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Abstract/Executive Summary

The SARS-CoV-2 virus represents a global health crisis. The acute disease caused by
the virus, COVID-19, has had a massive impact on healthcare systems worldwide,
with increased hospitalizations and intensive care unit bed utilization. However,
these acute care impacts represent only the beginning of COVID-19’s overall
footprint. There is now a growing population of COVID-19 survivors with prolonged
post-acute symptoms, a syndrome often described as “long COVID.” These
symptoms are predominantly related to respiratory impairments, but also include
neurological issues, cardiovascular complications, and chronic fatigue.

Research has suggested a link between COVID-19 and diffusion capacity of the lung
for carbon monoxide (DLCO). These changes are thought to be caused by a
combination of changes in the lung parenchyma combined with a variety of
pathophysiologies in the pulmonary vasculature. Importantly, these changes can
appear without a concomitant degree of airflow restriction on spirometry and are
also present in a significant number of non-hospitalized COVID-19 patients. Best
available data suggest over one-third of patients with these so-called mild cases fail
to return to their baseline health status weeks after the onset of their symptoms.

Clinical rehabilitation programs to support COVID-19 survivors (whether
hospitalized or not) are being established in many countries, with some already
accepting patients. Patients utilizing these programs have demonstrated improved
DLCO as well as other lung function and quality of life assessments. Considering that
many patients with mild cases may not realize they have been infected until their
symptoms fail to resolve, DLCO measurements are an essential tool for diagnosing
COVID-19-related respiratory impairments. DLCO may also be used as a quality
improvement tool for rehabilitation programs. Utilization of DLCO testing should be
scaled up as rapidly as possible to improve outcomes and provide more efficient
care across the healthcare continuum.

Relevance of DLCO and lung function testing for optimized patient management in Long-COVID



Background

General Situation

The current pandemic of COVID-19 caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) represents a global health crisis. Infection with SARS-CoV-2 in
humans is associated with a broad spectrum of clinical respiratory syndromes.* This has
caused a sudden increase in hospitalizations across the globe. The clinical manifestations
vary based upon the severity of the disease in individuals. Approximately 80% of patients
experience mild manifestations, 15% experience severe manifestations, and 5% endure
critical cases. Consequently, the COVID-19 pandemic has increased the demand for
post-acute care in patients across the continuum of disease severity.’

The high number of COVID-19 cases worldwide has resulted in a large population of
survivors with prolonged post-infection symptoms. The table below shows the frequency of

the most common late complications. Notably, lung disease is the most common long-term
complication reported.’
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Clinical programs designed to care for individuals previously hospitalized with COVID-19
are being developed, with some in the initial phases of operation. These post-COVID
programs include patients who required critical care support during their inpatient stay as
well as non-hospitalized individuals with persistent respiratory symptoms.* Similar
programs are established or prepared worldwide.’



Link between COVID & DLCO

Imaging and morphology of COVID-19 lungs

The lungs from patients with COVID-19 show distinctive pathophysiological markers
in the vasculature, consisting of severe endothelial injury associated with the
presence of intracellular virus as well as damaged cell membranes. Histologic
analysis of pulmonary vessels in patients with COVID-19 showed widespread
thrombosis with microangiopathy.® Lins et al” used automated quantitative CT scans
to measure small blood vessel volume and pulmonary vascular density. The authors
found striking anomalies in the distribution of blood volume within the pulmonary
vascular tree in COVID-19 patients, consistent with increased pulmonary vascular
resistance in vessels below the resolution of CT. (See figure 3)

Figure 3. Comparison of total pulmonary blood volume between healthy volunteers and patients with COVID-18.
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Figure 4*. Visual representation of the blood vessels colored according to their size. Red denotes the small vessels, yellow the mid-size ves-
sels, and blue the larger vessels. (Color version of figure is available online.)

*Muriel Lins, MD, Jan Vandevenne, MD, Muhunthan Thillai et al. Assessment of Small Pulmonary Blood Vessels in COVID-19 Patients
Using HRCT. Academic Radiology, Vol 27, No 10, October 2020

In COVID-19 cases, diffuse endothelial inflammation, dysfunction, and apoptosis resulting
from direct viral infection of the endothelial cells have been seen within the lungs and other
organs. Provencher et al® suggest that COVID-19 impacts the pulmonary circulation and
survivors of severe COVID-19 may experience persistent impairment in pulmonary gas
exchange. These patients often demonstrate mild restrictive patterns on pulmonary
function tests and their impaired diffusion capacity may also partly be of vascular origin.’
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The severity of the disease is reflected by DLCO measurements during
post-COVID

Within a short period (less than one year during the pandemic), a significant number
of papers were published about pulmonary function in patients with COVID-19 after
discharge from the hospital (see Annex 1). In all publications, the authors
consistently observed a more pronounced impairment of DLCO compared to
appearances of restrictive spirometry patterns, supporting the relevance of DLCO
measurements in COVID-19 management. The figure below presents an overview of
the significant number of patients with abnormal DLCO after experiencing mild,
moderate, and severe cases of COVID-19 respectively.*?

