substance detection in urine is
only an indicator of exposure. Concentrations found in urine are usually
intermediate to high and may not yield useful information in terms of
quantification because there is no correlation with blood levels or toxic
effects.®

The postmortem alterations in drug concentrations complicate
the assessment of a substance’s role in fatal road traffic incidents.
The chemical and biological degradation processes during human
decomposition, however, bring about the fluctuation of drug levels.
In addition, the chemical stability of drugs is an important factor to
consider. For instance, some substances rapidly decompose other
highly volatile compounds, including biological molecules, and are
quickly broken down into various states of decomposition after death.
In addition, improper handling or long-term storage deteriorates the
structural preservation of active pharmaceuticals, leading to incorrect
toxicological evaluation.*®

A study in Wisconsin (2019-2021) examined the blood toxicology results
of 8,923 drivers arrested for alcohol-impaired driving after traffic
accidents. As drug levels vary with the onset, peak, and duration of
action, delays between crashes, arrests, and blood sample collection
can reduce accuracy. The findings showed that both blood alcohol
(BAQ) and delta-9-tetrahydrocannabinol concentrations decreased
significantly with longer collection times. Accident severity and the
time of day were linked to such delays. Researchers have stressed that
measured concentrations may not reflect actual levels at the time of a
crash due to ongoing drug metabolism and elimination.*

Effectiveness of Legal Regulations

Since the publication of the first global road safety report in 2004,
countries have agreed on the adoption of numerous road safety policies,
including lowering legal alcohol limits. The World Health Organization
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and the European Transport Safety Council have recommended that
countries lower their legal BAC limit to 0.05 g/dL to reduce drunk
driving and its consequences.*

Empirical evidence from multiple studies demonstrates a reduction
in the occurrence of alcohol-impaired driving subsequent to the
introduction of legal measures and the imposition of statutory
penalties. Reducing the BAC limit to 0.05 g/dL has been associated with
a 48% decrease in road traffic deaths in Australia, a decrease in alcohol-
related fatal accidents in Japan, a 9% decrease in Austria, and a 36%
decrease in France (74). 25% A large-scale analysis that decreased the
BACvalue to 0.05 g/dL and was carried out in 27 European countries led
to an 11% reduction in road traffic deaths.®

Legal interventions such as lowering BAC limits are considered one of the
most effective strategies for reducing drunk driving. Indeed, lowering
the BAC to below 0.05 in Japan and Sweden has led to significant
decreases in alcohol-related traffic accidents. However, there are also
findings that legal regulations are not always as effective as expected.
According to a study conducted in Australia, licence restrictions for
drunk driving do not provide an effective deterrent, and the tendency
to drive under the influence of alcohol reaches its highest level when
offenders expect sanctions.*

The United Nations aims to reduce deaths and injuries from traffic
accidents by 2030 within the framework of the sustainable development
goals and in this regard, encourages local governments to effectively
implement traffic laws.

CONCLUSION

To reduce the rates of deaths and injuries related to traffic accidents,
it is important to develop legal regulations, strengthen inspection
mechanisms, and increase awareness campaigns aimed at preventing
impaired driving by alcohol and/or other psychoactive substances.
In addition to legal intervention, equal importance should be
given to other prevention strategies aimed at improving road safety.
Implementing multifaceted, holistic policies, such as regulating alcohol
sales, community-based education programs, and increasing access
to alcohol treatment services, can help raise awareness about and
discourage driving under the influence.

MAIN POINTS
« Traffic accidents are a serious global public health concern.

* Vulnerable road users (pedestrians, cyclists, and motorcyclists)
accounted for more than half of the deaths.

 Alcohol is the most commonly encountered psychoactive substance
in fatal traffic accidents.

» The combination of alcohol and other substances poses a higher
risk than either alcohol alone.

» Lowering the blood alcohol concentration limit to 0.05 g/dL
has resulted in a significant decrease in traffic fatalities in many
countries (Australia, 48%; Japan, 25%; France, 36%).
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Abstract

BACKGROUND/AIM: Variations in the origin, course, and branching pattern of the celiac trunk (CT) have been well-documented in various
populations with clinical implications for surgical and radiological procedures in the abdomen. However, the prevalence and characteristics of
(T variations in the Turkish Republic of Northern Cyprus population have not been well studied.

MATERIALS AND METHODS: Abdominal multi-detector computed tomography (MDCT) angiography examinations of 500 patients and were
retrospectively evaluated by a radiologist in the radiology department of our hospital. The examinations were performed with a 256-detector
CT scanner. A thorough evaluation of 108 patients was performed. Eighty-three of these patients were male (M), and twenty-five were female
(F). The age ranges were from 19-78 (F: 26-78, M: 19-78).

RESULTS: Results showed that branching of the CT into the left gastric artery (LGA), common hepatic artery, and splenicartery is the predominant
branching pattern in 74 patients 68.5%. However, variations in the branching pattern of the CT were observed in 34 patients 31.5% (30 M and 4
F). Furthermore, this study reported an unreported branching pattern of the CT, where a patient had the LGA originating from the right inferior
phrenic artery; and this was associated with the gastrosplenic trunk.

CONCLUSION: Understanding the scope of these variations is of clinical importance in patients undergoing preoperative radiological evaluations,
hepatic transplants, and open gastrostomies. Lack of awareness regarding these variations can significantly impact radiologic interventions and
pre/post-operative planning of surgical procedures involving the gastrointestinal system.

Keywords: Celiac trunk, celiacomesenteric trunk, gastrosplenic trunk, hepatomesenteric trunk, anatomic variations, MDCT

INTRODUCTION

The celiac trunk (CT), which is the first anterior and often the largest
visceral branch of the abdominal aorta (AA), arises immediately after
the descending thoracic aorta passes through the aortic hiatus between

organs such as the liver, pancreas, spleen, etc. To underscore the
importance of having a detailed awareness of vascular anatomy, Omar
et al.2 submitted that the presence of variations in the vascular supply
of an organ impacts the surgical approach to intervention. Variations
in the origin, course, branching pattern, and diameter of the CT have

the crura of the diaphragm at the level of the 12" thoracic vertebra
posterior to the median arcuate ligament."? As noted by Marco-Clement
et al3, an excellent understanding of the vascular anatomy of the
abdominal cavity is crucial for surgical intervention on abdominal

been well-documented in various populations with clinical implications
for surgical and radiological procedures in the abdomen.? However, the
prevalence and characteristics of CT variations in the Turkish Republic
of Northern Cyprus (TRNC) population have not been well-studied.
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During embryonic development, CT forms due to the union of three
arterial roots: the dorsal aorta, the vitelline artery, and the dorsal
pancreatic artery. The embryological development of the CT begins in
the fourth week of gestation when the primitive gut tube develops by
folding and fusion of the endoderm and mesoderm layers. The dorsal
aorta arises from the posterior aspect of the primitive heart and extends
caudally, giving off segmental branches to the somites and intermediate
mesoderm.* The vitelline artery, on the other hand, arises from the yolk
sac and enters the embryo through the umbilical ring parallel to the
gut tube. The dorsal pancreatic artery arises from the dorsal aorta and
grows toward the developing pancreas. The fusion of these three arteries
gives rise to the CT, which typically branches into the left gastric artery
(LGA), the splenic artery (SA), and the common hepatic artery (CHA).>
The complex and dynamic process of angiogenesis, vasculogenesis,
and remodeling in the early embryo can lead to various CT variations,
which have significant clinical implications for surgical and radiological
procedures in the abdomen, such as trans-arterial chemoembolization
(TACE) of the hepatopancreatic area, organ transplantation, metastatic
tumor management.®’

To date, no published study has investigated the prevalence and types of
CT variations in the TRNC population, which has a unique geographical
location and ethnic diversity. These variations can have significant
clinical implications, affecting surgical and radiological procedures, and
can lead to various iatrogenic pathologies if not properly understood.
Detailed knowledge of the vascular anatomy of the CT is crucial to the
success of many liver-related procedures. This knowledge provides
a guide to the topography of liver vasculature, including procedural
interventions such as TACE, trans-arterial radioembolization (TARE), and
tumor resection. It is therefore imperative to examine the CT variations
in the TRNC population using multi-detector computed tomography
(MDCT) angiography and to compare the findings with the literature.

MATERIALS AND METHODS

Abdominal MDCT angiographies of 500 Turkish Cypriot patients were
retrospectively evaluated, in the radiology department by a radiologist
of our hospital. The examinations were performed with a 256-detector
CT scanner (Somatom Definition Siemens Healthcare, Erlangen,
Germany) with 120 mL of iodinated contrast material (lobitridol,
350/200 mL, Guebert, Villepinte, France); scanning from the level of the
diaphragm to the iliac bifurcation, using a bolus tracking system at the
level of the descending aorta. The scanning parameters were as follows:
kVp: 140, mAs: 34, slice thickness: 1T mm.

After excluding examinations of nonlocal patients living in TRNC and
cases with an abdominal mass or who have undergone any surgical
procedure, a thorough evaluation of 108 patients was performed.
Eighty-three of these patients were male (M). Twenty-five were female
(F), and the age ranges were between 19-78 (F: 26-78, M: 19-78).

The study was approved by the Near East University Faculty of Medicine
Institutional Review Board (approval number: 2019/73-906, date:
24.10.2019). All participants included in this study provided informed
consent.

Statistical Analysis

To analyze the variations of the CT, observed in this study, the classification
approach of Ethiraj et al.> was followed. Five main branching patterns
grouped into five types were identified in all 108 cases reviewed.
Variations of the CT and its branches were noticed in 34 (31.5%) patients
(30 M, 4 F). In addition, sub-branching patterns were further classified
according to the main branching pattern with which they occurred.
Using the Statistical Package for the Social Sciences software, descriptive
statistics were used to calculate the frequencies and percentages of the
branching patterns. The result obtained from the statistical analysis was
tabulated and presented in Table 1.

Table 1. Five types of the CT’s main branching pattern as well as the branching pattern of the subbranches, reported in this study
Type Sub-type g’tst:::in branching CT sub-branching pattern/variation n %
a Trifurcation No variations 74 68.5%
b Trifurcation rRHA from SMA 10 9.3%
c Trifurcation LHA from LGA 6 5.6%
1 d Trifurcation rLHA from LGA, accRHA from GDA 1 0.9%
e Trifurcation Long CT, rLHAfrom LGA, accRHA from SMA 1 0.9%
f Trifurcation accLGA from LHA 1 0.9%
g Trifurcation Lat branch of LHA originated from LGA 3 2.8%
2 MT 1 0.9%
a GST + rCHA from aorta 4 3.7%
b GST rLHA from LGA, GDA separately from the aorta, rRHA from SMA 1 0.9%
3 rRHA from SMA, rLHA, and rGDA originate from SA with a common trunk (rGDA
¢ 65T separates at the level of porta hepatis) ! 0.9%
d GST + HMT 3 2.8%
4 HGT + SMT 1 0.9%
5 HST + GPT 1 0.9%
Total 108 100
CT: Celiac trunk, CMT: Celiacomesenteric trunk, GST: Gastrosplenic trunk, HMT: Hepatomesenteric trunk, SMT: Splenomesenteric trunk, HST: Hepatosplenic trunk, GPT: Gastrophrenic
trunk, SMA: Superior mesenteric artery, LHA: Left hepatic artery, rCHA: Replaced common hepatic artery, rLHA: Replaced left hepatic artery, rRHA: Replaced right hepatic artery, LGA: Left
gastric artery, accLGA: Accessory left gastric artery, rGDA: Replaced gastroduodenal artery, SA: Splenic artery, accRHA: Accessory right hepatic artery.
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RESULTS

In Type 1a, we observed classical branching of the CT into the LGA, CHA,
and SA, with no further observable variation in the distribution of the
end arteries in 74 (68.5%) patients (Figure 1A). In Type 1b, a normal
CT showing the origin of a replaced right hepatic artery (rRHA) from
the superior mesenteric artery (SMA) was observed in 10 (9.3%) patients
(Figure 1B). Type 1c showed a normal CT of a replaced left hepatic
artery (rLHA) from LGA in 6 (5.6%) cases. Type 1d showed normal CT
with rLHA originating from LGA and accessory right hepatic artery
(accRHA) from the gastroduodenal artery (GDA) in 1 (0.9%) case (Figure
10). Type 1e showed a normal CT with rLHA originating from LGA, an
accRHA from SMA, present in 1 case (0.9%). Type 1f showing a normal
CT with accessory left gastric artery (accLGA) from LHA was observed
in 1 (0.9%) patient (Figure 1D), while Type 1g describes an abnormally
long classical CT with the lateral branch of LHA originating from LGA in
3 (2.8%) patients.

In Type 2, we observed that the CT and SMA originated as a single
trunk to form the celiacomesenteric trunk (CMT) in one (0.9%) patient
(Figure 2).

GDA
A.
accRHA
CT LGA
accRHA SA
GDA
C.
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Type 3a shows a gastrosplenic trunk (GST) + replaced CHA originating
directly from the aorta in 4 (3.7%) patients. Also seen in a patient
with this type of branching, was a long distance between the aortic
orifice of the AA and CT of 7.7 cm (Figure 3A). Type 3b shows GST +
rLHA originating from the LGA, GDA originating separately from the
aorta, and rRHA originating from the SMA in 0.9% of cases. In Type 3c,
we observed a GST with rRHA originating from SMA, while rLHA and
replaced gastroduodenal artery (rGDA), originating from SA, were with a
common trunk in 1(0.9%) case (Figure 3B). It was also observed that the
rGDA separates itself from adjacent structures at the level of the porta
hepatis. Type 3d shows GST with hepatomesenteric trunks in 3 (2.8%)
cases (Figure 3C). Type 4 shows hepatogastric trunk (HGT) alongside
splenomesenteric trunk in one (0.9%) patient (Figure 4). Type 5 describes
a hepatosplenic trunk (HST) with a gastrophrenic trunk [GPT-LGA, and
right inferior phrenic artery (RIPA)] seen in 1 (0.9%) case (Figure 5).

DISCUSSION

One of the most consequential factors that impacts the outcome of
surgical procedures is the proper understanding of the vascular anatomy
of thearea surgical intervention. A lack of detailed knowledge of vascular
variations could result in negative patient outcomes or iatrogenic

D.

Figure 1. A. Type 1a shows abdominal aorta (AA), celiac trunk (CT), splenic artery (SA), left gastric artery (LGA), superior mesenteric artery (SMA),
left hepatic artery (LHA), right hepatic artery (RHA), and gastroduodenal artery (GDA). B. Type 1b shows AA, CT, SA, LGA, SMA, LHA, replaced right
hepatic artery (rRHA), and GDA. C. Type 1d shows AA, CT, SA, LGA, SMA, RHA, replaced left hepatic artery (rLHA), accessory right hepatic artery
(accRHA), and GDA. D. Type 1f shows AA, CT, SA, LGA, accLGA, LHA, RHA, and GDA.
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RHA  LHA

| ~cMmT

GDA SMA

Figure 2. Type 2 shows abdominal aorta (AA), celiacomesenteric
trunk (CMT), splenic artery (SA), left gastric artery (LGA), superior
mesenteric artery (SMA), left hepatic artery (LHA), right hepatic
artery (RHA), and gastroduodenal artery (GDA).

injury to tissues and organs during surgical intervention.® According to
Marco-Clement et al .3, the clinical implications of having a thorough
knowledge of the variations in the CT scans when planning for upper
abdominal surgeries and radiological interventions are crucial to ensure
a positive post-operative outcome in patients. Detailed awareness of the
source, branching, and deviation from the norm of the CT is of utmost
clinical importance when planning for surgical interventions such as
digital subtraction angiography, as well as procedural interventions
in the abdomen such as TACE, TARE, and tumor resection.® Omar et
al.2 acknowledged that precise knowledge of anatomical variations
could determine surgical techniques and subsequent outcomes in
patients. The study highlighted that lack of awareness regarding
vascular variations can negatively impact surgical outcomes in
patients. According to a case report by Roma et al.'’ published to
elucidate the vascular anomalies of CT and its implications in the
treatment of hepatocellular carcinoma using TACE, the importance
of having detailed knowledge regarding the incidence, clinical and
developmental significance of CT variations, particularly during
invasive arterial procedures or abdominal surgeries, was highlighted.
The study emphasized that precise identification of CT variations is
germane for the success of surgical procedures such as endovascular
treatment of unresectable malignant liver tumors and orthotopic
liver transplantations. Ethiraj et al.> reported that an accurate
understanding of the vascular anatomy and branching patterns of
the CT in procedures involving splenectomy and gastrectomy using
the Appleby technique can prevent iatrogenic injury of the CHA and
mitigate the risk to surrounding vessels such as the mesenteric arteries.

The CT is a well-studied vessel due to its clinical and physiological
importance in providing arterial blood to the foregut and its derivatives.
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RHA  LHA

Figure 3. A. Type 3a shows abdominal aorta (AA), common hepatic
artery (CHA), splenic artery (SA), left gastric artery (LGA), left hepatic
artery (LHA), right hepatic artery (RHA), and gastroduodenal artery
(GDA). B. Type 3c shows AA, SA, LGA, superior mesenteric artery
(SMA), replaced left hepatic artery (rLHA), replaced right hepatic
artery (rRHA), and replaced gastroduodenal artery (rGDA). C. Type
3d shows gastrosplenic trunk (GST) and hepatomesenteric trunk
(HMT) originated from the AA.

As established in the literature, 15 variants of the CT have been
identified.? Of all the variations of the CT, the trifurcation of the CT
into CHA, LGA, and SA is considered the normal branching pattern.>?
Song et al.™, in their study on CHA and CT variations in 5002 patients,
observed 13 types of CT variations and reported the incidence of normal
branching at 89.1%. Ugurel et al.°® noted that the frequency of normal
CT varies between 72% and 90%. In this study, as shown in Figure 1A,
we observed that the normal branching of the CT in 74 patients (68.5%)
was consistent with reports from numerous studies, which indicate that
trifurcation of the CT into its classical branches remains the dominant
branching type.?® However, some studies have reported a lower
incidence of this branching type.> Normal branching of the CT ensures
adequate vascularization of abdominal organs, improves pre-operative
and post-operative management techniques, and mitigates the risks of
iatrogenic injuries that may occur during surgical manipulations in the
abdomen.

Bifurcation of the CT has been observed and reported in the literature.
According to Santos et al., the incidence of bifurcation of the CT is 12%.
However, in a retrospective study conducted on 100 patients by Ugurel
et al.°, 89% and 8% of the cases studied had trifurcation and bifurcation
of the CT, respectively.® Their study also observed that accessory renal
arteries increase the likelihood of variations in the CT and hepatic
arteries.® Prakash et al.”? reported the bifurcation of the CT into CHA
and SA. Bifurcation of the CT can present enormous challenges to
interventional radiologists and surgeons during preoperative procedural
planning of transcatheter arterial chemoembolization in hepatic
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RHA LHA AA

L LGA

SA

Figure 4. Type 4 shows abdominal aorta (AA), splenic artery (SA),
left gastric artery (LGA), superior mesenteric artery (SMA), right
hepatic artery (RHA), and gastroduodenal artery (GDA).

GDA

tumors and liver transplants.’® latrogenic injuries to abdominal viscera
such as the liver, pancreas, spleen, and others due to postoperative
complications of a bifurcated CT, have been reported.® According to a
study by Pinal-Garcia et al.™, the CT bifurcated in 7.1% of the cadaveric
dissections. Bifurcation of the CT into the CHA and SA (HST), with the
LGA originating from the AA, was seen in 33.3% of the cases observed.
Bifurcation of the CT into SA and LGA (splenogastric trunk) was found in
25%, with the CHA arising from the SMA. Also, the study reported that
the CT bifurcated into the CHA and LGA (HGT) while the SA arose from
the SMA in 8.3% of the observed cases."”

In our study, we observed the bifurcation of the CT, which was named
and classified according to the branches arising from the bifurcation
point (Table 1). We observed the bifurcation of the CT into the HST
with the LGA arising from RIPA as a GPT in 0.9% of the cases (Figure
5). To our knowledge, this branching variant has not been reported in
the literature. In comparison, bifurcation of the CT into the GST was
observed in 3.7% of the cases, with the CHA arising from the AA (Figure
3A). In a patient (0.9%), with the incidence of a GST, as shown in Figure
3B, we observed that the rRHA originated from the SMA, with an rLHA
and rGDA originating from the SA. Complex sub-branching patterns, such
as this, increase the challenges faced by surgeons and interventional
radiologists during surgical procedures such as hepatobiliary carcinoma
resection, liver resections, and hepato-pancreatico-duodenal

RHA

LHA

LGA

GDA SA
RIPA

Figure 5. Type 5 showing abdominal aorta (AA), gastrophrenic
trunk (GPT), hepatosplenic trunk (HST), splenic artery (SA), left
gastric artery (LGA), superior mesenteric artery (SMA), left hepatic
artery (LHA), right hepatic artery (RHA), replaced right inferior
phrenic artery (rRIPA) and gastroduodenal artery (GDA).

interventional surgeries. Also, bifurcation of the (T, into the HGT with
the SA arising from the SMA was observed in 1 patient (0.9%) (Figure 4).

