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ARTICLE INFO ABSTRACT

Keywords: Background: Since December 2019 the novel coronavirus disease 2019 (COVID-19) has been burdening all health
COVID-19 systems worldwide. However, pulmonary and extrapulmonary sequelae of COVID-19 after recovery from the
Follow up acute disease are unknown.
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Material and methods: Hospitalized COVID-19 patients not requiring mechanical ventilation were included and
followed 6 weeks after discharge. Body plethysmography, lung diffusion capacity (DLco), blood gas analysis
(ABG), 6-min walk test (6MWT), echocardiography, and laboratory tests were performed. Quality of life (QoL),
depression, and anxiety were assessed using validated questionnaires.

Results: 33 patients with severe disease were included. Patients were discharged without prophylactic anti-
coagulation. At follow-up there were no thromboembolic complications in any patient. 11 patients (33%) had
dyspnea, 11 (33%) had cough, and 15 (45%) suffered from symptoms of fatigue. Pulmonary function tests
including ABG did not reveal any limitations (TLC: median=94% of predicted {IQR:85-105}; VC: 93% {78-101};
FEV1: 95% {72-103}; FEV1/FVC 79% {76-85}; PaO2: 72 mmHg {67-79}; PaCO2: 38 mmHg {35-38}), except for
slightly reduced DLco (77% {69-95}). There were no echocardiographic impairments. 6MWT distance was
reduced in most patients without oxygen desaturation. According to standardized questionnaires, patients suf-
fered from reduced QoL, mainly due to decreased mobility (SGRQ activity score: 54 {19-78}). There were no
indicators for depression or anxiety (PHQ-9: 7 {4-11}, GAD-7: 4 {1-9}, respectively).

Conclusions: Hospitalized patients with severe COVID-19, who did not require mechanical ventilation, are un-
likely to develop pulmonary long-term impairments, thromboembolic complications or cardiac impairments after
discharge but frequently suffer from symptoms of fatigue.

1. Introduction burdening all health systems over the globe through a new form of
pneumonia called coronavirus disease 2019 (COVID-19) [1-3].

Since December 2019 a novel coronavirus, now known as severe Although the majority of infected patients has asymptomatic infection
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has been or mild disease [4-8]; the overall numbers of severe cases and the fa-
causing a rapidly spreading international outbreak; which has been tality rates are unfortunately high [8-10]. Additionally, the

Abbreviations: ABG, arterial blood gas; COVID-19, coronavirus disease 2019; DLco, diffusing capacity for carbon monoxide; FEV1, forced expiratory volume in 1 s;
FVC, forced vital capacity; GAD-7, Generalized Anxiety Disorder 7; IQR, Interquartile range; 6MWT, 6-min walk test; PaCO2, partial pressure of carbon dioxide;
Pa02, partial pressure of oxygen; PFTs, pulmonary function tests; PHQ-9, Patient Health Questionnaire 9; SARS-CoV-2, severe acute respiratory syndrome coro-
navirus 2; SGRQ, St. George’s Respiratory Questionnaire; SpO2, oxygen saturation on pulse oximeter; TLC, total lung capacity; VC, vital capacity; VTE, venous
thromboembolism; V/Q scan, ventilation/perfusion scan.
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complication rates as well as extrapulmonary organ involvement (e.g.
thromboembolic complications, cardiac and neurological involvement)
are apparently higher in patients suffering from COVID-19 compared to
other acute respiratory diseases [11-20]. Furthermore, even asymp-
tomatic patients may have objective abnormalities, like ground-glass
opacities on computed tomography (CT) and disturbances in gas ex-
change [21,22].

