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ABSTRACT

Aims: This study aims to retrospectively evaluate the treatment outcomes of individuals at the Huzur K6y Addiction Treatment
and Social Reintegration Center in Turkiye and to identify sociodemographic and treatment-related factors associated with
post-discharge abstinence.

Methods: In this retrospective descriptive study, the medical records of 152 individuals treated at the center between 2022 and
2024 were analyzed. Sociodemographic characteristics, substance use history, treatment process details, and post-discharge
follow-up data were examined. Staying clean was defined as the complete absence of psychoactive substance use following
discharge.

Results: The mean age of participants was 28.6 years, and the post-discharge abstinence rate was 30.9%. Statistically significant
associations with abstinence were found for marital status (higher rates in married individuals, p=0.037) and positive family
relationships (p=0.035). Crucially, the length of stay was a significant predictor of success (p<0.001). The staying clean rate for
individuals who stayed 3-6 months was 45.3%, compared to 20.5% for those who stayed 0-3 months (p=0.001).

Conclusion: The findings of this retrospective analysis indicate that a longer duration of inpatient rehabilitation is strongly
associated with higher rates of staying clean. Furthermore, social support systems, specifically being married and having good
family relationships, appear to be significant protective factors. These results highlight the importance of long-term, structured
rehabilitation programs and suggest that interventions aimed at strengthening social support may improve treatment outcomes

in Turkiye.

Keywords: Substance use disorder, rehabilitation, treatment outcome, retrospective study, length of stay

INTRODUCTION

Substance use disorder is a highly prevalent public health
problem worldwide and a leading cause of significant

disability." Substances involved in this disorder include
alcohol, caffeine, cannabis, hallucinogens, inhalants,
opioids, sedatives, hypnotics, anxiolytics, stimulants (such
as amphetamine derivatives, cocaine, and other stimulants),
and tobacco.” These substances are addictive psychoactive
agents that possess both stimulant and euphoric effects as
well as depressant properties on the central nervous system.’

Substance use disorder is recognized as a major health issue
on a global scale. According to the 2023 World Drug Report
published by the United Nations Office on Drugs and Crime
(UNODC), an estimated 284 million people aged 15-64
worldwide used drugs at least once between 2021 and 2022.*
A nationwide survey conducted in the United States reported
that approximately 14.5% of individuals aged 12 years or

older were diagnosed with substance use disorder, with 10.2%
meeting criteria for alcohol use disorder and 6.6% for illicit
drug use disorder.” Furthermore, data from the National
Center for Health Statistics of the U.S. Centers for Disease
Control and Prevention (CDC) indicate that during the
twelve months ending in December 2023, 107.543 individuals
died from drug overdose.®

Similarly, substance use disorder represents a serious health
concern in Turkiye. A study conducted by the Turkish
Statistical Institute (TUIK) estimated that, as of 2022,
approximately 2.7 million people (4% of the population) in
the country had used drugs at least once in their lifetime.” The
increasing number of individuals receiving treatment services
is also noteworthy. In 2013, 218.574 outpatients and 7.897
inpatients were treated, whereas in 2018 these numbers rose
to 251.593 and 13.841, respectively.®® In 2022, the number
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of outpatients receiving treatment reached 302.911, and the
number of inpatients was 18.187."° In 2023, outpatient visits
numbered 349.393, while admissions to inpatient treatment
centers totaled 16.291."

The harms caused by alcohol and substance use disorders
extend beyond the individual’s health, producing
multidimensional legal, social, and economic consequences
that affect the family, social environment, and society at
large.! These disorders represent one of the most costly
health problems for healthcare systems, creating a significant
burden both at the individual and societal levels. Treatment
expenses, loss of workforce, decreased functionality,
increased substance-related crime rates, and traffic accidents
constitute the main components of these costs.”” The
increasing prevalence of substance addiction, both globally
and in Turkiye, threatens not only the individual’s social
functioning but also public health.

Various studies conducted in Turkiye on addiction reveal
that the current health service provision is mainly focused
on crisis intervention and treatment centres are inadequate
in number and limited in terms of capacity. In addition, it is
reported that treatment periods are short and the methods
applied are inadequate in terms of effectiveness."

The Huzur Koy Addiction Treatment and Social Reintegration
Center is a full-time rehabilitation facility operating under
the auspices of the Governorship of Kirikkale and managed
by the Kirikkale Provincial Health Directorate. It provides
inpatient care for individuals with substance addiction.
Eligible participants are male, aged 18 years or older, able
to communicate in Turkish, free of any physical health
conditions that would prevent participation in communal
living, and have voluntarily completed at least three weeks
of detoxification treatment at an Alcohol and Substance
Addiction Treatment Center (AMATEM).

The Huzur Koy Model adopts a holistic case management
approach that focuses not only on the treatment process but
also on the long-term social reintegration of individuals.
This approach aims to facilitate access to necessary services,
encourage active participation in the process, and promote
sustainable recovery. Rehabilitation programs are structured
into 3-and 6-month modules, with the 6-month program
being recommended. Participation is voluntary, and
individuals may choose to withdraw from the program at any
time.

The center provides regular psychotherapy sessions and
family meetings, with monitoring by a multidisciplinary
team of psychologists, social workers, and physicians. With
the support of the Provincial Mufti’s Office, values-based
education is offered to address spiritual needs. Operating
under the governorship, the center collaborates with public
institutions to provide comprehensive support to participants.

To facilitate social reintegration, vocational courses,
entrepreneurship training, sports activities, and planned
social events are organized throughout the rehabilitation
process.

The aim of this study is to evaluate the effectiveness of the
Huzur Koy Project, a strengths-based, case management-
oriented intervention model for individuals undergoing
treatment for substance use disorder.

METHODS

This study is a file-based, retrospective descriptive descriptive
study in which the records of individuals receiving
treatment at the Huzur Koy Addiction Treatment and Social
Reintegration Center. All individuals who had received
treatment services at the center since its establishment and
whose medical records were accessible were included in the
study. A total of 152 clients’ data were evaluated. No specific
inclusion restrictions were applied, and only individuals
whose records could not be retrieved were excluded.

The study was conducted after obtaining approval from the
Non-interventional Clinical Researches Ethics Committee
of Kirikkale University (Date: 12.05.2025, Decision No:
2025.01.06) and official permission from the Kirikkale
Provincial Health Directorate. All procedures were carried
out in accordance with the ethical rules and the principles
of the Declaration of Helsinki. Data were manually collected
from the institution’s patient record archives by the
researcher. A data collection form developed by the researcher
was used, which included headings on sociodemographic
characteristics, substance use history, treatment process,
participation in vocational courses, disciplinary status, and
post-discharge follow-up. In this study, “staying clean” was
defined as the complete absence of psychoactive substance
use during the follow-up period after discharge from the
center. Remission was considered as a period entirely free
from substance use.

Statistical Analysis

Data analysis was performed using IBM SPSS Statistics,
version 25.0. Descriptive statistics included frequency,
percentage, mean, and standard deviation values.
Independent samples t-test was used for comparisons
of continuous variables between groups. Pearson’s Chi-
square test was applied to evaluate relationships between
categorical variables; in cases where expected cell counts
were insufficient, Fisher’s Exact test and Yates’ corrected Chi-
square test were employed. A significance level of p<0.05 was
considered statistically significant for all analyses.

RESULTS

In this study, the medical records of a total of 152 individuals
treated at the Huzur Koy Addiction Treatment and
Social Reintegration Center between 2022 and 2024 were
retrospectively reviewed. The mean age of participants was
28.6+5.6 years, and the mean age of initiation of substance
use was 17.3£5.5 years. Of the participants, 80.3% were single
and 19.7% were married.

Family relationships were self-rated as “good” by 55.3% of
participants, “moderate” by 28.9%, and “poor” by 15.8%.
A family history of substance use was present in 15.1% of
participants. Among them, 87.5% reported having previously
attempted to quit, with a mean prior staying clean duration of
only 10.3+14.5 weeks. Before admission, 17.1% had received
subcutaneous implant treatment, and 25.7% had benefited
from psychosocial support services. Suicidal ideation prior to
admission was reported by 24.3% of individuals.

The mean length of stay at the Huzur Koy facility was
67.6149.5 days. The most frequently attended vocational
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courses were greenhouse cultivation (34.2%), pastry and
culinary arts (21.7%), and ceramic tile painting (21.7%).
While 59.2% of participants did not receive any disciplinary
penalties, 36.2% accumulated penalty points, and 4.6% were
expelled from the center due to disciplinary action.

Post-discharge, 40.1% of individuals completed the treatment
program, 50% left voluntarily, and 9.9% were discharged due
to disciplinary measures. During follow-up, the employment
rate was 46.7%, and the staying clean rate was 30.9%.

Statistically significant relationships were determined with
some variables affecting the cleanliness of individuals after
discharge. A significant relationship was found between
marital status and staying clean (p=0.037); the rate of
staying clean was found to be higher in married individuals.
Similarly, family relationships were significantly associated
with staying clean (p=0.035); the rate of staying clean was
significantly higher in individuals who rated their family
relationships as good.

No significant associations were found between staying
clean status and other variables such as educational level,
psychosocial support, family history of substance use,
previous quit attempts, subcutaneous implant therapy, or
suicidal ideation. The relationship between staying clean
status and participants’ sociodemographic characteristics is
presented in Table.

The relationship between the length of stay in Huzur Koy
and their ability to stay clean after discharge was found
to be statistically significant (p<0.001). While the average
rehabilitation period of the individuals who managed to
stay clean was 93.38+51.31 days, this period was calculated
as 56.05+44.29 days in individuals who could not stay clean.
In addition, when the individuals were divided into two
groups according to the time they spent in rehabilitation
(0-3 months and 3-6 months), it was observed that 45.3% of
those who stayed between 3-6 months remained clean after

discharge, whereas this rate remained at 20.5% in individuals
who stayed 0-3 months (p=0.001). These findings suggest that
individuals who received treatment in Huzur Koy for a longer
period of time were significantly more likely to remain clean
after discharge and that the duration of treatment may be a
determining factor in rehabilitation success.

DISCUSSION

Substance use disorder is a multidimensional public health
issue that adversely affects not only an individual’s physical
and mental health but also social functioning, family
structure, and community relationships." In recent years,
models focusing solely on medical interventions in addiction
treatment have proven insufficient; instead, comprehensive
rehabilitation approaches that address the psychosocial
aspects of the individual have gained increasing importance.
In this context, recovery-oriented therapeutic community
models in Europe such as San Patrignano (Italy), Parceval
(Germany), and the United Kingdom stand out for their
long-term, inpatient, individualized, multidisciplinary,
and vocational skill-building approaches."” In Turkiye,
institutions such as AMATEM, BAHAR, and YEDAM are
developing both outpatient and inpatient service models for
addiction treatment.'* The Huzur Koy Addiction Treatment
and Social Integration Center examined in this study
represents a unique application in Turkiye. This center offers
long-term inpatient treatment combined with psychosocial
support, vocational training, and social integration
simultaneously, showing structural similarities to therapeutic
communities in Europe.

