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a b s t r a c t

Background: The crisis of critical care resource allocation during the novel coronavirus infectious disease
2019 (COVID-19) pandemic has underscored the importance of triage. COVID-19 is associated with
increased hypoxemia and desaturation on exertion. We hypothesized that desaturation after 1-min sit-
to-stand test (1MSTS), a validated field exercise test can serve as a potential marker for triage of COVID 19
patients.
Methods: Subjects with proven COVID 19 without hypoxemia on ambient air at presentation underwent
the 1MSTS. The demographic details, clinical profile, pre and post-test vitals and pulse oximetric satu-
ration was recorded and they were followed up for outcome throughout the hospital stay and after
discharge.
Results: 55 mild cases of COVID-19 and 6 cases of recovering severe COVID-19 were included. The mild
cohort had a median age of 35 years (IQR, 27e41.5) and a median hospital stay of 16 days (IQR 14,20). The
severe cohort had a median age of 47.5 years (IQR, 42.3,54.3) and median intensive care and hospital
stays of respectively 9 (IQR, 7.5,9) and 23.5 (IQR, 21.5,27) days. The two cohorts showed median desa-
turations of 0% (IQR, 0.5e1) and 5.5% (IQR, 4.3e6) respectively. No subjects in the mild cohort needed
oxygen therapy or escalation of care to intensive care.
Conclusions: Significant desaturation after 1-MSTSin severe COVID 19 patients demonstrates the po-
tential role of 1-MSTS both in triage for planning care and as a discharge criteria from intensive care unit.
However, larger prospective studies are warranted for its evaluation and establishment of relevant cut-
offs.

© 2021 Elsevier Ltd. All rights reserved.
1. Introduction

The novel coronavirus infectious disease 2019 (COVID-19) is
characterized by hypoxemic respiratory failure, later progressing to
acute respiratory distress syndrome (ARDS) [1].The COVID-19 is
also associated with covert hypoxemia, and desaturation on
ambulation and exertion, both in the early and late phases of the
disease. An unprecedented strain placed on critical care setups
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worldwide makes triage and allocation of limited intensive care
resources important for COVID-19 [2]. In this scenario, domiciliary
treatment and isolation of subjects has been practiced worldwide.
Recently, the Indian Ministry of Health and Family Welfare has
recommended that mild/asymptomatic patients be discharged to
quarantine centres [3]. Conversely, early recognition and inter-
vention has shown to improve outcomes in the initial phases of the
disease. Most scoring and triage systems described for COVID-19
require laboratory investigations and thus take time [4].

Exertional desaturation has been widely used for the assess-
ment of chronic respiratory diseases, with proven efficacy and
safety in ventilatory disorders as well as disorders of oxygen
diffusion [5e8]. Exercise tests like the 6-min walk test (6MWT)
have also been proposed as a triage for risk stratification in COVID-
19 [9]. The 1-min sit-to-stand test (1MSTS) is an established
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surrogate for the 6MWT, with concordance, validity, and test-retest
reliability [10,11]. It requires less time and space, both the factors
advantageous in the limited area of an isolation unit.

We hypothesized that desaturation after 1MSTS would be
helpful in the triage of patients with COVID-19.

2. Methods

This prospective study was conducted in the COVID block of our
Institute after being approved by the Institute Ethics Committee
(NK/6248/Study/145) onMay 8, 2020 under chairmanship of Prof
Savitri Kumari and written informed consent was obtained from
all subjects. All consecutive subjects ranging in age from 18 to 80
years with a diagnosis of COVID-19 by reverse transcriptase poly-
merase chain reaction (RT-PCR) were eligible for inclusion. Subjects
with chronic respiratory disorders on long-term oxygen therapy or
those with neuromuscular or orthopedic disorders precluding
performance of the 1MSTS were excluded.

Subjects were managed according to the existing institutional
protocol for COVID-19 (Supplemental document 1). The criteria for
severe disease requiring ICU admission were pulse oximetric
saturation (SpO2) less than 94% on ambient air, persistent
tachypnoea of more than 25 breaths per minute, or hypotension
(Category C). Patients with SpO2 > 94% on ambient air, HR <100/
minute, RR <25/minute and SBP >90mmHg were considered as
mild disease (Category A).

The 1-min sit-to-stand test (1MSTS) was evaluated in mild
COVID-19 cases(not requiring intensive care unit [ICU] admission
on initial evaluation if their SpO2 was more than 95% while
breathing ambient air.

