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THE EFFECT OF FRAILTY AND SARCOPENIA
ON PERIOPERATIVE COMPLICATIONS IN
PATIENTS OVER 65 YEARS UNDERGOING
ELECTIVE SURGERY, PROSPECTIVE-
OBSERVATIONAL STUDY

AsstrRACT

Introduction: With aging of population, frailty and sarcopenia have
become very important issues. Therefore, we aimed to evaluate patients for
frailty and sarcopenia preoperatively who aged 65< underwent elective surgical
operation in university hospital and search complications intraoperatively and
postoperatively.

Materials and Method: This prospective, cross-sectional study performed
between November 2021 and May 2022 at university hospital and patients
aged 65 years and older underwent elective surgery included. Patients scored
with frailty index. Both thickness and cross-sectional area of rectus femoris
muscle were measured by ultrasound for evaluating sarcopenia in all patients,
preoperatively. Anesthetic management, surgical risks were determined.
Intraoperative and postoperative complications recorded.

Results: Totally 1112 patients were assessed and 279 patients were
included. According to the cross-sectional area 35.5%; according to rectus
femoris thickness 32.2% and according to both of them 25.4% were detected as
sarcopenia. While fragility was detected in 151(54.7%) patients which 112(74.2%)
pre-frail, 39(25.8%) fragile. 176(63.8%) patients experienced intraoperative
complications. Postoperative complications were detected in 115(41.7%).
The sarcopenia, frailty, and higher surgical risk classifications are increased
intraoperative and postoperative complications (4.7, 4.1, 4 and 3.7, 6.4, 3.9 fold,
respectively). Length of stay hospital (6.5 and 5 days) and intensive care unit (21
and 19 days), intraoperative (91.4% and 100%) and postoperative complication
(81.4% and 87.2%) was higher sarcopenia and frailty (p<0.001).

Conclusion: Intraoperative and postoperative complications were observed
higher in frail and sarcopenic patients. Evaluation of frailty and sarcopenia in
over 65 years at preoperative period can be helpful for prediction to risk of
intraoperative and postoperative complications.

Keywords: Intraoperative Complications; Frailty; Mortality; Postoperative
Complications; Sarcopenia.
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INTRODUCTION

Due the aging of the population, the frequency of
surgical interventions in the elderly population is
increasing. People older than 65 years comprise
the majority of healthcare expenditure, and more
than 40% of all surgical procedures involve geriatric
patients (1,2). The prevalence of frailty has been
reported to be between 4% and 59% in elderly
populations (3).

Fried et al. defined vulnerability as a clinical
syndrome with abiological basis due tothe depletion
of physiological reserves of multiple organ systems
with age (4,5). Frailty is commonly associated with
physical inactivity, smoking, poverty, cardiovascular
diseases, and cancer (4). Surgical procedures are
a source of acute stress. Such stress can lead to
complications in the elderly population. As a result,
frail individuals have a high risk of perioperative
complications and delayed recovery (4,6,7). Frailty
can assess with Frailty index which is first described
by Fried et al (5).

Sarcopenia, which may be the cause or result of
frailty, refers to the progressive loss of muscle mass
and strength. Frailty increases after the seventh
decade due to inactivity and increased muscle mass
loss, which is associated with the loss of functional
independence in many cases. In addition to fragility,
sarcopenia is associated with immobilization,
trauma, decreased physical strength, a weakened
immune system, postoperative morbidity, and
an increased mortality risk (5, 8, 9). Sarcopenia
can be diagnosed based on low muscle quality
or quantity using a number of methods. These
include a simple 5-item questionnaire (SARC-F)
and grip strength, chair stand, and timed-up-and-
go tests. Muscle quality and quantity can also be
assessed using dual-energy X-ray absorptiometry,
bioelectrical impedance analysis, ultrasound (USG),
computer tomography, or magnetic resonance
imaging (10). USG is a practical and non-invasive
bedside technique for the assessment of muscle
thickness, fascicle length, cross-sectional area,

echogenicity, and pennation angle. A systematic
review concluded that USG is a reliable method
for assessing muscle size in elderly individuals and
aids in the diagnosis of sarcopenia (11). The effect
of sarcopenia on postoperative complications has
presented as independent risk factor (11,12).

In this prospective observational study, we
aimed to evaluate the association between fragility,
sarcopenia and perioperative complications in an
elderly population.

