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Abstract

Objectives: To examine shifts in frailty among spinal stenosis patients during the COVID-19 pandemic and
associations with interventions and outcomes. Methods: This retrospective analysis compared types of management
and rates of in-hospital mortality between pre-pandemic (January 1, through December 31, 2019) and pandemic
phases (March 5, 2020 through May 17, 2022) among spinal stenosis patients across a network of 76 hospitals
in Germany, utilizing logistic generalized linear mixed models. Frailty was quantified using the Hospital Frailty Risk
Score (HFRS) and categorized as low (<5 points), intermediate (5- 15 points), and high (>15 points). Results: Among
the 59,130 patients with spinal stenosis, 39,448 were hospitalized during the pandemic, and 19,682 in 2019.
During the pandemic, the proportion of patients with high frailty rose from 4.7%-5.5% to 6.2%-7.3% (p <0.01),
except in pandemic wave 5. Among low frailty patients, rates of decompressive surgery increased from 42.4%-
46.0% to 48.4%-52.8% (p<0.001), and of fusion surgery from 15.7%-16.6% to 19.2%-22.8% (p<0.001).
Throughout the pandemic, in-hospital mortality rates increased from 0.8%-1.0% to 1.0%-2.5% (p<0.017), yet
without differences across frailty groups. Conclusions: Among those hospitalized for spinal stenosis during the
COVID-19 pandemic in Germany, frailty increased and low frailty was associated with rising rates of spine surgery.
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patients with any form of spinal disease. This effect was
most pronounced during pandemic waves 1 through 3,
while frailty in waves 4 and 5 returned to almost pre-

Introduction

Spinal stenosis is the most prevalent reason for spine
surgery among older individuals'2. It is highly associated
with frailty, especially regarding length of stay, types of

management, and treatment outcomes3. According to
the United Nations, the worldwide number of subjects
aged over 65 will double between 2019 and 20504
In this environment, frailty as an increasingly prevalent
geriatric syndrome will continue to reshape diagnostic and
therapeutic processes within clinical routine.

During the COVID-19 pandemic, the population of
most parts of the world encountered an increase in frailty,
potentially caused by decreased physical and social
activities resulting from lockdowns and other restrictions*>.
In Germany, this translated to an increase in frailty among
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Inclusion criteria: patients hospitalized with
spinal stenosis between January 1, 2019
and May 17, 2022, identified by ICD-10 code
groups M48.0 (n=59,130)

N

Patients hospitalized between March 5,
2020 and May 17, 2022 (pandemic)

Patients hospitalized in corresponding
control phases of 2019 (multiple use of

(n=39,448) control cases was possible, n=19,682)
Wave 1 Wave 1
n=1,810 n=3,115
Between Between
waves 1 and 2 waves 1 and 2
n=6,434 n=7,716
v v
Wave 2 Wave 2
n=6,199 n=7,777
v v

Wave 3
n=5,993

Wave 4
n=8,786

v

Wave 5
n=6,341

Wave 3
n=7,252

v
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Wave §
n=7,600

Figure 1. Flow chart describing patient inclusion.

pandemic levels®. However, those findings were derived
from spine patients in general, including those suffering
from diagnoses not typically associated with frailty, such as
spine deformity, infection, and trauma. Therefore, a specific
analysis of the relation between frailty and spinal stenosis
during the pandemic is lacking.

Given that spinal stenosis is the main reason for spine
surgery among older and frailer subjects, examining
links between frailty and spinal stenosis management
is of interest'2.Therefore, we examined the in-hospital
management of spinal stenosis in relation to varying
degrees of frailty between 2019 and 2022. We utilized
data from a nationwide hospital network in Germany and
analyzed overall admissions, patient characteristics,
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in-hospital mortality rates and therapeutic modalities
from different pandemic periods and compared them to
corresponding pre-pandemic phases.

