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FRAILTY AND RELATED FACTORS IN ELDERLY
PATIENTS WITH CHRONIC KIDNEY DISEASE

AsstrRACT

Introduction: Chronic kidney disease and frailty are two crucial clinical
conditions increasing in prevalence globally. Both lead to severe complications
that increase mortality and morbidity in patients. Conditions that may potentiate
frailty in chronic kidney disease patients may complicate the follow-up of chronic
disease and complicate long-term survival in this patient group. In this study, we
aimed to evaluate frailty and related factors in chronic kidney disease patients
over 65 years of age who were on dialysis and who were not.

Materials and Methods: This cross-sectional study was carried out in
geriatric chronic kidney disease patients followed in nephrology outpatient
clinics or undergoing routine hemodialysis. Frailty was assessed using a
scoring scale. Laboratory findings and their relationship with demographic and
epidemiological data were investigated.

Results: One hundred eighty-eight patients aged 65 and over were included
in our study. Of the patients, 92 were female, and 96 were male. The mean age
was 72.86 years. We found frailty in 82 patients (43.6%). Female gender, over 75
years old, under dialysis treatment, low-income status, and low education level
were parameters significantly associated with frailty. In the regression analysis,
we found that economic status and dialysis were variables that independently
affected frailty in chronic kidney disease patients.

Conclusions: In our study, the frequency of frailty was found to be high.
Practical management and early assessment of frailty seem rational with the basic
nephrological approach in patients with chronic kidney disease. Considering
the high mortality rate among frail patients, we think these patients should be
followed up more closely.

Keywords: Frailty; Aged; Renal Insufficiency, Chronic.
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INTRODUCTION

With the increase in the elderly population globally
and in Turkey, some geriatric syndromes with low
awareness in previous decades have become more
common. One of these geriatric syndromes is frailty

M.

Frailty is a dynamic entity with a decrease
in physical, mental, and social life potentials
advancing age and subsequent clinical, cognitive,
and psychological negative consequences (2). It is
a heterogeneous process that must be evaluated
effectively in clinical practice, mainly because it
causes an increase in morbidity and mortality in
geriatric patients. Frail elderly patients have low
physical performance abilities and a high probability
of experiencing general health problems (3).

Chronic kidney disease (CKD) is a progressive,
chronic  clinical
complications, an independent risk factor for
cardiovascular disease, and a serious public health
problem. Both morbidity and mortality are high
among CKD patients, the incidence of which is
increasing daily all over the world, and this creates a
serious cost burden for health systems (4). However,

entity with various serious

many studies have shown that frailty increases in
patients with CKD. It may be over 60% of patients
receiving hemodialysis (HD) (2). Also, it was reported
that frail patients had less planned dialysis initiation
than a non-frail group (5).

As renal functions worsen, malnutrition and
sarcopenia tend to increase in CKD patients due
to uremic nausea and vomiting, insufficient oral
intake due to gustatory changes, polypharmacy,
concomitant chronic diseases, and strict diet
practices. This challenging setting provides suitable
grounds for frailty in patients (6). However, it has also
been suggested that some non-pharmacological
approaches may positively affect frail patients
receiving hemodialysis. For example, some
approaches as interventions to correct nutritional
deficits and weight loss can help reduce the frailty

level of patients. Therefore, early diagnosis of frailty
is crucial in treatment management in CKD patients
2,7).

It has been shown that mortality increases in
frail patients in the pre-dialysis group and patients
undergoing dialysis (5, 8). As the severity of the
disease increases in CKD patients, the frequency of
frailty also increases (6). In this study, we examined
the frequency of frailty and related parameters in
patients who were followed up for chronic kidney
injury.

MATERIALS AND METHODS
Study design and participants

In this cross-sectional study, the G-Power
program calculated the sample size at a 90%
confidence level before the data collection phase.
In this study, we planned to investigate CKD
patients’ frailty status risk factors. For this, a chi-
square analysis was conducted. The study's effect
size was 0.30; by taking the alpha value of 0.05 and
the theoretical power of 0.90, the minimum number
of samples was determined to be 183.

We evaluated 188 patients with CKD (stage II-
VD), aged =65, who were followed up between
02/09/2018 and 04/01/2020 at the nephrology
outpatient clinics at Manisa Celal Bayar University
Hospital and Bakirgay University Cigli Regional
Education and Research Hospital. Patients with
active solid organ or hematological malignancy,
dementia or Alzheimer's disease, a history of
cerebrovascular physical
hearing or speech difficulties, acute kidney injury,
and hemodynamically unstable patients were
excluded from the study.

disease, limitations,

Data collection tools

A sociodemographic data survey and the
Edmonton Frail Scale (EFS) were administered to
each patient.
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Sociodemographic data survey

Demographic and epidemiological (age,
gender, duration of disease) findings, basic
biochemical tests, hemograms, sub-parameters,
and comorbid conditions (diabetes, hypertension,
chronic lung disease, and cardiovascular disease)
were examined.

The Edmonton Frail Scale

The EFS is an assessment tool that can be used
alone or in combination with other scales and can
be easily applied to hospitalized and outpatients
in assessing frailty, as defined by Rolfson et al. and
validated in the Turkish population (9, 10). Those
with a score of 0-4 were evaluated as non-frail, 5-6
apparently vulnerable, 7-8 as mildly frail, 9-10 as
moderately frail, and 11 and above severely frail. All
procedures performed in studies involving human
participants were in accordance with the ethical
standards of the institutional or national research
committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical
standards.

Statistical analysis

In the statistical analysis, when descriptive
statistics were provided for normal distribution
conditions, Student’s t-tests and ANOVA were
employed to compare the two independent
groups in continuous data. The data obtained
from the study were evaluated using SPSS 15.0. If
the normal distribution conditions were not met,
the Mann-Whitney U and Kruskal-Wallis tests were
applied.

Ethical procedure

Permission was obtained from the local
University Faculty of Medicine Health Sciences
Ethics Committee (Manisa Celal Bayar University)
with date and no. 30.05.2018/20.478.486. Each

patient was informed about inclusion in the study,
and their consent was obtained.

RESULTS

One hundred eighty-eight patients were included
in the study. Of the patients, 96 were male. The
patients who were aged between 65 and 99 years
were included in the study. The mean height was
164.96 cm and weight 75.5 kg. Patients had a
history of hypertension in 72.9%, chronic lung
disease in 12.8%, diabetes mellitus in 47.3%, and
cardiovascular disease in 41%. The patients living
with their spouse comprised 53.2% of the total,
while 21.3% were living with their spouse or children,
19.7% were living alone, and 5.9% were living in a
nursing home (Table 1).

According to the CKD stages, the distribution
was as follows: stage Il 19 patients (10.1%), stage
Il 87 (46.3%), stage IV 46 (24.5%), and stage V 36
(19.1%). The mean hemoglobin level of the patients
was 11.96 £ 1.93 g/dl (min. 7.1-max. 18 g/dl).
Hemoglobin was found to be 12 g/dl > in 95 (50.5%)
patients.

We found frailty in 82 (43.6%) patients when we
combined frail patients according to the EFS with a
holistic evaluation.

Among the frail patients, the female gender
was significantly higher (64.6% vs 35.4%, p = 0.001).
Women were more frail than men (7.11 £ 2.92 vs
5.3 £ 2.87, p = 0.001). However, this significance
was unrelated to CKD staging by gender. Frailty
was higher in patients over 75 years of age than in
patients 75 years and younger (p = 0.012).

In the evaluation made according to the
education level of the patients, it was observed
that there was a significant difference between
the groups in terms of frailty (p = 0.001). It was
determined that primary school-educated and
literate patients were more frail than other
education levels (p = 0.001).
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Table 1. Distribution of patient characteristics

Features
S/Ort. % (or SS*)
Gender
Female 92 48.9
Male 96 51.1
Age
Mean 72.86* 6.41*
65-74 years 122 64.9
75-84 years 55 29.3
> 85 years 1 59
Education
Primary school and Literate 149 79.3
Middle and High School 26 13.8
University 13 6.9
Marital status
Married 128 68.1
Not married (widowed, divorced, never married) 60 31.9
Economical situation
Equal to monthly income 97 51.6
Less than monthly income 70 37.2
More than monthly income 21 1.2
Chronic disease
Yes 166 88.3
No 22 1.7
With whom she/he lives
Alone 37 19.7
With his wife and children 140 74.5
Other (caregiver, nursing home) 11 59
Frailty status
Non-frail 62 33.0
Vulnerable 44 234
Mild Frailty 32 17.0
Moderate Frailty 32 17.0
Severe Frailty 18 9.6
Dialysis application
Yes 35 18.6
No 153 814
*mean
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Table 2. Relationship of some parameters with frailty

Nonfrail Vulnerable Frail EFS total
N (%) N (%) N (%) (mean)

Gender

Female 17 (18.5) 22(23.9) 53 (57.6) 7.11+2.92

Male 45 (46.9) 22(22.9) 29 (30.2) 5.3+2.87
Age”

> 75 years 12 (41.0) 18 (21.3) 36 (37.7) 6.94+2.82*

<75 years 50(18.2) 26 (27.3) 46 (54.5) 5.78+3.07
Education®

Primary school and Literate 38 (25.5) 36 (24.2) 75 (50.3) 6.67+3.00**

Middle and High School 12 (46.2) 7 (26.9) 7 (26.9) 4.88+2.59

University 12 (92.3) 1(7.7) 0(0) 3.23+1.30
Marital status”

Married 48 (37.5) 29 (22.7) 51(39.8) 5.84+2.91*

Not married 14 (23.3) 15 (25.0) 31(51.7) 6.93+3.15
Economic situation”

Equal to monthly income 35 (36.1) 25 (25.8) 37 (38.1) 5.71+£2.64

Less than monthly income 14 (20.0) 14 (20.0) 42 (60.0) 7.51+3.21

More than monthly income 13(61.9) 5(23.8) 3(14.3) 3.95+2.03**
Chronic disease”

Yes 51(30.7) 40 (24.1) 75 (45.2) 6.36+3.02*

No 11 (50.0) 4(18.2) 7 (31.8) 4.91+£2.8
With whom she/he lives®

Alone 15 (40.5) 11 (29.7) 11(29.7) 5.35+2.69

With his wife and children 47 (33.6) 30 (21.4) 63 (45.0) 6.21+3.06

Other (caregiver, nursing home) 0(0) 3(27.3) 8(72.7) 8.73+2.41™
Dialysis application”

Yes 5(14.3) 7 (20.0) 23(65.7) 7.91£3.17"

No 57 (37.3) 37 (24.2) 59 (38.6) 5.79+2.86
BMI®

Normal-weight 16 (28.1) 13(22.8) 28 (49.1) 6.67+3.25

Overweight 34 (44.7) 18 (23.7) 24 (31.6) 5.43+2.99™

Obese 12(21.8) 13 (23.6) 30 (54.5) 6.73+2.66

* p=0.05, ** Post-hoc test was applied.
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When the relationship with frailty was evaluated,
those whose income was more than their expenses
were less frail (p=0.001), and frailty was higher in
patients with chronic diseases other than CKD than
those without (p=0.03). Frailty varied significantly
with whom the patients lived with a caregiver or at a
nursing home (p=0.04).

Although there was no difference in frailty
assessment according to the CKD stage, frailty
was significantly higher in dialysis patients

than in nondialysis patients (p=0.001) (Table 2).
According to the body mass index (BMI), there
was a significant difference between the groups
in terms of frailty (p=0.014). Overweight patients
were less frail than obese and normal-weight
subjects (p=0.029). Smoking was present in 93
(49%) patients. No relationship was found between
smoking and frailty.

When the relationship between hemogram
parameter variables and frailty was evaluated, it was

Table 3. Evaluation of the relationship between hemogram sub-parameter variables and frailty

Nonfrail Vulnerable Frail
Hgb* 12.68+2.05 12.32£1.78 11.21£1.65*
Htc* 38.75+£6.10 37.97+5.50 34.73+£5.21*
WBC 8.22+1.98 8.28+1.76 7.64+2.46
Neutrophil 5.39+1.64 5.33+1.46 5.07+2.05
Lymphocyte 1.97+0.88 2.00+0.79 1.77+0.67
Monocyte 0.58+0.25 0.62+0.18 0.57+0.26
Platelet 250.77+70.66 252.70+61.66 243.74+81.41
MCv* 101.10+10.39 88.97+6.68 88.78+7.29
MCHC* 32.71£1.02* 32.18+1.63 32.32+1.01
RDW 14.50+1.57 14.54+1.63 15.18+2.36
MPV 9.74+0.78 9.76+0.88 9.79+0.79
PLR 1.46+0.75 1.44+0.65 1.50+0.68
NLR 3.31+2.25 3.20+1.27 3.44+2.67
LMR 3.76+1.59 3.31+£1.27 3.68+2.32
RDW/MPV 1.49+019 1.50+.026 1.56+0.27
RDW/platelet 6.51+0.19 6.22+2.45 7.00+3.32
MPV/platelet 4.45+3.10 4.14+£1.28 4.56+2.12
MPV/lymphocyte 5.87+2.72 5.76+2.74 6.75+£5.19

* p=0.05, Post-hoc test was applied.

Hgb:Hemoglobin, Htc: Hematocrit, WBC: white blood cell, MCV: mean corpuscular volume, MCHC: mean corpuscular hemoglobin concentration,
RDW: Red blood cell distribution width, MPV:mean platelet volume, PLR: platelet-lymphocyte ratio, NLR: neutrophil-to-lymphocyte ratio,

LMR: lymphocyte-monocyte ratio
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observed that hemoglobin and hematocrit levels
were significantly lower in the frail group (Table
3). When CKD stage and hemogram parameters
were assessed, it was found that anemia was
seen significantly more frequently as the CKD
stage increased. As the stage raised, there was an
increase in neutrophil/lymphocyte (N/L) and MPV/
lymphocyte ratios and a decrease in lymphocyte/
monocyte ratio (Table 4).

Linear multiple regression analysis was
performed to determine the extent to which the
variables of age, marital status, economic situation,
presence of chronic illness, with whom they lived,
dialysis application, and BMI predicted the total
EFS score. As a result of the first model, R2 = 0.341
was found. Since this model was found to have a
good fit (Durbin-Watson: 1.930), a seven-variable
model was chosen, as shown in Table 5. Due to the
high and significant autocorrelation value (r = 0.584,

Table 4. Evaluation of the relationship between hemogram sub-parameters and CKD stage

Stage Il (N=19) Stage Il (N=87) Stage IV (N=46) Stage V (N=36)

Hgb* 13.14+2.33 12.57+1.58 11.56+1.66 10.34+1.69*
Htc* 40.35%7.19 38.76.+4.53 35.74+5.09 31.61£5.24*
WBC* 6.72+0.71* 8.38+0.21* 8.19+£0.16 7.52+0.26
Neutrophil* 4.05+0.15* 5.43+0.17* 5.28+0.21 5.31+0.21
Lymphocyte* 1.96+0.61 2.03+0.79 1.95+0.92 1.42+0.38*
Monocyte 0.50+0.17 0.58+0.23 0.61+0.21 0.62+.032
Platelet 232.68+73.39 259.09+70.80 233.91+64.58 248.11+87.47
MCV 87.74+8.04 97.55+8.72 89.81+£7.10 88.27+5.42
MCHC 32.60+1.06 32.31+1.32 32.31+1.18 32.71+£0.97
RDW 15.00+2.17 14.58+2.21 14.76+1.67 15.32+1.63
MPV 9.75+0.78 9.77+0.91 9.61+0.83 9.98+0.41
PLR 126.43+46.11 143.95+66.25 134.76+63.33 185.09+85.36
NLR* 2.25+1.20* 3.12+2.03 3.53+2.70 4.22+2.87*
LMR* 4.30+1.52 3.77+1.45 3.76+2.82 2.71£1.13*
RDW/MPV 1.56+0.36 1.50+0.28 1.54+0.17 1.53+0.16
RDW/platelet 7.20+3.24 5.98+1.64 7.52+5.80 6.89+2.36
MPV/platelet 4.54+1.25 4.08+1.30 4.96+4.06 4.52+1.55
MPV/lymphocyte* 5.45+1.71 5.56+2.32* 6.70+6.87 7.64+2.53*

* p<0.05, Post-hoc test was applied.

Hgb: Hemoglobin, Htc: Hematocrit, WBC: white blood cell, MCV: mean corpuscular volume, MCHC: mean corpuscular hemoglobin concentra-
tion, RDW: Red blood cell distribution width, MPV:mean platelet volume, PLR:platelet-lymphocyte ratio, NLR: neutrophil-to-lymphocyte ratio,

LMR: lymphocyte-monocyte ratio
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Table 5. Linear regression table

R2 B P

Edmonton Frailty Scale 0.584

Coefficient 0.021
Age (0< 75,1 =275) 0.982 0.156
Marital status (0 married, 1 not married) -0.950 0.203
Economic situation (0 income>expenditure, 1 equal) 3.143 <0.001
Chronic Disease (0, not present, 1 present) 0.639 0.490
Living with/in (0 others, 1 nursing home) 0.226 0.857
Dialysis (0 No, 1 Yes) 2.030 0.009
BMI (0 overweight, 1 other) 0.912 0.145

p = 0.000), it was decided to keep the economic
situation and dialysis application variables in the
model (Table 5).

DISCUSSION

Chronic kidney disease is a progressive, irreversible,
and chronic disease that progresses with multiple
complications, causing mortality and severe
morbidity. According to 2017 data, CKD caused
1.2 million deaths, and 7.6% (1.4 million) of all
cardiovascular (CV) deaths can be attributed to
impaired renal function. Of all-cause mortality
globally, CKD and CV deaths attributable to CKD
account for 4.6% (11).

In a study in Turkey, the frailty rate in geriatric
patients was found to be 36.2%. While findings such
as a high prevalence of comorbid diseases, being
widowed, and increasing age were significant, no
significant correlation was found between age and
educational status (10). In our study, the frequency
of frailty in the CKD population was 43.6%. In some
frailty prevalence studies in general and CKD
populations in the aged group in Turkey and other
countries, the results were variable (up to 73%)

(12-14). It was thought that different health system
practices among governments, socio-economic
conditions, geopolitical variability, and the use
of different scales for analyzing frailty may have
affected these variations in the results.

It is known that frailty is higher in CKD patients
than in other populations, and frailty in HD patients
has also been reported to be associated with
increased mortality (14). Chronic kidney disease and
frailty syndrome may present with similar symptoms
and signs. Our study did not find a significant
relationship between glomerular filtration rate
(GFR) level and CKD stage and frailty.

The relationship between creatinine-based GFR
measurements and frailty and cognitive dysfunction
has not consistently been demonstrated in cohort
studies. The reason for this has been shown to be
the variability of creatinine between individuals
and its direct relationship with parameters such
as malnutrition-muscle mass (15). We evaluated
the results of our study in this direction and
considered the heterogeneity in creatinine-based
GFR measurements in the foreground. However,
although no correlation was found between the
CKD stage and the degree of frailty, frailty was
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significantly higher in our patients who underwent
hemodialysis than in those who did not.

In an Australian study in which 909 patients
aged 65 and over were evaluated, the frequency
of frailty assessed with the Frailty Index was 48%.
Low income, female gender, obesity, and living
alone were significantly correlated (16). Although
the geographical and living conditions were very
different, this study's data were compatible with
ours. Many studies conducted in other populations
have shown that frailty is higher in women. Similar
findings, specifically in the CKD population, suggest
that the female gender may be associated with
frailty, regardless of the underlying disease type
(17).

The frequency of frailty and its higher incidence
in patients over 75 years were similar to some studies
in our country. In a recent study, Celebi et al. found
the prevalence of frailty to be 40.8% in patients over
65 undergoing hemodialysis. The mean dialysis time
was longer in this study than in our study (12). In a
study by Inoue et al. that included 630 patients with
CKD over 70, frail patients were significantly older
than the pre-frail and robust groups (mean age 83,
77, and 72, respectively) (18). In the cohort study by
Johnson et al., the frequency of frailty was 67.7%
in 2,275 dialysis patients, while this rate was 44.4%
in patients < 40 years of age and 78.8% in patients
aged < 80 years of age (19).

Lifelong continuity of treatment in chronic
dialysis patients, transportation to the center 3 days
a week, and complications, such as hypotension,
cramps, nausea-vomiting, arrhythmias, catheter
infections, and blood flow problems that may occur
during and after HD adversely affect the patients
and lead to a deterioration in their quality of life
(20). Our study did not show that frailty increased
as the CKD stage increased, but HD patients
were found to be more frail. This finding may be
important in predicting increased complications in
the HD group. In addition, frailty is associated with
an increase in the frequency of hospitalization and

a deterioration in the quality of life. Yoneki et al.
emphasized that frailty in HD patients is essential
in predicting bone loss (21). In the study by Nixon
et al., 450 patients were evaluated (84 of them HD
patients), and the frequency of frailty was found
to be 33%. According to the results, frail patients
were older, but there was no relationship between
gender differences or dialysis and frailty.

Conflicting results have been found in the
literature on the BMI frailty relationship. In a study
by Laur et al., there was no significant difference
in BMI between frail and non-frail women, while it
was lower in frail men than in non-frail women (22).
Our study showed a significant difference in frailty
between the groups according to BMI. Overweight
patients were less frail than obese and normal-
weight patients.

As expected, lower socio-economic status is
associated with greater frailty in the geriatric patient
group (16). Considering current socio-economic
conditions, the fact that frailty was higher in low-
income patients was considered a predictable
result in our study and was consistent with the
literature. The increase in frailty with a high number
of comorbid diseases can be evaluated in a similar
context (23).

In recent years, it has been frequently mentioned
that some hemogram parameters are correlated
with different variables in many other patient
populations. Of these, N/L elevation has been
shown to be associated with the risk of progression,
increased mortality, and inflammation in the CKD
population (24). Studies have shown that it can also
predict frailty in the geriatric population (25). In our
study, however, no significant relationship was found
with frailty, but there was a significant relationship
between increased CKD stage and N/L elevation.

As a result, we would like to emphasize that it
wouldbe rational to show a closer and more effective
approach to frailty in advanced-aged, low-income
female patients undergoing hemodialysis due to
the high risk of mortality and morbidity. We believe
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that the presence of trained personnel, especially
in center dialysis units, early detection of frailty,
and taking precautions can lead to positive results.
Our study could not find a significant relationship
between the CKD stage and frailty. However, we still
think closer follow-up in patients in the risk group for
CKD progression would be appropriate (especially
in making HD indication decisions and because of
the high risk of CKD progression in frail patients).

Our study has some limitations. Patients were
evaluated based on frailty in line with the purpose
of the study, and not including sarcopenia or
malnutrition investigation was a limitation. Other
limitations of our study were the lack of evaluation of
cognitive functions and the low number of patients.
There is no agreed-upon scale among frailty
scales applied explicitly to the CKD population.
We used the EFS, which is valid globally. Different
prevalences of frailty can be determined from
different scales regarding geographical, socio-
economic, and cultural differences. Which one
is valid for which population can be revealed by
more comprehensive studies with a large number
of patients in which different scales are compared
simultaneously?
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THE RELATIONSHIP OF THE C-REACTIVE
PROTEIN /ALBUMIN RATIO TO IN-HOSPITAL
MORTALITY IN ELDERLY PATIENTS WITH NON-
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O Fatma OZPAMUK KARADENIZ? . @
O Fatih KAHRAMANS Introduction: Acute myocardial infarction is the most common cardiovascular

disease and the cause of significant mortality worldwide. The C-reactive protein/
albumin ratio, which measures inflammatory conditions, can be used to predict
mortality. In this study, we aimed to investigate the relationship between in-
hospital mortality and the C-reactive protein/albumin ratio in patients diagnosed
with non-ST-elevation myocardial infarction who underwent interventional
treatment at our hospital.

Materials and Method: Two hundred and ninety-seven elderly patients
were included in the study. The information of the patients was obtained from
the hospital database. The C-reactive protein/albumin ratio was calculated
for each patient. We used regression analysis to investigate the relationship

B CTONDANCE between the C-reactive protein/albumin ratio and in-hospital mortality.
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Results: A univariate analysis showed that gender, ejection fraction, white
Phone : +905300493033 blood cell, glucose, creatinine, systolic and diastolic blood pressure, heart
e-mail  : drkilicoguz@gmail.com rate, GRACE risk score, and CAR ratio were significant predictors of mortality
(Table 2). All parameters were added to a multivariable logistic regression, and
Received : Jan 23, 2023 multivariable logistic regression analysis showed that the GRACE risk score (OR:
Accepted : Mar 22, 2023 0.956, 95% Cl: 0.941-0.971; p<0.001) and the C-reactive protein/aloumin ratio
P P

(OR: 0.812, 95% Cl: 0.661-0.998; p=0.048) were the only significant predictors
of mortality. Furthermore, bivariate correlation analysis showed a weak but
statistically significant correlation between GRACE risk score and C-reactive
protein/albumin ratio (r=0.180, p<0.001).

Conclusion: We found a significant relationship between C-reactive protein/
albumin and in-hospital mortality. C-reactive protein/albumin ratio can be used
in clinical practice because it is inexpensive and easy to apply and has a strong
2 Karamanoglu Mehmetbey University, prognostic value for elderly non-ST-elevation myocardial infarction patients.
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THE RELATIONSHIP OF THE C-REACTIVE PROTEIN /ALBUMIN RATIO TO IN-HOSPITAL MORTALITY
IN ELDERLY PATIENTS WITH NON-ST-ELEVATION MYOCARDIAL INFARCTION WHO HAVE 3/

UNDERGONE PERCUTANEOUS CORONARY INTERVENTION

INTRODUCTION

Acute myocardial infarction (AMI) is the most
common cardiovascular disease worldwide and
is a significant cause of mortality (1). Today, with
the increase in life expectancy, both the elderly
population and the incidence of AMI are increasing.
Non-ST-elevation myocardial infarctions (NSTEMI)
are more common than ST-elevation myocardial
infarctions (STEMI) and unstable angina pectoris
(UAP) (1,2). With the increase in recent years of well-
equipped health centers providing both emergency
interventional treatment and complementary health
services, these patients may receive early treatment,
yet mortality and morbidity are still high, resulting in
high health expenditures.

It is known that age, gender, obesity, smoking,
preferred treatment method (interventional,
surgical, medical), additional diseases (diabetes
mellitus, hypertension, hyperlipidemia, etc),
physical activity, long-term follow-up management,
and patient compliance with treatment contribute
to a patient’s prognosis (2). The current approach
to the management of mortality and morbidity after
AMI focuses on stratifying patients according to
their risk and using an appropriate prognostic factor
to determine treatment steps.

Malnutrition is a risk factor for coronary artery
disease (CAD). Many studies investigating the
relationship between CAD and malnutrition have
focused on hypoalbuminemia which is also a
risk factor for the development of AMI (3). To our
knowledge, there is no evidence demonstrating the
prognostic value of low albumin levels in elderly
patients diagnosed with NSTEMI.

Inflammation plays an important role in both
the initiation and progression of the atherosclerotic
process (3,4). Many studies have shown that the
serum level of C-reactive protein (CRP), which is an
inflammation marker, is correlated with the severity
of atherosclerosis and plaque burden (4). It has also
been found that the severity of myocardial damage

and serum CRP levels are correlated after acute
coronary syndrome (4,5).

The ratio of serum CRP level to albumin (CAR),
which is considered a new indicator of inflammatory
response, is thought to be a more accurate indicator
than albumin and CRP levels alone in determining
the prognosis of patients with many inflammatory
diseases, such as sepsis, cancer, acute pancreatitis,
and ulcerative colitis (5). In addition, the CAR ratio
has been shown to predict stent restenosis in
AMI patients during follow-up after interventional
treatment (6). In this study, we aimed to investigate
the relationship between in-hospital mortality and
CAR in patients with a diagnosis of NSTEMI who
underwent interventional treatment.

MATERIALS AND METHOD
Patient population

Our study is observational and retrospective. Two
hundred and ninety-seven patients who applied to
the emergency department of our clinic and who
underwent interventional treatment in coronary
angiography (CAG) with a diagnosis of NSTEMI
were included by sequential screening. The study
was approved by the local ethics committee and
complies with the Declaration of Helsinki. Patient
information was scanned retrospectively using the
hospital registry system.

Patients who presented to the emergency
department with chest pain and symptoms
suggestive of ischemia (i.e., shortness of breath,
palpitations, a squeezing sensation, fatigue,
and dizziness), with cardiac enzymes exceeding
the upper limit of normal, were included.
Those with findings consistent with STEMI on
electrocardiography, cardiac tamponade findings
on echocardiography, acute valve pathology, aortic
dissection and aneurysm, and systemic infection,
and those who had taken medications (anti-
inflammatory, antibiotic, statins, etc.) in the previous
week were excluded.
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The clinical features and laboratory data of the
patients were recorded at the time of admission.
Bedside echocardiography was performed on
each patient. The left ventricular ejection fraction
(LVEF) was calculated using the modified Simpson’s
method. The heart rhythm and heart rate of the
patients were recorded. Demographics, fasting
blood glucose levels, hemogram, kidney function
parameters (urea, creatinine, glomerular filtration
rate, and electrolyte levels), CRP, lipid profiles
(low-density lipoprotein cholesterol [LDL-C]), high-
density lipoprotein cholesterol [HDL-C]), triglyceride
(TG) levels), albumin, and aspartate transaminase
(AST) are among the clinical variables. Patients
were considered hypertensive if their systolic blood
pressure/diastolic blood pressure was greater than
140/90 mmHg on two or more measurements or if
they were using any antihypertensive medication.
Diabetes mellitus was defined as fasting blood
sugar above 126 mg/dL, postprandial blood sugar
above 200 mg/dL, glycosylated hemoglobin above
6.5%, or the use of any antidiabetic medication.
Patients’ CAR ratio was calculated and recorded
upon admission.

