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Chapter 8

KEY SUMMARY POINTS

Aim To describe selection criteria for referral to geriatric rehabilitation, care provided,
and recovery trajectories of post-COVID-19 patients referred to geriatric rehabilitation
in Europe.

Findings In the ten participating countries, patients showed recovery in daily function-
ing and quality of life, albeit at variable rates. This variation in recovery rates was accom-
panied by variation in geriatric rehabilitation selection criteria, patient characteristics,
and provided rehabilitation care.

Message The heterogeneity in recovery of post-COVID-19 patients admitted to geriatric
rehabilitation, selection criteria, and organization of geriatric rehabilitation care high-
lights the need for harmonization of measurements in geriatric rehabilitation in order to
perform explanatory research and optimize geriatric rehabilitation throughout Europe.

ABSTRACT

Purpose There is variation in organization of geriatric rehabilitation across Europe. The
purpose of this study was to describe the selection criteria for referral to geriatric reha-
bilitation, care provided, and recovery trajectories of post-COVID-19 patients referred to
geriatric rehabilitation in Europe.

Methods This observational cohort study included 723 patients in 59 care facilities for
geriatric rehabilitation across 10 countries. Patient data were collected from medical
records on admission to geriatric rehabilitation (between September 2020 and October
2021), discharge, 6 weeks and 6 months follow-up. The primary and secondary outcomes
were recovery in daily functioning (Barthel Index) and Quality of Life (EQ-5D-5L) from
admission to discharge. These were examined using linear mixed models with two levels
(measurements nested in patients) and country as an independent variable. Random in-
tercept and random linear slope parameters were added when they improved model fit.
A survey about organization of geriatric rehabilitation for post-COVID-19 patients was
filled out by country coordinators and data were analyzed using descriptive statistics
and inductive coding of answers to open questions.

Results Patients had a mean age of 75.7 years old and 52.4% were male. Many countries
used various combinations of the selection criteria, such as functional status, age, frailty,
Comprehensive Geriatric Assessment, comorbidities, and cognitive impairments. Most
patients received physiotherapy (88.8%) and occupational therapy (69.7%), but there
was substantial variance between countries in the percentages of patients that received
protein or calorie enriched diets, oxygen therapy, and other treatment components. In
all countries, patients showed recovery in daily functioning and quality of life, although
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there was variation in between countries in rate of recovery. Daily functioning seemed
to increase most rapidly in the Czech Republic, Germany, and Russia. The steepest in-
creases in quality of life were seen in the Czech Republic, Germany, and Spain.

Conclusion Post-COVID-19 patients showed recovery during geriatric rehabilitation,
albeit at variable rates. The observed variation may be explained by the heterogeneity
in selection criteria and care provided. This study highlights the need for harmonization
of measurements in geriatric rehabilitation order to perform explanatory research and
optimize geriatric rehabilitation throughout Europe to ensure optimal patient recovery.

Keywords: Geriatric rehabilitation, COVID-19, recovery, Europe
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INTRODUCTION

Millions of people have been infected with Severe Acute Respiratory Syndrome Coro-
navirus 2 (SARS-COV-2) since the start of the COVID-19 pandemic in 2020 (1). Although
COVID-19 is no longer called a public health emergency since May 2023, the end of
the pandemic is not yet in sight (2). Infections and deaths still occur (1) and new virus
variants may again cause increased infection rates and disease outbreaks. Older age is
strongly associated with increased risk of severe COVID-19 infection and death (3-5).

The large number of older patients with COVID-19 has led to increased demand for
geriatric rehabilitation. The European Geriatric Medicine Society (EuGMS) has defined
geriatric rehabilitation as “a multidimensional approach of diagnostic and therapeutic
interventions, the purpose of which is to optimise functional capacity, promote activity and
preserve functional reserve and social participation in older people with disabling impair-
ments” (6). Unlike rehabilitation for specific diseases, geriatric rehabilitation is tailored
to specific needs and appropriate goals for older people who more often experience
multiple long-term conditions and geriatric syndromes such as frailty (7). In many Euro-
pean countries geriatric rehabilitation is still underdeveloped (8). A survey by the EUGMS
revealed that, in 2018, geriatric rehabilitation was only recognized formally in two thirds
(20 out of 31) of participating European countries, and national or local geriatric reha-
bilitation guidelines were in use in only one third (11 out of 31) (8).

The COVID-19 pandemic increased demand for geriatric rehabilitation, but also reduced
its capacity. This has been called the COVID “rehabilitation paradox” (9). Reasons for
reduced capacity included pandemic-related spacing requirements, adapted admission
criteria, and GR beds being repurposed to deliver acute care (9). Moreover, GR facilities
had staff shortages due to illness or secondment to acute care wards.

