
 

Abstract  Respiratory surveillance is critical to patient safety. 

With clinical decisions increasingly driven by quantitative data, 

it has become challenging for clinicians to combine trends and 

correlative effects using raw metrics alone. We demonstrate a 

novel technique to visualize high-fidelity respiratory volume 

monitoring data as simple and easy-to-interpret timelines for 

improved clinical assessments of patient respiratory status. 

I. CLINICAL NEED 

Continuous monitoring and assessment of respiratory 
status is critical for improved patient safety. Higher acuity 
settings, e.g., ICU, are capable of collecting and processing 
numerous data streams. Data interpretation, often performed 
by highly trained clinicians, is time and labor intensive. Lower 
acuity settings, e.g., post anesthesia care unit (PACU) or 
general hospital floor, are unable to sustain such an approach 
and clinical decisions are based on -checks, subjective 
visual assessments and secondary measurements of 
respiratory status, e.g., SpO2 or EtCO2. Furthermore, with the 
transition to electronic health records, overwhelming volumes 
of data coupled with alarm fatigue add to the complexity of 
patient assessment [1]. Here we demonstrate a novel 
visualization technique based on continuous respiratory 
volume monitoring (RVM, ExSpiron, Respiratory Motion, 
Inc., Waltham, MA [2]) data that (1) reduces variability in 
high-fidelity RVM data and (2) preserves key temporal and 
dimensional features. We were able to synthesize hours of 
patient data into simple and easy-to-interpret plots, permitting 
faster clinical decisions, with improved patient safety, reduced 
staff workload, and healthcare cost-savings.

II. VISUALIZATION OF PATIENT RESPIRATORY STATUS 

Each patient is visualized along an individual axis, parallel 
to the Y-axis (Fig. 1). The dashed blue line represents each 

PACU duration, with PACU arrival aligned with the 
X-axis. Overlaid solid red lines represent times of 
supplemental O2 delivery. Along each patient axis we display 
Low MV events (LMVe) with red ellipses. LMVe was defined 
as MV<40% predicted MV  s [3]. Ellipse length 
(along the Y-axis) denotes LMVe temporal duration or a 
cluster of LMVe (if in close succession); ellipse width 
corresponds to the severity of each event with wider ellipses 
correlating to more severe, i.e., lower MV, LMVe. PCA 
opioid doses are visualized as green asterisks, apneic pauses 

 s as black dots, and Low SpO2 alarms as purple diamonds. 
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The Low SpO2 alarm was set at <90% with False SpO2 alarms 
(<2 min) displayed as hollow symbols and SpO2 alarms >2 
min displayed as solid symbols [3].  

 
Fig. 1: Visualization of PACU respiratory data for patients (A) without 
LMVe and (B) with LMVe. Continuous RVM data, supplemental O2, SpO2 
records and PCA opioid dosing data were collected from 12 patients (age: 69 
[58-84] years; BMI: 31.2 [22.0-49.1] kg/m2) following orthopedic surgery. 
Patients are a subset of a larger observational IRB-approved study [3]. 

III. DISCUSSION 

As more clinical decisions are driven by quantitative data, 
new ways of synthesizing and visualizing data that (1) 
minimize both visualization space and amount of monotonous 
data displayed and (2) permit easy interpretation for quicker 
patient assessment are required. The naturally occurring 
variability in these data can make it challenging for a clinician 
to combine trends and correlative or causal effects using raw 
metrics alone, which is why we propose that a synthesized 
visualization may be able to assist not only with clinical 
decision making, but may also reduce workload and 
associated healthcare costs. 
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