Methods
Study population

For this observational study, administrative data from
a nationwide network of 76 hospitals in Germany were
retrospectively examined. The Helios hospital network
covers urban and rural areas in 13 of the 16 federal states
in Germany, managing 7% of all nationwide inpatient
cases™®. All admitted patients with the primary diagnosis
of spinal canal stenosis were included, comparing data
between 2019, which was the final year before the
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Wave 1 Between Waves 1 and 2 Wave 2

Total cohort

Wave 3 Wave 4 Wave 5

Wave 2 3.115 1.810  <0.01 7.716 6.431 0.02 7077 6.199 <001 7.252 5,993 0.02 9.921 8,786 0.08 7600 6,341 0.03
HFRS groups
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W] 725 @so 2 (Gsm G510 % Geay Gsen 02 (rom (ase O Guao Gisn 0P (ary (asn O
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Pre, pre-pandemic; pan, pandemic; HFRS, Hospital Frailty Risk Score

Table 1. Total numbers of cases and distribution of frailty risk groups.

pandemic, and the first five pandemic waves throughout years 2020 to 2022.
The following pandemic phases were examined and compared to corresponding
periods in 20198°: wave 1 (March 5, 2020 to May 1, 2020); between waves 1
and 2 (May 2, 2020 to September 19, 2020); wave 2 (September 20, 2020 to
February 13, 202 1); wave 3 (February 14,2021 to June 25, 202 1); wave 4 (June
26, 2021 to January 1, 2022); wave 5 (January 2, 2022 to May 17, 2022). No
exclusion criteria were defined for this study. Figure 1 summarizes patient inclusion.
Surgical management was examined as per standardized nationwide “Operations
and Procedures Codes” (OPS) as follows: decompression surgery without fusion:
5-033.0; 5-83960-3; 5-030.4-7; 5-031.1-3; 5-032.2-9; excision of diseased
vertebral disc tissue without fusion: 5-831.0-9; and spinal fusion procedures:
5-83b.0-8.

Measures

The primary diagnosis of spinal stenosis was identified as code M48.0 in
accordance with the International Statistical Classification of Diseases and Related
Health Problems (ICD-10).

The assessment of frailty was conducted using the Hospital Frailty Risk Score
(HFRS), which examines 109 predefined ICD-10 codes'®. These codes are assigned
points with varying weights, and the cumulative score is categorized according to
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three levels of frailty: low (<5 points), intermediate (5-15 points), and high (>15
points).

Confounding factors

Patient age, sex, and the Elixhauser Comorbidity Index (ECI), a tool that gauges
the burden of comorbidity, were examined for associations with frailty'°'4,

Statistical Analysis

QlikView (QlikTech, Radnor, Pennsylvania, USA'5) was used for data retrieval
from the administrative data base, which comprises the complete set of data from
all 76 Helios hospitals in Germany and is located at the Heart Center in Leipzig,
Germany. Inferential analyses were performed using generalized linear mixed models
(GLMM) with hospitals as a random factor'¢-'8, The Ime4 package (Version 1.1-21)
was used for effect estimation within the R environment for statistical computations
(Version 4.0.2, 64-Bit-Build)'®. For the random factor, different intercepts were
assigned in all models. A two-sided 5% significance level was applied. To describe
patient characteristics and frailty proportions, we used x? tests for binary variables
and analysis of variance for numerical variables. To compare the proportions of
selected treatments and outcomes across cohorts, logistic GLMMs with logit link
function were applied, providing odds ratios and confidence intervals. Count data



Frailty in Spinal Stenosis

Between waves 1 and 2 (May 2 to September 19, 2020)
Wave 2 (September 20, 2020 to February 13, 202 1)

Wave 3 (February 14 to June 25, 2021)
Wave 4 (June 26, 2021 to January 1, 2022)
Wave 5 (January 2 to May 17, 2022)

Table 2. Prevalence of SARS-CoV-2 infections among patients admitted for spinal stenosis during different phases of the study period.

were examined by negative binomial models. The weighted
ECI was calculated using the AHRQ algorithm?°. Interaction
analyses with the high frailty group as reference were
used to assess to what degree frailty affected differences
between pre-pandemic and pandemic phases.