Recovery time from the acute disease appears to be around two
weeks in mild and three to six weeks in severe disease [23], though there
is not enough information about the possible sequelae after recovery
from acute disease. An analysis of 110 survivors with COVID-19 showed
impairments in diffusing capacity for carbon monoxide (DLco) and some
restrictive ventilatory defects at the time of discharge from hospital
[24], whereas the clinical relevance and the course of these abnormal-
ities following discharge, and their impact on quality of life have not
been studied so far. A systematic review and meta-analysis of the liter-
ature on patients with Severe Acute Respiratory Syndrome (SARS) and
Middle East Respiratory Syndrome (MERS) after hospitalization showed
impaired DLco and reduced exercise capacity (6-min walking distance)
at 6 months with limited improvement beyond that [25]. Furthermore,
survivors of SARS and MERS had a considerable prevalence of psycho-
logical impairments such as post-traumatic stress disorder (PTSD),
depression, anxiety and reduced quality of life beyond 6 months [25].
However, such testing has not been performed in patients with
COVID-19 yet, although this could provide a better understanding of this
emerging disease and could help to ensure an adequate and timely
management of significant health limitations with the aim of restoring
premorbid quality of life [25].

The aim of this study was to investigate pulmonary impairments, as
well as the prevalence of other organ dysfunctions and psychological
disorders in patients with COVID-19 six weeks after discharge from
hospital.

2. Methods
2.1. Patient population

The present prospective study included 33 consecutive patients who
had been hospitalized due to COVID-19 confirmed by reverse-tran-
scriptase-polymerase-chain-reaction (RT-PCR) in a respiratory tract
sample. All patients were admitted to the isolation ward between
February and May 2020. Only symptomatic patients with severe disease
needing hospitalization were included. We excluded patients with Acute
Respiratory Distress Syndrome (ARDS) who needed mechanical venti-
lation in the intensive care unit (ICU) during their stay. At discharge,
patients got routine follow-up appointments in the pulmonary disease
outpatient clinic six weeks after discharge.

The protocol for this study was approved by the local ethics com-
mittee (EK 080/20). All investigations were performed in accordance
with the ethical standards laid down in the Declaration of Helsinki in its
latest revision. Written informed consent was obtained from all patients
prior to inclusion.

2.2. Assessment during hospital stay

Demographic data, disease history, coexisting medical conditions,
presence of chronic respiratory failure, smoking history, and medication
history were recorded for all patients (Table 1). Symptoms at admission
and a detailed history of present symptoms were also documented.

Patients were assessed for eligibility on the basis of a positive RT-PCR
assay for SARS-CoV-2 in a respiratory tract sample.

Transthoracic echocardiography was performed using a VIVID-E9
ultrasound machine (GE).

Serum, plasma, and whole blood samples were obtained routinely at
the time of admission. Complete blood count, coagulation tests, in-
flammatory markers [like circulating levels of C-reactive protein (CRP),
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Table 1
Baseline characteristics and medical history.

Patients (n = 33)

Age, years 64+3
Female 11 (33%)
Comorbidities

- COPD 3 (9%)

- Bronchial asthma 4 (13%)
- Hypertension 19 (59%)
- Heart failure 3 (9%)

- Arial fibrillation 3 (9%)

- Chronic kidney disease 7 (22%)
- Coronary artery disease 6 (19%)
- Diabetes mellitus 8 (25%)
Previous medications

- ACE inhibitors 9 (26%)
- Beta blockers 8 (24%)
- Diuretics 14 (41%)
- Oral antihyperglycemic agents 8 (24%)
- Insulin 3 (9%)

- Antiplatelet therapy 7 (21%)
- Oral anticoagulants 3 (9%)

- Inhalation therapy 8 (24%)
- Nonsteroidal anti-inflammatory drugs (NSAIDs) 7 (21%)
Symptom onset to Hospitalization, days 6+0.8
In-hospital Periods, days

- Fever days 8+1.0

- Hospitalization 15+ 1.8
- Oxygen supplementation 9+14
Time from discharge to follow-up, days 56 {48-71}

Values are presented as mean + standard deviation, number of patients (per-
centage) or median {interquartile range}.

ABBREVIATIONS: ACE = angiotensin converting enzyme; COPD = chronic
obstructive pulmonary disease.

Procalcitonin (PCT), Ferritin, Interleukin-6 (IL-6)], N-terminal pro B-
type natriuretic peptide, and creatinine levels in blood were measured
among other tests (Table 2).

