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Abstract

Purpose Acute appendicitis in the elderly is becoming increasingly recognized for its often severe course. For various elective
and urgent operations in older patients, frailty is a risk factor for poor outcomes. However, there is a lack of data on frailty
in elderly patients with acute appendicitis.

Methods Patients over 65 years old who underwent surgery for acute appendicitis in three hospitals between January 2015
and September 2020 were assessed with the Hospital Frailty Risk Score (HFRS) and the modified Frailty Index (mFI).
Outcomes of interest, including morbidity, mortality, and length of stay, were recorded.

Results While frailty can be measured with both tests, the mFI has better applicability and takes significantly less time to
implement compared to the HFRS (21.6 s vs. 80.3 s, p <0.0001) while providing the same information value.

Patients who exhibited frailty according to either assessment had a significantly higher rate of milder (OR 5.85/2.87,
p<0.0001/0.009) and serious (OR 4.92/3.61, p <0.011/0.029) complications, more admissions to the intensive care unit (OR
5.16/7.36, p <0.0001), and an almost doubled length of stay (12.7 days vs. 6.6 days, p <0.005). Up to 31% of these patients
required institutional care after discharge, which is significantly more than those without frailty (p <0.0001). Furthermore,
the mortality rate in frail patients was significantly elevated to 17%, compared to less than 1% in non-frail patients (p =0.018).
Conclusion In elderly patients, frailty is a significant risk factor for negative outcomes. Frailty can be assessed more quickly
and reliably with the mFI compared to the HFRS.
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Introduction defined as people over 65 years of age, is continuously

increasing in developed countries, acute appendicitis in

The unique challenges of treating elderly patients with
acute appendicitis are not obvious. However, it is becom-
ing increasingly understood that acute appendicitis, despite
its maximum incidence in young adulthood, is a significant
illness with very unfavorable outcomes in the elderly popu-
lation [1, 2]. As the number of elderly individuals, mostly

< Alexander Reinisch
alexander_reinisch@hotmail.com

Department of General, Visceral and Oncologic Surgery,
Hospital and Clinics Wetzlar; Teaching Hospital of the JLU
Giessen, Wetzlar, Germany

Department of General, Visceral, Thoracic, Transplant
and Pediatric Surgery, University Hospital Giessen, Giessen,
Germany

Department of General, Visceral and Oncologic Surgery,
Dill-Clinics, Dillenburg, Germany

the elderly and its associated challenges will become more
prevalent [3, 4]. Thus, the long-prevailing notion that appen-
dicitis is a disease of the young is partly outdated [5].

Acute appendicitis in the elderly differs from that in
young people; more complicated appendicitis with perfora-
tions is observed in older patients [6]. The more decisive
factor, however, is the association between old age and poor
outcomes. Among other challenges, older patients suffer
from a complication rate of up to 25%, require longer hos-
pital treatment than younger patients, and have a marked
mortality rate of up to 8-16% [4, 7, 8].

This illustrates the particular importance of understand-
ing appendicitis in older people, a fact that is also reflected
in issuing a special guideline for appendicitis in older people
[9].

Special and unfavorable courses in the treatment of older
people are explained less by the numerical age than by the
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biological age. For some elderly patients, the risk of an unfa-
vorable outcome of treatment goes far beyond the risk inher-
ent in the disease and higher age itself [10]. An approxima-
tion to biological age can be achieved in part by measuring
frailty. Frailty has established itself as a multidimensional
syndrome and can be summarized as an age-related “con-
sequence of dysregulation in several physiological control
circles”, leading to lower resilience and increased vulner-
ability to stressors [11, 12]. The physical phenotype model
of frailty (Fried) includes physical aspects and mental and
social factors but the scope and weighting of these factors
are not clearly defined.

Emergency surgery is a significant stressor even for
young and healthy patients. Frail patients are even more
vulnerable and less resilient to emergency surgery as it has
been shown that frailty is an independent risk factor for neg-
ative outcomes. This applies not only for medical factors
(e.g., complications) but also for social aspects, such as the
opportunity to return to one’s usual living environment [13].
Few studies have investigated the role of frailty in emer-
gency general surgery patients. In a recent study, Fagenson
et al. showed that frailty is a factor for negative outcomes
in acute cholecystitis. Murphy et al. and Sadnchez Arteaga
et al. evaluated different emergency general surgery opera-
tions and found similar results [14, 15]. Other studies have
shown that frailty is a risk factor for, inter alia, morbidity
and mortality [16—19]. However, either unreported or play-
ing only a subordinate role in these studies, appendicitis has
yet to be fully addressed.

Frailty can be framed as “reduced performance” (Fried)
and as an “accumulation of deficits” (Rockwood) [12, 20].
There are over 70 validated assessments available to deter-
mine frailty, however, none of which have been established
as the gold standard. Approximately half of these have been
used on surgical patients [21]. Many established tests are
not suitable for patients in an acute situation because they
often refer to a period of several weeks before testing and are
biased by acute illness. Several other tests (e.g., Edmonton
Frail Scale, CSHA-Frailty index, LUCAS) require the active
participation of the patient and are often complex and time-
consuming [20, 22, 23]. Easily scaled assessments (e.g., the
CSHA scale) are relatively subjective and more suitable for
situations in which the patient can be assessed by a family
doctor over a long period.

To investigate possible relationships between frailty and
acute appendicitis, we had to choose assessments that were
retrospectively feasible with routinely recorded data. After
the pool of possible assessments was narrowed due to the
above restrictions, we chose two tools for this study: (1) the
Hospital Frailty Risk Score (HFRS) and (2) the modified
Frailty Index (mFI), where the latter is relatively simpler
than the former.
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The mFI [20, 24] records 11 parameters (mFI-11) in the
classic version, but a simplified form with only 5 param-
eters is available (mFI-5) [25]. The advantage of the mFI is
that it is not biased by the patient's acute illness and can be
recorded by non-geriatric specialists based on information
available in the emergency room. This also applies to the
HFRS. While the HFRS has the same requirements as the
mkFI, it is much more complex with over 100 parameters of
different weight [26].

The aim of this study was to analyze frailty as a possible
risk factor in the treatment of elderly patients with acute
appendicitis. Identifying high-risk patients during admission
with a reliable assessment can, if necessary, optimize the
peri- and postoperative care of these patients.

