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Abstract

Objective: To measure the correlation between single breath counting (SBC) and forced vital capacity (liters, FVCy) in
amyotrophic lateral sclerosis (ALS) patients and to define the utility of SBC for determining when patients meet the
threshold for initiation of noninvasive positive pressure ventilation (FVC < 50% predicted [FVCy.eq]). Methods: Both
patient paced (SBCpp) or externally paced (SBCep) counting along with FVCy_ ,;.q and standard clinical data were col-
lected. Linear regression was used to examine SBCpp and SBCep as a predictor of FVC;. Receiver operating character-
istic curve analysis evaluated the sensitivity and specificity of SBC categorically predicting FVCy,.q of <50%. Results: In
30 ALS patients, SBC explained a moderate proportion of the variance in FVC; (SBCpp: R*= 0.431, p<0.001;
SBCep: R? = 0.511, p<0.01); this proportion improved when including covariates (SBCpp: R*= 0.635, p<0.01;
SBCep: R?>= 0.657, p < 0.01). Patients with minimal speech involvement performed similarly in unadjusted (SBCpp: R*
= 0.511, p<0.01; SBCep: R?= 0.595, p<0.01) and adjusted (SBCpp: R*> = 0.634, p< 0.01; SBCep: R’= 0.650,
p<0.01) models. SBCpp had 100% sensitivity and 60% specificity (area under curve (AUC)=0.696) for predicting
FVCpreqd <50%. SBCep had 100% sensitivity and 56% specificity (AUC = 0.696). With minimal speech involvement
SBCpp and SBCep both had 100% sensitivity and 76.1% specificity (SPCpp: AUC = 0.845; SBCep: AUC = 0.857).
Conclusions: SBC explains a moderate proportion of variance in FVC and is an extremely sensitive marker of poor FVC.
When FVC cannot be obtained, such as during the current COVID-19 pandemic, SBC is helpful in directing
patient care.
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Introduction managing people with ALS, who are considered a
high-risk population, using telemedicine techni-
ques. The inability to measure VC in ALS individ-
uals using telemedicine is challenging and
problematic. In the absence of a formal VC meas-

Amyotrophic lateral sclerosis (ALS) is a progres-
sive motor neuron disorder that is uniformly fatal.
Decline in pulmonary function correlates closely
with risk of death (1). Noninvasive positive pres- urement, a method to estimate VC would help

sure ventilation (NIPPV) has demonstrated a sur- guide clinical decisions, such as the timing of ini-
vival benefit in ALS (2). Initiation of NIPPV is tiating NIPPV.

commonly based upon the vital capacity (VC). The single breath count (SBC) is a bedside

The COVID-19 pandemic has instigated an screen widely used to estimate the respiratory
abrupt change in our approach to outpatient care. muscle strength. SBC is performed by inhaling
Most ALS multidisciplinary clinics are now maximally and counting aloud to as high a number
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as possible in a single breath. There is remarkably
little literature regarding SBC (3-5) or standard-
ization of the counting procedure for ALS. SBC
may be useful as a screening method for respira-
tory muscle weakness in people with ALS when
formal VC measurement is not possible. We aimed
to measure the strength of the relationship
between forced vital capacity (FVC) and SBC in a
sample of our ALS clinic patients. We also exam-
ined SBC as a screening tool for determining when
patients would need to initiate NIPPV (conven-
tionally when FVC is less than 50% of pre-
dicted value).

Methods

This study was approved by Institutional Review
Boards (IRB) at the University of Massachusetts
Medical School and University of Pennsylvania.
All study participants provided consent prior to
performing any study procedures.

Participants were included if they were over 18
years of age, carried a diagnosis of ALS meeting
the El Escorial Criteria of possible, probable, prob-
able lab-supported, or definite ALS, could provide
informed consent and performing study evalua-
tions. Participants were excluded if they had a
superimposed pulmonary disorder unrelated to
ALS that could affect their function, or if they had
undergone a tracheostomy.

Study procedures were performed by experi-
enced ALS clinicians, nurses, and clinical research
coordinators. Evaluators were trained in perform-
ing FVC and the Revised ALS Functional Rating
Scale (ALSFRS-R) (6) for the purposes of multi-
center trials through the Northeast ALS
Consortium (NEALS).

SBC

We used two methods to evaluate SBC: (1)
Patient paced (SBCpp): participants were given
minimal instructions. They were told only to
inhale as deeply as possible and then count in a
single breath in their normal speaking voice as
quickly as they can while keeping the numbers
audibly distinct. The examiner provided a demon-
stration of the intended procedure. (2) Externally
paced (SBCep): participants were shown a video
of a metronome (http://www.youtube.com/
watch?v=2BYT9I1L-1Q0), set to 120 beats per
minute and asked to count in unison with the
metronome (two numbers per second). The beat
per minute was selected as 120 BPM based on
experience of the study staff, with the goal of elim-
inating pause time between number vocalizations
without rushing annunciation.

Sitting FVC

Study participants performed spirometry using the
EasyOne Plus Diagnostic Spirometry System
(NDD, Andover, MA) in a seated position. Both
the liters (FVCy) and percent predicted (FVCpyeq
(7)) were recorded. Two trials were performed and
the average FVC was used for analysis. In patients
in whom SBC was collected on multiple visits,
their last SBC and FVC (collected the same visit)
were used to allow for greater representation of
SBC in patients with lower FVCs.

The ALSFRS-R and demographic data were
recorded during the same visit.

Statistical methods

Descriptive statistics were used to characterize the
demographic and clinical characteristics of study
participants. Nonparametric test and exact tests
were used to compare the full study cohort and
sub-cohort with minimal speech involvement.