In this study, the sociodemographic characteristics, treatment
processes, and post-discharge cleanliness outcomes of
individuals treated at Huzur Koy were evaluated, and the
findings show parallels with both national and international
literature. The predominance of young adults (mean age 28.6
years) and single individuals (80.3%) among the participants
indicates that substance use is more common in younger

Table. Relationship between sociodemographic variables and staying clean
Variable

Single

Married

Marital status

Poor
Modarete
Good

Family relationships

Primary school

Education level Secondary school

High school and above

Yes
History of receiving psychosocial support N

o

Yes
Family history of substance use

No

Yes
History of quit attempts

No

Yes
Subcutaneous implant application

No

Yes
Suicidal ideation

No

Not clean (n=105)

Clean (n=47) Total (n=152) P

89 (73.0%) 33 (27.0%) 122 (80.3%)

16 (53.3%) 14 (46.7%) 30 (19.7%) 0037
16 (66.7%) 8 (33.3%) 24 (15.8%)

37 (84.1%) 7 (15.9%) 44 (28.9%) 0.035
52 (61.9%) 32 (38.1%) 84 (55.3%)

4 (40.0%) 6 (60.0%) 10 (6.6%)

40 (67.8%) 19 (32.2%) 59 (38.8%) 0.092
61 (73.5%) 22 (26.5%) 83 (54.6%)

28 (71.8%) 11 (28.2%) 39 (25.7%) o
77 (68.1%) 36 (31.9%) 113 (74.3%)

18 (78.3%) 5 (21.7%) 23 (15.1%) 0501
87 (67.4%) 42 (32.6%) 129 (84.9%)

93 (69.9%) 40 (30.1%) 133 (87.5%) 0551
12 (63.2%) 7 (36.8%) 19 (12.5%)

17 (65.4%) 9 (34.6%) 26 (17.1%) 0ot
88 (69.8%) 38 (30.2%) 126 (82.9%)

27 (73.0%) 10 (27.0%) 37 (24.3%)

78 (67.8%) 37 (32.2%) 115 (75.7%) 0:9%6
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age groups. Although 87.5% of individuals had previously
attempted to quit, the average duration of cleanliness
remained short (10.3 weeks), highlighting the chronic and
relapsing nature of addiction. The National Institute on
Drug Abuse (NIDA) defines addiction as a brain disease
that requires long-term monitoring and multicomponent
intervention."”

Within the treatment model applied at Huzur Koy,
individuals receive structured cognitive behavioral therapy
(CBT) throughout their stay. CBT aims to identify biased
thoughts and cognitions related to substance use and replace
them with functional alternatives, as well as recognize and
restructure behavior patterns that trigger substance use.'
Literature has shown that CBT produces small but significant
effects in the treatment of substance use disorders compared
to other psychosocial interventions.'**” Long-term inpatient
programs, such as those at Huzur Koy, provide individuals
not only with short-term psychoeducation but also prolonged,
systematic, and repetitive exposure to CBT. This therapeutic
continuity facilitates the internalization of behavioral change
and reduces relapse risk.

One of the most striking findings of this study is the positive
and statistically significant relationship between the length
of stay at the center and cleanliness outcomes (p<0.001).
This finding shows that the rehabilitation process, i.e. its
duration, is of critical importance in terms of the individual's
integration into treatment, the development of coping skills,
and the ability to break away from old habits. In the Iowa Case
Management Project conducted by Hall and colleagues,”
it was emphasised that clients' active participation in the
treatment process was decisive for the outcomes; the concept
of ‘participation’ was highlighted. The fact that individuals
who stayed longer at Huzur Village were able to remain
clean at a higher rate suggests that they were exposed to the
treatment content more extensively and were able to reinforce
the skills they learned. Similarly, the literature indicates that
long-term inpatient rehabilitation increases sustainability and
that the duration of treatment is associated with behavioural
change.”**

Studies evaluating the effects of long-term rehabilitation
services for substance dependence in Turkiye are quite
limited. The only comprehensive follow-up study in this field
in the literature is the study evaluating the 2-year data of
the BAHAR Centre affiliated with the Erenkdy Mental and
Nervous Diseases Training and Research Hospital. In this
study, 52% of the 179 individuals who applied to the centre
were enrolled in a part-time rehabilitation programme, while
48% were enrolled in a full-time programme. Of these, 75
individuals completed the first three-month programme
and 54 individuals completed the six-month programme
in remission and in a compliant manner. However, only
19 individuals were reported to have completed the one-
year programme in remission. These findings indicate that
participation rates in rehabilitation programmes remain
limited and that success rates decrease with long-term
follow-up.'® Compared to Huzur Koy data, a total of 152
individuals have been admitted to the program since its
inception; only 10 completed the six-month program, and
51 completed the three-month program. Approximately 50%
of participants withdrew voluntarily, while 9.9% left due to
disciplinary reasons. Although the continuation rates were

Management of the Huzur Koy Project

low, individuals who completed the program demonstrated
significantly higher post-discharge cleanliness rates.

While the Huzur K6y model shares structural similarities
with the BAHAR model, the fact that a significant portion of
participants left before three months indicates the need for
strategies to improve retention in rehabilitation. Enhancing
motivational interviewing, actively involving family support,
and establishing individualized treatment goals early could
be effective interventions to increase program success and
continuity.

Social support systems emerged as a significant determinant
in this study. Marital status (being married) and good
family relationships significantly increased staying clean
rates (p=0.037 and p=0.035). Family support is known to
enhance motivation, act as a buffer against relapse, and help
individuals develop a sense of belonging and responsibility.**
Hall et al.”’ reported that case management positively
influenced family functioning and parenting attitudes. The
critical role of family in post-inpatient reintegration into
society has also been highlighted in the study by Colgegen et al.*

In this study, variables such as educational level, receipt of
psychosocial support, subcutaneous implant use, family
history of substance use, and suicidal ideation were not
significantly associated with staying clean outcomes. This
suggests that comprehensive and structured inpatient
rehabilitation models, such as Huzur K6y, can have a strong
impact on behavioral change regardless of individuals’
initial risk profiles. Hall et al.* similarly observed significant
reductions in substance use during the first three months of
treatment across all clients, indicating that treatment content
may be more influential than individual differences.

Additionally, the Huzur Koéy model not only provides
external support (counseling, referrals, etc.) but also offers
hands-on vocational training (greenhouse work, cooking,
pastry making, etc.), which enhances self-efficacy and social
integration. These structured, skill-oriented interventions
can foster hope, productivity, and identity in individuals,
thereby reducing relapse risk. Even the Iowa study
reported limited but positive effects of case management
on employment, supporting the notion that employment
and productivity can serve as strong protective factors in
addiction rehabilitation.'**!

Limitations

This study has several limitations. In particular, the
retrospective design, the absence of a control group, and the
reliance of variables solely on recorded documents should
be considered as constraints. Nevertheless, despite these
limitations, the study provides important findings suggesting
that various aspects of the Huzur Koy model may be effective
in addiction treatment based on real-world data.

CONCLUSION

This study highlights that treatment duration, social support
systems, and structured interventions aimed at developing
vocational skills are critical factors in addiction management.
Holistic models such as Huzur K&y offer a recovery-oriented
approach that targets not only substance use but also all
areas of an individual’s life, enabling long-term success. The
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wider implementation of such models across the country, as
well as future controlled, prospective, and long-term studies
to systematically evaluate their effects, is of significant
importance.
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ABSTRACT

Aims: This study aimed to describe the clinical characteristics, risk factors, and treatment outcomes of pressure ulcers (PUs)
among inpatients in a tertiary physical medicine and rehabilitation (PM&R) center. We hypothesized that advanced-stage
ulcers would be associated with longer hospitalization, lower healing rates, and adverse laboratory parameters.

Methods: This retrospective cross-sectional study included 240 adult patients with PUs admitted to the PM&R Hospital of
Ankara Bilkent City Hospital between June 1, 2022, and June 1, 2023. Demographic, clinical, laboratory, and wound-related
data were extracted from medical records and standardized wound care forms. PUs were staged according to the 2019 EPUAP/
NPIAP/PPPIA guideline. Treatment modalities and outcomes were analyzed. Linear regression was performed to identify
predictors of residual wound size.

Results: The mean age of patients was 52.8+22.1 years; 63.3% were male. Frequent comorbidities included arterial hypertension
(34.6%), hyperlipidemia (40.4%), diabetes mellitus (15.4%), and coronary artery disease (10.8%). The most common admission
diagnoses were spinal cord injury (45.0%) and stroke (26.7%). Sacral ulcers (56.1%) predominated, with stage 2-3 lesions
representing 77.1% of cases. Overall healing rate was 78.5%, but declined sharply in stage 4 ulcers (25.0%). Predictors of larger
residual ulcer size included pre-admission ulcer presence (p=0.028), baseline ulcer size (p<0.001), and lower albumin (p=0.002).
Debridement significantly reduced ulcer size (p<0.001). Functional outcomes improved, with 57.6% of non-ambulatory patients
achieving therapeutic ambulation at discharge (p<0.001).

Conclusion: PUs remain a persistent challenge in rehabilitation, limiting both medical care and functional progress.
Advanced-stage ulcers, malnutrition, and osteomyelitis predict poor outcomes, whereas surgical debridement is pivotal for
healing. Integrating preventive strategies, nutritional optimization, and evidence-based therapies into structured rehabilitation
programs can enhance recovery and reduce healthcare burden.

Keywords: Pressure ulcer, rehabilitation, spinal cord injuries

INTRODUCTION

Pressure ulcers (PUs) are a common and consequential health
problem, particularly in clinical conditions associated with
prolonged immobility. Patients admitted to PM&R clinics
due to cerebrovascular events (CVE), spinal cord injury
(SCI), or other neurological disorders are at heightened risk.
Additional predisposing factors include extended intensive
care unit (ICU) stays, advanced age, malnutrition, anemia,
cognitive impairment, and restricted mobility.