As a surrogate for severe cases, 1MSTS was also performed in
subjects initially requiring ICUadmission once they were weaned
off oxygen therapy.

The demographic parameters, baseline investigations, comor-
bidities and treatment were noted for all subjects. The subjects
were followed up throughout the hospital stay and after discharge
(for a period of 1 week). The 1MSTS was carried out after recording
the baseline heart rate, blood pressure, respiratory rate, and SpO2
with a chair of standard height placed next to a wall, as previously
described [11]. The subject was seated on the chair, feet a hip-width
apart on the floor, knees and hips at right angle and hands sta-
tionary on hips. The subjects were requested to repeatedly stand up
and sit down at a pace they felt comfortable at, as many times as
possible, for a duration of 1 min. They could rest if required, but not
use their arms for support while standing up or sitting down.
Saturation was monitored during and after exercise till it returned
to the baseline. The nadir of the desaturationwas noted, along with
post-exercise heart rate and respiratory rate.

2.1. Statistical analysis

All the study parameters were checked by the Shapiro-Wilks
test for normalcy and reported as mean and standard deviation
or median and interquartile range. The Wilcoxon signed rank test
was used to compare the desaturations in the two groups. R 4.0.0 (R
Foundation for Statistical Computing, Vienna, Austria) was used for
statistical analysis. A p-value less than 0.05 was considered
significant.

3. Results

We included 55 mild cases of COVID-19 in isolation ward and 6
cases of recovering severe COVID-19 in ICU (Fig. 1) admitted and
discharged betweenMay 2020 to June 2020. None of the ICU cohort
had required mechanical ventilation. The demographic and clinical
6

characteristics are shown in Table 1. In the 55 non-ICU subjects, the
median pulse oximetric desaturation was 0 (IQR, 0.5e1) while it
was 5.5% (IQR, 4.3e6) in the ICU subjects (p < 0.001) (Fig. 2) after
the 1-MSTS. The peak desaturation was 3 and 4% points in two
subjects, both with high baseline D-dimer values. However, none of
them required oxygen therapy throughout hospital stay. The
desaturation decreased on repeat testing after 4 days. The desatu-
ration persisted for around 2e3 days in the ICU cohort, and the
disappearance of exertional desaturation was used as a shifting
criterion from the ICU to the general medical ward. No subject
required escalation of care from the isolationward to intensive care.
All the subjects have since been discharged from hospital, and no
complications noted on a follow up-period of at least seven days.

4. Discussion

To our knowledge, this is first series reporting the results of
exercise testing in mild COVID-19. Subjects with mild disease not
requiring oxygen therapy demonstrated minimal desaturation on
the 1-min-sit-to-stand test while recovering subjects with severe
disease showed higher desaturation, which resolved with cure.

Pulse oximetry has been used as a basic monitoring device in
COVID 19 patients. With the coming up literature there is evidence
of desaturation with mild exertion in patients with COVID 19,
warranting escalation of care. Late transfer and escalation of
management in patients with exertional desaturation has been
identified as a cause of poor outcome in COVID patients.

6 Minute walk test has been considered as a gold standard non
invasive test to evaluate cardio pulmonary reserve in patients with
chronic lung diseases. The use of 6 min walk test with modification
has been proposed as a potential marker for triage in COVID pa-
tients [9]. The test involves having the patient walk as far as
possible ona straight track ideally 100 feet in length. The relation-
ship between the distance walked and peak oxygen uptake on a
progressive incremental cardiopulmonary exercise testing (CPET)
has been found to be moderate to strong, thereby making it a
reliable test to detect exertional desaturation. However, the major
limitation of this test in COVID settings is the space restraints [12].

Bohannon et al. concluded 1 MSTS as a practical, reliable, valid,
and responsive alternative for measuring exercise capacity
[10].1MSTS can be particularly useful in COVID patients staying in
isolationwith limited space. There is still no data evaluating 1MSTS
as a potential marker for triaging COVID 19 patients.

This was a single centre study in a small group of subjects. Also,
no subject in the isolation wards needed an escalation in care on
follow-up, precluding us from evaluating exertional desaturation as
a predictor of clinical worsening. However, the results indicate that
desaturation on exercise testing may be useful in discriminating
between mild and severe manifestations of COVID-19. It was
feasible in most subjects with mild disease as well as recovering
subjects. While the negative exercise testing in the non-ICU cohort
indicates the safety of late domiciliary treatment of mild COVID-19,
it may also find use in numerous other scenarios. It may be useful as
discharge criteria for domiciliary treatment as well as for safe de-
escalation from critical care.