Linear regression was used to examine SBCpp
and SBCep as a predictor of FVC; both in the
total cohort and in a subcohort of patients with
minimal speech involvement, defined as having an
ALSFRS-R Question 1 score of >3. We also eval-
uated each of the above models adjusting for three
covariates known to impact respiratory volume:
sex, age, and height. An receiver operating charac-
teristic (ROC) analysis was used to evaluate the
sensitivity and specificity of SBC categorically pre-
dicting FVCpeq of <50%, a common criteria for
initiating NIPPV.

Results

Forty participants met the selection criteria and
consented for the study. Four were not able to
complete an FVC, five were not able to complete
SBCep, and one could not complete either.
Demographic and clinical data for the 30 partici-
pants who could complete the study procedures,
and a subcohort of 25 participants with minimal
speech involvement, are reported in Table 1. This
sub-cohort was representative of the full cohort on
all demographic and clinical features (all p > 0.3).
In the full cohort, SBC was able to explain a
moderate proportion of the variance in FVCp
(Figure 1(A) top, SBCpp: R*= 0.431, p<0.001;
SBCep: R*> = 0.511, p<0.01). In the total cohort,
~14 digits for SBCpp (f#=0.036) and ~12 digits
for SBCep (=0.042) were equivalent to 500mL
FVC (defined as 0.5L/f). When including covari-
ates, SBC explained even more variance in FVCp,
across both procedures (SBCpp: R?*= 0.635,
p<0.01; SBCep: R?*= 0.657, p<0.01). Of the
covariates, age appeared to have the largest impact.
Older age was associated with lower FVCy, (across
models f ranges from 0.21-0.23, p<0.01), as
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Table 1. Demographic and clinical characteristics of the full ALS patient cohort and the minimal speech cohort.?

p Value
Full cohort Minimal speech cohort full vs. minimal
Total, N 30 25 -
Female, N (%) 9 (30%) 6 (24%) 0.763
Age, median years [IQR] 58.0 [49.25-73.25] 58.0 [50.00-71.00] 0.892
Height, median inches [IQR] 68.0 [62.25-70.75] 68.0 [63.00-71.00] 0.865
ALSFRS-R, median total [IQR] 34.5 [29.75-39.75] 35.0 [32.00—40.00] 0.912
FVC., median liters [IQR] 2.87 [2.06-3.39] 2.96 [2.14-3.52] 0.729
FVCyreq, median % predicted [IQR] 71.0 [55.12-85.75] 72.50 [55.50-86.00] 0.761
FVC impaired, <50% FVCi.eq (%) 5 (16.7%) 4 (16%) 1.000
SBCpp, median [IQR] 35.0 [22.75-55.50] 40.0 [29.50-58.50] 0.318
SBCep, median [IQR] 32.0 [24.62-50.50] 36.5 [26.50-54.00] 0.365
#Defined as ALSFRS-R question 1 =3 or 4.
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Figure 1. (A) Association between single breath counting and FVCy, for patient paced and externally paced study procedures.(B) ROC
curves for predicting FVCpreq <50% adjusting for age, sex, and height. Top-row: full cohort (N=30); Bottom-row: minimal speech

cohort (N=25).

clinically expected. We observed similar perform-
ance in the minimal speech involvement cohort for
unadjusted (SBCpp: R? 0.511, p<0.01;
SBCep: R?= 0.595, p < 0.01; Figure 1(A) bottom)
and adjusted (SBCpp: R? 0.634, p<0.01;
SBCep R’= 0.650, p<0.01) models. In this sub-
cohort, approximately 13 digits for SBCpp
(f=0.040) and approximately 11 digits for SBCep
(f=0.045) is equivalent to 500mL FVC;..

ROC adjusted for age, sex, and height revealed
moderate sensitivity and specificity for predicting
FVCireq of <50%. In the full cohort SBCpp had
100% sensitivity and 60% specificity (area under
curve (AUC)=0.696) and similarly SBCep had
100% sensitivity and 56% specificity (AUC = 0.696;
Figure 1(B) top). In the minimal speech involvement
cohort SBCpp and SBCep both had 100% sensitivity

and 76.1% specificity (SPCpp: AUC 0.845;

SBCep: AUC = 0.857; Figure 1(B) bottom).

Conclusions

Our findings suggest that SBC explains a moderate
proportion of variance in FVC and is an extremely
sensitive marker of poor FVC. SBCep demon-
strated slightly better predictive value, though at
the cost of a higher performance failure rate.

ALS clinician’s base important clinical deci-
sions on FVC scores, including initiation of
NIPPV. When FVC cannot be obtained, such as
during the current COVID-19 pandemic, an esti-
mation of FVC is helpful in directing patient care.
In participants with minimal bulbar dysfunction,
SBC is reasonably predictive of FVC,
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demonstrating that it can be used to help guide
clinical decisions when FVC cannot be obtained.
As an example: our data indicate that for a 50-year
old with average height (5’°3” for female, 5°9” for
male) an SBC of <23 for males and <10 for
females predict a FVC < 50%, which would be
the threshold for initiating NIPPV.

Further studies could explore SBCep in a
larger group of participants and in telemedicine
settings to further evaluate its real-world clinical
utility. In addition, the participants in this study
had a median FVC of 71.0 [interquartile range
(IQR) =55.12-85.75] with only a small subset of
approximately 16% having a FVC < 50% . It will
be important for future studies to include a wider
distribution of FVCs including lower performance
to refine the suggested threshold for initiating
NIPPV. While we observe relatively similar per-
formance across the sub-analyses of the minimal
speech involvement group and full cohort it will
also be important for future studies to evaluate the
impact of bulbar dysfunction more equally on
SBC and its correlation with FVC. However, des-
pite these caveats, it is our hope that this article
stimulates future research into the potential appli-
cation of SBC as a proxy for FVC into remote
clinical practices.
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