MATERIALS AND METHOD

QOur study included patients aged = 65 years who
underwent elective surgery at our university hospital
between November 2021 and May 2022. Ethics
Committee approval was obtained on (21 October
2021; No:156). Written informed consent was
obtained from all the patients. The exclusion criteria
were patients younger than 65 years, patients where
local anesthesia was administered, and patients
who underwent emergency surgery. The same
anesthesia resident performed all the preoperative
assessments of the patients included in this study
at the preoperative care unit. Preoperative patient
data were obtained from the hospital database. The
demographic data (sex, age, weight, height, body
mass index [BMI]) of all patients were recorded.
The type of operation, diagnosis, concomitant
diseases, previous operations, surgical risk class,
and American Society of Anesthesiology Physical
Risk Classification (ASA) were recorded in the
preoperative care unit. Marital status, income
level, education level, cognitive impairment, and
household status such as living alone were recorded.
All patients were evaluated using the Fried Frailty
Index to diagnose frailty (5). If the Frailty index score
was 1 or 2, it was defined as prefrail, and if it was 3
or above, it was defined as frail.

All patients underwent USG assessment (Esaote
MyLabtmSix)in B mode forsarcopeniausingalinear
high-frequency probe, and rectus femoris muscle
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measurements were made in the preoperative care
unit. Rectus femoris muscle height and surface area
were measured in all patients in the preoperative
care unit. All measurements were performed by
the same anesthesia resident to prevent inter-
rater variation. Each measurement was performed
three times and the average measurement was
recorded. USG assessments and measurements
were performed with the patient in a supine
position, with both hips and knees in full extension,
and at rest. The midpoint of the distance between
the lateral epicondyle and trochanter major of the
femur was determined as the reference point for
measurements in all patients. A linear USG probe
was placed in the transverse plane along the
upper part of the thigh. A large amount of gel was
applied to minimize muscle compression and avoid
pressure on the muscle. Cross-sectional images of
the rectus femoris muscle were obtained. After the

Figure 1. Ultrasound Image of Rectus Femoris

images were obtained, rectus femoris thickness
and cross-sectional area measurements were
performed (Figure 1).

To ensure that the preanesthetic assessment
time was as short as possible, we did not assess
muscle strength, and sarcopenia was defined based
on low muscle mass, as determined using USG. To
determine the cut-off value for the diagnosis of
sarcopenia, rectus femoris muscle measurements
with USG were obtained from 50 ASA I|-l| patients
aged 20-40 years who were not recruited to the
study population. Based on these measurements,
we determined the cut-off values for defining
sarcopenia. Which values below 3.36 cm? and 4.56
cm? for the rectus femoris cross-sectional area and,
11.11 mm and 11.9 mm for rectus femoris thickness
in females and males, respectively, assumed as
sarcopenia. This method was previously described
by Kara et al (13).

RF: Rectus femoris
VL: Vastus lateralis
VI: Vastus intermedius
VM: Vastus medialis

F: Femur
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Flow Diagram

[ Enrollment ]

Assessed for eligibility

(n=1112)

Excluded (n=836)

@ Not meeting inclusion criteria
(n=822, aged <65)

Q@ Lack of medical records (n=14)

Analyed (n=276)

.

Demographics and history

Anesthetic and Surgical Data

Age (year) N (%) Income rate N (%)
65-74 205 (%74.3) Low 134 (48.6)
75-84 60 (%21.7) Middle 119 (43.1)
85+ 11 (%4) High 23(8.3)
Mean Age 71.50+5.99 ASA
Gender | 20(7.2)
Woman 116 (42) I 213(77.2)
Man 160 (58) I 41 (14.9)
Height (cm) 167.83+8.43 v 2(0.7)
Weight (kg) 76.83+£13.05 | Past Surgery
BMI (kg/m?) 27.35+4.75 (+) 214 (77.5)
Marital status (-) 62 (22.5)
Married 206 (74.6) Comorbidities
Single 6(2.2) (+) 243 (88)
Widow 64 (23.2) (-) 33(12)
Education level Cognitive Disorders
uneducated 48 (17.4) +) 8(2.9)
primary school 97 (35.1) (-) 268 (97.1)
middle school 45 (16.3) Living Alone
high school 60 (21.7) (+) 45 (16.3)
university 26 (9.4) ) 231(83.7)

Figure 2. Flow diagram

Regarding the perioperative period, data on
the type of anesthesia, duration of anesthesia,
complications, and drugs were obtained from the
anesthesia charts and the hospital’s information

Surgeries

Orthopedics
PRC

ENT

Eye

Urology
Thoracic
General

0&G

Neuro
Cardiovascular
Surgical Risk
Low risk
Medium risk
High risk

N (%)