2.3. Assessment at follow-up

At follow-up full pulmonary function tests (PFTs), electrocardiog-
raphy, and transthoracic echocardiography were performed. Further-
more, blood samples were taken; and health-related quality of life was
assessed. With support of a trained study team, patients answered
different clinical questionnaires to assess various aspects of their quality
of life including: Patient Health Questionnaire 9 (PHQ-9) of depression
[26], Generalized Anxiety Disorder 7 (GAD-7) [27], St. George’s Res-
piratory Questionnaire (SGRQ) (which is scaled from 0 representing
optimal health to 100 reflecting worst health, and has three main
components: symptoms component evaluates respiratory symptoms;
activities component evaluates the physical activity; and the impacts
component assesses social and psychological limitations) [28,29], and
EQ-5D-5L (Euro Quality of life - five Dimensions - five Levels) ques-
tionnaire, which is a descriptive system that defines health in terms of 5
dimensions: Mobility, Self-Care, Usual Activities, Pain/Discomfort, and
Anxiety/Depression [30].

Whole-body plethysmography (MasterLab; Viasys, Hoechberg, Ger-
many) was performed before and after bronchodilation (including DLco
measurement only after bronchodilation) according to current guide-
lines and recommendations [31,32]. Samples for blood gas analyses
(ABG) were taken from the arterialized earlobes of all patients while
breathing room air without supplemental oxygen (ABL 800 flex; Radi-
ometer, Copenhagen, Denmark).

All patients underwent 6-min walk test (6MWT) without supple-
mental oxygen, with measurements of vital parameters including oxy-
gen saturation on pulse oximeter (SpO2) and Borg-scale before and after
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Table 2
Laboratory findings.

Table 2 (continued)

Cytokines

Reference Admission day (n Follow up (n = - sIL-2-receptor, U/ml  158-623 - 470 {401-602}
. values =33 33) -1L-6, pg/ml <70 64.2 {38.5-106.9} 2.4 {1.5-3.9}
Hematology - INF alpha, pg/ml <81 - 8.1 {5.8-9.8}
- White blood cells, x ~ 4.0-10.0 6.9 {5.1-7.9} 6.5 {5.6-7.4} . -
10°/L Values are median {interquartile range}.
- Hemoglobin, g/dl me 14.0-18.0 13.9 {11.8-14.9} 13.6 ABBREVIATIONS: ALP = alkaline phosphatase; ALT = alanine transaminase;
w: 12.0-16.0 {11.7-14.5} aPTT = activated partial thromboplastin time; AST = aspartate transaminase;
- Platelets, x 10°/L 150-400 205 {164-241} 262 {202-303} CK = creatine kinase; CKmb = creatine kinase myocardial band; CRP = C-
- Lymphocytes, % 22.0-53.0 11.9 {9.4-21.0} 26.7 reactive protein; FT3 = unbound triiodothyronine; FT4 = unbound thyroxine;
{20.6-33.8} Gamma-GT = gamma-glutamyltransferase; HbAlc = glycated hemoglobin; HDL
- Eosinophils, % 1.0-6.0 0.1 {0-0.2} 2.1{1.4-3.0} = high-density lipoprotein; hs-Troponin-T = high sensitive Troponin-T; IL-6 =
Coagulation interleukin-6; INR = international normalized ratio; LDH = lactate dehydroge-
nase; LDL = low-density lipoprotein; NT-proBNP = N-terminal pro B-type
- INR 1241.1-1,2 110.9-1.2 natriuretic peptide; sIL 2 = soluble interleukin-2 receptor; TNF = tumor necrosis
- aPTT, sec. 25.1-36.5 27.2 {25.2-29.3} 29.0 . ) b e lating h >
{27.8-31.4} actor; TSH = thyroid-stimulating hormone.
- Antithrombin III, % 80-120 - 107 {96-114}
- Fibrinogen, mg/dl 238-498 - 342 {293-391} exercise according to current recommendations [33,34]. Differences to
) D'dlmer.’ ngf/ ml < 500 855 {739-873} 474 {323-675} the walk distance predicted values and lower limit of normal values
- Thrombin time, sec. 10-17 21 {17.4-24.5} 15 {14-16} . . .
(lower 95% confidence interval) were calculated for all patients. All
Clinical Chemistry patients with elevated D-dimer levels underwent ultrasound duplex
- HbAlc, % <57 5.9 {5.5-6.8} 5.3 {5.0-6.1} scanning and ventilation/perfusion (V/Q) scan to rule out venous
- Sodium, mmol/1 136-145 138 {136-141} 141 {139-143} thromboembolism (VTE).
- Potassium, mmol/1 3.6-5.5 4.2 {3.8-4.7} 4.5 {4.3-4.7}
- Phosphate, mmol/1 0.81-1.45 - 0.97
{0.85-1.12} 2.4. Statistical analysis
- Cholesterol, mg/dl < 200 145 {116-195} 177 {135-231}