Results

Among the 59,130 cases admitted for spinal stenosis,
39,448 were managed during the pandemic period,
while 19,682 were admitted during corresponding pre-
pandemic periods in 2019. Table 1 shows the numbers
of hospitalizations for spinal stenosis and frailty level
distributions. During the pandemic, admissions for
spinal stenosis decreased significantly, compared to pre-
pandemic levels.

Compared to pre-pandemic levels, during the pandemic,
a notable increase in the proportion of high frailty was
identified in waves one through four, rising from 4.7%-
5.5% to 5.2%-7.3% (p <0.01). Conversely, a significant
decrease in the proportion of patients with low frailty was
identified in pandemic waves one and two. The proportion
of patients with moderate frailty did not change significantly
during pandemic periods, ranging between 22.7%-25.4%.
Table 2 provides an overview of the SARS-CoV-2 infection
rates in patients with spinal stenosis, which were in the low
single-digit percentage range.

Frailty on admission

An overview of daily admissions and baseline
characteristics is presented in Table 3. The only phase in
which a frailty-associated change in daily admissions was
observed, was in wave 2, with an increase among high frailty
spinal stenosis patients versus decreases among low and
intermediate frailty groups. There were no frailty-associated
changes in patient age or sex distribution. Changes in rates
of comorbidities, quantified using the ECI, were associated
with patient frailty in only three of the examined periods.
That is, with high frailty patients as reference, there were
larger relative increases in ECl among low frailty patients in
waves 1 and 3 versus more pronounced increases in patients
with high frailty in wave 5.

81

Wave 1 (March 5 to May 1, 2020)

8/1,810 0.4%
8/6.434 0.1%
155/6,199 2.5%
51/5,993 0.9%
96/8.786 1.1%
210/6,341 3.3%

Frailty in relation to treatment types and outcomes

Table 4 shows the rates of surgery and in-hospital
mortality. In the entire cohort, throughout the entire
pandemic phase, rates of all of the three examined types
of spinal procedures increased significantly. These shifts
in surgical rates were associated with frailty only between
waves 1 and 2 and during wave 3, each with increases
among low frailty patients versus decreases among those
with high frailty.

There were no associations between frailty and changes
in in-hospital mortality rates, which increased significantly
during all of the examined pandemic wave periods from
ranges between 0.8% and 1.0% up to between 1.0% and
2.5%.

Discussion

This nationwide study among 59,130 patients
undergoing treatment for spinal stenosis in German
hospitals disclosed a noteworthy increase in frailty in all
pandemic phases, except wave 5. In two phases (between
waves 1 and 2; and in wave 3), there was a rise in rates
of surgery among subject with low versus high frailty for
all of the examined types of intervention. This is in line
with previously published results from a more general
nationwide cohort of patients with any form of spine
disease in Germany, including spine infections and trauma,
in which low frailty patients were at lower risk of surgery
prior to versus during the pandemic®.

Previous evidence identified increased rates of frailty and
pre-frailty among patients with spinal stenosis compared
to control groups without spinal stenosis®2'. In addition,
symptom severity and clinical outcomes for patients
with spinal stenosis are significantly influenced by frailty
levels®2', According to Kim et al., the connection between
lumbar spinal stenosis and frailty can be attributed to the
physical inactivity caused by symptomatic spinal stenosis
resulting in reduced muscle strength®. This mechanism
aligns with the rise in frailty observed during the pandemic,
which may be caused by decreased physical activity due to
pandemic-associated restrictions**.