Figure 2: Percentage of COVID-19 patients with abnormal diffusing capacity stratified
according to disease severity (weighted average is presented as mean + SD)
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Importance and applications of pulmonary
function testing including DLCO after the
acute phase

Rehabilitation of hospitalized COVID-19 patients

Impairment of DLCO reflects the pulmonary sequelae of COVID-19. Fortunately,
rehabilitation programs have been demonstrated to improve DLCO and initial
published reports have shown that rehabilitation programs improve outcomes on
long COVID patients.'" It is now well established that DLCO is a sensitive indicator to
assess the severity of the infection.

Liu et al*? conducted a randomized controlled study on the impact of pulmonary
rehabilitation in 36 male and female patients recovering from COVID-19 (age: 69 + 8
years). DLCO and 6MWT distance improved by approximately 30% vs controls with 6
weeks of respiratory muscle training.

Puchner et al*’ found that multidisciplinary rehabilitation resulted in a significant
improvement in lung function, as reflected by an increase of forced vital capacity
(FVQO) (p=0.007), forced expiratory volume in one second (FEV1)(p=0.014), total lung
capacity (TLC) (p=0.003), and diffusion capacity for carbon monoxide (DLCO)
(p=0.002). They concluded that individuals discharged after a severe case of
COVID-19 frequently present with persistent physical and cognitive dysfunction after
hospital discharge. Those patients significantly benefit from multi-disciplinary
inpatient rehabilitation programs. DLCO measurements could therefore have a major
positive impact on patient outcomes by ensuring that long-term effects are detected
rapidly, allowing rehabilitation to start as early as possible. This is especially
important for patients that were never hospitalized but might still suffer from long-
term effects. Additionally, serial DLCO measurements could potentially be used to
improve and refine rehabilitation programs over time, as ongoing measurements
and trends provide insight into the effectiveness of different methods used in
various rehabilitation strategies.

Long COVID in patients that have not been hospitalized

The majority of patients with COVID -19 have relatively mild disease manifestations
and consequently are generally not hospitalized. Many may not fully realize they
even experienced COVID-19 until they fail to see symptom improvement. As of today,



only sparse data are available about the long-term course of the disease in these
cases. According to a survey done by the Centers for Disease Control and Prevention
(CDO), 35% of non-hospitalized patients with mild COVID-19 cases failed to return to
baseline health 14 to 21 days after their symptoms started.**

The large number of patients suffering from long COVID that have never been
hospitalized'’, in combination with the significant change seen in DLCO even in mild
COVID-19 cases'® strongly suggests that DLCO should be performed as a routine
measurement on all COVID-19 patients with prolonged symptoms, as an additional
objective measure to assess potential lung damage and to assess the potential need
for a rehabilitation program.

ANNEX 1 - Publications showing the
relation between DLCO and severity of
COVID-19

Torres- Castro et al'” recently summarized published respiratory function in 380
patients post infection by COVID-19. In the sensitivity analysis, they found a
prevalence of 0.39 for impaired DLCO, 0.15 for a restrictive pattern, and 0.07 for
altered obstructive pattern.

Sonnweber T et al'® published an observational prospective multi-centre trial on
cardiopulmonary recovery in 145 COVID-19 patients, 60 and 100 days after
confirmed diagnosis. 41% of all subjects exhibited persistent symptoms 100 days
after COVID-19 onset, with dyspnoea being most frequent (36%). Patients had
impaired lung function, with a reduced diffusing capacity being the most prominent
finding (21% of subjects).

Van der Sar et al'” performed a prospective cohort study in 101 patients six weeks
post-discharge. Subjects underwent interviews and pulmonary function tests.
Diffusion limitation (DLCO < 80% of predicted value) was found in 66 (71.7%) of 92
cases, obstruction in 26 (25.7%) of 101, and restriction in 21 (21.2%) of 99.
Diffusion capacity was significantly lower in cases after severe pneumonia. FEV1 and
DLCO showed significant positive correlations with MMRC scores and multiple SF-36
domains, especially physical functioning.



Guler et al*® performed the Swiss COVID-19 lung study, a multicentre prospective
cohort of 113 COVID-19 survivors were included (mild/moderate 47, severe/critical
66) investigating pulmonary sequela of COVID-19. After four months, impairments in
pulmonary function and physical performance were more pronounced in patients
with previously severe and critical COVID-19 courses, compared to those with mild
and moderate illness. Specifically, DLCO %-predicted at four months was the most
important, independent correlate of a more severe initial disease.

Zhao et al’’.?” reveal that radiological and physiological abnormalities were
prevalent in a considerable proportion of COVID-19 survivors that did not require
intensive care 3 months after discharge. A higher level of D-dimer on admission
could effectively predict impaired DLCO after 3 months from discharge.

Shah et al.”’ conducted a study on 60 COVID patients 12 weeks after the onset of
their symptoms and demonstrated the clinical, radiological, and pulmonary function
abnormalities. Thereafter they identified clinical predictors of respiratory outcomes.
At least one pulmonary function variable was abnormal in 58% of patients and 88%
had abnormal imaging on chest CT. A strong association was observed between days
on oxygen supplementation during the acute phase of COVID-19 and both DLCO?**
and total CT score.

This paper is supported by Prof. Dr. Helgo Magnussen member of the advisory board of NDD.
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