The absence of an artery can impact the development and functioning
of an organ if there is a lack of or insufficient collateral supply to that
organ.™ According to Marco-Clement et al.?, the absence of CT does
not have an embryologic explanation. It can present major clinical
complications in patients with hepatocellular carcinomas, among
other pathologies involving the abdominal region. This is especially
concerning when there is poor collateral supply to compensate for the
missing vessel, as the arterial supply to major organs is significantly
altered.2°™ Basar et al." reported agenesis of the CT in which all the
major organs that receive arterial blood from the CT and its branches
were vascularized by a single artery. According to Van den Broecke et
al.’”, CTis considered absent if the CHA, LGA, and SA arise independently
from the AA. This study did not observe the complete absence of the
CT in any of the patients evaluated. While rare, as noted by Omar et
al.?, the lack of CT can result in significantly altered blood supply to
the stomach, pancreas, liver, spleen, and parts of the duodenum
vascularized by its terminal branches. This type of variation can lead to
the disruptive physiological functioning of these organs, complicating
surgical interventions, and can result in fatal complications due to
malnutrition and avascular necrosis of the affected organs.
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The HST, described as the union of the CHA with the SA to form a
common trunk with a separate LGA origin, was reported by Song et al.”
as the most common variation of the CT. However, Ugurel et al.® found
that the GST was the most observable variation (4%), followed by the
HST (3%).

The GST as a variation of the CT is well reported: for example, Lipshutz'®
reported a GST with CHA arising from AA at an incidence of 4%,
while Adachi reported a 2% incidence of a GST with CHA arising from
the SMA.™ Also, Song et al." reported the incidence of GST as 0.22%.
However, in our study, three patients had SMA originating from CHA
(hepatomesenteric trunk) with GSTs, comprising 2.8% (Figure 3C).

There are reports of variants formed by the union of the CT with other
branches of AA, in the literature. For instance, Adachi, in his study on
252 cadaveric specimens, reported a CMT, the union of CT and the SMA
to form a single trunk, with an incidence of 2.4%." Sangster et al."
reported that the presence of this type of variation deprives a patient
of the dual vascular supply to the abdominal viscera: the liver, gall
bladder, stomach, and parts of the small intestine, thereby elevating
the risk of atherosclerosis or other vascular complications to the
abdominal viscera. Marco-Clement et al.? attributed the development
of this branching pattern to the persistence of large primitive ventral
anastomoses between the developing superior mesenteric groups and
the CT despite the regression of the 10" and 12" vitelline arteries. The
scholarly report of Omar et al.? attests to this claim. Furthermore, a
study by Matusz et al.? reported an unusual case in a small percentage
of individuals where the CT originated from SMA. As shown in Figure
2, we observed the CMT in 1 patient (0.9%). Awareness of this variation
amongcliniciansand interventional radiologists is of utmost importance
during preparations for surgical interventions in the abdominal region,
as it can significantly affect the blood supply to critical digestive organs.

Various classifications of CT variations, including types and subtypes,
have been proposed, with some widely accepted among scholars and
clinicians.>'® However, with the introduction of improved imaging
techniques, the emergence and detailed observation of new variants
that do not conform to established descriptions in the literature are on
the rise. A study by Ugurel et al.® attributed the existence of such variants
to complex embryogenesis involved in the development of the branches
of the AA. In this study, the CHA originated directly from the aorta, while
the LGA and SA branched off from the AA as the GST in four cases (3.7%)
(Figure 3A). This variant supports the report of a study conducted by
Lipshutz.”® Ugurel et al.® highlighted the shared origin of branches of
the AA to form a trunk. This variation is clinically significant due to the
altered patterns of blood supply to the liver and intestines, which may
influence procedural strategies for treating diseases in these organs.

Observations and reports of anomalous or accessory branches arising
from the main branches of the CT have been documented. Our study
observed and documented several variations in the branching pattern
of the hepatic artery proper, one of the terminal branches of the CHA.
In one patient, a rRHA arose as a branch of the SMA (Figure 1B), and an
rLHA originated from the LGA. As shown in Figure 1C, a rLHA arose from
LGA, while an accRHA branched from the SMA in a patient (0.9%). We
also observed an abnormally long CT with an AA-CT distance of 7.7 cm.
The incidence of this branching type can present a complex challenge
to surgeons and interventional radiologists who lack awareness of it. In
this case, the risk of iatrogenic injury to the CT is significantly elevated.
In three patients, the anterior branch of the LHA originated from the
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LGA. Accessory LGA, is a rare variation of the LGA that should be kept in
mind during the surgical interventions in the region particular to the
aneurysms. It may originate either from the LGA or LHA.?' In one case
(Figure 1D), we observed the accLGA originating from the LHA (0.9%).

In some patients (10%), the rRHA originated from the SMA, while
in others, 7% of the rLHA originated from the LGA. The percentage
of appearance of rLHA was reported between 10-12% in Walker's?
scholarly work, and Joshi et al.Z, and Kavitha® reported a 5% presence
of rLHA in their studies. Ethiraj et al.> explained that branching of the
right lateral hepatic artery (rLHA) from the LGA to supply segments
2 and 3 in left lobe donors is advantageous as it reduces the risk of
injury to the remaining liver. However, Asif et al.> found that a rRHA
can significantly increase the risk of thrombosis and hepatic artery
stenosis in liver transplant recipients. This can increase the likelihood
of iatrogenic injuries during surgical procedures like hepatobiliary hilar
surgery, cholecystectomy, and pancreaticoduodenectomy.

Understanding the existence and extent of aberrant or accessory arteries
in the body. A recent report by Cirocchi et al.?® found that some patients
undergoing preoperative radiological evaluations, hepatic transplants,
and open gastrostomies had accessory or aberrant left hepatic arteries
that originated from the left gastric arteries.

Failure to recognize these variations can have a significant impact
on radiologic interventions and surgical procedures involving the
gastrointestinal system, both before and after the operation.

Study Limitations

Our study has some limitations. The most important limitation is the
small size of the study group. We believe that further studies with larger
study groups may reveal previously unreported variations of CTA. The
second limitation is the low quality of some figures, which can be
attributed to patient or technical issues.

CONCLUSION

MDCT angiography enabled accurate and detailed observation of the
vascular anatomy with CT. This study elucidated the variability of the
celiac artery in the TRNC population and established the presence of
previous unreported variations of clinical importance. CT variations
can pose challenges for radiologists when interpreting imaging studies.
Misinterpreting these variations may lead to inaccurate diagnoses of
diseases and impaired treatment planning, underscoring the necessity
of radiologists’ familiarity with these anatomical anomalies. In the
literature, a case exists where a rare CT variation played a crucial role
in identifying an unknown deceased person. Therefore, understanding
these variations can aid forensic experts in reconstructing the
individual’s identity and determining the cause of death.

Furthermore, surgical procedures involving the organs supplied by
the CT are particularly affected by variations. Therefore, extensive
knowledge of these variations of the CT is crucial in procedures such
as liver transplantation and other surgical interventions, as it allows
for better surgical planning and decreased postoperative complications.

MAIN POINTS

* The use of multi-detector computed tomography angiography
enabled accurate and detailed observation of the vascular anatomy
of the celiac trunk.
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e This study elucidated the variability of the celiac artery in the
Turkish Republic of Northern Cyprus population and established the
presence of previously unreported variations of clinical importance.

 Misinterpreting these variations may lead to inaccurate diagnoses
of diseases and impaired treatment planning, underscoring
the necessity of radiologists’ familiarity with these anatomical
anomalies.
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Abstract

BACKGROUND/AIMS: This prospective research aimed to evaluate the effect of serum 25-OH D levels on vitamin B12 and folic acid levels in
healthy preschool age (3-6 years old) children.

MATERIALS AND METHODS: The research was conducted as a cross-sectional and descriptive study. In this context, 130 healthy children, aged
3-6, who applied to the Balikesir University Health Practice and Research Hospital Child Health and Diseases General Pediatrics polyclinic, were
included during working hours. Children who came for routine healthy child examination, and had blood taken for control purposes were
included in the study.

RESULTS: The frequency of smoking at home, vitamin B12 levels greater than 200, the rate of mothers’ diets primarily consisting of meat and
vegetables during pregnancy, and the frequency of the child going outside every day were statistically significantly higher in the group with
vitamin D levels greater than 20 (p<0.05). The mean folic acid level was significantly higher in the vitamin D (>20) group, whereas the mean
homocysteine level was significantly lower (p<0.05). All other laboratory parameter differences between vitamin D groups were not statistically
significant (p>0.05). 77.8% of participants with <20 ng/mL vitamin D had a vitamin B12 level between 0-200 pg/mL, whereas 22.2% in the
vitamin D >20 ng/mL group had a vitamin B12 level between 0-200 pg/mL, with a statistically significant difference (p<0.05). Correlation
analysis results showed that vitamin D was significantly correlated with homocysteine (r=-0.2; p<0.05), vitamin B12 (r=0.3; p<0.01), and folic
acid (r=0.3; p<0.01).

CONCLUSION: There was a significant positive relationship between vitamin D levels and blood B12 and folic acid levels in healthy preschool
children. In cases of B12 and folate deficiency in healthy children, measuring serum 25-OH-D levels and correcting the deficiency, if present,
may have positive effects on serum B12 and folate levels. New supportive studies are needed on this subject.

Keywords: Vitamin D, vitamin B12, folic acid, children

INTRODUCTION vitamin D, a fat-soluble secosteroid prohormone produced in the skin
as a result of exposure to sunlight, as well as ergocalciferol, which is
found in plants, and cholecalciferol, which is more common in animal
Vitamins are molecules that the body must obtain from the outside, sources.>s It is converted into a hormone known as calcitriol, which

Vitamins are essential for various biochemical functions in the body.'

and a deficiency in them leads to hypovitaminosis.? Among them are plays an important role in the metabolism of calcium and phosphorus
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through various metabolic changes in the body.® There are three
main target organs for vitamin D. These are the intestine bone, and
the parathyroid gland. In the intestine, vitamin D enters enterocytes
and induces the synthesis of calbindin, an intestinal calcium-binding
protein.”? In the bone, it was shown that the 24R,25-dihydroxyvitamin
D, is an essential hormone in the healing process of bone fractures.” In
the parathyroid, the levels of parathyroid hormone, blood levels of
1,25 dihydroxyvitamin D, and serum calcium and phosphorus all tightly
control the bioconversion of 25-OH D to 1,25 dihydroxyvitamin D,.
Parathyroid hormone and 1,25 dihydroxyvitamin D are major hormonal
regulators of Ca homeostasis.®

Vitamin B12 is derived primarily from cobalamins found in animal
products. Cobalamins are released in the acidic environment of the
stomach, and enter the duodenum by binding to R and intrinsic factor
(IF) proteins, and the B12-IF complex is absorbed via the cubilin receptor
in the distal ileum.™ This process is calcium-dependent. Megalin binds
several structurally unrelated ligands, and the IF-vitamin B12 complex
enters the intestine via receptor-mediated endocytosis."'? The complex
first binds to a receptor anchored in the outer layer of the plasma
membrane, followed by endocytosis of the cargo mediated by cubilin
and megalin.” Megalin deficiency indirectly results in cubilin deficiency
and impaired vitamin B12 absorption.™

1,25 dihydroxyvitamin D and serum ionized calcium regulate calcium
transport at the bone, gut, and kidney.® In addition, vitamin D is
necessary for adequate bone growth.® Folic acid and vitamin B12 have
essential roles in cellular processes, and prevent megaloblasticanemia.™
Vitamin B12 as a hydrogen receptor, regulates metabolic processes."
Some studies have reported a relationship between vitamin D, vitamin
B12, and folate, and these studies suggest that vitamin D, influences the
absorption of B12 and folate.™"” This effect may be mediated directly
through vitamin D receptors or indirectly through calcium-dependent
absorption, but no clinical studies have examined this relationship in
children. This research aimed to evaluate the effect of serum 25-OH D
levels on vitamin B12 and folic acid levels in healthy preschool age (3-6
years old) children.

MATERIALS AND METHODS
Research Model

The research was designed as a cross-sectional, descriptive study. In this
context, 130 healthy children aged 3-6 years, who visited the General
Pediatric Pathology and Child Health Outpatient Clinic of Balkesir
University Health Practice and Research Hospital during working
hours, were included. The study included children who came for a
routine healthy child examination and from whom blood samples
were collected as controls. Detailed information was provided to the
children’s parents, and informed consent was obtained. The parents
were informed that no additional blood sampling would be performed
for this research.

Patients

Children aged 3-6 years without any diagnosed chronic diseases
who applied to the Child Health and Diseases Outpatient Clinic of
Balikesir University Health Practice and Research Hospital with specific
complaints between October 2019 and August 2020 were included
in the thesis research. The number of participants included in the

study was determined using G-Power analysis. The aim was to include
at least 127 participants with a confidence level of 95%, a power of
80%, and an effect size of 0. A total of 130 children participated in
our study. The total number of applications over a 10-month period
was 12,015 children, approximately 6% of whom were aged 3-6 years.
The participants to be included in the study were randomly determined
at the beginning of each week. Complaints of the study participants
included: 53% loss of appetite, 15% short stature, 12% constipation, 4%
rash, and 16% cough.

Criteria for inclusion of volunteers in the study:
* Age 3 1o 6 years
* No chronic diseases and/or irregular medication intake

» Do not take any medications that affect the metabolism of vitamins
D, B12, and folic acid

Inclusion criteria for the study:
* Excluding children aged 3 to 6 years
» Presence of a chronic disease and regular medication intake

During the selection phase of the children, random numbers were
generated in the SPSS program, and children were selected based on
this order.

Of the children who presented to our clinic, 127 were deemed sufficient
based on a power analysis; however, 130 were included in the study.
During this process, 145 children who met the inclusion criteria and
applied within a week were randomly contacted, and 15 of these were
excluded because they met the exclusion criteria.

Laboratory

A 6 mL blood sample was taken from the patient for routine
biochemical and hormonal analyses. The blood samples were
centrifuged at 3000 rpm to separate serum and plasma. Folic acid,
vitamin B12, and 25-OH vitamin D from these sera were analyzed by
the chemiluminescence immunoassay method in the biochemistry
laboratory of Balikesir University Health Practice and Research Hospital
using the Beckman Coulter DXI 600/800 instrument. Excess serum,
which could become medical waste, was stored at -40 degrees until
analysis in three separate Eppendorf tubes. Homocysteine level, which
is directly related to vitamin B12 and folate metabolism, was measured
by electrochemiluminescence immunoassay method, on the Abbott
ARCHITECT instrument, in the microbiology laboratory of Balikesir
University Health Practice and Research Hospital.

Normal values for folate were determined to be in the range of 2.33-
17.24 ng/mL. Normal values for vitamin B12 were determined to be
126.5-505 pg/mL and for 25-OH vitamin D to be 30-70 ng/mL.

After taking samples for calcium, phosphorus, sodium, potassium,
alkaline phosphatase, aspartate aminotransferase and alanine
aminotransferase, the samples were analyzed spectrophotometrically
on the same day using a Beckman Coulter DXI 800 instrument in the
biochemistry laboratory of Balikesir University Health Practice and
Research Hospital.
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Statistical Analysis

SPSS, version 23.0 (IBM INC., Armonk, NY, USA). The SPSS 23.0 software
package was used for statistical analysis of the study. Descriptive statistics
of continuous variables are displayed using mean, standard deviation,
median, minimum and maximum values, while categorical variables are
displayed using frequency and percentage. The suitability of continuous
variables for normal distribution was tested using the Shapiro-Wilk test.
One-way analysis of variance was used when comparing three or more
groups of continuous variables with normal distribution. For variables
that do not have a normal distribution, the Mann-Whitney U test was
used to compare two groups, and the Kruskal-Wallis test was used to
compare three or more groups. Pearson’s chi-square test, Yates's chi-
square test, and Fisher’s exact chi-square test were used for group
comparisons of categorical variables."®" In all statistical comparisons in
the study, a p-value below 0.05 was considered statistically significant.

Ethical Approval

The study was conducted at the Ethics Committee Balikesir University
Health Practice and Research Hospital between October 2019 and
August 2020 (approval number: 2019/44, date: 09.10.2019).

RESULTS

Participants were 47% female and 53% male. 92.3% of the couples in
the families were married, and the majority of the mothers and fathers
had primary school education or below. The majority of mothers
(75.4%) were unemployed, while the majority of fathers (98.5%) were
employed. Monthly income was mostly at a medium level, and the
majority of participants were predominant in the central category.
The rate of chronic disease was 11.5%; the number of family members
was generally 4 or fewer. The rate of families stating that the mother
and father smoked was 54.6%, 48.5% of families had heart disease;
and 13.8% used vitamins. The majority of children were outside fewer
than 4 days a week, and 69.2% of mothers had a diet rich in meat and
vegetables during pregnancy (Table 1).

Statistically significant factors for the vitamin D >20 group (p<0.05)
included smoking at home, vitamin B12 levels >200, mothers’
adherence to a diet mainly of meat and vegetables during pregnancy,
and the child’s daily outdoor activities (Table 2).

Folic acid mean was significantly higher in vitamin D >20 group,
whereas homocysteine mean was significantly lower (p<0.05). All other
laboratory parameter differences between vitamin D groups were
insignificant (p>0.05) (Table 3).

77.8% of participants in the <20 ng/mL vitamin D group had vitamin
B12 levels between 0-200 pg/mL, whereas 22.2% in the >20 ng/mL
vitamin D group had vitamin B12 levels between 0-200 pg/mL, and a
statistically significant difference was observed (p<0.05) (Table 4).

Correlation analysis results showed that vitamin D was significantly
correlated with homocysteine (r=-0.2; p<0.05), vitamin B12 (r=0.3;
p<0.01), and folic acid (r=0.3; p<0.01) (Table 5). Although correlations
were significant, correlation coefficients were low.

DISCUSSION

According to the socio-demographic factors that influence vitamin
D levels, there were found to be weak associations with ethnicity,
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maternal age, married parents, education, and employment status. In
a study in the Netherlands, 4167 children were examined, and vitamin
D deficiency was found to be more common in children of Western
descent.? It was also found to be associated with birth weight and
maternal age. In another study, maternal employment status was
associated with vitamin D.? In our study, no association was found
between vitamin D levels and parental employment status, education
level, and number of people living with the study participants.

Table 1. Baseline characteristics of patient groups
Parameters n%
Female 47.0 (61)
Gender
Male 53.0 (69)
) Married 92.3(120)
Marital status
Separated 7.7 (10)
Prlmary school or no 415 (54)
education
Mother education High school 40 (52)
Bachelor's/master’s 18.5 (24)
degree
anary school or no 416 (54)
education
Father education High school 38.5(50)
Bachelor’s/master’s 20 (26)
degree
) Working 24.6 (32)
Mother working status :
Not working 75.4 (98)
) Working 98.5(128)
Father working status -
Not working 15(2)
0-4999 TL 36.9 (48)
5000-9999 TL 40.8 (53)
Income
10000 TL and above 22.3(29)
) Central 86.2 (112)
Location
Rural 13.8(18)
. Yes 11.5(15)
Chronic illness
No 88.5 (115)
3 or less than 3 34.6 (45)
Number of people living in
the house 4 47.7(62)
5 and above 17.7 (23)
Mother and father 54.6 (71)
Smoking at home Mother and father 10 (13)
Never smokes 35.4 (46)
) ) ) Yes 48.5(63)
Heart disease in the family
No 51.5 (67)
o ) Yes 13.8(18)
Vitamin usage history
No 86.2 (112)
_ Everyday 16.2 (21)
The duraf[lon of the child’s 4-5-6 days a week 323 (42)
stay outside
Less than 4 days a week | 51.5(67)
Vt\)/leatdand vegetable 692 (90)
Mother’s diet during &S
pregnancy Meat based 23(3)
Vegetable based 28.5(37)
TL: Turkish lira.
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Vitamin D plays a role in calcium transfer within the body for the
kidneys, gut, and bones.?* Vitamin B12, along with folic acid, is
vital for cellular processes.™? These vitamins play a vital role in the
body’s homeostasis, growth, and basic functions. Many studies have

highlighted the importance of diet as a source of vitamin D, especially
in countries with little sunlight, such as the Scandinavian countries. In
our study, we examined the frequency of consumption of red meat,
milk and dairy products, and vegetables, in relation to vitamin D levels
and found a particular association with the consumption of red meat,