In our study cohort, during the pandemic, the rate of
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Table 3. Baseline characteristics and corresponding interactions among frailty risk groups
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Daily admissions
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Table 3. (Cont. from previous page).
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16,9 19.6 18.3 19.3 18.0 18.8 17.3 19.5 18.7 20.0 16.8 19.1
ref ref ref ref ref ref

high +103 +105 +125  +123 +12.1  +120 116  +123 +119  +130 116  +11.7

Pre, pre-pandemic; pan, pandemic; HFRS, Hospital Frailty Risk Score; *For the total cohort, statistical comparisons were conducted between pre-pandemic and pandemic values. ‘Between HFRS groups, changes between

pre-pandemic and pandemic values were statistically compared with the high HFRS group as reference category. Percentages presented for category “sex” represent the proportion of female sex within each frailty group
separately, which is why they do not add up to 100%.

Table 4. Rates of surgical procedures and in-hospital mortality.
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Table 4. (Cont. from previous page).
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17.6%
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(1,089)

15.2%
(1,182)

17.3%
(1,073)

Total Total 14.7%
cohort (459)

0.003 <0.001 <0.001 <0.001

HFRS groups

15.9% 18.8% 15.7% 19.2% 16.6% 20.4% 16.2% 21.0% 16.1% 19.8% 16.2% 22.8%
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Pre, pre-pandemic; pan, pandemic; HFRS, Hospital Frailty Risk Score; TFor the total cohort, statistical comparisons were conducted between pre-pandemic and pandemic values. *Between HFRS groups, changes between pre-
pandemic and pandemic values were statistically compared with the high HFRS group as reference category. Percentages presented for treatment rates represent the proportion of each type of treatment within each frailty
group separately, therefore not adding up to 100%.

comorbidities among spinal stenosis patients showed a higher relative increase Previously, discussions on the alterations in the management of spine pathologies
among low frailty individuals in waves 1 and 3, and among high frailty patients in  during the pandemic predominantly focused effects like reductions in case numbers
wave 5. This may be explained by reluctance of more comorbid high frailty patients ~ and workforce constraints2'-23, Surprisingly, the connections between the pandemic
to present to hospitals at the onset of the pandemic, while, at the end of wave 4, and shifts in frailty in subjects with spinal stenosis have not been thoroughly explored,
with nationwide SARS-CoV2 vaccination rates of up to 66,3%, this higher risk even though the influence of frailty on outcomes is well-established, particularly
demographic may have been more willing to present to hospitals with spinal stenosis  following spine surgery?428, The investigation of pandemic-related frailty dynamics
symptoms. in spinal stenosis patients is crucial, especially considering the rapid aging of the
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general population over recent decades?®. The frequently
reported link between frailty and the COVID-19 pandemic
may well have contributed to the acceleration of this
demographic trend.

Our results suggest a selection for spinal stenosis
patients with poorer health conditions in hospitals during
the pandemic. Considering that the actual diagnosis of
COVID-19 was an absolute exception among the examined
cohort of patients, it most likely may not have had sufficient
direct impact on the frailty trends observed. Instead, it may
more likely be associated with elevated frailty levels in the
community as a consequence of the general response to
the pandemic leading to restricted activity*5. This may
seem somewhat counterintuitive, given that one could have
expected that, in order to avoid contact with COVID-19
patients, more frail individuals with spinal stenosis would
have avoided hospitalization, being aware that older age
and comorbidities are linked to poor outcomes in COVID-19
infection'23%32, Nevertheless, our results do not imply an
increase in frailty within individual patients over time but
simply a trend towards increased proportions of frailty at
the threshold of hospitals in Germany.

Another important finding from our study is a potential
link between low frailty and increased risk of surgical
interventions during the pandemic, particularly between
waves 1 and 2 and in wave 3. Wave 3 produced the most
prominent changes in surgical treatment between highly
and mildly frail subjects. Notably, during the beginning of
wave 3 in Germany, the SARS-CoV-2 vaccination rate in
the general population was relatively low at 2.3%, versus
66.3% in the final stages of wave 433, Such discrepancies
in vaccination rates might have influenced decision making
for or against surgical intervention during this period.
The link between low frailty and increased surgical rates
throughout the pandemic may also have been caused by
more severe symptoms among low frailty patients during
this time, making hospitalization unavoidable. Additionally,
spinal surgeons may have more readily opted for surgery
on the mildly frail, as those were less likely to require
intensive care.