Methods

We conducted a retrospective analysis of all patients who
underwent surgery for acute appendicitis at one of three
participating centers between January 1, 2015, and Sep-
tember 30, 2020. All data were extracted from electronic
patient records. Frailty assessment was conducted based on
emergency room recording sheets, premedication sheets,
and findings made at admission. Only information that was
available to the admitting doctor in the emergency room was
used in the frailty assessment.

Inclusion criteria

— Admission and operation for acute appendicitis.

— Age of 65 years or older on the day of admission.

— Complete hospital record including laboratory results,
pathological results, insurance data, and data on abidance
after dismission.

— Possibility of a complete follow-up of 90 days after the
operation.

— Readmitted patients: cause of readmission (surgical vs.
alternative).

Exclusion criteria

— Further planned surgery or intervention during follow-up.
— Scheduled inpatient readmission during follow-up.

All patients were assessed independently by two authors
(AR and JL). Patients with a discrepant score/index were
reassessed by another randomly selected author, and the
majority vote (two out of three) was used. All patients could
be evaluated using this technique.

The time necessary to conduct the HFRS and the mFI was
recorded. To minimize errors due to learning effects when
performing the assessments, the authors were randomly
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assigned the patient and the respective test (HFRS or mFI)
using a computer algorithm.

The HFRS is based on the International Classification of
Diseases (ICD) codes. The queried electronic patient files
do not often explicitly state the corresponding ICD code;
however, the ICD code can be determined using the ICD-10
manual, 10th Revision, German Modification (ICD-10-GM).
This back-coding was not taken into account when determin-
ing the assessment time.

The text in the electronic patient records and the ICD
codes often do not exactly match the codes given in the
HFRS, even if the conditions are clearly the same [e.g.,
M15(0.9)—HFRS 0.4 points vs. M19(0.9)—HFRS 1.5
points]. In addition, very broad diagnoses can be found in
the HFRS (e.g., Z91: Personal history of risk factors, not
elsewhere classified, R69 Unknown and unspecified causes
of morbidity, Z87: Personal history of other diseases and
conditions). Comparable inaccuracies can theoretically arise
when transferring the electronic patient records to the mFI.

To document these inaccuracies, the accuracy of the
diagnosis—assessment—transfer was estimated and classi-
fied by the authors according to the following categories:
high for>75% exact code agreement, low interpretation of
the diagnosis codes; intermediate for >50%—< 75% exact
code agreement, significant need for interpretation; and low
for predominantly interpreted diagnosis codes. Discrepant
assessments were reconciled based on a majority decision
with the addition of a third reviewer in the abovementioned
manner.

The outcomes of interest were mortality; complications
according to the Dindo/Clavien classification (CD) of surgi-
cal complications [27]; admittance to an intensive care unit
(ICU); length of stay in the ICU; overall length of hospital
stay (LOS); whether the patient was discharged home, to
the same type of facility from which she or he originated or
a facility of a higher care level; readmittance within 30 or
90 days after the operation; and readmittance due to a surgi-
cal/operation-related or an alternative reason.

The abovementioned outcome variables were analyzed
against the following covariates: sex; complicated (per-
forated/gangrenous) vs. uncomplicated appendicitis (his-
topathology); open vs. laparoscopic vs. conversion lapa-
roscopic-open surgery; unsuspected histopathological or
intraoperative findings; health insurance (private vs. statu-
tory); white blood cell count; and C-reactive protein (CRP)
at admission.

Comorbidities were analyzed using the Charlson Comor-
bidity Index (CCI). Since this study focused on patients over
the age of 65, the age-adjusted CCI was waived as applying
it would introduce bias [28].

Statistical analysis

The patient demographics were expressed as the
mean =+ standard deviation (SD) or as the median and range,
as appropriate. Fisher’s exact test was used to analyze the
differences in categorical variables. The Student’s 7 test was
applied to variables that were normally distributed. The
Mann—Whitney U test was applied to non-normally distrib-
uted variables. Binary logistic respective linear regression
analysis was conducted to determine odds ratios (OR), and
qualitative classification was carried out by receiver operat-
ing characteristic (ROC) analysis. Unless otherwise indi-
cated, all tests were two tailed, and p values <0.05 were
considered significant. All data were analyzed with SPSS,
version 27 (IBM, Armonk, NY, USA).

Results
Demographic parameters

A total of 2,089 patients were included in the retrospective
analysis at three centers. The mean age was 32.7 years (SD
20.2 years, range 2.1-98.6 years). Of these, 213 (10.2%)
were 65 years or older at the time of the operation, 32
patients were excluded (see methods section). Between the
three centers, there were no significant differences in patient
characteristics, operative aspects, or any of the outcome
parameters.

The characteristics of the 181 included patients are shown
in Table 1.

Frailty assessment

All included patients were evaluated with the abovemen-
tioned frailty assessments. The same scores were assessed
by the authors for HFRS in 95.6% of the cases and for mFI-
11 or mFI-5 in 97.2% of the cases. A majority decision was
obtained for all the remaining cases. Of the 181 patients, 33
(18.2%) exhibited no indication of frailty. The mean score
for the HFRS was 3.3 (SD 3.5, range 0-15.9). The mean
score for the mFI-11 was 1.7 (SD 1.6, range 0-7) and that
for the mFI-5 was 1.2 (SD 1.1, range 0-5). The CCI, which
was used as a covariate, had a mean value of 1.7 (SD 2.1,
range 0-12). The accuracy of the transferability of the diag-
noses from the electronic patient record to the assessments
differed significantly. The transferability to mFI-11 hat a
“high” accuracy in 96.7% and “intermediate” accuracy in
3.3% of the patients. Meanwhile, the HFRS had a “high”
transferability-accuracy in 17.1%, an “intermediate” accu-
racy in 25.4% and a “low” accuracy in 57.5% of the patients
(p <0.0001). The time required in seconds (sec) to carry out
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Table 1 Patient characteristics

n %

Mean (SD; min/max)

Total patients 2089

included patients > 65 years 181 8.7
(“elderly patients”)

Elderly patients
Age
Years 75.8 (7.5; 65.1/97.4)
Sex
Females 90 49.7
Males 91 503
Operation
Laparoscopic 163 90.1
Conversion 8 44
Open 10 5.5

Complicated appendicitis’ 113 604
Unsuspected intraoperative findings'

Any 28 155

Malignancy 14 7.7
Length of stay

Days 8.2 (7.7, 0/76)
Morbidity

Any 34 188
Mortality

90d 5 2.8

d days, min minimum, max maximum, SD standard deviation
TPerforated or gangrenous appendicitis

"In addition to an appendicitis

the assessment also differed significantly; the HRFS took
an average of 80.3 s (SD 53.3 s, range 0-220 s) while the
mFI-11 took an average of 21.6 s (SD 10, range 0-45 s,
p<0.0001).