. HDL/';{“)lemml’ > 45 35 {30-40} 50 {45-55} Statistical analyses were performed using standard descriptive sta-
mg e . . . . . .
-LDL-cholesterol, mg/ < 130 86 {66-140} 118 {77-161} tistics including median {interquartile range}, quartiles, frequencies,

dl and percentages (%).
- Triglycerides, mg/dl < 200 109 {93-189} 140 {107-196}
- Lipoprotein (a), <75 - 23 {9-32} 3. Results
nmol/1
- Albumin, g/dl 3.5-5.2 3.8 {3.5-4.2} 4.3 {4.1-4.6} ) )
- Bilirubin (total), mg/ < 1.2 0.6 {0.5-0.6} 0.43 Between February and May 2020, a total of 57 patients with COVID-
dl {0.29-0.67} 19 were discharged from the isolation ward. We describe the first 33
- AST, U/1 <35 48 {32-60} 24 {20-29} patients (age 64 + 3, 67% male) being admitted to our outpatient clinic
- ALT, U/l <35 29 {22-40} 24 {17-39%} for follow-up examination six weeks after discharge from hospital.
- Gamma-GT, U/1 <40 29 {22-84} 30 {17-46} line ch istics. lab findi o
AP, U/I 35105 64 {50-82) 74 {56-85) Baseline characteristics, laboratory findings and symptoms at admission
- LDH, U/1 m: 135-225 324 {258-438} 213 {196-227} day are described in Tables 1-3 respectively. All 33 patients had a severe
w: 135-214 disease during their hospital stay, of which 27 (82%) had hypoxemic
-CK, U/l m: < 115 ; 129 {82-337} 84 {49-109} respiratory failure and needed supplemental oxygen therapy. 25 pa-
w: < . 0, . P . 0 . _
- CK-MB-Mass, U/l < 26 U/L B 2 {1.5.3.0} tients (76./?) had bllat.eral OpE.lCItleS, a.nd Fwo patients (6 {o) had unilat
- hs-Troponin T, pg/ < 14.0 21 {9-140} 8 {4-21} eral opacities on radiographic examinations. Three patients suffered
ml from Chronic obstructive pulmonary disease (COPD) according to their
- NT-proBNP, pg/ml < 220 147 {27-710} 183 {43-474} medical history, one of them was on long-term oxygen therapy (LTOT)
- Urea, mg/dl 16.6-48.5 32 {23-42} 36 {28-47} previously. Another four patients had a medical history of bronchial
- Creatinine, mg/dl 0.5-1.2 1 {0.8-1.1} 0.88 . . . .
0.79-1.13} asthma. Four other patients had been diagnosed with chronic heart
- CRP, mg/1 <5 57.1 {20.9-103.1} 2.0 {1.1-7.9} failure previously, two of them had reduced left ventricular ejection
- Procalcitonin, ng/ml < 0.5 0.1 {0.1-0.2} 0.05 fraction (LVEF) and the other two had reduced left and right ventricular
10.04-0.06} ejection fraction (RVEF). Only three patients had been put on oral
Iron metabolism anticoagulant therapy before admission due to atrial fibrillation and a
- Tron, pg/dl 33.193 _ 70.3 medical history of ischemic stroke respectively. Apart from these pa-
{60.5-99.1} tients, all patients were discharged without anticoagulants.
- Transferrin 16.0-45.0 - 20.4 At hospital admission, patients had increased D-dimer levels (me-
FS an?:.anon’ /%1 15.0-150.0 11405 122'2’26'5} dian = 855 ng/ml {IQR: 739-873}), an increased serum lactate dehy-
- Ferritin, ng/m! U— . . . o e . _ .
{955.1196.8} (81.8-362.8) drog.ena.se (LDH) activity (median = 324 U/.L.{IQR. 258-438}), as well
- as high inflammatory parameters (CRP, ferritin, and IL-6) (Table 2). At
Proteins the time of follow up (56 days after discharge in median {IQR: 48-71}),
- Cystatin C, mg/1 0.61-0.95 - 1.03 the abovementioned laboratory parameters were mostly in the normal
Myoglobin, /1 25 58 34 (3434 ;‘;i;lg‘;) range (Table 2). Ferritin and IL6 declined to normal values in all pa-
_YyosTonIn, 18 _ - _ tients. Although median D-dimer was not elevated, some patients had
Thyroid parameters elevated values and underwent ultrasound duplex scanning and V/Q
- TSH, mU/1 0.27-4.20 1.5 {1.1-1.8} 1.6 {1.1-2.2} scan, excluding VTE in all patients. Of the 33 patients, 11 (33%) suffered
- fT3, ng/1 2.0-4.4 1.8 {1.7-2.4} 3.2{2.7-3.4} from cough and had dyspnea and 15 (45%) had fatigue symptoms.
- fT4, ng/dl 0.9-1.7 1.2 {1.1-1.4} 1.1 {1.1-1.2}