Table 2. Comparison of sociodemographic data with vitamin D eggs, milk and dairy products with vitamin D levels. When we created a
o o dietary index, we showed again that diet was associated with vitamin D.
Parameters Vitamin D Vitamin D p value . .
<20 ng/mL >20 ng/mL Table 3. Mean values of laboratory parameters and comparison with
vitamin D groups
36-48 months 14 (41.2) 20 (58.8) group
. <y
Age 49-60 months 13 (56.5) 10 (43.5) 0.480 Parameters | Vitamin D X150 p
<20 240.37+92.84
61-83 months 37 (50.7) 36 (49.3) ALP 0.490
; Female 30 (49.2) 31(50.8) — IV
Gender 0.990 <20 4.79+0.59
Male 34 (49.3) 35 (50.7) Fosfor 0.060
Marital Married 60 (50.0) 60 (50.0) 20 4.9740.53
. 0.540 <20 12.15+0.75
Statlis Divorced 4 (40.0) 6(60.0) Hemoglobin 0.060
Uneducated or 27 (50) 27(50) >20 12.42+0.92
Mother primary RBC <20 4.6840.31 0290
education | High school 26 (50) 26 (50) 0930 >20 4.75+0.43 ‘
[ ' 09:+2.
ﬁ‘r’] digr; e | 1@58) 13(54.2) Hematocrit =20 309236 0.790
>20 37.21£2.77
e LN P T 27 (50) o <20 1110434
primary Folic acid 0.002
. >20 13.41+4.13
i High school 24 (48) 26 (52) 0.970
education Collese/ <20 9.78+0.40
ollege Calcium 0.250
undergraduate ) =) >20 9.86+0.41
Not working 47 (48) 51 (52) . <20 1.94+0.33
Mother job : 0.610 Magnesium 0.660
Working 17 (53.1) 15 (46.9) >20 1.9610.30
) Not working 1(50) 1(50) <20 79.3414.21
Father job - 0.980 MV 0.590
Working 63 (49.2) 65 (50.8) >20 GRS
0-4999 TL 25(52.1) 23 (47.9) X <20 7.48%+2.55
Homocysteine 0.030
R >20 6.57+1.66
income 5000-9999 TL 24 (45.3) 29 (54.7) 0750
<20 19.24£16.26
13000 TLand 15 (51.7) 14 (483) Ferritin 0.630
above >20 18.231£13.54
) Rural 9 (50) 9 (50) +
Location 0.940 Age <20 62.80%1518 0.520
Central 55 (49.1) 57 (50.9) =20 61.124+15.66 ’
Smokingat | Yes 14 (30.4) 32 (69.6) 0.020 . <20 8.114+2.39 0970
home No 50 (59.5) 34 (40.5) =20 8.17+2.44 ’
Chronic Yes 9(56.3) 7(43.8) 0540 <20 337.10+113.07 0160
i o PLT Nl
disease No 55 (48.2) 59 (51.8) =20 350.39+88.22
<200 21(77.8) 6(22.2) +
B12 groups 0.010 MCV <Ay izl 0.730
>200 43 (41.7) 60 (58.3) =20 79.7344.34
Hearth Yes 39 (61.9) 24 (38.1) <20 30.30+11
disease in 0.050 AST 0.980
family No 25(37.3) 42 (62.7) >20 31.40+13.63
Meat- <20 15.35+£5.97
) . . ALT 0.140
Mother§ vegetables** 7@ 53 (58.5) >20 17.24+7.37
diet during Meat 2(687) 1(333) 0.020 <20 2.87+1.26
pregnancy TSH 0.370
Vegetables 25 (67.6) 12 (32.4) >20 2.67£1.19
The Everyday 4(19) 17 (81.0) <20 0.93+0.22
: sT4 0.070
?hueractr:(i)lg’gf 4-5-6 days a week | 8 (19) 34(81.0) 0.000 >20 1.04£0.41
stay outside | Less than 4 times | 52 (77.6 15 (22.4 ALP: Alkaline phosphatase, RBC: Red blood cell, MCV: Mean corpuscular volume,
y
#*Difference arou WBC: White blood cell, PLT: Platelet, AST: Aspartate aminotransferase, ALT: Alanine
TL: Turkish Iirga P aminotransferase, TSH: Thyroid stimulating hormone, sT4: Free thyroxine (Free T4),
’ ’ SD: Standard deviation.
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Table 4. Comparison of grouped B12 levels with dichotomized vitamin D
Vitamin D
Total
<20 ng/mL >20 ng/mL
0-200 pg/mL 21 (77.8%) 6 (22.2%) 27 (100%)
B12
200 pg/mLand over | 43 (41.7%) 60 (583%) | 103 (100%)
p=0.010.
Table 5. Correlation between participants’ vitamin D, B12, homocysteine
and folic acid levels
Parameters Homosistein B12 Folic acid
. . r=-0.2 r=0.3 r=0.3
Vitamin D
(p=0.03) (p=<0.001)  (p=<0.001)
B12 r=-0.5 - r=0.3
Folic acid r=0.3 r=0.3
Homocysteine - r=0.2

The study found that mothers’ knowledge of vitamin D and of which
foods contain vitamin D was poor.2>%’

Upon comparing dietary patterns in our study, we found that the effect
of red meat, egg, milk, and dairy consumption on vitamin D levels was
statistically significant (p<0.05). However, the frequency of chicken,
vegetable dishes, and fish consumption did not have a statistically
significant effect on vitamin D levels (p>0.05). Fatty fish is mentioned in
the literature as one of the best dietary sources of vitamin D.2® However,
in our study, we did not find an association between the frequency of
fish consumption and vitamin D. We explained this by the fact that 60%
of our patients had not developed the habit of eating fish. Although
nutrition is important, the majority of children were outside less than 4
days a week, and this may affect their vitamin D levels. Thus, this may
be a confounding factor. Further research may be needed on sunlight
to understand this factor.

The mean vitamin B12 in our study participants was 303.7£134.4 pg/
mL, and the mean folate were 12.2+4.3 ng/mL. Looking at the study,
the levels of vitamin B12 and folate were similar in a study conducted
among an adolescent group.?’ In the study by Oncel et al.?, the levels
of vitamin B12 and folate were studied in 889 students aged 12 to 22
years, and vitamin B12 deficiency was 2.2% and folate deficiency was
21.8%.

In a study involving 280 children aged 3-17 years who attended the Child
Health and Diseases Outpatient Clinic of Bagcilar Training and Research
Hospital, 25-OH vitamin D levels were defined as follows: deficiency
<15 ng/mL, insufficiency 15-20 ng/mL, and >20 ng/mL as normal
values. Insufficiency was found in 80.36% (n=225) of the patients and
deficiency in 11.79% of the patients. In this study, 25-OH vitamin D
levels were found to be lower in late winter than those in late summer.
Age was negatively correlated with both 25-OH vitamin D levels in late
winter (r=-0.203, p=0.001) and 25-OH vitamin D levels in late summer
(r=-0.184, p=0.008). When comparing levels in late summer and late
winter, a positive correlation was found between vitamin D and Ca
(r=0.508, p=0.001).2%

In a study, 171 patients (83 girls, 88 boys) aged 3-18 years who attended
the pediatric endocrinology outpatient clinic had 25-OH vitamin D
levels assessed as <12 ng/mL, deficiency; 12-20 ng/mL, insufficiency;
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and >20 ng/mL, normal.?® Of the patients included in the study, 40
had type 1 diabetes mellitus, 47 were obese, and 84 were observed for
other endocrine diseases. The study found that vitamin D deficiency
was 51.5%, and insufficiency was 35.1%.%°

In a study where serum 25-OH D levels were examined in 640 healthy
primary school children aged 6-9 years, the median level was found to
be 25.95 ng/mL.?” Vitamin D deficiency was defined as serum 25-OH D
levels less than 12 ng/mL, and such deficiency was found in 36 children
(5.62%) 3

There was not a significant difference between children whose family
uses vitamins and those whose family does not. The main reason may
be that the usage level of vitamins varies and may cause variation in
effects. Further research may be conducted on the effect of family
vitamin usage.

Study Limitations

Our study is important because it is the first to report that vitamin D
is associated with B12 and folate levels in healthy children of this age
range. For this reason, comparisons were made with other studies that
were partially similar to our study, but the interpretation of the results
was very limited. Prospective studies in this area involving larger patient
groups, with more detailed information on seasonal characteristics,
daily food intake, daily sun exposure, and other sociodemographic
characteristics, are needed. In addition, we believe that further large-
scale studies are needed to examine polymorphisms in vitamin D
hydroxylase and receptor enzymes, which could help clarify the details
of the associations we found. Since the study is cross-sectional, results
cannot prove a cause-effect relationship. On the other hand, it may be
a source for further research. This is another limitation of the study.

CONCLUSION

It is evident that there is a significant positive association between
vitamin D levels and serum B12 and folate levels in healthy preschool
children. This association is consistent with the notion that vitamin D
affects the absorption of both vitamins, as reported in some studies.
We believe that in cases of vitamin B12 and folate deficiency in healthy
children, measuring serum 25-OH D levels and correcting the deficiency,
if any, may have a positive effect on serum vitamin B12 and folate
levels. Further confirmatory studies are needed on this issue.

Itis evident that vitamin D has calcemic and noncalcemic effects, as well
as pleiotropic effects in many tissues. At the same time, there are many
studies indicating that the common genetic polymorphism observed
in the vitamin D receptor is important in determining the effects of
vitamin D on the body. This may have influenced the associations found
in our study between vitamin D, B12, and folate levels.

MAIN POINTS

» Consumption of red meat, eggs, milk, and dairy products in
particular was associated with vitamin D levels.

* There is a significant positive association between vitamin D levels
and serum B12 and folate levels in healthy preschool children.

« Vitamin D affects the absorption of certain vitamins in children.

e Vitamin D has calcemic and noncalcemic effects, as well as
pleiotropic effects in many different tissues.
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Abstract

BACKGROUND/AIMS: The coronavirus disease-2019 (COVID-19) pandemic resulted in the implementation of restrictions and caused lifestyles to
change; the economy to decline; and psychiatric problems to arise. These factors might have influenced the consumption of alcohol, tobacco,
and sedative drugs. This study aims to investigate the consumption trends of alcohol, tobacco, and sedative drugs before and during the early
period of the COVID-19 pandemic in North Cyprus.

MATERIAL AND METHODS: A cross-sectional study was conducted using an online questionnaire targeting residents of North Cyprus aged 18
years and above. A sample of 270 people was selected using the snowball sampling method to represent the population with 90% confidence.
The alcohol, smoking, and substance involvement screening test (ASSIST) scale was employed to evaluate alcohol, tobacco, and sedative drug
use before and during the first three months of the COVID-19 pandemic.

RESULTS: A total of 280 residents participated in this study. 50.7% of the participants reported the use of tobacco before the pandemic. 86.8%
had moderate risk before COVID-19, while 65% had low-risk usage in the pandemic’s first three months. 62.9% of the participants indicated no
tobacco use during the first three months of the pandemic. Tobacco consumption severity significantly decreased with the COVID-19 pandemic
(p<0.001), which was observed in both sexes and all age groups. However, no significant changes were found in alcohol and sedative drug
consumption.

CONCLUSION: The findings indicate a substantial reduction in tobacco use during the early phase of the pandemic in North Cyprus. No
significant changes were observed in alcohol or sedative drug consumption during the early pandemic period, and both substances showed
consistently low-risk levels based on ASSIST classifications.
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INTRODUCTION

In late 2019, a pandemic of cases with severe acute respiratory
syndrome coronavirus 2 spread from Wuhan, China, to the rest of
the world, resulting in a global coronavirus disease-2019 (COVID-19)
pandemic. COVID-19 is known to be a severe acute respiratory
syndrome, showcasing symptoms such as fever, cough, sore throat,
breathlessness, fatigue, and malaise. The disease, however, can be
mild in most people; it can be fatal in others, particularly the elderly
and immunocompromised.” The high transmission rate of COVID-19
led countries to implement a serious set of rules for all citizens. Social
distancing, wearing masks, restrictions on going out, and the closure
of all restaurants, entertainment places, and schools were just a few
of the measures implemented during the COVID-19 pandemic. These
restrictions led to rapid changes in people’s lifestyles and quality of
life. Combined with unemployment, the effects of certain factors they
also negatively affected the economy. This, in turn, had further adverse
effects on health and social life. Cumulative factors of the COVID-19
outbreak create anxiety and fear for people’s health and jobs, and force
them to live an unfamiliar lifestyle, and be deprived of relationships.
These emotions affected every individual; however, conditions among
people with pre-existing psychological issues may have worsened during
the pandemic. Additionally, the problem of the recent era, infodemic
on social media, also induces psychiatric problems. Anxiety, depression,
sleep problems, obsessive behaviors, and post-traumatic stress disorder
are mainly reported psychiatric problems during COVID-19.%¢ All these
mental health problems and a stressful lifestyle are known to be risk
factors for increased use of alcohol, tobacco, and sedative drugs.
Sedative drugs are also commonly used for the treatment of anxiety and
insomnia.” It is reasonable to expect COVID-19 to affect the use of these
substances. Starting from the first months of the pandemic, research
articles on the changing usage patterns of these substances began to
appear in the literature. COVID-19 has affected addictions in different
ways due to the stressful times during the pandemic and lockdown,
impacting consumption patterns. Restrictions might have also limited
product availability and healthcare access for patients undergoing
treatment for addictions, increased the withdrawal syndromes during
the pandemic.8?

With the first imported case in North Cyprus at the beginning of March
2020, strict restrictions were suddenly implemented, including the
closure of all areas except the sectors that provide health, safety, and
basic life needs."

This study aimed to determine the effect of the early COVID-19
pandemic and lockdown period on alcohol, tobacco, and sedative drug
consumption among North Cyprus residents, to identify the risk factors
for high-risk usage.

MATERIALS AND METHODS

This study was conducted between November 2019 and June 2020,
covering the first three months of the COVID-19 pandemic (March-June
2020) and the preceding three-month period (December 2019-February
2020). The study was approved by the Eastern Mediterranean University
Research and Publication Ethics Committee Health Subcommittee
before data collection (approval number: ETK00-2021-0083/ETK00-
2021-009, date: 07.04.2021).

The target population consisted of adults aged 18 years and above
residing in North Cyprus. The sample size was calculated as 270
participants based on the adult population of Region'" and a confidence
level of 90%, using Cochran’s formula for sample size estimation. A total
of 280 participants were ultimately included. Recruitment was carried
out via Facebook groups with large local memberships, using a snowball
sampling method. An anonymous online questionnaire, hosted on a
secure platform, was distributed via private messages. Participants were
encouraged to share the link with other eligible individuals. Informed
consent was obtained electronically before survey participation.

The survey included demographic questions (age, gender, marital
status, living location, education, employment, household type, income
change during the pandemic, and psychiatric diagnosis history) and
the validated Turkish version of the alcohol, smoking, and substance
involvement screening test (ASSIST) that was developed by the World
Health Organization (WHO)."> The ASSIST questionnaire evaluates
substance involvement risk levels for tobacco, alcohol, and sedative/
hypnotic drugs. In this questionnaire, the risk level is based on the
frequency of use of the relevant substance and its effects on daily life.
Scores are assigned for each frequency. Frequencies are grouped as
“Never, once or twice in 3 months, monthly, weekly, and daily/almost
daily”, and the score increases with increasing frequency of occurrences.
The total score for each substance is calculated by adding all scores, and
varies between 0 and 39. According to the ASSIST scoring guidelines,
for tobacco and sedative drugs, scores of 0-3 indicate low risk, 4-26
indicate moderate risk, and 27 or above indicate high-risk. For alcohol,
scores of 0-10 indicate low risk, 11-26 indicate moderate risk, and 27 or
above indicate high-risk. Participants were asked to complete the ASSIST
questionnaire for two distinct time points: the three months before the
pandemic and the first three months during the pandemic, including
the initial lockdown period.

Statistical Analysis

All data were analyzed using IBM SPSS Statistics version 22.0. To
compare the differences in substance use before and during the
pandemic, McNemar's chi-square test was applied for paired
categorical data. Comparative analyses of ASSIST scores before and
during the pandemic were conducted using Paired Samples t-tests. A
p-value of <0.05 was considered statistically significant.

RESULTS

A total of 280 individuals took part in the study. The majority were
female (61.8%), and the mean age was 46.5 years. Most participants were
between 18 and 45 years old (85%), single (50%), university graduates
(69.6%), and employed (61.1%). A large proportion lived in urban areas
(71.8%) and in nuclear family settings (87.1%). Nearly half reported a
decrease in household income during the pandemic. Additionally, 8.6%
had a previously diagnosed psychiatric condition. Descriptive statistics
for the study sample are presented in (Table 1).

According to responses to the first item of the ASSIST questionnaire,
whether the participant had ever used the listed substances, self-
reported use decreased across all substance categories during the
early COVID-19 period. For alcohol, 236 participants (84%) reported
lifetime use before the pandemic, which dropped to 206 participants
(74%) during the first three months of the pandemic (McNemar
p<0.001). Tobacco use similarly decreased from 142 participants (51%)
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before the pandemic to 117 participants (42%) during the same period
(McNemar p<0.001). For sedative drugs, reported use declined from 37
participants (13%) to 16 participants (6%) (McNemar p<0.001). These
results demonstrate statistically significant reductions in substance use
during the early phase of the pandemic (Table 2).

As indicated by the ASSIST questionnaire responses, the tobacco
involvement risk score significantly decreased during the COVID-19
period, as the mean risk score for tobacco involvement was 9.90+7.549

there was an increase in the number and frequency of use among
those who use cigarettes and electronic cigarettes with a degree of
addiction. Conversely, 1/3 of the participants turned this period into
an opportunity to quit.® A study examining the early stages of the
pandemic in the United States found that many people attempted to
cut down on smoking due to concern that they would be more affected
by COVID-19; however, more people reported an increase in smoking.™

before the pandemic and 5.81£8.723 during the pandemic (p<0.001). Table 1. Sociodemographic characteristics of the participants
In contrast, there was no significant change in alcohol, (5.81£5.653 vs. Variable Categories Frequency percentage
5.75£6.404), or sedative drug involvement risk scores, (1.09£0.316 vs. cend Male 107 (38.2%)
+ 1 i ender
1.07£0.309), before and during the pandemic (Table 3). — 173 (61.8%
Based on the ASSIST substance involvement risk classification, alcohol 18-25 111 (39.6%)
involvement risk remained predominantly low both before (89.6%) and 26-45 127 (45.4%)
during (88.6%) the pandemic (Table 4). Tobacco involvement risk was Age 46-65 39 (13.9%)
categorized as moderate for 86.8% of participants before the pandemic, P 3(11%
whereas 65% were classified as low risk during the pandemic (Table 4). Sinel 1404 S0%
Sedative drug involvement risk levels before the pandemic were high in mgé (0%
1%, moderate in 6%, and low in 93% of participants, while during the Marital status Married 123 (43.9%)
COVID-19 period, these levels were high in 1%, moderate in 4%, and low Divorced 16 (5.7%)
in 95% (Table 4). Widow 1(0.4%)
. . . C 228 (81.4%
Comparative analyses revealed that substance involvement risk levels for yprus (81.4%)
. . ere . . i 0
alcohol and tobacco did not significantly differ across any demographic Birth place Turkey 35 (12.5%)
categories, either before or during the pandemic. In contrast, the risk of Other 17(54)
sedative drug involvement was significantly higher among participants i . City 201 (71.8%)
with lower education levels and those with a psychiatric diagnosis in RLELCELEL Village 79 (28.2%)
both periods (Table 5). . Yes 171 (61.1%
Working status )
Table 6 presents tobacco use frequency before and during the COVID-19 No 109 (38.9%)
period, by gender and age groups. In the pre-pandemic period, the No education 1(0.4%)
majority of both females and males across all age groups reported using Primary school 2 (0.7%)
tobacco 5-7 days a week (approximately 85%). In contrast, during the Educational status Secondary school | 7 (2.5%)
1 1 0,
first three months of the pandemic, around 69%; of both femgles and High school 75 (26.8%)
males across all age groups reported not smoking at all. This difference —
.. University 195 (69.6%)
was most pronounced among males and participants aged 25-45.
Alone 22 (7.9%)
DISCUSSION Household type Nuclear family 244 (87.1%)
In this study, which examines the early effects of the pandemic, a Bxtended family | 14 (5%)
significant decrease was observed in cigarette use within North Cyprus. Decreased 136 (48.6%)
There was no significant change in the frequency of alcohol and sedative Salary change with COVID Increased 9 (3.2%)
use. Different results on smoking have been reported in publications Not changed 135 (48.2%)
from all over the world, and even among participants included in the e 24 (8.6%)
same study. Alongside those reporting an increase in use, an increase Pre-COVID psychiatric diagnosis No 256 (91.4%
in attempts to cut has also been reported. In the study conducted 4 - :
by Klemperer et al.” from the United States, it was determined that COVID: Coronavirus disease.
Table 2. Alcohol, tobacco and sedative drug use before and during COVID-19
At least one time usage, before COVID-19 At least one time usage, during COVID-19 p-valuet
Yes 236 (84%) Yes 206 (74%)
Alcohol <0.001
No 44 (16%) No 74 (26%)
Yes 142 (51%) Yes 17 (42%)
Tobacco <0.001
No 138 (49%) No 163 (58%)
Yes 37 (13%) Yes 16 (6%)
Sedative drugs <0.001
No 243 (87%) No 264 (94%)

p-value from Mc Nemar chi-square test. COVID-19: Coronavirus disease-2019.
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Table 3. Alcohol, tobacco and sedative drug involvement risk scores in the pre-COVID-19 and COVID-19 period

Pre-COVID-19 period Early COVID-19 period
mean score = std. dev. mean score = std. dev. prvalue?
Alcohol involvement risk level 5.81+5.653 5.73+6.404 0.851
Tobacco involvement risk level 9.90+7.549 5.81+8.723 <0.001
Sedative drug involvement risk level 1.09+0.316 1.07+0.309 0.372
p-value from paired sample t-test. COVID-19: Coronavirus disease-2019, std. dev.: Standard deviation.
Table 4. Alcohol, tobacco and sedative drug involvement risk classification in the pre-COVID-19 and COVID-19 periods
Pre-COVID-19 period n (%) COVID-19 period n (%)
Low Moderate High Low Moderate High
Alcohol involvement risk category 25 (89.6%) 24 (8.6%) 5 (1.8%) 248 (88.6%) 25 (8.9%) 7 (2.5%)
Tobacco involvement risk category 21 (7.5%) 243 (86.8%) 16 (5.7%) 182 (65%) 84 (30%) 14 (5%)
Alcohol involvement risk category 260 (92.9%) 18 (6.4%) 2(0.7%) 265 (94.7%) 13 (4.6%) 2 (0.7%)

COVID-19: Coronavirus disease-2019.

Table 5. Pre-COVID-19 and COVID-19 period sedative involvement risk scores according to demographics

Pre-COVID-19 period sedative involvement risk = COVID-19 period sedative involvement risk
Variable Categories scores scores
Mean % SD p-value Mean £ SD p-value
Male 1.09£5.09 1.07£5.41
Gender 0.763% 0.976}
Female 1.27£4.06 1.09t4.46
18-25 1.39£5.40 1.56%6.14
26-45 1.39£4.96 0.97£4.23
Age 0.222+ 0.095*
46-65 0.28£0.57 0.12£0.57
66-75 0.00+0 0+0
Single 1.15+4.63 1.26+5.33
Married 0.79+3.40 0.40+2.20
Marital status : 0.198+ 0.517+
Divorced 4.87110.86 4.81£10.62
Widow 0.00£0.00 0£0
Alone 2.13+6.17 2.13£6.99
Household type Nuclear family 1.14+4.75 0.34+ 1.05+4.74 0.186+
Extended family 0.71+2.67 0+0
. Less than 9 year education 5.80111.06 6.00+12.72
Educational status - 0.018 0.006°
More than 9 year education 1.03+4.34 0.90+4.23
" iatri Yes 7.12£0.94 7.62£11.55
P.re COV.ID psychiatric <0.0015 <0.0015
diagnosis No 0.64£3.54 0.47£3.02

Sp-value from Independent Samples t-test. + p-value from One-Way ANOVA test. COVID-19: Coronavirus disease-2019, SD: Standard deviation.