Statistical analysis

All statistical analyses were performed using
SPSS version 25.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were defined as mean =+
standard deviation, and categorical variables
were defined as numbers and percentages. The
Kolmogorov-Smirnov, and Shapiro-Wilk tests
were used to determine the normal distribution.
The independent samples t-test was used
when parametric test conditions were met for
independent group comparisons, and the Mann—
Whitney U test was used when parametric test
conditions were not met. The difference between
categorical variables was analyzed using the chi-
square test. Logistic regression (LR) analysis was
used to find predictors of in-hospital mortality in
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NSTEMI. Univariate analysis was performed in the
first step. Independent variables were found to
be statistically significant (p-value less than 0.05),
and clinically important parameters were added to
binary multivariable logistic regression.

RESULTS
Of the 297 patients with NSTEMI who underwent
percutaneous coronary intervention at our

institution, 270 were discharged, and 27 patients
died while in the hospital. When the two groups
were compared, no statistical difference was found
in terms of age, gender, hypertension, diabetes
mellitus, hyperlipidemia, smoking, or history of
CAD (Table 1). The group who died in the hospital
showed lower LVEF (50% [40-55] vs. 40% [30-45];
p<0.001) and systolic blood pressure (130 mmHg
[110-142] vs. 95.5 mmHg [86.5-128], p<0.001).
Additionally, the group who died in the hospital
showed higher values for heart rate (80/min [70-90]
vs. 90/min [79-10]), p=0.008), peak troponin (0.4
ng/mL[0.09-1.78] vs. 2.2 ng/mL [1.1-7.7], p=0.001),
and creatinine (0.94 mg/dl [0.77-1.20] vs. 1.39 mg/
dl [1.05-1.66], p=0.047), and their GRACE risk
score (148 [121-167] vs. 203 (169-233), p<0.001)
was higher (Table 1). CAR (0.20 mg/g (0.06-0.76)
vs. 0.71 mg/g (0.35-1.80), p=0.039) was statistically
significant. In univariate analysis, gender, ejection
fraction, WBC, glucose, creatinine, systolic and
diastolic BPs, heart rate, GRACE risk score, and
CAR ratio were found to be significant predictors
of mortality (Table 2). All parameters were added
to multivariable LR, and multivariable LR analysis
showed that the GRACE risk score (OR: 0.956,
95% Cl: 0.941-0.971; p<0.001) and CAR ratio (OR:
0.812, 95% ClI: 0.661-0,998; p=0.048) were the only
significant predictors of mortality. Furthermore,
bivariate correlation analysis showed that a weak
but statistically significant correlation between
GRACE risk score and CAR ratio (r=0.180, p<0.001)
(Table 2).
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Table 1. Demographic and Clinical Characteristics of Patient Population

Survivors (n=270) Non-survivors (n=27) p value
Age (years) 76 (70-82) 77 (73-86) 0.648
Gender male (n, %) 184 (%68.1) 21 (%77.8) 0.385
HT (n, %) 162 (60) 19 (70.4) 0.408
DM (n, %) 107 (39.6) 15 (55.6) 0.150
HL (n, %) 45 (16.7) 2(7.4) 0.276
CRD (n, %) 55 (20.5) 6(23.1) 0.800
Smoking (n, %) 58 (21.5) 4(14.8) 0.665
CAD history (n, %) 142 (52.6) 19 (70.4) 0.104
LVEF (%) 50 (40-55) 40 (30-45) <0.001
Systolic blood pressure 130 (110-142) 95.5 (86.5-128) <0.001
Diastolic blood pressure 72.5(68-72.5) 62.5 (59-70) 0.002
Heart rate (bpm) 80 (70-90) 90 (79-101) 0.008
Hemoglobin (mg/dl) 12.6+1.85 11.7+1.88 0.067
White blood cell 107/1 9(7.2-11.1) 12.6 (9.4-15.9) 0.121
Glucose (g/dl) 121 (102-166) 170 (130-262) 0.006
Peak Troponin (ng/mL) 0.4 (0.09-1.78) 2.2(1.1-7.7) 0.001
Peak CK-MB (U/L) 13.1 (4.3-43) 91.4 (14.2-196.3) 0.002
Creatinine (mg/dl) 0.94 (0.77-1.20) 1.39 (1.05-1.66) 0.047
Albumin (g/dl) 3.6(3.2-3.9) 3.4 (3.1-3.7) 0.445
Total cholesterol (mg/dl) 173+46 162+44 0.202
LDL (mg/dl) 10539 93+27 0.021
HDL (mg/dl) 41 (34-51) 36.5 (26-46) 0.869
Triglycerides (mg/dl) 109 (80-158) 113 (98-176) 0.242
CRP (mg/dl) 0.7 (0.2-2.8) 2.5(1.1-6.3) 0.078
CRP to albumin ratio 0.20 (0.06-0.76) 0.71 (0.35-1.80) 0.039
GRACE risk score 148 (121-167) 203 (169-233) <0.001

Continuous variables were summarized as mean + SD, categorical variables were summarized as counts and percentages.

Abbreviations: HT: Hypertension, DM: Diabetes Mellitus, HL: Hyperlipidemia, CRD: Chronic Renal Disease, CAD: Coronary artery disease, LVEF:
Left ventricular ejection fraction, LDL: Low density lipoprotein cholesterol, HDL: High density lipoprotein cholesterol, CRP: C-reactive protein.
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Table 2. Independent Predictors of in-hospital mortality

Gender (female) 0,611 (0,238-1.569) 0.306

LVEF 1.087 (1.046-1.131) <0.001

WBC 0.836 (0.760-0.919) <0.001

GLUCOSE 0.994 (0.991-0.997) <0.001

CREATININE 0.690 (0.519-0.917) 0.011

SBP 1.046 (1.024-1.068) <0.001

DBP 1.054 (1.019-1.091) 0.002

HEART RATE 0.977 (0.959-0.994) 0.010

GRACE RiSK SCORE 0.956 (0.941-0.970) <0.001 0.956 (0.941-0.970) <0.001
CAR 0.796 (0.670-0.947) 0.010 0.812 (0.661-0.998) 0.048

Abbreviations: LVEF: Left ventricular ejection fraction, WBC: White blood cell, SBP: Systolic blood pressure, DBP: Diastolic blood pressure,

CAR: C-reactive protein to albumin ratio

DISCUSSION

Our study is the first to investigate the relationship
between in-hospital mortality and CAR ratio in
elderly patients with NSTEMI who have undergone
interventional treatment. Today, the prevalence
of CAD is increasing with the prolongation of
life expectancy and the increase in the elderly
population (7). Despite the increase in both early
interventional treatment and complementary
health services in addition to medical treatment,
mortality and morbidity are still high in these
patients (8).

CRP, which is an acute-phase reactant, is used
as a marker showing the presence of inflammation
and tissue damage. The most common cause of
CAD is atherosclerosis. The most important reason
for the onset and progression of atherosclerosis is
inflammation (9). Pro-inflammatory cytokines, which
are released by immunological reactions in the
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initial stages of atherosclerotic plaque formation,
increase the release of CRP from the liver (10).
The predictive value of increased CRP levels for
CAD has been emphasized in many studies. A
study on healthy people showed that those with
a plasma CRP level above 2 mg/L had a greater
five-year risk of atherosclerotic cardiovascular
disease than those with a CRP level of 0.5 mg/L
or less (11). In another study, the long-term follow-
up of approximately 700 patients hospitalized for
AMI showed a significant correlation between CRP
levels and mortality (12). In our study, the mean
CRP value was higher in the group of patients who
died in the hospital.

Hypoalbuminemia is a strong prognostic
marker of inflammation and malnutrition. Recent
studies have shown that a low albumin level is an
independent risk factor for ischemic heart disease,
heart failure, atrial fibrillation, stroke, and venous
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thromboembolism (13). In the ARIC study, which
included 14,506 patients, low albumin plasma
levels were found to be associated with ischemic
heart disease in the smoking group, independent
of traditional risk factors and inflammation (14). In
the Framingham Offspring Study, which included
4,506 people, a low plasma albumin level was an
independent predictor of the first AMI during the
22-year follow-up period (15). In a recent study
involving 7,647 individuals, low plasma albumin
levels were strongly associated with the occurrence
of a first or recurrent AMI, independent of traditional
risk factors (16). Low albumin levels have also been
associated with poor in-hospital outcomes in STEMI
patients (17).

CAR is a new prognostic measure of
inflammation associated with inflammation severity
and mortality (17). Several studies have shown
that increased CAR values have prognostic value
for STEMI (18). Increased CAR values were also
found to be associated with increased in-hospital
mortality in STEMI patients (19). An increased CAR
ratio was also associated with thrombus burden and
a greater extent of coronary artery disease in AMI
patients (20,21). Increased CAR levels were found
to be associated with increased intent restenosis in
STEMI patients (22,23). Increased CAR levels were
also associated with increased contrast-induced
nephropathy levels in NSTEMI patients (24). A
study conducted in 2020 found that the CAR ratio
predicted coronary microvascular dysfunction better
than CRP and albumin levels alone in patients with
celiac disease (25). Our study found that high CAR
levels were associated with in-hospital mortality
in elderly patients diagnosed with NSTEMI. In
addition, CAR levels were also associated with a
high GRACE risk score. The CAR ratio can reduce
potential bias and can be used as a more reliable
prognostic parameter than either CRP or albumin
levels alone.

Limitations

The limitations of our study are, first, that it
does not provide prognostic data due to its cross-
sectional design. In addition, it is a single-center
study that included a relatively small number of
patients. In addition, some patients were excluded
due to missing clinical data and/or laboratory
variables. Finally, the presence of multiple
comorbidities and vulnerabilities may have affected
in-hospital mortality.

CONCLUSION

Our study investigates the association between
CAR and in-hospital mortality in elderly patients
following in-hospital treatment for NSTEMI.
Multivariate regression analysis revealed a significant
relationship between CAR and in-hospital mortality.
The CAR ratio may have a stronger prognostic value
than either CRP or albumin levels alone. It can be
used in clinical practice because it is inexpensive
and easy to apply and has a strong prognostic value
in NSTEMI patients.

REFERENCES

1. Roth GA, Mensah GA, Johnson CO, et al. Global
burden of cardiovascular diseases and risk factors,
1990-2019: update from the GBD 2019 study. J Am
Coll Cardiol. 2020;76:2982-3021. (PMID: 33309175;
PMCID: PMC7755038).

2. Ho PM, Lambert-Kerzner A, Carey EP, et al. Multifac-
eted intervention to improve medication adherence
and secondary prevention measures after acute cor-
onary syndrome hospital discharge: a randomized
clinical trial. JAMA Intern Med. 2014;174(2):186-193.
(PMID: 24247275).

3. Arques S. Serum albumin and cardiovascular diseas-
es: a comprehensive review of the literature. Annales
de Cardiologie et D'angéiologie 2018; 67 (2): 82-90.
(PMID: 29544976).

4.  Hansson GK. Inflammation, atherosclerosis, and
coronary artery disease. N Engl J Med. 2005 Apr
21;352(16):1685-95. (PMID: 15843671).

17



Turkish Journal of

GERIATRICS

2023; 26(1):12-19

10.

1.

12.

13.

14.

15.

18

Zhou T, Zhan J, Hong S, et al. Ratio of C-reactive pro-
tein/albumin is an inflammatory prognostic score for
predicting overall survival of patients with small-cell
lung cancer. Scientific Reports 2015; 5: 10481. (PMID:
26084991; PMCID: PMC4471724).

Karabag Y, Cagdas M, Rencuzogullari |, et al. Use-
fulness of the C-reactive protein/albumin ratio for
predicting no-reflow in ST-elevation myocardial in-
farction treated with primary percutaneous coronary
intervention. European Journal of Clinical Investiga-
tion 2018; 48 (6): €12928. (PMID: 29577260).

Virani SS, Alonso A, Aparicio HJ, et al. Heart disease
and stroke statistics 2021 update: a report from the
American Heart Associationexternal icon. Circula-
tion. 2021;143:e254-e743. (PMID: 33501848).

Rosamond WD, Chambless LE, Heiss G, et al. Twen-
ty-two-year trends in incidence of myocardial in-
farction, coronary heart disease mortality, and case
fatality in 4 US communities, 1987-2008. Circulation.
2012;125:1848-1857. (PMID: 22420957; PMCID:
PMC3341729).

Alexander RW. Inflammation and coronary heart
disease. N Engl J Med 1994; 331:468-9. (PMID:
8035844).

Bataille R, Klein B. C-reactive protein levels in hu-
mans in vivo. Arthritis Rheum 1992; 35:982-4. (PMID:
1642664).

Ridker PM, Cushman M, Stampfer MJ, Tracy RP,
Hennekens CH. Plasma concentration of C-reactive
protein and risk of developing peripheral vascular
disease. Circulation 1998; 97:425-8. (PMID: 9490235).

Nikfardjam M, Mullner M, Schreiber W, Oschatz E,
Exner M. The association between C-reactive pro-
tein on admission and mortality in patients with
acute myocardial infarction. J Intern Med 2000;
247(3):341-5. (PMID: 10762450).

Kanaan GN, Harper ME. Cellular redox dysfunction
in the development of cardiovascular diseases. Bio-
chim Biophys Acta 2017 Nov;1861(11 Pt A):2822-9.
(PMID: 28778485).

Nelson JJ, Liao D, Sharrett AR, et al. Serum albumin
level as a predictor of incident coronary heart dis-
ease: the Atherosclerosis Risk in Communities (ARIC)
study. Am J Epidemiol 2000 Mar 1;151(5):468-77.
(PMID: 10707915).

Djoussé L, Rothman KJ, Cupples LA, Levy D, Ellison
RC. Serum albumin and risk of myocardial infarction
and all-cause mortality in the Framingham Offspring

16.

18.

20.

21.

22.

23.

Study. Circulation 2002 Dec 3;106(23):2919-24.
(PMID: 12460872).

Yang Q, He YM, Cai DP, Yang XJ, Xu HF. Risk bur-
dens of modifiable risk factors incorporating lipo-
protein (a) and low serum albumin concentrations
for first incident acute myocardial infarction. Sci
Rep 2016 Oct 17;6:35463. (PMID: 27748452; PMCID:
PMC5066202).

Bicciré FG, Pastori D, Tanzilli A, et al. Low serum al-
bumin levels and in-hospital outcomes in patients
with ST segment elevation myocardial infarction.
Nutr Metab Cardiovasc Dis. 2021 Sep 22;31(10):2904-
2911. (PMID: 34344545).

Askin L, Tanriverdi O, Tibilli H, Turkmen S. Prognostic
value of C-reactive protein/albumin ratio in ST-seg-
ment elevation myocardial infarction. Interv Med
Appl Sci. 2019 Oct 7;11(3):168-171. (PMID: 36343286;
PMCID: PMC9467334).

Ségut O, Akdemir T, Can MM. Prognostic value of
the C-reactive protein to albumin ratio in patients
undergoing primary percutaneous coronary inter-
vention for ST-segment elevation myocardial infarc-
tion. Turk J Med Sci. 2021; 51: 1281-1288. (PMID:
33453709; PMCID: PMC8283510).

Cagdas M, Renclzogullari |, Karakoyun S, et al.
Assessment of Relationship Between C-Reactive
Protein to Albumin Ratio and Coronary Artery Dis-
ease Severity in Patients With Acute Coronary Syn-
drome. Angiology. 2019 Apr;70(4):361-368. (PMID:
29172653).

Duman H, Cinier G, Bakirci EM, et al. Relationship
Between C-Reactive Protein to Albumin Ratio and
Thrombus Burden in Patients With Acute Coronary
Syndrome. Clin Appl Thromb Hemost. 2019 Jan-
Dec;25:1076029618824418. (PMID: 30808220; PM-
CID: PMC6715111).

Aksu U, Gulcu O, Aksakal E, et al. The association
between CRP / Albumin ratio and in-stent reste-
nosis development in patients with ST-segment
elevation myocardial infarction. J Clin Lab Anal.
2019 May;33(4):e22848. (PMID: 30737841; PMCID:
PMC6528603).

Rencuzogullari |, Karabag Y, Cagdas M, et al. As-
sessment of the relationship between preprocedural
C-reactive protein/albumin ratio and stent reste-
nosis in patients with ST-segment elevation myo-
cardial infarction. Rev Port Cardiol (Engl Ed). 2019
Apr;38(4):269-277. (PMID: 31104927).



THE RELATIONSHIP OF THE C-REACTIVE PROTEIN /ALBUMIN RATIO TO IN-HOSPITAL MORTALITY
IN ELDERLY PATIENTS WITH NON-ST-ELEVATION MYOCARDIAL INFARCTION WHO HAVE
UNDERGONE PERCUTANEOUS CORONARY INTERVENTION

24. Satilmis S, Karabulut A. Value of C-Reactive Pro- 25. Ranzani OT, Zampieri FG, Forte DN, Azevedo
tein/Albumin Ratio in Predicting the Development LC, Park M. C-reactive protein/albumin ratio pre-
of Contrast-Induced Nephropathy in Patients With dicts 90-day mortality of septic patients. PLoS
Non-ST Elevation Myocardial Infarction. Angiology. One 2013;8:€59321. (PMID: 23555017, PMCID:
2020 Apr;71(4):366-371. (PMID: 32000500). PMC3595283).

19



RESEARCH

EFFICACY OF EPIDURAL STEROID INJECTION
IN ELDERLY PATIENTS: DOES DIAGNOSIS
AFFECT TREATMENT SUCCESS?

Turkish Journal of Geriatrics
DOI: 10.29400/tjgeri.2023.327

2023; 26(1):20-26

Q Yiicel OLGUN! ABSTRACT

0 Rekib SACAKLIDIR!

0 Yasin OKUMUS? Introduction: Epidural steroid injections are a preferred interventional
0 Savas SENCAN' pain treatment for patients with low back pain. Our aim was to investigate the
Q Osman Hakan GUNDUZ! effectiveness of epidural steroid injections treatment in elderly patients and to

examine the effect of patients’ diagnosis on the treatment success.

Materials and Methods: Patients over the age of 65 who underwent
epidural injections between January 2020 and January 2022 were retrospectively
screened. The patients were divided into three groups according to their
diagnosis: disc herniation, spinal stenosis, and failed back surgery syndrome.
Numeric rating scale scores of all patients before the procedure, at three weeks,
and at three months were noted.

W Results: A total of 234 patients were included in the study. Of these, 89

1Rekib SACAKLIDIR had disc herniation, 98 had spinal stenosis, and 47 had a history of failed back

surgery. There were no significant differences between the groups in terms of

Phone : +905538044082 age, gender, symptom duration, pre-procedural pain score, medical treatment,

e-mail  : rakipsacakli@hotmail.com radiation dose, and procedure duration. Although a significant improvement

was detected in pain scores at all follow-ups in all groups, these scores were

Received : Dec 17,2022 found to be significantly lower in the disc herniation group than the spinal

Accepted : Feb 06, 2023 stenosis and failed back surgery groups at the three-week and month follow-
ups.

Conclusions: Epidural steroid injections has been found to be effective
in back pain in elderly. In addition, elderly patients with disc herniation had a
better response to treatment than those with spinal stenosis and failed back
surgery. Further prospective and long-term follow-up studies are needed to
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EFFICACY OF EPIDURAL STEROID INJECTION IN ELDERLY PATIENTS:
DOES DIAGNOSIS AFFECT TREATMENT SUCCESS?

INTRODUCTION

Low back pain (LBP) is a common health problem
in elderly patients, and its prevalence varies
between 21% and 75% (1). LBP causes difficulties
in performing daily activities in elderly patients
and is responsible for a high rate of functional
limitations (1,2). Lumbar spinal stenosis (LSS) and
disc herniation (LDH) are common causes of LBP
in elderly patients (3). Treatment options for LBP
include conservative treatment, interventional pain
procedures, and surgery (4).

Lumbar epidural steroid injections (ESIs)
are a preferred interventional pain procedure
for patients with LBP who do not respond to
conservative treatment (5). It is performed using a
caudal, interlaminar, or transforaminal approach.
ESI is an effective treatment option in the short
and medium term in selected cases evaluated
clinically and radiologically (6). However, there
are few studies on the efficacy of ESls in elderly
patients (7,8). Curatolo et al. showed that ESls
are effective in the long term in patients over 65
years of age (7). In another study, it was shown
that ESls improved pain and functionality for three
months in patients over 65 years of age with LSS
(8). To the best of our knowledge, the effect of the
cause of LBP (failed back surgery, disc herniation,
or spinal stenosis) on treatment success in elderly
patients has not been investigated. Accordingly,
our aim was to investigate the effectiveness of ESI
treatment in patients over 65 years of age and to
examine the effect of patients’ diagnosis on the
treatment success.

MATERIALS AND METHODS
Design and study population

The study was conducted in accordance with
the principles of the Declaration of Helsinki. Written
informed consent was obtained from all participants.
After receiving approval from the institutional ethics

committee (Ethic approval: 02.09.2022/1151), a
retrospective evaluation of patients who received
fluoroscopy-guided ESI between January 2020 and
January 2022 was conducted in a tertiary hospital
pain management center.

The data on all patients were collected from
(demographic
data, numeric rating scale (NRS) scores, type of

hospital medical documents
procedure, and medical treatment). The inclusion
criteria were individuals aged > 65 years who had an
ESI (lumbar interlaminar, lumbar transforaminal, or
caudal approaches). Patients with a history of major
psychiatric disorders, a diagnosis of malignancy,
missing three-week and three-month follow-ups,
and without demographic or clinical data were
excluded from the study. The patients were divided
into three groups according to their diagnosis
as LDH, LSS, and failed back surgery syndrome
(FBSS). The NRS scores of all patients before the
procedure, at the third week, and at the third month
were noted. A 50% or more reduction in NRS score
at follow-up was accepted as treatment success (9).

Statistical analysis

Statistical analyses were performed using SPSS
version 22.0 software (IBM Corp., Armonk, NY).
Continuous variables were expressed as means
(standard deviation) and medians (interquartile
range), while categorical variables were expressed
as numbers and frequencies. The chi-square test
was used to compare categorical variables. The
Shapiro-Wilk test was used to analyze the normal
distribution of quantitative data. A repeated
measure analysis of variance (ANOVA) was used
to analyze changes over time with treatment, and
Bonferroni correction was employed for multiple
comparisons. Statistical significance was accepted
at a p-value <.017 for Bonferroni correction;
and otherwise, a p-value <.05 was considered
statistically significant.
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RESULTS

A total of 234 patients were included in the study.
Of these patients, 89 had LDH, 98 had LSS, and
47 had a history of FBSS. The average age of the
patients in the LDH and FBSS groups was 72,
while the average age of the patients in the LSS
group was 74. There was no significant difference
between the three groups in terms of age, symptom
duration, BMI, gender, medical treatment, pre-
procedural NRS, radiation dose, and procedure
duration (Table 1).

The mean pre-procedural NRS score of all
patients was 8.24, and the NRS scores of the
patients at the third week and third month were
4.20 and 4.51, respectively (Table 2). In all groups,
a significant improvement was found in NRS scores
in the first hour, third week, and the third month
compared to the pre-procedural NRS (p<0.001).
Although significant improvements were detected
in NRS scores at all follow-ups in all three groups,
the scores were found to be significantly lower in
the LDH group than in the LSS and FBSS groups

Table 1. Demographic and clinical data between the groups

Age (years) 72.21+ 5.61 74.02 £ 6.57 72.44 + 6.65 0.113
BMI (kg/m?) 29.91 +5.89 30.56 + 6.24 29.72 £ 4.57 0.603
Pre NRS 8.08 +1.24 8.18+1.15 8.55 = 0.921 0.156
Symptom duration (m) 1772 £5.44 18.95 + 5.65 20.10 = 6.05 0.245
Procedure time 47.63 (13-197) 41.46 (17-150) 52.56 (17-186) 0.142
Radiation dose 8.22 + (0.38-37.6) 8.71 £ (0.48-96.5) 13.14 £ (0.15-65.4) 0.095
Gender (n/ %)
Male 28 (31.5 25(25.5) 14 (29.6) 0.299
Female 61 (68.5) 73 (74.5) 33(70.4)
Neuropathic pain medications (n)
Pregabalin 1 24 10 0.098
Gabapentin 23 31 14 0.102
Duloksetin 8 " 8 0.370
Opioid 12 14 7 0.405

Lumbar Disc Herniation (LDH), Lumbar Spinal Stenosis (LSS) and Failed Back Surgery Syndrome (FBSS)
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Table 2.Time Changes of NRS Scores LDH, LSS and FBSS Group

LDH.NRS.Pre' 8.09 +1.25

LDH.NRS.Post? 0.79 £0.34 .
LDH.NRS3.week? 315+ 255 <01

LDH.NRS3.month* 3.36+3.02

LSS.NRSPre! 8.17 +1.20

LSS.NRSPost? 0.55+0.23 <0.001b
LSS.NRS3.week? 4.60 + 3.11

LSS.NRS3.month* 495+ 3.16

FBSS.NRSPre! 8.49 +0.89

FBSS.NRSPost? 1.17 £0.90 .
FBSS.NRS3.week? 4.83 + 301 <001

FBSS.RS3.month* 5.07 +3.30

Total NRSPre! 8.24 £1.15

Total NRSPost? 0.71+0.34 0001
Total NRS3.week? 4.20 £ 2.95

Total.NRS3.month? 451 £3.25

2Post hoc tests: 1-2, 1-3, 1-4 significant ;°Post hoc tests: 1-2, 1-3, 1-4 significant ;°Post hoc tests: 1-2, 1-3, 1-4 significant; 9Post hoc tests: 1-2, 1-3,
1-4 significant; Pre:Before ESI ; Post: 1. Hour after ESI

Table 3. NRS change between groups at 3.th week and 3.th month follow-up

LDH LSS 8.09 £1.25 8.17+1.20 1.000
NRS.Pre LDH FBSS 8.09 £1.25 8.49+ 0.86 0.175
LSS FBSS 8.17 +1.20 8.49+ 0.86 0.383
LDH LSS 3.15+2.55 4.60 + 3.11 0.007
NRS3.Week LDH FBSS 3.15+2.55 4.83 + 3.01 0.009
LSS FBSS 4.60 = 3.11 4.83 + 3.01 1.000
LDH LSS 3.36 +£3.02 495+ 3.16 0.007
NRS3.Month LDH FBSS 3.36 £3.02 5.07 £3.30 0.014
LSS FBSS 495+ 316 5.07 +£3.30 1.000

Lumbar Disc Herniation (LDH), Lumbar Spinal Stenosis (LSS) and Failed Back Surgery Syndrome (FBSS)
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at the three-week and three-month follow-ups
(Table 3). No major complications were detected
during the procedures. There were two minor
complications in the LDH and LSS groups and one
minor complication in the FBSS group.

DISCUSSION

ESIs have been found to be an effective and safe
treatment option for LBP in elderly patients (7,8,10).
In particularly, elderly patients with LBP due to LDH
or LSS have been shown to benefit from ESI (7,8).
The present study investigated the effectiveness
of ESI treatment in patients over 65 years of age
and examined the effect of patients’ diagnosis
on treatment. It was found that ESI resulted in a
statistically significant pain improvement in elderly
patients at the three-month follow-up. In addition,
the NRS pain scores of the patients with LDH at the
third week and third month after treatment were
significantly lower than those in the LSS and FBSS
groups.

Curatoloetal. showedthatpainandfunctionality
were better in the group that underwent ESI
compared to the control group at the 24-month
follow-up in elderly patients (7). Tasdogan et al.
reported that ES| was effective based on a three-
month follow-up of 44 elderly patients with LSS
(8). Similarly, ESI was found to be effective in a
one-month follow-up of 16 elderly patients with
LSS (10). In the current study, the three-month
pain scores of 234 patients with LBP after ESI
were evaluated retrospectively. The three-week
and three-month pain scores were significantly
lower than the preprocedural pain scores. This
result supports other studies on ESI in elderly
patients (8,10). In addition, no major complications
were detected, and only five patients (2.1%) had
minor complications. In this respect, ESls may
be beneficial for patients of advanced age, as
they are an effective treatment option with a low
complication rate (11).
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Manchikanti et al. published a systematic review
of transforaminal ESI for LBP and lower extremity
pain. The study examined lumbar disc herniation,
spinal stenosis, discogenic pain, and FBSS. Strong
evidence of the efficacy of ESI was found in the disc
herniation group, moderate evidence in the spinal
stenosis group, and poorevidence in the postsurgery
syndrome group (12). Smith et al. presented a
systematic review of ESI as a treatment for lumbar
radicular pain. They found strong evidence that ESI
is effective in treating lumbar radicular pain due
to disc herniation. Low-quality evidence has been
found for ESI treatment for radicular pain due to
spinal stenosis (13). Rivest et al. also investigated
the effect of ESI treatment on LDH and LSS and
found that the treatment success of the LDH group
was better than that of the LSS group (14). In the
present study, although a significant improvement
was detected in all patient groups over 65 years of
age with lumbar ESI, a significant difference was
found between the LDH group and the LSS and
FBSS groups at the third month. The LDH patients
benefited most from lumbar ESI, followed by LSS
patients and then the FBSS group. While this study
supports the data in the literature, it also provides
information about the success of the treatment
based on the diagnosis. The better ESI response
in patients with LDH may be due to different pain
mechanisms in the pathologies of these diseases.
In patients with LSS, steroid injection provides
membrane stabilization and pain relief (15), but
mechanical and vascular compression does not
improve with steroid injection (16). Meanwhile, in
FBSS, multiple mechanisms, such as inflammation,
mechanical compression, fibrosis, and arachnoiditis
cause pain (17), and ESI is especially effective for
relieving pain due to inflammation. As inflammation
is the main cause of LDH-induced pain, steroid
injection, which suppresses inflammation, is
effective (18). Therefore, better results may be
obtained with ESI in patients with LDH compared to
those with LSS and FBSS.
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The prevalence of LBP in the elderly is 21%-—
75% (1), and it is more common in women than in
men. Similarly, in the present study, most of the
patients who applied to the outpatient clinic and
underwent ESI were women. The patients mostly
received gabapentin, pregabalin, opioids, and
duloxetine, and the rates of drug use were similar in
all groups. The rate of opioid use was found to be
8% in elderly patients who underwent ESI for LSS
(8), which supports our results. It has been observed
that amitriptyline treatment is not desirable in the
elderly because of its cardiac and antimuscarinic
side effects (19,20).