Beyond local tissue damage, PUs increase the risk of infection
and sepsis, contribute to mortality, complicate treatment,

prolong hospitalization, escalate healthcare costs, and limit
participation in rehabilitation programs, thereby diminishing
quality of life. A nationwide cross-sectional study from
Finland reported a PU prevalence of 12.7% in acute inpatient
care settings, including hospitals and rehabilitation units.’'
In patients with SCI, a systematic review and meta-analysis
demonstrated that approximately 32% develop a PU during
their lifetime.” Among trauma patients, a retrospective
study from a referral trauma center in Northern Iran found
a prevalence of 27.6%, with older age and lower hemoglobin
levels identified as significant risk factors.’
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While international guidelines delineate the definition,
classification, prevention, and treatment of PUs," patient
profiles and outcomes vary substantially across clinical
settings. Accordingly, characterizing PU features and
admission diagnoses (e.g., CVE, SCI, other neurological
conditions) in PM&R inpatients is essential to inform
effective treatment strategies and preventive interventions.

This study aimed to describe the clinical characteristics,
risk factors, and treatment outcomes of PUs in patients
hospitalized at a tertiary PM&R center. We hypothesized
that, among PM&R inpatients, advanced-stage PUs would be
associated with longer hospital stays, lower healing rates, and
adverse laboratory parameters.

METHODS

Ethics

The study was conducted in accordance with the principles of
the Declaration of Helsinki and was approved by the Ankara
Bilkent City Hospital No. 2 Clinical Researches Ethics
Committee (Date: 21.02.2024, Approval No: E2-24-6500).

Study Design and Setting

This investigation was designed as a retrospective cross-
sectional study and was conducted at the Physical Medicine
and Rehabilitation Hospital (PM&RH) of Ankara Bilkent
City Hospital between June 1, 2022, and June 1, 2023.

Patient Selection and Characteristics

A total of 240 patients were included in the study.
Inclusion criteria:

« Patients admitted to the PM&RH with a PU at the time of
hospitalization

« Patients without a PU at admission but who developed one
during follow-up

» Age 218 years
« Availability of complete medical records
Exclusion criteria:

Patients without a PU at admission and who did not
develop one during follow-up

Age <18 years
Diagnosis of active malignancy

Congenital or acquired immunodeficiency

Incomplete clinical or laboratory data
Data Collection

Medical records and standardized wound care forms
completed by wound care nurses were retrospectively
reviewed. The following variables were extracted for each
patient:

o Demographic data: Age, sex, height, weight, body-mass
index (BMI)

Pressure ulcers in rehabilitation patients

o Clinical variables: Comorbidities, admission diagnosis
to the PM&R clinic, history and duration of ICU stay,
mobility status

+ Wound-related data: Time of onset, duration, anatomical
location, stage, wound size, treatment modalities applied,
and wound outcome

o Laboratory parameters: Hemoglobin, albumin, and

25-hydroxy vitamin D levels at admission

o Discharge data: Discharge destination (home, nursing
facility, death) and wound status at discharge

PUs were classified according to the 2019 International
Guideline issued by the European Pressure Ulcer Advisory
Panel (EPUAP), the National Pressure Injury Advisory
Panel (NPIAP), and the Pan Pacific Pressure Injury Alliance
(PPPIA).*

Wound assessments were based on retrospective chart
review. Wound size was documented in centimeters (cm),
recorded as the longest measurable length and width noted in
the wound care forms. Staging was determined according to
clinical notes, and in cases of uncertainty, classifications were
confirmed by senior physicians as documented in the medical
files.

Treatment modalities were categorized as conventional
wound dressings, advanced wound care products (e.g., silver
dressings, foam dressings), and negative pressure wound
therapy (NPWT). Surgical debridement was recorded as
a separate variable due to its invasive nature and distinct
clinical implications. All treatment data applied during
hospitalization were obtained retrospectively from medical
records and wound care documentation.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 26.0
(Armonk, NY, USA). Continuous variables were summarized

as mean, standard deviation, median, minimum, and
maximum values, whereas categorical variables were
expressed as counts and percentages. Normality of

distribution was assessed with the Kolmogorov-Smirnov
test. For paired comparisons within the same patients, the
paired-Samples-t test was used for normally distributed
data, and the Wilcoxon signed-rank test for non-normally
distributed data. Changes in categorical variables between
admission and discharge were evaluated using the McNemar
test. To identify factors associated with wound size, a linear
regression analysis was performed. A two-tailed p<.05 was
considered statistically significant.

RESULTS

Between June 1, 2022, and June 1, 2023, a total of 5103 patients
aged >18 years were admitted to the PM&RH of Ankara
Bilkent City Hospital. Among them, 240 patients with PU
were included in the study. The mean age was 52.8+22.1
years (range, 18-92), and 63.3% were male. The mean BMI
was 25.2+5.2. Regarding comorbidities, 15.4% of patients had
diabetes mellitus, 34.6% had arterial hypertension, 40.4%
had hyperlipidemia, and 10.8% had coronary artery disease
(Table 1).
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Table 1. Demographic characteristics and comorbidities of the patients

Characteristic Value

Age (mean+SD, min-max) 52.8+22.1 (18-92)
Sex 63.3% male
BMI (mean+SD) 25.2+5.2
Diabetes mellitus 15.4%
Arterial hypertension 34.6%
Hyperlipidemia 40.4%
Coronary artery disease 10.8%

SD: Standard deviation, Min: Minimum, Max: Maximum, BMI: Body-mass index

Among patients admitted to the PM&R clinic with PU,
the most frequent underlying condition was SCI (45.0%),
followed by stroke (26.7%) and immobility syndrome (12.5%).
Less common etiologies included anoxic brain injury (10.8%),
polyneuropathy (3.8%), and multiple sclerosis (1.3%) (Table 2).

Table 2. Admission diagnoses of patients to the PM&R clinic

Diagnosis n %

Spinal cord injury 108 45.0
Stroke 64 26.7
Immobility syndrome 30 12.5
Anoxic brain injury 26 10.8
Polyneuropathy 9 3.8
Multiple sclerosis 3 1.3
Total 240 100

PM&R: Physical medicine and rehabilitation

Of the 240 patients included in the study, 197 (82.1%) presented
with a PU at the time of admission to the PM&R clinic. Among
these, 38 patients (19.3%) had developed the ulcer during
their prior stay in ICUs before referral to rehabilitation. In 30
patients (12.5%), PUs developed during hospitalization in the
rehabilitation clinic. In 13 patients (5.4%), the exact onset time
of the ulcer could not be determined. The mean duration since
diagnosis was 14.8 months (range, 1-360 months). The mean
length of hospital stay in the rehabilitation clinic was 53.6 days
(range, 6-162 days).

The most frequent site of PUs was the sacral region (56.1%;
n=134), followed by the heel (25.1%; n=60) and the ischial
tuberosity (13.0%; n=31). The majority of patients (97.5%)
received daily dressing care with conventional wound
products, whereas only 2.5% underwent NPWT, and 5.0%
(n=12) required surgical debridement. Osteomyelitis was
identified in 1.7% of cases (n=4). Following treatment, a
statistically significant reduction in wound size was observed
compared with baseline measurements (p<.001) (Table 3).

Table 3. Comparison of wound size at admission and discharge

Admission Discharge
median (min-max) median (min-max)
mean+SD mean+SD p
Wound size 4.5 (0.001-3900) 0.5 (0.001-1500) <0.001

SD: Standard deviation, Min: Minimum, Max: Maximum

Patients with stage 4 PUs had the longest mean length of
hospital stay. A statistically significant difference was observed

among the stages in terms of the duration elapsed since
diagnosis (p=.010). Furthermore, the length of hospital stay
increased significantly with advancing ulcer stage (p=.042)
(Table 4).

Table 4. Distribution of pressure ulcers by stages and healing rates

Stage n % Heal(i:/:g rate (l:gzi:yl(egf;?)
Stage 1 25 104 96.0 47.3+28.1
Stage 2 112 46.7 89.3 49.7+£26.4
Stage 3 73 30.4 66.7 56.8+29.4
Stage 4 8 3.3 25.0 77.5%£39.0
Suspected deep tissue injury 3 1.2 0.0 85.0+40.0
Unstageable pressure injury 19 7.9 18.2 61.6+32.4
Total 240 100 = =

The laboratory findings of the patients are presented in Table
5. The mean serum 25-OH vitamin D level was 58.3+34.3
ng/ml, albumin level was 36.4+7.6 g/L, and hemoglobin level
was 12.5£7.1 g/dl. These results indicate that, particularly
albumin and hemoglobin levels, were close to the lower limit
of the normal range, reflecting impaired nutritional and
hematological status in this patient population.

Table 5. Mean laboratory values of the patients

Parameter Mean Standard deviation
25-OH vitamin D level (ng/ml) 58.33 34.29
Albumin level (g/L) 36.42 7.58
Hemoglobin level (g/dl) 12.46 7.13

There was a statistically significant improvement in functional
status between admission and discharge among patients with
pressure injuries in the rehabilitation hospital (p<.001). A
substantial proportion of patients who were non-ambulatory
at admission progressed to therapeutic ambulation (57.6%)
or indoor ambulation (5.1%) by discharge. Similarly, 31.0%
of patients who were initially at the therapeutic ambulation
level advanced to indoor ambulation. Although the transition
to community ambulation was limited (1% of patients), an
overall significant improvement in functional mobility was
observed.

A linear regression analysis was performed to identify
the factors influencing post-treatment PU size. The model
was statistically significant (F=12.141, p<.001), explaining
51% of the variance in ulcer size. Significant predictors
included the presence of hyperlipidemia (B=-1.764, p=.001),
which was associated with smaller ulcer size, whereas
coronary artery disease (B=1.517, p=.004) and arterial
hypertension (B=0.632, p=.045) were associated with larger
ulcer dimensions. Pre-admission ulcer presence (B=0.854,
p=.028) and baseline ulcer size (B=0.904, p<.001) were strong
predictors of increased residual wound size. Lower albumin
levels (B=-0.681, p=.002) were independently associated
with larger ulcers. Hemoglobin level (B=0.251, p=.013)
was also identified as a significant predictor, although the
direction of this association was clinically unexpected.
Debridement significantly reduced ulcer size (B=-3.855,
p<.001), whereas the presence of osteomyelitis predicted
larger ulcer dimensions (B=2.657, p=.017). Diabetes mellitus,
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25-OH vitamin D level, time since diagnosis, and treatment
modalities were not statistically significant predictors (Table 6).