Studies from the Netherlands and Poland reported an increase in
cigarette use at similar rates and a decrease in some participants.”®
A study from Belgium reported an increase in smoking and alcohol use
during the pandemic period."”

Much of the evidence on this issue has come from developed countries.
The limited articles from developing countries show that although it is
thought, that the degree of development of the countries may affect the
attitude towards smoking, the results are similar to those of developed
countries. In a study from Pakistan, which reported different results
in the same study group, Siddiqgi et al.”® mentioned that 14% of the

participants quit smoking, while 68% of those who continued showed
a decreasing trend in smoking, and an increase of 18% was observed.
However, it is unclear what the increase referred to.

Studies rapidly added to the literature during the pandemic, along
with systematic reviews and meta-analyses that compiled these studies
indicated that the disease was more severe in smokers and had a less
serious course in non-smokers.'?* With the arrival of information about
the negative effects of smoking, on COVID-19 spread and course, some
countries have introduced very strict bans to prevent the spread among
the public throughout the country. For example, during the pandemic,
sales of tobacco products were banned in India and South Africa.?
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Table 6. Tobacco usage frequency in the pre-COVID-19 and COVID-19 period

How often did you use tobacco Gender n (%) Age n (%) Total
products? Female Male 1825 26-45 46-65 66-75

In the last three months before the COVID

pandemic,

None 6 (3.5) 5(4.7) 9(8.1) 1(0.8) 1(2.6) 0 1 (3.9)
Once or twice 1(0.6) 2(1.9) 0(0.0) 2(1.6) 1(2.6) 0 3(1.1)
1-3 times a month 17 (9.8) 8(7.5) 7(6.3) 15(11.8) 3(7.7) 0 25(8.9)
1-4 days a week 2(1.2) 2(1.9) 1(0.9) 2(1.6) 1(2.6) 0 4(1.4)
57 days a week 147 (85.0) 90 (84.1) 94 (84.7) 107 (84.3) 33 (84.6) 3(100) 237 (84.6)
In the first three months after the lockdown

of the COVID pandemic,

None 103 (59.5) 73 (68.2) 63 (56.8) 87 (68.5) 24 (61.5) 2 (66.7) 176 (62.9)
Once or twice 13 (7.5) 14 (13.1) 10 (9.0) 14 (11.0) 3(7.7) 0 27(9.6)
1-3 times a month 13 (7.5) 6 (5.6) 9(8.1) 8(6.3) 2(5.1) 0 19 (6.9)
1-4 days a week 10 (5.8) 4(3.7) 7(6.3) 3(2.4) 4(10.3) 0 14 (5.0)
5-7 days a week 34 (19.7) 10 (9.3) 22(19.8) 15 (1.8) 6 (15.4) 1(33.3) 44 (15.7)
COVID-19: Coronavirus disease-2019.

The result of our study in our developing country reflects a significant
decrease in smoking. Studies reporting an increase, primarily blamed
stress triggered by the pandemic. Our study evaluated the first 3 months
of the COVID-19 pandemic and the early phase of the shutdown. In our
study examining the early period, concerns about COVID-19 disease may
be more prominent than the stressors that accumulate over time. For
this reason, in the early period of the pandemic, a decrease may have
been observed in the study. Although there are no special restrictions
on cigarette products due to the pandemic in our country, economic
difficulties and the lockdown may also have affected the purchase of
these products. In addition, it has been observed that even in those
with high-risk use, the intense usage did not prevent attempts to quit
or reduce smoking. With the findings of studies containing similar
observations, researchers emphasized that these findings should be
reflected in public health practices and smoking cessation. The WHO
also stated this in its public announcements 22232

Studies on alcohol came mostly from Europe. This study is one of the
few studies on this subject in our region. In our study, no significant
change in alcohol use was found during the pandemic. Information
from countries, on alcohol use, is similar to that on smoking. In the
study conducted on the Polish population, it was stated that while there
was an increase in certain characteristics among some participants,
there was a decreasing trend in the use were observed at a similar
rate.’® Studies from Norway and Belgium examining the early period
of the pandemic have found increased alcohol consumption. In these
studies, increased use was associated with economic concerns related
to lockdowns."%

The socioeconomic challenges brought by the COVID-19 pandemic have
triggered many mental health problems. This may lead patients to be
more prone to taking benzodiazepine medication in a manner similar
to alcohol consumption. Additionally, it could in many cases result
in addiction or misuse. According to a study conducted in the United
States, there has been, during the COVID-19 pandemic, an increase
of about thirty-four percent in the prescription of anxiolytics and
other sedative drugs.” On the contrary, another study from the United
States of America showed that there has been a significant decrease in
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sedative drug usage, that has been later correlated with the fact that
this decrease was due to a decrease in prescription fillings by patients
due to the lockdown during the pandemic.®

However, in our study, the ASSIST score of sedative usage before and
duringthe COVID-19 pandemic has not indicated a significant difference;
only a very slight decrease was observed in the first three months of the
pandemic, possibly due to restrictions. Since the evaluation is made
over a short period, it can be expected that there will be no change.
In the long term, the effect of COVID-19 on psychiatric diseases and
sedative use may be more variable.

In addition, the study revealed that smoking in Cyprus was quite
prevalent before the pandemic. The study was conducted with 280
North Cyprus residents and revealed that in the pre-COVID-19 period,
the prevalence of tobacco usage was 96.1% and alcohol usage was
84.3% in North Cyprus. According to the first study conducted on this
topic in North Cyprus among the age group of 18-65, the prevalence of
consumption from 2003 to 2015 ranged from 62.1-66% for tobacco and
68.5-82.3% for alcohol.?? Our study results show that the measurements
were higher for alcohol consumption and especially for tobacco usage.
In a recent study conducted in Northern Cyprus with a large number
of participants, the smoking rate was reported as 40.7%, above the
world average.®® Studies conducted at medical faculties in the same
region also revealed similar results for smoking.>"2 The first study also
revealed that the lifetime prevalence of sedative/hypnotic drug use
was about 5.7% between the years 2003 and 2015.>' Similarly, we have
recorded about 6.4% misuse of sedative drugs and about 0.7% addiction
among the population of the study. The results prove that sedative drug
misuse is still a problem in North Cyprus. Relatively, in our study, we
recorded that people older than twenty-five had more frequent use of
these drugs before the pandemic, but this trend reversed, showing that
younger people had the highest frequency of using these drugs after
the pandemic. Our study also revealed that individuals with psychiatric
problems, lower levels of education, as well as divorced or lonely
individuals, had higher scores for sedative usage in the ASSIST score
system.
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Study Limitations

The study includes certain limitations. The researcher has little control
over the sampling method. The snowball sampling technique may cause
some sampling bias. Additionally, this study was performed using an
online questionnaire during the pandemic. Researchers cannot be sure,
that the subject and questions are fully understood in online research
on such survey topics. In addition, the participants may not have felt
very confident because of questions about psychiatric conditions and
substance use.

CONCLUSION

To conclude, the decrease in tobacco usage is significant in our study,
and this decrease is obviously due to the COVID-19 pandemic. The
decrease was not limited to any of the genders or the age groups; other
life circumstances might have had an effect as well. Our results may
also support that it is the best time for North Cyprus to initiate efforts
for quitting smoking. This pandemic-induced action may protect the
population from common smoking-related health problems. Lastly,
although there was no change in the use of alcohol and sedatives in
the early period of the pandemic, it was noted that alcohol use was
common among the participants, and the prevalence of sedatives at
high-risk levels could not be underestimated.

MAIN POINTS

 Tobacco consumption significantly decreased with the coronavirus
disease-2019 pandemic.

* No significant changes were observed in alcohol and sedative drug
use.

 According to the alcohol, smoking, and substance involvement
screening test scale, tobacco use was classified as moderate risk
among a large proportion of participants in North Cyprus before
the pandemic.
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Abstract

BACKGROUND/AIMS: Alopecia areata (AA) is an immune response-driven, scarless hair disease specified by the destruction of hair follicles by
an inflammatory response resulting from the loss of immune privilege. Apart from posing a cosmetic concern, it is a condition that impacts
patients due to its chronic, unpredictable course and the lack of a definitive treatment. This study sought to explore the psychosocial state of
patients with AA during its acute phase and compare them with a control group.

MATERIALS AND METHODS: This multicenter, prospective case-control study contained 70 patients with AA and 70 voluntary controls. The AA
group included patients with recent onset or recurrent AA with a disease duration of under one year. After the demographic information and
clinical traits of the patients were recorded, the study group was asked to complete the hospital anxiety and depression scale (HADS) and the
dermatology life quality index (DLQI) to appraise their psychological well-being and quality of life.

RESULTS: In this study, the psychosocial characteristics of 140 participants were evaluated. The AA cohort comprised 70 patients, while the
control cohort included 70 individuals matched for age and gender. Of the 70 patients with AA, 45 (64.3%) were men, and 25 (35.7%) were
women, with a median age of 29 (interquartile range =12.25) years. The median anxiety and depression scores according to HADS (HADS-Anxiety
and HADS-Depression) were markedly elevated in the patient group compared to controls. Additionally, the median DLQI score of the patient
group was substantially greater than that of the control group, which was statistically significant.

CONCLUSION: The outcomes of our study indicated that anxiety and depression scores were elevated in patients with acute AA compared to
the controls. Therefore, it is essential for clinicians to recognize and address psychiatric comorbidities in patients with AA, even during the early
period of the condition.

Keywords: Alopecia areata, anxiety, depression, quality of life

INTRODUCTION alopecia universalis. It can also involve the facial region, leading to hair

} o ) o loss in the eyebrows, eyelashes, and beard.>* The progression of AA is
Alopecia areata (AA) isan immune response-driven, scarless hair disease unpredictable, as it may either resolve spontaneously or persist for a long
specified by destruction of hair follicles by an inflammatory response time, even a lifetime. Given that the duration of the current episode is a
resulting from the loss of immune privilege." It may manifest as one key prognostic factor, AA was classified as acute (<12 months) or chronic
or more alopecic patches on the scalp, as well as alopecia totalis or (>12 months).* The condition poses a cosmetic concern and impacts
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patients due to its chronic and unpredictable course, compounded by
the absence of a curative treatment.

To date, the psychological symptoms and comorbidities associated
with AA have been thoroughly investigated, with several meta-analyses
conducted on the topic. In their meta-analysis, Lee et al.”> assessed
all comorbidities associated with AA. According to the findings of 87
studies, an adjusted odds ratio (OR) of 1.72 for anxiety and an adjusted
OR of 1.49 for depression were reported. Okhovat et al.® conducted a
meta-analysis focused on the link between anxiety, depression, and AA.
Analyzing the data from 8 studies, the meta-analysis found pooled ORs
of 2.5 for anxiety, and 2.71 for depression. Finally, Lauron et al.” assessed
the prevalence of depression and anxiety disorders in a meta-analysis
that included 29 studies on depression and 26 studies on anxiety. They
reported that the prevalence of depression was 9% (OR: 1.38), while
the prevalence of depressive symptoms was 37% (OR: 2.70). Similarly,
the prevalence of unspecified anxiety disorders was 13% (OR: 1.51), and
the prevalence of anxiety symptoms was 34% (OR :3.07). Overall, it is
evident that there are varying levels of association between AA and
depression as well as anxiety.

In AA, stressful life events can trigger the onset of the disease, while
the condition itself may lead to psychological symptoms, creating
a bidirectional relationship. This study aimed to investigate the
psychological stress associated with the disease during its acute phase.
Given the chronic nature of the condition and the prolonged treatment
process, patients experience a disease burden along with associated
psychiatric comorbidities. However, in this study, we sought to appraise
anxiety and stress symptoms in patients with a disease duration of one
year or less who were seeking hospital care for the first time, and to
compare these symptoms with a control group.

MATERIALS AND METHODS

This multicenter, prospective case-control study was carried out from
March 2020 to March 2021, involving 70 patients with AA and 70
voluntary controls, all recruited from the dermatology outpatient clinics
of two state hospitals. The research acquired endorsement from the
Erciye University’s Ethics Committee (approval number: 2020/119, date:
12.02.2020). Participants were provided with complete information,
and written consent was obtained.

The AA group included 70 patients aged 18 to 65 years, diagnosed with
AA based on clinical history and dermatological examination. The study
included patients with new onset or recurrent AA with a disease duration
under one year. Patients with new onset disease were admitted to the
outpatient clinic for the first time, while patients with recurrent AA
were admitted due to their current relapse. Patients with a diagnosed
psychiatric disorder were excluded from the AA group. The control
group comprised 70 volunteers who had no history of dermatological
or psychiatric conditions. The demographic information, family history,
and clinical characteristics of the patients, including disease duration,
presence of concomitant autoimmune diseases, pattern of disease
involvement, and nail changes, were recorded. the severity of alopecia
tool (SALT) was calculated to determine disease severity in patients with
AA. The total score of SALT is used to evaluate the extent of hair loss. The
scalp is divided into vertex, right lateral side, left lateral side, and the
back. The percentage of hair loss in each region is then multiplied by
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specific weight factors-0.4 for the vertex, 0.18 for the right and left lateral
sides, and 0.24 for the back. The SALT score is calculated by summing the
weighted scores from all four regions. Areata Investigational Assessment
Guidelines, the SALT score is categorized into the following subgroups:
SO = no hair loss, ST = <25% hair loss, S2 = 25-49% hair loss, S3 = 50-
74% hair loss, $4 = 75-99% hair loss, and S5 = 100% hair loss.

The AAand control group were asked to complete the hospital anxietyand
depression scale (HADS) and the dermatology life quality index (DLQI) to
assess their mental well-being and quality of life (QoL). The validated
Turkish edition of the HADS was used to evaluate manifestations of
anxiety/depression. The HADS is a 14-item self-administered inventory,
with each item scored on a 4-level Likert scale (0-3 points). It includes
subscales of HADS-anxiety (HADS-A) and HADS-depression (HADS-D),
with seven questions dedicated to each subscale. The cut-off scores for
identifying anxiety and depression were set at 10 and 7, respectively.
The QoL of the study groups was evaluated with the Turkish version
of the DLQI. The DLQI is a 10-question self-reported instrument with a
4-level Likert scale (0-3), with total scores varying from 0 to 30. Elevated
scores reveal a worse Qol, and scores greater than 10 suggest that it is
moderately or severely affected.

Statistical Analysis

IBM SPSS Statistics for Windows, version 20.00 (Armonk, New York, USA:
IBM Corp) was used to analyze the study, and a p-value of under 0.05
was interpreted as indicating statistical significance. The Shapiro-Wilk
test was employed to analyze the normality of the data. The median
and interquartile range (IQR) are used to express continuous variables
with a non-parametric distribution. Categorical variables were stated
as frequencies/percentages. The Mann-Whitney U test was utilized
for independent samples. Pearson’s chi-square test was applied for
categorical variables, and, if any cell contained an expected count
below five, Fisher’s exact test was utilized instead.

RESULTS

In this study, the psychosocial characteristics of 140 participants were
evaluated. The AA group consisted of 70 patients, and the control group
consisted of 70 age- and sex-matched volunteers (p=0.424, p=0.275,
respectively). Of the 70 patients with AA, 45 (64.3%) were men, and 25
(35.7%) were women with a median age of 29 (IQR=12.25) years. Disease
duration varied from 10 days to 12 months; and the median duration
of AA was 1 month (IQR=1). Ten patients (14.3%) with AA had a family
history; and 1 (1.4%) patient also had an accompanying autoimmune
disease, Hashimoto’s thyroiditis. Clinically, 7 (10%) patients had nail
changes that indicated nail involvement, 5 (7.1%) patients had ophiasis,
and the SALT scores of all the patients were <25%, categorizing them in
the S1 subgroup. Forty-four (62.9%) of the patients stated that they had
a history of life stressors before the onset of the disease (Table 1).

The median anxiety and depression scores according to HADS (HADS-A
and HADS-D) were statistically significantly higher in the patient group
than the control group (p=0.019, p=0.041, respectively). In addition,
the median DLQI scores of the AA group were statistically significantly
higher than the scores of the control group (p<0.001). The comparison
of HADS and DLQI scores between the AA and control groups is given
in Table 2.
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Table 1. Demographic characteristics and clinical findings of
patients with AA

Patient group
(n=70)
Sex (n/%)
Female 25 (35.7%)
Male 45 (64.3%)
Age [Median, (IQR), years] 29 (12.25)
Duration of AA [Median, (IQR), months] 1(1)
Family history of AA (n/%) 10 (14.3%)

Accompanying autoimmune diseases (n/%)

Hashimoto’s thyroiditis 1(1.4%)

Clinical findings of AA (n/%)

Nail involvement 7 (10%)
Ophiasis 5 (7.1%)
S1 subgroup according to SALT scores 70 (100%)
History of life stressors 44 (62.9%)

Data were expressed as the median and the IQR in continuous variables, and the n (%)
in categorical variables.
AA: Alopecia areata, IQR: Interquartile range, SALT: Severity of alopecia tool.

Table 2. Comparison of HADS and DLQI scores between the alopecia
areata and control group

AA Control
group group p
(n=70) (n=70)
HADS [median, (IQR)]
Anxiety 8(6.25) 7 4) 0.019™
Depression 7 (5.25) 4.5 (6) 0.041™
HADS classification (n/%)
Anxiety
Absent 40 (57.1%) | 58 (82.9%)
Present 30 (42.9%) 12 (17.1%) 0.001™
Depression
Absent 33 (47.1%) @ 44 (62.9%)
Present 37 (52.9%) 26 (37.1%) 0.062%
Presence of stressful life events (n/%)
Absent 26 (37.1%) | 37 (52.9%)
Present 44 (62.9%) | 33 (47.1%) 0.062*
DLQI [median, (IQR)] 2(6) 0.5 (2) <0.001"™
DLQI classification (n/%)
Mildly-moderately affected 63 (90%) | 70 (100%)
Severely affected 7 (10%) 0 0.013"

Data were expressed as median (IQR) for continuous variables and n (%) for categorical
variables.

Independent samples were compared with the Mann-Whitney U and chi-square tests.
If one or more cells had an expected count of less than 5, Fisher’s exact test was used.
*p<0.05, mMann-Whitney U test, X2chi-square test, fFisher’s exact test.

AA: Alopecia areata, DLQI: Dermatology life quality index, HADS: Hospital anxiety and
depression scale, IQR: Interquartile range.

DISCUSSION

Anincreasing body of evidence suggestsa connection between psychiatric
comorbidities and inflammatory diseases such as psoriasis, atopic
dermatitis, rheumatoid arthritis, and inflammatory bowel disease.®"
Among these, AA, an autoimmune condition that results in hair loss, has
garnered growing interest due to its potential psychological impact. CD8
+ T cells are thought to play a central role in mediating hair loss in AA,
and there are higher levels of IL-6, IL-1B, tumor necrosis factor (TNF),
along with cytokines of type 2 and type 17 immune pathways."?Several
meta-analyses revealed that IL-6, IL-1B, and TNF have been closely
linked to depression.™>' Bain et al." reported that increased levels of
IL-17E and IL-22 were positively associated with depression scores of
patients with AA.

In our study, we intended to evaluate the psychosocial parameters
of patients with AA admitted to outpatient clinics for the first time
during the acute phase. While 62.9% of the patients reported a history
of significant stress prior to the onset of the disease, the median
anxiety and depression scores of the AA group were significantly higher
compared to the control group. However, only the frequency of anxiety
was significantly higher based on the HADS defined cut-off values.
While the psychosocial effects of AA have been studied in detail in the
literature, our study uniquely focuses on the HADS scores in patients at
the first hospital admission at disease onset or relapse. Unlike previous
studies that may focus on longer disease durations, our focus on early-
stage patients offers a unique perspective on the initial emotional
challenges faced by individuals with AA. Thus, our findings underscore
the importance of addressing mental health early in the course of AA.

The new international classification of psychodermatological disorders
categorizes AA as a “primary skin disorder related to mental health",
similar to conditions like urticaria, vitiligo, and psoriasis.’' This implies
that AA is a skin condition influenced by stress and linked to secondary
psychiatric conditions.™ It is commonly believed, based on anecdotal
evidence, that psychological stress triggers AA. While some case-control
studies support this link, other publications have found no evidence to
support it."”? Kutlu et al.”” highlighted the increase in AA cases during
the coronavirus disease-2019 pandemic compared to the preceding year
and proposed that AA may be more closely linked to short-term stress
(less than 2 months) rather than long-term stress. Ferentinos et al.”
conducted a case-control study involving 52 patients with new-onset or
recurrent AA and 51 matched controls. They found that patients with
AA experienced a significantly higher number of stressful life events in
the previous year (number of events: 4 vs. 3) compared to the controls.
Although there was no significant difference in HADS scores between
the two groups, the study revealed that stressful life events were linked
to higher HADS-A scores in patients with AA. Additionally, Taheri et al."®
investigated the potential role of stressful life events as a trigger for AA
in a study involving 61 patients and 61 controls. The results revealed
no significant differences in the number or mean scores of physical
and sexual stress events between the two groups. However, patients
experienced more emotional stress events with higher mean scores
compared to the control group. In our study, we found that 62.9% of
patients had experienced stressful life events, 52.9% had symptoms of
depression, and 42.9% had symptoms of anxiety. Among these, only
the prevalence of anxiety was significantly higher than in the control
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group. Since no differences were found in stressful life events, it may be
concluded that high anxiety may be a comorbidity of the disease rather
than a trigger. Although the exact role of stress in triggering AA remains
unclear, the possibility that stress could act as a trigger in susceptible
individuals still exists and warrants further investigation.