Our findings may aid physicians in understanding
surgical decision making in spinal stenosis patients in
Germany during potential future similar scenarios, based
on various factors, such as patient characteristics, surgeon
preferences, and pandemic-induced alterations in the
healthcare environment in general.

The application of Enhanced Recovery After Surgery
(ERAS) protocols, which have shown positive impacts on
outcomes after spinal interventions, becomes particularly
relevant in this context3#35, ERAS seeks to improve in-
hospital management by enhancing various elements,
including preoperative patient information, the surgical
processes, and postoperative mobilization protocols. Given
the reduced application of ERAS in other surgical disciplines
during the COVID-19 pandemic, despite its unchanged
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positive effects on outcomes and treatment costs3¢38, our
findings emphasize the importance for spinal surgeons
to consider frailty in the treatment of spinal stenosis and
may assist in refining treatment protocols and enhancing
patient safety.

Several limitations of this study need to be mentioned.
First, a certain degree of misclassification of diagnoses
using ICD-10 and OPS codes cannot be ruled out. However,
it is important to note that all codes were audited a
rigorously prior to data inclusion. Another limitation is
that administrative data, especially billing data, are not
generated for scientific purposes, and may therefore not
provide a comprehensive overview of care. Additionally,
our database lacked variables on clinical outcomes beyond
in-hospital mortality rates. Furthermore, the analysis is not
able to detect any level of causality between the COVID-19
pandemic and spinal stenosis care. Also, due to the design
of the study, we did not include any data on imaging or
medication or beyond May 17, 2022. Finally, our findings
may not be generalizable to other countries.

Conclusions

During the COVID-19 pandemic in Germany, patients
hospitalized for spinal stenosis were significantly more
frail, compared to pre-pandemic periods. Also, there was an
increase in rates of surgical management among low-frailty
spinal stenosis patients, while rates among high frailty
patients remained unaltered or even decreased.

Ethics approval

Study approval was granted by the Ethics Committee of
the University of Leipzig on February 7, 2022 (490/20-
ek).

Authors’ Contributions

HvR, ND and JD conceived the study. HvR, ND and JD
wrote the first draft of the manuscript. SH conducted all
statistical analyses. HvR, ND, JD, NA, HG, RK and AB were
involved in data interpretation. All authors reviewed and
edited the manuscript and approved the final version of the
manuscript.

References

1. Deyo RA. Treatment of lumbar spinal stenosis: a balancing act.
Spine J2010;10:625-7.

2. Deyo RA, Gray DT, Kreuter W, Mirza S, Martin Bl. United States
trends in lumbar fusion surgery for degenerative conditions. Spine
(PhilaPa 1976) 2005;30:1441-5.

3. Kim HJ, Park S, Park SH, Lee JH, Chang BS, Lee CK, et al. The
prevalence and impact of frailty in patients with symptomatic
lumbar spinal stenosis. Eur Spine J 2019;28:46-54.

4. Yamada M, Kimura Y, Ishiyama D, Otobe Y, Suzuki M, Koyama
S, et al. The Influence of the COVID-19 Pandemic on Physical
Activity and New Incidence of Frailty among Initially Non-Frail Older
Adults in Japan: A Follow-Up Online Survey. J Nutr Health Aging
2021:25:751-6.



H. von Riegen et al.

20.

21.

22.