Table 6. Factors influencing pressure ulcer size (linear regression analysis)

Variable B (coefficient) tvalue p value
Comorbidity: diabetes mellitus 0.096 0.221  0.895
Comorbidity: arterial hypertension 0.632 1.874  0.045
Comorbidity: hyperlipidemia -1.764 -3.033  0.001
Comorbidity: coronary artery disease 1.517 2,628  0.004
Time since diagnosis (months) -0.004 -1.054  0.293
Presence of PU before admission 0.854 2209  0.028
Pressure ulcer size (baseline) 0.904 7.658  <0.001
25-OH vitamin D level 0.003 0.808 0.453
Albumin level -0.681 -3.207  0.002
Hemoglobin level 0.251 2,513  0.013
Presence of debridement -3.855 -6.373  <0.001
Presence of osteomyelitis 2.657 2413  0.017
Treatment modalities -0.852 -0.976  0.354

DISCUSSION

PUs are among the most serious complications in patients
requiring prolonged rehabilitation, contributing to increased
morbidity, extended hospital stays, and impaired functional
recovery. In this study, we evaluated 240 inpatients with
PUs admitted to a tertiary PM&R clinic. Lesions were
predominantly located in the sacral region and classified as
stage 2-3. The overall healing rate was 78.5%; however, this
rate declined substantially with advancing ulcer stage, and
outcomes were particularly poor in stage 4 and deep tissue
injuries. Low serum albumin levels, prolonged ICU stay,
osteomyelitis, and larger baseline ulcer size were associated
with adverse outcomes, whereas surgical debridement
significantly improved healing. Moreover, functional status
improved significantly during hospitalization, with more
than half of the initially non-ambulatory patients achieving
therapeutic ambulation by discharge. Taken together,
these findings underscore the critical importance of early
identification, risk factor modification, multidisciplinary
management, and the integration of functional goals within
rehabilitation practice.

In our cohort, PUs were most frequent among patients
with SCI and stroke, which is in line with earlier studies.
Verschueren et al.’ identified SCI patients as the group
at highest risk for PU development during inpatient
rehabilitation. The predominance of sacral ulcers, followed by
heel involvement, also reflects patterns reported in previous
investigations. Lee et al.® confirmed that the heel remains
the second most frequent anatomical location for PUs in
immobilized patients. Similarly, Alito et al.” demonstrated in
their seven-year retrospective analysis that the sacrum and
heel were consistently the most common sites of ulceration.
The predominance of stage 2-3 lesions in our study is also
consistent with previous rehabilitation-based cohorts, further
underscoring the vulnerability of pressure-bearing areas and
highlighting the need for targeted preventive strategies in
high-risk populations.

In our study, the most significant factors associated with
poor clinical outcomes were low serum albumin levels,
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prolonged ICU stay, presence of osteomyelitis, and larger
baseline ulcer size. These findings are consistent with the
literature emphasizing the negative impact of malnutrition
and systemic complications on PU healing. Gheri et al.?®
reported that high CONUT scores independently predicted
PU development in patients with severe acquired brain
injury. Similarly, Langer et al.” demonstrated in their
systematic review that nutritional interventions, particularly
protein supplementation, reduced the incidence of PUs and
accelerated healing. Our finding that low albumin levels
were strongly associated with worse prognosis aligns with
these observations. Osteomyelitis, in particular, was also
a significant predictor of adverse outcomes in our cohort.
This is consistent with recent evidence showing that PUs
complicated by bone infection are especially challenging to
manage and are frequently associated with delayed healing
and higher recurrence rates, particularly among patients with
SCL."

Furthermore, rehabilitation intensity and multidisciplinary
management also play a critical role in outcomes. Chen et al."
showed that patients receiving high-intensity rehabilitation
after ischemic stroke had a significantly lower risk of PU
development.

In addition, Alito et al.,'* in their seven-year single-center
neurorehabilitation experience, reported that patients with
traumatic and non-traumatic SCI receiving multidisciplinary
care achieved significantly better neurological and functional
outcomes. Consistent with these findings, our study
highlights that intensive rehabilitation programs, combined
with nutritional support and integrated wound care, are
essential to improving treatment success in the management
of PUs.

The prevention of PUs remains a cornerstone of management,
particularly in high-risk rehabilitation populations. Self-
management interventions and patient education have
been proposed to improve skin care practices and reduce
PU incidence in individuals with SCL."” Similarly, a recent
umbrella review identified low mobility, low BMI, and a prior
history of PU as the strongest risk factors among wheelchair
users."” Our findings are consistent with these results, as
patients with SCI in our cohort disproportionately presented
with advanced-stage ulcers. Furthermore, in this group, PUs
not only posed medical risks but also restricted functional
recovery and social participation, in line with the findings
reported by Piatt et al."”

Support surfaces are also a critical component of prevention.
Huang et al.* demonstrated in their best-evidence summary that
dynamic air mattresses and pressure-redistribution systems
significantly reduced PU incidence among immobilized
patients. However, the integration of international guidelines
(EPUAP/NPIAP/PPPIA) into daily clinical practice remains
limited, as highlighted in a recent citation analysis by El
Genedy-Kalyoncu and Kottner."” In our study, staging and
classification were based on these guidelines, demonstrating
that local practices are in alignment with international
standards.

National data from Turkiye further support our results.
Several hospital-based studies have reported PU prevalence
rates ranging between 7% and 15%, with hypoalbuminemia
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and immobilization consistently identified as the strongest
risk factors.'®2° The higher risk profile observed in our cohort
can be explained by prolonged ICU stays and neurological
morbidity.

With regard to treatment, the use of NPWT was limited in
our cohort, being applied in only 2.5% of patients. The main
reason was that the device often interfered with mobilization
and the performance of active rehabilitation exercises, which
are essential in PM&R practice. This finding contrasts with the
literature, where NPWT is considered a standard component
of advanced wound management, promoting granulation
tissue formation, reducing exudate, and accelerating healing
when applied appropriately.” Therefore, our results highlight
the need to carefully balance wound care technologies with
rehabilitation priorities to avoid compromising functional
recovery.

In contrast, surgical debridement emerged as one of the
most effective therapeutic interventions in our cohort.
Regression analysis demonstrated that debridement
significantly reduced wound size and improved healing
outcomes, confirming its central role in PU management.
By effectively removing necrotic tissue and bacterial load,
surgical debridement creates an optimal wound bed for
granulation and epithelialization. Previous studies have
similarly reported that debridement, particularly when
combined with appropriate wound care and rehabilitation
strategies, accelerates healing and reduces the risk of systemic
infection.”** Taken together, these findings suggest that
while NPWT remains an evidence-based adjunct for selected
cases, surgical debridement is an indispensable modality in
the management of advanced-stage PUs.

Another noteworthy finding was that higher hemoglobin
levels were associated with larger residual ulcer size. This
result contradicts existing literature, which typically
associates anemia with impaired healing. Indeed, Jeon et al.””
reported that a hemoglobin level of >11 g/dl was associated
with a lower risk of PU worsening. The paradoxical
association may be explained by unmeasured confounders
(e.g., chronic hypoxia, relative polycythemia in severely
immobilized SCI patients) or cohort-specific characteristics.
This highlights the complexity of interpreting laboratory
markers in heterogeneous rehabilitation populations and
underscores the need for prospective studies to clarify the
underlying mechanisms.

Wan et al.** stated that increasing knowledge and awareness
regarding the prevention of PUs, as well as addressing the
shortage of pressure-relieving beds and materials, should
be among the most important strategies. Sen” also 2025
human wound and its burden update, emphasized a wound
management system based on PU prevention, strengthened
by education and supported by technology. In our study,
since the risk of PU development increased with longer
hospital stays, having adequate knowledge and a high level of
awareness about preventive measures is of great importance.

Finally, rehabilitation-based interventions extend beyond
mobilization and nutritional optimization. Physical
modalities such as electrotherapy, laser therapy, and
ultrasound have been investigated as adjunctive treatments
in wound healing. A recent review concluded that these
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modalities may enhance granulation, improve tissue
perfusion, and support scar quality, although the overall
certainty of evidence remains moderate.”* In this context,
incorporating selected physical therapies into comprehensive
rehabilitation programs may further optimize PU healing
and functional recovery.

Looking ahead, artificial intelligence (AI) based applications
hold significant potential in the prevention and management
of PUs. Recent advances in machine learning algorithms
allow the prediction of ulcer risk by identifying patterns from
large patient datasets, thereby enabling the implementation
of individualized preventive strategies. Furthermore, Al
systems integrated with digital wound imaging technologies
can automatically analyze wound size, depth, and necrosis
ratio, offering clinicians objective and dynamic monitoring.
This approach not only provides more accurate prognostic
assessment but also supports rational decision-making
regarding the selection of treatment modalities (e.g., support
surfaces, biological dressings, adjuvant physical therapy).
Therefore, integrating Al-supported decision-making
mechanisms into multidisciplinary care in PM&R clinics
may represent an innovative step toward improving patient
outcomes in the future.

Limitations

This study has several limitations. Its retrospective and single-
center design precludes establishing causal relationships and
limits the generalizability of the findings. Data were obtained
from patient charts and nursing records, which may have
resulted in incomplete information, particularly regarding
the onset of ulcers and variations in treatment processes.
In addition, biochemical parameters were recorded only at
certain time points, overlooking potential dynamic changes.
The heterogeneity of wound care modalities applied during
hospitalization also introduces potential bias. For these reasons,
multicenter, prospective studies are needed to provide more
robust evidence.

CONCLUSION

PUs remain a persistent clinical challenge in PM&R practice,
arising from patient related characteristics and multifactorial
clinical determinants. Although they are a common
complication, timely and evidence-based management can yield
substantial improvements, and their presence should not be
considered a contraindication to rehabilitation interventions. On
the contrary, rigorously structured and scientifically grounded
rehabilitation programs have the potential to promote wound
healing and positively influence clinical outcomes.

In our cohort, surgical debridement emerged as a
cornerstone in the management of advanced-stage PUs,
underscoring its indispensable role alongside preventive
and rehabilitative strategies. The findings further emphasize
that early identification of high-risk patients, the adoption of
individualized preventive measures, and the integration of
effective rehabilitation approaches are critical for reducing
incidence, enhancing functional recovery, and mitigating the
healthcare burden.

Taken together, these results highlight the importance of
combining preventive strategies with effective therapeutic
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modalities within comprehensive rehabilitation frameworks. To
strengthen the generalizability of these findings and to establish
more robust evidence for optimizing clinical protocols, well-
designed prospective multicenter studies are warranted.
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ABSTRACT

Aims: Coronary slow flow (CSF) is an angiographic phenomenon characterized by delayed distal coronary opacification in the
absence of significant epicardial stenosis. Red cell distribution width (RDW), a routinely measured hematologic parameter, has
been proposed as a potential marker of inflammation and microvascular dysfunction. However, although several studies have
demonstrated an association, its role as an independent predictor of CSF remains to be fully established. This study aimed to
evaluate the association between RDW coefficient of variation (RDW-CV) and CSF using multivariate logistic regression and
receiver operating characteristic (ROC) analyses.

Methods: We retrospectively analyzed 153 patients with normal or near-normal coronary arteries on angiography, classified
into CSF (n=73, 47.7%) and non-CSF (n=80, 52.3%) groups based on corrected TIMI frame counts. Clinical, demographic, and
laboratory data were compared between groups. Variables with p<0.10 in univariate analysis were included in multivariate
logistic regression. Diagnostic performance was assessed using ROC curve analysis.