Despite efforts of expert groups to provide guidance on geriatric rehabilitation in post-
COVID patients (10), scientific evidence on how best to organize care to facilitate recovery
for geriatric patients after COVID-19 is limited. More insight into geriatric rehabilitation
care provided during the pandemic in various European countries and the recovery of
geriatric patients after COVID-19 are needed for countries to be able to learn from each
other, optimise COVID-19 rehabilitation and prepare for potential future pandemics.
This study aimed to describe selection criteria for referral to geriatric rehabilitation,
care provided, and recovery of patients after COVID-19 in geriatric rehabilitation across
multiple European countries.

158



Post-COVID-19 recovery and geriatric rehabilitation care: A European inter-country comparative study

METHODS

Design

This study was part of the European Cooperation in Geriatric Rehabilitation study after
COVID-19 (EU-COGER). EU-COGER was an international observational cohort study de-
signed by the EuGMS Special Interest Group for Geriatric Rehabilitation. The study was
registered at ClinicalTrials.gov (identifier: NCT05749731).

Setting and participants

We used the consensus definition of geriatric rehabilitation published by the EUGMS (6),
including facilities which provided multidisciplinary rehabilitation care to frail and/or
multimorbid patients. Both inpatient facilities and geriatric rehabilitation at home were
included in the EU-COGER consortium (Appendix I).

Geriatric rehabilitation care facilities were recruited from the Czech Republic, Germany,
Ireland, Israel, Italy, Malta, the Netherlands, Russia, Spain, and the United Kingdom by
members of the EUGMS Special Interest Group. The Special Interest Group members
acted as country coordinators, and maintained contact with local study coordinators in
participating geriatric rehabilitation care facilities in their country (11). Patients admit-
ted to participating facilities were recruited by the local study coordinators, between
September 2020 and October 2021. Patients could be included if admitted to recover
from a SARS-CoV-2 infection, confirmed with either Polymerase Chain Reaction (PCR) for
viral RNA or serology for virus antibodies, depending on local protocols. Severe cogni-
tive impairment which prevented patients from providing consent was an exclusion
criterion (12). In total 793 patient records were created in the database, of which 70 were
excluded due to three centres withdrawing from study participation (n=7), duplicates
(n=2), empty records (n=10), and patients who did not meet inclusion criteria (n=51).

Ethics

The study was performed in accordance with the Declaration of Helsinki (2013 version)
for medical research and General Data Protection Regulation (GDPR). The Leiden Uni-
versity Medical Center COVID-19 science ethical committee deemed this study exempt
from the Medical Research Involving Human Subjects Act (WMO) since the study only
used routinely collected data, and approved the study based on an opt-out procedure
for the Netherlands (protocol number CoCo 2020-040). In all other countries, the local
regulations were adhered to and, when required, additional approval was obtained from
a local Ethics committee.
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Data collection

Cohort data

Routinely collected medical care data from patients’ (electronic) health records were col-
lected in cloud-based clinical data management system Castor (13). Data were collected
at admission to geriatric rehabilitation, including pre-morbid (pre-COVID) status from
referral letters, at geriatric rehabilitation discharge, 6 weeks and 6 months follow-up. A
complete overview of data collected is provided in the study protocol (12).

The primary outcome measure was daily functioning, assessed with the Barthel Index for
activities of daily living (14). The Barthel Index by Collin et al. produces a total score of 20,
where higher scores represent higher independence in activities of daily living. This is
the only functional outcome measure routinely collected across participating countries.
Certain countries or facilities used the Utrecht Scale for the Evaluation of Rehabilitation
(USER) or the Functional Independence Measure (FIM). These comparable measures
were converted to Barthel Index using standardized approaches (15, 16). The secondary
outcome measure was health related quality of life assessed with the EQ-5D-5L, avail-
able in over 150 languages (17). The EQ-5D-5L is a 5-item instrument that produces a
maximum score of 1 for optimal quality of life. Patients’ EQ-5D-5L scores were calculated
using available country tariffs (18-23). For Malta, Czech Republic, and Russia no country
tariffs were available and the geographically closest available country tariffs (Spain,
Poland and Poland respectively) were used (21, 24). In Israel and the United Kingdom no
quality of life data were collected as part of routine practice. In addition, duration of ge-
riatric rehabilitation and discharge destination across countries are described in Table 2.
Data collected about treatment components provided as part of geriatric rehabilitation
comprised: oxygen therapy, physiotherapy, occupational therapy, speech and language
therapy, protein or calorie enriched diets, psychosocial support, and cognitive training.
The number of missing data is presented in Appendix Il.

Survey data

During the EU-COGER project we noticed that there are large differences in character-
istics and triage of post-COVID patients across countries that have implications for the
health condition of patients at the time of admission to geriatric rehabilitation. There-
fore, a survey was developed to collect data about the referral process of post-COVID-19
patients to geriatric rehabilitation and characteristics of geriatric rehabilitation care
organization in participating countries. The survey comprised multiple choice and open
questions about types of geriatric rehabilitation care facilities, selection criteria for
referral for patients recovering from COVID-19 to geriatric rehabilitation, and geriatric
rehabilitation discharge criteria for this patient group. A glossary of GR care facilities
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is in Appendix Ill. The study’s country coordinators answered these questions for the
participating care providers from their country.