In the present study, criteria for ICU admissionwas kept as pulse
oximetric saturation of less than 94% of in ambient air, which can be
considered a relatively high cut off value to define a severe case of
COVID 19 in the current scenario. Following the sigmoid shape
Oxygen Dissociation Curve, the change in Spo2 is small during the
initial stages of decrease in PaO2. PaO2 may drop to 60e65 mm Hg
when the saturation is still 94% [13]. Therefore involvement of
around 15% of lung may lead on to drop in PaO2 to 60 mm Hg or
below and that might still show 94e95% oxygen saturation. Due to
this reason, we wanted to elicit drop in saturation with exercise so



Fig. 1. Patient flow diagram in the study.
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that we could detect subclinical hypoxia even when theSpo2 was
above 95%. Therefore, we admitted the patients in the ICU when
absolute Spo2 is less than 95 or 94 as it would correspond to around
15% shunt fraction [14].

Moreover, as this study was conducted in the early phase of the
pandemic and the health care resourceswere not overwhelmed, we
could manage to provide ICU care to the patients with a relatively
high cut-off value of 94% being defined as severe case of COVID 19.

However, the implication of the results is all the more valuable
in the current scenario, when there is overwhelming of the
7

healthcare facilities. A simple 1MSTS test can be used to triage
COVID patients for hospital admissions.

The major limitations of the study were the observational na-
ture and the small cohort of patients. Moreso, there was a huge
difference in the number of patients between the two cohorts.
This could be attributed to the observational nature of the
study, recruiting all consecutive patients diagnosed with COVID
19 on RTPCR. The study was conducted during the initial part of
the pandemic, between May to June 2020when all diagnosed
COVID 19 patients were being admitted in the heath care centre



Table 1
Demographic and clinical characteristics in the subjects requiring and not requiring ICU admission. Data presented as median (interquartile range)
[range] or number (percentage).

Parameter Non-ICU (n ¼ 55) ICU (n ¼ 6)

Age (Year) 35 (27,41.5) [18e65] 47.5 (42.3,54.3) [40e59]
Female gender 25 (35%) 2 (33%)
Presenting symptoms
Fever 17 (31%) 4 (66%)
Cough 6 (11%) 6 (100%)
Sore throat 2 (4%) 3 (50%)
GI disturbance 1 (2%) 1 (17%)

Comorbidities
Hypertension 7 (13%) 4 (66%)
Diabetes mellitus 5 (9%) 3 (50%)
Pulmonary disease 2 (4%) 1 (17%)
CKD 0 1 (17%)

Baseline investigations
TLC 6100 (5025,7700) [3400e15400] 7150 (5650,12325) [4000e15200]
N/L ratio 1.9 (1.3,2.6) [0.6e8.9] 6.09 (5.6,18.5) [3.9e36.9]
D-dimer (ng/ml) 340 (220,510) [30�20000] 560 (320,1520) [127�3130]
Creatinine (mg/dl) 0.72 (0.59,0.86) [0.08e1.08] 0.98 (0.78,1.16) [0.57e7.3]
CRP (mg/l) 2.19 (0.91,4.97) [0.06e162] 37.8 (11.8,96.9) [5.5e251]
Ferritin (ng/ml) 98 (50,160) [8e1522] 432 (315,612) [8.1e840]
Procalcitonin (ng/ml) 0.03 (0.02,0.04) [0.02e0.8] 0.06 (0.05,0.09) [0.02e0.18]

Hospital stay 16 (14,20) [13e39] 23.5 (21.5,27) [19e29]
ICU stay 9 (7.5,9) [5-12]

(GI: Gastrointestinal; CKD: Chronic Kidney Disease; TLC: Total leucocyte count; N/L ratio:Neutrophil:leucocyte ratio; CRP: C-reactive protein).

Fig. 2. Desaturation after 1 min sit-to-stand test in the ICU and non-ICU cohorts in percentage points (A) and absolute SpO2 (B).
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as the home quarantine policy had not been implemented.
Majority of COVID 19 patients, remain asymptomatic or with
mild symptoms, the same pattern was observed in our admis-
sions which resulted in this major difference in number of pa-
tients in the two groups.

The measured metrics need wider study and prospective
8

evaluation to establish their external validity.
To conclude, our results demonstrate potential role of 1-MSTS in

COVID 19 patients both in triage for planning care and as a
discharge criteria from intensive care unit. However, larger pro-
spective studies are warranted for its evaluation and establishment
of relevant cut-offs.
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