Results: RDW-CV values were slightly higher in the CSF group (13.83+1.24%) compared with the non-CSF group (13.69+1.41%),
but this difference did not reach statistical significance (p=0.419). In multivariate analysis, RDW-CV showed a borderline but
non-significant association with CSF (OR=1.338, 95% CI: 0.967-1.852, p=0.079). Hyperlipidemia (OR=5.305, 95% CI: 1.481-
18.996, p=0.010) remained independently associated with CSF. RDW-CV alone demonstrated poor discriminative ability
(AUC=0.571), whereas the multivariate model achieved good overall predictive performance (AUC=0.833).

Conclusion: RDW-CV is not a strong stand alone predictor of CSF but may contribute to diagnostic accuracy when integrated
with other clinical and laboratory variables. Further prospective studies with larger populations are warranted to clarify its
prognostic role.

Keywords: Coronary slow flow, red cell distribution width, RDW-CV, TIMI frame count, microvascular dysfunction, logistic
regression, ROC analysis

INTRODUCTION

Coronary slow flow (CSF) is an angiographic phenomenon
characterized by delayed opacification of the distal coronary
vasculature in the absence of significant epicardial stenosis.'
It is diagnosed most commonly using the thrombolysis in
myocardial infarction (TIMI) frame count method, which
quantitatively assesses coronary flow velocity.”? Although the
exact pathophysiology remains incompletely understood,

Red cell distribution width (RDW) is a routinely reported
parameter in complete blood counts, reflecting the degree
of anisocytosis (heterogeneity in erythrocyte size). While
traditionally used in the differential diagnosis of anemia,
RDW has emerged as a biomarker linked to inflammation,
oxidative stress, and impaired microcirculation.®'’ Elevated
RDW levels have been reported in various cardiovascular

proposed mechanisms include microvascular and endothelial
dysfunction,  diffuse  atherosclerosis,  inflammatory
activation, and increased small vessel resistance.’®
Clinically, CSF has been associated with recurrent chest
pain, electrocardiographic changes, and, in some cases, acute
coronary syndromes, underscoring its potential prognostic
significance.”

conditions, including heart failure, myocardial infarction,
and stable coronary artery disease.'" "

Several studies have investigated the association between
RDW and CSF, with many demonstrating significantly higher
RDW values in CSF patients compared with controls."*"'¢
For example, Luo et al."” found RDW to be an independent
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predictor of CSF in a cohort of 185 patients, while Kalay et
al." reported a similar relationship alongside serum uric acid
levels. However, not all studies have confirmed RDW as an
independent predictor after adjusting for confounders, and
differences in study design, population characteristics, and
sample sizes have led to inconsistent conclusions. Moreover,
most studies have been conducted in specific geographic or
ethnic populations, limiting the generalizability of findings.

Given these variations, further investigation is warranted
to clarify the independent predictive value of RDW in CSF.
In this context, the present study aimed to evaluate the
relationship between RDW and CSF in a well-defined patient
cohort, using multivariate logistic regression and receiver
operating characteristic (ROC) curve analyses to assess its
diagnostic performance.

METHODS

Ethics

The study was conducted with the permission of the Non-
interventional Clinical Researches Ethics Committee of
Batman Training and Research Hospital (Date: 25.06.2025,
Decision No: 429). This study was conducted in accordance
with the Declaration of Helsinki. This study was conducted
under the same ethical approval that covers the investigation
of hormonal, metabolic, and inflammatory factors associated
with CSF. The present analysis specifically focused on
hematologic and inflammatory parameters; patients lacking
these laboratory data were excluded. Given the retrospective
nature of the study and the use of anonymized patient data,
the requirement for informed consent was waived by the
ethics committee.

Study Design and Population

This retrospective, observational study was conducted in the
Department of Cardiology at Batman Training and Research
Hospital between July 1, 2024, and July 1, 2025. A total of 153
patients who underwent coronary angiography for suspected
coronary artery disease and were found to have normal or
near-normal coronary arteries were included in the analysis.
Hyperlipidemia was defined as a previously documented
diagnosis or the use of lipid-lowering medication. All
participants had complete laboratory data and were deemed
eligible for multivariate analysis.

Patients were classified into two groups according to the
presence of CSF. CSF was defined as a corrected TIMI frame
count (CTFC) greater than the standard reference values for
each major coronary artery, as described by Gibson et al.” The
control group consisted of patients with normal coronary
flow.

Exclusion Criteria

Patients with the following conditions were excluded from
the study: Significant epicardial coronary stenosis defined as a
diameter reduction greater than 40%, left ventricular systolic
dysfunction with an ejection fraction below 50%, and valvular
heart disease of moderate or greater severity. Patients with
a history of myocardial infarction, percutaneous coronary
intervention, or coronary artery bypass graft surgery
were also excluded. In addition, individuals with known
hematologic disorders, chronic inflammatory or infectious

diseases, malignancy, severe hepatic or renal dysfunction
(serum creatinine >2.0 mg/dl or eGFR <30 ml/min/1.73 m?),
or acute coronary syndrome at presentation were not eligible.
Finally, patients with incomplete demographic, laboratory, or
angiographic data were excluded from the analysis.

Coronary Angiography and TIMI Frame Count Analysis

All patients underwent coronary angiography via the femoral
or radial approach using a standard protocol and non-ionic
contrast medium. Angiographic images were originally
recorded at 15 frames per second (fps) and subsequently
converted to an equivalent rate of 30 fps to allow standardized
TIMI frame count (TFC) assessment. TFCs were determined
for the left anterior descending (LAD), left circumflex (LCX),
and right coronary arteries (RCA) in accordance with the
method described by Gibson et al.? For the LAD, the frame
count was divided by 1.7 to obtain the corrected TFC (CTFC).
Based on Gibson’s reference values, CSF was defined as a
CTFC >27 frames for the LAD, >22 frames for the LCX, and
>20 frames for the RCA. The mean CTFC was calculated as
the average of the three major coronary arteries, and values
exceeding these normal limits were considered diagnostic for
CSE.

Laboratory Measurements

Venous blood samples were obtained from each patient
following an overnight fast, prior to coronary angiography.
Complete blood counts were analyzed using an automated
hematology analyzer within two hours of sampling.
RDW was expressed as the coeflicient of variation of red
blood cell volume (RDW-CV, %). Serum levels of glucose,
creatinine, uric acid, and total cholesterol were measured
using enzymatic methods. C-reactive protein (CRP) was
determined by the nephelometric method. All biochemical
parameters were analyzed in the hospital’s central laboratory.

Statistical Analysis

Continuous variables were expressed as meantstandard
deviation (SD) or median (interquartile range, IQR)
according to their distribution, which was assessed using the
Kolmogorov-Smirnov test. Differences between groups were
compared using the independent samples t-test for normally
distributed variables and the Mann-Whitney U test for non-
normally distributed variables. Categorical variables were
presented as counts and percentages, and compared using the
Chi-square test or Fisher’s exact test, as appropriate.

Variables with a p-value <0.10 in univariate analyses were
included in a multivariate logistic regression model to
identify independent predictors of CSF. Odds ratios (OR)
with corresponding 95% confidence intervals (CI) were
reported. The discriminative performance of RDW-CV
and the multivariate model was evaluated using ROC curve
analysis, with the area under the curve (AUC) calculated.

All statistical analyses were performed using SPSS software,
version [22] (IBM Corp., Armonk, NY, USA). A two-tailed
p-value <0.05 was considered statistically significant.

RESULTS

A total of 153 patients were included in the final analysis,
of whom 73 (47.7%) had CSF and 80 (52.3%) had normal
coronary flow. Patients in the CSF group were significantly
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younger than those in the non-CSF group (47.2+10.1 vs.
52.3+10.0 years, p<0.05). The proportion of male patients
was also higher in the CSF group (71.7% vs. 47.6%, p<0.01).
Likewise, current smoking was more prevalent among
patients with CSF compared with those with normal coronary
flow (57.5% vs. 31.2%, p<0.01). No significant differences were
observed between the two groups regarding the prevalence of
hypertension, diabetes mellitus, or hyperlipidemia. Similarly,
there were no significant differences in serum creatinine,
CRP, or platelet count. Although RDW-CV values were
slightly higher in the CSF group compared with the non-CSF
group (13.83+1.24% vs. 13.69£1.41%), this difference did not
reach statistical significance (p=0.419) (Table 1).

Table 1. Demographic and laboratory characteristics of patients with and

without coronary slow flow

Variable No CSF (n:80, 52.3%)  CSF (n:73, 47.7%)
Age (years) 52.33+10.0 47.21+10.1
Male sex (%) 38 (47.6%) 52 (71.7%)
Hypertension (%) 23 (28.7%) 19 (26.0%)
Diabetes mellitus (%) 21 (26.2%) 18 (24.6%)
Hyperlipidemia (%) 27 (33.7%) 26 (35.6.%)
Current smoking (%) 25 (31.2%) 42 (57.5%)
Serum creatinine (mg/dl) 0.91+0.16 0.95+0.32
CRP (mg/L) 4.3548.18 4.76£9.50
WBC (10%/pL) 7.19+£1.96 8.29+2.27
Hemoglobin (g/dl) 13.46+1.54 14.38+1.84
Platelets (10%/uL) 234.24+71.85 229.73+54.18
RDW-CV (%) 13.69+1.41 13.83+1.24

CSF: Coronary slow flow, CRP: C-reactive protein, WBC: White blood cell, RDW-CV: Red cell

distribution width coefficient of variation. Data are presented as mean:+standard deviation or n (%).
Statistical significance was set at p<0.05

In univariate analysis, RDW-CV showed a non-significant
trend toward higher values in patients with CSF. Variables
with p<0.10 in univariate analysis were subsequently entered
into a multivariate logistic regression model (Table 2). In
this model, RDW-CV demonstrated an OR of 1.338 (95% CI:
0.967-1.852, p=0.079) for the presence of CSF, indicating a
borderline but non-significant association. Among the other
covariates, hyperlipidemia (OR=5.305, 95% CI: 1.481-18.996,
p=0.010) remained independently associated with CSF.