Data analysis

Cohort data

Patients’ demographic and clinical characteristics and treatment components were
analysed using descriptive statistics. Normally distributed continuous variables were
reported with mean and SD, other continuous variables with median and interquartile
range (IQR). Categorical variables were presented as percentages (%) and numbers (n).

The recovery trajectories of daily functioning and quality of life between admission
and discharge from geriatric rehabilitation were examined using linear mixed models,
with time operationalized as weeks since admission to geriatric rehabilitation. Linear
trajectories were modelled using data from admission to discharge. For the Barthel In-
dex two splines were fitted, as the premorbid measurement was also included. Random
intercept and random linear slope parameters for variance between participants were
added when they improved model fit. Models were built with unstructured variance-
covariance matrices. The models had two levels for measurements nested in patients.
Country was added as an independent categorical variable, and models were adjusted
for mean centred age and sex. This enabled us to plot recovery trajectories for the aver-
age participant in each country. All models were built using R package Ime4 in R version
4.2.2. Model equations are presented in Appendix V.

Survey data

Responses to multiple choice questions about geriatric rehabilitation facility types,
selection criteria for referral to geriatric rehabilitation, and geriatric rehabilitation
discharge criteria were converted to tabular form with checkboxes for participating
countries. Answers to open questions regarding patient selection and discharge criteria
were inductively grouped into categories by TL and checked by LST. These data conver-
sions were checked by the country coordinators, each for the participating care facilities
from their country.

RESULTS

Patients characteristics

A total of 723 patients from 59 European rehabilitation facilities were included in the
analysis. Participating countries were the Czech Republic (n=53), Germany (n=50),
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Ireland (n=50), Israel (n=32), Italy (n=30), Malta (n=17), the Netherlands (n=293), Russia
(n=50), Spain (n=96), and the United Kingdom (n=52) (Table 1). Patient characteristics
varied between countries. Mean age was 75.7 years (SD 9.9), ranging from 73.1 (SD 11.3)
in Spain and 73.6 (SD 9.0) in the Netherlands to 83.1 (SD 6.0) years old in Germany (Table
1). The percentage of male participants ranged from 32.0% in Russia, 35.8% in the Czech
Republic, and 38.0% in Germany, to 83.3% in Italy. Participants’ median FCl score for
comorbidities was 3.0 (IQR 2.0-4.0). Participants seemed to have fewer comorbidities in
Malta (2.0, IQR 1.0-3.8) and the Netherlands (2.0, IQR 1.0-4.0), and seemed to have more
comorbidities in the Czech Republic (5.0, IQR 2.0-6.0) and Russia (6.0, IQR 5.0-8.0).

Most participants (93.4%) lived at home before SARS-CoV-2 infection. In Ireland and Italy
this was the case for all participants. In Russia, much smaller percentages of participants
lived at home before infection (54.0%); almost half of the Russian participants (46.0%)
lived in a nursing home. In all countries except Russia, over 80% of patients had been
admitted to the hospital due to COVID-19 before admission to geriatric rehabilitation
(in total 90.3%). There was variation in the median duration of this hospital stay, from
53 days in Italy (IQR 39.5 - 65.25) and 51 days in Malta (IQR 30.25 - 66.0), to only 13 days
in the Czech Republic (7.0 - 23.0) and 10 days in Russia (6.25 — 14.75). One third of the
patients (33.2%) had stayed at an intensive care unit (ICU), but these percentages were
much lower in the Czech Republic (17%), Germany (22%), Italy (13.3%), Russia (6%) and
the United Kingdom (13.5%), and much higher in Malta (64.7%) and Spain (56.3%).

The mean Barthel Index score at admission to geriatric rehabilitation for participants
from all countries was 10.9 (SD 5.4) (Table 2), and most participants were living with
moderate frailty (median CFS 6.0, IQR 5.0-7.0) (Table 1). In Italy and Russia, the Barthel
Index scores of the participants at admission were more than two points higher than
the cohort’s mean (15.5, SD 3.9; 16.1, SD 4.0, respectively) and participants seemed to
be less frail than in other countries (median CFS 4.0, IQR 4.0 - 5.5; median CFS 3.5, IQR
3.0 - 4.25, respectively). In Israel, Malta, and the United Kingdom, Barthel Index scores at
admission were more than two points lower than the cohort’s mean (4.0, SD 2.2; 6.3, SD
3.5; 6.4, SD 4.7, respectively) and participants seemed to be frailer than in other coun-
tries (median CFS 6.0, IQR 6.0 — 7.0; median CFS 7.0, IQR 6.0 - 7.0; median CFS 7.0, IQR
6.0 — 7.0, respectively). In Ireland and the United Kingdom, the EQ-5D-5L scores of the
participants at admission (0.26, SD 0.40; 0.28 SD 0.06, respectively) seemed to be lower
than the cohort’s mean (0.52, SD 0.32).