AA often causes cosmetic disfigurement rather than severe physical
symptoms, yet it still has a considerable effect on mental well-being.
Thus, the psychosocial impact of AA has been studied over an extended
period. In their study assessing the psychological profile and QoL in
126 patients (94 adults) with AA, Vélez-Muiiiz et al.?' found that the
majority of patients had patchy alopecia, and 77.6% of the adults had
an impaired QoL. Additionally, 71.2% displayed symptoms of depression
and anxiety, according to the HADS, and 60% of the referred patients
were prescribed pharmacological treatment. The impact of the disease
on patients also varies. In a study by Bain et al.™ involving 39 patients
with AA, depression was found in 18% of patients and anxiety in 51%
of patients, as measured by the HADS. Interestingly, the frequency of
depression and anxiety was higher in patients who had experienced
patchy hair loss for less than 10 years compared to those with more
advanced stages and longer durations of the condition. Furthermore,
Bewley et al.?? conducted a multicenter, cross-sectional survey involving
747 patients with a history of or current hair loss severity of >50% to
assess the disease burden. They reported that 26.1% of patients were
diagnosed with anxiety and 18.1% with depression. Additionally, 86.2%
of patients had severely affected DLQI scores (>10). Further analysis
showed that the DLQI score was lower in patients with less than 50%
hair loss compared to those with equal to or more than 50% hair loss,
as expected. However, DLQI scores were still lower (but above 10) in
patients with a disease duration of >4 years, compared to those with
0-4 years. Improved depression, anxiety, and QoL scores in long-term or
severe illness may be attributed to the development of greater disease
acceptance and the establishment of effective coping mechanisms.
Finally, using several questionnaires, including HADS, Clemmesen
et al.”? studied the psychosocial and mental impact of AA with 376
patients. They reported that Skindex-16 and AA symptom impact
scale could distinguish disease severity. They found that moderate to
severe disease, female sex, and eyebrow involvement contributed to a
higher score and had a detrimental effect on the patient’s QoL. They
also emphasized that the DLQI is not an ideal tool for evaluating the
Qol related to AA, as it mainly focuses on skin symptoms rather than
those linked to hair loss.? In the studies summarized above, despite
variations in disease duration, severity, and the scales used, it is
evident that the QoL was impacted, and patients displayed symptoms
of depression and anxiety. Although our patient group consisted of
individuals with patchy alopecia and a disease duration under one year,
42.9% exhibited symptoms of anxiety, 52.9% exhibited symptoms of
depression, and 10% had a severely affected QoL. From these findings,
it can be concluded that patients with newly onset disease are more
likely to experience psychological impacts, irrespective of the disease’s
severity. Additionally, it is important to acknowledge that the DLQI may
not fully capture the QoL in patients with AA. Moreover, QoL is likely
to be more significantly affected in cases of severe disease or during
the acute phase, regardless of the disease’s overall severity. Therefore,
even in cases of mild disease, clinicians should prioritize assessing the
psychological well-beingand QoL of patientsat the onset of the condition.
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Study Limitations

Our study has several limitations. While the study design was prospective
and the sample size was moderate, it was a case-control study, which
limits the ability to draw conclusions about causal relationships.
Additionally, the psychological status of the study population was
assessed using self-reported questionnaires commonly used in clinical
practice. However, neither the patients nor the controls underwent
psychiatric evaluations by clinicians. Another limitation of the study
was that the patient group consisted of individuals in the S1 group of
SALT, with scalp involvement below 25%, despite the inclusion criteria
not specifying restrictions based on disease severity. As a result, HADS
scores could not be assessed in relation to disease severity. Additionally,
because the disease duration was short in this study, we were unable to
assess the correlation between disease duration and HADS scores.

CONCLUSION

The findings of our study indicated that anxiety and depression
scores were higher in patients with acute AA compared to the control
group. Therefore, it is essential for clinicians to recognize and address
psychiatric comorbidities in patients with AA, even during the early
phase of the condition. In this way, they can ensure a comprehensive
approach to the patient’s overall well-being and refer them for further
evaluation if psychological symptoms are observed.

MAIN POINTS

* 62.9% of the patients reported a history of significant stress before
the onset of the disease.

 Although our patient group consisted of individuals with patchy
alopecia and a disease duration of under one year, 42.9% exhibited
symptoms of anxiety and 52.9% of depression, and 10% had a
severely affected quality of life (QoL).

 Even in cases of mild disease, clinicians should prioritize assessing
the psychological well-being and QoL patients at the onset of the
condition.
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Abstract

BACKGROUND/AIMS: Assessing the postoperative recovery is crucial for expediting healing and optimizing care. The study aims to assess
patients’ postoperative recovery levels.

MATERIALS AND METHODS: This mixed-methods study was executed in the surgery clinic from March 2022 to February 2023. The study sample
consisted of 140 patients for the quantitative method and 12 for the qualitative method. Study data were collected using the postoperative
recovery index (PoRI) and a semi-structured interview form. The data were further analyzed utilizing the independent sample t-test and one-way
analysis of variance for quantitative analysis, alongside content analysis for qualitative analysis.

RESULTS: For the quantitative analysis section of the study, the mean scores in the sub-dimensions of the PoRI were 3.54+0.80 for the physical
activities, 2.38+0.87 for the bowel symptoms, 2.41+0.93 for the appetite symptoms, 2.35+0.74 for the general symptoms, and 3.03+0.84 for
the psychological symptoms, whereas the overall index was 2.85+0.55. Differences were determined in patients’ sub-dimension and total index
scores according to age, body mass index, tobacco use, chronic diseases, and prior surgery, as well as the clinic in which they were hospitalized,
type of surgery, and type of anesthesia received (p<0.05). The themes developed for the qualitative analysis of the study were perspectives on
postoperative complaints and changes, recovery status, factors affecting recovery, perspectives on the results of surgery, and the significance
of recovery.

CONCLUSION: Patients experienced considerable difficulty in the overall index throughout the postoperative recovery. Patients reported positive
and negative perceptions and perspectives regarding postoperative recovery.

Keywords: Postoperative care, postoperative period, postoperative recovery, recovery

INTRODUCTION methods is crucial for expediting postoperative recovery and optimizing
nursing care.* Incomplete postoperative recovery indicates potential
long-term adverse outcomes. The prompt and precise identification of
these symptoms facilitates the timely application of interventions that
can avert adverse outcomes.?

Postoperative recovery is a multidimensional process that influences
various conditions, including physical, psychological, social, and
economic status. Owing to its multifaceted nature, it is considered a
complex process."? Postoperative recovery involves restoring capacity

and homeostasis, leading to normalization.? L L . .
8 Historically, significant emphasis has been placed on physical

Therefore, evaluating the level of postoperative recovery is essential symptoms in assessing recovery.” Current trends focus on determining
for assessing and enhancing perioperative care.®> Assessing patient the multidimensional aspects of recovery. The study evaluated
outcomes and symptoms via postoperative recovery measurement physical, psychological, and functional dimensions, and has recently
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included cognitive dimensions." Including patient-oriented outcomes
in the recovery assessment is critical to evaluating the postoperative
recovery.’

The multifactorial nature of postoperative treatment and recovery
necessitates a multidisciplinary approach to reduce complications and
shorten the duration of hospitalization.® Nursing care seeks to identify
complications and promptly administer appropriate treatment, a crucial
aspect of the process.” Thus, nurse efficacy in postoperative recovery
commences with accurate problem diagnosis, progresses through the
delivery of suitable care, and involves implementing diverse recovery
techniques.®

Throughout the postoperative recovery process, which is influenced
by many variables, it is crucial to systematically evaluate the patient
using accurate and reliable measurement methods to monitor the
patient accurately and diagnose problems early. It is essential to assess
the recovery process from the patient’s perspective, considering all its
dimensions. The study was believed to have the potential to contribute
to this process.

Purpose

The study aims to assess patients’ postoperative recovery levels. For this
purpose, the postoperative recovery status of the patientsand changesin
their condition based on sociodemographic characteristics and clinical
factors were examined through quantitative methods. Subsequently,
patients’ perceptions and perspectives regarding postoperative recovery
were elucidated through qualitative analysis.

MATERIALS AND METHODS
Study Design/Setting

The study was conducted using mixed methods. Thus, a holistic
understanding was achieved by combining quantitative and qualitative
analysis methods. The mixed method was a concurrent design.®

The study was conducted between March 2022 and February 2023 in
the surgery clinics of a training and research hospital. These clinics
covered various surgeries.

Sample

The study sample consisted of patients who had undergone surgery in
the surgical clinics throughout the study term and who satisfied specific
inclusion criteria. These criteria included being 18 or older, being on
the postoperative first day, and having undergone elective surgery. The
stratified sampling method was employed in the quantitative analysis.

The sample size for the quantitative analysis was determined using
the G*Power software.” The minimum sample size was 130, with an
effect size of 0.50, a Cronbach’s alpha of 0.05, and a power of 0.80. The
quantitative analysis of the study involved 140 patients. The sample
size of the qualitative analysis is determined based on the amount of
information to be collected from the sample. It is the point at which
data saturation occurs.® The qualitative analysis of the study was
finalized with 12 patients.

Data Collection Tools

Personal information form: The researchers developed the form from
the literature. It has 17 items addressing the sociodemographic and

clinical characteristics of the patients, including anthropometric traits,
health and disease history, and current surgery details.

Postoperative recovery index: Postoperative recovery index (PoRI)
was developed by Butler et al.* in 2012. The index comprises 37 items
and five sub-dimensions. These are physical activities (basic, advanced),
bowel symptoms (lower, upper), appetite symptoms (pleasure,
digestion), general symptoms (physical/neuropsychological, sleep), and
psychological symptoms (internal, interpersonal). The arithmetic mean
calculates the sub-dimension and overall index scores. PoRI has been
adapted into Turkish by Cengiz and Aygin' with 25 items and five sub-
dimensions. Cengiz and Aygin' determined Cronbach’s alpha values
as 0.978 for physical activities, 0.977 for bowel symptoms, 0.971 for
general symptoms, 0.983 for craving symptoms, 0.930 for psychological
symptoms, and 0.967 for the whole index. The Cronbach’s alpha
coefficient for the index in the study varies from 0.658 to 0.905 across
the sub-dimensions and 0.886 for the overall index.

Semi-structured interview form: The interview technique requires a
written form.? Consequently, this form was used. Qualitative analysis
necessitates trustworthiness. The criteria used to demonstrate
the study’s trustworthiness are established through credibility,
transferability, dependability, and confirmability.® The form was
structured based on expert opinions. Expert opinions were obtained
from three academicians from the field of nursing and two specialist
physicians from the field of surgery. The definitive version of the form
was established during a pilot interview with two patients. The form
consists of an introduction, process steps, interview questions, and the
closing sections. The interview questions include what postoperative
recovery means to the patient, what they think about postoperative
recovery, what changes they experienced after surgery compared to
their preoperative condition, how the surgery affected the patient, and
whether they had any complaints or problems after the surgery.

Data Collection

For quantitative analysis, a researcher visited all patients in the sample
on the first postoperative day to administer the data collection tools.
Patients were requested to be assessed in the next 24 hours. The
procedure required 10 to 15 minutes.

Qualitativedatawere collected throughin-depth interviews, necessitating
a thorough analysis of sensitive subjects. The in-depth interviews aimed
to elucidate patients’ perceptions, opinions, and experiences concerning
their postoperative recovery. The interviews were performed in person
based on the questions developed by the researchers. Digital voice
recorders were employed to capture the interviews. Furthermore, the
researchers documented their observations throughout the interview.
The interviews were conducted by the first researcher. There was no
observer during the interview. It was determined that the patients
participated voluntarily in the interview. An interview plan, including
the date and time, was created for the patients who consented to
participate. The interviews took place in a tranquil room at the clinics
where the patients were and lasted 30 to 45 minutes.

Statistical Analysis

Data analysis using the quantitative method was performed with
statistical package for the social sciences 22.0 software. The skewness
and kurtosis metrics, Q-Q plot, and normality assessments were used
to evaluate whether the data were normally distributed. Given that
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the normal distribution assumption was satisfied, an independent
samples t-test and one-way analysis of variance (accompanied by the
Bonferroni test to determine the group responsible for the difference)
were employed. The significance level was established at p<0.05.

Content analysis was employed for qualitative analysis. Two researchers
coded and documented the data, which was collected through the
interviews, on the voice recorder. The data were further statistically
analyzed using MAXQDA. Accordingly, the themes, categories/sub-
dimensions, and codes were established. Frequency values (f) and
patient numbers (p) were used to present the data. Patients were
anonymized with codes H1-H12.

Ethical Considerations

Ethical approval for this study was obtained from the Non-
Interventional Clinical Studies Institutional Review Board of izmir Katip
Celebi University (approval number: 0092, date: 24.02.2022). Informed
consent was obtained from all participants. Each patient participating in
the interview was assigned a numerical code to ensure confidentiality,
which was in line with the aims of the qualitative analysis.

RESULTS
Qualitative Analysis Results

37.8% of the patients were 65 years of age and older, 57.9% were male,
41.4% were overweight, 34.3% used tobacco, and 68.6% had chronic
diseases. 62.1% of the patients had undergone prior surgery. The
distribution of patients by clinic is balanced, with each clinic having
14.3% of the total patients. 89.3% of the patients, had undergone open
surgery, while 72.9% had received general anesthesia (Table 1).

The mean scores of the patients on the sub-dimensions and overall of
the PoRI was presented in Table 2.

Physical activity scores of patients aged between 55 and 64 (3.8010.67)
and 65 years and over (3.58+0.81) were higher than patients under 45
years of age (3.05+0.68) (f=5.024, p=0.002). Bowel symptom scores of
patients aged between 55 and 64 (2.71+0.81) were higher than patients
under 45 years of age (2.05+0.84) (f=3.437, p=0.019). Overall index
scores of patients aged between 55 and 64 (3.08+0.47) and 65 years
and over (3.58%0.51) were higher than patients under 45 years of age
(3.05+0.53) (f=5.397, p=0.002). No significant difference was observed
in the patients’ scores based on their gender. Appetite symptom scores
of obese patients (2.63%1.06) were found to be higher than overweight
patients (2.19£0.84) (f=3.437, p=0.019). Psychological symptom scores
of patients who used tobacco (3.23+0.88) were found to be higher
than patients who did not use tobacco (2.92%0.79) (t=2.092, p=0.038).
Psychological symptom scores of patients with chronic diseases
(3.13£0.83) were found to be higher than those of patients who did not
have a chronic disease (2.81£0.80) (t=2.076, p=0.040). Psychological
symptom scores of patients who had undergone a prior surgery
(3.14£0.82) were higher to than patients who had not undergone a
prior surgery (2.83+0.83) (t=2.145, p=0.034).

Significant differences were observed in all sub-dimensions except one
and overall index scores of the patients depending on the surgery clinics
in which the patients were hospitalized (p<0.05) (Table 3).
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Table 1. Sociodemographic and clinical characteristics of the patients

%

Characteristics ‘ n

Age (X £ SD=57.75+15.51)

<45 26 18.6
45-54 25 17.9
55-64 36 25.7
>65 53 37.8
Gender

Female 59 421
Male 81 57.9
Education

Illiterate 7 5.0
Literate 12 8.6
Primary/secondary school 69 493
High school 42 30.0
University and post-graduate education 10 71

Marital status

Married 113 80.7
Single 27 19.3
Body mass index

Normal 50 35.7
Overweight 58 414
Obese 32 229

Tobacco use

Yes 48 343

No 92 65.7

Chronic diseases

Yes 96 68.6

No 44 314

Prior surgery

Yes 87 62.1

No 53 379

The patient was hospitalized

Neurosurgery 20 14.3
General surgery 20 14.3
Cardiovascular surgery 20 14.3
Otolaryngology 20 14.3
Urology 20 14.3
Orthopedics and traumatology 20 143
Plastic, reconstructive, and aesthetic surgery 20 14.3
Type of surgery

Open 108 771
Laparoscopic 32 229

Type of anesthesia received

General 102 72.9
Spinal 36 25.7
Nerve block 2 1.4

n=140. SD: Standard deviation.
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Physical activities scores (3.64+0.75, 3.20+0.85, t=2.791, p=0.006),
general symptoms scores (2.42%0.71, 2.11+0.75, t=2.117, p=0.036),
psychological symptoms scores (3.11+0.85, 2.75+0.70, t=2.158,
p=0.033) and overall index scores (2.93+0.53, 2.60+0.56, t=3.076,
p=0.003) of the patients who had undergone open surgery were
higher than the patients who had undergone a laparoscopic surgery.
Physical activities scores (3.66+0.81, 3.21+0.64, t=2.994, p=0.003),
general symptoms scores (2.45%0.70, 2.10+0.77, t=2.507, p=0.013),
psychological symptoms scores (3.15£0.83, 2.69+0.75, t=2.916,
p=0.004), and overall index scores (2.94+0.54, 2.63+0.52, t=3.029,
p=0.003) of the patients who had received general anesthesia were
higher compared to patients who had received spinal anesthesia.

Qualitative Analysis Results

Six of the patients were younger than 45 years, six were women, six were
overweight, five used tobacco, and two had chronic diseases. Three of
the patients had undergone prior surgery. The clinics where patients
were hospitalized were most commonly neurosurgery (n=4) and general
surgery (n=4). Eleven patients had undergone open surgery, and nine
received general anesthesia.

Table 4 presents the themes, categories/sub-themes, and codes
developed for the study’s purposes.

Theme 1. Perspectives on postoperative complaints (f=63): Four
categories were developed under this theme. These are physical,
psychological, social, and habitual complaints. This theme has been
the most cited by patients. Patients were predominantly referred for
the group for physical complaints (f=46). Patients’ perspectives have
predominantly concentrated on the themes of pain (f=12), limitation of
mobility (f=11), and fear (f=8). The patients’ remarks concerning these
codes are delineated below:

“| suffer very severe pain during the exercises designed to enhance
my leg mobility and joint function. There were even moments when |
feared my leg would detach.” (P10: 52 years of age, female, orthopedics
and traumatology clinic).

“On the evening of the surgery, the nurses informed me that | should
have already gotten up and started walking. The attempt to get up
induced such agony that | recall saying, "Perhaps | will be unable to
leave my bed for a week." I have sutures; hence, | should avoid exertion.
For this reason, my movements are sluggish and restricted. | progress at

Table 2. Patients’ mean scores and median scores in pori sub-dimensions

Sub-dimension X SD Median Minimum-maximum

Physical activities 3.54 0.80 3.50 1.50-5.00

Bowel symptoms 2.38 0.87 2.40 1.00-4.80

Appetite symptoms 241 0.93 2.25 1.00-5.00

General symptoms 2.35 0.74 2.25 1.00-4.00

Psychological symptoms 3.03 0.84 3.00 1.00-5.00

Overall index 2.85 0.55 2.82 1.68-4.16

n=140. SD: Standard deviation.

Table 3. Comparison of patients’ mean scores in pori sub-dimensions based on the clinics they were hospitalized in

Clinic
Sub-dimension (r:];eurosurgery fuerr:geen;ayl o) g::g:r);/a(:)cular &t)olaryngology (l:)'ology g;'thopedics :’:I?;z:y " f p Bonferroni
X+SD X+£SD X +SD X+£SD X +SD X+SD X £SD

Physical activities 3.70+0.79 3.99+0.63 3.64%0.75 3.31+0.84 3.24+0.46 | 3.75%£0.84 3.1240.86 3.525 | 0.003* Ez;
b>a

Bowel symptoms 2.08%+0.53 3.10£1.11 2.50+0.74 2.341+0.76 2424+0.78 | 2.4910.74 1.71£0.75 5.735 | 0.000% lz:gg
f>g
b>a
ca

Appetite symptoms 1.94+0.80 2.851+0.88 2.0510.62 3.20£1.17 2.09+0.76 | 2.51£0.59 2.2610.88 6.198 | 0.000* | d>c
d>e
d>g

General symptoms 2.441+0.74 2.34%0.61 2.531+0.69 2.50+0.71 1.94+0.67 | 2.43%£0.65 2.284+0.93 1.527 | 0.174

Z;ry:;‘g;gs'ca' 3.34+0.67 3.1040.80 | 3.03+0.73 3.18+0.79 2904090 2454079 | 3204093 | 2553 | 0.023*  a>f

Overall index 2.831+0.49 3.22%0.55 2.8840.35 2.951+0.64 2.63+0.51 | 2.88+0.45 2.5840.63 3.252 | 0.005* Ei;

n=140, *p<0.05. SD: Standard deviation.
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Table 4. Themes, categories/sub-dimensions, and codes of the study

Themes

Categories/sub-dimensions

Codes

Perspectives on postoperative complaints (f=63)

Physical complaints (f=46)

Limitation of mobility (f=11)

Gas/intestinal dysfunction (f=2)

Urinary retention (f=3)

Loss of appetite/weight loss (f=3)

Nausea (f=3)

Difficulty in breathing (f=3)

Loss of sensation/numbness (f=3)

Pain (f=12)

Weakness/fatigue (f=2)

Insomnia (f=4)

Psychological complaints (f=14)

Fear (f=8)

Anxiety (f=6)

Social complaints (f=2)

Avoiding crowds/going out (f=2)

Habitual complaints (f=1)

Anxiety about not being able to return to work (f=1)

Postoperative changes (f=16)

Treatment (f=12)

Medication (f=3)

Dieting/weight loss (f=3)

Physiotherapy (f=2)

Using assistive equipment (f=4)

Changes in lifestyle (f=2)

Making changes in life (f=2)

Health awareness (f=2)

Self-care (f=2)

Postoperative recovery status (f=19)

Physical recovery (f=7)

Feeling physical recovery (f=2)

Relief from pain (f=5)

Psychological recovery (f=8)

Alleviation of fear (f=4)

Being happy (f=4)

Social recovery (f=1)

Socialization (f=1)

Habitual recovery (f=3)

Ability to return to everyday life/work (f=3)

Factors affecting postoperative recovery (f=29)

Patient-related factors (f=13)

Prior surgery (f=4)

Contact with people who had undergone prior surgery (f=3)

Paying attention to postoperative care (f=5)

Believing in recovery (f=1)

Factors related to patient relatives (f=7)

Support from family/friends (f=7)

Factors related to healthcare professionals (f=9)

Information provided by health care professionals (f=3)

Support from health care professionals (f=6)

Perspectives on the results of surgery (f=25)

Service quality (f=18)

Success of the surgery (f=11)

Satisfaction (f=7)

Feeling better (f=7)

Feeling good (f=7)

Significance of postoperative recovery (f=20)

Being healthy (f=11)

Relief from difficulties (f=4)

Regaining health (f=4)

Returning to everyday life (f=1)

Ability to take care of oneself (f=2)

New beginnings (f=9)

Restarting life (f=9)

a slow rate. I am uncertain how much longer | can sustain this.” (P11:
37 years of age, male, neurosurgery clinic).