Cutoffs were as follows:

HFRS: > 5—intermediate frailty risk; > 15—high frailty

risk.

mFI-11: 0—no frailty; 1—prefrailty; > 3 frailty.

mFI-5: 0—mno frailty; 1—prefrailty; > 2 frailty.
Relationship between frailty and the postoperative
outcome

For the frailty assessments used, significant correlations
between the most important outcome variables after appen-
dectomy and frailty were found.

An HFRS > 5 correlates with significantly more frequent
overall and serious complications (CD>1: % vs. 16.8%;
p<0.0001 resp. CD>1II: 18% vs. 3.8%; p=0.003). Patients
with an HFRS >5 were significantly more likely to be admit-
ted to the ICU postoperatively (56% vs. 15.3%, p<0.0001),
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and stay longer in the ICU; however, this difference was
not significant [mean 7.1 days (SD 14.2 days) vs. 2.3 days
(SD 1.8 days), p=0.086]. Ten percent of the patients with
HFRS >5 died within 90 days after the operation (vs. 0%
HFRS <5, p<0.0001). With an HFRS > 5, the LOS was sig-
nificantly longer [12.7 days (SD 11.1 days) vs. 6.6 days (SD
4.9 days), p=0.001], and these patients were more likely to
be discharged to an institution with a higher care level than
before admission (31.1% vs. 6.1%, p<0.0001). The readmis-
sion rate was not significantly elevated. Only two patients
had an HFRS > 15, and both had an unfavorable outcome.

In a subgroup analysis of patients older than 75 years
(n=289), the abovementioned differences were confirmed
but with slightly different significance values.

Patients with an mFI-11 >3 were more likely to suffer
from complications (CD >1 48.8% vs. 22.9%; p=0.003
resp. CD>1I 17.1% vs. 5%, p=0.018) or need admis-
sion to the ICU and with a longer stay [58.5% vs. 10.7%;
p=0.018, ICU-LOS 4.6 days (SD 12.2 days) vs. 0.4 days
(SD 1.2 days), p <0.0001]. Differences in length of ICU stay
were found between patients with 1 point vs. 0 points [ICU
admittance 33.1% vs. 8.5%, p<0.0001; ICU-LOS 5.5 days
(SD 11.5 days) vs. 1.5 days (SD 1 day), p=0.034]. Signifi-
cantly increased mortality was observed in patients with an
mFI-11>3 (17% vs. 0.7%, p=0.018). Patients with an mFI-
11> 3 stayed significantly longer in the hospital [12.7 days
(SD 12.4 days) vs. 6.9 days (SD 5.1 days), p=0.005] and
were more often discharged to a facility with a higher care
level (29.7% vs. 7.9%, p=0.001; mFI>1: 16.3% vs. 2.1%,
p=0.001). Significant differences in readmission rates could
not be observed using the mFI-11.

An mFI-5>2 points was correlated with a greater pro-
portion of patients with complications; the difference was
significant for CD >1 (41.7% vs. 22.3%, p=0.009) and with
a trend for CD>1I1 (CD >11I 13.3% vs. 4.9%, p=0.073
n. s.). Patients with an mFI-5>2 were significantly more
often admitted to the ICU (49.2% vs. 15.7, p <0.0001);
however, the length of stay in the ICU did not differ sig-
nificantly. Mortality was significantly elevated in patients
with an mFI-5>2 (6.7% vs. 0.8%, p=0.042). The LOS
was significantly longer in the mFI-5>2 group [11.4 days
(SD 11.4 days) vs. 6.7 days (SD 4.2 days), p <0.0001], and
these patients were more often discharged to an institution
with a higher level of care than before admission (25% vs.
6.7%, p=0.001). Overall, readmissions or readmissions for
nonsurgical reasons were not significantly elevated in this
subgroup, but there were more readmissions for surgical rea-
sons, most frequently for late-onset postoperative complica-
tions (26.7% vs. 14.5%, p=0.043).

The observed effects were subject to univariate and mul-
tivariate regression analyses. The covariates tested were age,
CCI, complicated vs. uncomplicated appendicitis, operative
technique, white blood cell count and/or CRP at admission,
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Tablg 2 Univariate fmd . Univariate Multivariate
multivariate regression analysis
for outcome variables related to OR 95% CI p value OR 95% CI p value
frailty assessments
Complications CD > 1
HFRS >5 7.43 3.59-15.39 <.0001 5.85 2.68-12.77 <.0001
mFI-11>1 1.99 .89-4.49 n.s - - -
mFI-11>3 3.21 1.55-6.66 .002 2.87 1.3-6.32 .009
mFI-5>2 2.49 1.27-4.85 .008 2.36 1.13-4.92 .022
Complications CD >3
HFRS >5 5.53 1.75-17.45 .004 4.92 1.45-16.66 .011
mFI-11>1 221 48-10.28 n.s - - -
mFI-11>3 391 1.29-11.9 .016 3.61 1.14-11.45 .029
mFI-5>2 2.95 .974-8.93 n.s - - -
ICU admission
HFRS >5 7 3.36-14.58 <.0001 5.16 2.31-11.54 <.0001
mFI-11>1 5.31 1.79-15.75 .003 5.44 1.63-18.13 .006
mFI-11>3 6.76 3.16-14.48 <.0001 7.36 3.09-17.56 <.0001
mFI-5>2 5.19 2.55—10.52 <.0001 6.17 2.69-14.14 <.0001
Discharge to higher care level
HFRS >5 6.94 2.6-18.02 <.0001 4.53 1.54-13.27 .006
mFI-11>1 8.94 1.17-68.44 .035 5.12 .58-44.99 n.s
mFI-11>3 4.92 1.93-12.55 .001 4.46 1.5-13.21 .007
mFI-5>2 4.67 1.83-11.93 .001 4.56 1.56-13.28 .006
Prolonged LOS
HFRS>5 8.92 3.23-24.12 <.0001 4.39 1.36-14.22 .014
mFI-11>1 1.56 49-4.9 n.s - - -
mFI-11>3 6.02 6.02-2.32 <.0001 6.01 1.46-24.74 .013
mFI-5>2 391 1.52-10.04 .005 2.05 .62-6.86 n.s