This study has a number of limitations. First, it
is a retrospective study with short-term results.
Second, the grades of disc herniation and spinal
stenosis were not measured. Further, differences
between ESI types in the patient groups were not
evaluated. Finally, patients’ comorbidities were not
evaluated. Conversely, the strength of the study is
the large number of patients, and to the best of
our knowledge, it is the first study to evaluate ESI
treatment success according to diagnosis in elderly
patients.

CONCLUSION

ESI is a preferred treatment for LBP in elderly
patients because of its effectiveness and low
complication rate. In this study, elderly patients with
LDH showed a better response to treatment than
those with LSS and FBSS. Further prospective and
long-term follow-up studies are needed to support
these results.
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A 30-DAY RISK ASSESSMENT OF GERIATRIC
PATIENTS IN THE EMERGENCY DEPARTMENT:
A COMPARISON OF ISAR AND TRST SCORES

AsstrRACT

Introduction: The aim of this prospective observational study was to compare
the predictive ability of the Triage Risk Stratification Tool and Identification of
Seniors at Risk in identifying elderly people at risk of adverse outcomes (return
to the emergency department, hospital admission, and death) within 30 days
following discharge from the emergency department.

Materials and Methods: 396 patients aged between 65 and 98 (mean
76.89+7.59) accessing the emergency department were evaluated over a
1-month period. Both screening tool were administered in the emergency
department by emergency specialist physicians. Risk factors were assigned a
score based on their regression co-efficient estimate and a total risk score was
created. This score was evaluated for sensitivity and specificity.

Results: Of the 396 participants, 198 (50%) were female. A significant
correlation was not observed between risk of adverse outcomes and
characteristics of the participant (p>0.005). The Identification of Seniors at Risk
(cutoff of =3) was positive in 61.3% of the patients, whereas 79% were Triage
Risk Stratification Tool-positive (cutoff of =2). The two scores were significantly
correlated and had similar areas under the receiver operating characteristic
curves in predicting hospital admission (Identification of Seniors at Risk, 0.63;
Triage Risk Stratification Tool, 0.59).

Conclusions: The predictive accuracy of the scoring systems for hospital
admission after 30 days was significant at cutoff values of =3 for Identification
of Seniors at Risk and =2 for Triage Risk Stratification Tool. The Identification of
Seniors at Risk had slightly higher sensitivity and lower specificity than the Triage
Risk Stratification Tool.

Key Words: Emergency Service, Hospital, Geriatric Assessment; Risk
Assessment; Aged.
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INTRODUCTION

The population of elderly people who pose great
risk for hospitalization, unintended admission to
the emergency department (ED) and death are
enormously growing, resultinginhuge economicand
accommodation encumbrance for the healthcare
organizations. Conducive to recognition of these
target groups, healthcare workers need to perform
some sort of risk evaluation to concentrate their
exertions, taking into accountthatthe elderly people
are far reaching diversified in terms of operating and
disease load. We do lack enough specialized units
in our EDs to receive geriatric patients. We also do
not have specific care providers for these patients.
Certain standards should be established in care
areas for this age group of patients who are also
physiologically fragile due to their age. One of these
standards should be scoring systems to be used in
emergency services. Unfortunately, the importance
of these scoring systems is not considered. With the
increase in the elderly population, both admission
to the ED and the economic burden brought about
will increase significantly. In many countries, various
measures have been tried to identify risk groups,
prevent recurrent presentations, and reduce the
economic burden. Efforts have been done to
evolve different scoring systems to recognize risk
groups, and these are being modified over time.
In many countries, readmission rates are discussed
as quality indicators; therefore, governments seek
various ways to take measures (1).

There isn't enough agreement in the literature
regarding the most proper introductory try-out
examinations to be used. Several screenings forrisk,
including the Identification of Seniors at Risk (ISAR),
the Dismiss of the Aged people from the urgent
section (ED) and lately the Silver Code, have been
advanced to point out older ED patients bearing
more risk. The ISAR and the Triage Risk Screening
Tool (TRST) are two of the most conventional
risk assessment implements for elderly patients
admitted to ED. The foretelling accuracies of the
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ISAR and TRST scores are sustained, remarking
replicability of these scores (2).

The ISAR was developed to pick out seniors
at risk of disadvantageous health consequences,
including but not limited to functional turn down,
admission to the ED, being inpatient, staying in
hospital for longer term and finally morbidity during
three, six and nine months after being admitted into
ED with a discontinued score of 2 (3). ISAR screening
foresees a broad spectrum of unfavourable health
results, such as morbidity, hospital readmission,
assets utilizing and corporeal or cognitive function
(4). The ISAR score consists of six uncomplicated
bipartite questions (functional decline, mortality,
hospitalization, community service utilization),
making it momentary, straightforward, and bearable
forpatientsand healthworkers (5). Assuming patients
have two or more positive responses (= 2 scores) on
the ISAR screening test indicates an increased risk
for the geriatric population. This test can be applied
for advanced geriatric evaluations and treatments
to improve prognosis and reduce the likelihood of
poor outcomes (6). The anticipating credibility of
the ISAR regarding death and complicate results
was marked as poor to fair. It is not acceptable to
employ ISAR test solely for picking up elderlies at
risk of unfavourable outcomes in the ED (7). It should
be used while taking clinical conclusions and for the
purpose of the levelling and adoption of patients to
be part of clinical assessments (4).

The TRST test was enhanced to recognize aged
ED patients with higher possibility of returning
to the ED, staying in hospital, or admission to a
convalescent home between 30- and 120-days after
dismissing from ED of hospital (8). The TRST should
not be implied alone to recognize seniors at risk of
ED revisits or inpatient (9). The goal of the attending
examination was to compare the ISAR with the TRST
in terms of performance in predicting 30-day return
to ED, hospital admission and death in elderly who
admitted to the ED.
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METHODS

Study design, follow-up and end point

The ED of Odemis State Hospital treats
approximately 200,000 patients per year. All patients
who were above 65 years old and admitted to our
ED facility and were followed up in the monitored
observation unit were put into in the evaluation
analysis. Patients who did not give their approval for
the use of their information for scientific grounds in
writing or vocally were eliminated from the bracket.
Demographic and social input (age, sex, education,
status, decreased functional capacity,
residency, arrival at the ED and contact person) and
stay in the ED were extracted from the electronic
documentation of all entries to our ED between 1
November 2022 and 1 December 2022. Outcomes
were confirmed through telephone follow-up by
emergency specialist physicians within one month
of the index ED visit (1 December 2022 to 1 January
2023). The primary end-points were return to the
ED, hospital admission or death.

family

Measurements

Same individual (SS) carried out both the
diagram reviews and data obtainment. The ISAR
is a risk assessment implement which consist of
six components used to identify aged patients
posing higher risk of unfavourable results after
an admittance to the ED. ISAR is a self-report
implement consist of six straightforward “yes/no”
elements regarding functional reliance, current
hospitalization, flawed reminiscences and sight, and
polypharmacy. The overall scale span is between 0
to 6, as each component is scored as 1 if the patient
demonstrates having a difficulty and 0 provided
reports not (5). The five-item (cognitive disability;
strained walking, recorded moving hardship
and plummet, taking five or more medicaments,
treatment history or documented ED entries, and
assessment by the health worker of other reasons)
TRST rule submits a feasible score between 0 and

5 (each element scoring 1 if existing or O if not
attending) (8).

The author ascertained that ISAR and TRST
scores of at least 2 identify patients who has greater
risk for adverse outcomes.

Statistical methods

Frequencies and percentages were assigned for
categorical changeable, while average, standard
deviation (SD), median and range (minimum-—
maximum) values were provided for numerical
variables as descriptive statistics. The relationship
between two categorical variables was analysed
applying  Pearson’s  chi-squared  assessment.
Group comparisons for arithmetic variables were
performed with the dependent sample t-test or
the Mann-Whitney U test. In the Mann-Whitney U
test evaluation, significance, and cut-off values for
ISAR and TRST scores were determined only for
the hospital admission value at the end of 30 days.
The receiver operating characteristic (ROC) curve
was implied to assay the scores’ capability to assess
the relationship between screening tools (ISAR = 3
and TRST = 2). The area under the curve (AUC) was
summarized with 95% confidence intervals (Cls). The
ROC curves of the scores were compared implying
Delong’s test for two correlated ROC curves. The
Youden index was applied to ascertain the break
off point that optimized the variable's discerning
capability by providing equal value to sensitivity
and specificity. Rigorous binomial confidence limits
were determined for sensitivity, specificity and
positive and negative predictive values for scores
transformed into binary based on cut-off values.

Ethical considerations

The study was confirmed, and the ethics
commission of Izmir Katip Celebi University’s Non-
Interventional Clinical Studies Institutional Review
Board deferred the necessity of obtaining informed
written consent from patients (#0253).
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RESULTS

In the present study, 396 patients (mean age 76.89
+ 7.59, interquartile range 65-98; 50% men) were
enrolled. Their characteristics are summarized
in Table 1. The mean age of the males was 71 +
6.65, and the mean age of the females was 78.08
+ 8.27. The most common isolated presentation
complaints were dyspnoea, abdominal pain and
cough, as determined in 68 (17.2%), 19 (4.8%)
and 8 (2%) persons, respectively. The three most
common final diagnoses were chest diseases
in 101 (25.5%), cardiovascular diseases in 86
(21.7%) and neurological diseases in 54 (13.6%).
The ED outcomes were discharge in 261 (65.9%),
hospitalization in 98 (24.7%), transfer to another

hospital in 28 (7.1%), refusal of treatment in 8 (2%)
and death in 1 (0.3%). The hospital outcomes were
discharge in 104 (26.2%), death in 21 (5.3%) and
referral in 1 (0.3%). The outcome of the referred
patient is unknown. The numbers of returns to
the ED, hospitalizations, deaths, decreases in
functional capacity and clinic visits at the end of
30 days are shown in Table 2. The average length
of stay in the ED was 5.11 hours. The mean ISAR
score was 3.08, and the mean TRST score was 2.67.
The correlation coefficient between ISAR and TRST
was 0.657. There were no significant differences in
ISAR and TRST scores for sex, age, marital status,
living environment, level of education, mode of
application, 30-day hospitalization, return to the ED
or death status (p > 0.05).

Table 1. Participant baseline characteristics

Demographic and social data N %
Female 198 50
Gender
Male 198 50
Married 223 56.3
Widow/er 167 422
Family Status
Divorced 3 0.8
Unmarried 3 0.8
Did not go to school 134 338
Primary 252 64.4
Education
Secondary 2 0.5
High 5 1.3
Alone 27 6.8
With spouse 141 35.6
Residency .
Extended family 210 53.0
Other 18 4.6
With 112(911) 130 328
Arrival at the ED Own possibilities 264 66.7
Other 2 0.5
Self 34 8.6
Relative 355 89.6
Contact person
Neighbors 2 0.5
Other 5 1.3
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Table 2. Evaluation of the participants at the end of 30 days

Return to ED 125 (3.4) 249 (66.6) 0.233 0.174
Hospital admission 43 (11.5) 331 (88.5) 0.004 0.042
Death 13(3.5) 361 (96.5) 0.059 0.295
Decreased functional capacity 73(19.5) 301 (80.5) 0.265 0.371
Outpatient admission 242 (64.7) 132 (35.3) 0.127 0.187

ISAR: Identification of Senior at Risk, TRST: Triage Risk Screening Tool

Among the patients included in the study, 22
people (mean age was 80.41 years), including
12 females (mean age was 82.08 years), 10 males
(mean age was 78.40 years), 1 in the emergency
department and 21 in the hospital after the
emergency department died. The primary end
point at 30 days was evaluated in a total of 374
participants (mean age was 76.68 years), 186 women
(mean age was 77.82 years) and 188 men (mean
age was 75.56 years). While 11.5% of the patients
(n = 43) in our cohort were admitted to hospital,
33.4% (n = 125) returned to the ED within 30 days.
There were 13 deaths (3.5%) within 30 days (4%).

No significant relationship was observed between
the primary endpoints and the characteristics of the
participants (age, gender, education, family status,
residency, arrival at the emergency department)
(p > 0.005). ISAR screening of the 396 ED patients
revealed that 294 (+ 1.26) were ISAR positive (= 2),
and 102 (+ 0.47) were ISAR negative (< 2). TRST
screening of the 396 ED patients showed that 313 (+
1.32) were TRST positive (= 2), and 83 (+ 0.28) were
TRST negative (< 2). Table 3 shows the predictable
value of ISAR (= 2) and TRST (= 2) for the primary
end points for 374 patients. A significant correlation
was observed for hospital admissions.

Table 3. Predictable value of ISAR and TRST for primary end points for 374 patients.

:::I“a'y Sensitivity | Specificity | PPV | NPV | AUC p | Sensitivity | Specificity | PPV | NPV | AUC b
points (%) (%) (%) | (%) | (95%CI) (%) %) | (%) | (%) | (95%CN)
Return to 0.53 0.54
o 80 309 | 368|755 | (047- | 0.23 84.8 249 | 362 | 765 | (048 |0.18
0.59) 0.60)
Hosoital 0.63 0.59
admpission 88.4 29.3 14 | 951 (0.55- |0.005 90.7 233 13.3 | 95.1 (0.50- |0.04
0.71) 0.67)
0.65 0.58
Death 92.3 28 44 | 99 | (052 | 063 | 923 22.2 41 | 988 | (044- | 0.30
0.77) 0.72)

AUC: Area Under the Curve, Cl: Confident Internal, ISAR: Identification of Senior at Risk, NPV: Negative Predictive Value, PPV: Negative Predic-

tive Value, TRST: Triage Risk Screening Tool, ED: Emergency Department
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Figure 1. Receiver operating characteristic (ROC) curve of Identification of Seniors at Risk (ISAR)
and Triage Risk Screening Tool (TRST) in predicting the 1-month hospital admission of
43 older patients. The ISAR shows an area under the curve of 0.63 (95% ClI 0.55-0.71),
where as the TRST shows an area under the curve of 0.59 (95% CI 0.50-0.67)

In this study, when comparing the predictive
ability of the ISAR and TRST for the primary endpoint,
significance was found only for hospital admissions.
The optimum subjective ISAR cut-off score for
hospital admission was > 2, with a sensitivity of 88.4%
and a specificity of 29.3%. Using the subjective ISAR
tool, the AUC was 0.66. The optimum objective
ISAR-related hospital admission cut-off score for
screening was > 3, with a sensitivity of 79.1% and a
specificity of 42.9%. Using the objective ISAR-related
tool, the AUC was 0.63. The optimum subjective
and objective cut-off for TRST was > 2. The ISAR
showed slightly better performance in predicting
30-day hospital admission compared with the TRST,
as shown in Figure 1. ISAR = 3 showed an AUC of
0.63 (95% C1 0.55-0.71), a positive predictable value
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of 15.2% and a negative predictable value of 94%.
TRST = 2 showed an AUC of 0.59 (95% CI 0.50-0.67),
with a sensitivity of 90.7%, a specificity of 23.3%, a
positive predictable value of 13.3% and a negative
predictable value of 95.1%.

DISCUSSION

The predictability of two risk assessment tools (ISAR
and TRST) in terms of adverse clinical outcomes
(return to ED, hospital admission and mortality)
during 30 days in aged patients who presented to
the ED was evaluated. Schwab et al. examined five
scoring systems in their review, including 12 studies
related to unplanned readmission at the end of
30 days. In that review, in which AUC values were
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reported to be betwixt 0.445 and 0.69, the ISAR and
TRST scoring systems were studied and confirmed
2).

In a meta-analysis of ISAR scoring including 32
studies, Galvin et al. reported as 0.83 (95% CI 0.75-
0.90) for hospitalization and 0.97 (95% CI 0.89-0.99)
for morbidity. In our study, these values were 0.88 and
0.92, respectively. Although these values were close
to each other, the difference may have been due to
the heterogeneity of the studies in the review (10).
Buurman et al. (11) expressed predictive validity for
the return to the ED of ISAR120. Sensitivity was 56%,
and specificity was 4%, positive predictive value
(PPV) was 19%, and negative predictive value (NPV)
was 90%; AUC of the ROC curve was 0.59 (95% ClI
0.51-0.67). In our study, sensitivity was higher (80%),
and the AUC value was similar.

Since it is more difficult to estimate the risk over a
long-term interval in older individuals, it is expected
that the one-month estimation of our study will be
higher than that of the six-month period. In their
study using Revised ISAR (ISAR-R), McCusker et al.
reported a sensitivity of 81% and a specificity of 40%
for ED return at 90 days for the cut-point of 2+ in
386 patients. They defined the specificity value as
low (5). In a review in which Galvin et al. included 32
studies, at 30 days, pooled appraises of sensitivity at
a cut-off point of = 2 were 81%, and specificity was
29% for ED return (10). In their study conducted with
333 patients in a population similar to the one in
our study, Demir Akca et al. (12) reported that one-
month sensitivity was 69%, and specificity was 40%
for ISAR. In our study, these values were 80% and
30.9%, respectively. These values are compatible
with the results of the review by Galvin et al. and
McCuster et al. and have higher sensitivity values,
unlike the results reported by Demir Akca et al. a
higher sensitivity value indicates higher accuracy in
identifying high-risk patients.

In a study conducted with 794 patients over
70 years of age, AUC values for return to ED were
found to be 0.49 for ISAR and fTRST after 30 days.

A COMPARISON OF ISAR AND TRST SCORES ‘? ]
= \’\f\.
p A\

For hospitalization, these values were reported as
0.62 for ISAR and 0.56 for fTRST (13). In another
study conducted with 200 patients over the age of
67, the AUC values were evaluated for the same
period (1 month) and the same outcomes (return to
ED, hospitalization) and were found to be 0.50 and
0.62 for ISAR. For TRST, both values were reported
as 0.55 (14). In a study in which 2,057 people over
65 years of age were evaluated prospectively, the
one-month AUC values for getting back to the ED
and hospitalization calculated as 0.63 and 0.61, and
0.68 and 0.66, respectively, for ISAR and TRST (15).
In our study, these values were as follows: return
to ED ISAR 0.53 (0.47-0.59), TRST 0.54 (0.48-0.60);
hospital admission ISAR 0.63 (0.55-0.71), TRST 0.59
(0.50-0.67). The results of our study were similar to
Gretarsdottir et al. and Heeren et al. and lower than
that of Salvi et al. We think that the lower values in
our study, which was conducted with individuals of
similar mean age, may have been due to the smaller
size of the sample.

Rizka et al. (16) reported that for one-month
mortality for 771 patients, the ISAR showed an
AUC of 0.62 (95% Cl 0.57-0.68), whereas the TRST
showed an AUC of 0.58 (95% CI 0.52-0.64). Salvi et
al. (15) reported a one-month mortality AUC for ISAR
of 0.74 and for TRST of 0.68 in 2,057 individuals. In
our study, these values were 0.65 (0.52-0.77) for the
ISAR and 0.58 (0.44-0.72) for the TRST. The results
of our study are similar to those reported by Rizka
et al. and lower than those reported by Salvi et al.
Although we have a similar sample size as the study
of Rizka et al., our study has a much higher sample
size than Salvi et al. We can say that as the number
of samples increases, the level of predictability
increases.

Studies reveal that the predictive value for the
ISAR at 30-90 and 120 days ranges from moderate
to poor, while the TRST has average diagnostic
correctness at 30 days (11, 15-20). In the study by
Suffoletto et al. (21) conducted with 202 patients,
84% of the participants had an ISAR score > 2,
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with up to 91% of sensitivity and almost 19% of
specificity. In our analysis, in which the AUC value
was 0.66, the rate of poor outcomes was 23% at the
end of 30 days. Researchers found a cut-off value
of > 3 in the optimal objective ISAR risk scoring for
poor outcomes (revisit-hospitalization and death).
According to this cut-off value, specificity increases
to 40% (21). In our study, for ISAR score = 2 in 74%
of the participants, ED sensitivity was 80%, and
specificity was 30.9%; death sensitivity was 92.3%,
and specificity was 28%,; and sensitivity was 88.4%,
and specificity was 29.3% for hospitalization.

The AUC values were similar to those in our study.
In our study, the cut-off value of the ISAR score for
hospital admission was > 3. The specificity at this
cut-off value was very close to the value found by
Suffoletto et al. (21). As the cut-off value of the ISAR
score increased, the specificity increased.

The anticipating ability of the ISAR and TRST at
the common cut-off = 2 points to recognize seniors
at risk for return to the ED, hospital admission and
mortality for adverse health outcomes is limited. In
our study, significant results were obtained only
for hospital admission in predictive ability analyses
for ISAR cut-off = 2-6 and TRST cut-off = 2-5. The
cut-off value for hospital admission was evaluated
as = 3 for the ISAR and = 2 for the TRST. Although
similar results were obtained for cut-off = 2 values
(sensitivity, specificity, AUC) for both scores, as
stated in the paragraphs above, the different cut-off
points determined for predictive ability emphasize
the originality of the study.

Strengths and Limitations

The major limitation of our study was that it
included to only one centre. At the end of 30 days,
evaluations made by telephone were recorded, so
they depended onthe responses ofthe interviewees.
These responses may not be objective.

One of the strengths of the study was that it was
a prospective study, and three risks of unfavourable
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results (return to ED, hospital admission and death)
were evaluated. In an ageing community, a narrower
endpoint, such as one month, is required to look
over the unbiased impact on the return to ED. The
more protracted the observation period, the likelier
new illnesses or aggravation of co-morbidities will
bias the initial outcomes. Another fortitude of our
review was that multivariable regression analysis
was carried out to check for feasible confounders,
which lowered bias. As a result of these analyses,
different cut-off points were determined from the
literature for both screening tools.

CONCLUSION

The risk scoring of the geriatric patient group
needs to be reconsidered in order to reduce re-
presentations to the ED, as well as the financial
burden of these presentations, and patients in the
risk group should be identified and followed up
more closely. Although the ISAR and TRST have
various limitations, they can be used as simple,
standardized, auxiliary instruments to differentiate
elderly patients during clinical decision making and
practice and to identify high-risk patients. Both
instruments demonstrated poor foretelling ability,
however the ISAR presented greater attainment in
anticipating the one-month hospital admission of
elderly patients visiting the ED.
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Q Arzu YILDIRIM AR’ Introduction: Avoiding undesirable effects of hyper- and hypovolemia is
important in geriatric hip fracture patients perioperatively. In our study, we aimed
to compare the effects of intraoperative goal directed and conventional fluid
therapy on inferior vena cava collapsibility index, postoperative complications
and 30-day mortality in these patients.

ABssTrACT

Materials and Methods: 60 patients aged 65 and over who underwent
proximal femoral nail surgery were included in the study.Patients were
randomized into two groups; Goal Directed and Conventional Therapy
groups. Patients in the Goal Directed Therapy Group were monitored with a

CORRESPONDANCE MostcareTm (Vygon, VytechHealth, Padova, Italy) haemodynamic monitor. Fluid
i E therapy was applied by targeting Pulse Pressure Variation <10%, Stroke Volume
Dilara GOGMEN Variation <13%. In the Conventional Therapy group fluid management was

administered to the patients according to the 4-2-1 rule. Before anesthesia and
leaving the recovery room, inferior vena cava collapsibility index measurements
was performed by ultrasonography.
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Results: Postoperative inferior vena cava collapsibility index was higher
in the Conventional group. Total administered crystalloid fluid volumes were
similar in both the groups and more colloids were used in the Goal Directed
Therapy group. Intraoperative urine output was observed more in the Goal
Directed Therapy group. Postoperative hospital stay was shorter in the Goal
Directed Therapy group. There was no significant difference in terms of 30-day
mortality and postoperative complications.

1 Fatih Sultan Mehmet Training and
Research Hospital, Anesthesiology and Conclusion: According to our study, intraoperative targeted fluid herapy
Reanimation, Istanbul, Turkey provides optimal postoperative intravascular volume and shortened the
postoperative hospital stay.

Keywords: Femoral Fractures; Vena Cava, Inferior; Hemodynamic
Monitoring; Fluid Therapy; Postoperative Complications.
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INTRODUCTION

It is estimated that the annual number of hip fracture
cases will exceed 6 million in 2050, with the rapid
increase in the aging population of the world (1).

Advanced age, comorbidities, dehydration,
malnutrition
cognitive functions pose a risk for postoperative
complications in patients admitted to the hospital
due to hip fracture Considering age, frailty and
high cardiovascular risk in the geriatric patient
group, it is possible that they are resuscitated with
insufficient fluid before, during and after surgery,
because of the fear of increase in left ventricular
failure due to excessive fluid administration (2).
Optimization of perioperative haemodynamics and
fluid management is important to reduce this risk.

and decreased functional and

Therefore, managing these high-risk patients
using static parameters may reveal the undesirable
effects of postoperative hypovolemia and
hypervolemia. Vasoconstriction due to hypovolemia
may lead to decreased oxygen delivery, decreased
tissue perfusion and dysfunction of the peripheral
organs. Along with glycocalyx damage due to
hypervolemia, tissue oedema, impaired tissue
perfusion, local inflammation, delayed wound
healing, wound infection and anastomotic leaks
can be observed (3). There is no clear consensus on
how to perform optimal fluid management in this
population, which has many comorbidities and is at
a high risk for postoperative complications.

The research for an optimal fluid regimen to
avoid intravascular volume overload and maximize
tissue perfusion has brought
targeted fluid replacement therapies with the help
of technology (4). In the approach of goal directed
therapy (GDT) approach, parameters such as stroke
volume variation (SVV), pulse pressure variation
(PPV) and cardiac output (CO) related to global
Q2 distribution are measured to improve tissue
perfusion and clinical outcomes. Replacement
with crystalloids, colloids, blood products, or

individualized
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vasopressors is adjusted according to the targeted
physiological variables in the dynamic process (5).
Developments in recent years have drawn attention
to the future of non-invasive or less invasive devices

(6).

The inferior vena cava collapsibility index (cIVC)
is an easy, bedside, rapid measurement method. It
can be used as an indicator of fluid response and as
a guide for fluid management in critically ill patients
with spontaneous breathing. (7-9). The inferior vena
cava (IVC) is a vein with a low intravenous pressure
and high collapsibility. Its diameter is modified by
the intravascular volume status, right heart function,
and respiration (10). During each respiratory cycle,
the IVC contracts and relaxes. With the negative
pressure resulting from inspiration, venous return to
the heart increases in patients and the IVC collapses
(9) . With expiration, the IVC diameter increases
again and returns to the basal value. An increase
or decrease in the collapsibility of the vessel guides
the evaluation of the clinical status of the patient.
IVC ultrasound has advantages over other fluid
response measuring methods it is non-invasive,
inexpensive, widely available, can be obtained
with minimal training, and can be combined with
heart and lung ultrasound to provide a complete
sonographic picture of the patient (11).

Although the necessity of providing adequate
intraoperative  fluid
management is obvious, an
management guideline has not yet been
established for geriatric and emergency cases
with high mortality. The primary aim of our study
was to compare the effects of goal directed and
conventional fluid management on cIVC in patients
undergoing proximal femoral surgery. In addition,
evaluation of the amount of fluid administered,
blood products, perioperative
hypotensive events, intraoperative haemodynamics,
intraoperative urine output, amount of bleeding,
postoperative complications (cardiac, respiratory,
renal, etc.), postoperative 30-day mortality, nausea

intravascular  volume in
optimal  fluid

number of
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and vomiting score, postoperative hospitalization
days, and comparisons were performed.

MATERIALS AND METHODS

This study was conducted at the Fatih Sultan
Mehmet Training and Research Hospital of the
Ministry of Health Health Sciences University
between July 2021 and November 2021 after
obtaining clinical trials (NCT05154435) and ethics
committee approval from Istanbul Kartal Koguyolu
High Specialization Training and Research Hospital
(2021/14/548).

Sixty patients over 65 years of age, who were
scheduled for PFN surgery and had an American
Society of Anesthesiologists Physical Evaluation
Classification (ASA) score of 1-3 were included in
our prospective, randomized, controlled study.