Table 2. Multivariate logistic regression analysis for the presence of coronary

slow flow

Variable OR 95% CI p-value
RDW-CV 1.338 0.967-1.852 0.079
Age 0.976 0.937-1.017 0.243
Sex-male 1.272 0.416-3.895 0.673
Hypertension 0.478 0.19-1.207 0.118
Diabetes mellitus 0.782 0.276-2.221 0.644
Hyperlipidemia 5.305 1.481-18.996 0.01
Smoking cigarette 1.024 0.33-3.183 0.967
Serum creatinine 1.045 0.832-1.312 0.705

RDW-CV: Red cell distribution width coefficient of variation, OR: Odds ratio, CI: Confidence

interval. Statistical significance was set at p<0.05

ROC curve analysis revealed an AUC of 0.571 for RDW-CV
alone, indicating limited discriminatory ability for predicting
CSF (Figure 1). By contrast, the multivariate logistic
regression model incorporating RDW-CV together with

the other significant covariates yielded an AUC of 0.833,
suggesting good overall predictive performance (Figure 2).
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Figure 1. ROC curve of RDW-CV alone for predicting CSF (AUC=0.571)

ROC: Receiver operating characteristic, RDW-CV: Red cell distribution width coefficient of variation,
CSF: Coronary slow flow, AUC: Area under the curve
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Figure 2. ROC curve of the multivariate logistic regression model including
RDW-CV and clinical parameters for predicting coronary slow flow
(AUC=0.833).

ROC: Receiver operating characteristic, RDW-CV: Red cell distribution width coefficient of variation,
CSF: Coronary slow flow, AUC: Area under the curve

DISCUSSION

In the present study, RDW-CV values were numerically
higher in patients with CSF than in those with normal
coronary flow; however, the difference did not reach statistical
significance in univariate testing, and RDW-CV showed only
a borderline but non-significant association in multivariable
analysis (p=0.079). These findings suggest that RDW-CV
alone is unlikely to serve as a robust standalone predictor
of CSF in our cohort, although it may contribute within a
multivariable framework.

Our results should be interpreted in the context of prior
literature. Several cohorts conducted in different centers and
populations reported higher RDW values among CSF patients
compared with controls and supported hematologic indices
as correlates of the CSF milieu characterized by low-grade
inflammation and microvascular dysfunction. Beyond CSF,
studies in broader coronary populations have linked RDW
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with disease burden and adverse outcomes, reinforcing its
biological plausibility as an inflammation and hemorheology
related marker."”**

Microvascular flow resistance can result from alterations in
hemorheological properties of blood. Increased heterogeneity
in erythrocyte size, expressed as RDW, may impair blood
fluidity and compromise microcirculatory perfusion. In
this context, Patel et al.** demonstrated that elevated RDW
was associated with impaired erythrocyte deformability,
highlighting a potential mechanism by which anisocytosis
adversely affects microvascular flow dynamics. Given that
CSF is characterized by increased microvascular resistance
and endothelial dysfunction, the relationship between
elevated RDW and reduced red cell deformability provides
a plausible explanation for the observed association between
RDW and CSF. Reduced deformability of erythrocytes
may increase blood viscosity, exacerbate microvascular
dysfunction, and thereby contribute to the pathophysiology
of CSE.

At the same time, heterogeneity across studies complicates
direct comparison. Differences in cohort size, ethnicity/
geography, timing of blood sampling, analytic platforms
for RDW (RDW-CV vs. RDW-SD), and model covariates
(e.g., inflammatory and lipid parameters) may substantially
influence effect estimates. In our dataset, adjustment for
clinical and biochemical covariates attenuated the association
of RDW-CV with CSF, which may reflect confounding
by inflammation and lipid-related pathways captured
more directly by other variables. Notably, although the
prevalence of hyperlipidemia was not significantly different
between groups in univariate comparisons, it emerged as
an independent predictor in our multivariable analysis. This
apparent discrepancy may be explained by confounding
effects of age, sex, and smoking, which could have masked the
association in unadjusted analyses. When these factors were
accounted for, the contribution of hyperlipidemia became
more evident.

Mechanistically, elevated RDW reflects anisocytosis
and impaired red-cell deformability, which can worsen
hemorheology and increase flow resistance.”>*” Prior work
connects higher RDW with endothelial dysfunction and
with greater coronary disease burden and severity on
angiography.”® These insights are pathophysiologically
consistent with microvascular abnormalities described in
CSE, even if RDW-CV did not emerge as an independent
predictor in our adjusted model.

Limitations

This study has several limitations. First, it was conducted
in a single center with a relatively small sample size, which
may limit the generalizability of the findings. Second,
the observational and cross-sectional design precludes
establishing causal relationships between RDW-CV and
CSEF. Third, RDW-CV measurements were based on a single
blood sample obtained at admission; thus, potential temporal
variations could not be assessed. Finally, unmeasured
confounding factors, including nutritional status, bone
marrow function, and other inflammatory markers, may
have influenced the results.

CONCLUSION

In this study, RDW-CV levels were slightly higher in patients
with CSF compared to those without CSF; however, this
difference did not reach statistical significance. RDW-CV
alone demonstrated poor discriminative ability for predicting
CSF, whereas a multivariate logistic regression model
incorporating RDW-CV along with other clinical and
laboratory parameters achieved good diagnostic performance.
These findings suggest that RDW-CV may not serve as a
strong standalone predictor of CSF, but it could contribute
meaningfully when integrated into a comprehensive risk
assessment model. Reporting such borderline or non-
significant results is important for reducing publication bias
and providing balanced evidence for future meta-analyses
and systematic reviews.
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ABSTRACT

Aims: This study aimed to evaluate serum zinc concentrations in individuals diagnosed with FMF and to determine whether
zinc status influences inflammatory activity.

Methods: We retrospectively reviewed the medical records of patients with FMF, who were under the follow-up of our
nephrology-rheumatology center between 2018 and 2025.

Results: One hundred twelve FMF patients (M/F=52/60) with a mean age of 11.9+5.1 years were included in this study. 35
(31.3%) of the patients have compound heterozygous mutation and 77 (68.8%) have heterozygous mutation. There was no
difference in mean of leucocyte count and zinc level between these mutation groups. The mean pre-treatment sedimentation
was significantly higher in patients with frequent attacks (p=0.021). However there was no difference between the attack
frequency groups in mean of gender age, both of pre and post-treatment CRP, zinc, leucocyte count and post- treatment
sedimentation (p>0.05). There was a positive correlation between mean zinc and mean leucocyte count, CRP levels (p=0.019,
r=0.334 and p=0.016, r=0.344 respectively), but not with sedimentation.

Conclusion: Notably, in our current study, serum zinc levels were positively associated with inflammatory markers in FMF

patients.

Keywords: Familial Mediterranean fever, zinc, inflammation, C-reactive protein, leukocyte count, pediatric rheumatology

INTRODUCTION

Chronic inflammation is known to contribute to progressive
tissue and organ damage and is associated with a greater
likelihood of developing chronic diseases. Inflammation
is typically characterized by increased levels of acute-
phase reactants such as C-reactive protein (CRP), leucocyte
count, erythrocyte sedimentation rate (ESR) and other
inflammatory mediators (IL-6,TNF-alfa).! Zinc, recognized
for its antioxidant and anti-inflammatory functions, has
been found to inversely correlate with CRP concentrations
in previous studies.>® Zinc supports the activity of these
antioxidant enzymes and serves as a key micronutrient
in defending cells against oxidative stress.”” Familial
Mediterranean fever (FMF) is a hereditary inflammatory
disorder associated with mutations in the MEFV gene,
located on chromosome 16p, which encodes the pyrin (also
known as marenostrin) protein.® Pyrin is predominantly
expressed in neutrophils and regulates intracellular pathways
that drive excessive IL-1p production.”

This study aimed to evaluate serum zinc concentrations in
individuals diagnosed with FMF and to determine whether
zinc status influences inflammatory activity.

METHODS

The ethics committee approval of the study was obtained
from the Kirikkale University Clinical Researches Ethics
Committee (Date: 25.06.2025, Decision No: 2025.25.08). All
procedures were carried out in accordance with the ethical
rules and the principles of the Declaration of Helsinki.

Patients diagnosed with FMF during the study period were
included in the study. We retrospectively reviewed the
medical records of patients with FMF, who were under the
follow-up of our nephrology-rheumatology center between
2018 and 2025. At the time of data entry we recorded
demographic information, the data on mutation type, and
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the levels of zinc, CRP, leucocyte count, and ESR at the pre-
treatment stage and also post-treatment. The patients were
categorized as patients with compound and heterozygous
mutations as well as patients with rare and frequent attacks.
To evaluate the frequent attack we used the criteria proposed
by Pras et al.® Patients with malnutrition, active infection, or
using a zinc supplement were excluded.

Statistical Analysis

The study data underwent analysis using the SPSS (Statistical
Package for Social Science) 27.0 software package. The
normality of the data distribution was assessed using
the Kolmogorov-Smirnov test. Differences between the
continuous variables in the two groups were evaluated using
the Student's t-test. Differences in proportions were evaluated
using the Chi-square test. Correlations between parameters
were assessed using Pearson/Spearman correlation tests. The
level of significance was set at p<0.05.

RESULTS

One hundred twelve FMF patients (M/F=52/60) with a
mean age of 11.9+5.1 years who presented to the pediatric
nephrology/rheumatology clinic were included in this study.
35 (31.3%) of the patients have compound heterozygous
mutation and 77 (68.8%) have heterozygous mutation. There
was no difference between the mutation groups in mean of
gender and age (p=0.358 and p=0,182, respectively)

Both pre and post-treatment CRP and sedimentation levels
were higher in the compound mutation group than in
the heterozygous group (p<0.05). However there was no
difference in mean of leucocyte count and zinc level between
these mutation groups (Table 1).

Table 1. Comparison of the mutation groups

Heterozygous Compound

Variable =77 n=35 p-value
Gender (male)
n (%) 38 (49.4) 14 (40) 0.358
g’.le"‘n ageat 8.3+4.4 7.0£4.4 0.182
iagnosis* (year)
CRP** (mg/dl)
Pre-treatment 2.1 (0.05-121.6) 39 (0.5-250.4) <0.001
Post-treatment 0.6 (0.03-139) 3 (0.2-160) <0.001
Sedimenation
(mm/hr)**
Pre-treatment 17 (3-98) 35 (7-129) <0.001
Post-treatment 13 (2-114) 21 (4-68) 0.011
Leucocyte (/10%)**
Pre-treatment 7930 (4230-23680) 9450 (4480-23820) 0.159
Post-treatment 7820 (4850-20250) 8045 (4220-14560) 0.929
Zinc (pg/dl)*
Pre-treatment 100.9+£22.0 98.3£19.6 0.667
Post-treatment 102.4+16.7 104.1+14.0 0.704

CRP: C-reactive protein, *Mean+Standard deviation,**Median (minimum-maximum)

The mean pre-treatment sedimentation was significantly
higher in patients with frequent attacks (p=0.021). However
there was no difference between the attack frequency groups
in mean of gender age, both of pre and post-treatment CRP,
zinc, leucocyte count and post- treatment sedimentation
(p>0.05) (Table 2).