CI confidence interval, CD Clavien/Dindo classifications of complications, /CU intensive care unit, HRFS
Hospital Frailty Risk Score, mFI modified Frailty Index, OR odds ratio, prolonged LOS median length of
stay + 1 standard deviation, n.s. not significant

and insurance status. No regression analysis was possible
for the outcome parameter mortality due to the low number
of deceased patients (n=35). The results of the univariate
and multivariate regression analysis for outcome variables
related to frailty assessments are shown in Table 2. There
was no association between the patient’s type of insurance
for any of the tests, nor was insurance correlated with dif-
ferences in the examined outcome parameters.

For the abovementioned assessments and outcome param-
eters, ROC analyses were performed in which changes in
the LOS were analyzed dichotomously (prolonged LOS vs.
non-prolonged LOS). The median LOS + 1 standard devia-
tion (SD) was defined as a prolonged LOS (Fig. 1). The ROC
analysis showed that the sensitivity and specificity of the
three assessments did not differ in a relevant manner, and
the same applies to the area under the curve (AUC) values
as a measure of test quality.

Discussion

It has been demonstrated that frailty is a critical factor in
outcomes of medical treatments. Frailty can be objectively
evaluated with assessments, of which multiple types with
different focuses are available. In surgery, the evaluation of
frailty is primarily used for preoperative optimization of frail
patients. Usually, preoperative optimization is infeasible in
emergency surgery, but peri- and postoperative therapy can
be optimized. Of the more than 70 validated frailty assess-
ments, approximately 30 are available for surgical patients
but very few them are feasible in emergency situations [21].
Even the Emergency General Surgery Specific Frailty Index
(EGSFI) requires the active cooperation of the patient, which
is not always possible in patients with severe acute appen-
dicitis [29].

Thus, two well-established assessments were selected for
this study: (1) the mFI and (2) the HFRS. Both can be con-
ducted based on information and findings routinely available
in the emergency room. It was shown that assessments based
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Fig. 1 Receiver operator curves (ROC) of Hospital Frailty Risk Score
(HFRS) and modified Frailty Index (mFI) 5 and 11 for complica-
tions according to Clavien/Dindo classification (CD)>1; b CD >1II;
¢ admission to intensive care unit (ICU); d patient’s discharge to a

on electronic patient records recognize and determine frailty
just as well as bedside assessments [30].

The choice of assessments was to some extent arbitrary,
but the results of the study confirm that useful choices were
made. It was possible to prove the functionality of the two
assessments and compare them to a certain extent, both of
which could be carried out with limited effort post hoc by
non-geriatric specialized physicians. Furthermore, we dem-
onstrated that the shorter assessment, the mFI, delivers high-
quality and accurate results and is clearly correlated with
the most important outcome variables. This is interesting
because compared to the HFRS, the mFI delivers signifi-
cantly better test quality (high accuracy of diagnosis-transfer
96.7% vs. 17.1%, p<0.0001) in less time (mean 21.6 s range
0-45 s vs. 80.3 s, range 0-220 s; p <0.0001). It is known
that the mFI-11 and mFI-5 are equally effective in predicting
frailty, although the mFI-5 is one of the easiest and fastest
frailty assessments available [25].
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Studies on frailty in the context of emergency surgery can
mainly be categorized into two groups. First, several studies
analyze data from databases, e.g., the American College of
Surgeons National Surgical Quality Improvement Project
(NISQIP). Second, there are observational clinical stud-
ies [14, 15, 18, 31-33]. The latter included patient num-
bers comparable to our study, while the database analyses
naturally used the data of tens of thousands of patients. As
previously mentioned, there are no studies with a distinct
focus on appendicitis. In contrast to database queries, our
study allows the assignment of the ascertained assessment
to an individual clinical course. We could record additional
parameters and facilitate a follow-up of 90 days, both of
which are clear advantages over a database query. Moreo-
ver, a database comparable to the NISQIP is not available
for Germany.

Our study demonstrates the unambiguous association
between frailty and negative outcomes in elderly patients
after appendectomy.
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In patients with a score indicating frailty (HRFS >5 or
mFI-11 > 3), complications of any severity were more than
twice as frequent compared with patients without signs
of frailty (48.8% vs. 22.9%, p=0.003), and the OR was
5.9 for a HFRS >5 (95% C12.7-12.8, p<0.0001) and 2.9
for an mFI-11>3 (95% CI 1.3-6.3, p=0.009). For seri-
ous complications (CD > III), we observed a more than
threefold increase in the complication rate (17.1% vs.
5%, p=0.018) and ORs of 4.9 (HFRS 95% CI 1.5-16.7,
p=0.011) or 3.6 (mFI-11 95% CI 1.1-11.5, p=0.029).
The length of inpatient stay was almost doubled in patients
in whom the HFRS or mFI indicated frailty (no frailty:
mean 6.6 days; HFRS > 5 and mFI-11 >3 mean 12.7 days
p <0.005), and the OR for a prolonged LOS was 4.4
(HFRS >5; 95% CI 1.4-14.2, p=0.014) resp. 6.0 (mFI-
11>3;95% CI 1.5—24.7, p=0.013). These observations
are well in line with data published by other authors on
frailty in emergency general surgery [14, 15, 18].

Elderly patients with elevated frailty scores were admit-
ted significantly more often to the ICU, and this observa-
tion aligns with other studies focused on emergency surgery
[18]. In our cohort, patients with an mFI >3 were 5.5 times
more often admitted to the ICU (mFI-11: OR 7.4, 95% CI
3.1-17.6, p<0.0001; mFI-5: OR 6.2, 95% CI 2.7-14.1,
p<0.0001; HFRS >5: OR 5.2,95% CI 2.3-11.5, p<0.0001)
than those without evidence of frailty in the assessments
(Table 2). This observation is quite interesting given that
appendicitis only very rarely leads to ICU-therapy in the
general population.