Patients with cardiac arrhythmia, advanced
heart and aortic failure, chronic renal failure need
for dialysis, advanced obstructive or restrictive
respiratory diseases, active lower/upper respiratory
tract infection, body mass index (BMI)>35,
and IVC that could not be clearly visualized by
ultrasonography were excluded from the study.

The patients were randomized into two groups
CON (n=30) and GDT (n=30) and the patients
were not informed about the group to which they
belonged. The study protocol was explained to
all patients. A consent form was signed by the
patients who volunteered to participate in the
study. Patients in both the groups underwent
routine electrocardiography (ECG), saturation
(SpO2), non-invasive blood pressure and depth
of anesthesia monitoring with a bispectral index
(BIS) (BIS Complete 2 channel monitoring system
Medtronic Limited., UK) probe. All patients were
sedated with 1 mg/kg fentanyl (Talinat 50 mcg/10
ml 1 amp, Vem lilagc Sanayi ve Ticaret Ltd.Sti.).
Invasive arterial monitoring was performed under
sterile conditions, and preoperative blood gas
analysis was performed. Systolic arterial pressure

(SAP), diastolic arterial pressure (DAP), mean arterial
pressure (MAP), heart rate (HR), BIS and SpO2
were recorded every 15 min. IVC ultrasonography
was performed in all patients by an experienced
anesthesiologist who was blinded to the study. The
patient was placed in the supine position, with a
convex probe (5 MHz) from the subxiphoid region,
that measured the diameter of the IVC inspirium
and expirium (EsaoteSpA, Genova-ltaly) and the
collapsibility index was recorded. All measurements
were made by the same anesthesiologist. The IVC
was visualized along the longitudinal axis in the
subxiphoid position. The intrahepatic segment
of the IVC was visualized as it entered the right
atrium. The IVC diameter was measured 3-4 cm
from the junction of the IVC and the right atrium
or 2 cm caudal to the hepatic vein-IVC junction.
The M mode was placed perpendicular to the
IVC and the IVC was monitored for approximately
10 s over two or three respiratory cycles. The
maximum IVC diameter (IVC dmax) was measured
at the end of expiration from the inner margin of
the vessel wall to the inner rim. The minimum IVC
diameter (IVC dmin) was measured and recorded
at the end of inspiration. The IVC collapsibility
index was calculated as the difference between the
maximum and minimum IVC diameters divided by
the maximum IVC diameter and was expressed as a
percentage. ([[VCdmax—IVCdmin]/IVCdmaxx100%).

1-2 mg/kg propofol (Propofol 1% fresenius,
Freseniusilag San. ve Tic. Ltd. Sti), 0.6 mg/kg
rocuronium (Muscuron 50 mg/5 ml, KogakFarma)
and 1 mg/kg fentanyl (Talinat 50mcg /10ml 1
amp, Vemilag) were administered intravenously
to all participants during anesthesia induction.
Mechanical ventilation initiated with an oxygen-air
mixture with an end-tidal CO, value (EtCO2) 35-45,
5 cmH,O positive end-tidal pressure, 8 ml/kg tidal
volume, 2 It flow rate and 40% oxygen. Anesthesia
was maintained with 3-5% desflurane (Suprane 240
ml solution, Eczacibagi-Baxter) and 0.25-1 mcg/
kg/min remifentanil (Ultiva 5 mg flk, Glaxo Smith
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Kline). The aim was to maintain the BIS value
between 40 and 60. A balanced electrolyte solution
(Eczacibagi-Baxter) was used as the maintenance
fluid for both the groups. All patients were warmed
perioperatively with an active air blown heating
blanket and body temperature monitoring was
performed. All patients were normothermic.

Patients in the targeted fluid therapy group
(GDT Group) were monitored with a MostcareTM
(Vygon, VytechHealth, Padova, Italy) haemodynamic
monitor after arterial cannulation. CO, SVV. PPV,
systemic vascular resistance index (SVRI), arterial
elastance (Ea) measurements, and SAB, DAB,
MAP, KTA and SpQO2 values were monitored. Fluid
therapy every 15 min was planned in accordance
with our algorithm.

PPV <10%, Cl >2.5 L/min/m?2, SW <13%, and
mean arterial pressure >65 mmHg were targeted.
If the patient's parameters were within these
limits, 4 ml/kg/h balanced crystalloid infusion
was administered. When SWV was >13%, 4 ml/kg
hydroxyethyl starch (HES) (Voluhes, Hes 130/0.4%
6% Solution for Iv Infusion 500 ml Polifarma) was
administered for 5 min and a crystalloid infusion was
administered as 8 ml/kg/h. The fluid response was
re-evaluated after 15 min (Figure 1). The aim was
that the amount of HES administered to the patient
within 24 h should not exceed 1000 ml. In case of
SW >13%, Cl <2.5 L/min/m?, MAP <65 mmHg, 0.1-
0.2 mcg/kg/min norepinephrine (Cardenor 4 mg/4
ml VEM) infusion was started.

Fluid deficit due to fasting time was calculated
in accordance with the 4-2-1 rule for patients in
the CON group. (4 ml/kg/hr for the first 10 kg, 2
ml/kg/hr for the second 10 kg, 1 ml/kg/hr for each
subsequent kg). Half of the calculated fluid volume
was given in the first hour; the remaining half was
given at the 2nd and 3rd hours. Bleeding was
replaced with HES equal to the amount of bleeding
or three times of balanced crystalloid fluid.

In both the groups, intraoperative hypotension
(MAP <65 mmHg) was first intervened with 5 mg
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ephedrine (0.05 g/ml ampoule, Osel ilag San. ve Tic.
A.S.) The dose of remifentanil was reduced by 25%.
If no response was obtained, 5 mg ephedrine was
added and 4 ml/kg crystalloid was administered
intravenously (IV) in 15 min. This was recorded as a
hypotensive event. When blood loss of more than
20% of the total blood volume or Hb <8 g/dl was
detected acutely, erythrocyte suspension and fresh
frozen plasma replacement was planned at a ratio
of 2:1.

All patients were treated with 1 g paracetamol
(Paracerol 10 mg/ml, PF polyfarma), and 1 mg/kg
tramadol (Tramosel 100 mg/2 ml, HaverFarma) 20
min before end of the surgery for postoperative
analgesia, and 4 mg ondansetron (Zofer 4 mg/ 2 ml,
Adeka) for prophylaxis of nausea was administered
intravenously. At the end of the surgery, before
awakening, all patients underwent a femoral
nerve block with 20 ml of 0.25% bupivacaine and
a lateral femoral cutaneous nerve block with 5 ml
of 0.25% bupivacaine (Buvacin 5 mg/ml VEM) under
ultrasound guidance. After the block was applied,
the inhalation anesthetic was discontinued and the
patients were ventilated with oxygen-air at a flow
rate of 6 It/min and 80% oxygen. In order to reverse
the neuromuscular blockade, 0.02 mg/kg atropine
and 0.05 mg/kg neostigmine (Neostigmine 0.5 mg/
ml ampoule, Adeka) were administered IV after
observing the tachycardia response of the patient
with a spontaneous respiratory effort.

The amount of crystalloid and colloid
administered during the surgery, the amount of
inotrope, ephedrine, and atropine, if given; and the
amount of blood and blood product transfusions,

bleeding and urine output were recorded.

After extubation patient was taken to the
post anesthesia care unit (PACU). Postoperative
clVCmeasurements were made in the PACU by the
anesthesiologist who performed the preoperative
measurements, and the measurements were
recorded. The patients were monitored by a
PACU nurse who was blinded to the study. Visual
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Group GDT
n=30

SVV <13%,
PPV <10%,
CI>2.5 L/min/m2,

MAP> 65mmHg

SVV=>13%

Infusion of 4mlkg
HES for 5 min and
8 ml/kg/h balanced
crystalloid infusion

4 ml/kg/h balanced
crystalloid infusion

After 15 min later
reevaluate PPV,
SVV and CI

Group CON
n=30

SVV >13%,

PPV>10% Fluid deficit due to fasting
CI <2.5 L/min/m2, time was calculated in
MAP <65 mmHg accordance with the 4-2-1

rule. Half of the calculated
fluid volume in the first
hour, remaining half was
given at the 2nd and 3rd
hours.

Start 0.1-0.2
meg/kg/min
norepinephrine
infusion

Bleedings were replaced
with HES equal to the
amount of bleeding or

balanced crystalloid
fluid 3 times the
bleeding

Figure 1. Group GDT and Group CON fluid management

SWV: Stroke Volume Variation, PPV: Pulse Pressure Variation, MAP: Mean Arterial Pressure, Cl: Cardiac Index, HES: Hydroxyethyl Starch

analogue scale (VAS) scores, nausea and vomiting
status were recorded. Control postoperative blood
gas was obtained before arterial cannula removal
in the PACU. Control of postoperative biochemistry
values (AST, ALT, creatinine) were taken at the 4th
postoperative hour in the service.

For the evaluation of the level of nausea, a
4-scale postoperative nausea and vomiting (PONV)
scale was used: “0O = no nausea, 1 = mild nausea, 2
= moderate nausea, 3 = severe nausea”.

Before discharge, the patients were questioned
regarding cardiovascular, respiratory, neurological,
gastroenterological, infective, haemorrhagic and
renal complications. The patients were called on
the 30th postoperative day and the 30-day mortality
was assessed.

The Shapiro-Wilk test was used to examine
whether the data showed normal distribution in the
statistical analysis. Mann-Whitney U test was used to

the compare the two groups for normally distributed
data. Repeated measurements between groups
were compared by calculating the percent change
value (percentage change = (last measurement -
first measurement) / first measurement) compared
to the initial measurement. the Friedman test was
used for intergroup comparisons. In the case of
significance, Bonferroni correction was applied
in pairwise comparisons. In addition, the paired
t-test and Wilcoxon signed -rank test were used
to compare pre- and post- measurements of
dependent variables. Pearson’s Chi-square test,
Fisher's Exact Chi-square test, and Fisher-Freeman-
Halton test were used to the analyze the categorical
data. The significance level was set at as a=0.05.
Statistical analysis of the data was performed using
the IBM SPSS Statistics for Windows version 23.0
(IBM Corp. Released 2015. IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY: IBM Corp.).
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RESULTS

Sixty-three patients aged 65 years and older were
evaluated in our study. One patient was excluded
from the study due to covid positivity in the last 3
months, one patient currently covid positive, and
one patient due to discontinued of perioperative
arterial monitoring. Data were evaluated in 60
patients: 71% (n=43) were female and 29% (n=17)
were male. Sex distrubution, age, ASA scores,
weight, anesthesia and duration of surgery of the
groups were similar (Table 1).

There was no significant difference in the SAP,
DAP, HR and BIS parameters between the groups at
0, 30, 60 and 90 min.

When the IVC expiratory diameter of the
patients was measured, no signiﬂcant difference
was found between the two groups in the
preoperative measurements (Table 2). In the
postoperative measurements, the IVC expiratory

diameter was found to be larger in the GDT group
(p<0.05). In intragroup comparisons, postoperative
measurements were wider when the pre- and
postoperative IVC expiratory diameters were
compared in the GDT group (p<0.001). There
was no significant difference between pre- and
postoperative IVC expiratory diameters in the CON
group (p=0.825).

When the IVC inspirium diameter was examined,
the two groups were found to be similar in
preoperative measurements. In the postoperative
measurements, the diameter of the IVC inspirium
was wider in the GDT group (p<0.001). In intragroup
measurements, the postoperative IVC inspirium
diameter was wider in the GDT group (p<0.001).
Pre- and postoperative IVC expiratory diameters
were similar in the CON group.

When both groups were examined in terms of
the IVC collapsibility index, they were found to be
similar in their preoperative measurements. In the

Table 1. Comparison of Patients between Groups in terms of Demographic Data, ASA, Anesthesia Duration and

Surgery Duration

Female n=22(%73) n=21(%70)
Gender % 0.774
Male n=8 (%27) n=9 (%31)
1 n=0 (%0) n=1(%3)
ASA % 2 n=2 (%6) n=0 (%0) 0.4922
3 n=28 (%94) n=29 (%97)
Age (years) 3
(mean+5D) 80+8 80+7.9 0.8
Weight(kg) 64.8+10 65.6=12 0.7973
(mean=SD)
Anesthesia duration (min) 4
Median(min-max) 110 (75-120) 105 (60 -125) 0.138
Surgery time (min) 4
Median (min-max) 95 (60-110) 90 (55-110) 0.112

'Pearson Chi-Square, Pearson Chi-square test, 3t-test, “Asymp. Sig. (2-tailed), ASA: American Society of Anesthesiologists Physical Assessment

Classification, SD: Standard Deviation, Min: Minimum, Max: Maximum.
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postoperative measurements, clVC was lower in the
GDT group (p<0.05). In the intragroup comparison,
preoperative measurements were higher than the
postoperative measurements in both the groups
(p<0.05).

No significant difference was observed between
GDT and CON groups when the total volume of
crystalloid administered was compared. The Total
colloid amount, total bleeding, and total urine
output were found to be higher in the GDT group
(p<0.05). The total amount of blood products
administered was similar between the two groups.
The number of intraoperative hypotensive events
was similar in both the groups (Table 3).

When the patients were examined in terms of
postoperative hospitalization days, it was found
that the patients in the GDT group were discharged
within a shorter time (p<0.05). When the 30-day
mortality was questioned, one patient in the GDT

group was admitted to the hospital on the 7th
postoperative day due to respiratory distress and
was intubated. The patient, who tested positive
for Covid-19, died on the 17th day. There was no
significant difference between the groups in 30-day
mortality. When examined in terms of postoperative
complications, complications developed in a total
of 5 patients. Of these patients, two had infective,
two had respiratory complications, one had
infective and haemorrhagic complications. There
was no significant difference between the groups
(p=0.671).

The Friedman test was used to compare the Oth,
30th, 60th and 90th values of SVV, PPV, and CO in the
GDT group, and there was a significant difference
(Table 4). Bonferroni correction was applied for
pairwise comparisons. There was a significant
difference among the values recorded between
SW 0 and 30 minutes and between SVV 0 and 60

Table 2. Comparison of Inferior Vena Cava (IVC) Expirium, IVC Inspirium Measurements and Collapsibility Indices
Within and Between Groups

Grc:|u=p3gDT Gro::s(;ON P value

Preop 1.18+0.32 1.30+0.29 0.130
IVC Expirium (cm) Postop 1.33+0.33 1.31+0.31 10.02*
Mean+SD A 0.14+0.18 -0.01+0.01

P vaue <0.001* 0.825

Preop 0.57+0.26 0.53+0.17 10.499
IVC Inspirium  (cm) Postop 0.81+0.27 0.58+0.17 <10.001*
Mean+SD A 0.53+0.35 0.14+0.31

P value <'0.001* 10.055

Preop 52.70+10.42 59.57+7.66 '0.0052
Collapsibility Index (%) Postop 38.90+7.25 55.60+9.98 <'0.001*
Mean+SD A -0.25+0.13 -0.06£0.16

P value <'0.001* 10.028*

IVC: Inferior Vena Cava, Preop: preoperative measurement, Postop: Postoperative measurment, A: percentage change between preoperative
and postoperative measurements. SD: Standard Deviation, *: p<0.05, " t-test.
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Table 3. Comparison of Intraoperatively Given Crystalloid, Colloid, Total Bleeding, Total Urine Qutput, Total Amounts
of Blood Product Given, Number of Hypotensive Events, Postoperative Hospitalization Days, 30-Day
Mortality and Postoperative Complications

Total Crystalloid volume (ml) Med(min-max) 1175 (800-1600) 1125 (700-1650) 10.75
Total Colloid Volume (ml) Med(min-max) 250 (0-650) 0 (0-550) <10.001*
Total Bleeding Volume (ml) mean+ SD 163+38 145+78 10.018*
Total Urine Output (ml) Med(min-max) 100 (0-400) 0 (0-400) 10.007*
Total Given Blood Product(ml) Med(min-max) 0 (0-350) 0 (0-350) 10.42
Number of Hypotensive Events  Med(min-max) 1(0-2) 1(0-2) 10.204
Postoperative Hospitalization Day 1 .
Median (min-max) 2(1-9) 3(2-21) 0.015
Postoperative no 93 (n=28) 90 (n=27) 0671
Complications % yes 7 (h=2) 10 (n=3)

yes 3(n=1) 0 (n=0)
30-Day Mortality % 1.002

no 97 (n=29) 30 (n=30)

*: p<0.05, ': Mann-Whitney U Test, 2 Chi-square test, Med: Median, Min: Minimum, Max: Maximum, SD: Standard deviation

Table 4. Group GDT Stroke Volume Variation (SVV) / Pulse Pressure Variation(PPV) / Cardiac Output (CO) / Systemic
Vascular Resistance Index (SVRI) / Arterial Elastance (Ea)

SWV Med (min-max) 22 (7-30) 12 (3-30) 7 (5-46) 6 (4-17) <'0.001*
PPV Med (min-max). 22 (8-43) 11 (4-34) 9 (4-31) 7 (4-11) <'0.001*
CO Med (min-max) 4.60 (3.30-8.10) 4.40 (3.10-6) 4.15(3.10-5.30) 4.20 (3.10-5.1) 0.019*
SVRI Med (min-max) 1677 (948-2890) 1283 (846-3269) 1272 (958-2680) 1155 (833-1603) <'0.001*
Ea Med (min-max) 1.85(1.1-2.20) 1.48 (0.83-2.96) 1.15(0.78- 2.70) 1.20 (0.64-1.919 <'0.001*

Time-Related Change and 0-90 min Comparison

1: Related-Samples Friedman'’s Two Way Analysis of Variance By Ranks, *:"p<0.05*, SVV: Stroke Volume Variation, PPV: Pulse Pressure Variation,
SVRI: Systemic Vascular Resistance Index, Ea: Arterial Elastance, Med: Median, Min: Minimum, Max: Maximum
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min (p<0.05). SVV values measured at 90th and 60th
min were similar (p=0.8). SVV values measured at 30
and 60 min were similar (p=0.07).

PPV 0-30, 0-60, 0-90: there was a significant
difference in the measurements between the30th
and 90th min (p<0.05). the values recorded between
60-90 min and 30-60 min were found to be similar.

When AST, ALT and creatinine values were
compared between the groups, no significant
differences were observed in pre- and postoperative
measurements. In the intragroup comparison,
AST and ALT values were found to be higher
postoperatively in the GDT group. In the CON
group, no significant difference was observed
between the pre- and postoperative measurements
in the intragroup comparison. In intragroup
comparisons of creatine, the postoperative value
measured in CON group was found to be lower
than the preoperative value (p<0.05). In the GDT
group, intragroup pre- and postoperative creatine
measurements were similar.

Postoperative nausea and vomiting were not
detected in any patient in either group. All the
patients were transferred from the PACU to the
service. When examined in terms of the method
of discharge from the hospital, all patients in both
the groups were discharged with full recovery.
Postoperative 30th min VAS score of the patients in
both the groups were similar.

DISCUSSION

In our study that examined the effects of targeted
and traditional fluid management on clVC and
postoperative complications in geriatric patients
who underwent proximal femoral surgery, the
postoperative clVC in the targeted therapy group
was found to be lower and within euvolemic limits
than that in the traditional fluid management
group. The cIlVC was found to be within the
hypovolemic limits in patients followed up using the
conventional method. Postoperative IVC inspiratory

and expiratory diameters were larger in the targeted
therapy group.

While the amount of intraoperative crystalloid
infusion was similar, the amount of colloid infusion
was higherinthe GDT group. While urine output was
higher in the GDT group, postoperative creatinine
values were similar in both the groups. While there
was no significant difference between the two
groups in terms of postoperative complications and
30-day mortality, hospital stay was shorter in the
GDT group.

There was no significant difference between the
two groups in terms of postoperative nausea and
vomiting, exit site from PACU and hospital, pre- and
postoperative ALT, AST and blood gas values.

In their study, Airepetan et al. evaluated the
fluid responsiveness in spontaneously breathing
patients in the intensive care unit, and reported
that a clVC 242% showed an increase in CO
after fluid infusion (9). Szabo et al. reported that
a preoperative clVC =50% was associated with
post-induction hypotension in their study of
83 spontaneously breathing patients who were
scheduled for non-cardiac surgery (12). Nagdev et
al. reported that a clVC = 50% was associated with a
CVP <8mmHg, in their study with 73 spontaneously
breathing patients who were scheduled for central
catheterization for CVP measurement for different
reasons in the emergency department (13). In our
study, postoperative cIlVC was 38% in the GDT
group, and 55% in the CON group. In parallel with
different studies in the literature, a clVC value of 55%
in the CON group can be considered hypovolemia.
The high cIVC diameter measured in the CON
group may indicate inadequate intraoperative
fluid therapy. A lower urinary output supports this
finding. Patients undergoing hip surgery may need
more pre- and perioperative volume support due
to reasons such as dehydration in the preoperative
period, prolonged fasting and inability to take oral
fluids during surgical preparation, and existing or
worsening malnutrition. However, due to common
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comorbidities and fragility in advanced age, it is
recommended that this volume be given at an
optimal level, with appropriate and enough fluid,
without causing hypervolemia.

In a meta-analysis of 23 studies performed by
Rollins et al in which major abdominal surgery was
performed, it was reported that a decrease in the
length of hospital stay was found in patients who
underwent perioperative targeted fluid therapy,
compared to the traditional method; however, no
significant difference in mortality was observed
between the groups (14). Che et al. reported that
postoperative complications were lower in patients
who underwent individualized fluid therapy than in
those who underwent standard fluid management,
and that there was no significant difference between
the length of hospital stay and the volumes of fluid
administered (15). In a review of 2159 patients by
Michard et al. who underwent fluid management
with non-calibrated pulse contour analysis methods,
the total amount of colloid was found to be higher
than that in the control group, and the amount of
crystalloid was found to be less than that in the
control group. Postoperative morbidity was lower in
the targeted therapy group (16).

In our study, no significant differences were
observed between GDT and CON groups in
terms of postoperative complications. Similar to
the studies of Rollins et al., the length of hospital
stay was found to be lower in the GDT group, and
there was no significant difference in postoperative
mortality between the two groups. We believe that
our exclusion of patients with an ASA score of 4 and
those with advanced cardiac, respiratory and organ
failure may have affected this finding. In addition,
we believe that increasing sample size will be more
appropriate for the evaluation of postoperative
mortality and complications.

In our study, unlike Michard et al., no significant
differences were observed between the crystalloid
volumes given between the groups, while more
colloids were given in the GDT group. We believe
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that the lower cIVC value in the GDT group in
preoperative measurements may be due to less
fluid requirement compared to the CON group. If
equal clVC were measured in both the groups, it is
possible that the total amount of fluid administered

would differ.

One of the limitations of our study was that
while colloid was administered to reach the
targeted parameters in the GDT group, colloid
was administered only in case of bleeding in the
CON group. While the study was being planned,
this protocol was followed in the GDT group in
order to reach the target SVV and PPV values in
a short time during which the surgery continued.
Colloids stay longer in the intravascular space and
are more suitable as volume expanders. Since the
fluid management of the patients in the CON group
was performed using traditional methods, a colloid
routine was not added to the protocol. Another
limitation was the exclusion of patients who may
require postoperative intensive care. Increasing the
number of patients and the inclusion of high-risk
cases in the study could provide different results
in terms of 30-day mortality and postoperative
complications. Major complications were examined
in our study, and the fact that they were not evaluated
in detail in terms of minor complications can be
considered among the limitations of our study.
In our study, postoperative complications were
evaluated during the acute period prior discharge,
had it been evaluated over a longer period of time,
different results could have been obtained.

The fluid management is an important concern
for elderly patients in order to decrease the mortality
and morbidity rate. The cIVC may be useful for this
aim and although there are some limitations this
research may show the usefullnes of using this index
for elderly management.

Targeted fluid therapy may be safe and beneficial
for the intraoperative follow-up of patients scheduled
for high-risk major surgery. Larger studies are needed
to determine its effects on postoperative mortality
and morbidity, organ perfusion.
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COMPARISON OF THE EFFECTS OF GENERAL
ANESTHESIA AND DEEP SEDATION ON
ANESTHESIA COMPLICATIONS AND
MORTALITY IN ENDOSCOPIC RETROGRADE
CHOLANGIOPANCREATOGRAPHY
PROCEDURES

AsstrRACT

Introduction: Endoscopic retrograde cholangiopancreatography is
extremely painful and uncomfortable when performed without anesthesia.
However, the type of anesthesia to be applied remains a matter of debate.
In this study, general anesthesia and sedation procedures were compared in
endoscopic retrograde cholangiopancreatography performed by the same
anesthesia and surgical team over a 5-year period.

Materials and Method: Patients aged over 65 years were divided into
two groups, general anesthesia and sedation, and their data were analyzed
retrospectively. Anesthesia complications, surgical complications, duration of
the procedure, need for intensive care, and length of hospital stay and intensive
care needs were compared between groups in 2812 patients.

Results: Data from 1885 patients were analyzed. The procedure time and
hospital stay were shorter, and anesthesia-related complication rate was lower
in the general anesthesia group. Although not statistically significant, mortality
was higher, and the need for intensive care was similar to the sedation group.
The complication rate significantly increased in patients aged over 75 years

Conclusion: Endoscopic retrograde cholangiopancreatography can be
performed under deep sedation or general anesthesia. The experience of
the anesthetist is an important factor for this choice. The use of sedation in
geriatric patients is associated with more complications that require airway
interventions. In addition, anesthesia complications due to prolonged
procedures were more common in the sedation group. Conclusion: In our study,
it was observed that general anesthesia was safer for endoscopic retrograde
cholangiopancreatography procedures performed in geriatric patients by an
experienced anesthesia and surgical team.

Keywords: Geriatrics; Cholangiopancreatography; Anesthesia, General,
Deep Sedation.
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COMPARISON OF THE EFFECTS OF GENERAL ANESTHESIA AND DEEP SEDATION

ON ANESTHESIA COMPLICATIONS AND MORTALITY IN ENDOSCOPIC RETROGRADE
CHOLANGIOPANCREATOGRAPHY PROCEDURES

INTRODUCTION

Endoscopic retrograde cholangiopancreatography
(ERCP) refers to the direct cannulation of the
ampulla of vater in the second part of the
duodenum with or without the use of a guide wire
by dilating or creating a sphincterotomy through an
upper gastrointestinal system endoscope with an
oblique view; visualization of the biliary system and/
or pancreatic duct under the scope by providing
an opaque material through this cannula; and
obtaining images at the desired stages. ERCP is
widely used in the diagnosis and treatment of bile
duct pathologies and has wide clinical benefits (1).
ERCP is performed in > 500,000 cases per year in
the United States alone. The complexity of ERCP is
also increasing. Anesthesia plays an important role
during ERCP procedures. In recent years, there has
been an increase in both the number and diversity
of patients in non-operating room anesthesia and
day case surgeries, including ERCP procedures.
Increasingly, older patients are receiving non-
operating room anesthetic procedures. This has
led to the search for safer anesthesia methods.
However, despite the increasing numbers of
cases and centers, anesthesia applications and
sedation protocols in ERCP procedures cannot
be standardized (2). The fact that the team that
performs sedation in endoscopic procedures in
different countries differs from anesthesiologists
makes it difficult to reach a consensus. An important
point with no consensus is the type of anesthesia
used. Different studies have advocated general and
deep sedation (3,4). Geriatric patients are related
groups that require attention in terms of anesthesia,
are prone to complications, and may have increased
mortality, morbidity, and cost (5,6).

ERCP is painful and usually requires sedation
and analgesia. However, the patient population in
which this procedure is applied is mostly the elderly,
rendering this procedure difficult in terms of both
anesthesia and surgery. There are limited studies
that consider each parameter in small patient

groups; however, there are few studies with large
patient groups (7). The effects of general anesthesia
and deep sedation on mortality in ERCP are unclear
in the literature. For this reason, in our study, a large
group of patients who underwent ERCP procedures
by a single experienced anesthesia and surgical
team were examined, and ERCP procedures in
geriatric patients in which general anesthesia and
deep sedation were applied were compared in
terms of procedure time, complications, and patient
characteristics.

MATERIAL AND METHODS

After obtaining permission from the local ethics
committee (Ethics Committee Decision No:
2021/175) and permission to use the hospital
archives, the computer records of patients over
65 years of age, out of a total of 2812 patients
who underwent ERCP under anesthesia in the
ERCP unit of our hospital between December
31, 2015 and December 31, 2020, were analyzed
retrospectively. Repetitive ERCP procedures during
the same hospitalization were determined asthe
exclusion criteria (Figure 1). Age, sex, American
Society of Anesthesiologists (ASA) Classification
score, additional disease, airway evaluations and
Mallampati scores, laboratory results, patient
information and anesthesia type (general-
deep sedation), duration of the procedure, and
complications of surgery or anesthesia from our
records, early period (first 7 days) mortality, and
anesthetic drugs used were recorded as procedural
information. Anesthesia duration was defined as the
time from the onset of anesthesia to awakening and
recovery of the patient. ERCP time was defined as
the time between insertion and removal of the ERCP
probe. All procedures were performed by a single
anesthesia team and a surgical team. The surgical
and anesthesia team had at least 10 years of ERCP
and non-operating room anesthesia experience,
and worked regularly in the same unit. Nausea
and vomiting, anaphylaxis or allergic reaction,
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Patients over 65 years of age
who will undergo ERCP under
anesthesia

n: 2812

2 2

Patients included in the study

N: 1885

Group G
N: 746

Group S
N: 1139

4 A

Patients excluded from the study
n: 927

(Missing data or anesthesia
method not specified, ERCP
applied by another team)

N J

Figure 1. Study Flow Chart

cardiovascular collapse, cardiac arrest, prolonged
hypotension for 1 min, bronchospasm, desaturation
under anesthesia, postoperative desaturation,
tooth damage, and anesthesia complications were
recorded. Pancreatitis, bleeding, perforation, and
other surgical complications were also recorded.
Failure of the procedure due to anesthesia (such as
anesthesia complication in the patient before the
procedure and interruption of the procedure due
to anesthesia-related problems) was recorded as
present or absent. Procedures requiring removal
of the endoscope and airway intervention were
recorded as anesthesia-induced interruptions.