86

Garner IW, Varey S, Navarro-Pardo E, Marr C, Holland CA . An
observational cohort study of longitudinal impacts on frailty and
well-being of COVID-19 lockdowns in older adults in England and
Spain. Health Soc Care Community 2022; 30:e2905-e2916.
Dengler J, Gheewala H, Kraft CN, Hegewald AA, Dorre R, Heese
O, et al. Changes in frailty among patients hospitalized for spine
pathologies during the COVID-19 pandemic in Germany-a
nationwide observational study. Eur Spine J 2024,;33:19-30.
Nachtigall I, Lenga P, JéZzwiak K, Thirmann P, Meier-Hellmann A,
KuhlenR, et al. Clinical course and factors associated with outcomes
among 1904 patients hospitalized with COVID-19 in Germany: an
observational study. Clin Microbiol Infect 2020;26:1663-9.
Abduljawwad N, Pamnani S, Stoffel M, Kraft CN, Hegewald AA,
Dorre R, et al. Effects of the COVID-19 Pandemic on Spinal Fusion
Procedures for Spinal Infections in a Nationwide Hospital Network
in Germany. J Neurol Surg A Cent Eur Neurosurg 202 3;84:58-64.
Dengler J, Prass K, Palm F, Hohenstein S, Pellisier V, Stoffel M, et
al. Changes in nationwide in-hospital stroke care during the first four
waves of COVID-19 in Germany. Eur Stroke J 2022;7:166-74.
Hannah TC, Neifert SN, Caridi JM, Martini ML, Lamb C, Rothrock RJ,
et al. Utility of the Hospital Frailty Risk Score for Predicting Adverse
Outcomes in Degenerative Spine Surgery Cohorts. Neurosurgery
2020;87:1223-30.

. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence

of frailty in community-dwelling older persons: a systematic review.
J Am Geriatr Soc 2012;60:1487-92.

Syddall H, Roberts HC, Evandrou M, Cooper C, Bergman H, Aihie
Sayer A. Prevalence and correlates of frailty among community-
dwelling older men and women: findings from the Hertfordshire
Cohort Study. Age Ageing 2020;39:197-203.

Kane AE, Howlett SE. Sex differences in frailty: Comparisons
between humans and preclinical models Mech Ageing Dev
2021;198:111546.

Lekan DA, McCoy TP, Jenkins M, Mohanty S, Manda P, Yasin R.
Comparison of a Frailty Risk Score and Comorbidity Indices for
Hospital Readmission Using Electronic Health Record Data. Res
Gerontol Nurs 2021;14:91-103.

Griewing S, Kalder M, Lingenfelder M, Wagner U, Gremke N. Impact
of the COVID-19 Pandemic on Gyne-Oncological Treatment-A
Retrospective Single-Center Analysis of a German University
Hospitalwith 30,525 Patients. Healthcare (Basel). 2022;10:2386.
Baayen RH, Davidson DJ, Bates DM. Mixed-effects modeling with
crossed random effects for subjects and items. Journal of Memory
and Language 2008;59:390-412.

Kliegl R, Masson MEJ, Richter EM. A linear mixed model analysis of
masked repetition priming. Visual Cognition 2010;18:655-81.
Bates D, Machler M, Bolker B, Walker S. Fitting Linear Mixed-Effects
Models Using Ime4. Journal of Statistical Software 2015;67:1-
48.

R Core Team A language and environment for statistical computing.
R Foundation for statistical computing 2020, Vienna, Austria
Moore BJ, White S, Washington R, Coenen N, Elixhauser A.
|dentifying Increased Risk of Readmission and In-hospital Mortality
Using Hospital Administrative Data: The AHRQ Elixhauser
Comorbidity Index. Medical Care 2017;55:698.

Soh TLT, Ho SWL, Yap WMQ, Oh JY (2020) Spine Surgery and
COVID-19: Challenges and Strategies from the Front Lines. J Bone
Joint Surg Am 2020;102:e56.

Power FR, Jundi A, Macken M, Synnott KA, Butler JS. The Impact
of COVID-19 and Lockdown on Spinal Services at a National Level:
Lessons Leamned and Areas of Service Improvement for Future

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Health Care Delivery. Clin Spine Surg 2022;35:7-11.

Amold PM, Owens L, Heary RF, Webb AG, Whiting MD, Vaccaro
AR, et al. Lumbar Spine Surgery and What We Lost in the Era of
the Coronavirus Pandemic: A Survey of the Lumbar Spine Research
Society. Clin Spine Surg 202 1,34:E575-579.