Referral of post-COVID-19 patients to geriatric rehabilitation

In all countries a combination of multiple criteria was used when selecting patients
for geriatric rehabilitation, but there was substantial heterogeneity in which criteria

162



Post-COVID-19 recovery and geriatric rehabilitation care: A European inter-country comparative study

sjuaned jo A1iofew 10y d|gejieAe 10U =d\YNyv ‘2|edS A1jIeid [DIUlD) =S4 Dy
xapu| A1pIgIowo) [euonduN4=|D4, ‘wopbuly panun ayi =yn ‘ureds=s3 ‘eissny=ny ‘spuepayIaN dY1=1N ‘BIleW=1IN ‘A|e3=L1] ‘|oeis|=] ‘puejai|=3| ‘Auewian=3q Diiqnday ys9z) ay) =72

(%) u

(S€L) £ (€799) S (09)€  (cov)8LL (¥9) LL (€€ v (1'80) 6 (0'82) 7L (0T LL (0z1)6  (Tee)ove Yo 01 10ud Aeis ND)|
(4OI) ueipaw

(sTe9 (S'€9 (S£vL (oor (099 (ST'99 (0€e (0zs (S'1S (0€z (59v  ‘skep "y 01 soud Aeis

-0'6) 9L -0'8L)0°0F -ST9)00L -0€EL)0’LZ -STOE)O'LS -S6€)0ES -007)06Z -0GL)09C -0'8l) 08T -0'4)0€EL -0'€L) 0'€T 40 yibua| [eudsoy
uolssiwpe Yo
(¢'96) 05 (0'66) S6 (095) 8¢ (L°L6) £9C (L'v6) 9L (000l) 0€ (000l) € (028) Ly (0°86) 6% (6'¥8) St (€°06) €59 21042q Aeis |eydsoy
(%) U ‘piguow

(€'26) 8Y (6°£6) ¥6 (0vS) Lz (0'86) £8C (L'v6) 9L (0001) o€ (8€6)oe  (000L) 0S (0'Z6) 9 (£'88) Ly (¥'€6) SL9 -91d awoy 1e paAr]

(¥oI

(Crad uelpaw ‘44S4D ‘Uols

(0£-09) 0L (0°£-0°S) 09 -0€) € vdWYN  (0£-09) 02 (S°S-0%) OF vdAYN  (0'£-09) 09  (0'9-0'%) 09 (0'9-0°S) 09 (0°£-0S) 0'9 -slwpe Yo 1e Ayjies4

(S€ (4OI) ueIpaW “4D4 ‘s

(0v-027)0°€ (07-0'1) 0°€  (0'8-0'9) 09 (0+-0°1) 0°C -0'1) 0T (0%-0'1)0€ (07-02)0€ (0-01)0€ (0707 0€ (09-0€)0S (07-07) 0°€E  -1PIGIOW0d JO JIsquinN

(5'8€) 0T (9°99) €9 (0ze) 9L (9°65) €91 (902) TL (€'€8) st (6'9%) SL (0vS) £t (08€) 6L (8'5€) 61 (r'zs) 6L€ (%) u ‘sjew ‘xaS

L) oLs (€L 1'eL (1) zse (0'6) 9'€£L (€9) 9L (0°2)9'sL (€8)zis L) TwL (09) L'€8 (8'6) 0'6L (8'6) L'SL (@s) ueaw a6y

(T2)es (€°€L) 96 (6'9)0s (9°0¥) €£6T (o)LL (1'v) 0€ (¥'v) 2€ (6°9) 0S (6°9) 0S (e2)es  (ooL) €zL (%) u ‘syuedpnied
in s3 nyd IN 1w 1l all al ia D 1}

(¥D) uonejigeyas deudb ul syuanied 61 -QIAQD-1s0d Jo sdnsiRIdRIRYD *| B]qeL

163



Chapter 8

sjuaized jo Aylofew 1oy d|qe|ieAr J0U =dNYNv 3]edS A}j1eld [eIIUID =S4y
xapu| ApIqIOWo) [eUOIIUNS=|Dd, ‘WOpBuUIy PaNUN 3Ys =)N ‘uleds=53 ‘eIssnY=NY ‘SpuelIayIaN SY=N "e)eW=1W ‘Aley=1| ‘|3eis|=T| ‘puefasj=3| ‘Auewssn=3q Iqnday Yy29z) ays =7D

6711 (k4 (000 (€0) L (6'9) 1 (00)0 (et (08 v (0'0)0 ('6) S (Lo st 19410
(00) 0 ((Rak4 (000 oL (00) 0 (00) 0 (000 ((32k4 (0'0) 0 (0)0 (S'1) Ll ¥9buung paseadsq
(S'L9 (re)e (021 (8'¢) LL (6'9) 1 (9T (et (02 L (09) € (G (L'v) 0E [endsoH
(regezt (z9)s (08h)0ve oL (6'9) L (€€ 1 (6'12) £ (00)o (oz1)9 (£'£€) 0T (S'L1) €8 SWwoH buisinN
(0)0 (z9)s (00)0 (0209 (000 (0)o (€9)C (00)0 (32k4 (7'6) S (87) 0T Buiar] passissy
(S'€9) €€ (€'18) 82 (0°09) ST (0'78) 9v (7'z8) vl (0°06) £T (9°99) LT (028) LY (0vL) L€ (S ce (TSl vrs SWOH UMQO
(%) U ‘uoneunsap abieydsiq