“There were instances when | wept profusely and experienced profound
sadness. | was exceedingly apprehensive of what would occur to me. |
contemplated extensively regarding my spouse and children. | nearly

Theme 2. Postoperative changes (f=16): Three categories were

developed under this theme. These include receiving treatment,
changes in lifestyle, and health awareness. Patients’ perspectives have

experienced the fear of death.” (P6: 42 years of age, female, general

surgery clinic).
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“As | mentioned before, my whole life has been transformed by a
new way of living. Now and then, | have to manage a colostomy bag.
This induces a sense of melancholy. | have concerns about how | will
look, use the bag, and so on. My nurse and physician supplied me
with information regarding the use of the bag. Nonetheless, | remain
cognizant that a formidable journey is ahead.” (P8: 56 years of age,
female, general surgery clinic).

Theme 3. Postoperative recovery status (f=19): The categories
delineated within this theme are physical recovery, psychological
recovery, social recovery, and habitual recovery. Patients’ perspectives
have predominantly concentrated on the codes of relief from pain (f=5),
alleviation of fears (f=4), and being happy (f=4). A patient’s statements
concerning relief from pain are as follows:

“The most significant outcome of the surgery was the alleviation of
the excruciating pain | endured before the procedure. “Currently, |
occasionally experience discomfort at the surgical site; however, it is
not comparable to the first pain | endured.” (P7: 24 years of age, male,
general surgery clinic).

Theme 4. Factors affecting postoperative recovery (f=29): Three
categories were developed under this theme. These are patient-related
factors, patients’ relatives, and health care professionals. Patients’
perspectives have predominantly concentrated on the codes of support
from family/friends (f=7), support from health care professionals (f=6),
and paying attention to postoperative care (f=5). Below are patient
testimonials concerning these codes:

“My family never left me alone, even for a single day. My physicians
always emphasized the significance of mental resilience and drive
throughout this procedure. Consequently, my family and friends tried
to enhance my well-being.” (P6: 42 years of age, female, general surgery
clinic).

“The assistance of the physicians, nursing staff, and caregivers sustained
my existence and intensified my will to live.” (P4: 58 years of age, male,
orthopedics and traumatology clinic).

Theme 5. Perspectives on the surgery results (f=20): The categories
developed under this theme were service quality and feeling better.
Patients articulated remarks highlighting the success of the surgery
(f=11), satisfaction (f=7), and feeling good (f=7). One patient remarked
on the successful surgery:

“I did not expect such a miracle. It is incredible. Let me say Mashallah.”
(P10: 52 years of age, female, orthopedics and traumatology clinic).

Theme 6. Significance of postoperative recovery (f=20): The first
category recognized under this theme was being healthy, and the
subsequent category was new beginnings. Patients said they frequently
perceived themselves as having restarted life (f=9). Patients have
articulated this vividly as follows:

“Postoperative recovery for me resembles being reborn, crawling anew,
walking again, and commencing a new life.” (P4: 58 years of age, male,
orthopedics and traumatology clinic).

“Surgery is an event that transforms an individual’s entire existence.
It, however perilous due to the numerous associated risks, is essential
for recovery, instilling fear. Life contains pivotal moments, akin to the

distinctions before and after a surgical procedure.” (P12: 32 years of age,
male, neurosurgery clinic).

DISCUSSION

For the study’s quantitative analysis, the patient’s postoperative
recovery status, as well as changes in this recovery status, and the
changes in depending on various factors were examined. Patients
reported that they experienced extreme difficulty in physical activities,
considerable difficulty in psychological symptoms, and the overall
index, and moderate difficulty in bowel symptoms, appetite symptoms,
and general symptoms.

The conclusion that the patients experienced considerable difficulty in
the overall index is similar to the results of studies reporting that the
patients experienced considerable difficulty.”'? or extreme difficult™
in general postoperative recovery and partial recovery after surgery.™
On the other hand, these results contradict those of different studies
reporting an overall postoperative recovery above the moderate
level.™"® The study was conducted in a tertiary training and research
hospital. This result may suggest that the problems of patients admitted
to the hospital for surgical procedures are complex and that their
general health condition is poor. The theme under which the highest
number of codes were developed was postoperative complaints, and
the patients’ views were mainly focused on this within qualitative data
analysis. It was concluded that the qualitative and quantitative findings
obtained in the study overlapped.

The only sub-dimension in which patients experienced extreme difficulty
was physical activities. Surgical procedures may temporarily restrict
patients’ mobility. The patient’s mobility is intentionally limited for a
designated term to expedite healing during the inflammatory phase
of wound recovery.” The study’s findings coincide with the information
compiled in the literature review. For the qualitative analysis, the
second code, under the physical complaints category of theme 1, was
a mobility limitation focused on in the patients’ views. Qualitative
findings supported quantitative findings in this sub-dimension.

The perception of recovery is customized and related to several factors,
such as demographic characteristics, preoperative health status, the
information provided before the surgery, expectations regarding the
surgical procedure’s results, and postoperative support.’?

Significant differences were found in all sub-dimensions except for
general symptoms and overall index scores, depending on the clinic
where the patients are hospitalized. Patients hospitalized in the general
surgery clinic experienced more difficulties in physical activities, bowel
symptoms, sub-dimensions, and overall index, than those hospitalized
in the plastic surgery clinic. The literature review revealed that patients
hospitalized in orthopedic clinics recovered significantly more slowly
than general surgery patients.! Orthopedic patients also recovered
more slowly than general surgery patients.?? The quality of recovery
is poorer in patients who have undergone ileostomy, colostomy
closure, mastectomy, and splenectomy compared to patients who have
undergone hernioplasty, cholecystectomy, and appendectomy.?? The
clinic with the lowest comfort is the urology clinic, whereas the clinic
with the highest comfort is the plastic and aesthetic surgery clinic.?*
While recovery takes a few days or weeks after minor surgical procedures,
it may take a year or more following major surgical procedures.? It can
be concluded that the general surgery clinic patients who participated
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in the study underwent major procedures, while the plastic surgery
patients underwent a minor procedures.

Six themes were identified in the qualitative analysis: perspectives
on postoperative complaints, postoperative changes, postoperative
recovery status, factors affecting postoperative recovery, perspectives
on the surgery results, and significance of postoperative recovery.
Postoperative recovery is examined in the literature in four dimensions:
physical recovery, psychological recovery, social recovery, and habitual
improvement.? These dimensions referred to in the literature are
similar to the categories of physical, psychological, social, and habitual
complaints under theme 1, and physical, psychological, social, and
habitual recovery under theme 3. The PoRI sub-dimensions used as
data collection tools in the quantitative analysis are compatible with
the themes, categories, and codes developed within the framework of
qualitative analysis. The physical activities sub-dimension is correlated
with limitation of movements, nausea, weakness/fatigue codes under
theme 1, feeling of physical recovery codes under theme 3, and being
able to take care of one’s care code under theme 6; the bowel symptoms
sub-dimension is correlated with gas/intestinal dysfunction code under
theme 1; appetite symptoms sub-dimension is correlated with loss
of appetite/weight loss code under theme 1; general symptoms sub-
dimension is correlated with weakness/fatigue and insomnia codes
under theme 1; psychological symptoms sub-dimension is correlated
with anxiety and anxiety about not being able to return to work under
theme 1, ability to return to everyday life/work under theme 3 and
belief in recovery under theme 4.

Further themes revealed in the qualitative analysis were feeling unwell
and feeling well?®; recovery conditions at home, returning to everyday
life and taking part in the care process?’; the importance of being
informed about treatment and recovery, the ability of patients who
need assistance to find coping techniques at home, and the difficulty of
rehabilitation for patients who receive limited rehabilitative support.?®

The first theme is the perspectives on postoperative complaints.
Two categories were identified under the theme of not feeling well
in another study conducted with mixed methods: physical and
psychological problems.?® Throughout the postoperative period,
patients may experience issues with respiratory, cardiovascular, urinary,
gastrointestinal, musculoskeletal, and neurological functions, pain,
discomfort, hypothermia, wound site-related problems, and problems
with psychological and social functions.”? This theme being most
frequently mentioned in patient statements indicates that patients still
experience postoperative problems today despite advances in surgical
treatment and care.

Painisa widespread and vital problem encountered in the postoperative
period.” The fact that pain is the most frequently mentioned code may
indicate that it continues to be a problem today. Relief from pain being
the most commonly cited code under theme 3 confirms this conclusion.
Effective pain management allows early mobhilization.*® Pain, which is
the most frequently expressed complaint in the study, is the cause of
movement limitation.

Postoperative recovery status is another theme referred to herein.
The following themes were identified within the scope of qualitative
analysis: recovery challenges and their impact on physical activity,
factors that facilitate and prevent returning to physical activity, physical
challenges of assuming pre-surgery social roles, and interventions in
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health care that may accelerate the return to physical activity.’' There is
consistency in the study between the most frequently mentioned codes
pain, limitation of movements, and fear, in the first theme, and relief
from pain and decrease in fear level in another theme.

Another theme developed herein are the factors affecting postoperative
recovery. The themes identified within the scope of qualitative analysis
were the provision of information, customized treatment, standard
care, balancing the symptoms and expectations of rapid recovery,
and a sense of security at discharge.® Patient-related and healthcare
professional-, anesthesia-, and procedure-specific factors may also
affect postoperative recovery.®? It is concluded that the categories
developed under this theme are compatible with the literature.
Information support from health care professionals’ codes reveals the
nurse’s role in postoperative recovery.

Surgical outcome is another theme developed herein. Within a mixed-
method study, a category of adaptation to the situation was developed
under the theme of feeling good, and a code of general well-being
was created under it?® Patient satisfaction, a multidimensional
concept, is paramount in recovery', is considered a component of
the quality of recovery®, and is considered a measure of surgical care
outcomes.>* Although not among the interview questions, this thematic
content was developed by considering the patients’ statements. Thus,
the patient’s satisfaction with the surgical process was revealed, as
suggested in the literature.

The significance of postoperative recovery is the final theme developed
herein. During qualitative studies, patients described postoperative
recovery as a state that included internal and external pre-requisites
that express changes in ordinary life with varying levels of support?’
and a return to core values for all issues in every field, or better.?
Postoperative recovery is defined as the individual’s ability to return to
the pre-surgery level or better, regain all functions, and achieve a state
of well-being.>'% The definitions of postoperative recovery mentioned
by the patients participating in the study support the definitions in the
literature. Patients’ definitions of postoperative recovery have been
expanded to include nociceptive, psychological, social, cognitive, and
satisfaction domains.®®

Study Limitations

The study has some methodological limitations. It was conducted on
patients undergoing surgical procedures in a training and research
hospital; therefore, the study results are limited to the specified
patients. The findings are also limited to data from patients undergoing
surgery throughout the study.

CONCLUSION

Patients reported that they experienced extreme difficulty in physical
activities, considerable difficulty in psychological symptoms, and the
overall index, and moderate difficulty in bowel symptoms, appetite
symptoms, and general symptoms throughout the postoperative
recovery process. There are differences in the postoperative recovery
status of patients depending on their age, body mass index, tobacco
use, chronic diseases, prior surgery, hospitalized clinic, type of surgery,
and type of anesthesia received. The themes developed for the study
included perspectives on postoperative complaints and surgery results,
postoperative changes, recovery status, factors affecting recovery, the
significance of postoperative recovery.
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In line with these results, it is recommended that clinical nurses address
all aspects of recovery in the postoperative period, including physical,
psychological, and social improvement, with a holistic approach.
It is imperative to support patients in physical activities. Elderly and
obese patients who use tobacco, have chronic diseases, have had prior
surgery, and have undergone general open surgery under general
anesthesia, need to be supported more in relevant aspects. It is further
recommended that patients’ pain levels be controlled, provided support
for mobility, encouraged to cope with their fear, trained on using
assistive equipment, and social support systems be activated.

MAIN POINTS

« Patients reported that they experienced considerable difficulty with
the overall index throughout the postoperative recovery process. In
particular, they experienced extreme difficulty with physical activity.

* It was determined that postoperative recovery varies according to
many variables.

» Patients had positive as well as negative perceptions about
postoperative recovery.
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Abstract

BACKGROUND/AIMS: Malarial infection, caused by Plasmodium parasites transmitted by female Anopheles mosquito, is still a serious public
health concern, especially in endemic areas such as Sub-Saharan Africa and Pakistan. The study aims to investigate the frequency of malarial
infection in district Faisalabad.

MATERIALS AND METHODS: A cross-sectional study was conducted across the district Faisalabad to study the frequency of malarial infection.
Blood samples were collected from 1460 suspected malaria cases between May 2023 and April 2024 at various government sector hospitals
across the six administrative units (tehsil) of district, Faisalabad. For the purpose of the diagnosis of malarial patients, rapid diagnostic tests
(RDTs), microscopy, and polymerase chain reaction (PCR) methods were employed.

RESULTS: RDTs detected 649 (44.4%) positive cases, while microscopy and PCR detected 452 (30.6%) and 459 (31.4%) cases, respectively. Among
Plasmodium species, P. vivax was the most frequently detected, followed by P. falciparum and mixed infections. Significant differences were
observed in diagnostic outcomes across the three methods. Notably, 55 RDT-positive cases were found to be negative by both microscopy and
PCR, indicating potential false positives due to antigen persistence. The highest positivity rate was observed in the 1-15 years age group among
males as well as in the months of June and July. These findings highlight the need for confirmatory diagnostics alongside RDTs to improve
accuracy and support malaria surveillance and control efforts in endemic regions. Positivity rates varied across municipalities, with Faisalabad
city showing the highest burden.

CONCLUSION: This study demonstrates that while RDTs offer rapid malaria detection, they are prone to false positives due to persistent parasite
antigens, especially in mixed infections. PCR and microscopy provided more accurate results and revealed significant differences in diagnostic
outcomes. Moreover, the study highlights a significant frequency of malaria in district Faisalabad, with P. vivax being the dominant species.
The data indicate higher susceptibility among males and children aged 1-15 years, particularly during the peak months of June and July. These
findings highlight the need for confirmatory diagnostics to accompany further investigations. RDTs to improve accuracy and support malaria
surveillance and control efforts in endemic regions.
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INTRODUCTION

Malarial infection is a serious medical issue caused by the Plasmodium
parasite and spread by the female Anopheles mosquito. Malaria causes
widespread death in endemic places, killing 62,700 individuals in 2021,
the majority of whom were less than 5 years old, in Sub-Saharan Africa.’
Pakistan reported 74,860 cases of malaria in March 2023 and 75,185 in
April 2023, as compared to 14,371 cases in March 2022 and 23,562 in
April 2022.2 P. vivax, P. falciparum, P. malariae, P. ovale are the most
common species found worldwide, and the fifth species is P. knowlesi,
which has been recently discovered in several countries.>* The malarial
fever has a severe impact on human health and causes significant
decreases in hemoglobin, red blood cells, lymphocytes, basophils,
monocytes, sodium, potassium, chloride ions, creatinine, cholesterol,
bilirubin and increases the serum glutamic pyruvic transaminase.’

The diagnosis of malaria is a critical step in managing the disease and
preventing its spread, and accurate diagnosis is essential for effective
treatment and control.®” Malarial fever is typically diagnosed using
rapid diagnostic test (RDT) kits based on antigens in a blood sample,
by making both thick and thin blood films for microscopy, or efficiently
detected through polymerase chain reaction (PCR).2' Pakistan is a
tropical agricultural country where 64% of the population lives in rural
areas with inadequate water infrastructure, which are suitable habitats
for mosquito egg laying."" Malarial infection is endemic throughout
Pakistan and is becoming more prevalent, particularly in Baluchistan and
Khyber Pakhtunkhwa.™ In the Multan district of Punjah, Pakistan, 905 P.
vivax, 425 P. falciparum, and 148 mixed cases were recorded." Previous
research has found significant endemicity in regions such as Rawalpindi
and Islamabad, with P vivax predominating.* Similarly, another
previous study reveals that P. vivax (90.6%) was more common during the
summer months as compared to any other Plasmodium species in Khyber
Pakhtunkhwa, with the highest incidence recorded in southern regions."

Furthermore, a study in the Khyber Pakhtunkhwa province revealed
a malarial prevalence of 13.8%, with P. vivax accounting for 92.4% of
cases.”® In Quetta, Baluchistan, about 18.4% of clinically suspected
people tested positive for malaria, with P. vivax responsible for 81.6% of
these cases.'” The prevalence of malaria and species distribution might
differ dramatically across districts, seasons, and age groups, with some
places exhibiting higher rates and others showing lower rates than the
expected prevalence.” The previous studies based on region, district,
age, and gender, overall reveal that P. vivax was mostly prevalent.’%
Despite numerous studies on malaria prevalence in various Pakistani
districts, the epidemiology of malaria infection in Faisalabad district
has not been thoroughly investigated. This study is designed to analyze
the frequency of malaria infection in different administrative units of
the district of Faisalabad, Punjab, Pakistan.

MATERIALS AND METHODS
Types of Study

A cross-sectional study was conducted to determine the frequency
of malaria infection in the district Faisalabad, Punjab, Pakistan. The
present study was conducted from May 2023 to April 2024.

The study was approved by the Ethics Review Committee of Government
College University Faisalabad, Punjab, Pakistan (approval number:
GCUF/ERC/460, date: 15.05.2023). Verbal informed consent was
obtained from all participants prior to inclusion in the study.
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Study Area

Faisalabad district (73°74 E; 30°31.5N) is approximately 604 feet above
sea level; during summer, the maximum (max.) and lowest temperatures
are 41 °C and 27 °C respectively. In winter, the temperatures fluctuate
between 21 °C to 6 °C. Faisalabad district comprises six administrative
units (tehsils) shown in Figure 1 Faisalabad Saddar, Faisalabad city,
Tandilianwala, Jaranwala, Samundri, and Chak Jhumra.?* Blood samples
were collected from only Government Sector Hospitals likewise Tehsil
Headquarter Hospital Chak Jhumra (31°33’56.8"N73°1117.1"E), Tehsil
Headquarter Hospital Tandilianwala (31°02°04.0"N 73°07°52.6”E), Tehsil
Headquarter Hospital Jaranwala (31°20'26.2"N 73°25'27.2"E), Tehsil
Headquarter Hospital Samundri (31°03'41.8"’N 72°57°21.97E), Allied
Hospital Faisalabad (31°26'55.3"N 73°04'48.7"E), Civil Headquarter
Hospital ~ Faisalabad  (31°2516.9’N  73°05'40.97E), Government
General Hospital Ghulam Muhammad Abad Faisalabad (31°26'34.4"N
73°02'45.9"E) Government General Hospital Samanabad Faisalabad
(31°23’06.8"N  73°04°00.7”E) and Social Security Hospital Faisalabad
(31°25'09.5"N 73°06'59.6”E).

Laboratory Analysis

Blood samples were taken from 1,460 suspected cases that had symptoms
of malaria, such as headache, chills, fever, and nausea; and subjected
them to RDT, microscopy, and PCR. For RDT commercially available test
kits (Abbot Malaria Ag P.f/Pan kit, LOT NO: 05EDI010C) were used.

Microscopic and Polymerase Chain Reaction Analysis

The slides were prepared for the identification of Plasmodium species
and their stages. Thick and thin films were prepared on a clean glass
slides, fixed and stained with Giemsa stain. Slides were observed under
the 100x objective lens according to guidelines.?* For PCR analysis, blood
samples were brought to Integrated Genomics, Cellular Developmental
and Biotechnology Laboratory University of Agriculture, Faisalabad
(31°43'51.9” N, 73°07'16.9” E). DNA was extracted from 3 mL of an
infected person’s blood using a commercially available DNA extraction
kit according to the manufacturer’s instructions. For the extraction of
DNAfrom blood samples, the QIAamp DNA Mini Kit (Catalogue No. 51304,
Qiagen, Hilden, Germany) was used. This kit provides efficient extraction
of high-purity DNA, commonly used in molecular diagnostics, including
malariastudies. Anested PCRapproach, of the small subunit RNA (ssrRNA)
was used for the identification of Plasmodium species.?> The ssrRNA
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Figure 1. Map of study area.
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gene specific to malaria parasites® was amplified using primers for P.
falciparum (Forward primer: 5'-CTTTTGAGAGGTTTTGTTACTTTGAGTAA-3';
Reverse primer: 5'-TATTCCATGCTGTAGTATTCAAACACAA-3') and for P. vivax
(Forward primer: 5'-ACGCTTCTAGCTTAATCCACATAACT-3'; Reverse primer:
5'-ATTTACTCAAAGTAACAAGGACTTCCAAGC-3'), used in conjunction with
the Taq PCR Core Kit (Catalogue No. 201223, Qiagen, Hilden, Germany).
This kit facilitates accurate and efficient amplification of target genes
and is widely used for molecular detection of Plasmodium species. The
amplified PCR products were run alongside a 100 base pair DNA ladder
on 1.5% agarose gel stained with ethidium bromide. DNA was visualized
on an ultraviolet trans illuminator and photographed, as shown in
Figure 2, using a gel documentation system.