Our ROC analyses proved the sensitivity and specificity
of the assessments for the most important outcome param-
eters. We were able to show that the observed relationships
between frailty and negative outcome can be observed not
only in dichotomous utilization of the assessments with the
respective cutoffs but also across the entire range of points
in the tests. The AUC, a measure of test quality, was very
similar between the assessments, which is very interesting
in light of the considerably higher effort required to conduct
the HFRS compared to the mFI-5.

We demonstrated that frailty after appendectomy is also
correlated with an increased rate of discharge to an environ-
ment with a higher care level compared to before admission
(HRFS>5: OR 4.5,95% CI 1.5-13.3, p=0.006; mFI-11 > 3:
OR 4.5,95% CI 1.5-13.2, p=0.007; mFI-5>2 OR 4.6, 95%
CI 1.6-13.3, p=0.006). This finding fits well with data pub-
lished by Murphy et al. who demonstrated a reduced rate
of home discharges for patients with intermediate and high
frailty scores [15]. We deliberately did not choose the crite-
ria “discharge home” or “institutional” vs. “non-institutional
discharge”, as some of the patients referred for appendec-
tomy were already residing in care facilities or retirement
homes. This result demonstrates an immediate and pro-
ductive application of the assessments. The modalities of

a future discharge of patients with appendicitis who show
frailty should be discussed and planned early in the inpatient
stay such as by involving the social service.

We could observe an increase readmission rates, solely
for surgical problems and only in patients with an mFI-5 > 2.
Rothenberg et al. showed that frailty is a risk factor for read-
mission but they did not study emergency surgery patients.
Interestingly, frailty leads to a doubling of the readmission
rate in his study, which is very similar to our observation in
the subgroup with an mFI-5>2 [34].

One objective of conducting frailty assessment in surgery
is to positively influence the patient’s outcome by improving
her or his preoperative condition [35]. This is hardly feasi-
ble in the context of an urgent appendectomy, and “preha-
bilitation” is not possible in these patients. However, even
in this context, there still exist some options. For example,
it is known that frailty increases the risk of postoperative
delirium, which in turn is associated with consequences such
as extended stay in intensive care. This risk can be countered
by appropriate anesthesia (e.g., avoiding benzodiazepines,
controlled depth of anesthesia). Malnutrition is another risk
factor correlated with frailty and poor surgical outcomes.
Frail patients can be treated early with a protein-rich, sup-
portive diet and nutrition counseling [36].

Moreover, as we demonstrated, patients who show signs
of frailty are subject to increased complications. This can be
countered with greater awareness and additional examina-
tions, such as laboratory controls or sonographies, in the
postoperative course. Physiotherapy, intensified remobili-
zation, or respiratory therapy are further options that may
reduce the risk of complications in frail patients.

Important information is also provided for resource
planning, such as bed occupancy or intensive care capac-
ity. Ultimately, a demonstrated connection between frailty
and increased mortality has an important implication. For
example, if an older patient with frailty is informed about a
necessary operation for acute appendicitis, then periopera-
tive mortality, which reaches up to 17% (mFI-11 > 3) in our
data, can be emphasized differently compared to a patient
without frailty. If simple tests such as the mFI can quickly
and accurately detect frailty in a patient, then this can also be
an opportunity for a detailed geriatric assessment which can
help identify specific risk factors that can then be addressed
with targeted treatment [37].

To our knowledge, this study is the first to focus on frailty
in elderly patients undergoing emergency appendectomy,
but a number of papers have been published that address
frailty as a risk factor after emergency general surgery. This
supports the stability of our observations as the results are
almost entirely coherent to previously published data.

Frailty as a multifactorial clinical syndrome is not caused
solely by the summation of disabilities and comorbidities.
Furthermore, while there is no defined minimum age for
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frailty, it is well established that frailty is a syndrome of
the elderly [38]. The age threshold of 65 years designating
elderly patients is also widely accepted [39, 40]. The mFI
has been validated for people ages 65 years old and above.
While the HFRS was developed using data from patients
over 75 years old, it has been successfully used in patients
aged 65 years and above [41]. Our analysis shows that HFRS
tends to predict worse outcomes for both over 65- and over
75-year-old patients with frailty. In this regard, our work
is highlighted by the fact that we only examined frailty
in patients over the age of 65 at the time of the operation.
Only a small fraction of study groups investigating frailty
in surgical patients undergoes this restriction [31, 42]. If
other authors examine frailty across the entire age spectrum,
including young people, and analyze age as a covariate, then
we consider this questionable.

As mentioned at the beginning, the two most widespread
concepts frame frailty as the result of the accumulation of
deficits or the reduction of capacities and resources. While
the underlying biological processes are largely not under-
stood, there are established associations between frailty,
immune system alterations, and inflammation. Some stud-
ies use the term “inflamm-aging”. We see increased white
blood cells, CRP, TNF-a, and IL-6 in people with frailty, but
it is still debated whether these are the cause or consequence
of frailty [43, 44]. In the context of our study, an analysis
of these parameters does not seem meaningful since acute
inflammation, such as that in acute appendicitis, necessar-
ily leads to an increase in inflammatory biomarkers. Values
independent of acute inflammation are not available for our
cohort.

Our study is not without limitations

First, our study is a retrospective analysis. However, since
all the requested parameters were entered into the electronic
patient records immediately during the treatment process
and could not be modified, the risk of bias is minimal. It can
be assumed that the results presented will be confirmed or
even clearer if the assessments are made in real time while
a patient is being admitted.

All assessments that use encoded disease data are prone
to quality deficits in coding. However, since these coded
data are crucial for revenues in the German health system,
all employees in surgical clinics are very well trained in
coding. Furthermore, at all participating centers, specialized
accounting employees verify coding at dismission. Thus,
it can be assumed that coding quality is very high, which
minimizes potential bias.

The tests used focused on recording deficits and dis-
eases. This leads to an overestimation of multimorbidity
while motor, cognitive, social, and psychological factors are
underestimated. As already mentioned, the latter factors can
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hardly be validly recorded in acutely ill patients and within
the constraints of the emergency room.