vdWVYN  (#2°0)8£0 (LL°0) L6'0 vdWVYN  (0Z°0)S80  (L1°0)98°0 vdAWYN  (0€70) L90 0SL°0) 180  (61°0)89'0 (2T0)££0 abieydsip Yo 1e
(9000820 (LE0)SYO  (SL°0)S80 vdWYN  (Z£0)€S0  (S51°0) 890 vdWYN (0700920 (620 ¥90  (¥T'0) LSO (2€0) 2SO0 uoissiupe ¥yo je
(@s) uesw “15-as-07 ‘a1 Jo Anjend

(€9) 56 (0°9) L'9L (9¢) L'£L (9e) L1 [(¥ak:34} (82 L'8L (Ov)€oL  (0£1) 89l (62 9L (0 vsL  (Lv)6esL abieydsip yo 1e
(Y ¥'9 (9°9)0'6 (o) L'9L (09)6LL (s€)T9 (6'€) 'Sl (T oy (L'v) 9oL (8€) Tl (e)zoL  (Fs)6eolL uoissiwpe yo je

(@s) ueaw ‘xapuj [ayiieg ‘Buiuonduny Ajileq

(4OI) uelpaw
(Ly=-0D1'E FI-¥E LY (0T-¥'L)6L (99-LD LY (SL-¥E) VI (95— LY) 6 (TI9-VT)¥E (8S-SL)VE (6€-LT6T(6E€E-TTLE (LS1TDLE ‘sy2am ‘Yo uoneing

(T'L)zs (€°€L) 96 (6'9)0S  (9°0%) €£6T (r'e) LL (L'v) o€ (r'v) T (6°9) 0S (6'9) 0S (e2)es (ooL) €L (%) u ‘syuedndnied
an S3 ny IN 1N 1l il ELl ia 2D I
(4D) uone

qeyai d1euab ul syusned g1 -gIA0D-1sod Jo sawodInQ g 3|qeL S



Post-COVID-19 recovery and geriatric rehabilitation care: A European inter-country comparative study

were used between countries. In the Irish and Italian facilities two criteria were used
for patient selection (cognitive status and functional status, and cognitive status and
psychosocial needs respectively). In facilities from other countries combinations of up
to six criteria were used (Table 3).

Minimum ages were used as selection criteria for geriatric rehabilitation across eight
participating countries but not the Netherlands and Spain. In seven of the ten countries
daily functioning and frailty were used as referral criteria. In German and Irish care facili-
ties, daily functioning was used as a criterion but not frailty, and in the Italian care facili-
ties neither one of these characteristics was used. Comorbidities were used as selection
criterion in care facilities from six countries, but not in the Czech Repubilic, Ireland, Italy
or Malta. Quality of life was not used as a selection criterion. Comprehensive Geriatric
Assessment was used in patient selection for geriatric rehabilitation in six countries. In
six countries, cognitive impairment that may affect adherence to geriatric rehabilitation
treatment was used as a contraindication for referral to geriatric rehabilitation.

In most countries, selecting patients for geriatric rehabilitation after COVID-19 was
the responsibility of hospital physicians and general practitioners (GPs). In Israel, refer-
ral could also be done by physio- or occupational therapists or social workers. In the
United Kingdom, referral of COVID-19 patients was usually done by hospital nurses and
therapists.

Geriatric rehabilitation care provided to post-COVID-19 patients

Geriatric rehabilitation care was provided in diverse types of care facilities. Participating
care facilities included: specialized (geriatric) rehabilitation facilities from all countries
except the United Kingdom; long-term care facilities and intermediate care facilities in
Spain and the United Kingdom; skilled nursing facilities in the Netherlands; acute care
hospital wards in the Czech Republic, Ireland, Spain, and United Kingdom; and geriatric
rehabilitation care at home or on ambulatory/outpatient basis in the Netherlands, Rus-
sia, and Spain.

Post-COVID-19 geriatric rehabilitation care always comprised various treatments. In all
countries at least 70% of participants received physiotherapy. Occupational therapy
was provided to at least 70% of the participants in all countries except Italy, Russia and
Spain. Most participants also received protein and calorie enriched diets (65.2%), but
these showed greater variance between countries. In the Czech Republic, Israel, Malta,
and Netherlands, more than three-quarters of the participants received protein and
calorie-enrichment, but in Italy, Russia, and the United Kingdom this was 13.3, 36.0,
and 40.0% respectively (Figure 1). Large differences between countries were observed
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in the number of participants receiving oxygen therapy during geriatric rehabilitation
(43.1%), from no participants in Russia and only one in Germany, to all but one partici-
pantin Italy. Smaller percentages of participants received speech and language therapy
(18.8%), psychosocial support (25.4%) and cognitive training (12.2%). In Malta, speech
and language therapy was provided much more often than in other countries (82.4%).
Psychosocial support was provided more often to participants from Malta and Russia
(100.0% and 70.0% respectively) than in other countries, and cognitive training was
provided more often to participants from Italy, Malta, and Russia (100.0%, 100.0%, and
46.0% respectively) than to participants from other countries.