28 (10.1)
4(1.4)

14 (5.1)
20 (7.2)
92 (33.3)
39 (14.1)
51(18.5)
10 (3.6)
15 (5.4)
3(L1)

131 47.5)
132(47.8)
13 (4.7)

and

complications

GA

SA
Sedoanalgesia
CSEA
Sevoflurane
Desflurane
TIVA
Propofol
Thiopental
Midazolam
Ketamine
None
Fentanyl
Remifentanil
None
Tramadol
Morphine
Paracetamol
Ibuprofen
Regional
None

244(88.4)
15(5.4)
9(3.3)
8(2.9)
158(57.2)
77(27.9)
41(14.9)
228(82.6)
16 (5.8)
16 (5.8)
3(L1)

13 (4.7)
82(29.7)
26 (9.4)
168(60.9)
113 (40.9)
99 (35.9)
30(10.9)
2(7)

15 (5.4)
17(6.1)

(hypoxemia,

record system. Patients’ medical records during
the postoperative period (postoperative care
unit and/or 30" day of surgery) were searched,

hypotension,
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hypertension, bradycardia, tachycardia,
arrhythmias,  reintubation, bleeding, etc),
discharge time, and intensive care unit admission
were recorded.

Statistical Analysis

The Statistical Package for the Social Sciences
(SPSS 23.0) program was used in the statistical
analysis of the data. Categorical measurements
are presented as numbers and percentages, and
continuous measurements as mean and SD (median
and minimum-maximum where appropriate). Chi-
square and Fisher's exact tests were used to compare
categorical data. The independent Student’s t-test
was used for normally distributed parameters and
Mann-Whitney U test was used for non-normally
distributed parameters. Logistic regression analysis
was conducted to determine relationships between
the variables.

RESULTS

A total of fourteen (1112) patients underwent
surgery between November 2021 and May 2022
in our hospital, and 290 patients were aged = 65
years. A total of 290 patients were recruited for
the study during the designated time period, but
14 patients were excluded because of a lack of
medical records. A total of 276 patients aged =

65 years who underwent elective surgery were
included in the study. The patient demographics,
medical history, anesthetic and surgical data
are shown in Flow diagram (Figure 2). A total of
176 patients (63.8%) experienced intraoperative
complications, 115 patients (41.7%) experienced
postoperative complications. Hypotension was the
most common intraoperative complication (N=100,
38 %). Sarcopenia was detected in 98 (35.5%), 89
(32.2%), and 70 (25.4 %) patients according to the
cross-sectional area, RF thickness, and both (cross-
sectional area and RF thickness), respectively. Frailty
was detected in 151 patients (54.7%) [112 patients
(74.2%) pre-frail and 39 patients (25.8%) frail.
(Table 1). Relation between sarcopenia, frailty and
complications are shown in Table 2. The hypotension
(67.1 %), tachycardia (21.4%), arrhythmia (25.7%),
hypoxia (22.9%), bleeding (31.4%) and ST changes
(10%) risks are increased at intraoperative period
and hypotension (22.9%), tachycardia (34.3%),
arrhythmia (18.6%), hypoxia (40%), ST changes
(18.6%) and exitus (10%) risks are increased during
postoperative period in sarcopenic patients.
Hypotension (74.4%) and arrhythmia (35.9%) risks
increased during the intraoperative period and
hypotension (38.9%), bradycardia (2.9%), arrhythmia
(25.6%), hypoxia (53.8%), and ST changes (20.5%)
increased during the postoperative period in

frail  patients. Intraoperative  complications

Table 1. Sarcopenia and Frailty

N (%)

Sarcopenia

By cross-sectional area 98 (35.5)

By RF thickness 89 (32.2)

By both cross-sectional area and RF thickness 70 (25.4)
Frailty 151 (54.7)

Pre-frail 112 (74.2)

Frail 39 (25.8)

Data presented as number and percentage. (N/%)
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Table 2. Sarcopenia, Frailty and Complications