The number of patients included is small compared
to registry-based studies but is within the scope of the
examined patients in comparable clinical analyses and the
proportion of patients over 65 years is even slightly higher
compared to that of epidemiological studies [2]. The data
were collected from three independent hospitals and are
very coherent with regard to all parameters. The statisti-
cal analyses were unambiguous in their statements. Only
the low total number of deaths in the study population
precluded the feasibility of a regression analysis of this
parameter that would result in meaningful results.

The fact that old age is correlated with poor prognosis
and outcomes in acute appendicitis is well documented
in the literature and is hardly controversial. However, we
were able to show for the first time in a clinical study that
it is more so frailty, rather than age which causes poor
outcomes.

Conclusion

Frailty is an important risk factor for elderly patients with
acute appendicitis. While this disease is associated with
low morbidity and very low mortality in younger patients,
in older, frail patients, we observe an outcome that is sig-
nificantly worse than would be expected based on age or
comorbidities alone. In this cohort, frailty can be reliably
recorded using simple assessments based on data routinely
collected by each surgeon during an emergency admis-
sion. Identifying vulnerable patients is fundamental for
determining targeted countermeasures and for optimizing
resource planning. The latter is crucial, as the importance
of understanding and treating appendicitis in the elderly
population is becoming increasingly evident.

Author contributions AR—study conception and design, acquisition
of data, analysis and interpretation of data, and drafting of manuscript.
MR—acquisition of data and critical revision of manuscript. CCOM—
acquisition of data and critical revision of manuscript. WP—acquisi-
tion of data and critical revision of manuscript. FU—acquisition of data
and critical revision of manuscript. JL—study conception and design,
acquisition of data, analysis and interpretation of data, and critical
revision of manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. No further funding or sponsoring.

Availability of data and material Not applicable.

Code availability Not applicable.



Frailty in elderly patients with acute appendicitis

3041

Declarations

Conflict of interest Alexander Reinisch declares that he has no conflict
of interests. Martin Reichert declares that he has no conflict of inter-
ests. Christian Charles Ondo Meva declares that he has no conflict of
interests. Winfried Padberg declares that he has no conflict of interests.
Frank Ulrich declares that he has no conflict of interests. Juliane Liese
declares that she has no conflict of interests.

Ethics approval The study was approved by the Ethics Committee of
the Justus-Liebig-University Giessen (AZ 222/20).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ilves I, Paajanen HE, Herzig KH, Fagerstrom A, Miettinen
PJ. Changing incidence of acute appendicitis and nonspecific
abdominal pain between 1987 and 2007 in Finland. World J Surg.
2011;35(4):731-8. https://doi.org/10.1007/s00268-011-0988-8.

2. Ceresoli M, Zucchi A, Allievi N, Harbi A, Pisano M, Montori G,
et al. Acute appendicitis: epidemiology, treatment and outcomes-
analysis of 16544 consecutive cases. World J Gastrointest Surg.
2016;8(10):693-9. https://doi.org/10.4240/wjgs.v8.110.693.

3. Bundesamt S: Bevolkerungspyramide. https://service.destatis.de/
bevoelkerungspyramide/index.html (2020). Accessed 4.11.2020
2020.

4. Segev L, Keidar A, Schrier I, Rayman S, Wasserberg N, Sadot
E. Acute appendicitis in the elderly in the twenty-first century.
J Gastrointest Surg. 2015;19(4):730-5. https://doi.org/10.1007/
s11605-014-2716-9.

5. Pereira B, Mendes CA, Ruano RM, Neves I, Curado RL, Oliveira
R, et al. Acute appendicitis may no longer be a predominant
disease of the young population. Anaesthesiol Intensive Ther.
2019;51(4):283-8. https://doi.org/10.5114/ait.2019.87332.

6. Korner H, Sondenaa K, Soreide JA, Andersen E, Nysted A,
Lende TH, et al. Incidence of acute nonperforated and perforated
appendicitis: age-specific and sex-specific analysis. World J Surg.
1997;21(3):313-7. https://doi.org/10.1007/3002689900235.

7. Kraemer M, Franke C, Ohmann C, Yang Q, Group AAPS. Acute
appendicitis in late adulthood: incidence, presentation, and out-
come. Results of a prospective multicenter acute abdominal pain
study and a review of the literature. Langenbecks Arch Surg.
2000;385(7):470-81. https://doi.org/10.1007/s004230000165.

8. Kotaluoto S, Ukkonen M, Pauniaho SL, Helminen M, Sand
J, Rantanen T. Mortality related to appendectomy; a popula-
tion based analysis over two decades in Finland. World J Surg.
2017;41(1):64-9. https://doi.org/10.1007/s00268-016-3688-6.

9. Fugazzola P, Ceresoli M, Agnoletti V, Agresta F, Amato B, Car-
coforo P, et al. The SIFIPAC/WSES/SICG/SIMEU guidelines for
diagnosis and treatment of acute appendicitis in the elderly (2019

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

edition). World J Emerg Surg. 2020;15(1):19. https://doi.org/10.
1186/513017-020-00298-0.

Hubbard RE, Peel NM, Samanta M, Gray LC, Mitnitski A, Rock-
wood K. Frailty status at admission to hospital predicts multiple
adverse outcomes. Age Ageing. 2017;46(5):801-6. https://doi.org/
10.1093/ageing/afx081.

Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in
elderly people. Lancet. 2013;381(9868):752—62. https://doi.org/
10.1016/S0140-6736(12)62167-9.

Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gott-
diener J, et al. Frailty in older adults: evidence for a phenotype. J
Gerontol A Biol Sci Med Sci. 2001;56(3):M146-56. https://doi.
org/10.1093/gerona/56.3.m146.

Watt J, Tricco AC, Talbot-Hamon C, Pham B, Rios P, Grudnie-
wicz A, et al. Identifying older adults at risk of harm following
elective surgery: a systematic review and meta-analysis. BMC
Med. 2018;16(1):2. https://doi.org/10.1186/s12916-017-0986-2.
Fagenson AM, Powers BD, Zorbas KA, Karhadkar S, Karachristos
A, Di Carlo A, et al. Frailty predicts morbidity and mortality after
laparoscopic cholecystectomy for acute cholecystitis: an ACS-
NSQIP cohort analysis. J Gastrointest Surg. 2020. https://doi.org/
10.1007/s11605-020-04570-1.