The median duration of geriatric rehabilitation trajectories was 3.7 weeks (IQR 2.1 - 5.7).
The longest median duration was in Malta (6.4 weeks, IQR 3.4 - 7.5) and the shortest in
Russia (1.9 weeks, IQR 1.4 - 2.0).
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Fig. 1 Treatment components of geriatric rehabilitation for post-COVID-19 patients (n=670)
CZ=the Czech Republic, DE=Germany, [E=Ireland, IL=Israel, [T=Italy, MT=Malta, NL=the Netherlands, RU=Russia, ES=Spain,
UK= the United Kingdom

Recovery of post-COVID-19 patients during geriatric rehabilitation

The recovery trajectories of daily functioning and quality of life in each country are
shown in Figures 2 and 3 respectively. In all countries, participants’Barthel Index scores
decreased from premorbid to admission to geriatric rehabilitation and increased again
during geriatric rehabilitation. These increases were the steepest in participants from the
Czech Republic, Germany, and Russia, and the least steep in Israel, the United Kingdom
and Malta (Appendix IV). On average participants did not reach their premorbid Barthel
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Fig.2 Recovery of post-COVID-19 patients in daily functioning during geriatric rehabilitation (GR) and me-
dian duration of GR (¥)
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Fig.3 Recovery of post-COVID-19 patients in quality of life during geriatric rehabilitation (GR) and median
duration of GR (¥)

Index score during geriatric rehabilitation. Due to heterogeneous Barthel Index scores
at admission, countries with the largest increase in Barthel Index between admission
and discharge (Malta and Spain) were not the same as those with the highest Barthel
Index score at discharge (Netherlands and Italy). Like Barthel Index scores, EQ-5D-5L
scores increased in all countries where these were measured during geriatric rehabilita-
tion. The steepest increases were in participants from the Czech Republic, Germany and
Spain, and the least steep in Ireland, Malta and the Netherlands (Appendix IV).
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Discharge of post-COVID-19 patients from geriatric rehabilitation

Table 3 indicates which criteria were used to determine discharge from geriatric re-
habilitation by country. In several countries, participants were discharged when they
were able to function independently (or with help of family) and/or to go back to their
premorbid living situation. Besides this, achievement of personal treatment goals and
stabilization of medical condition were criteria for discharge. In six of the ten countries,
post-COVID-19 patients were automatically discharged after maximum duration of
geriatric rehabilitation, ranging from 3.0 weeks (21 days) in participating German care
facilities to 25.7 weeks (180 days) in facilities in the Netherlands. In Germany and in
Italy, these permitted maximum durations (3 weeks (21 days) and 4.3 weeks (30 days)
respectively) were exceeded by some participants (IQR 19.0 - 27.0; and IQR 29.0 - 39.0
days, respectively).

When discharged from geriatric rehabilitation, 75.2% of all study participants returned
home (more than 65% in seven countries), compared to 93.4% still living at home pre-
morbidly. However, in the Czech Republic, where patients’ daily functioning recovery
rates were relatively high, less than half (41.5%, n=22) of the 47 participants that pre-
morbidly lived at home (88.7%) returned home after rehabilitation.

DISCUSSION

This study provides insight into the selection criteria for referral to geriatric rehabilita-
tion, care provided, and post-COVID-19 recovery in patients receiving geriatric rehabili-
tation across ten different European countries. Across countries, post-COVID-19 patients
showed recovery in daily functioning and quality of life during geriatric rehabilitation.
The variation in selection criteria and patient characteristics was accompanied by some
variation in recovery outcomes. All participating European countries used multiple
selection criteria to refer patients to geriatric rehabilitation, often including patients’
functional status, age, frailty, CGA, comorbidities, and cognitive impairments. Although
care settings and care provided varied widely, in all countries the majority of patients
received physiotherapy, and in many countries the majority also received occupational
therapy. The median duration of geriatric rehabilitation trajectories ranged from 13 to 45
days across countries. In all countries post-COVID-19 patients showed recovery in daily
functioning and quality of life during geriatric rehabilitation, albeit at variable rates. The
steepest increases in daily functioning were seen in the Czech Republic, Germany, and
Russia, and the steepest increases in quality of life were seen in the Czech Republic,
Germany, and Spain.
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Geriatric rehabilitation care already varied across Europe prior to the pandemic. Previ-
ous studies described large differences in care settings in which geriatric rehabilita-
tion care is provided (7), duration of geriatric rehabilitation trajectories, and geriatric
rehabilitation capacity (8). Despite these differences in settings, physiotherapists and
occupational therapists have been the practitioners that were most often involved in
geriatric rehabilitation teams across Europe (8) and this is reflected in our data. Variation
in geriatric rehabilitation care between countries may have further increased during the
pandemic because of differences in infection rates and ways of coping with COVID-19
(25). In Europe, Italy and the United Kingdom were hit hard during the first wave (spring
2020), with the highest death rates per million population (26). In the United Kingdom,
rates of staff absenteeism also increased from 4% to over 6% during the pandemic (27).
Moreover, the impact of the pandemic on the United Kingdom'’s healthcare system
might have been even more severe due to pre-existing vulnerability before the pan-
demic, as the number of hospital beds and medical staff (28) per capita was already low.
This seems to be in line with the relatively low recovery rate of daily functioning which
we observed in the United Kingdom.