Importantly, on average PFTs including ABG revealed no impairments
(TLC: median = 94% of predicted {IQR 85-105}; VC: 93% {78-101};
FEV1: 95% {72-103}; FEV1/FVC: 79% {76-85}; PaO2: 72 mmHg
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Table 3 Table 3 (continued)
Symptoms and diagnostic findings. Admission day (n — Follow up (n —
Admission day (n = Follow up (n = 33) 33)
33) 33) - LVEF - global normal 17/18 (94%) 29/33 (88%)
Symptoms - LVEF, % 54 {42-55} 52 {50-52}
- RVEF - global normal 17/18 (94%) 31/33 (94%)
- Fever 22 (67%) 1 (3%) - TAPSE, mm - 20 {18-23}
- Cough 23 (70%) 11 (33%) _ RVEDD, mm ~ 37 (33-40)
- Dyspnea 16 (48%) 11 (33%) -RVSP + CVP, mmHg _ 25 {2231}
- Fatigue 21 (64%) 15 (45%)
- Tiredness 18 (55%) 15 (45%) Virologic diagnostic
- E}?’“’Pt;’s‘s 1 3%) 0 (0%) - SARS-CoV-2 RNA - positive 33 (100%) 0 (0%)
 eninothea ; (g : 0 ‘3‘ (;f %) - SARS-CoV-2 IgG  positive - 30 (91%)
- Sore throat (24%) (9%) - SARS-CoV-2 IgG (quant.) - 7.9 {4.8-9.9}
- Pharyngalgia 4 (12%) 0 (0%)
- Angina pectoris 4 (12%) 6 (18%) Values are presented as number of patients (percentage) or median {inter-
- Myalgia 12 (42%) 5 (15%) quartile range}.
- Headache 7 (21%) 5 (15%) ABBREVIATIONS: ABGs = arterial blood gases; BP = Blood pressure; CVP =
) o N o
EOgmtf“ge dlﬁorders 8 (24%) 2 82‘;’; central venous pressure; DLco = diffusing capacity for carbon monoxide; FEV1
- LOSS of sme (] 0 . . . .
- Loss of Taste 9 27%) 3 (9%) = forc?d expiratory v'olurrlle in1s; FVC = fo'rced vital capacity; HR = heart. rate;
Gastrointestinal symptoms 17 (52%) 3 (9%) IgG = immunoglobulin G; LLN = lower limit of normal, LVEF = left ventricular
- Diarrhea 13 (39%) 3 (9%) ejection fraction; PaCO2 = partial pressure of carbon dioxide; PaO2 = partial
- Nausea 8 (24%) 2 (6%) pressure of oxygen; Reff = effective specific resistance; RNA = ribonucleic acid;
- Emesis 2 (6%) 0 (0%) RV = residual volume; RVEDD = right ventricular end-diastolic dimension;
- Stomach pains 7 (21%) 1(3%) RVEF = right ventricular ejection fraction; RVSP = right Ventricular Systolic
Examination and vital parameters Pressure; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2;
- Sp02, oxygen saturation; TAPSE = tricuspid annular plane systolic excursion;
Hel,ght’ cm 172 {165-178} 172 {165-178} TLC = total lung capacity; VA = alveolar volume; VC = vital capacity.
Weight, kg 83 {71-95} 83 {72-97}
BMI, kg/m2 28 {24-31} 29 {24-31}
Respiratory rate, bpm 20 {18-23} 16 {15-18) {67-79}; PaCO2: 38 mmHg {35-38}), except for a slightly reduced
Oxygen saturation, % 94 {90-97} 98 {97-99} diffusion capacity/alveolar volume (DLco/VA: median = 77% of pre-
i 0, 0, 0/
g%dmg ;Xygil therapy, n (%) (2)7{(()82 }/ 0) 1.3%) dicted {IQR: 69-95}) (Table 3). Among the patients with pre-existing
xygen flow, 1/min - - . . . .
Temperature, °C 38 {37-39} 36,6 {36,5-36,9} COPD, two had only a slightly impaired function test (GOLD I),
Systolic BP, mmHg 126 {110-139} 140 {126-152} whereas the third patient was classified as GOLD III and had been on
Diastolic BP, mmHg 76 {66-80} 89 {79-100} long-term oxygen therapy previously. In the 6MWT, 26 patients (79%)