Murphy PB, Savage SA, Zarzaur BL. Impact of patient frailty on
morbidity and mortality after common emergency general sur-
gery operations. J Surg Res. 2020;247:95-102. https://doi.org/10.
1016/j.jss.2019.10.038.

Goeteyn J, Evans LA, De Cleyn S, Fauconnier S, Damen
C, Hewitt J, et al. Frailty as a predictor of mortality in the
elderly emergency general surgery patient. Acta Chir Belg.
2017;117(6):370-5. https://doi.org/10.1080/00015458.2017.
1337339.

Tan HL, Chia STX, Nadkarni NV, Ang SY, Seow DCC, Wong TH.
Frailty and functional decline after emergency abdominal surgery
in the elderly: a prospective cohort study. World J Emerg Surg.
2019;14:62. https://doi.org/10.1186/s13017-019-0280-z.

. Joseph B, Zangbar B, Pandit V, Fain M, Mohler MJ, Kulvatunyou

N, et al. Emergency general surgery in the elderly: too old or too
frail? J Am Coll Surg. 2016;222(5):805-13. https://doi.org/10.
1016/j.jamcollsurg.2016.01.063.

Sanchez Arteaga A, Tinoco Gonzalez J, Tallén Aguilar L, Angui-
ano Diaz G, Jiménez-Rodriguez RM, Rovira Liarde A, et al.
Long-term influence of frailty in elderly patients after surgical
emergencies. Eur J Trauma Emerg Surg. 2021. https://doi.org/10.
1007/s00068-021-01818-6.

Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB,
McDowell I, et al. A global clinical measure of fitness and frailty
in elderly people. CMAJ. 2005;173(5):489-95. https://doi.org/10.
1503/cmaj.050051.

McDonald VS, Thompson KA, Lewis PR, Sise CB, Sise MJ,
Shackford SR. Frailty in trauma: a systematic review of the sur-
gical literature for clinical assessment tools. J Trauma Acute Care
Surg. 2016;80(5):824-34. https://doi.org/10.1097/TA.00000
00000000981.

Dapp U, Anders J, Golgert S, von Renteln-Kruse W, Minder CE.
Resources and risks in old age: the LUCAS-I marker set for a clas-
sification of elderly people as fit, pre-frail and frail. First results
on validity from the Longitudinal Urban Cohort Ageing Study
(LUCAS), Hamburg. Z Gerontol Geriatr. 2012;45(4):262-70.
https://doi.org/10.1007/s00391-012-0311-9.

Rolfson DB, Majumdar SR, Tsuyuki RT, Tahir A, Rockwood K.
Validity and reliability of the Edmonton Frail Scale. Age Ageing.
2006;35(5):526-9. https://doi.org/10.1093/ageing/afl041.
Velanovich V, Antoine H, Swartz A, Peters D, Rubinfeld I. Accu-
mulating deficits model of frailty and postoperative mortality
and morbidity: its application to a national database. J Surg Res.
2013;183(1):104-10. https://doi.org/10.1016/j.jss.2013.01.021.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00268-011-0988-8
https://doi.org/10.4240/wjgs.v8.i10.693
https://service.destatis.de/bevoelkerungspyramide/index.html
https://service.destatis.de/bevoelkerungspyramide/index.html
https://doi.org/10.1007/s11605-014-2716-9
https://doi.org/10.1007/s11605-014-2716-9
https://doi.org/10.5114/ait.2019.87332
https://doi.org/10.1007/s002689900235
https://doi.org/10.1007/s004230000165
https://doi.org/10.1007/s00268-016-3688-6
https://doi.org/10.1186/s13017-020-00298-0
https://doi.org/10.1186/s13017-020-00298-0
https://doi.org/10.1093/ageing/afx081
https://doi.org/10.1093/ageing/afx081
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1186/s12916-017-0986-2
https://doi.org/10.1007/s11605-020-04570-1
https://doi.org/10.1007/s11605-020-04570-1
https://doi.org/10.1016/j.jss.2019.10.038
https://doi.org/10.1016/j.jss.2019.10.038
https://doi.org/10.1080/00015458.2017.1337339
https://doi.org/10.1080/00015458.2017.1337339
https://doi.org/10.1186/s13017-019-0280-z
https://doi.org/10.1016/j.jamcollsurg.2016.01.063
https://doi.org/10.1016/j.jamcollsurg.2016.01.063
https://doi.org/10.1007/s00068-021-01818-6
https://doi.org/10.1007/s00068-021-01818-6
https://doi.org/10.1503/cmaj.050051
https://doi.org/10.1503/cmaj.050051
https://doi.org/10.1097/TA.0000000000000981
https://doi.org/10.1097/TA.0000000000000981
https://doi.org/10.1007/s00391-012-0311-9
https://doi.org/10.1093/ageing/afl041
https://doi.org/10.1016/j.jss.2013.01.021

3042

A. Reinisch et al.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Subramaniam S, Aalberg JJ, Soriano RP, Divino CM. New 5-fac-
tor modified frailty index using American college of surgeons
NSQIP data. J Am Coll Surg. 2018;226(2):173-81.e8. https://doi.
org/10.1016/j.jamcollsurg.2017.11.005.

Gilbert T, Neuburger J, Kraindler J, Keeble E, Smith P, Ariti
C, et al. Development and validation of a Hospital Frailty Risk
Score focusing on older people in acute care settings using
electronic hospital records: an observational study. Lancet.
2018;391(10132):1775-82. https://doi.org/10.1016/S0140-
6736(18)30668-8.

Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of 6336
patients and results of a survey. Ann Surg. 2004;240(2):205-13.
https://doi.org/10.1097/01.51a.0000133083.54934.ae.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method
of classifying prognostic comorbidity in longitudinal studies:
development and validation. J Chronic Dis. 1987;40(5):373-83.

Engelhardt KE, Reuter Q, Liu J, Bean JF, Barnum J, Shapiro MB,
et al. Frailty screening and a frailty pathway decrease length of
stay, loss of independence, and 30 day readmission rates in frail
geriatric trauma and emergency general surgery patients. ] Trauma
Acute Care Surg. 2018;85(1):167-73. https://doi.org/10.1097/TA.
0000000000001931.

Weiss HK, Stocker BW, Weingarten N, Engelhardt KE, Cook BA,
Posluszny JA. Electronic medical record versus bedside assess-
ment: how to evaluate frailty in trauma and emergency general
surgery patients? J Surg Res. 2020;246:464-75. https://doi.org/
10.1016/j.jss.2019.09.014.