Based on the descriptive results of this study, hypotheses can be generated about
potential relationships between patient characteristics, selection criteria, organizational
aspects of geriatric rehabilitation, and recovery. Some remarkable things in our data
are for example, first, that two of the three countries with the steepest recovery in daily
functioning, the Czech Republic and Russia, are also the only countries that maintained
a relatively high minimum age of 65 years old for geriatric rehabilitation selection.
However, the mean ages of Czech and Russian patients (respectively 79.0 and 75.2) did
not differ much from the population mean (75.7). In line with our findings, it has been
suggested that age criteria should be combined with, for example, frailty criteria (7).
Second, in countries with the lowest recovery rates in daily functioning, i.e. Israel, Malta,
and the United Kingdom, patients were more frail and had lower daily functioning levels
at admission to geriatric rehabilitation than in other countries. However, a previous
publication of the EU-COGER study shows that post-COVID-19 patients who are frail at
admission to geriatric rehabilitation also have the potential to substantially recover in
daily functioning (29). Third, in the three countries with the highest recovery rates in
daily functioning, the Czech Republic, Germany, and Russia, the lowest percentages of
male participants were observed and few patients stayed at an ICU prior to admission to
geriatric rehabilitation. It is also described in literature that for male COVID-19 patients
outcomes are worse than for female patients (30), and that for other patient groups
recovery after an ICU stay is difficult (31). However, in our study, large heterogeneity
in known and unknown organizational variables may also have influenced recovery.
Fourth, regarding treatment components, patients from countries with high recovery
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rates, such as the Czech Republic and Germany, mainly received physiotherapy and oc-
cupational therapy, and in the Czech Republic also protein or calorie enriched diets. This
suggests that physiotherapy, occupational therapy, and protein or calorie enriched diets
are most important to increase daily functioning and quality of life. However, before
recommendations can be made about how to optimize geriatric rehabilitation for post-
COVID-19 patients, future explanatory research should confirm which organizational
aspects of geriatric rehabilitation and which patient characteristics affect recovery. In
order to do so, measurements of patient characteristics and recovery outcomes in geri-
atric rehabilitation across countries should be harmonized.

Some limitations of this study should be recognised. Firstly, we collected data from only
a limited number of care facilities per country, and in some countries from small num-
bers of patients. Especially in large countries with small sample sizes, our data is unlikely
to be representative of the participating countries as a whole. Secondly, the collected
data may not provide a complete reflection of the geriatric rehabilitation care provided
across Europe, as the treatment components presented in this study are not exhaustive.
The most relevant treatment variables were, however, included as the study was de-
signed by members of the EUGMS special interest group for geriatric rehabilitation from
different countries, who can be regarded as experts in the field. Thirdly, as a consequence
of only collecting routine care data, more detailed outcome measures of recovery (e.g.
iADL), information about the frequency and duration of geriatric rehabilitation treat-
ment components are lacking, and the survey did not collect cut-off values in selection
and discharge criteria. Insight into these factors could add to a better understanding
of rehabilitation and recovery in each country (32). Fourthly, the observed variation in
recovery rates may partly be explained by variation in the timing of patients’ admission
to geriatric rehabilitation. During the inclusion period, between September 2020 and
October 2021, treatment effectiveness and organization of geriatric rehabilitation care
for post-COVID-19 patients might have improved. It would be interesting to conduct
future research into changes in care over time.

A strength of this study is that patients from care facilities from ten European countries
were included. This international collaboration was set up quickly during a turbulent
time. This study provides unique insight into the care provided on a large scale during
the first year of the pandemic. A second strength is the combination of patient data from
our cohort with survey data about the care organization in participating countries. This
provides a comprehensive picture of post-COVID-19 patients admitted to geriatric reha-
bilitation, their recovery during geriatric rehabilitation, and the organization of geriatric
rehabilitation care. A third strength is that this study focused on geriatric rehabilitation
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after acute COVID-19. Although a number of studies have observed recovery of older
COVID-19 patients, not much research has been focused on rehabilitation (33).