?e‘?ft rgte’ bpm 90 {80-102} :O ;742’89} had walk distances under their age-adjusted predicted values, of whom
t - - - . -
ratfty Score 134 15 patients (46%) had walk distance values lower than the age-adjusted
Pulmonary function parameters and ABGs lower limits of normal (walk distance median = 380 m {IQR 180-470},
- TLC, % of predicted - 94 {85-105} difference under the predicted value = 138 m {37-191}). However,
- VC, % of predicted - 93 {78-101} there was no drop in oxygen saturation after exercise (SpO2 after ex-
- RV, % of Pre‘i‘md_ - 112 {98-127} ercise: median = 96% {IQR 94-98}). Echocardiography did not reveal
- RV/TLC, % of predicted - 109 {98-126} deteriorati £ left ioht tricular functi dth .
- FEV1, % of predicted ~ 95 {72-103} eterioration of left or rig ve.:n ricular func 1on. and there was n.o evi-
- FEV1/FVC, % - 79 {76-85} dence of pulmonary hypertension on electrocardiogram (ECG) or in the
- R eff, % of predicted - 86 {62-104} echocardiography [Right Ventricular Systolic Pressure (RVSP): median
- DLCO, % of predicted - 65 {53-73} = 25 mmHg + Central venous pressure (CVP) {IQR: 22-31}] (Table 3).
- 0, i — ) . . . . .
DLCO/VA, % of predicted 77 £69-95 There was no pericardial effusion in any patient.
ABG According to PHQ-9 and GAD-7 questionnaires, patients mostly
- pa0 2, mmHg _ 72 {6779} suffered from mild depression and anxiety (PHQ-9: median = 7 {IQR:
- paCO 2, mmHg - 38 {35.38} 4-11}, GAD-7: median = 4 {IQR 1-9}, respectively). The SGRQ test
-pH o - 7.4{7.4.7.4} showed mainly reduced physical activity (activity score median = 54
) ggs:[sxs:;) mmol/ - g'z i;)0'76‘1+}1'2} {IQR 19-78}). Using the EQ-5D-5L, patients reported slight to moderate
. - - problems with mobility, self-care (washing or dressing), doing usual
SMWT activities, pain/discomfort and anxiety/depression (Table 4). Quality of
- Distance, m - 380 {180_470} life scores at admission and follow up were available in 6 patients
- gfstance < E]r;;ilcted value, n - fg EZ?Z"; (Table 5). At admission, patients reported mainly moderate to severe
- Distance < ,n - o . . s . .
- Walk distance - predicted value, m  — 138 1-37.-191} pljoblems with their moblhty. ar.ld Sf:vere pain/discomfort. At follow up, a
- Walk distance - LLN, m - 1.5 {-52_+130} slight to moderate level of limitation was documented.
- Sp0O2 before exercise, % - 97 {9498}
- SpO2 after exercise, % - 96 {9498} 4. Discussion
- HR before exercise, bpm - 76 {61_86}
- HR after exercise, bpm - 91 {74.100} . . . .
- Dyspnea on Borg chIe before B 0{0.2} The present case series describes follow-up data of patients with
exercise severe COVID-19 six weeks after discharge from hospital. Although
- Dyspnea on Borg scale after - 1{0.4} patients in our cohort had some respiratory symptoms, they had no
exercise e be significant ventilatory limitations in the PFTs and only a mild reduction
i F::ﬁs;:n Borg scale before N 1103} in diffusing capacity of the lungs for carbon monoxide. In the echocar-
- Fatigue on Borg scale after exercise  — 1{0.4} diography there were no abnormalities of cardiac function or wall
B movement disorders, and no indicators of pulmonary hypertension. In
Echocardiography