Chan V, Wilson JRF, Ravinsky R, Badhiwala JH, Jiang F, Anderson
M, et al. Frailty adversely affects outcomes of patients undergoing
spine surgery: a systematic review. Spine J 202 1;2 1:988-1000.

Veronesi F, Borsari V, Martini L, Visani A, Gasbarrini A, Brodano GB,
et al. The Impact of Frailty on Spine Surgery: Systematic Review on
10 years Clinical Studies. Aging Dis 2021;12:625-45.

Laverdiere C, Georgiopoulos M, Ames CP, Corban J, Ahangar
P, Awadni K, et al. Adult Spinal Deformity Surgery and Frailty: A
Systematic Review. Global Spine J 2022;12:689-99.

Passias PG, Brown AE, Bortz C, Pierce K, Alas H, Ahmad W, et al.
A risk-benefit analysis of increasing surgical invasiveness relative
to frailty status in adult spinal deformity surgery. Spine (Phila Pa
1976) 2021;46:1087-96.

Gum JL, Yeramaneni S, Wang K, Hostin RA Jr, Kebaish KM, Neuman
BJ, et al. Comparison of patient factors (frailty) vs. surgical factors
(invasiveness) for optimization of 2-year cost-utility: we should
focus on the patient factors. Spine J 202 1;2 1Suppl:S105.

United Nations, Department of Economic and Social Affairs,
Population Division. World population prospects 2019. https://
population.un.org/wpp/publications/files/wpp20 19_highlights.
pdf. Accessed 8 Sept 2022

Sablerolles RSG, Lafeber M, van Kempen JAL, van de Loo BPA,
Boersma E, Rietdijk WJR, et al. Association between clinical frailty
scale score and hospital mortality in adult patients with COVID-19
(COMET): an international, multicentre, retrospective, observational
cohort study. Lancet Healthy Longev 202 1;2:e163-e170.

Zhang XM, Jiao J, Cao J, Huo XP, Zhu C, Wu XJ, et al. Frailty as a
predictor of mortality among patients with COVID- 19: a systematic
review and meta-analysis. BMC Geriatr 202 1:21:186.

Sealy MJ, van der Lucht F, van Munster BC, Krijnen WP, Hobbelen
H, Barf HA, et al. Frailty among Older People during the First Wave
of the COVID-19 Pandemic in The Netherlands. Int J Environ Res
Public Health 2022;19:3669.

Robert Koch Institute; Digitales Impfquotenmonitoring zur COVID-
19-Impfung. https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_
Coronavirus/Daten/Impfquoten-Tab.htm. Accessed 14 November
2021

Ljunggvist O, Scott M, Fearon KC. Enhanced Recovery After Surgery:
A Review. JAMA Surg 2017;152:292-8.

Porche K, Yan S, Mohamed B, Garvan C, Samra R, Melnick K, et
al. Enhanced recovery after surgery (ERAS) improves return of
physiological function in frail patients undergoing one- to two-
level TLIFs: an observational retrospective cohort study. Spine J
2022;22:1513-22.

Grieco M, Galiffa G, Marcellinaro R, Santoro E, Persiani R, Mancini
S, et al. Impact of the COVID- 19 Pandemic on Enhanced Recovery
After Surgery (ERAS) Application and Outcomes: Analysis in the
“Lazio Network” Database. World J Surg 2022;46:2288-96.

Tan L, Peng D, Cheng Y. Enhanced Recovery After Surgery Is
Still Powerful for Colorectal Cancer Patients in COVID-19 Era. J
Laparoendosc Adv Surg Tech A 2023; 33:257-62.

Prodromidou A, Koulakmanidis AM, Haidopoulos D, Nelson
G, Rodolakis A, Thomakos N. Where Enhanced Recovery
after Surgery (ERAS) Protocols Meet the Three Major Current
Pandemics: COVID-19, Obesity and Malignancy. Cancers (Basel)
2022;14:1660.