Statistical Analysis

The data were analyzed using Microsoft Excel to determine the
percentage infection rate. Categorical data were expressed as percentage
and chi-square statistical analyses were applied. The performance of
diagnostic methods was assessed by calculating sensitivity, specificity,
and predictive values, with confidence intervals reported for each
estimate. Formulas are used to calculate the diagnostic accuracy of RDT
and microscopy compared to PCR as the reference standard.

Sensitivity (%): [true positives/(true positives + false negatives)] x 100
Specificity (%): [true negatives/(true negatives + false positives)] x 100

Positive predictive value (%): [true positives/(true positives + false
positives)] X 100

Negative predictive value (%): [true negatives/(true negatives + false
negatives)] X 100

RESULTS

A total of 1,460 blood samples were obtained from these nine
Government Hospitals such as Tehsil Headquarter Hospital Chak
Jhumra, Tehsil Headquarter Hospital Tandilianwala, Tehsil headquarter
hospital Jaranwala, Tehsil Headquarter Hospital Samundri, Allied
Hospital Faisalabad, Civil Headquarter Hospital Faisalabad, Government
General Hospital Ghulam Muhammad Abad Faisalabad, Government
General Hospital Samanabad Faisalabad, and Social Security Hospital
Faisalabad. Out of 1,460 samples, 649 (44.4%) were positive, with
384 P. vivax (59.1%), 134 P. falciparum (20.6%), and 131 mixed (20.1%)
cases recorded. The patients that were diagnosed with malaria show
symptoms of chills, headache, weakness, and elevated temperature.

2 3 4 5 6 789 10Mm
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Figure 2. Gel image showing diagnosis of Plasmodium species.
Lane M: DNA ladder (molecular marker), (Lane 1-3: Positive for
P. vivax), (Lane 6-8: Positive for P. falciparum), (Lane 10: showed
Mixed infection), (Lane 5: Negative control as well as lane 4 and 9
are positive for P. vivax and P. falciparum respectively).

The month-wise frequency of malarial patients in Faisalabad city (Figure
3A) shows cases peaked in August 2023 (48), with P. vivax being the
most frequent parasite (83.3%) in November and positivity rates highest
in June 2023 (63.8%). Data from Faisalabad Saddar (Figure 3B) show
that suspected cases were at their max. in September 2023 (48), with
the positivity rate highest in July 2023 (68.5%) and P. vivax dominance
(95.5%) in September. Figure 3C shows that Jaranwala city was under the
highest attack in September 2023 (34 cases), with the highest positivity
rate in June 2023 (85.1%) and notable P. vivax rates (47.8%). Samundri
(Figure 3D) showed the highest case ratio in June 2023 (22 cases) with
a max. positivity rate (86.3%), dominated by P. vivax (68.7%). Tandilian
Wala (Figure 3E) showed peaks in June and July 2023, with mixed
infections and P. vivax most prevalent, while Chak Jhumra (Figure 3F)
showed moderate positivity rates, peaking at 65.3% in June, with mixed
infections and P. vivax common. The species distribution among the
positive cases highlighted P. vivax as the most prevalent species with
384 cases (61.1%), followed by mixed infections with 131 cases (20.64%),
and P. falciparum with 118 cases (18.17%). The data indicate significant
seasonal and regional variations in malaria prevalence, with peaks
observed during the summer months, particularly in June and July. This
underscores the importance of targeted public health interventions
and continuous monitoring to effectively manage and control malaria
transmission in the region.

Age-Based Frequency of Malarial Infection

Table 1 shows data on malaria cases categorized by age groups. In
the 1-15 years age group, 111 individuals tested positive for malaria,
accounting for 62.3% of suspected cases. Among these positive
cases, 71.1% were attributed to P. vivax, 11.7% were attributed to P.
falciparum, and 16.2% were mixed infections. In the 16-30 age group,
335 suspected cases were tested, with 104 (65.0%) being P. vivax, 21.2%
being P. falciparum, and 13.7% being mixed infections. In the 31-45 age
group, 204 (43.4%) tested positive, with 109 (53.4%) being for P. vivax,
26.0% for P. falciparum, and 20.5% for mixed infections. In the 46-60
age group, 111 (35.7%) tested positive, with 58 (52.2%) attributed to P.
vivax, 28 (25.2%) to P. falciparum, and 25 (22.5%) attributed to mixed
infections. In the 61 and above age group, 37.9% tested positive, with
52.3% due to P. vivax, 9.5% due to P. falciparum, and 38.1% as mixed
infections. These findings indicate a significant variation in infection
frequency and species distribution across age groups. Statistical analysis
confirmed that the differences were significant across all age groups
(p-values ranging from 0.01 to 0.04, with overall p<0.01), emphasizing
age as an important risk factor in malaria epidemiology.

Gender-Based Frequency of Malarial Infection Across the Administrative
Units

Table 2 showed the frequency of malarial infections among male and
female patients across the various administrative units in Faisalabad
district, Punjab, Pakistan. Our research results revealed a significant
(p<0.001) variation in malarial infection among males and females in
Faisalabad city, with a total of 134 (41.7%) positive cases reported, and
males showing a higher rate of 80 (59.7%) compared to females with
54 (40.2%). The notable differences are that P. vivax is responsible for
infection in 48 males (60.0%) and 34 females (62.9%), while P. falciparum
causes infection in 14 males (17.5%) and 9 females (16.6%), out of a total
of 23 (17.1%) positive cases.

Data from the administrative unit Faisalabad Saddar (Table 2) shows that
in males, P. vivax 48 (63.1%) was the leading cause of malarial infection,
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followed by P. falciparum 17 (22.3%) and mixed infection 11 (14.4%). In
females, P. vivax 39 (73.5%) was also the leading cause of malaria, P
falciparum and mixed cases showed a similar proportion of 7 (13.2%).
Overall, in Faisalabad Saddar administrative unit, 58.9% male cases and
41.1% female cases were reported. Out of 129 positive cases, P. vivax
(67.4%) was the most prevalent, followed by P. falciparum (18.6%), and
then both P. vivax and P. falciparum (13.9%). Likewise, in Jaranwala, the
males were more susceptible than females, males accounting for 62.1%
of the total cases and females accounting for 37.8%.
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Moreover, Table 2 shows that in Jaranwala, Table 2 the frequency of P,
vivax (52.2%) was highest compared to P. falciparum (26.1%) and mixed
infection (21.6%). In three other remaining administrative units of
District Faisalabad, such as Samundri, Tandilianwala, and Chak Jhumra,
we identified the same pattern of Plasmodium frequency among males
and females. In Samundri, infected males comprise 62.5% of the total
positive cases in comparison to females, who account for only 37.5%.
Moreover, we had identified 104 total positive cases in Samundri and
out of the total, (59.6%) of these P. vivax, (24.0%) P. falciparum, and
(16.3%) mixed cases were diagnosed.
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Figure 3. Monthwise frequency of malarial patients Faisalabad city (A), Faisalabad Saddar (B), Jaranwala (C), Samundri (D), Tandilianwala (E),

Chak Jhumra (F).
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Table 1. Age base (%) frequency of malarial infection
Age year group Suspected Positive case P. vivax P. falciparum Mixed case pvalue
case (n, %) (n, %) (n, %) (n, %)

1-15 178 111 (62.3) 80 (72.1) 13(11.7) 18(16.2) 0.04*

16-30 335 160 (47.7) 104 (65.0) 34(21.2) 22(13.7) 0.01%

31-45 470 204 (43.4) 109 (53.4) 53 (26.0) 42 (20.5) 0.01*

46-60 311 111 (35.7) 58 (52.2) 28(25.2) 25(22.5) 0.03*

61-above 166 63 (37.9) 33(52.3) 6(9.5) 24 (38.1) 0.04*

Total 1460 649 (44.4) 384 (59.1) 134 (20.6) 131 (20.1) 0.01*

*Significant

Table 2. Gender base (%) frequency of malarial infection in various administrative units

Species I:iatiysalabad Faisalabad Sadar Jaranwala Samundri Tandilianwala Chak Jhumra
Male Female | Male Female Male Female  Male Female | Male Female | Male Female
(n, %) (n, %) (n, %) (n, %) (n, %) (n, %) (n, %) (n, %) (n,%) (0% | (% | (%

P. vivax 48 (60.0) 34(62.9) | 48(63.1) | 39(73.5) | 37(53.6) | 21(50.0) | 42(403) | 20(51.2) | 39(61.9)  12(48.0) | 30(56.6) | 14 (46.6)

P. falciparum 14 (17.5) 9(16.6) | 17(223) | 7(13.2) 17 (24.6) 12(285) | 13(125) 12(30.7)  11(17.4)  6(24.0) | 9(169) | 7(23.3)

Mixed 18 (22.5) 11203) | 11(144)  7(132) | 152170 | 9@214) |1009.6) | 7(17.9) | 13(20.6) | 7(28.0) | 14(26.4) | 9(30.0)

Sub-total 80 (59.7) 54 (40.3) | 76(58.9) | 53(41.1) | 69(62.2) | 42(37.8) 65(625) 39(37.5) | 63(71.5)  25(284)  53(63.8) | 30(36.1)

Total 134 (41.7) 129 (41.8) 111 (53.1) 104 (64.6) 88 (37.5) 83(25.2)

Df 2 2 2 2 2 2

F-value 55.135 119.031 22.031 26.375 10.798 15.047

p-value 0.001** 0.001%* 0.0071%* 0.002%* 0.001%** 0.001%*

**Highly significant

In Tandilianwala, Table 2 reveals a few disparities in the distribution
of Plasmodium species between male and female cases. For instance,
the P. vivax ratio (48.0%) was usually the max., but the infection rate
for mixed cases was observed to be slightly higher (28.0%) compared
to P. falciparum (24.0%) in females. The same pattern was observed in
males, with P. vivax (61.9%), P. falciparum (17.4%), and mixed infection
rate (20.6%). Overall, the infection rate among males and females
was recorded as 71.5% and 28.4%, respectively. Moreover, across the
municipality, Tandilianwala, P. vivax was predominant with a ratio of
(57.4%), followed by mixed cases at 22.9%, and P. falciparum at (19.5%),
out of a total of 88 positive cases.

In Chak Jhumra, the same pattern was observed as in the administrative
unit Tandilianwala: the infection mixed cases ratio (27.7%) was recorded
as high compared to that of P. falciparum (19.2%), and P. vivax infection
rate (53.1%) was the highest out of the total 83 positive cases, as
shown in Table 2. P. vivax infections were predominant, accounting for
approximately 54.8% of all cases, followed by P. falciparum at 21.5%, and
mixed infections at 23.5%. Males showed a higher frequency overall,
comprising 62.5% of cases, compared to females who made up 37.5%.
The present research results indicate that 406 (62.5%) males and 243
(37.4%) females out of 649 tested positive for malarial infection in the
district of Faisalabad, Punjab, Pakistan. Statistical analysis showed this
gender difference was significant (p<0.03), underscoring the relevance of
gender-specific behavior and exposure patterns in malaria transmission.

Sensitivity and Specificity Analysis of Diagnostic Methods

Tables 3a and b summarize the diagnostic performance and species-
specific detection across RDT, microscopy, and PCR methods. Of the

1,460 tested samples, RDT identified 384 (59.2%) P. vivax infections,
134 (20.6%) P. falciparum infections, and 131 (20.2%) mixed infections,
whereas microscopy confirmed 281 (62.2%) P. vivax infections, 101
(22.3%) P. falciparum infections, and 70 (15.5%) mixed infections. PCR,
used as the reference method, detected 266 (58.1%) P. vivax, 96 (21.1%)
P. falciparum, and 97 (21.2%) mixed cases. The discrepancy was most
notable in mixed infections, where microscopy underestimated them
compared to PCR. Sensitivity and specificity values calculated using PCR
as the reference standard revealed that RDT had 429 true positives,
55 false positives, 30 false negatives, and 946 true negatives, resulting
in a sensitivity of 93.47% and specificity of 94.5%. In comparison,
microscopy showed 435 true positives, 17 false positives, 24 false
negatives, and 984 true negatives, yielding 94.78% sensitivity and 98.3%
specificity. Statistical analysis confirmed significant differences among
the diagnostic tools (p<0.001), validating that PCR consistently provided
more accurate detection, particularly for mixed infections. These
results demonstrate that while RDTs offer quick and useful preliminary
diagnosis, confirmatory testing with microscopy and especially PCR is
essential for accurate malaria detection and effective case management.

DISCUSSION

The current study, conducted from May 2023 to April 2024, provides a
detailed analysis of the frequency of Plasmodium infection in various
municipalities located in the district of Faisalabad, Pakistan. The present
study showed that the frequency of malarial infection peaked in the
months of June and July across the entire district of Faisalabad. For
instance?, reported a frequency of 21.3% in August, with a temperature
of 34.2 °C, humidity 66.5%, and rainfall 6.64 mm, while the lowest
frequency rate was recorded in January at 4.8% with a temperature
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tested population)

Table 3a. Sensitivity analysis of diagnostic methods (Percentages are calculated based on the number of positive cases for each method relative to the total

Species Tested case RDT % Microscopy% PCR%

P. vivax 384 (59.2%) 384 (59.2) 281 (62.2) 266 (58.1)
P. falciparum 134 (20.6%) 134 (20.6) 101 (22.3) 96 (21.1)
Mixed case 131 (20.2%) 131 (20.2) 70 (15.5) 97 (21.2)
Total 1,460 649 (44.4) 452 (30.6%) 459 (31.4)
Df 2 2 2

F-value 27.877 19.393 14.733
p-value 0.001%** 0.001%** 0.001%**
**Highly significant.

RDT: Rapid diagnostic tests, PCR: Polymerase chain reaction.

Table 3b. Sensitivity and specificity of diagnostic methods (PCR as reference)

Method Positive cases (n,%) TP1* FP2* FN3* TN4* Sensitivity (%) Specificity (%)
RDT 649 (44.4%) 429 55 30 946 93.47 94.5
Microscopy 452 (30.6%) 435 17 24 984 94.78 98.3

PCR (gold Std) 459 (31.4%)

1* True positive; 2* False positive; 3* False negative; 4* True negative.
RDT: Rapid diagnostic tests, PCR: Polymerase chain reaction.

of 14 °C. During the summer months, the Faisalabad district region
experienced heavy rainfall and temperatures ranging from 34 °C to 41
°C. That is why the high infection positivity ratios during the summer
season were attributed to seasonal and climatic factors that increased
mosquito densities in these Faisalabad district administrative units.
Similar attributions were also recorded in the sub-Saharan Africa
region.?

A total of 1,460 suspected malaria cases were tested across six
administrative municipal units using three diagnostic methods: RDT,
microscopy, and nested PCR. The highest positivity rate was observed
with RDT (44.4%), followed by PCR (31.4%) and microscopy (30.6%),
highlighting the tendency of RDTs to overestimate infection rates due to
residual HRP2 antigen detection even after parasitemia clearance. Out
of 1,460 samples, 649 (44.4%) were positive, with P. vivax 384 (59.1%),
P. falciparum 134 (20.6%), and mixed 131 (20.1%) cases recorded. Our
study reported a significantly higher frequency of P. vivax than P.
falciparum. The present study results are in accordance with the findings
of a previous study conducted in the Malakand district of Khyber
Pakhtunkhwa province, which reported 59.57% P. vivax and 40.42% P.
falciparum cases.” A previous study conducted in Khyber Pakhtunkhwa
province, which also supports our findings, reported that the prevalence
of P. vivax (92.4%) was highest compared to P. falciparum (4.7%) (18).
Two previous studies conducted in India also exhibit the same pattern:
P. vivax 55% and 41% were revealed higher ratio of infection showed
higher ratios of infection at 55% and 41%, whereas P. falciparum 45% and
59% showed lower incidence showed lower incidences at 45% and 59%,
respectively.?>*' Another study conducted in District Umer kot, Sindh,
Pakistan also reported that P. vivax had the highest incidence at 95%
compared to P. falciparum at 4%, and 1% mixed cases.?’ The differences
in our findings with respect to previous studies can be attributed to
several factors, including regional ecological variations, differences in
vector species composition, and diagnostic methodologies. Faisalabad’s
mixed urban-agricultural landscape, combined with higher population
density and industrial activities, may influence vector ecology, favoring
P. falciparum transmission and lowering the P. vivax incidence.
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In two other previous studies, it had been demonstrated that researchers
who used nPCR for the diagnosis of disease typically reported more
accurate results as compared to those who depend commonly on RDTs
and microscopy.**** Microscopy, while shown to be a reliable method in
malaria diagnosis, is extremely dependent on the technician’s expertise
and can miss low density infections.*® RDTs had 95% sensitivity and
95.2% specificity for detecting PfHRP2, as reported by the World Health
Organization in 2015. In our present study, we observed a higher rate
of false positive cases with RDT compared to microscopy and PCR,
underscoring the limitations of RDT in accurately identifying species-
specific infections, particularly with the P. falciparum/Pan-Plasmodium
RDT format. Prior comparative diagnostic research showed that nPCR
outperforms other techniques, such as RDTs and microscopy, in
producing accurate and sensitive diagnostic results, especially in cases
of mixed infection.

The present research results indicate that 62.5% malesand 37.4% females
tested positive for malarial infection across the district Faisalabad,
Punjab, Pakistan. Males were more prone to malarial infections due
to their work in fields and exposure to mosquitoes. These reasons were
also described in previous research papers that demonstrated that
males were more susceptible than females due to their lifestyle factors
and occupation.*® Another previous study recorded the higher infection
rate (54.7%) in males than (45.2%) in females, mainly infected by P. vivax
(94.2%) and P. falciparum (5.6%), in district Kohat, which support our
current results with little variations.”

Our current study determines the frequency across age groups and
provides a comprehensive new analysis of malarial patients in district
Faisalabad. We divided the data into five different age groups and
found the max. frequencyies in the 1-15 age group, 16-30 age group,
and 31-45 age group with infection rates of 62.3%, 47.7%, and 43.4%,
respectively. As stated by Khan et al.,’® our findings reveal that the
children’s age group had the highest infection rate when compared
to others, owing to their lower immunity. The study also exhibited
a 37% infection rate. A previous study conducted in Pakistan also
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reported a high prevalence of malaria in the age group >14 years."
The study highlights a significant frequency of malaria in Faisalabad
district, with P. vivax being the dominant species. The data indicate
a higher susceptibility among males and children aged 1-15 years,
particularly during the peak months of June and July. The nPCR
method was found to be a highly efficient technique for diagnosing
malarial infections, known for its superior sensitivity and specificity
compared to other diagnostic methods. The findings underscore the
importance of targeted malaria control and prevention strategies in
high-risk groups and peak seasons.

Study Limitations

The limitations of this study include reliance on RDT-based positivity
rates prone to false positives, restriction to government hospital
data only, absence of multi-year trend analysis, lack of clinical and
hematological correlation, and no assessment of mosquito vector
dynamics.

CONCLUSION

This study demonstrates that while RDTs offer rapid malaria detection,
they are prone to false positives due to persistent parasite antigens,
particularly in low-transmission settings. PCR remains the most
sensitive and specific method but is resource-intensive. Microscopy,
despite being labor-intensive, still holds value when performed by
trained personnel. A multi-method diagnostic approach tailored to
local epidemiology may offer the most reliable results for accurate
malaria diagnosis and control.

MAIN POINTS

* The frequency of malaria infection in Faisalabad district was 44.4%,
with Plasmodium vivax identified as the dominant species.

Rapid diagnostic tests showed higher positivity rates but were prone
to false positives compared to microscopy and polymerase chain
reaction (PCR).

» PCR demonstrated superior accuracy in detecting mixed infections
and served as the most reliable diagnostic reference.

Males and children aged 1-15 years were the most affected groups,
with peak infection rates during June and July.

Seasonal and regional variations highlight the need for confirmatory
diagnostics and targeted malaria control strategies.
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Abstract

Acute promyelocytic leukemia (APL) is a rare and specific subtype of acute myeloid leukemia involving characteristic genetic translocations and
the accumulation of abnormal promyelocytes. Severe coagulopathy is common and can result in disseminated intravascular coagulation (DIC),
a major early cause of death. Furthermore, tumor lysis syndrome is a life-threatening complication of hematologic malignancies that typically
develops after treatment initiation. Spontaneous tumor lysis syndrome (STLS) occurring prior to the initiation of treatment is an exceedingly
rare event in cases of APL. We present a rare case of a 25-year-old male who developed STLS along with DIC before any treatment. Metabolic
imbalances consistent with STLS, including hyperkalemia and hyperuricemia, were identified as laboratory findings, along with evidence of
DIC. The patient was treated with all-trans retinoic acid and arsenic trioxide along with supportive measures against metabolic imbalances
and coagulopathy. However, the patient’s condition quickly deteriorated despite prompt therapeutic intervention, and the patient died of
multiorgan failure within one week of admission. The outcome of this case emphasizes the importance of early recognition and aggressive
management of complications, such as (example 1) and (example 2), in APL, with a high mortality risk when both complications are present.
More research is needed to better understand the pathophysiology and treatment strategy for STL Sin APL.