In all patients, according to national guidelines,
3-channel electrocardiography, automated non-
invasive blood pressure, pulse oximetry, and
temperature monitoring were performed before
the procedure until the 30th minute after recovery
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(8). The depth of anesthesia was monitored using
electroencephalography-based monitoring
(bispectralindex[BIS]). The anesthetics administered
to the patients were adjusted according to the BIS
values or the patient’s response to the procedure,
within the framework of our protocols. EtCo2
monitoring was applied to patients in the general
anesthesia group but not in the sedation group.
All patients received supplemental oxygen via
nasal cannula (3 L/min) during the periprocedural
period. The patients were divided into those who
received deep sedation (Group S) and those who
received general anesthesia (Group G). Deep
sedation was defined as a patient who could
respond to repetitive painful stimuli and whose
cardiovascular and respiratory functions were
preserved. Patients in Group S who needed general
anesthesia after the start of the procedure were
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recorded as needing airway intervention. During
anesthesia, analgesia was provided with fentanyl
or remifentanil in all patients. Propofol was used
as an intravenous induction agent and ketamine
was used together with propofol in the sedation
group. A neuromuscular block was applied with
rocuronium before endotracheal intubation in
patients in Group G, and sugammadex was used in
the reverse procedure.

Demographic data, such as age, sex, ASA score,
complication development rate, length of hospital
stay, early period (first 7 days) mortality, and need
for intensive care, were compared between the
groups.

Statistical analysis

IBM SPSS Statistics version 22 was used for all
statistical analyses. First, the normality of the data
distribution was evaluated (IBM Corp. IBM SPSS
Statistics for Windows, version 22.0; Armonk, NY:
IBM Corp.). Data are expressed as the mean and
standard deviation. The Mann-Whitney U test and
Student’s t-test were used to compare quantitative

data. The chi-square test was used to compare
categorical variables. It was also expressed as a
percentage when comparing the groups. Statistical
significance was set at P < 0.05.

RESULTS

In our study, the computer records of 1885 patients
aged 65 years and over, out of a total of 2812
patients who underwent ERCP under anesthesia in
the ERCP unit of our hospital between 31.12.2015
and 31.12.2020, were retrospectively analyzed.
ERCP procedures were divided into two groups:
those performed under general anesthesia (Group
G, n=746) and those performed under deep
sedation (Group S, n=1139). The sex, age, and ASA
classification of the patients are shown in Table 1.
Group G included 418 female patients and 328
male patients, while Group S included 626 female
and 513 male patients. There were no significant
sex differences between the two groups (p=0.647,
Table 1). The majority of the patients were in the
ASA Il group, and the mean age was as follows:
Group G= 75.92+7.07 and Group S= 76.75+7.23

Table 1. Patients’ gender and ASA status

Gender 418/ 328 626 /513 1044 / 841 0.647
(female / male, n)
Age, year, n 75.92+7.07 76.75+7.23 76.42+7.18 0.023
ASA |, n 100 100 200
ASA Il n 342 834 1176

0.000
ASA I, n 272 201 473
ASA IV, n 32 4 36

Group G; patients underwent general anesthesia, Group S; patients underwent sedation

ASA ; American Society of Anesthesiologists.
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Table 2. Comparison of patients according to the mortality, postoperative exit, hospital stay and ERCP duration

Mortality, ( n (%)
Exitus, n 38 47 85
% within mortality 447 55.3
% within anesthesia 5.1 4.1
% of total 2 2.5 45
0.322
Alive, n (%) 708 1092 1800
% within mortality 39.3 60.7
% within anesthesia 94.9 95.9
% of total 37.6 57.9 95.5
Anesthesia complications 38%5 89%7.8 127 0.021
Surgical complications 22 41 63 0.113
Postoperative exit
Service room, n (%) 663 1009 1672) 0.847
% within mortality 39.7 60.3
% within anesthesia 88.9 88.6
% of total 35.2 53.5 88.7
ICU, n (%) 83 130 213 0.882
% within mortality 39 61
% within anesthesia 11.1 1.4
% of total 4.4 6.9 1.3
Hospital stay, day,
median (min-max) 3(1-30) 21 (1-52) 0.000
mean + SD 3.98 + 3.95 392+ 459 2(1-52)3.94 £ 4.35 )
ERCP duration, minute
. . 45 (10-90)
median (min-max) 30 (15-75) 50 (10-90) 41804113 0.000
mean + SD 35.99 + 8.70 45.60 = 11.3

Group G; patients underwent general anesthesia, Group S; patients underwent sedation, ICU; intensive care unit, SD; standart deviation,
ERCP; Endoscopic retrograde cholangiopancreatography
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(Table 1). It was observed that the sedated patients
were older (p=0.023).

The mortality rate was 4.5% among all patients,
and 44.7% of the patients who died were in the
general anesthesia group and 55.3% were in the
sedation group. While the mortality rate in Group
G was 5.1%, it was 4.1% in Group S. There were
no statistically significant differences between the
two groups in terms of mortality. No significant
differences were observed (p=0.322, Table 2).
After the procedure, 11.3% of all patients were
admitted to the intensive care unit and 88.7% were
discharged to the hospital. While 39.7% of those
admitted to the ward were in the general anesthesia
group, 60.3% were in the sedation group, 39% of
those admitted to the intensive care unit were
in the general anesthesia group, and 61% were
in the sedation group (p=0.847). While the need
for intensive care in Group G patients was 11.1%,
the need for intensive care was 11.4% in Group
S patients and 11.3% on average. There was no
significant difference between the two groups in
terms of discharge or intensive care need (p=0.847,
Table 2).

Desaturation was observed during
postoperative recovery in 16 (2.1%) patients
in Group G. Intraoperative desaturation was
not observed in the general anesthesia group.
Hypotension was observed during the induction
of anesthesia in 22 patients (2.9%). No other
complications of anesthesia were observed.
The total number of complications was 38. In
Group S, 55 (4.8%) patients had intraoperative
desaturation, 19 (1.6%) patients had postoperative
desaturation, and 15 (1.3%) patients experienced
hypotension during anesthesia induction. A total
of 89 complications were observed in the sedation
group. Complication rates were significantly
different between Group G and S patients.
(p=0.021). Surgical complications were observed
in 22 Group G and 41 Group S patients. There

was no difference between the two groups in

terms of surgical complications (p=0.113). The
length of hospital stay and ERCP duration were
significantly lower in the general anesthesia group
than in the sedation group (p<0.001 and p<0.001,
respectively; Table 2). While anesthesia-related
interruption was not observed during ERCP in
Group G patients, the procedure was interrupted
for anesthesiaintervention in 35 patients in Group S
(<0.001). While there was no significant correlation
between the development of complications in
patients according to ERCP duration (p=0.336)
and sex (p=0.537), a significant correlation
was observed between age and complications
(p<0.001). The mean age of the patients who
developed complications was 83.94+6.5 years,
while the mean age of the patients who did not
develop complications was 75.88+6.9 years. While
the complication rate was 1.7% in patients aged <
75 years, this rate increased to 10.6% in those aged
> 75 years. A significant relationship was observed
between age and complications (p<0.001).

According to the results obtained here, fewer
anesthesia complications, shorter hospital stay, and
shorter ERCP duration were observed in patients
who underwent general anesthesia during the ERCP
procedure. The need for intensive care, mortality,
and surgical complications were similar to those of
deep sedation.

DISCUSSION

The main findings of the current study include the
following: 1) mortality and need for postoperative
intensive care in ERCP procedures did not
differ among the groups (p=322 and p=0.847,
respectively); 2) length of hospital stay and ERCP
duration were found to be significantly lower in the
general anesthesia group than in the sedation group
(p<0.001); and 3) fewer anesthesia complications
were observed under general anesthesia (p=0.021).
These findings show that general anesthesia is safer
in terms of ERCP procedures.
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In our study, the procedures in Group S were
performed using propofol, midazolam, and
ketamine. In a study evaluating the analgesic
needs of ERCP patients, two-thirds of sedated
patients experienced pain. Therefore, short-acting
sedative agents may be beneficial for patients
(9,10). Dexmedetomidine is a good option
because it protects the airway better; however, it
has a cost disadvantage (10). Propofol is another
widely used and proven safe agent. Studies show
that propofol is a safe option in non-operating
room sedation procedures (11). In our study,
propofol was preferred in both groups. Ketamine,
on the other hand, requires a more complicated
approach because it increases secretion; therefore,
glycoprolate or atropine is needed, or midazolam
is needed to reduce its hallucinogenic effects. In
addition, hypertension in our study patients, similar
in other geriatric patients, is an important limitation
for the use of ketamine. Remifentanil, on the other
hand, can be a good analgesic for daily procedures
with its short duration of action. We think that
remifentanil will be used more widely in the target
of comfortable and safe anesthesia.

Mild sedation or conscious sedation has been
abandoned in painful procedures such as ERCP.
Propofol-based monitoring of anesthetic care can
be used. However, patients often require deep
sedation. In addition, there is a risk of inability to
maintain spontaneous respiration under propofol,
the need for respiratory support, and desaturation
during deep sedation. In this respect, general
anesthesia seems to be safer in ERCP, as the risks
of desaturation and loss of the airway are lower. In
our study group, airway intervention, hypotension,
or desaturation developed during sedation in 7.8%
of patients in Group S. The ERCP procedure was
interrupted in 35 patients. Complications requiring
intraoperative airway intervention were not observed
in patients in Group G. With neuromuscular blocks
used in general anesthesia, residual neuromuscular
block is an important risk factor and may cause
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respiratory complications in the postoperative
period. In a study conducted by Amornyotin etal.(12)
with 158 patients, airway intervention was required
in 26.6% of ASA |-l group patients and 28.8% of
ASA 1lI-IV group patients. Desaturation, upper
airway obstruction, hypotension, and bradycardia
were determined as the causes. In addition, pulse
oximetry may delay the recognition of desaturation
during apneic periods in patients under sedation.

Since our study patients were most frequently in
the ASA Il and lll groups and included the geriatric
patient group, the rate of airway problems as high
as one-third in the Amornyotin’s study is not an
acceptable rate (12). Turning intubated patients
in the prone position is also risky. Extubation and
airway complications associated with the procedure
were also observed. However, in inexperienced
teams, the risk of airway loss is as important a
possibility as a complication related to patient
position. At this point, endotracheal intubation may
be safe. Although there are some studies in the
literature about the use of the laryngeal mask airway
in the prone position and loss and management of
the airway, the use of a laryngeal mask in the prone
position does not seem practical in procedures such
as ERCP, where the airway is shared with the surgical
team (13). When we compared our study groups,
we observed that airway complications were more
common in patients under sedation.

Procedure duration and success

A significant proportion of ERCP procedures are
abandoned early owing to insufficient anesthesia,
and the success of the procedure increases twofold
under general anesthesia (14). The experience
of the surgical team is as important as that of the
anesthesiologist for the success of the procedure.
Poor cooperation among sedated patients may
affect their level of success. Unsuccessful attempts
increase surgical complications as well as prolonged
anesthesia and anesthetic complications. However,
no significant correlation was found between the
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development of complications and the duration
of ERCP in our groups. However, the duration
of anesthesia is an independent risk factor for
cardiovascular and respiratory complications in
procedures performed under sedation under
perioperative conditions (15). In our study, the
duration of the procedure in the sedation group
was nearly doubled and was significantly higher.
Since prolonged procedures are associated with
increased anesthetic drug doses, it is expected to
increase post-anesthesia complications. It has been
shown that the procedure is shorter in Group G
patients. These results bring general anesthesia to
the forefront in order to perform it successfully and
in a short time.

Although the initiation of general anesthesia was
slower than that of sedation, the procedures under
general anesthesia in our study were significantly
shorter than those in the deep sedation group.
The effect of these two groups on ERCP unit
turnover time could not be investigated because
of the retrospective nature of the study owing
to low evidence. However, it can be thought that
general anesthesia will not be a waste of time for
the ERCP unit, because of the shorter procedure
time, less interruption of the procedure, and
lower complication rates (15). For this reason, it is
thought that the general anesthesia method may
be superior for patient turnover in ERCP units. In
addition, the use of sugammadex in the conversion
of neuromuscular blocks has contributed to a short
review (16). Turnover time may also need to be
considered as a factor in the choice.

Effect of ASA score

In a study involving 1023 patients, the total
mortality rate was 0.88% in patients with ASA lll and
higher, who expected difficult intubation, and who
excluded depths of anesthesia other than “light
propofol-based general anesthesia.” (17). In an
eight-year study, the relationship between ASA and
mortality was examined in approximately 1.5 million

endoscopy and ERCP procedures, and no correlation
was observed between ASA and mortality for ERCP
procedures (18). In another study involving geriatric
patients, it was shown that elderly (>80) patients
had higher ASA scores (3-4), but no correlation was
found between ASA, Age, Gender and mortality.
According to other findings, it was shown that these
elderly patients had lower Charlson Comorbidity
Indexes compared to younger patients, which was
interpreted as older patients were more selectively
treated and patients with high comorbidities were
avoided (19).

Although it is known that the duration of the
procedure under anesthesia is an independent
risk factor for respiratory and cardiovascular
complications, Goudra et al. stated that the
procedures were shorter in patients with high ASA
scores and longer procedures were performed
in low-risk patients. This suggests that there is
a selectivity in the duration of the procedure
according to the ASA score or patient risk.
However, the results of the high ASA score and the
combination of anesthesia type were not analyzed
clearly in these studies (20). In our study, while the
mean mortality was 4.1% in Group S patients, it was
5.1% in Group G patients. There was no difference
between the groups in terms of mortality and need
for postoperative intensive care. However, while
there were 32 ASA IV patients in Group G, only four
patients in Group S were in the ASA IV class and
ASA scores were significantly different between the
groups. There were no restrictions in terms of ASA
scores and additional diseases in the study patients.
General anesthesia was preferred in patients with
high ASA scores. Although this finding was not
significant, it may be the reason for the slightly
higher mortality in the general anesthesia group.
When evaluated together with the literature, this
suggests that the two techniques may be similar in
terms of mortality in geriatric patients, and general
anesthesia may be preferred in patients with high
ASA scores (21).
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Factors that can affect complication rates

In a study conducted with 458 patients, 89.7% of
the patients underwent deep sedation and 10% of
them underwent ERCP under general anesthesia;
3.7% of the sedation group was converted to
general anesthesia, and the procedure had to
be terminated early in one patient. The BMI and
ASA scores of the general anesthesia group were
higher, and the postoperative complications were
similar (22). Cote et al. conducted a similar study
with 799 patients and showed that male sex, high
BMI, and ASA score were risk factors for airway
problems (23). Based on these results, the authors
suggest that both methods can be used in non-
obese and uncomplicated patients. In our study,
1885 patients were examined, and it was found that
the length of hospital stay was significantly higher
in the sedation group, and the rates of anesthesia-
related complications were still higher. In our study,
the ASA scores of the general anesthesia group
were higher, but we could not find any difference
in terms of sex. When the three studies were
evaluated together, general anesthesia was safer in
those with high ASA scores. Another point to be
considered here is which factors, other than the
type of anesthesia, affect the high complication
rates of anesthesia. Therefore, in our regression
analysis, age and the development of surgical
complications were also associated with anesthesia
complications. Although all our study patients
were over 65 years of age, the complication rate in
patients over 75 years of age increased significantly
to 10.6%. In terms of surgical complications, factors
such as the effect on the duration of the procedure
and the effect on the patient’s hemodynamics can
be considered the cause or result of anesthesia
complications.

After ERCP, the rates of bacteremia, pancreatitis,
sepsis, hemorrhage, and duodenal perforation
can be as high as 8%. Anesthesia complications
include hemodynamic  complications,
problems, aspiration, drug reactions, and death

airway
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(15). To analyze this situation, it may be necessary
to analyze surgical indications and complications.
When evaluated together in both groups,
intraoperative desaturation complications were
most common in 4.8% of sedation patients,
followed by 2.9% intraoperative hypotension under
general anesthesia, postoperative desaturation
under general anesthesia (2.1%), and sedation.
Postoperative desaturation (1.6%) and hypotension
(1.3%) were observed following sedation. Other
undesirable conditions, defined as complications,
were not observed in the medical records. Surgical
complications were similar in both groups. In
one study, the most common anesthesia-related
complication was hemodynamic instability (37.01%),
followed by desaturation (11.65%) (24). The
complication rates in this study were considerably
higher than those in the present study.

Who should apply sedation?

In both anesthesia methods, it is a prerequisite
to have an experienced anesthesiologist,
appropriate equipment, and personnel for non-
operating-room anesthesia. The complication rate
was higher than the operating room for anesthesia
procedures outside the operating room. Since
the cases in our study were performed by a single
surgical and anesthesia team, both teams are highly
experienced. In this case, it increased the reliability
of our results and explained the low complication
rates. In some centers, sedation is provided by
physicians who are not anesthesiologists during
ERCP or other endoscopic procedures (25).
While American and British anesthesia societies
advocate that sedation procedures should only
be performed by an experienced anesthesia
team, surgery and gastroenterology societies do
not agree with this situation, and the practice still
remains controversial. The common point is that
when a patient needs general anesthesia, he also
needs an anesthesiologist (26). In some centers,
anesthesiologists working inrotation provide non-
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operating room anesthesia. However, the effect
of this situation on the results remains unclear.
However, in some studies, it has been reported
that both the duration of work and the cost of a
hospital caused an increase of 760 thousand dollars
in sedation administered by non-anesthesiologists
who do not have experience in non-operating room
anesthesia (27). Deep sedation is associated with
risks of airway interventions, oxygenation problems,
and loss of spontaneous breathing by ASA (28). For
this reason, the same monitoring and anesthesia
care as general anesthesia are recommended in
national and international guidelines at this level of
sedation (8,26).

Hospitalization and intensive care

Prolonged postoperative hospital stay may be
due to more than one reason. In our study, patients
in the sedation group had significantly longer
hospital stays. A striking finding of our study was
that 83 (11.1%) of the 746 patients in the general
anesthesia group and 130 (11.4%) of the 1139
patients in the sedation group were admitted to
the intensive care unit. The type of anesthesia did
not significantly change the need for intensive care.
Surgical clinics and post-procedure treatment plans
for these patients may have also been effective in
determining their intensive care needs.

Due to the retrospective nature of our study,
there are some limitations. First, no randomization
was conducted for patient selection. General and
deep sedation preferences changed periodically,
depending on the conditions of the ERCP unit.
The comfort and preferences of patients were not
analyzed in this study. Patients with missing data
were excluded from the study to increase the
reliability of the data. For this reason, although
2812 patient files were examined, data from 1885
patientswere used for analysis (Figure 1). However,
the number of patients examined here is high,
which has not been found in many studies in the
literature.

In ourstudy, end-tidal carbon dioxide monitoring
was not used as a standard in the sedation group
or this application has not been recorded. Based
on retrospective data, this process is not clear, this
gap should also be considered as a shortcoming
for evaluating patient outcomes. Our study
patients were sedated under non-objective and
objective monitoring such as BIS, hemodynamic
and respiratory responses, and response to
surgery. Accordingly, the effect of the end-tidal
carbon dioxide values on the results is not clear.
Therefore, an important limitation of our study is
the non-standard use of this monitor. However,
although the use of capnography is undisputed,
how to use it is a matter of debate, Many open-
ended points show that end-tidal carbon dioxide
monitoring is still open to many researches, such
as the fact that non-anesthesiologist physicians
who are not familiar with this monitoring also give
sedation depending on the conditions, Which
value should be taken as the threshold for end-tidal
carbon dioxide values in patients who will receive
sedation, is the threshold value or the trend safer?
(29,30). From this point of view, we think that our
findings will contribute to an ongoing gap in the
literature. Our large patient group followed by BIS
in sedated procedures can be compared in many
studies with patients sedated by end-tidal carbon
dioxide. Another limitation of our study was that the
complexity of ERCP procedures was not classified.
Some procedures are inherently more challenging
for surgeons than others. The Quality Committee
of the American Society of Gastrointestinal
Endoscopy divided the procedures into four
classes according to their difficulties (23), which
may have affected the duration of the procedure.
However, such a large number of patients and a
significant difference in the level of statistical
significance appeared to reduce this effect. The
doses of anesthetic drugs used were naturally
different between the sedation and general
anesthesia groups. However, this point would
be the subject of a different study. In the current
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study, complications and mortality were compared
between general
procedures in a large patient group as the primary
goal. However, more than one subparameter
that may affect the high complication rate can
be identified through further tests. Therefore, we
believe that a prospective study will contribute to
this area. The strengths of our study are that we
included all geriatric patients without restriction in
terms of ASA score and comorbidities; all patients
in both groups were recruited in a single center,
without rotation, with a team experienced in both
anesthesia and surgery; and inclusion of a large
patient group compared to that in studies in the
literature.

anesthesia and sedation

CONCLUSION

Team experience is at the forefront of ERCP
procedures in geriatric patients, both in increasing
the success of the treatment and in reducing the
complication rates. Deep sedation and general
anesthesia did not affect mortality or the need
for intensive care. However, general anesthesia
seems to be safer in patients with high ASA
scores. General anesthesia significantly reduced
the length of hospital stay and ERCP procedure
time. Complications related to general anesthesia
are reduced, while the duration of the procedure
is shortened. In this respect, general anesthesia
appears superior to deep sedation. Nevertheless,
the choice of anesthesia should be considered
on a patient basis in line with the priorities, and it
would be beneficial to make a choice in line with
the experience of the team and conduct more
randomized controlled clinical studies to strengthen
the results.
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PROSTHETICJOINT INFECTION FOR ELDERLY
POPULATION

AsstrRACT

Introduction: This study aimed to evaluate the effectiveness of a computer-
assisted circular external fixator used to achieve arthrodesis in elderly patients
with failed infected total knee arthroplasty.

Materials and Methods: Retrospectively 11 patients who treated with
arthrodesis between 2015 and 2020 were included in the study. The average
age was 73.5 +4.73 years (65-81). All patients had recurrent infections after
total knee arthroplasty. Radiologic evaluations, the time for fusion, shortening
of extremities, visual analog scale scores, Oxford knee scoring system, lower
extremity functional scale of all patients were compared pre-and post-
operatively. complications of the technique were noted.

Results: The mean follow-up was 33.7 +£12.85 (12-52) months. Fusion was
achieved in all patients. The average limb length discrepancy after removal
of the fixator was 46+0.78 (36—61) mm. The mean visual analog scale score
measured pre-op was 6.91+0.94 (5-8), and after fixator removal they were
measured as 2.36+£0.92 (1-4). The mean Oxford knee score was 10.27+2.68
(4-14) pre-operatively and 28.64x2.69 (23-32) postoperatively. The mean,
lower extremity functional scale was 17.06+9.38 (7.5-33.8) pre-operatively and
38.54+12.22 (21.3-56.3) postoperatively. No joint infection recurrence was seen
post-operatively.

Conclusion: Arthrodesis is a suitable option for elderly patients with limited
mobilization who are tired of repeated revision surgeries. Due to its high fusion
and low complication rate, computer-assisted circular external fixator is an
effective method in the treatment of difficult knee arthrodesis required after
infected total knee arthroplasty.

Key Words: Arthroplasty, Replacement, Knee; Reoperation; Infection;
Arthrodesis; External Fixators.
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INTRODUCTION

Infection of knee arthroplasty is feared and is one
of the most catastrophic complications for that can
accompany above-knee amputation. It can be seen
at arate of 0.4-2%, and it is quite difficult to treat (1).

Knee arthrodesis is a salvage procedure for end-
stage periprosthetic joint infections. Also, massive
bone and soft tissue loss and extensor mechanism
disruption are caused by repeated operations or
in cases of a patient’s refusal to undergo revision
arthroplasty after infected knee arthroplasty (2).

The main goals of knee arthrodesisin infected total
knee arthroplasty (TKA) are to provide pain relief and
stability of the extremity. Many methods have been
described to achieve solid knee fusion: canulated
screws, intramedullary nails, plate osteosynthesis,
and external fixation, with rates of fusion ranging
from 29% to 100%. The ideal method should have a
high fusion rate with a low complication rate, minimal
visits to the hospital, and a reduction in the need for
further treatment. Normal anatomical alignment
should be restored. It has been accepted that rigid
fixation and compression reduce failure rates. The
success of arthrodesis is determined by the patient’s
bone stock, independent of the technique and
indication (3).

Arthrodesis of the knee can provide a stable and
painless extremity on which patients can walk. The
patient also had better functional outcomes than
those encountered with amputation or suppressive
antibiotic  treatment.  Therefore, arthrodesis
procedures can be a choice for the management
of persistent infection after failed multiple-stage
revision arthroplasty (4).

Studies have shown that the success rates of TKA
have increased. Therefore, the indication of total
knee arthroplasty has expanded, and it has begun
to be performed more in younger patients (5).

Because of the increasing knee arthroplasty,
we believe that requirement the revision knee
arthroplasty and arthrodesis  will  probably

increase. In this study, we aimed to investigate
the effectiveness of a computer-assisted circular
external fixator (Ca-CEF) system for achieving knee
arthrodesis in patients with failed infected TKA.

MATERIALS AND METHODS

In this study, we retrospectively evaluated elderly
patients with infected knee arthroplasty who
were treated with knee arthrodesis by a Ca-
CEF (Spiderframe Tasarimmed, istanbul, Turkey)
between June 2015 and September 2020 and at
least followed up six months after fixator removal
in the Health Sciences University, Orthopaedic and
Traumatology department , Sisli Hamidiye Etfal
Training and Research Hospital. The exclusion
criteria were the patient who was out of follow-up
before the treatment was completed, the patient
under 65 years, and the knee arthrodesis was not
based on periprosthetic infection. Twelve patients
who underwent arthrodesis after failed knee
arthroplasty were retrospectively analyzed from
hospital archive records. One patient died due to
COVID-19 while his treatment was ongoing, and
his follow-up was not completed. This patient was
excluded from the study group. Eleven patients
were included in our study; eight of the patients
were female, and three were male. The average
age was 73.5+4.73 (65-81) years. All patients had
recurrent infections after TKA. Patients over 65
years with infected knee arthroplasty who has at
least one major criteria of MSIS criteria (6), who
did not recover despite at least three surgeries,
and who accepted arthrodesis were included in
the study.

The study protocol was approved by the Sisli
Hamidiye Etfal Training and Research Hospital
Ethics Committee (date: 02/02/2021, number:3119).
Written informed consent was obtained from the
patients or their legal guardians of each patient. The
study was conducted according to the principles of
the Declaration of Helsinki.
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Surgery was performed by anteromedial
parapatellar approach, which had also been used
in previous arthroplasty surgery, was used. Firstly,
spacers were removed, and joint debridement was
applied to the patients then bone surfaces were
preparedto improve the contact area by an electrical
saw. Ca-CEF was applied, and intraoperative
compression of the bone was performed in the
operating room.

Postoperatively x-ray was evaluated for correct
angulation of any plane or compression by Ca-
CEF, if needed. The patients were mobilized by
full weight bearing using crutches on the day after
the operation. Systemic antibiotic treatment was
started according to the post-operative positive
cultures. After six weeks of systemic antibiotherapy,
clinical and laboratory findings evaluated oral
antibiotherapy according to the recommendations
of the infectious disease consultation. Time for
solid bone fusion, limb alignment and shortening
of extremities (mm), recurrence of infection, visual
analog scale (VAS), Oxford knee scoring (OKS) and

lower extremity functional scale (LEFS) scores of
all patients were compared pre-op and post-op
(six months after fixator removal). Minor and major
complications of the technique were noted.Patients
details are summarized in Table 1.

RESULTS

The mean follow-up was 33.7 +12.85 (12-52)
months, and fusion was achieved in all patients.
The average time for fusion was 7.7+1.84 months
(5-11 months). (Figure 1). The average limb length
discrepancy after removal of the fixator was 46+0.78
(36-61) mm. The mean VAS score measured pre-
op was 6.91+0.94(5-8), after fixator removal
2.36+0.92(1-4). The average patient hospital stay
was 16.8 (6-29) days. Mean OKS was 10.27+2.68
(4-14) pre-operatively, and 28.64+2.69 (23-32)
postoperatively. Mean LEFS was 17.06+9.38 (7.5-
33.8) pre-operatively, and 38.54+12.22 (21.3-56.3)
was post-operatively. The decrease in the post-op
VAS score and the increase in OKS and LEFS scores
were found to be statistically significant compared

Table 1. Details of patients

Patient Age Gender Side Culture results F(::I::tll;:)p Ftl::::tﬁ:;e Shortness (mm)
1 72 Male Left MRSA 12 8 45
2 74 Female Right | Candida albicans 21 7 55
3 65 Male Right | Polimikrobial 52 9 36
4 71 Female Left Enterococcus fecalis 23 5 48
5 76 Male Right |Klebsiella pneumoniae 34 6 5
6 79 Female Right | Staphylococcus epidermidis 37 6 4
7 69 Female Left Pseudomonas aeruginosa 20 " 61
8 70 Female Left MRSA 43 6 44
9 77 Female Right | Polimikrobial 39 9 38
10 76 Female Left Polimikrobial 44 10 41
11 81 Male Left Escherichia coli 46 7 54

MRSA: methicillin-resistant Staphylococcus aureus
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Figure 1. X-ray images before arthrodesis, after Ca-CEF application and after fixator removal are seen

to the pre-op values of the patients. Descriptive
statistical results are summarized in Table 2.