Leucocyte count, CRP, Zinc, Sedimenation averages were
obtained for correlation analysis. There was a positive
correlation between mean zinc and mean leucocyte

Table 2. Comparison of attack frequency groups

q Rare attacks Frequent attacks
Variable =22 =90 p-value
Gender (male) n (%) 13 (59) 45(50) 0.487
Mean age at diagnosis 7.5+4.7 7.7+4.3 0.907
(year)
CRP (mg/dl)**
Pre-treatment 4.5 (0.1-106) 4.2 (0.1-212) 0.725
Post-treatment 0.5 (0.2-149) 1.1 (0.1-69.5) 0.481
Sedimenation
(mm/hr)**
Pre-treatment 11 (5-40) 25 (4-83) 0.021
Post-treatment 11 (5-68) 14 (2-47) 0.419
Leucocyte
count(/103%) **
Pre-treatment 8130 (4480-16700) 8300 (4230-23820)  0.953
Post-treatment 8320 (4850-13210) 7550 (4600-20250)  0.382
Zinc (pg/dl) **
Pre-treatment 110.67+21.8 99.0+16.8 0.147
Post-treatment 97.5%£15.4 104.4+ 14.1 0.187

CRP: C-reactive protein, *Meanz+Standard deviation,**Median (minimum-maximum)

count, CRP levels (p=0.019, r=0.334 and p=0.016, r=0.344
respectively), but not with sedimentation. There was positive
correlation between sedimentation , leucocyte count, CRP,
within each parameter (Table 3).

Table 3. Correlation of zinc with the mean acute phase reactants

Variable Leuocyte Sedimenation = CRP Zinc
p<0.001 p<0.001 p=0.019
LEnEot;ite Sou: r=0.481 r=0463  r=0.334
) . p<0.001 p<0.001 p=0.133
Sedimetation 1=0.481 1=0.568 1=0.222
o p<0.001 p<0.001 p=0.016
r=0.463 =0.568 =0.344
. p=0.019 p=0.133 p=0.016
Ziee r=0.334 r=0.222 =0.344

CRP: C-reactive protein

DISCUSSION

In this study, we evaluated zinc levels in patients with
FMF and investigated their association with inflammatory
markers. This study appears to be one of the first to investigate
zinc levels in pediatric patients with FMF.

Oxidative stress is known to contribute to the inflammatory
episodes observed in FMFE.’ Trace elements like zinc are
crucial for defending cells and tissues against damage
caused by free radicals.'” A decline in these elements can
impair antioxidant defenses. Nevertheless, there is still
limited understanding of how trace elements influence the
inflammatory flares seen in FMF.

We did not find a significant difference between zinc levels,
either in mutation groups and attack groups. Likely in a study
comparing rheumatoid arthritis and osteoarthritis found
no significant differences in zinc concentrations in plasma
and synovial fluid between the patients groups and control
groups.''

We observed a positive correlation between zinc levels and
CRP, leucocyte counts. Several studies have explored the
link between dietary zinc and inflammatory markers. In
the U.S., research involving healthy individuals identified
a notable positive association between zinc intake and
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CRP concentrations.” Similarly, Jung et al.”? showed a
comparatively clearer linear association was observed
between serum zinc concentrations and inflammatuary
markers particularly in women. Conversely, investigations
among older adults in Brazil found a negative correlation
between serum zinc levels and CRP.* Our interpretation
emphasized that zinc may act as an acute-phase reactant
under specific inflammatory conditions such as FMF, rather
than serving as a simple anti-inflammatory indicator. We
suggest that zinc concentrations may fluctuate in parallel
with inflammatory activity, but this does not imply a causal
relationship or confirm that zinc behaves as an acute-phase
reactant.

Although zinc is generally described as inversely related to
inflammatory activity, our finding of a positive correlation
between zinc and CRP in FMF may reflect disease-specific
metabolic responses rather than a simple anti-inflammatory
relationship. During acute inflammatory episodes,
cytokine-driven induction of metallothionein and hepatic
redistribution of zinc can transiently alter serum zinc
concentrations.” In addition, frequent inflammatory attacks
and colchicine therapy may modify zinc kinetics, leading
to short-term elevations in circulating zinc despite chronic
intracellular depletion.” These mechanisms could explain
the observed positive association without implying that zinc
promotes inflammation.

Limitations

An important limitation of our study was, measurements of
acute phase reactanst and zinc were taken at two time points
(pre and post-treatment); including more time points would
have added value to our study. This factor restrict the ability
to infer causality and generalize the findings. Nevertheless,
this study is one of the first pediatric studies to investigate the
association between zinc status and inflammatory markers in
FMF.

CONCLUSION

Notably, in our current study, serum zinc levels were
positively associated with inflammatory markers in FMF
patients. Further research is required to explore the exact
mechanisms connecting zinc and inflammation, and may
also help to evaluate the effects of zinc supplementation in
patients with FMF.
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ABSTRACT

Aims: This study aimed to investigate whether the CALLY index is associated with mortality in patients admitted to intensive
care due to decompensated heart failure.

Methods: In this retrospective study, 130 patients diagnosed with decompensated heart failure admitted to the intensive
care unit between 15 October 2023 and 15 October 2024 were included. Demographic data, comorbidities, stages of heart
failure, length of stay in the intensive care unit, and mortality status were examined. CALLY index were calculated, and their
relationship with mortality was examined.

Results: The CALLY index was found to be statistically significant in distinguishing mortality (p=0.018). A higher mortality
rate was observed in the group with a low CALLY index (<0.12) (% 26.9% vs % 10.3%) (p=0.013).

Conclusion: In patients with decompensated heart failure followed in the intensive care unit, mortality was inversely related
to the CALLY index. The CALLY index, a straightforward method for calculation, can serve as a guide for clinicians in
determining prognosis.

Keywords: Heart failure, CALLY index, intensive care unit

INTRODUCTION

Heart failure is one of the most common reasons for
admission to intensive care units from emergency
departments worldwide." According to the European Society
of Cardiology (ESC) guidelines, heart failure is classified into
three groups based on ejection fraction: heart failure with
reduced ejection fraction, heart failure with mildly reduced
ejection fraction, and heart failure with preserved ejection
fraction (Figure).?

Heart failure with reduced ejection fraction (HFrEF, EF <40%)

Heart failure with mildly reduced ejection fraction (HFmrEF, EF 41-49%)

Admission to hospital for decompensated heart failure is
frequently seen in patients with low ejection fraction, but
it can be observed in all EF groups, regardless of ejection
fraction.® Decompensated heart failure is a clinical condition
characterised by acute worsening of heart failure symptoms
and haemodynamic instability, often requiring intensive care

unit admission and having a risk of mortality.>* Figure. Classification of heart failure according to ejection fraction, based on
the European Society of Cardiology Guidelines®

Heart failure with preserved ejection fraction (HFpEF, EF 250%)

Decompensated heart failure may also occur due to causes

such as fluid overload, coronary ischaemia, arrhythmia, —inflammation.”*” Malnutrition, one of the factors affecting
tachycardia, toxic damage, oxidative stress, thyroid prognosis and mortality in intensive care units, is also one of
dysfunction, anaemia, renal dysfunction, infection, and the factors that lead to decompensated heart failure.'*"

Corresponding Author: Esra Polat, esrapolat-1907@hotmail.com

@ G) @@ This work is licensed under a Creative Commons Attribution 4.0 International License.

E MG MD



https://orcid.org/0000-0002-4734-1879
https://orcid.org/0000-0002-3766-7269
https://orcid.org/0009-0007-2217-9530
https://orcid.org/0000-0002-7344-0328
https://orcid.org/0000-0002-2327-3349
https://orcid.org/0000-0002-2330-2816

Ank Med J. 2025;4(4):88-92

It is known that blood tests showing the immune system
and inflammation status, such as albumin, lymphocyte,
and C-reactive protein, can be used separately to evaluate
malnutrition.">" Lately, the CALLY index, which is formed
by combining these three components—CRP, albumin, and
lymphocytes—has been used to assess the prognosis and
mortality of cancer patients. It has been reported that the
CALLY index can be used to predict poor prognosis and
mortality in cancer patients.'*"

This study investigated whether the CALLY index is
associated with mortality in patients admitted to intensive
care due to decompensated heart failure, thereby aiming
to provide new evidence regarding the clinical value of this
integrated biomarker in critical care practice.

METHODS

Ethics

The study was performed retrospectively. It was conducted
in the coronary care units of a tertiary care hospital. Ethics
committee approval has been obtained from the Ethics
Committee for Non-interventional Clinical Researches at
Gaziantep City Hospital (Date: 17.09.2025, Decision No:
2025/297). All procedures were carried out in accordance
with the ethical rules and the principles of the Declaration of
Helsinki.

Selection of Participants

Patients diagnosed with decompensated heart failure and
who were hospitalised in the intensive care unit between 15
October 2023 and 15 October 2024 were included in the study.
A total of 130 patients aged 18 years and older with complete
medical records in the intensive care unit were included.

Measurements and Outcomes

The study examined patients' demographic data, comorbidities,
stages of heart failure, EF, mortality, and length of intensive
care unit stay. Routine biochemical and haematological blood
parameters taken during admission to the intensive care unit
were examined.

The CALLY index was calculated using the formula: CALLY
index=(albumin (g/L)xlymphocyte count (10%L))/CRP (mg/
dDx10%.'¢

Statistical Analysis

The data analyses were performed using TBM SPSS Statistics
for Windows. Version 25.0 (Statistical Package for the Social
Sciences, IBM Corp., Armonk, NY, USA). Descriptive
statistics were presented as n and %, for categorical variables,
and mean+SD and median (min-max) for continuous
variables. Independent t-tests were used for binary group
comparisons. Pearson Chi-square tests were used for
comparisons of categorical variables. ROC curve analysis was
used for CALLY score mortality discrimination. p<0.05 was
considered statistically significant.

RESULTS

The mean age of the patients included in the study was
67.59+12.40. The mean intensive care unit stay was 5.27+4.44
days. The patients were 50.8% male (n=66). The prevalence of

CALLY index and decompensated heart failure

diabetes mellitus (DM) was 63.1% (n=82), hypertension (HT)
was 83.8% (n=109), coronary artery disease (CAD) was 58.5%
(n=76), and hyperlipidemia was 36.9% (n=48). The prevalence
of chronic kidney disease (CRF) was 50.0% (n=65). In terms
of cardiac function, those with an ejection fraction (EF) <40
were 78.5% (n=102), those between 40-49 were 6.9% (n=9),
and those 250 were 14.6% (n=19). The rate of patients with
a history of stroke was determined to be 2.3% (n=3). When
mortality was considered, 83.1% (n=108) of patients were
alive during the follow-up period, while 16.9% (n=22) had an
exitus (Table 1).