Sarcopenia Frailty
(-) (+) 7 Pre-Frail Frail 7
(n=206) (n=70) (n=112) (n=39)
Intraoperative Complications 112 (54.4) 64 (91.4) <0.001 87 (77.7) 39 (100) 0.001
Intraoperative Complications
Hypotension 58 (28.2) 47 (67.1) <0.001 53 (47.3) 29 (74.4) <0.001
Hypertension 37 (18) 14 (20) 0.704 32 (28.6) 6(15.4) 0.102
Bradycardia 17 (8.3) 7 (10) 0.654 10 (8.9) 6(15.4) 0.259
Tachycardia 14 (6.8) 15 (21.4) 0.001 14 (12.5) 8 (20.5) 0.222
Arrhythmia 15 (7.3) 18 (25.7) <0.001 11 (9.8) 14 (35.9) <0.001
Hypoxia 24 (11.7) 16 (22.9) 0.021 23 (20.5) 13 (33.3) 0.106
Bleeding 25 (12.1) 22 (31.4) <0.001 24 (21.4) 14 (35.9) 0.073
ST change 1(0.5) 7 (10) <0.001 4 (3.6) 4(10.3) 0.108
Postoperative Complications 58 (28.2) 57 (81.4) <0.001 64 (57.1) 34 (87.2) 0.001
Postoperative Complications
Hypotension 9 (4.4) 6(22.9) <0.001 9 (8.0) 15 (38.9) <0.001
Hypertension 29 (14.1) 4 (20.0) 0.238 25 (22.3) 8 (20.5) 0.814
Bradycardia - 2(2.9) 0.064 - 2(2.9) 0.016
Tachycardia 19 (9.2) 24 (34.3) <0.001 26 (23.2) 3(33.3) 0.214
Arrhythmia 3(1.5) 3(18.6) <0.001 6(5.4) 0(25.6) <0.001
Hypoxia 27 (13.1) 28 (40) <0.001 29 (25.9) 21 (53.8) 0.001
Bleeding 2(1.0) - 0,408 1(0.9) 1(2.6) 0.432
ST change 1(0.5) 13 (18.6) <0.001 6 (5.4) 8 (20.5) 0.005
Atelectasis 15 (7.3) 10 (14.3) 0.078 15(13.4) 7 (17.9) 0.487
Exitus 3(1.5) 7 (10.0) 0.003 5(4.5) 5(12.8) 0.071
Length of stay in hospital
4 (2-6) 6,5 (3-14) <0.001 3(2-4) 5(3-8) <0.001
[Med (25-75)]
Intensive Care Unit Admission 13 (6.3) 21 (30) <0.001 5(13.4) 9 (48.7) <0.001
Others Both Sarcopenic and Frail
(n=239) (n=37) P
Intraoperative Complications 139 (58.2) 37 (100) <0.001
Postoperative Complications 82 (34.3) 33(89.2) <0.001

Chi-square test and Fisher exact test were used
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Table 3. Relation between Sarcopenia, Frailty, Age and Surgical Risk with Intraoperative and Postoperative
Complications

Sarcopenia 1.552 0.001 4719 1.958 11.375 1.312 0.000 3.712 1.814 7.596
Frailty 1.418 0.000 4.130 2.197 7.761 1.858 0.000 6.408 3.252 12.627
Age -0.004 0.908 0.996 0.936 1.061 0.011 0.707 1.011 0.953 1.073
Surgical risk 1.389 0.000 4.012 2.189 7.354 1.366 | 0.000 3.919 2.093 |7.338

were observed in all of both sarcopenic and frail
patients (N=37), while postoperative complications
were observed in 33 patients (89.2%) (p<0.001
and p<0.001, respectively) (Table 2), and
there was a statistically significant relationship
between sarcopenia, frailty, and surgical risk with
intraoperative and postoperative complications
in logistic regression analysis. In patients with
sarcopenia, the risk of intraoperative complications
is increased by 4.79 times, the risk of postoperative
complications is increased by 3.71 times, in patients
with frailty, the risk of intraoperative complications
is increased by 4.13 times, the risk of postoperative
complications is increased by 6.40 times, in
patients with medium-high surgical risk, the risk of
intraoperative complications is increased by 4.01
times, and the risk of postoperative complications
is increased by 3.91 times (Table 3). The age did
not affect to the intraoperative and postoperative
complications in patients aged = 65 years.

DISCUSSION

In our study, we assessed patients aged = 65 years
in the preoperative period in terms of sarcopenia
and fragility and associated intra and postoperative
complications. The results revealed that both frailty
and sarcopenia were related to intraoperative and
postoperative complications.

When we assessed both rectus femoris muscle
thickness and cross-sectional area, we found that
70 patients (25.4%) had sarcopenia. In a recent
article on 160 cases, Yi et al. concluded that the
measurement of rectus femoris thickness and
echogenicity on USG was useful in demonstrating
sarcopenia (14). In a study published in 2020, Kan
et al. reported that the prevalence of sarcopenia
among geriatric patients in Turkey was 26% (15). We
found higher rates of sarcopenia in our study and
detected sarcopenia in. All patients aged > 85 years
were sarcopenic.