Almost all patients had a low-grade pin-tract
infection that treated with local wound care and
antibiotherapy. Only two patients had to pins

removed with local anesthesia. Clinically, all
patients had stable knee arthrodesis, all patients
were able to walk on their own, even four of them
could walk without crutches during the last follow-
up. No patient had a stress fracture or a refracture

Table 2. Statistical analysis of pain and functional scores

Mean+SD Min-Maks (Median) P
Pre-op 6.91+£0.94 5-8 (7)
0,003#
VAS Post-op 2.36+0.92 1-4 (2)
Variation Mean.=SD %95 Cl) 4.55+1.29 (3.68-5.41
Pre-op 10.27+2.68 4-14 (11)
<0,001*
OKS Postop 28.64+2.69 23-32 (29)
Variation Ort.£5D %95 Cl) 18.4+1.9 (17.1-19.6)
Pre-op 17.06+9.38 7.5-33.8 (13.8)
<0,001*
LEFS Post-op 38.54+12.22 21.3-56.3 (40)
Variation Ort.+SD %95 Cl) 21.527.6 (16.4-26.6)

VAS: Visual Analog Scale, OKS: Oxford Knee Scoring , LEFS: lower extremity functional scale

*Paired t Test #Wilcoxon Test
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after fixator removal during the follow-up. No joint
infection recurrence was seen in any of the patients.
All patients reported mild pain but did not need
any pain medication.

The alignment of fusion was noted mechanical
axis deviation (MAD) from medially varus was noted
s "+" and valgus was noted as "-". Mean coronal
alignment was -2.4 mm and the range was + 2 to (-7)
and mean sagittal plan alignment was 4.6 degrees
(range was 0-10 degrees procurvatum). There was
no recurvatum deformity.

Statistical analysis

SPSS 15.0 for Windows program was used
for statistical analysis. Descriptive statistics were
given as number and percentage for categorical
variables, mean, standard deviation, median,
minimum, maximum for numerical variables.
When the differences of numerical variables in the
dependent group provided the normal distribution
condition, the Paired t test was analyzed with the
Wilcoxon test when the condition was not met. The
alpha significance level was accepted as p<0.05.

DISCUSSION

Revision afterfailedinfected knee arthroplastyresults
inahighercomplicationrate, withamore unfavorable
outcome in terms of pain and function. Multiple
surgeries may be required (7). These patients also
face potentially disastrous complications including
above-the-knee amputation, and unfortunately
death (8). Especially in elderly patients in order to
avoid these complications, as a salvage surgery, the
knee arthrodesis option should not be ignored.

Arthrodesis is a widely accepted surgery for
failed TKA when further revisions are not desired for
geriatric population. Recurrent infections, extensive
bone defects, ligament instability, lack of extensor
mechanism, and insufficient soft tissue coverage of
the knee may require arthrodesis of the knee joint as
a curative procedure for limb salvage. Arthrodesis
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restores good limb loading, reduces pain, eliminates
infection and generally well tolerated by the elderly
patients (9). Studies in the literature mention that
even after achieving successful knee arthrodesis
using any of various techniques, some patients have
continued to experience mild pain but acceptable
functionality (10). This also observed in our current
study. All patients reported mild pain but did not
need any medication.

Many techniques have been described for knee
arthrodesis. External fixators (monolateral, circular),
intramedullary nails, plates and screws are among
the surgical methods that can be used. Each
technique has its own positive and negative aspects.
Regardless techniques stable and painless extremity
with the eradication of infection is the main goal of
knee arthrodesis after failed infected TKA. For a
successful fusion the infection should be controlled,
soft tissue problems should be eliminated. Two-
stage procedure has high fusion rate of arthrodesis
(11). We prefer two-stage procedure with Ca-CEF
for high fusion rate.

An ideal arthrodesis should achieve a high
rate of fusion with a low complication rate, allow
early mobilization, and achieve normal anatomical
alignment of the limb. The use of plate and screw
is not preferred because of not allowing early
weight bearing, soft tissue problems, and high
infection recurrence rate. Most of the publications
recommended intramedullary nail or external fixator
in arthrodesis surgeries after infected TKA (11).

Intramedullary nail provides good stability, well
tolerated and allows early weight bearing (11). Apart
from this, there are also disadvantages compared
to external fixators. Surgery time of the arthrodesis
by intramedullary nail procedure is longer than
the external fixator and reaming of the femur and
tibia increases the risk of pulmonary embolism and
can spread the infection along the medullary canal
9,12).

Therefore, the insertion of a long intramedullary
nail is a challenging operation with a high risk of
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Figure 2. Patient who treated by Ca-CEF with soft tissue problem after infected TKA is seen

proximal femur fracture (12). In addition, external
fixation provides intraoperative flexibility; it can be
used in cases when medullary canal of femur has
already been obliterated by an implant or anatomic
deformities. It also allows performing reconstructive
procedures in which cases had soft tissue problems.
(Figure 2). External fixators are more advantageous
in terms of infection recurrence because of there is
no implant that remains in the body (10,11).

Parratte et al. reported complete remission of
infection with external fixator arthrodesis in infected
TKA (13). Also, in our patient group no infection
recurrence was seen. When the results of arthrodesis
applied with intramedullary nail after infected knee
prosthesis are examined in the literature, fusion
rates vary between 73.7% and 100%, and the
average limb length discrepancy rates are between
28mm and 55mm (14-17). In our case series fusion
was achieved in all patients and the average limb
length discrepancy was 4émm. None of the patients
requested limb-lengthening surgery, early removal
of the fixator was their priority. The effective

compression in the Ca-CEF while increasing the
shortness, also positively affects to our fusion rates.

The fusion time of knee arthrodesis is longer
than normal bone fracture healing (2). Comfort
was decreased in external fixators when compared
to internal fixations. Because of this treatment
with fixators can negatively affects the social and
emotional status of the patient (18). Some patients
may even request the termination of the fixator
without waiting for the completion of the treatment.
There was no such request in our elderly patients.
Because they were motivated when their pain
subsided and they could walk on their own.

Classic complications of external fixators such as
pin-tract infections and pin loosening, can often be
seen. Klinger et al. conducted a study of 18 patients
in which 100% developed pin-tract infections (19).
In our study, pin-tract infection was observed in all
patients, but most recovered with local wound care
and antibiotic therapy. Only two patients had pin
loosening in the proximal region. In these patients,
loosened pins were removed with the help of local
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anesthesia under outpatient conditions, and no
additional surgical procedure was required. We
predicted this in our patients and kept the number
of Schanz applied to the proximal region to more
than normal.

It is recommended to perform knee arthrodesis
in 5-8 degrees of valgus, 0-15 degrees of flexion
and 5-10 degrees of external rotation (2). When
arthrodesis is performed with an intramedullary nail,
this arthrodesis occurs with 2-5 degrees of varus,
which theoretically causes same-side hip arthritis
(20). In our study, an average of -2.1 mm MAD (valgus)
was obtained after the fusion was completed. Using
the advantage of Ca-CEF ability to correct in all
directions, we achieved the desired arthrodesis
angles in the fusion. There is no consensus on
which position arthrodesis should be performed for
the sagittal plane of knee arthrodesis. In our study,
arthrodesis was planned in full extension with the
aim of preventing the increase of shortness.

Artodesis can be applied with many external
fixator systems. Although monolateral fixators
are comfortable, but they are not very suitable
for weight bearing. On the other hand, wires
and Schanz screws at different angles in llizarov
and other circular fixators resist high stability and
dynamic axial stability versus torsional forces (20,21)

Full load with a circular fixator allows axial
compression in the arthrodesis side axially, even
after surgery, that increases bone regeneration. Ca-
CEF systems, which can provide more rigid fixation
according to the classical lllizarov systems and can
be defined as a more advanced current version of
the circular fixators, allow for the easy correction of
deformities during the arthrodesis process in the
post-operative period (22).

The indication of total knee arthroplasty is
expanded, and it has begun to be performed
more often in younger patients (5) Therefore, we
believe that the need for arthroplasty revisions and
arthrodesis surgeries will increase, and this study may
be inspire for future studies with a larger sample.
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Small sample size and retrospective design are
limitations of our study .

We aimed to achieve better results by combining
the stability of IM nails and the success of
conventional ex-fixes in infection using Ca-CEF. This
was supported by the fact that fusion was achieved
in all patients and no recurrence of infection was
observed.

In conclusion, Arthrodesis is a suitable option
for elderly patients with limited mobilization who
are tired of repeated revision surgeries. Due to its
high fusion and low complication rate, Ca-CEF is an
effective method in the treatment of difficult knee
arthrodesis required after infected TKA.
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THE EFFECTS OF LOW FLOW AND NORMAL
FLOW DESFLURANE ANESTHESIA ON LIVER
AND RENAL FUNCTIONS AND SERUM
CYSTATIN CLEVELS IN GERIATRIC PATIENTS:
A PROSPECTIVE RANDOMIZED CONTROLLED
STUDY

AsstrRACT

Introduction: Aging is a physiological process and the elderly population
is increasing. In parallel to the increasing of the elderly population, the number
of geriatric patients who required an invasive procedure or surgical intervention
under anesthesia are also increasing. The geriatric patients who are frailty
and have a loss of functional reserve in all organ systems are more sensitive to
anesthetic agents. The purpose of this research was to investigate whether low
flow desflurane anesthesia also affects hepatic and kidney functions, in elderly
patients.

Methods: After approval from the local ethics committee, the patients were
divided into two groups; as the low flow desflurane anesthesia group and the
normal flow desflurane anesthesia group using the closed-envelope method.
Calibration and leakage tests of the anesthesia device (Primus, Drager) were
performed before anesthesia. Heamodynamics parametres, peripheral oxygen
saturation, and bispectral index monitoring were performed to all patients
in operating room. The blood samples were collected before anesthesia
induction, after surgery, and at the postoperative 24th hour. The serum alanine
aminotransferase and aspartate aminotransferase levels were measured to
assess the liver damage. The serum creatinine, blood urea nitrogen, and cystatin
C levels were measured to assess the kidney function.

Results: The serum alanine aminotransferase, aspartate aminotransferase,
blood urea nitrogen, creatinine and cystatin C levels and hemodynamic
parameters, peripheral oxygen saturation and bispectral index values were
similar in both groups.

Conclusions: It was concluded that low-flow desflurane anesthesia does not
adversely affect liver and kidney functions in geriatric patients and is as safe as
normal-flow desflurane anesthesia.

Keywords: Anesthesia; Cystatin C; Desflurane; Aged; Kidney; Liver.
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INTRODUCTION

Aging, which is a physiological process; it is
characterized by loss of functional reserve in all
organ systems, regression in anabolic processes,
and increase in catabolic processes (1). In parallel
to the increase in the life expectancy of geriatric
patients, it is predicted that we will provide
medical treatment under anesthesia to more and
more elderly patients (2). Low-flow anesthesia an
inhalation technique applied with a semi-closed
rebreathing system, has a rebreathing rate of at
least 50% (3, 4). With this anesthesia technique, cost
is reduced, environmental pollution is lower, and the
humidity and temperature of the inhaled gases can
be protected (5, 6). Volatile anesthetic agents such
as sevoflurane and desflurane are commonly used
in anesthesia practice (7). They affect hepatic blood
flow and cardiac output to varying degrees. For this
reason,; liver and kidney functions are also affected.
In addition, teh metabolic rates and excretion
in the liver and kidneys are also a determining
factor in their effects on liver and kidney functions.
Sevoflurane undergoes defluorination in the kidneys
to form inorganic fluoride ions. The carbon dioxide
absorber converts sevoflurane to compound A.
Both inorganic fluoride and compound A were
associated with nephrotoxicity. The renal excretion
rates of inhalation agents and their stability to
degradation by standard carbon dioxide absorbents
are also effective on renal function (8,9). Desflurane,
which is highly proof to defluorination, has not been
associated with nephrotoxicity (10). The hepatotoxic
effects of inhalation agents may vary according
to their effects on hemodynamic parameters and
hepatic blood flow, and their metabolism rates in
the liver (11). Does low-flow desflurane anesthesia
affect liver and kidney functions in elderly patients
who are frail and have losses of functional reserve
in their organ systems? The aim of this study is
to investigate the effects of low-flow and normal
flow desflurane anesthesia on hepatic and kidney
functions in geriatric patients.

MATERIALS AND METHODS

This prospective, randomized-controlled study
(ClinicalTrials ID: NCT05414721) was conducted
following the approval of the Faculty of Medicine’s
ethics committee at Yuzuncu Yil University (April 16,
2021; Decision no: 05-27). Writen consent from the
patients was obtained.

Sixty patients, aged 65 years of age or older and
undergoing elective surgery (other than thoracic
surgery and neurosurgery), duration of the surgery
longer than 1 hour and physical status I-lll according
to the American Society of Anesthesiologists (ASA)
were included. Patients were excluded if they
exhibited cardiorespiratory disease, uncontrolled
diabetes mellitus, coagulopathy, signs of infections,
and/or abnormality in preoperative liver and kidney
functions; if they used nephrotoxic or hepatotoxic
drugs, if they displayed major bleeding in surgery
(> 1000 cc); and/or if they suffered from chronic
alcoholism, active drug use, and/or withdrawal
symptoms.

The cases were using the closed envelope
method divided into two groups: the low-flow
desflurane anesthesia group (Group D; n=30)
and the normal-flow desflurane anesthesia group
(Group N; n=30) (Figure 1).

Calibration and leakage tests of the anesthesia
device (Primus, Drager) were performed before
anesthesia. The leak test was also repeated
manually for each patient. Alarm settings of the
anesthesia device, inspired oxygen concentration
(FiO,) lower limit 30%, inspired CO, upper limit 3%,
end-tidal carbon dioxide (etCO,) upper limit 45
mmHg, disconnection alarm 5 cmH20 lower than
peak pressure, occlusion alarm 30 cm H,O, and
expiratory gas volume were adjusted to be 500 mL
below the desired minute volume (MV). Soda lime
(Sorbo-lime, Berkim, Turkey) was used as a carbon
dioxide absorbent. The color and dryness of the
carbon dioxide absorber was controled frequently
and changed at appropriate times. A disposable
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CONSORT 2010 Flow Diagram
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Figure 1. CONSORT 2010 Flow Diagram

bacterial filter and anesthesia circuit were used for
every patient.

All patients underwent non-invasive blood
pressure, heart rate (HR), electrocardiography (ECG)
and peripheral oxygen saturation (SpO2) monitoring
in the operating room. We also measured the depth
of anesthesia in all patients using a bispectral index
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(BIS) monitor (A-2000 Aspect medical systems, USA).
BIS values were kept between 40 and 60 throughout
all operations.

Preoxygenation was performed with 100% O,
for 3 minutes to all cases. After administering 0.03
mg/kg midazolam, 1.5 mcg/kg fentanyl, 2 mg/
kg propofol, and 0.6 mg/kg rocuronium bromide,
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endotracheal intubation was carried out. All patients
were ventilated in volume-controlled, mechanical
ventilation mode with 12 breaths/min, 6-8 mL/kg
tidal volume, I:E ratio 1:2, and 5 cm H,O positive
end-expiratory pressure (PEEP). The EtCO, was
maintained at 30-40 mmHg. Patients in both groups
were given a mixture of 50% O, + 50% air + 6-7%
desflurane at a 4 L/min fresh gas flow rate (FGF)
until the minimum alveolar concentration (MAC)
value achieved +1, at which time Group D's FGF
was reduced to 0.5 L/min and FiO, was increased
to 60% (60% O, + 40% air + 8% desflurane), and
Group N’'s FGF was reduced to 2 L/min and the
FiO, was reduced to 40% (40% O, + 60% air + 6%
desflurane). In both groups, the MAC value was kept
in the range of 0.9-1.1 by titrating the concentration
of desflurane. During all surgeries, the patients’
FiO,, fractional inspirium carbon dioxide pressure
(FICO,), etCO, fractional inspirium desflurane
concentration,  fractional expirium  desflurane
concentration, and MAC values were continuously
monitored.

Because geriatric patients are more sensitive to
hypoxia, it was not acceptable for the inspiratory
O, concentration to fall below 35%. In this case, the
amount of O, in the fresh gas increased by 10%. If
the inspiratory O, ratio did not exceed 35% despite
intervention, the low flow desflurane anesthesia
was terminated and the operation continued with
normal flow anesthesia in the patients who were
excluded from the study. After intubation, a Foley
catheters were used in all patients to monitor
intraoperative urine flow.

The patients’ blood pressure (non-invasive),
SpO,, and BIS values were monitored and recorded
before and after induction, at the start of low
flow desflurane anesthesia, and every 5 minutes
thereafter during the operations.

The vaporizer was closed approximately 10-15
minutes before the end of the surgery. The FGF
was increased to 6 L/min and ventilation was
continued manually with 100% FiO,. When the

MAC value of desflurane reduced to 0.1-0.3 and
the BIS value reached 80 in the anesthesia device,
the neuromuscular blockade was reversed using
atropine sulphate (0.015 mg kg—1) and neostigmine
(0.03 mg kg—1). Patients who had spontaneous
ventilation were extubated.

The patients were monitored for side effects
such as medication allergies, nausea and vomiting,
tremor and agitation, and complications such
as hypoxia, hypercarbia, hypoventilation, and
insufficient depth of anesthesia, both during the
procedure and in the postoperative period.

The blood samples were collected before
anesthesia induction, after surgery, and at the
24th  hour, postoperatively by venepuncture.
Samples  were
2000rpm for 10 minutes, and the supernatant
was used for biochemical analysis such as levels
of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), blood urea nitrogen (BUN)
and creatinine. The levels of ALT, AST, BUN and
creatinine were analyzed within 30 minutes after
sampling. The cystatin C levels were measured in the
serum. For serum separation, blood was centrifuged
at 4000rpm for 10 minutes. The obtained serum
was transferred to Eppendorf tubes and stored at
-80°C until biochemical analysis. The serums stored
at -80°C were thawed at room temperature for
analysis. Serum cystatin C was measured on the
Abbott Architect C16000 fully automatic analyzer
using the multiagent cystatin C kit (Milan, Italy).

immediately  centrifuged  at

Statistical analysis

Descriptive statistics are presented as mean,
median, minimum, maximum, standard deviation,
frequency and percentage values. The normality
of the variables were compared with Kolmogorov-
Smirnov test. The Mann-Whitney U test and
independent-samples t-test were used in the
analyses of the quantitative data in independent
groups. The chi-squared test was used in the analysis
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of the qualitative data in independent groups.
When the conditions for the chi-squared test were
not met, the Fisher's exact test was used. Statistical
significance value was accepted as p<0.05 in all
tests. Statistically significance level was considered
as 5%. The Statistical Package for Social Science
(SPSS) version 27.0 was used for data analysis.

RESULTS

Age, gender, ASA scores, smoking rates, and
duration of anesthesia and surgery were found to
be similar in both groups (p > 0.05) (Table 1-2).

Hemodynamic parameters, SpO, and BIS
values

The HR, SpO, and BIS values measured at
all times were similar in both groups (p > 0.05).
In Group D, systolic blood pressure (SBP) values
measured at the first minute after extubation (p =
0.042) were higher than Group N. In addition, mean
blood pressure (MBP) values that measured at the
40th minute (p = 0.038) and at the first minute after
extubation (p = 0.035) were significantly higher than
group N. In Group N, diastolic blood pressure (DBP)
values measured at the 5th minute after anesthesia

Table 1. Demographic characteristics in groups (mean = SD).

Age (year) 69.6+52 68.5 705+59 68.0 0.731t
Female " 36.7 % 9 30.0%

Gender 0.584*%
Male 19 63.3% 21 70.0%

Height (cm) 169.5+ 9.5 168.5 171.8£9.9 174.5 0.428"

Weight (kg) 73.0+98 72.0 741+£11.4 745 0.690"

BMI (kg/mz) 254 +£23 25.0 25.0£2.7 247 0.626"

Values are mean = standard deviation and medians [interquartile range]. TMann-Whitney U-test. *Chi-square test. independent sample t-test.

SD: Standard deviation, BMI: Body Mass Index

Table 2. ASA scores, smoking rates, and the duration of anesthesia and surgery of patients.

ASA Scores 22 0.6 2.0 2.1 + 0.5 2.0 0.3491
(=) 21 70.0 % 22 73.3%

Smoking 0.774%
(+) 9 30.0% 8 26.7%

Duration of Anesthesia (min) 113.8 13.0 110.0 116.0 + 16.6 115.0 0.868t

Duration of Surgey (min) 103.7 12.7 100.0 105.5 + 16.1 105.0 0.8851

Values are mean = standard deviation and medians [interquartile

min: Minute

range]. TMann-Whitney U-test.

*Chi-square test. SD: Standard deviation,
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induction (p = 0.035) were significantly higher than
in Group D. The SBP, DBP and MBP values that
measured at all other times were similar in both
groups (p > 0.05).

Hepatic and renal functions

The serum ALT, AST, BUN, creatinine and
cystatin C levels measured pre anesthetic period, at

the end of surgery and at the postoperative 24th
hour were like in both groups (p > 0.05). Intragroup
comparisons, serum ALT, BUN, creatinine and
cystatin C levels measured at different times were
also similar (p > 0.05). There was a significant
increase in serum AST values that measured at the
postoperative 24th hour in both groups compared
to before anesthesia induction period values (Group
N, p = 0.049; Group D, p = 0.028) (Table 3) (Graph 1).

Table 3. Comparison of serum ALT, AST, BUN, creatinine and cystatin C values measured at the different times in

groups.

ALT (U/L)

Pre-Induction 20.2£9.9 17.0 19.9+9.7 170 | gogof
Post Extubation 20.5+£11.1 18.5 19.3£10.2 17.5 0.662T
Change seen compared to Pre-Induction period (p) 0.713w 0.927w

Postoperative 24th hour 22.3+12.1 19.0 205+11.4 175 0520"
Change seen compared to Pre-Induction period (p) 0.914w 0.714w

AST (U/L)

Pre-Induction 20.6+6.2 18.5 20.2+8.0 180 | 473t
Post Extubation 22.648.1 20.1 21.5£11.1 167 01621
Change seen compared to Pre-Induction period (p) 0.608 ™ 0.085w

Postoperative 24th hour 24.0+8.6 215 23.4+10.4 21.0 05057
Change seen compared to Pre-Induction period (p) 0.049" 0.028"

BUN (mg/L)

Pre-Induction 18.1£5.9 17.2 19.3+4.2 20.5 0.201 T
Post Extubation 17.2+4.6 17.3 17.9+4.5 18.0 0.662T
Change seen compared to Pre-Induction period (p) 0.105w 0.345w

Postoperative 24th hour 18.4+7.3 17.7 18.7+4.7 18.2 O.482T
Change seen compared to Pre-Induction period (p) 0.472w 0.665%
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Table 3. Comparison of serum ALT, AST, BUN, creatinine and cystatin C values measured at the different times in

groups.

Creatinine (mg/dL)

Pre-Induction 0.84+0.18 0.80 0.89+0.16 0.86 0.201 t
Post Extubation 0.82+0.23 0.76 0.84+0.21 0.81 0'539T
Change seen compared to Pre-Induction period (p) 0.055w 0.666 ™

Postoperative 24th hour 0.86+0.24 0.80 0.90+0.27 0.81 0.450T
Change seen compared to Pre-Induction period (p) 0.113w 0.604 W

Serum Cystatin C (mg/L)

Pre-Induction 1.12+0.24 1.1 1.18+0.17 1.17 0.160T
Post Extubation 1.12+0.33 1.15 1.16x0.28 1.16 0.673T
Change seen compared to Pre-Induction period (p) 0.171w 0.593w

Postoperative 24th hour 1.18+0.35 1.10 1.22+0.28 1.14 0_359T
Change seen compared to Pre-Induction period (p) 0.914w 0.234w

Values are mean * standard deviation and medians [interquartile range]. TMann-Whitney U-test. *Chi-square test. SD: Standard deviation.
“Wilcoxon test. AST: Aspartate aminotransferase. ALT: Alanine aminotransferase. BUN: Blood urea nitrogen. (p): P Value

Side effects and complications

Nausea, vomiting, tremor, agitation and

complication rates were alike in both groups (p>
0.05).

DISCUSSION

The study’s major finding is that low flow and normal
flow desflurane anesthesia did not cause a significant
change in serum AST, ALT, BUN, creatinine, and
cystatin C levels in geriatric patients. However, in
the intragroup comparison, we found a statistically
significant increase in AST values measured at the
postoperative 24th hour compared to the AST
values measured before anesthesia induction in
both groups.

The low - flow anesthesia decrease loss of
humidity and heat from the patients’ airway
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during anesthesia. Maintains intraoperative body
temperature in geriatric patients. It has been
reported that it allows to minimize the incidence
of complications due to hypothermia. In contrast
to high-flow anesthesia in elderly patients with
severe comorbidities, the low-flow anesthesia
technique has been reported to make better early
mobilization conditions. It has been stated that low-
flow desflurane anesthesia is effective and safe in
routine geriatric surgeries and minimally affects the
liver functions (12,13).

The modern anesthesia devices used today have
high patient safety standards and monitors that can
analyze the anesthetic gas components continuously
and in detail. In addition, the increase in knowledge
aboutthe pharmacodynamics and pharmacokinetics
of inhalation anesthetics has facilitated the safer
application of low-flow anesthesia (14). While
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applying low-flow anesthesia, the airway pressure,
volume, and concentrations of inspired and expired
gases, FiO,, and MAC value of the volatile agent
should be monitored continuously. The alarm limits
should be followed carefully (15, 16). We used the
Drager Primus anesthesia device (Drager® Medizin
technik, Lubeck, Germany), which allows for safely
making these measurements.

Many studies have investigated how anesthesia
methods applied with varied FGF affect
hemodynamics. EImacioglu et al. (17), in their study
in which they applied desflurane anesthesia with
0.5, 1, and 2 L/min FGF, compared hemodynamic
parameters and stated that there was not
meaningful difference among the groups. Ceylan
et al. (18) stated that perioperative MBP changes in
both groups remained within normal limits in their
study in which they applied low-flow desflurane
and sevoflurane anesthesia. They reported that the
perioperative MBP values remained within normal
limits and were similar in patients who received low-
flow desflurane and sevoflurane anesthesia. Xie et
al. (19) reported that desflurane was associated with
more stable hemodynamic results in their study in
which they applied low-flow desflurane, sevoflurane,
and enflurane anesthesia.

Systolic, diastolic, and mean blood pressures of
the patients were closely monitored. There was not
observed meaningful difference among the groups
except the 5th and 40th minutes after anesthesia
induction and the 1st minute after extubation. We
observed that these differences in hemodynamic
parameters did not exceed 20% of the preoperative
measured values and remained within the clinically
normal limits. The groups’ HR and SpO, values as
measured in all times throughout the surgery were
found to be similar.

The serum levels of ALT and AST are mostly
measured to assess liver damage. The half-lives of
ALT and AST are approximately 47 and 17 hours,
respectively. The AST and ALT levels measured
within 24-48 hours after the anesthesia procedure

provide information about changes in perioperative
hepaticfunctions (20). Ebert and Arain (21) compared
low-flow sevoflurane, low-flow desflurane, and
intravenous propofol anesthesia, stated that there
were significant increases in plasma AST levels
in groups given volatile anesthetics. However,
they reported that the values remained within the
normal reference range. Bosna et al. (20) stated that
low and high flow desflurane anesthesia had similar
effects on serum ALT and AST levels measured in
the postoperative period. Park et al. (22) compared
postoperative AST values with preoperative AST
levels in a study in which they compared high-
and low-flow desflurane anesthesia. Postoperative
AST levels increased significantly in both groups;
however, this increase was clinically insignificant as
the measured values remained within the normal
reference range.