Table 1. Distribution of clinical data of patients

Variables n %
Age

Mean+SD 67.59+12.40

Median (min-max) 68.5 (35-95)
Length of hospital admission (day)

Mean+SD 5.27+4.44

Median (min-max) 4.0 (1.0-25.0)
Gender
Male 66 50.8
DM
Yes 82 63.1
HT
Yes 109 83.8
CAD
Yes 76 58.5
Hyperlipidaemia
Yes 48 36.9
CRF
No 65 50.0
CREF present, no dialysis 54 41.5
CREF present, irregular dialysis 7 5.4
CRE present, regular dialysis 4 3.1
HF

EF<40 % 102 78.5

EF:40-49 % 9 6.9

EF>50 % 19 14.6
Stroke
Yes 3 2.3
EF %

Mean+SD 32.31+11.61

Median (min-max) 30.0 (15.0-55.0)
Mortality
Exitus 22 16.9

DM: Diabetes mellitus, HT: Hypertension, CAD: Coronary artery disease, CRF: Chronic renal failure,

HEF: Heart failure, EF: Ejection fraction, SD: Standard deviation, Min: Minimum, Max: Maximum

Table 2 shows the statistics regarding the patients' laboratory
parameters. The mean albumin level was 35.42+5.20, the
mean lymphocyte count was 1.80+0.87, and the mean CRP
level was 33.03+38.28 (Table 2).

As shown in Table 3, the CALLY score was found to be
statistically significant in discrimination mortality (p=0.018).

The study was divided into two groups based on the CALLY
index: <0.12 (n=52) and >0.12 (n=78). A significant difference
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Table 2. Patients' biochemical and haematological data

Variables Min Max Avg. SD
Glukose (mg/dl) 50.00 535.00 191.10 100.79
Urea (mg/dl) 21.80 181.00 70.24 35.27
Serum creatinine (mg/dl) 0.37 8.10 1.47 1.06
Sodium (mmol/L) 115.00 145.00 136.36 5.07
Potassium (mmol/L) 3.02 6.88 4.52 0.71
Albumin (g/L) 19.60 45.90 35.42 5.20
ALT (U/L) 5.00 468.00 39.72 70.46
AST (U/L) 10.00 726.00 57.45 105.44
ALP (U/L) 20.00 584.00 118.01 89.75
GGT (U/L) 9.00 1107.00 102.31 147.87
Total cholestrol (mg/dl) 82.00 352.00 173.80 53.09
TG (mg/dl) 47.00 819.00 131.10 88.90
LDL (mg/dl) 26.00 244.00 106.79 41.86
HDL (mg/dl) 17.00 119.00 42.60 16.01
WBC (10°/L) 2.10 28.30 11.35 4.92
PLT (10°/L) 40.00 750.00 282.39 121.15
HB (g/dl) 6.40 17.30 11.79 2.25
Lymphocyte (10°/L) 0.10 17.00 1.81 1.82
Neutrophil (10°/L) 1.50 26.90 8.69 4.67
CRP (mg/L) 0.30 215.60 33.03 38.28
CALLY index 0.10 1.89 .30 0.29

SD: Standard deviation, Min: Minimum, Max: Maximum, ALT: Alanine aminotransferase,
AST: Aspartate aminotransferase, ALP: Alkaline phosphatase, GGT: Gamma glutamyl transferase,
LDL: Low-density lipoprotein cholesterol, HDL: High-density lipoprotein cholesterol, PLT: Platelet,
'WBC: White blood cell, Hb: Hemoglobin, CRP: C-reactive protein

Table 3. Analysis of the predictive value of the CALLY index in predicting
mortality in patients

q Cut-  Sensitivity Specificity
Variables AUC 95% CI off (%) (%)
CALLY 0.661 0.534-0.787 <0.12 54.7 54.4 0.018

AUC: Area under the curve, 95% CI: Confidence interval

was found in terms of mortality; the mortality rate was
26.9% in the group with a low CALLY index (<0.12), while
it was 10.3% in the group with a high CALLY index (>0.12)
(p=0.013). There was no difference between the groups in
terms of intensive care hospitalisation days (5.23+5.22 vs.
5.30+3.88; p=0.923). When heart failure (HF) staging was
examined, EF<40 values were predominant in both groups,
and no statistically significant difference was observed in
terms of distribution (p=0.339). When comparing ejection
fraction (EF) values, the mean EF was 30.05+11.49 in the low
CALLY group and 33.82+11.51 in the high CALLY group,
with a borderline significant difference between the two
(p=0.070) (Table 4).

DISCUSSION

In this study, which examined the relationship between
the CALLY index and mortality in patients admitted to
intensive care due to decompensated heart failure, it was
observed that the CALLY index was statistically significant in
distinguishing mortality. It showed that mortality was higher
in the group with a low CALLY index.

The CALLY index, which provides information about
patients' immune status, nutritional status, and inflammation

Table 4. Comparison of different variables according to CALLY groups

CALLY
<0.12(n=52) >0.12(n=78)  p
Mortality

Survivor 38 (73.1) 70 (89.7)

Exitus 14 (26.9) 8 (10.3) 0013
Laigiheliopilaiiision g on 00 530£388 0923
(day)

HF-EF %

<40% 44 (84.6) 58 (74.4)

40-49% 2(38) 7(9.0) 0.339°

>50% 6 (11.6) 13 (16.7)

EF % 300541149 338241151  0.070°

HF: Heart failure, EF: Ejection fraction, a: Pearson Chi-Square test, b: Independent t-test, p<0.05

statistically significant

status based on CRP, albumin, and lymphocyte parameters,
was first used in cancer patients.'” In cancer patients with a
low CALLY index, increased preoperative complications,
increased infection and increased mortality have been
observed.'”'®

Later, it has been used in other diseases related to
inflammation. A study conducted on 17.946 asthma patients
showed a negative correlation between asthma and CALLY
index.” In another inflammatory disease, rheumatoid
arthritis, a negative relationship has been demonstrated
between disease activity and the CALLY index.”

According to studies performed in intensive care units, the
CALLY index can be used to predict one-month mortality in
sepsis patients admitted to intensive care units.”' It has also
been reported that the CALLY index can predict mortality in
patients admitted to intensive care units due to stroke.*”

Regarding the CALLY index, looking at cardiac patients, a
study involving 16.291 patients with angina pectoris, in which
inflammation also plays a role in the formation mechanisms,
observed a negative correlation between angina pectoris
and the CALLY index.” CALLY index has also been shown
to be useful in predicting major adverse cardiovascular
events (MACE) and mortality in patients with ST-elevation
myocardial infarction (STEMI) undergoing percutaneous
intervention.”* The CALLY index has been shown to be useful
in predicting atrial fibrillation (AF) recurrence in patients
undergoing AF ablation.”” Candemir et al.* reported in a
retrospective study that there was a negative correlation
between length of hospital stay and CALLY index in patients
hospitalised with decompensated heart failure.

In our study, consistent with the literature, it was determined
that the CALLY index can be used to predict mortality in
patients admitted to the intensive care unit with the diagnosis
of decompensated heart failure, and that higher mortality
was seen in patients with a low CALLY index.

Limitations

Our study has several limitations. Firstly, the nutritional
parameters of the patients are unknown. The body mass
index of the patients is unknown for subgroup analysis. The
nutritional status of patients who died during the period of
intubation is unknown.
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CONCLUSION

The CALLY index was negatively associated with mortality in
patients with decompensated heart failure monitored in the
intensive care unit. This index, which is easy to calculate in the
intensive care unit and does not require any additional costs,
can be automatically calculated by software programmes and
used by clinicians as a guide for prognosis in patients with
heart failure.
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Dear Editor,

We would like to share a rare and challenging case of
rapidly progressive scoliosis in a pediatric patient with
Angelman syndrome, which may contribute to the clinical
understanding of spinal deformities associated with
neuromuscular disorders. A 14-year-old female patient
diagnosed with Angelman syndrome presented with a rapidly
worsening spinal deformity over the past three months.
Her gait, previously ataxic and unsteady, deteriorated
significantly, and she developed marked weakness in the
right lower extremity. Caregivers also reported a decline
in her motor performance at her special education school,
and she became unable to ambulate without assistance.
On neurological examination, the patient was non-verbal
and appeared apathetic, with severe cognitive impairment.
Muscle strength was assessed using the medical research
council (MRC) 0-5 scale. Preoperatively, the upper extremity
strength was 5/5 bilaterally, the left lower extremity was 4/5,
and the right lower extremity was 2/5.

Angelman syndrome (first described by Dr. Harry Angelman
in 1965) is a neurogenetic disorder caused by abnormalities
in the maternal chromosome 15ql1-ql13 region (loss
of maternal UBE3A gene function), with an estimated
incidence of approximately 1 in 15.000-30.000 live births.!
Clinically, Angelman syndrome is characterized by severe
developmental delay, profound speech impairment (minimal
to no spoken language, though receptive comprehension is
often better), gait and balance difficulties (ataxic movements),
microcephaly, abnormal electroencephalography findings,
disordered sleep, and a characteristically happy demeanor
with frequent laughter.” Notably, scoliosis is a common
comorbidity in Angelman syndrome, reported in roughly
10-20% of affected children and up to 30-50% of adults as
they age.* Given the progressive nature of her scoliosis and
associated neurological deficits, surgical intervention was
considered. In such complex spinal cases, intraoperative
neuromonitoring plays a critical role in reducing the risk of
neurological complications.

Intraoperative neuromonitoring included somatosensory
evoked potentials (SEP), motor evoked potentials (MEP), and
free-run electromyography, with total intravenous anesthesia
(TIVA) used to optimize signal quality, avoiding inhalational
agents and minimizing neuromuscular blockade. Baseline
SEP and MEP responses were obtained in the supine position
after induction and intubation, and monitored continuously
after turning the patient prone and throughout all stages of
correction. Postoperatively, posterior segmental pedicle-
screw instrumentation resulted in correction and improved
coronal alignment (Figure).
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Figure. Pre- and immediate postoperative whole-spine radiographs in a
14-year-old girl with Angelman syndrome. (A) Standing AP film shows severe
double-curve neuromuscular scoliosis with Cobb angles of 79.4° and 80.7°.
(B) Postoperative AP film demonstrates posterior segmental pedicle-screw
instrumentation with correction and improved coronal alignment
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This case underscores the need for early recognition and
individualized surgical planning for spinal deformity in
Angelman syndrome. Intraoperative neuromonitoring is
indispensable—baseline values should be obtained in the
supine position, re-verified after prone positioning, and
neurophysiological signals interpreted throughout corrective
maneuvers in close coordination with anesthesia—to
minimize risk in these high-risk patients.
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