addition, there were relevant limitations of the walk distance during




A. Daher et al.

Table 4
Questionnaires at follow up.

Follow up (N = 33)

PHQ-9 7 {4-11}
GAD-7 4 {1-9}
SRGQ

Symptoms Score 34 {9-57}
Activity Score 54 {19-78}
Impacts Score 12 {2-33}
Total Score 26 {7-42}
EQ-5D-5L

Mobility (walking) 2 {1-3}
Self-Care 1{1-1}
Usual Activities 2 {1-3}
Pain/Discomfort 2 {1-3}
Anxiety/Depression 2 {1-2}

EQ VAS 63 {53-80}

Values are median {interquartile range}.

ABBREVIATIONS: EQ-5D-5L = Euro quality of life - five di-
mensions - five levels; GAD-7 = generalized anxiety disorder 7;
PHQ-9 = patient health questionnaire 9, SGRG = St. George’s
respiratory questionnaire.

Table 5
Questionnaires at admission and at follow up in 6 patients.

Admission day (N = 6) Follow up (N = 6)

PHQ-9 13{9-16} 8 {7-9}
GAD-7 8 {4-11} 5 {2-8}
SRGQ

Symptoms Score 61 {49-75} 46 {42-63}
Activity Score 84 {65-87} 60 {54-93}
Impacts Score 27 {19-44} 22 {9-35}
Total Score 49 {43-58} 37 {25-47}
EQ-5D-5L

Mobility (walking) 3{3-3} 1{1-4}
Self-Care 2 {2-2} 1{1-1}
Usual Activities 3{2-3} 3{2-3}
Pain/Discomfort 4 {4-4} 2 {2-4}
Anxiety/Depression 2 {1-3} 2 {1-2}

EQ VAS 65 {58-83} 60 {50-70}

Values are median {interquartile range}.

ABBREVIATIONS: EQ-5D-5L = Euro quality of life - five dimensions - five levels;
GAD-7 = generalized anxiety disorder 7; PHQ-9 = patient health questionnaire
9, SGRG = St. George’s respiratory questionnaire.