In this study, serum ALT and AST levels measured
before anesthesia induction, after extubation, and
at the postoperative 24th hour were detected to
be similar in both groups. However, we observed
a significant increase in both groups when the AST
levels measured at the 24th postoperative hour
were compared with the AST levels measured
before inducing anesthesia. Despite the increase in
AST levels, AST values remained within the normal
reference range.

creatinine, urea, BUN, creatinine

clearance, and urine glucose and protein can be

Serum

used to assess renal functions. In recent studies,
serum cystatin C values were also used to evaluate
renal functions, and are stated to be more sensitive.
One study stated that, when glomerular filtration
rate (GFR) fell below 80 mL/m? in intensive care
patients, there was a 48% increase in the serum
creatinine level and an 88% increase in the serum
cystatin C level (23). When serum creatinine levels
and serum cystatin C levels were compared in
patients with acute renal failure, it was reported that
serum cystatin C values increased in more patients
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and were more correlated with GFR compared to
creatinine (24-27). Eger et al. (28) compared 8-hour
normal flow sevoflurane and desflurane anesthesia
in their study. They measured BUN and creatinine
levels at the 24th and 48th hours after anesthesia and
compared them with the values before anesthesia.
They reported that there was no significant increase
in either group. Ebert and Arain (24) compared low-
flow sevoflurane, low-flow desflurane anesthesia,
and intravenous propofol anesthesia, and reported
that postoperative creatinine levels did not change
in any of the groups and BUN levels decreased
significantly. Yildirim et al. (29) compared the urea
and creatinine values measured before surgery, after
extubation, and at the postoperative 24th and 48th
hours in patients receiving low-flow sevoflurane,
desflurane and isoflurane anesthesia. When they
compared the urea and creatinine levels inter- and
intra-group, they stated that they were similarin both
groups. Duymaz et al. (30) compared the effects of
low-flow sevoflurane and desflurane anesthesia on
the kidneys in their study. They compared the serum
urea, creatinine and cystatin C values measured at
the end of the surgery and postoperative 24th hour
with the preoperative values, they reported that
there was no significant difference intra- and inter
gruop. A Foley catheter was used in all patients
to monitor intraoperative urine flow. Oliguria (<
0.5 ml/kg/hr) was not observed in any patient.
Serum creatinine, BUN and cystatin C levels were
found to be similar in both intra- and inter-group
comparisons.

In low-flow anesthesia, BIS monitoring can be
used to minimize the risk of anesthesia awareness.
Akbas et al. (31) stated that they found BIS values to
be similar in both groups in their study in which they
compared low-flow and normal-flow desflurane
anesthesia in morbidly obese cases. In this study,
we also observed that the mean BIS values did
not exceed 60 and BIS values were similar in both
groups.
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The superiorities of this study

The management of geriatric anesthesia is
special in terms of anesthesia applications and
difficult to manage. In a literature review, we could
not find enough studies on low-flow anesthesia
in geriatric patients. We believe that our study is
one of the few studies investigating whether low-
flow desflurane anesthesia affects liver and kidney
functions in geriatric patients.

Limitations of the study

The heterogeneity of surgical operations and
the small number of patients were considered as
limitations of the study.

In conclusion, the present study showed that
low-flow desflurane anesthesia did not adversely
affect liver and kidney functions in geriatric patients.
It has also shown that it provides sufficient depth
of anesthesia in the intraoperative period, does not
cause hemodynamic instability, and is as safe as
normal-flow desflurane anesthesia.
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EVALUATING THE ROLE OF VERTEBRAL
ANATOMY EXAMINATION BY
ULTRASONOGRAPHY BEFORE
ADMINISTERING SPINAL ANESTHESIA
IN GERIATRIC PATIENTS: A PROSPECTIVE
RANDOMIZED TRIAL

AsstrRACT

Introduction: This study evaluated the importance of examining neuraxial
anatomy by preprocedural ultrasonography to ensure effective spinal anesthesia
administration, which can be technically challenging in geriatric patients owing
to their physiological and pathological conditions.

Materials and Methods: Geriatric patients with an American Society of
Anesthesiologists’ physical classification of I-lll undergoing elective surgery
under spinal anesthesia were included. The patients were divided into two
groups: the anatomical landmark-guided group and the ultrasound-assisted
group. Spinal block application times, number of attempts and number of
need|e redirections were recorded.

Results: Among the studied patients, 29 and 30 patients were included
in the anatomical landmark-guided group and the ultrasound-assisted group
groups, respectively. There was no significant difference in the mean age of the
patients in the ultrasound-assisted group (74.6 + 7.41 years) and the anatomical
landmark-guided group (75.6 + 7.52 years). Assisted procedure time and total
operative time were significantly shorter in the anatomical landmark-guided
group than in the ultrasound-assisted group (p<0.001 and p<0.05, respectively);
however, spinal application times and number of trials and needle redirections
were significantly lower in the ultrasound-assisted group than in the anatomical
landmark-guided group (p<0.05 and p <0.05, respectively).

Conclusion: Preprocedural ultrasonography before spinal anesthesia
administration increases the first-attempt success rate and decreases the
number of attempts and needle redirections in geriatric patients.

Keywords: Geriatrics; Anesthesia, Spinal; Ultrasonography
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INTRODUCTION

With improvements in the health care system and
patient care services worldwide, life expectancy has
increased, and the proportion of elderly people is
gradually increasing. According to the World Health
Organization, patients over the age of 65 years are
defined as geriatric patients (1, 2). Many geriatric
patients have more than one chronic disease and
at least one disease that requires surgery. Due to
existing comorbidities, spinal anesthesia is usually
preferred to protect the airway and cognitive
functions, especially in lower extremity and lower
abdominal surgeries, in geriatric patients. Studies
have shown that the incidences of deep vein
thrombosis and pulmonary embolism and the
amount of postoperative bleeding are lower when
spinal anesthesia is administered instead of general
anesthesia (3, 4).

The failure rate of spinal anesthesia in geriatric
patients ranges between 8% and 14%. High failure
rates can be attributed to difficulty in administering
spinal anesthesia due to physiological and
pathological changes such as disk degeneration,
decreaseinbonemass, facetjointhypertrophy, spinal
degeneration, spinal deformities, ossifications in
spinal ligaments, and narrowing of the interspinous
spaces (5). Therefore, because multiple attempts
at administering spinal anesthesia are required in
geriatric patients, complications such as postdural
headache, neurological damage, spinal hematoma,
and bloody cerebrospinal fluid (CSF) often occur
(5, 6). Ultrasonography (USG) is a noninvasive,
portable and radiation-free imaging modality that is
prominently used in clinical practice. Its widespread
use and easy accessibility make USG a suitable
method for examining neuraxial blocks.

The aim of this study was to evaluate the effect
of examining neuraxial anatomy by preprocedural
USG examination on the effectiveness of spinal
anesthesia in geriatric patients, which is challenging
due to physiological and pathological conditions.
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MATERIALS AND METHODS

This prospective and randomized controlled
study was approved by the Ethical Committee
of Osmangazi University (decision number:
2020/39). Patients were informed about the study
protocol, and verbal and written informed consent
was obtained. Patients with an ASA physical
classification of I-ll, who were 65 years and older
and underwent an elective operation under spinal
anesthesia were included in the study. Patients
in whom spinal anesthesia was contraindicated,
including those with histories of an allergy to local
anesthesia, coagulation disorder, infection at the
site of intervention, and lumbar surgery, and those
who were unwilling to participate in the study
were excluded. Patients in both groups were taken
to the operating room and underwent standard
monitoring (electrocardiogram, pulse oximetry,
and noninvasive blood pressure). Intravenous
cannulation was performed, and intravenous drip of
normal saline was connected. The patients in both
groups were placed in a sitting or lateral decubitus
position, depending on the type of anesthesia
desired.

Patients were divided into two groups based on
the preprocedural examination method used: the
anatomical landmark-guided group (ALGG) and
the ultrasound-assisted group (UAG). Imaging was
performed using a convex probe [Philips Medical
Systems, Seattle, WA, United States] in both groups.
The "Covidien Devon Skin Marker with a Regular
Tip" was used for skin marking. A computer-
generated table of random numbers and the closed
envelope method were used for the randomization
of patients to these two groups.

ALGG: After positioning the patient, the upper
border of the iliac crest and the spinous processes
of the vertebrae were palpated and marked. The
location of the L4-L5 was estimated by extending
the mark on the upper border of the iliac crest
transversely to the vertebral column. One level
above or below the spinous processes was palpated,
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Analysed (n=30)

Figure 1. CONSORT flow diagram of the patients

and the most appropriate entry site, either L3-4 or
L4-5, was determined by the practitioner. These
points were marked straight over the transverse line
and then connected to each other by a vertical line
to determine the entry point. After ensuring sterile
conditions, spinal anesthesia was administered to
the patients. While maintaining the same position,
the level of the spinal needle entry site was checked
with the convex probe of the USG to determine the
distance between the intrathecal space and the skin
(Figure 1).

UAG: After positioning the patient, the convex
probe of the USG was placed transversely over the
sacrum and advanced to the cephalus, and the
location of the L4-5 was detected. The image was
moved to the center of the screen. The midpoint
of the top edge and side edge of the probe were
marked with a tissue pen. After determining the
distance between the intrathecal space and the
skin (ID), the upper mark was extended caudally,

and the lateral mark was extended straight toward
the vertebral column. The intersection point of the
two lines was considered the entry point. The image
was sharpened by tilting the probe. The entry angle
of the spinal needle was determined based on the
angle at which the image was the sharpest. After
sterile conditions were ensured, spinal anesthesia
was administered (Figure 2).

The patients in both groups were placed in the
surgical position, and the study was terminated
after the spinal block’s success was evaluated. USG
imaging and spinal blocking were performed by the
same person (A.l). A maximum of three attempts
at the same level and five attempts in total were
allowed. Spinal anesthesia procedures that could
not be performed after 5 attempts were recorded as
failed spinal anesthesia. In the case of blood tap by
the spinal needle, another interspinous interval was
used. In a failed block, a paramedian approach and
general anesthesia were applied before the surgery.
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Figure 2. Anatomical marking, USG marking and USG image

Spinal block application time (SAT), the number of
attempts, and the number of needle redirections
were recorded for each patient. SAT was defined as
the time lapsed between the entry of the needle
into the skin until the appearance of clear CSF. The
number of attempts was defined as the number of
times the needle entered the skin. The number of
needle redirections was defined as the number of
times the needle was directed cephalad caudally
or laterally under the skin without being removed.
Anatomical marking time (AMT) was recorded for
the ALGG, and ultrasound-assisted marking time
(UMT) was recorded for the UAG.

Sample Size and Statistical Analysis

The research was based on the comparison of
two independent groups, and an independent
samples t test was used in the background for
power analysis. With 80% power and a 5% type |
error rate, the minimum sample size was calculated
as 27 people per group and 54 people in total (5).

For statistical analysis of the findings obtained
in the study, we used the Statistical Package for
Social Sciences for Windows 24.0 program. Mean,
standard deviation, median, minimum—maximum
values, and interquartile range (IQR) were used to
present descriptive statistics.
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Pearson chi-square and Fisher's exact tests were
used to compare 2 x 2 cells. The conformity of the
variables to a normal distribution was analyzed by
histograms and the Shapiro-Wilk test.

Independent samples t tests were used
to evaluate normally distributed parametric
independent variables. One-way ANOVA was
used to analyze normally distributed independent
variables in more than two groups. The Mann-
Whitney U test was used to evaluate nonnormally
distributed nonparametric independent variables.
The Kruskal-Wallis analysis test was used to evaluate
nonnormally distributed independent variables in
more than two groups.

Therelationship betweenvariableswas evaluated
using the Pearson correlation test and Spearman
correlation test for normally distributed parametric
and nonnormally distributed nonparametric data,
respectively. The statistical significance level was
set at p < 0.05.

RESULTS

Of the 59 patients who were included in the study, 30
and 29 patients were added to the UAG and ALGG,
respectively. However, spinal anesthesia could not
be performed in one patient in each group. These
patients were recorded as having failed spinal
anesthesia (Figure 1).
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Table 1. Demographic Data

Female 9 30 11 37.9
*Sex 0.52
Male 21 70 18 62.1
Underweight 2 6.7 1 35
*BMI Group | Normal weight 1" 36.7 13 44.8 0.73
Overweight 17 56.6 15 51.7
n |Range Avg IQR n |Range Avg IQR p
**Age (year) 30 28.60 12 29 31.45 10 0.52
*BMI (kg/m?) 30 30.82 6 29 29.16 9 0.71
n Mean ss n Mean ss P
***D (cm) 30 5.17 0.57 29 5.17 0.62 0.37

*Chi Square Test **Mann-Whitney U Test, *** Independent-Samples T Test

UAG: Ultrasound-Assisted Group, ALGG: Anatomical Landmark-Guided Group BMI: Body Mass Index, ID: Intrathecal Distance, cm: centimeter,

kg: kilogram

The study sample included geriatric patients
with a mean age of 75.12 = 0.96 years. The mean
age of the patients in the UAG and in the ALGG was
74.6 + 7.41 and 75.6 = 7.52 years, respectively, with
no statistical significance (Table 1). The ASA classes
of the preoperative patients were | in 6.8% (n: 4), Il
in 42.4% (n: 25), and Il in 50.8% (n: 30). There was
no statistically significant difference between the
groups in terms of surgical operation or level and
position of spinal anesthesia (Table 2).

Assisted procedure time and total operative
time were significantly shorter in the ALGG than
in the UAG (p < 0.001 and p < 0.05, respectively);
however, spinal application times were significantly
shorter in the UAG than in the ALGG (p < 0.05).
The number of attempts and the number of needle

redirections were significantly lower in the UAG
than in the ALGG (p < 0.05; Table 3).

The success rates of the spinal block at the first
attempt were 93% (n = 28) and 69% (n = 20) in the
UAG and the ALGG, respectively. The probability of
success at the first attempt was also higher in the
UAG than in the ALGG (p < 0.05; Table 2). Although
the spinal block was effective, general anesthesia
was induced after 35 minutes in one patient in the
UAG due to patient noncompliance.

The correlation analysis of AMT data showed a
moderately significant positive correlation between
AMT and SAT (r = 0.381; p < 0.05) and a significant
positive correlation between AMT and total time
(r=0.608; p<0.001).
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Table 2. Characteristics of Blocks

Orthopedic Surgery 1 36.7 17 58.6
Type of surgery Urological Surgery 17 56.6 7 241 052
Other Surgical 5 6.7 5 173
Procedures
L34 0 0.0 4 6.8
Interspace level used for 0.052
CIEIRIE L4-5 30 100.0 25 93.2
Sitting 15 50.0 14 48.3
Patient Position 0.89
Lateral decubitus 15 50.0 15 51.7
Blood Tap By The Spinal Ne 2 %l 2 25 0.09
Needle Yes 1 33 5 172
No 27 90.0 27 91.5
Electric-Like Feeling 0.51
Yes 3 10.0 2 8.5
One 28 93.3 20 69.0
Number of attempts 0.0162
More than one 2 6.7 9 31.0

2 p<0.05

Table 3. Characteristics of the procedure

APT (sec) 30 42.82 11.70 29 16.74 9.45 <0.001
SAT (sec) 30 24.70 11.68 29 35.48 25.05 0.0162
Total Time (sec) 30 34.48 30.23 29 25.36 30.70 0.0412
Number of Attempts 30 26.33 0 29 33.79 1 0.0142
E‘:ﬁig;?eed'e 30 25.67 1 29 34.48 1 0.026

Mann-Whitney U Test
2p<0.05, f p<0.001

APT: Assisted procedure time, SAT: Spinal block application time, sec: Second
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The correlation analysis of UMT showed no
significant correlation between UMT and age, body
mass index (BMI), ID, SAT, number of attempts, and
number of guidance (p > 0.05), while a significant
positive correlation was found between UMT and
total time (r = 0.593; p = 0.001).

The correlation analysis of ID and demographic
characteristics of the patients revealed a moderately
significant negative correlation between age and ID
(r = 0.288; p < 0.05) and a moderately significant
positive correlation between ID and height (r =
0.270; p < 0.05), weight (r = 0.433, p < 0.001), and
BMI (r = 0.301; p < 0.05). There was no significant
difference in intrathecal distances between BMI
groups (p > 0.05).

After marking the spinal intervention site, the
predicted anatomical level was checked with USG
in ALGG (n = 29). The level was correctly predicted
in 22 patients (75.9%), and incorrectly predicted in
seven patients (24.1%).

No significant difference was found between the
groups in terms of blood tap by the spinal needle
and electric-like feeling during spinal anesthesia (p
> 0.05). The incidence of blood tap by the spinal
needle increased as the number of spinal anesthesia
attempts increased (p < 0.05). Electric-like feelings
increased as the number of attempts and number of
redirections increased (p < 0.05).

DISCUSSION

This study focuses on proposing a suitable method
for administering spinal anesthesia in geriatric
patients, which can otherwise be challenging owing
to their physiological and pathological conditions.
The mean age of the studied patients was 75.12
+ 0.96 years, which was higher than the age range
included in the previous studies that investigated
the use of preprocedural USG for spinal anesthesia
in geriatric patients. It was found that neuraxial
ultrasonography  improved spinal anesthesia
effectiveness in geriatric patients. It was observed

that using USG could decrease the procedure
time and number of attempts and redirections
required for spinal anesthesia and increase the total
procedure time with increased assisted procedure
time.

The number of geriatric patients seeking
health care services is increasing worldwide,
leading to anesthesiologists developing special
care techniques for elderly patients. Such
patients needing surgery require a higher level
of perioperative care due to the tendency of
multiple comorbid chronic diseases increasing the
risk of postoperative complications (7). The most
appropriate anesthetic technique for geriatric
patients is still controversial. Although spinal
anesthesia can reduce the risks of postoperative and
intraoperative complications, shorten the hospital
stay, and decrease the risk of in-hospital mortality,
there was no significant difference in postdischarge
and 30-day mortality when compared to those
associated with general anesthesia (7-9). However, a
shorter hospital stay and fewer complications have
made spinal anesthesia more cost effective than
general anesthesia (10).

Spinal anesthesia is the most commonly used
regional anesthesia technique, particularly in
orthopedic, urological, and obstetric anesthesia.
The increasing number of attempts and redirections
decreases patient satisfaction, and also increases
the likelihood of spinal anesthesia-related
complications such as low back pain, postspinal
headache, neurological damage, and spinal and
epidural hematoma (11, 12). Therefore, reducing
the number of attempts during spinal anesthesia
will be beneficial in preventing complications and
increasing patient satisfaction.

Different approaches for administering spinal
anesthesia in geriatric patients have always
interested anesthesiologists due to the growing
elderly population and the challenges faced
by patients. Different approaches have been
introduced to overcome this challenge. Rabinowitz
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et al. reported that the paramedian approach was
more successful than the median approach in
continuous anesthesia in geriatric patients (13). Park
et al. showed that neuraxial ultrasonography in the
paramedian approach improved spinal anesthesia
performance in elderly patients (14).

With advances in ultrasound technology and the
widespread use of USG in anesthesia applications,
the use of USG for neuraxial blocks has become
popular among anesthesiologists. In this study, we
compared the effectiveness of preprocedural USG
examination of neuraxial anatomy and the classic
anatomical marking method on the success of
spinal anesthesia in geriatric patients scheduled for
spinal anesthesia. Failure to reach the subarachnoid
space within the recommended number of
attempts and needle redirections was defined as
failed spinal anesthesia. Spinal anesthesia could not
be performed in one patient in the ALGG and in
the UAG, and general anesthesia was initiated for
these patients. There was no significant difference
between the groups in terms of the incidence of
failed spinal anesthesia.

In a meta-analysis, Jiang et al. evaluated the
first-attempt success of preprocedural neuraxial
ultrasonography in obstetric patients. It was
reported that ultrasonography improved the first-
attempt success rate only in patients who were
difficult to palpate (15). As palpation is difficult due
to the anatomy of geriatric patients, the first-attempt
success rate of spinal anesthesia was significantly
higher with USG, which was similar to the observed
success rate with UAG in this study.

The preferred intervertebral spaces for spinal
anesthesia are L4-5, L3-4, and L5-S1. Although
the medulla spinalis usually ends at L1-2, Soleiman
et al. showed that the medulla spinalis can extend
to the L3 vertebra and is usually at a lower level
in elderly patients (16). The level determined by
anatomical landmarks may differ from the predicted
level. In a study by Broadbent et al. that evaluated
the ability of anesthesiologists to estimate the
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lumbar interval with magnetic resonance, the
correct estimation was made in only 29% of cases.
In 51% of cases, the marked range was one level
above the correct range (17). Furness et al. showed
that the use of USG and palpation in determining
the intervertebral level provided 71% and 27%
accuracy, respectively (18). Inadequate anatomical
landmarks and the medulla spinalis terminating at
a more caudal level with increasing age may lead
to complications during intrathecal injections. In
the present study, intrathecal injections were made
outside the predicted range with ultrasonography
in 24.1% of spinal anesthesia procedures that
were performed with the guidance of anatomical
landmarks. This relatively low rate may be related
to the experience and expertise of our surgeons
who administer spinal anesthesia. Although studies
have shown that ultrasonography is more successful
in detecting the correct range than anatomical
landmarks, it should be noted that ultrasonography
is not completely reliable. This suggests that USG-
assisted spinal anesthesia may prevent possible
complications by identifying a safe intervertebral
space.

In studies wherein the vertebral axis was
examined from the longitudinal and transverse
axes, the mean time required to identify the
vertebral axis with USG was 95 seconds in patients
with abnormal spinal anatomy and 117 seconds in
elderly patients in whom the paramedian approach
was used (14,19). In the present study, only the
transverse axis was evaluated in a mean time of 42
seconds. The first-attempt dural puncture success
rate is similar to that in previous studies, and the
total procedure time is shorter, suggesting that the
use of USG in clinical practice for spinal anesthesia
will gain prominence.

The effect of USG guidance in spinal anesthesia
on the success of first-attempt punctures and the
number of attempts and needle redirections is
still controversial. In the study by Lim et al. that
evaluated the use of USG before spinal anesthesia
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procedures in the general population, USG did
not significantly reduce the number of successful
first-attempt punctures or the number of attempts
and needle redirections (20). While Marvan et al.
(21) obtained similar results, Srinivasan et al. (22)
compared the classic anatomical landmark method
with the paramedian approach from L5-S1 and
the USG-assisted method and showed that USG
did not reduce the number of attempts or needle
redirections for successful puncture; however, the
first-attempt success rate was higher in the USG-
assisted method. Contrary to these results, the
success rate of USG at the first attempt in elderly
patients and in patients with lumbar scoliosis and a
history of previous lumbar surgery was higher and
the number of attempts and redirections was lower
(19,23). This discrepancy among various studies
may be due to differences in the patient groups
that were studied and the practitioner's experience
in the use of USG. Therefore, patients aged > 65
years for whom such procedures were challenging
in terms of positioning and physiopathological
changes were selected in the present study. In the
UAG, the rate of successful spinal anesthesia on the
first attempt was higher than that in the ALGG, and
the number of attempts and needle redirections
was significantly lower.

In this study, the marking time for spinal
anesthesia was significantly shorter in the ALGG
than in the UAG. However, spinal anesthesia was
performed in a significantly shorter time in the UAG.
Although the longer marking time was partially
compensated by a shorter duration of spinal
anesthesia in the UAG, the total procedure time was
significantly shorter in the ALGG than in the UAG.
In a study by Chin et al. conducted on adults with
a BMI>35 kg/m? and difficult anatomical landmarks
such as poor spinous process palpation, moderate
to severe lumbar scoliosis, or with a history of
lumber spinal surgery, marking time and total time
were longer in the USG, but spinal anesthesia
was performed in a shorter time (24). Park et al.

compared anatomical landmarks and USG-assisted
paramedian spinal anesthesia in geriatric patients
and found that while the marking and total times
were longer, the time taken for spinal anesthesia
was shorter in the USG-assisted method, which
was similar to the result obtained in this study. In
contrast, a previous study demonstrated that adults
with an abnormal spinal anatomy exhibited similar
total procedure times in both groups. Although
administering spinal anesthesia can be complicated
in older patients, lateral curvatures and rotational
changes in the spine of patients with scoliosis and
unclear or even absent anatomical landmarks in
patients with a history of lumbar spinal surgery can
make this procedure more complicated and require
more time (14, 19).

In our study, it was observed that the duration
of spinal analgesia and the number of attempts
increased in the geriatric patients in the ALGG,
whose anatomical marking time was prolonged.
There was a moderate positive correlation among
the anatomical marking time, the duration of spinal
application, and the number of attempts. The
importance of the quality of anatomical landmarks
for the success of spinal anesthesia was previously
emphasized by Filho et al. (4). Therefore, more
effort and time were required for spinal anesthesia
in patients with palpation difficulty, which was
an expected result. In the UAG, no significant
correlation was found among the marking time,
time taken for spinal anesthesia, and number of
attempts. Therefore, the results suggest that USG
reduces the time taken and number of attempts for
spinal anesthesia, especially in patients in whom
anatomical landmarks are difficult to identify.

The use of USG during spinal anesthesia can
guide the practitioner by showing the distance of
the intrathecal space. Sahin et al. compared USG
and classic anatomical landmark methods in obese
and nonobese pregnant women and found that
the intrathecal distance was significantly larger in
the obese group than in the nonobese pregnant
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women (25). In this study, no significant difference
was found in the BMI groups in terms of intrathecal
distance, but there was a moderate positive
correlation between BMI and intrathecal space.
The lack of a significant difference between BMI
groups may be attributed to the lower average BMI
values in this study than those included in the study
by Sahin et al. Nevertheless, there was a moderate
negative correlation between age and intrathecal
space. The intrathecal space is closer to the skin
in geriatric patients, suggesting that reviewing the
needle entry site and direction before increasing the
needle depth during unsuccessful spinal anesthesia
attempts can prevent possible trauma.

In their study comparing the USG-assisted
method with the anatomical landmark-guided
paramedian method, Park et al. found no significant
difference between the groups in terms of electric-
like feeling, paresthesia, and blood tap by the spinal
needle (14). Similarly, no significant difference was
found between the groups with respect to electric-
like feeling and blood tap by the spinal needle.
However, in this study, the likelihood of developing
radicular pain increased as the number of attempts
and redirections increased, and encountering
blood tap by the spinal needle increased as the
number of attempts increased. Complications of
spinal anesthesia are rare, and the sample size of
the present study was insufficient to evaluate the
rate of complications between the groups, which
explains the lack of a significant difference between
the groups. It is theoretically correct that USG can
reduce the number of attempts and redirections,
resulting in fewer complications of spinal anesthesia,
such as low back pain, postspinal headache, neural
damage, and spinal and epidural hematoma, which
are risk factors for multiple interventions. However,
further studies with large patient populations are
needed to validate this.

There are a few limitations of this study. Due to
the nature of the study, patients who were examined
by USG imaging and administered spinal anesthesia
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could not be blinded. For practicality, the intrathecal
distance was only transversely maintained with a
convex USG probe. Longitudinal, paramedian or
simultaneous spinal anesthesia was not preferred. In
the UAG, the angle of probe insertion into the skin
during imaging was based on the anesthesiologist’s
memory and not on measurements.

In conclusion, our results show that neuraxial
USG facilitates spinal anesthesia application in
elderly patients. Compared with preprocedural
anatomical landmarks, USG has a high first-attempt
success rate and requires fewer attempts and needle
redirections. The reduced number of attempts
and needle redirections is expected to lead to a
reduction in the complications of this procedure.
Randomized controlled trials with larger patient
groups are required to validate these results.
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RELATIONSHIP BETWEEN THE AMOUNT
OF AMALGAM FILLING AND COGNITION IN
OLDER ADULTS

AsstrRACT

Introduction: This study aimed to evaluate the relationship between dental
amalgam filling and cognition in older adults.

Materials and Methods: A total of 169 patients aged 65 years and above
were recruited from a geriatric outpatient clinic. Their socio-demographic and
chronic disease data were recorded. All patients underwent oral examinations.
Amalgam filling index scores were calculated for individuals with amalgam
fillings. The participants were divided into a study group [amalgam (+)] and a
control group [amalgam (-)] based on their amalgam-filling statuses. For sub-
analysis, the amalgam-filled group was categorised according to high (=4.191)
and low (<4.191) mean index scores. Standardised mini-mental test, clock
drawing test and Lawton-Brody instrumental activities of daily living scale were
conducted for all patients.

Results: About 46.2% (n=78) of participants were female, mean age was 69.6
+ 6.3 years and 53.7% (n=89) had amalgam fillings. There was no significant
difference in the standardised mini-mental test, clock drawing test and Lawton—
Brody instrumental activities of daily living scale scores between the study and
control groups (all p>0.05), or in all test scores between participants with high
and low amalgam scores in the group with amalgam fillings.

Conclusions: This study showed that dental amalgam fillings were not
associated with cognitive decline in older adults.

Keywords: Aged; Cognitive Dysfunction; Dental Amalgam.
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INTRODUCTION

Dental amalgam has been used in dentistry for 150
years because of its low cost, ease of application,
durability and bacteriostatic effects (1). It is formed
by combining approximately 50% mercury as a liquid
with a mixture of powdered silver, copper, zinc and
tin (2). The popularity of amalgam has decreased
in recent years, especially because of the harmful
effects of mercury on health, environmental pollution
and aesthetic concerns (3). Mercury exposure from
amalgam depends on both the number of amalgam
fillings present and the total surface area of the
exposed amalgam (4). Mercury vapour released
from amalgam fillings increases with oral functions,
such as chewing, taking hot drinks and brushing
(5). Most inhaled mercury vapour passes into the
circulatory system and is excreted from the body,
but some accumulates in the brain, kidneys and
other body tissues (6). The blood mercury level in
individuals with amalgam fillings is approximately
3-5 times higher in urine and 2-12 times higher in
body tissues than in individuals without amalgam
fillings (7). The half-life of mercury in the brain can
also extend up to 18 years (8).

Because of its lipophilic property, mercury
crosses the blood-brain barrier into the brain and
central nervous system. This chemical element
can cause demyelination, autonomic dysfunction,
sensory nerve conduction delay, abnormal neuronal
migration and abnormal cell division in the central
nervous system (6). Some studies have examined
the relationship between Alzheimer’s disease (AD), a
neurodegenerative disorder and the most common
cause of dementia, and mercury (9). Although a
cross-sectional study showed that amalgam filling
increases the risk of AD in older females, there is
also a contrary finding in another report showing
no relationship (10). Blood mercury levels were also
found to be high in Parkinson's disease, another
neurodegenerative disease (11).