Keywords: Disseminated intravascular coagulation, spontaneous tumor lysis syndrome, acute promyelocytic leukemia, coagulopathy,
multiorgan failure

INTRODUCTION promyelocytes. This initiates the coagulation cascade, leading to
excessive fibrin formation, the consumption of clotting factors, and a
clinical phenotype characterized by both thrombosis and hemorrhage.?
Rapid diagnosis and initiation of all-trans retinoic acid (ATRA) therapy
are important. ATRA not only induces remission but also controls
coagulopathy.*

Acute promyelocytic leukemia (APL), or M3 in the French-American-
British system, is a special subtype of acute myeloid leukemia
characterized by the t(15;17) translocation, creating the PML-RARA fusion
gene." Coagulopathy is a common finding in APL patients and most
frequently takes the form of disseminated intravascular coagulation
(DIC), which is present in more than 80% of newly diagnosed patients Another life-threatening complication of chemotherapy is spontaneous
and is a major cause of early death before treatment.” tumor lysis syndrome (STLS), which usually develops in patients

with hematologic malignancies. Massive tumor cell breakdown is

The pathophysiology of DICin APL involves the release of procoagulant characterized by the release of intracellular components, including

factors, such as tissue factors and cancer procoagulants, from leukemic
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potassium, phosphate, and uric acid.® This causes metabolic
imbalances such as hyperkalemia, hyperphosphatemia, hyperuricemia,
and even potential renal failure. STLS is a rare entity in which tumor
lysis occurs without therapeutic intervention, indicating a high tumor
burden. APL patients are extremely rare among those with STLS, which
is a real diagnostic and therapeutic challenge.® Cases of DIC and STLS
coexisting in APL patients are rare, and both conditions demand timely
but contrasting therapeutic procedures. Treatment for DIC consists of
supportive measures, such as platelet transfusions and cryoprecipitation,
plus ATRA, to induce promyelocyte maturation. In contrast, STLS
management is characterized by aggressive hydration, urate-lowering
therapies, and close monitoring of electrolyte imbalances.” In this
report, we present a rare case of a newly diagnosed APL patient who
developed DIC and STLS, at the same time, which complicates the
management of these life-threatening conditions. We present the case
of a patient who most likely has APL complicated by both DIC and STLS.
Early diagnosis and multidisciplinary treatment are highly important
to avoid fatal outcomes, particularly in the setting of more aggressive
leukemic phenotypes.

CASE REPORT

An otherwise healthy 25-year-old male presented with fatigue,
weakness, and easy bruising for one week. He was pale, with petechial
and ecchymotic rashes on physical examination. Pancytopenia was
detected via laboratory findings, including a white blood cell count
of 1,500/uL (80% promyelocytes), a hemoglobin level of 7 g/dL, and a
20,000/uL platelet count. Coagulation studies revealed coagulopathy,
demonstrated by an elevated prothrombin time (18 s), activated partial
thromboplastin time (60 s), and D-dimer level (2.0 ug/mL). Electrolyte
abnormalities consistent with STLS were also noted: hyperkalemia (6.5
mmol/L), hyperphosphatemia (6.0 mg/dL), and hyperuricemia (10.0
mg/dL) (Table 1).

A peripheral blood smear and bone marrow aspirate confirmed the
diagnosis of APL with numerous abnormal promyelocytes containing
Auer rods (Figure 1).

The diagnosis of APL was confirmed through flow cytometry and
chromosomal analysis (Figure 2). Standard induction therapy for
APL for this patient included ATRA (45 mg/m?/day orally) and arsenic
trioxide (ATO) (0.15 mg/kg/day intravenously). Supportive care consists
of red blood cell transfusions, platelet transfusions, intravenous fluids,
and medications to resolve electrolyte imbalances. Hyperuricemia was
treated, and renal complications were prevented with rashuricase.
Interventions were performed while the patient was in critical condition
due to coagulopathy from DIC and STLS complications. The patient was
admitted to the hospital and received the outlined therapy. Despite
the interventions, one week after admission, the patient developed
acute kidney injury (AKI) and multiorgan dysfunction, leading to death.
Written informed consent was obtained from the patient for the
publication of clinical details and images. Identifying information
has been anonymized where possible, and any potentially identifying
images or details are included with explicit consent.

DISCUSSION

In untreated patients, DIC often complicates APL and is the most
common cause of early mortality. In APL, DIC arises from leukemic
promyelocytes releasing procoagulants such as tissue factor,
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triggering excessive fibrin formation, clotting factor consumption,
and a dual phenotype of thrombosis and hemorrhage.?
Although DICis a well-known APL complication, STLS is very uncommon.
However, STLSs are frequently observed in rapidly proliferating
malignancies e.g., burkitt lymphoma, but are uncommon in untreated
APLs.% In this case, the patient presented with metabolic derangements
characteristic of TLS, such as hyperkalemia, hyperphosphatemia, and
hyperuricemia, at the time of diagnosis. The rapid breakdown of tumor
cells in patients with STLS causes metabolic disturbances and AKI.>

This case provides a rare instance of STLS in APL, emphasizing
several unique insights. While STLS is typically associated with
malignancies such as burkitt lymphoma?®, its occurrence in APL
is uncommon because of slower tumor turnover. These findings
suggest that certain aggressive APL phenotypes may predispose
patients to STLS, emphasizing the importance of identifying high-
risk subtypes. The metabolic derangements, such as hyperkalemia,
hyperphosphatemia, and hyperuricemia observed before treatment
initiation, could serve as early warning signs of STLS in APL
patients. This case demonstrates the difficulty of managing both
conditions simultaneously. The challenge of balancing aggressive
hydration and electrolyte management for patients with STLS,
with control of coagulopathy in DIC, requires careful attention.
The simultaneous presence of DIC and STLS poses clinical complications
that create a need to intervene, with urgent treatment directed at each
condition. Managingoverlapping DICand STLS poses unique challenges
because of their opposing pathophysiology and treatment goals. DIC
requires anticoagulation and clotting factor replacement to address
bleeding and thrombosis, whereas STLS requires aggressive hydration,
rashuricase, and electrolyte correction to prevent renal failure and
arrhythmias. The therapeutic balance is delicate, as interventions
for one condition may worsen the other-e.g., fluid resuscitation for
STLS can exacerbate bleeding in thrombocytopenic DIC patients.
Overlapping laboratory abnormalities (e.g., hypocalcemia, elevated
lactate dehydrogenase) further complicate monitoring, necessitating
frequent reassessment of coagulation profiles, electrolytes, and
renal function. The absence of consensus guidelines for this
overlap underscores the need for individualized, multidisciplinary
management to mitigate risks and optimize outcomes.®® Other
important supportive care methods include transfusions of platelets
and clotting factors. Prompt initiation of ATRA and ATO, as per current
guidelines, significantly reduces early mortality." However, aggressive

Table 1. Laboratory parameters of the patient

Parameter Patient value = Reference range’
White blood cell count 15,000/uL 4,500-11,000/uL
Promyelocytes 80% 0%

Hemoglobin 7 g/dL 13.5-17.5 g/dL (males)
Platelet count 20,000/uL 150,000-450,000/uL
Prothrombin time 18 seconds 11-13 seconds
:;:i;/ated partial thromboplastin 60 seconds 2540 seconds
D-dimer 2.0 ug/mL <0.5 pg/mL
Electrolyte abnormalities:

Potassium 6.5 mmol/L 3.5-5.0 mmol/L
Phosphorus 6.0 mg/dL 2.3-4.7 mg/dL

Uric acid 10.0 mg/dL 4.0-8.5 mg/dL (males)
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Figure 1. Peripheral blood smear and bone marrow aspiration.

Peripheral blood smear and bone marrow aspiration: (A) blood film showing blasts with auer rods (red arrow). (B) bone marrow aspirate
showing a high number of abnormal promyelocytes (black arrow) with auer rods (black arrow) (original magnification 1000x).
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Figure 2. Flow cytometry analysis and chromosomal study.
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Flow cytometry analysis and chromosomal study: (A) flow cytometry analysis demonstrating the immunophenotypic profile of abnormal
promyelocytes, which is consistent with APL. (B) the chromosomal study revealed the characteristic translocation t (15;17) (q24;q21) associated

with APL. APL: Acute promyelocytic leukemia.

hydration, electrolyte correction, and urate lowering measures,
which are required for the management of TLS, using urinary drugs
such as rasburicase, have the potential to precipitate and worsen
AKI.® However, the patient’s condition did not improve but rather
worsened, leading to the development of multiorgan failure and
illustrating how severe the condition of overlapping DIC and STLS was.
This case highlights the need for early recognition of DIC and STLS
in APL patients followed by aggressive management. The initiation of
ATRA and ATO should be carried out rapidly to avoid DIC, and metabolic
derangements related to STLS must be corrected promptly. When
both complications are present, the mortality risk remains high and
represents an indication for vigilant monitoring and rapid therapeutic

adjustments. Cases of STLS in APL patients are extremely rare, with few
reported in the literature.”'? In this case, additional knowledge about
STLS in APL patients is provided, and further research is needed to
improve the management strategy of patients with both complications.
We report here an uncommon case of concomitant life-threatening
events of DIC and STLS in an APL patient with newly diagnosed APL.
Although the existence of DIC as a complication in APLs is well known,
spontaneous TLS prior to starting therapy is incredibly rare. These
severe complications can be recognized and treated early with ATRA,
ATO, and supportive care. Consequently, the risk decreases. Proper
management of these conditions is possible, but the high mortality
naturally associated with the overlap underscores the need for operator
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surveillance and prompt initiation of treatment. Further studies are
needed to clarify the pathophysiology of STLS in patients with APL and
to change the treatment strategy for this high-risk patient group.

CONCLUSION

This case highlights the fatal cytotoxicity of the simultaneous flows
of DIC and STLS in untreated APL. Even when diagnosed and treated
with ATRA, ATO and intense supportive care, the patient still inevitably
progressed to multiorgan failure. The occurrence of refractory
coagulopathy in connection with hyperkalemia, hyperuricemia, and
hyperphosphatemia at the same time points to the need of increased
clinical awareness, early biochemical screening, and interdisciplinary
management at the point of presentation. Seeing that such presence of
contradictory complications is much more of a therapeutic gauntlet, it
is necessary to conduct more studies regarding the mechanism of this
setup and how evidence-based tailored treatment guidelines could be
created to deal with this issue.

MAIN POINTS

* Acute promyelocytic leukemia (APL) commonly presents with
disseminated intravascular coagulation (DIC), which significantly
contributes to early mortality, and the rare occurrence of
spontaneous tumor lysis syndrome (STLS) in untreated APL patients
is a diagnostic challenge.

* A 25-year-old male with newly diagnosed APL developed both
DIC and STLS before treatment and presented with metabolic
abnormalities, including hyperkalemia, hyperphosphatemia, and
hyperuricemia, along with coagulopathy.

 Despite the administration of all-trans retinoic acid and arsenic
trioxide, combined with supportive care for electrolyte imbalances
and coagulopathy, the patient’s condition rapidly deteriorated,
leading to multiorgan failure and death within one week.

» The coexistence of DIC and STLS in APL patients necessitates
urgent and contrasting treatment strategies for both conditions,
emphasizing the importance of early recognition and aggressive
management.

* This case underscores the need for further research into the
pathophysiology and management of STLS in APL patients to
improve treatment outcomes and survival in high-risk patients.

ETHICS

Informed Consent: Written informed consent was obtained from the
patient for the publication of clinical details and images.
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Abstract

The medial antebrachial cutaneous nerve (MACN) is rarely affected on its own. MACN injury may occur as a result of trauma or compression. We
present a 23-year-old female patient with neuropathy of the anterior branch of the MACN, associated with venous blood collection from the left
antecubital fossa. This case aims to contribute to the understanding of MACN injury by presenting clinical findings, neurophysiological results,
and possible risk factors, including low body mass index (BMI). The patient had severe pain in the medial forearm during the blood collection
procedure. The patient’s BMI was 17.6 kg/m?. Patients’ score on the Leeds Assessment of Neuropathic Symptoms and Signs scale was 19. In the
sensory nerve conduction study, the left MACN amplitude was found to be lower than that of the right. The findings in this case indicate that
neuropathic pain may represent a major component of the clinical picture in MACN injury. This case also raises the possibility that a low BMI
could increase vulnerability to such neuropathies. Accordingly, procedures involving venipuncture or intravenous access may require greater

caution in individuals with low BMI.

Keywords: Body mass index, medial antebrachial cutaneous nerve, peripheral neuropathy, venous blood collection

INTRODUCTION

The medial antebrachial cutaneous nerve (MACN), originating from
the medial cord of the brachial plexus, provides sensory innervation
to the medial aspect of the forearm. Isolated involvement of the MACN
typically results in sensory deficits in the medial forearm without
associated motor weakness."? MACN involvement is possible in brachial
plexopathies in which the lower trunk is affected or in diseases such
as thoracic outlet syndrome.'? Isolated MACN involvement is rare.>® It
has been reported that MACN injury may develop as a result of MACN
neuroma or compression of the MACN by a disorder such as a lipoma or
from invasive interventions on the elbow region.>>”

Nerve injury following venipuncture is uncommon, with an estimated
incidence of approximately 1 in 65,000, while neuropathic pain occurs
inabout 11in 30,000 cases.®? A study by Tsukuda et al.® reported 16 nerve
injuries following just over one million venipunctures, eight of which
involved the MACN, suggesting an estimated incidence of approximately
one MACN injury per 135,000 venipunctures. Nonetheless, the potential
for neuropathic pain underscores the need to recognize such injuries.’
Moreover, the fact that MACN injury does not occur in every patient
suggests that certain individuals may be more susceptible. Therefore,
the rarity of this condition, the associated risk of neuropathic pain,
and the uncertainty regarding patient susceptibility highlight the
importance of identifying and reporting these cases. We present a
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patient who developed MACN injury after venous blood collection
from the antecubital fossa. This case is presented to draw attention to
a rare complication involving isolated MACN injury after venous blood
collection from the antecubital fossa and to emphasize the potential
role of individual risk factors, such as a low body mass index (BMI).

CASE REPORT

A 23-year-old female nurse had severe pain and a tingling sensation
on the medial left forearm, immediately following a venous blood
collection from the antecubital fossa for a routine blood biochemical
examination. The patient stated that there was a slight swelling in
the region where the injection was made, and then, this swelling
decreased within weeks. Four months later, she was referred to our
clinical neurophysiology laboratory. The patient initially considered
the symptoms to be temporary and did not pursue medical attention.
However, as the pain, paresthesia, and sensory disturbances
persisted and began to affect her daily functioning, she was referred
for further evaluation. During the four-month interval, no specific
medical treatment was administered, and no neurological evaluation
was performed. She did not receive analgesics or undergo physical
therapy. The referral to our laboratory was her first neurophysiological
assessment related to these complaints. The patient did not have a
chronic disease. The patient’s height, weight, and BMI were 158 c¢m,
44 kg, and 17.6 kg/m?, respectively. The patient had pain, allodynia,
tingling, hypoesthesia, and decreased pain-temperature sensation on
the region innervated by the anterior branch of the MACN (Figure 1A).
Muscle strength examination was normal. The Turkish version of the

Right MACN

B : Amplitude: 33.6 pVv
NCV: 67 m/s

10 pV/division
1 ms/division

Leeds Assessment of Neuropathic Symptoms and Signs scale (LANSS)
was applied to the patient.’® The scores of the pain questionnaire and
sensory testing of LANSS were eleven and eight, respectively. The patient
reported a mean Visual Analog Scale (VAS) score of 6 for pain during the
four-month period between symptom onset and her presentation to
the clinical neurophysiology laboratory. The patient was not followed
longitudinally after the neurophysiological evaluation. Neuropathic
pain assessment using the LANSS and VAS scales was performed only
once at the time of presentation.

Previously recommended methods and normal values were used for
median and ulnar nerve conduction studies."” The nerve conduction
study of MACN was performed antidromically as previously suggested.'>"
The lower reference limits for MACN compound nerve action potential
(CNAP) amplitude and nerve conduction velocity were 10 uV and 41.7
m/s, respectively.”? Sensory nerve conduction study findings of median,
ulnar, lateral antebrachial cutaneous, and superficial radial nerves were
normal. The left MACN CNAP amplitude was lower than the right side’s
amplitude. The nerve conduction study of bilateral MACNs is shown in
Figure 1B. Median and ulnar motor nerve conduction study findings
and F-waves of these nerves were normal. The needle electromyography
findings of the left abductor pollicis brevis, the first dorsal interosseous,
the abductor digiti quinti, the extensor indicis proprius, the biceps
brachii, the triceps, and the deltoid muscles were normal. There was no
abnormality in the direct X-ray and magnetic resonance imaging (MRI)
of the elbow and forearm. Written informed consent was received from
the patient.

| Left MACN

Amplitude: 11.3 pv
NCV: 48 m/s

10 pV/division
1 ms/division

Figure 1. (A) Area of sensory abnormality in the patient’s extremity. (B) The nerve conduction study of the medial antebrachial cutaneous nerve.

MACN: Medial antebrachial cutaneous nerve, NCV: Nerve conduction velocity.
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DISCUSSION

Isolated injury to MACN is an uncommon condition. In this report, we
present a rare case of MACN injury that occurred following venous blood
sampling, with particular attention to the presence of neuropathic pain
and the patient’s BMI, both of which may have played a role in the
development and persistence of symptoms.

MACN neuropathy may be caused by a neuroma or a lipoma.>® In
addition, MACN injury has been reported due to interventional
procedures, or surgery involving the elbow region or antecubital
fossa.*>” Horowitz> reported MACN injury in 5 of 11 patients with
a peripheral nerve injury, which may be associated with routine
venipuncture. In addition to arteries and veins, the MACN is also
associated with the cubital fossa,” which means that the MACN may be
damaged during invasive procedures in this region. In the present case,
MACN injury developed during blood collection from the antecubital
fossa. The immediate onset of pain and paresthesia may mean that the
nerve is directly affected.” This condition, is well known in sciatic nerve
injury due to intramuscular injection.™ If the nerve is directly affected,
the complaints begin immediately or within seconds. If fibrosis affects
the nerve or a toxic substance affects the nerve through diffusion, the
complaints may begin within hours/days.”™ Therefore, in the present
case, it can be considered that the nerve is directly affected. In addition,
previously reported cases indicate that neuropathic pain is a significant
factor in MACN injury.>>7 Similarly, the patient’s LANSS score was above
12 and she had allodynia.

It may be important that the BMI of the patient was below 18.5 kg/m?.
It is known that low BMI may be a risk factor for sciatic nerve injury
due to intramuscular injection."™' This may be because thin people
have less muscle mass protecting the sciatic nerve."' Similarly, it is
thought that peroneal neuropathy at the head of the fibula associated
with weight loss may be due to decreased peroneal nerve protective
tissue.'®” In the present case, reduced protective tissue in the medial
elbow region may have increased MACN vulnerability and contributed
to nerve injury. In individuals with low BMI, the lack of subcutaneous fat
may leave superficial nerves more exposed to external trauma. Similar
mechanisms have been described in sciatic and peroneal neuropathies
associated with low BML.™" Even routine procedures like venipuncture
may pose a higher risk in such patients. In addition to BMI, factors such
as the type of syringe used for blood collection, the angle of needle
insertion, and the depth of penetration into the antecubital fossa
may also play a critical role. However, even with attention to these,
anatomical variations can predispose to MACN injury.”

The nerve conduction study of the posterior branch of MACN was
not performed. This can be considered a limitation of the report.
Involvement of the posterior branch of the MACN may help localize
the lesion, as simultaneous involvement of both anterior and posterior
branches suggests a lesion proximal to the elbow region. In this case,
the presence of sensory symptoms limited to the area innervated by the
anterior branch, with no sensory changes in the region supplied by the
posterior branch, supports the conclusion that the injury was caused by
the venipuncture procedure. The absence of ultrasonography (USG) as
an imaging method in this case may also be considered a limitation for
diagnosing MACN injury. USG can offer certain advantages over MRI in
visualizing peripheral nerves."® However, the small caliber of the MACN
and its close proximity to surrounding soft tissue structures may reduce
its diagnostic utility in such cases." Although USG was not employed in

this case, it is important to note that X-ray and MRI effectively ruled out
other potential etiologies, such as fractures, hematoma, and edema.
X-ray was preferred initially to rule out structural causes such as bone
lesions or fractures, as it was more readily available in the clinical setting.
Despite these limitations, this case offers two notable contributions to
the literature. First, it highlights the occurrence of neuropathic pain
following isolated MACN injury, rarely been emphasized. Second,
it raises the possibility that low BMI may serve as an anatomical risk
factor for such injuries. Future studies examining the association
between MACN injury and BMI may help identify patient-related risk
factors for nerve injury following venipuncture. Additionally, research
focusing on neuropathic pain in cases of MACN injury may help clarify
the underlying mechanisms.

CONCLUSION

The delayed referral and absence of early neurological assessment
in this case, reflect the possibility that such injuries may initially be
underrecognized. Increased clinical vigilance is essential, especially
when patients report immediate pain and paresthesia during
venipuncture. In conclusion, this case highlights the need for greater
caution during venipuncture in the antecubital fossa, particularly in
patients with low BMI, as they may be more susceptible to MACN injury.
Additionally, neuropathic pain can be a presenting symptom in such
cases.

MAIN POINTS

* Medial antebrachial cutaneous nerve (MACN) injury can occur
following routine venous blood collection, particularly in the
antecubital fossa.

* Patients with low body mass index may be at increased risk for
MACN injury due to reduced soft tissue protection.

» Neuropathic pain, including allodynia and sensory deficits, can be
a prominent and persistent symptom of isolated MACN neuropathy.
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