We determined that a low level of education,
low-income level, presence of cognitive impairment,
and living alone were significant risk factors for the
development of sarcopenia. These risk factors are
likely linked to poor nutritional status, resulting
in sarcopenia. In our study, the rate of sarcopenia
development was 21% and 26% in women and men,
respectively. This result was consistent with the
literature (16).

In a prospective study of 255 patients who
underwent gastrointestinal surgery, Wang et al.
assessed sarcopenia preoperatively based on
various factors, such as lumbar skeletal muscle
index, hand grip strength, and walking speed,
and detected sarcopenia in 32 (12%) patients
(17). They found a significant correlation between
sarcopenia and low BMI, preoperative serum
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albumin, and hemoglobin levels in these patients.
In their study, the postoperative complication
rates, length of hospital stay, and hospital costs
were higher in the patients with sarcopenia. In our
study, the incidence of postoperative complications
(hypotension, tachycardia, arrhythmia, and hypoxia)
was significantly higher in patients with sarcopenia.

Previousresearch hasbeenshownthatsarcopenia
is associated with a prolonged postoperative
recovery period and hospital stay time, in addition
to increased morbidity and mortality (18). Similarly,
in our study, the postoperative mortality rate in
patients with sarcopenia was significantly higher.
In the present study, sarcopenia was detected
more frequently in medium- or high-risk patients,
according to the surgical risk classification.

Using Fried’s frailty index, we detected frailty
in 151 (54.7%) patients, with 112 (74.2%) patients
classified as prefrail and 39 (25.8%) patients
classified as frail. Hoover et al. reported frailty in 11—
25% of individuals older than 65 years and in 50% of
individuals older than 85 years (19). Bandeen et al.
conducted a comprehensive population survey of
frailty in the U.S. population in 2011 that included
over 7,000 individuals aged 65-90 years (20). In
their study, 15.3% of the participants were frail,
45.5% were prefrail, and 39.2% were healthy. These
results were consistent with the incidence of frailty
observed in the present study.

Khandelwal et al. examined the relationship
between frailty, mortality risk, and length of stay in
hospitalized patients (N= 250) (21). They determined
that 83 patients (33.2%) were frail and that the risk
of mortality and prolonged hospitalization were
higher among frail than nonfrail patients (21). In a
meta-analysis consisting of 23 studies examining
the relationship between frailty and postoperative
outcomes, frailty was associated with increased
mortality, —postoperative  complications, and
prolonged hospitalization (13). In our study, the rate
of intensive care hospitalization was higher in frail
patients than prefrail patients. In addition, the frail
group had a significantly higher mortality rate in the

postoperative period than the prefrail and nonfrail
groups did.

In a study by Polidoro et al., atrial fibrillation was
associated with frailty, independent of age, sex, and
some common systemic diseases (22). In our study,
arrhythmia in the postoperative period was higher
in the frail group than in the prefrail and nonfrail
groups. Thirty-three (89.2%) of 37 patients who were
both sarcopenic and frail developed postoperative
complications. Furthermore, sarcopenia, frailty,
and higher surgical risk classifications increased
intraoperative and postoperative complications.

LIMITATIONS

Ourstudy has some limitations. First, this was a cross-
sectional study, and data were obtained only from
patients undergoing elective surgeries. Therefore,
the patient population was heterogeneous. A
subsequent study could perhaps include patients
undergoing emergency surgeries or specific
surgical interventions. In addition, with the aim of
shortening the preanesthetic evaluation time, we
used only USG to evaluate sarcopenia. Clearly, a
diagnosis of sarcopenia requires an assessment
of muscle strength. To confirm the diagnosis of
sarcopenia, other methods, such as dual-energy
X-ray absorptiometry or magnetic resonance
imaging, would have been needed. The diagnosis
of sarcopenia based on muscle mass only using
USG is a limitation of our study. However, USG
is a practical, noninvasive method for the rapid
prediction of sarcopenia in daily practice.

CONCLUSION

The assessment of sarcopenia with bedside USG
is a very easy and useful method for daily practice.
In this study, we assessed frailty and sarcopenia
preoperatively in older patients and found that
both sarcopenic and frail individuals were at risk
for postoperative complications. We assumed
that the detection of sarcopenia and frailty in
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the preoperative period could provide better
perioperative conditions and prevent complications
in elderly patients undergoing surgical procedures.
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