However, studies on the effects of mercury
on the cognitive state of healthy individuals are
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limited. Investigating this relationship in healthy
individuals with amalgam fillings before possible
mercury-induced cognitive impairment may add
value to the current literature. This study aimed to
examine the relationship between dental amalgam
filling and cognitive status in cognitively intact
older adults.

MATERIALS AND METHODS

Subjects who visited the geriatric outpatient
clinic between February 2020 and June 2021 were
prospectively included in this study. The inclusion
criteria were as follows: age = 65 years, must be
literate, absence of dementia, absence of any
psychiatric disease and volunteering for the study.
The exclusion criteria were visual and/or hearing
impairment and total tooth deficiency. In this study
performed in accordance with the principles of the
Declaration of Helsinki, all patients provided written
informed consent and the local ethics committee
approved the study (2019/99).

Data collection

Age, gender, educational status, current smoking
and alcohol use and existing chronic diseases
(cardiovascular diseases, diabetes, hypertension,
chronic  obstructive pulmonary disease, liver
diseases, kidney diseases, stomach diseases, cancer
and AIDS) were recorded using case data follow-
up forms. The individual's burden of disease was
measured using the modified Charlson comorbidity
index (MCCI), which assigned a weighted score
to each of 19 comorbid conditions based on the
relative risk of 1-year mortality (12).

Amalgam-filling score evaluation

Each tooth containing an amalgam restoration
was evaluated according to the location and
number of filling surfaces, with reference to the
"location index scores” section in the “criteria for
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dental amalgam index scores” table in Saxe et al.
(9). The location index score was calculated by the
same dentist who performed the oral examinations.
The location and surface number of amalgam fillings
in existing amalgam-filled teeth were included in
the evaluation. The occlusal surfaces scored higher
than the surfaces other than the occlusal surface.
The occlusal amalgam restorations in molars scored
higher than those in premolars because the molars
had larger surface areas.

Subjects (n = 80; 47%) who did not have
amalgam fillings in their teeth, who declared that
they had not had an amalgam filling in the last 10
years or who had an amalgam-filled tooth extracted
(n = 80; 47%) were included in the control group.
All participants were divided into a study group,
amalgam (+) and a control group, amalgam (-),
based on their amalgam-filling statuses. For further
analysis, the amalgam-filled group was divided into
two categories after the mean amalgam score was
determined (high: = 4.191; low < 4.191).

Cognitive and functional assessments

The standardised mini-mental test (SMMT),
clock drawing test (CDT) and Lawton-Brody
instrumental activities of daily living (IADL) scale
scores were administered to both groups by the
same geriatrician.

SMMT is a universal, short, useful and
standardised  neuropsychological  tool  for
measuring  cognitive  domains,  including
orientation, registration, attention and calculation,
recall and language (13). Total scores on the SMMT
range from 0 to 30, with lower scores indicating
worse cognitive statuses.

CDT is a simple and fast applicable test for
evaluating the cognitive abilities of comprehension,
visual memory, executive function, planning,
numerical sequencing, knowledge and abstract
thinking (14, 15). Its reliability in detecting the
early stages of cognitive dysfunction is high (15).

In scoring out of six points, a low score indicates a
poor cognitive status (16).

Lawton-Brody IADL assesses independent
daily living skills in eight areas: using the phone,
shopping, preparing meals, cleaning the house,
washing laundry, travelling, accepting responsibility
for taking medication and coping with financial
affairs (17). Total IADL scores range from 0O to 8,
with a lower score indicating a functional disability
(17).

Statistics

Statistical analysis was performed using the
Statistical Package for Social Sciences (SPSS) 22.0
(IBM SPSS Inc., Chicago, IL) software. Results were
presented as absolute numbers, percentages
and mean = standard deviation, as appropriate.
Categorical variables between amalgam (+) and
amalgam (-) groups were compared using chi-square
tests. After testing for normality of distribution of
continuous variables via the Kolmogorov-Smirnov
test, Student’s t-test and Mann-Whitney U-test were
used for normally distributed and non-normally
distributed data, respectively. To make a comparison
based on the amount of amalgam filling within the
amalgam (+) group, an amalgam filling average
(x = 4.191) was taken and this value was accepted
as “normal”. Then, the amalgam-filled group was
divided into two categories; “low” for those below
the amalgam-filling average and "high” for those
equal to or above the average.

RESULTS

A total of 169 participants were included in the
study (mean age 69.6 + 6.3 years; females 53.8%,;
mean MCCI score 4.3 + 1.6). About 52.7% (n = 89)
of the sample had amalgam fillings in their teeth
(Table 1). Since we did not have enough cases
aged 85 and over, we formed two age groups,
65-74 and 75 and over. When we compared these
two age groups according to whether or not they
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Table 1. Comparison of cognition and function according to amalgam-filling statuses.

Tests Amalgam (+) (n = 89) Amalgam (-) (n = 80) T/U P
Age (years) 69.2+59 700+ 6.7 -0.885 0.377
65-74 years 76 (53.5) 66 (46.5)

+75 years 13 (48.1) 14 (51.9) 0263 0608
Gender (female) 42 (47.2) 49 (61.3) 3.351 0.067
Current smokers, n (%) 7(7.9 10 (12.5) 1.000 0.317
Current alcohol users, n (%) 5(5.6) 5(5.3) 0.030 0.862
MCCI, mean + SD 42+16 42+16 -0.924 0.357
SMMT 26.7 £ 3.5 27.1+3.0 3326.50 0.456
CDT 44 +17 45+15 -0.28 0.779
IADLs 7.33+1.45 7.39+£1.35 3549 0.966

*MCCI: Modified Charlson comorbidity index, CDT, clock drawing test; SMMT, standardised mini-mental test; IADLs, Lawton—Brody instrumental

activities of daily living scale. Values given in bold indicate statistically significant results (p < 0.05).

Table 2. Comparison of cognition and function according to amalgam-filling statuses at different education levels.

Education Tests Amalgam (+) Amalgam (-) T/U P
llliterate N=8 N=5
SMMT 248 + 3.0 2540+ 1.34 18.00 0.833
CDT 213 +1.81 260+ 1.34 16.00 0.622
IADLs 6.25 + 2.61 6.60 +1.14 17.50 0.724
Primary/Middle school n=239 n =49
SMMT 257 +4.5 269 +2.3 843 0.338
CDT 415+ 1.83 4.55 £ 1.37 -1.17 0.247
IADLs 713 £1.66 7.53£0.79 903 0.596
High school n=24 n=21
SMMT 27.54£20 27.3+4.6 192.50 0.167
CDT 47 +£1.2 45+17 0.33 0.743
IADLs 75+07 7122 251.50 0.981
University N=18 N=5
SMMT 28.6+1.0 29.4+0.9 -1.62 0.120
CDT 5.61+0.7 54+09 0.57 0.578
IADLs 79+04 8.0+0.0 42.50 0.857

*CDT, clock drawing test; SMMT, standardised mini-mental test; IADLs, Lawton-Brody instrumental activities of daily living scale. Values given in

bold indicate statistically significant results (p < 0.05).
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had amalgam fillings, there was no significant
difference. (p = 0.608) (Table 1). No difference was
found between the amalgam (+) and amalgam (-)
groups in terms of demographic and clinical data.
The SMMT, CDT and Lawton-Brody IADL scores
did not differ significantly between the groups
(p = 0.779, p = 0.456 and p = 0.966, respectively)
(Table 1).

When all participants were grouped according
their educational levels and compared
according to their amalgam-filling statuses at an

to

equal educational level, SMMT, CDT and Lawton—
Brody IADL scores were similar (all p > 0.05)
(Table 2).

When the effect of gender status on the results
was evaluated, there was no significant difference
between SMMT, CDT and IADL scores for female
(p = 0.403, p = 0.653, p = 0.866, respectively) and
male participants (p = 0.785, p = 0.227, p = 0.551,
respectively) according to whether or not they had
amalgam fillings (Table 3).

Tablo 3. Comparison of cognition and function according to gender.

Gender Tests Group n X S Sd T/U P
SMMT Amalgam (+) 47 26.04 3.75 76 647.50 403
Amalgam (-) 31 26.48 3.64
CDT Amalgam (+) 47 3.81 1.93 76 -45 .653
Female
Amalgam (-) 31 4.00 1.67
IADLs Amalgam (+) 47 7.00 1.79 76 713.50 .866
Amalgam (-) 31 7.13 1.41
SMMT Amalgam (+) 42 27 .48 3.11 89 995.50 .785
Amalgam (-) 49 27.43 2.57
CDT Amalgam (+) 42 5.07 1.20 89 885.50 227
Male
Amalgam (-) 49 478 1.31
IADLs Amalgam (+) 42 7.69 .81 89 977.00 551
Amalgam (-) 49 7.55 1.29

CDT, clock drawing test; SMMT, standardized mini-mental test; IADLs, Lawton-Brody instrumental activities of daily living scale. Values given in

bold indicate statistically significant results (p < 0.05).
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Table 4. Comparison of cognition and function according to amalgam-filling scores among patients with amalgam-

fillings.
Tests Low score (n = 57) High score (n = 32) T/U P
SMMT 27.6+2.0 251 +4.9 570 0.920
CDT 63+4.1 59 +41 861.50 0.619
IADLs 48=+1.5 3719 2.91 0.632

*CDT, clock drawing test; SMMT, standardised mini-mental test; IADLs, Lawton-Brody instrumental activities of daily living scale. Values given in

bold indicate statistically significant results (p < 0.05).

When we compared the amalgam (+) cases
according to their amalgam-filling scores, no
significant differences were found between those
with “low” amalgam-filling scores and those with
“high” amalgam-filling scores for the SMMT, CDT
and Lawton—Brody IADL scores (p = 0.920, p = 0.619
and p = 0.632, respectively) (Table 4).

DISCUSSION

This study, which focused on the neurotoxic effects
of mercury-containing amalgam fillings, found that
the presence of amalgam fillings in the teeth of
older adults was not associated with cognitive or
functional changes. Gender status and educational
level did not play a role in these relationships. In
addition, higher scores in amalgam-filled patients
were not associated with cognitive or functional
decline. This finding is original and deserves
attention in several ways. Our findings provide
additional insights into understanding cognitive
functions in older adults with amalgam fillings,
emphasising that the need for an amalgam-filling
replacement in this population may be unnecessary
except it is in a particularly poor condition.

In recent years, there has been growing interest
in investigating the effect of amalgam filling on
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functionality. Our study shows that amalgam
restorations are not associated with cognitive and
physical functions in older adults. Consistent with
our results, no significant side effects of amalgam
restorations were found in a study on the effects of
amalgam on mental health involving 129 individuals
aged = 75 years (18). In another study involving 587
participants, researchers analysed the relationships
between the number of surfaces restored with dental
amalgams and indices predicting somatic health,
mental health and memory functions. They found
no adverse effects of dental amalgam on physical or
mental health (19). However, a recent study conversely
reported that amalgam fillings caused a significant
increase in serum mercury and plasma microRNA
(124-3p, 125-5p and 127-3p) levels. The increase in
microRNA levels, a possible biomarker of different
neurodegenerative diseases (AD and Parkinson’s),
might be due to amalgam filling-induced mercury
exposure,  which susceptibility  to
neurological diseases (20). Likewise, another study
described the neurobehavioral effects of exposure
to low levels of mercury from dental amalgams (21).
More research is needed to determine the effect of
amalgam on neurocognitive functions.

increases

In this study, we focused on an almost unstudied
clinical exploration: the potential effect of amalgam
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load on cognitive function in cognitively intact
older adults. Our findings indicate that dental
amalgam filling or high-filling scores may not be
associated with decreased cognitive functions
in older adults. The lack of changes in cognitive
functions accompanying the stability of activities
of daily living also shows that our findings are
consistent. Given the aforementioned cognitive
stability, our results might be useful in future
studies to develop strategies for amalgam-filling
replacements to improve the quality of life in older
adults.

Many studies in different age groups have shown
that amalgam restorations do not cause cognitive
dysfunction or that no significant relationships exist
between cognitive impairments and amalgam
restorations (11,22). However, methodological errors
have drawn attention in most studies (8). For example,
in a study by Bjorkman et al. (19), people who were
completely edentulous or who had other dental
treatments were classified as amalgam free. What
seems to have been overlooked is that amalgam-free
individuals (toothless or with crowns and bridges)
may have had amalgam fillings in the past, with
correspondingly longer exposures than individuals
with amalgam fillings. Likewise, methodological
errors were made by Ahlgwist et al. (23). They did not
use a truly amalgam-free group as a control, because
that group’s past amalgam exposures were not taken
into account. The amalgam-filled group was also
physically and psychologically healthier than the
amalgam-free group (23).

With these results, whether the participants have
amalgam fillings or not according to gender does
not make a significant difference at these three test
levels. In our study, SMMT, CDT and IADL scores
of women exposed to amalgam fillings were lower
than those who were not exposed, but this was
not statistically significant. Sun et al (24) found that
women exposed to amalgam fillings were 1,132
times more likely to develop Alzheimer's disease
than those who were not exposed. On the other

hand, Kukull et al (25) reported that there was no
association between gender and the onset of
Alzheimer's disease.

This study had several limitations and strengths.
Because of its cross-sectional design, our study and
findings do not reveal a causal relationship. Since
we collected cases in geriatric outpatient clinics, our
findings cannot be generalised to older adults living
in the whole community. Moreover, it is possible
that incomplete or inaccurate information may have
been provided by participants without amalgam
fillings regarding not receiving an amalgam filling
in the last 10 years or not receiving extractions of
amalgam-filled teeth. The self-reported recall might
have led to the underreporting of dental histories in
older adults but using medical records to confirm
the information minimised selection bias.

On the other hand, the dental examination of
the cases was performed by the same dentist, the
geriatric evaluation was performed by the same
geriatrician, and the accuracy and completeness of
the recorded data are the strengths of our study.

CONCLUSION

Our study shows that the presence and amount
of dental amalgam filling are not associated with
cognitive dysfunction in older adults. Although it
has not been fully proven that amalgam fillings
cause damage to neurological, immunological
and other organs, it is surmised that their mercury
content may cause these problems. Despite its
cost-effective use and long history in dentistry, the
safety of amalgam as a restorative material is still
debatable. Evaluation of the risk-benefit balance
of other filling materials such as directly placed
composite, composite/ceramic inlays or glass
ionomer cements, which can be alternatives to
amalgam could be new promising area of interest.
More detailed research on these alternatives and
amalgam filling is required.
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ASSESSMENT OF VESTIBULAR SYSTEM AND
BALANCE FUNCTION IN PATIENTS WITH
PSEUDOEXFOLIATION SYNDROME

AsstrRACT

Introduction: This study aims to evaluate the balance and vestibular system
of patients with pseudoexfoliation syndrome.

Materials and Method: A prospective case—control study was performed in
a university hospital. The study population consisted of 37 patients (16 patient
group, 21 control group). The Modified Clinical Test of Sensory Interaction
Balance was performed in four conditions: 1) eyes open, firm surface; 2) eyes
closed, firm surface; 3) eyes closed, foam surface; and 4) eyes open, foam
surface. The Equilibrium Score, Anteroposterior Stability Index, Mediolateral
Stability Index were employed for all conditions in both groups. Scores were
compared between and within groups. Additionally, the physical activity of the
patients with pseudoexfoliation syndrome was assessed using questionnaires
based on the Turkish versions of the Modified Falls Efficacy Scale and the
Physical Activity Scale for the Elderly.

Results: There were no significant differences in terms of stability index
and equilibrium scores with eyes open or closed conditions between the two
groups; the only difference was in the mean mediolateral stability index score in
the eyes open, firm surface condition with low scores in the pseudoexfoliation
group (p=0.01). In the group analysis, patients with pseudoexfoliation had a
significant increase in the equilibrium scores when their eyes were closed in the
firm and foam surface conditions (p=0.001 for both).

Conclusion: The central nervous system redistributes its dependence
on sensory information when vision is compromised in patients with
pseudoexfoliation syndrome. Their somatosensory input might deteriorate in
some way but not the vestibular system.

Keywords: Dizziness; Glaucoma; Aged.
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ASSESSMENT OF VESTIBULAR SYSTEM AND BALANCE FUNCTION
IN PATIENTS WITH PSEUDOEXFOLIATION SYNDROME

INTRODUCTION

Pseudoexfoliation syndrome (PES) is characterized
by deposition of microfibrillar material mainly in the
anterior segment of the eye. Gradual accumulation
of this material in the outflow pathways may cause
a common and severe type of chronic open-angle
glaucoma (1). Exfoliative material can also be
found in the connective tissue of blood vessels and
internal organs, such as the lungs, kidneys, liver,
and inner ear (2). The prevalence of PES varies by
country: 4% in England, 4.7% in Germany, 6.3% in
Norway, 7.2% in Turkey, 9.6% in Iran, 12% in Russia,
16.1% in Greece, 22% in Finland, and 29% in Iceland
(3). In Scandinavia, 20-25% of those over the age of
60 and 40% of those over the age of 80 are affected
by PES (4). Both population-based and pedigree-
based studies have shown that genetic factors
contribute to the pathogenesis of PES (1).

Although PES is a systemic disease, the initial
diagnosis is often made by an ophthalmologist
(5). Several studies demonstrated the presence
and accumulation of pseudoexfoliative material
in the inner ear using electron microscopy and
immunohistochemical methods, suggesting a
connection between vestibular end-organ damage
and PES (5-7). However, there are few studies
demonstrating the involvement of the vestibular
system in terms of postural balance (3,8).

Balance is maintained by complex interactions
among visual, vestibular, and somatosensory
inputs, and its impairment can have a substantial
impact on an individual’s ability to perform daily
activities. Although studies suggest that balance
relies greatly on visual input, which is connected
to musculoskeletal coordination, proprioceptive
function, and neural information integration (9),
the vestibular end organs also have a similar
significant effect on balance. It is possible that the
vestibular part of the inner ear is involved in PES
and the balance system may be affected by the
accumulation of pseudoexfoliative material in the
end organs.

Therefore, in this study, we evaluated the
vestibular system with the Modified Clinical Test of
Sensory Interaction Balance (M-CTSIB) in patients
with PES. The M-CTSIB is a modified version of
the original clinical test of sensory interaction
balance that evaluates the contribution of the
visual, somatosensory, and vestibular systems
to postural control (10). The Equilibrium Score
(ES), Anteriorposterior Stability Index (APSI), and
Mediolateral Stability Index (MLSI) were also
employed. The ES indicates the overall coordination
of the visual system, vestibular system, and
proprioceptive sensations for maintaining standing
posture. APSI and MLSI scores relate to more
biomechanical aspects of postural stability; like
weight and ankle moment, than the ES and are also
subunits of the ES (11). To our knowledge, this is the
firststudy using the M-CTSIB for the evaluation of the
vestibular system in patients with PES. Additionally,
we aimed to assess the physical activity of patients
with PES using questionnaires based on the Turkish
versions of the Modified Falls Efficacy Scale (MFES)
(12) and the Physical Activity Scale for the Elderly
(PASE) (13) since physical activity is connected with
postural stability and balance.

MATERIALS AND METHOD

This study was reviewed and approved by the
institutional review board of the Baskent University
Ethics Committee. The tenets of the Helsinki
Declaration were followed throughout the study.
Informed consent was obtained from each
participant before all procedures.

A prospective case—control study was conducted
at our university hospital. The study population
consisted of 37 patients (18 male, 19 female), 16 of
whom were diagnosed with PES. The PES group
included patients over the age of 65 diagnosed
with PES without any glaucomatous optic nerve or
visual field changes within the previous year and
with best-corrected visual acuity of 20/40 or more
in the Snellen chart. The control group included

101



Turkish Journal of

GERIATRICS 2023; 26(1):100-106

patients over the age of 65 with best-corrected
visual acuity of 20/40 or more in the Snellen chart.
Exclusion criteria for both groups were any ocular
pathology other than cataracts and previous ocular
surgery other than cataract surgery in the proposed
study eye, diseases of the ear (acoustic neuroma,
Meniere's disease, chronic otitis media, ototoxic or
vestibulotoxic medication history, cholesteatoma,
and any ear surgery) except presbycusis, any
neurological disease that can cause central
vertigo, and any disease or surgery that can affect
the lower extremities.

All subjects underwent a complete ophthalmic
examination, including best-corrected visual acuity,
applanation tonometry, slit-lamp biomicroscopy,
indirect ophthalmoscopy under dilated pupil
conditions, and Humphrey Swedish Interactive
Thresholding Algorithm SITA Standard 24-2 visual
field testing. PES was identified based on modest
changes on the lens surface and pupil margin, as
well as poor pupillary dilation and pigment-related
symptoms, such as pigment dispersion and pupillary
atrophy. After the complete ophthalmic evaluation,
patients eligible for the study were referred to the
otorhinolaryngology clinic for the application of the
Turkish versions of the MFES and PASE questionnaires
followed by the M-CTSIB, which was conducted
under the following four conditions:

1. Standingonfirmsurface with eyesopen;three
balance systems (visual, somatosensory, and
vestibular) are fully engaged to evaluate
baseline condition.

2. Standing on firm surface with eyes closed;
visual input is eliminated to evaluate
vestibular and somatosensory systems.

3. Standing on foam surface with eyes open;
somatosensory input is purposely eliminated
with the compliant surface.

4. Standing on foam surface with eyes closed;
both somatosensory and visuals systems are
purposely eliminated.
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During the test conditions, the patients kept
their arms at their sides. If the patients opened or
closed their eyes, lifted their arms away from their
bodies, or lost their balance during the 30-second
test, the timer was stopped. If numerous trials were
required, the trial times were averaged to calculate
the score.

Three trials were performed in each condition,
and the mean of the three trials was taken as
the final measurement. M-CTSIB measurements
included the ES, which quantifies the center of
postural stability under each condition, as well
as APSI, MLSI, and Overall Stability Index (OSI)
scores, which are derived from the summation of
the degrees of tilt calculated in the anteroposterior
and mediolateral axis. The mean scores of the three
trials were analyzed.

Statistical Analysis

The SPSS 25.0 (IBM SPSS Statistics for Windows,
Version 25.0) package program was used for
the statistical analysis of the data. Categorical
measurements were summarized as numbers and
percentages, and continuous measurements were
presented as means and standard deviations (as
median and minimum-maximum when required).
Chi-square or Fisher test statistics were used
to compare categorical variables. In comparing
continuous measurements between the groups,
the distributions were controlled, and the student’s
t-test was used for the parameters that showed
normal distribution according to the number of
variables. The Mann-Whitney U test was used for the
parameters that did not show normal distribution.
When the expected frequencies were below 20%,
to include these frequencies in the analyses, the
Monte Carlo Simulation Method was used. The
statistical significance level was taken as p<0.05 and
p<0.01 in all tests.
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RESULTS

A total of 16 PES patients (? male, 7 female) and 21
healthy volunteers (9 male, 12 female) were included
in the study (Table1). There were no statistically
significant differences between these two groups
in terms of age, Body Mass Index, and MFES and
PASE scores (p>0.05 for all).

There were no significant differences between
the groups in terms of the mean values of the
APSI, MLSI, OSI, and ES measurements in the foam
surface condition, regardless of whether their eyes

were open or closed. However, in the firm surface
condition, there was a significant decrease in the
mean MLSI in the eyes open condition in the PES
group when compared to the control group (p=0.01)
(Table 2). There were no significant differences
between male and female participants in both
groups with respect to the stability indexes and ES.

In the group analysis, PES patients had a
significant increase in the ES when their eyes were
closed in the firm and foam surface conditions
(p=0.001for both) (Table 3). There were no significant

Table 1. Demographic distribution of patients

n 9 9 18
Male

% 50.0% 50.0% 100.0%

n 12 7 19
Female

% 63.2% 36.8% 100.0%

n 21 16 37
Total

% 56.8% 43.2% 100.0%

Table 2. Mean values of Mediolateral stability index (MLSI) scores according to the surface and eyes condition.

Eyes Open Firm Surface MLSI 0.56+0.27 0.43+0.15 0.010

Eyes Closed Firm Surface MLSI 0.49+0.3 0.42+0.18 0.390

Table 3. Mean values of ES according to the surface and eyes condition. ES: Equilibrium Score

Eyes Open Firm Surface ES 53+12.47 50.14+17.24
Eyes Closed Firm Surface ES 61.93+13.17 59.3+12.04
p-value 0.078 0.001
Eyes Open Foam Surface ES 45.4+17.34 44.95+17.85
Eyes Closed Foam Surface ES 42.08+18.92 48.86+22.19
p-value 0.615 0.001
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differences in the ES regardless of whether the eyes
were open or closed in the control group. There
were no statistically significant differences in the
stability index scores in both groups.

DISCUSSION

According to our findings, when visual input is
eliminated, PES patients showed a higher ES in
firm and foam surface conditions within the group
analyses. When compared to the control group,
they showed worse MLSI scores on a firm surface,
indicating that their somatosensorial systems, but
not the vestibular system, deteriorated in some way.

The advantage of the M-CTSIB is that it is
designed to assess the level of use of each sensory
input when more than one sensory system is
affected in older individuals. When standing on
a foam surface, the somatosensorial system is
disabled and balance control is maintained with
information from the visual and vestibular systems.
However, when attempting to maintain balance
on a firm surface, the somatosensory system is
activated. To our knowledge, this is the first study to
use the M-CTSIB for the evaluation of the vestibular
system in individuals with PES (PubMed search
terms: “pseudoexfoliation, balance, M-CTSIB” on
01/10/2022.) Several research studies have revealed
that the accumulation of pseudoexfoliation material
in the cochlea causes sensorineural hearing loss
(14-17). However, few investigations assessed the
involvement of the vestibular system, which is
another component of the inner ear. Bilgec et al.
observed pathological findings in the vestibular
system, including in the saccule, vestibular
nerve, and semicircular canal;, however, they did
not observe balance problems (8). Turgut et al.
obtained similar results, revealing that the visual
and proprioceptive systems compensate for
balance even when vestibular function is impaired
(3). The aforementioned studies relied mostly on
the bithermal caloric, Romberg, Unterberger, Dix-
Hallpike, and Vestibular evoked myogenic potential
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(VEMP) tests to assess vestibular function. These
tests are helpful before performing more objective
tests but are not as precise as the M-CTSIB. We
could have used a combination of the caloric test
and M-CTSIB, which would have been more helpful
for the evaluation of the vestibular system; however,
it would have been very disturbing and exhausting
for the study participants since they were presented
only for the eye exam and the caloric test would have
caused a real spinning sensation. Interestingly, the
mean age in both studies was under 65. Since PES
incidence increases markedly with age (4), and the
mean age in our study group was 74, the increasing
amount of elastic fiber components accumulation
may have a time-dependent impact on the balance
system.

In our study, stability index scores (mediolateral,
eyes open) on a firm surface were different for the
PES and control groups, suggesting that visual
input is less likely to increase the vestibular and
somatosensory contribution to postural stability.
Shabana et al. demonstrated that glaucoma patients
aged 40-66 years exhibited greater somatosensory
contributions to postural stability to maintain a
steady stance when compared with controls (18).
However, Black et al. found a significant association
between glaucomatous visual impairment and
postural sway in older adults (19). While our results
are comparable with those of Black et al., our study
group consisted of individuals with PES and not
glaucoma.

Ourstudyalsofoundthatvisionisnotcontributing
to balance in older persons with PES because there
were significant differences in the ES regardless of
surface condition. Kotecha et al. showed that during
silent standing conditions on firm surfaces, patients
with a visual impairment might make better use of
nonvisual inputs to maintain balance (20). Our study
confirms their results. The central nervous system
redistributes its dependence on sensory data when
available information is compromised, even in older
people (19, 21).
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In one study, the combination of PES and
glaucomaresulted in poor balance on foam and firm
surfaces, demonstrating that glaucomatous visual
field loss contributes to balance limitations that
cannot be compensated for by the somatosensory
and vestibular systems (22). Another study reported
that balance was worse in glaucoma patients with
greater visual field damage under foam surface and
firm surface conditions (23).

Our results showed that individuals with PES
have the same physical activity and the same fear of
falling scores as their peers. Previous studies have
shown that patients with glaucoma had worse scores
on the fear of falling questionnaires compared to
control subjects (20,21). Ramulu et al. (22) and De
Luna et al. (23) revealed that fear of falling mediates
the relationship between vision loss and physical
activity restrictions.

The main limitation of our study was the low
patient number. Also, we did not run the full
vestibular test battery due to time constraints and
patient intolerance. The addition of VEMP tests
and video head impulse test (vHIT) could have
added more specific information to improve our
understanding of the difference in MLSI and APSI
scores for the PES and control groups on a firm
surface and supplied more information about the
location of fibrillar deposition in the vestibular
system.

In conclusion, PES patients demonstrated a
high ES in firm and foam surface conditions when
visual input was removed. Since the ES was high,
we may conclude that the central nervous system
redistributes its dependence on sensory information
when vision is compromised in patients with PES. This
suggests that balance control is not compromised in
this patient group. They displayed lower MLSI scores
on hard surfaces compared to those in the control
group but not in the other stability index scores
in any other condition, which suggests that their
somatosensory input might deteriorate in some way
but not the vestibular system.
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