CONCLUSION

The present study shows that post-COVID-19 patients substantially recover during geri-
atric rehabilitation across Europe, although there was variation in the rates of recovery
between countries. This variation may partly be explained by the heterogeneity in geri-
atric rehabilitation practice and patient characteristics between countries. This hetero-
geneity complicates international comparisons. Moreover, this heterogeneity suggests
that geriatric rehabilitation has not been given equal priority between countries. This
study may enable countries to learn from each other, and facilitated the generation of
hypotheses about factors that are related to recovery. Future explanatory studies and
harmonisation of measurements in geriatric rehabilitation are needed to understand
the optimal configuration of rehabilitation care. The ultimate goal should be to ensure
that all patients, wherever they live, can receive the best available rehabilitation care to
which they are entitled.
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Post-COVID-19 recovery and geriatric rehabilitation care: A European inter-country comparative study

APPENDIX 1Il. GLOSSARY GERIATRIC REHABILITATION
(GR) CARE FACILITIES

Nursing home/long term An inpatient rehabilitation and medical treatment centre staffed with trained

care facility medical professionals, providing round-the-clock care. It is a long term resi-
dence.

Skilled nursing facility An inpatient rehabilitation and medical treatment centre staffed with trained
medical professionals, providing 24-hour nursing supervision. It is a temporary
residence.

Acute care hospital ward A ward of an acute care hospital (i.e. a hospital that provides inpatient medical

care and other related services for surgery, acute medical conditions or injuries)
dedicated specifically to (geriatric) rehabilitation, staffed with trained medi-

cal professionals, providing 24-hour nursing supervision. It is a temporary
residence.

Specialised rehabilitation An inpatient centre dedicated specifically to (geriatric) rehabilitation, staffed

facility with trained medical professionals, providing 24-hour nursing supervision. It is a
temporary residence.
Intermediate care facility An inpatient rehabilitation and medical treatment centre staffed with trained

medical professionals, which does not provide 24-hour nursing supervision. It is
a temporary residence which generally caters to patients who are mobile and
need less care compared to patients in skilled nursing facilities.

Ambulatory / outpatient Care that doesn't involve admission to an inpatient hospital bed. The patient
treatment visits the caregiver.
Home-based treatment Care that doesn't involve admission to an inpatient hospital bed. The caregiver

visits the patient at home for treatment.
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APPENDIX IV. MODEL ESTIMATES FOR RECOVERY IN

DAILY FUNCTIONING AND QUALITY OF LIFE

Table S1. Linear mixed model for change in daily functioning (Barthel Index) over time (n = 699).

Model parameters
Fixed effects *
Intercept (at admission)
Country
Reference: United Kingdom
the Czech Republic
Germany
Ireland
Israel
Italy
Malta
Russia
Spain
The Netherlands

Linear weekly rate of change shortly before admission

Linear weekly rate of change after admission

Country

Reference: United Kingdom

the Czech Republic

Germany

Ireland

Israel

Italy

Malta

Russia

Spain

The Netherlands
Random effects
Intercept variance
Slope variance after admission
Residual variance

*adjusted for: mean centred age and sex

182

7.58 (0.47)
4.18 (0.65)
4.87 (0.66)
4.20 (0.65)
1.00 (0.73)
6.60 (0.77)
1.76 (0.92)
6.09 (0.66)
2.87(0.58)
4.60 (0.52)

-3.25(0.09)

0.56 (0.14)
0.61(0.22)
0.95 (0.24)
0.24(0.19)
-0.16 (0.20)
0.22(0.22)
0.08 (0.21)
1.35(0.36)
0.36 (0.16)

0.28 (0.15)

5.21(2.28)
0.09 (0.31)
11.77 (3.43)
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Table S2. Linear mixed model for change in quality of life (EQ-5D-5L) over time (n = 481).
Model parameters
Fixed effects *
Intercept (at admission)
Country
Reference: Ireland
the Czech Republic
Germany
Italy
Malta
Russia
Spain
The Netherlands

Linear weekly rate of change after admission
Country
Reference: Ireland
the Czech Republic
Germany
Italy
Malta
Russia
Spain
The Netherlands

Random effects
Intercept variance
Residual variance

*adjusted for: mean centred age and sex

0.36 (0.04)
0.17 (0.05)
0.28 (0.06)
0.31(0.06)
0.22 (0.07)
0.50 (0.05)
0.12 (0.05)
0.15 (0.04)

0.03 (0.01)
0.02(0.01)
0.02 (0.01)
0.01(0.01)
-0.01 (0.01)
0.01(0.02)
0.02 (0.01)
0.00 (0.01)

0.04(0.19)
0.04 (0.19)
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APPENDIX V. MULTILEVEL MODEL EQUATIONS

level 1: Yy= a + b*x; + c*age + d*sex + f; + g;

where:
Y;; = Barthel Index (Bl) or EQ-5D-5L score (Qol) for individual i at time j
a = intercept parameter (Bl or QoL at GR admission)
b = slope parameter
x;; = weeks since admission for individual / at time j
¢ = parameter estimate for age
d = parameter estimate for sex
f = parameter estimate for country of individual i
€= residual error for individual i at time j

level 2:a=ag+ a

where:
a, = fixed intercept (Bl or QoL at GR admission)
a; = random intercept for individual i
b =by+b;

where:

b, = fixed slope
a; = random slope for individual j (only in Bl model, as this parameter resulted in non-convergence
for Qol)
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