exercise testing, but without exercise induced desaturation. Importantly,
there were no thromboembolic events in our cohort of patients not
receiving any anticoagulants. However, a significant number of patients
reported to have fatigue symptoms and a low physical activity.
Autopsy data on patients who had died from COVID-19 showed
different degrees of diffuse alveolar damage (DAD), with some early
organization, however without marked fibrosis [35,36]. Nevertheless, it
is still unclear if this lung damage leaves prolonged lesions in the lung
tissue, and how relevant these abnormalities are on the long term. A
recent study reported some limitation in PFTs (mainly decrease in the
values of DLco) in patients with COVID-19 at 30 days after discharge
[37]. Importantly, some of these patients had very severe disease during
their hospital stay and suffered not only from isolated pneumonia, but
also from the different burdens of mechanical ventilation (e.g.
ventilator-induced lung injury), making them prone to all sequelae of
critical illness. In contrast, patients requiring mechanical ventilation
were excluded in our study to eliminate presumed effects of prolonged
ventilation on the short-term follow-up outcomes; and they were eval-
uated after a longer period of time following discharge. Interestingly,
despite the high prevalence of radiological pulmonary opacities at
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admission to hospital, there were no relevant limitations in the PFTs at
the follow-up; even the diffusion capacity was only slightly reduced.
Furthermore, no exercise-induced disturbances in gas exchange were
observed. Taken together, COVID-19 per se seems not to cause pro-
longed pulmonary abnormalities after recovery from the acute disease
which is in accordance with data from autopsy studies showing the
absence of organizing interstitial fibrosis as well as other fibrotic
changes even in patients suffering from ARDS associated with COVID-19
and in contrast to ARDS of different etiology [35,36,38]. However,
whether the slightly reduced DLco reflects mild fibrosis at least in some
patients cannot be answered by the data obtained in our study and
should be further investigated at a later time point by pulmonary
function test and imaging.

Another important finding of our follow-up analysis was that
different aspects in quality of life were altered in patients after recovery
from COVID-19. There was a significant tendency among the patients to
suffer from fatigue symptoms with significant limitations of their
mobility, which was also reflected by reduced 6MWT distance. Similar
observations have been made during previous coronavirus outbreaks. In
the 2003 SARS epidemic in Toronto, 10% of the survivors suffered from
fatigue symptoms such as weakness, myalgia or headache three years
later. Due to the severity of these symptoms, some patients were partly
unable to carry out their previous job [39]. The explanation of these
disturbances is uncertain, since there were no indicators of psycholog-
ical trauma like depression or anxiety. One explanation could be the
direct interaction of the novel Coronavirus with the central nervous
system (CNS) and peripheral nervous system (PNS). It is now well
known that there is a wide range of CNS and PNS involvement in
COVID-19 [40]; and similar to other Coronaviruses, the novel virus may
have caused chronic post-inflammatory CNS disturbances adversely
affecting sleep, pain sensitivity, and energy which would lead to the
development of fatigue syndrome [39]. Although some cardiac bio-
markers were elevated at hospital admission, these values were regres-
sive at follow-up after six weeks. A previous study showed that right
ventricular function is often reduced among hospitalized COVID-19
patients [41]. However, after six weeks from discharge both left and
right ventricular functions were preserved and there were no indicators
of pulmonary hypertension, making a cardiac origin of the fatigue
symptoms unlikely.

To the best of our knowledge, this is the first study to evaluate the
risk of COVID-19-related thromboembolic diseases after recovery from
the acute disease. Thromboembolic complications are quite common in
severe cases, and the best marker of these complications is the D-dimer,
which also has a good correlation with the severity of the disease and
represents a good predictor for adverse outcomes [42-44]. In our cohort
D-dimer levels were significantly elevated during active disease; with a
drop at the time of follow-up. In the small fraction of patients with
elevated D-dimer levels at follow-up, there was no evidence for throm-
boembolic diseases in the ultrasound duplex scanning and in V/Q scan.
Major thrombotic events in patients with COVID-19 have been sug-
gested as a possible cause of increased out-of-hospital sudden death
episodes since COVID-19 outbreaks [43]. However, whilst this hypoth-
esis needs to be further examined in bigger case-control studies, our
findings suggest that the risk of thromboembolic complications is not
increased in patients with COVID-19 being treated outside the ICU after
discharge from hospital.

5. Conclusions

Hospitalized patients who suffered from severe COVID-19 and did
not require mechanical ventilation are unlikely to develop long-term
pulmonary and cardiac impairments or thromboembolic complications
after discharge from hospital whereas fatigue is a common symptom.
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