Mclsaac DI, Moloo H, Bryson GL, van Walraven C. The Associa-
tion of frailty with outcomes and resource use after emergency
general surgery: a population-based cohort study. Anesth Analg.
2017;124(5):1653-61. https://doi.org/10.1213/ANE.0000000000
001960.

Kenig J, Mastalerz K, Lukasiewicz K, Mitus-Kenig M, Skorus
U. The Surgical Apgar Score predicts outcomes of emergency
abdominal surgeries both in fit and frail older patients. Arch Ger-
ontol Geriatr. 2018;76:54-9. https://doi.org/10.1016/j.archger.
2018.02.001.

Khan M, Jehan F, Zeeshan M, Kulvatunyou N, Fain MJ, Saljuqi
AT, et al. Failure to rescue after emergency general surgery in ger-
iatric patients: does frailty matter? J Surg Res. 2019;233:397-402.
https://doi.org/10.1016/j.jss.2018.08.033.

Rothenberg KA, Stern JR, George EL, Trickey AW, Morris
AM, Hall DE, et al. Association of frailty and postoperative

@ Springer

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

complications with unplanned readmissions after elective outpa-
tient surgery. JAMA Netw Open. 2019;2(5): €194330. https://doi.
org/10.1001/jamanetworkopen.2019.4330.

Shah R, Attwood K, Arya S, Hall DE, Johanning JM, Gabriel E,
et al. Association of frailty with failure to rescue after low-risk and
high-risk inpatient surgery. JAMA Surg. 2018;153(5): e180214.
https://doi.org/10.1001/jamasurg.2018.0214.

Mende A, Riegel AK, Pliimer L, Olotu C, Goetz AE, Kiefmann
R. Determinants of perioperative outcome in frail older patients.
Dtsch Arztebl Int. 2019;116(5):73-82. https://doi.org/10.3238/
arztebl.2019.0073.

Benzinger P, Eidam A, Bauer JM. Clinical importance of the
detection of frailty. Z Gerontol Geriatr. 2021;54(3):285-96.
https://doi.org/10.1007/s00391-021-01873-z.

Rodriguez-Maiias L, Féart C, Mann G, Viia J, Chatterji S,
Chodzko-Zajko W, et al. Searching for an operational definition
of frailty: a Delphi method based consensus statement: the frailty
operative definition-consensus conference project. J Gerontol
A Biol Sci Med Sci. 2013;68(1):62-7. https://doi.org/10.1093/
gerona/gls119.

Orimo H, Ito H, Suzuki T, Araki A, Hosoi T, Sawabe M. Review-
ing the definition of “elderly.” Geriatr Gerontol Int. 2006;6:149—
58. https://doi.org/10.1111/j.1447-0594.2006.00341.x

OECD (2022) Elderly population (indicator). https://doi.org/10.
1787/8d805eal-en

Kundi H, Cetin EHO, Canpolat U, Aras S, Celik O, Ata N, et al.
The role of frailty on adverse outcomes among older patients with
COVID-19. J Infect. 2020;81(6):944-51. https://doi.org/10.1016/j.
jinf.2020.09.029.

Mclsaac DI, Taljaard M, Bryson GL, Beaulé PE, Gagné S, Ham-
ilton G, et al. Frailty as a predictor of death or new disability after
surgery: a prospective cohort study. Ann Surg. 2020;271(2):283—
9. https://doi.org/10.1097/SLA.0000000000002967.

Soysal P, Stubbs B, Lucato P, Luchini C, Solmi M, Peluso R, et al.
Inflammation and frailty in the elderly: a systematic review and
meta-analysis. Ageing Res Rev. 2016;31:1-8. https://doi.org/10.
1016/j.arr.2016.08.006.

Alberro A, Iribarren-Lopez A, Sadenz-Cuesta M, Matheu A,
Vergara I, Otaegui D. Inflammaging markers characteristic
of advanced age show similar levels with frailty and depend-
ency. Sci Rep. 2021;11(1):4358. https://doi.org/10.1038/
s41598-021-83991-7.


https://doi.org/10.1016/j.jamcollsurg.2017.11.005
https://doi.org/10.1016/j.jamcollsurg.2017.11.005
https://doi.org/10.1016/S0140-6736(18)30668-8
https://doi.org/10.1016/S0140-6736(18)30668-8
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/TA.0000000000001931
https://doi.org/10.1097/TA.0000000000001931
https://doi.org/10.1016/j.jss.2019.09.014
https://doi.org/10.1016/j.jss.2019.09.014
https://doi.org/10.1213/ANE.0000000000001960
https://doi.org/10.1213/ANE.0000000000001960
https://doi.org/10.1016/j.archger.2018.02.001
https://doi.org/10.1016/j.archger.2018.02.001
https://doi.org/10.1016/j.jss.2018.08.033
https://doi.org/10.1001/jamanetworkopen.2019.4330
https://doi.org/10.1001/jamanetworkopen.2019.4330
https://doi.org/10.1001/jamasurg.2018.0214
https://doi.org/10.3238/arztebl.2019.0073
https://doi.org/10.3238/arztebl.2019.0073
https://doi.org/10.1007/s00391-021-01873-z
https://doi.org/10.1093/gerona/gls119
https://doi.org/10.1093/gerona/gls119
https://doi.org/10.1111/j.1447-0594.2006.00341.x
https://doi.org/10.1787/8d805ea1-en
https://doi.org/10.1787/8d805ea1-en
https://doi.org/10.1016/j.jinf.2020.09.029
https://doi.org/10.1016/j.jinf.2020.09.029
https://doi.org/10.1097/SLA.0000000000002967
https://doi.org/10.1016/j.arr.2016.08.006
https://doi.org/10.1016/j.arr.2016.08.006
https://doi.org/10.1038/s41598-021-83991-7
https://doi.org/10.1038/s41598-021-83991-7

	Frailty in elderly patients with acute appendicitis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Inclusion criteria
	Exclusion criteria
	Statistical analysis

	Results
	Demographic parameters
	Frailty assessment
	Relationship between frailty and the postoperative outcome

	Discussion
	Our study is not without limitations

	Conclusion
	References




