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Improvement in patient safe-
ty encompasses a multitude of 
solutions. Continuous patient 

monitoring can make a significant 
difference in improving patient 
outcomes by delivering continuous 
visibility into a patient’s health sta-
tus by translating the data into po-
tentially actionable interventions. 
The sooner a healthcare profession-
al can recognize clinical deteriora-
tion or condition changes, the ear-
lier the intervention.
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Abstract
Unexpected adverse events resulting in transfer to the intensive care 
unit occur in up to 9% of hospitalized patients on the general care 
floor. Although there are several reasons for adverse events, early 
detection of patient deterioration can prevent patient morbidity 
and mortality as well as healthcare costs. Two of the most important 
components of early detection of patient deterioration are educa-
tion of the healthcare team on signs and symptoms of deterioration, 
and the presence of quality wireless and wearable continuous mon-
itoring that provides the ability of nurses to visualize patient change 
over time.

There are several methods for continuous electronic monitoring of 
respiratory status. Choosing the most patient-centric, sensitive, and 
feasible method is key in early detection of patient deterioration. 
Preferred patient-centric choices are the devices that the patient is 
more likely to comply with wearing.

Patients who experience an adverse respiratory event during hos-
pitalization have higher hospital costs and longer lengths of stay 
that result in a higher incremental cost of complication of between 
$3,000 and $38,000 cost per patient stay. The implementation of 
continuous electronic monitoring of respiratory status of the hos-
pitalized patient is slowly becoming a standard of care as opposed 
to 2- or 4-hour spot check of vital signs.  There exists a potential 
for continuous monitoring of patients’ respiratory status to have a 
significant economic benefit in addition to clinical benefits. In this 
age of healthcare reimbursement moving away from fee-for-service 
and towards value-based payments, decreasing adverse events with 
earlier detection of patient deterioration using continuous respirato-
ry monitoring is essential.
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1. Recognize signs and symptoms of pa-

tient deterioration. 
2. Discuss the emergence of new technolo-

gies to predict early deterioration 
3. Evaluate the cost effectiveness of imple-

menting continuous respiratory moni-
toring on the GCF 
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Significance of the problem of adverse 
events secondary to unidentified respiratory 
depression in the hospitalized patient

Unexpected adverse events resulting in transfer 
to the intensive care unit occur in up to 9% of 
hospitalized patients on the general care floor.1-4 
Although there are several reasons for adverse 
events, early detection of patient deterioration 
can prevent patient morbidity and mortality as 
well as healthcare costs.5-9. Specifically, Cardoso 
and colleagues found that each hour of delay 
in ICU admission of deteriorating patients was 
associated with a 1.5% increase in risk of death 
in the ICU and a 1% increase in mortality.8 Two of 
the most important components of early detec-
tion of patient deterioration are education of 
the healthcare team on signs and symptoms of 
deterioration, and the presence of quality wire-
less and wearable continuous monitoring that 
provides the ability of nurses to visualize patient 
change over time. 10,11 Other components such 
as the use of the electronic medical record, 
deterioration scores or indexes,  and safety alerts 
have also been found beneficial.7,12  The best 
performing deterioration algorithms rely on 
accurate and frequent/continuous measurement 
of respiratory rate, pulse rate, blood pressure, 
and temperature.13,14 In particular, many studies 
have found that accurate measurement of re-
spiratory status is the most predictive of patient 
deterioration.12, 15-20 It is important for members 
of the healthcare team as well as electronical-
ly-driven deterioration algorithms to recognize 
specific patterns of respiratory insufficiency and 
to continuously measure the parameters that 
are the most sensitive to change in respiratory 
status. Healthcare systems can no longer afford 
adverse events and unnecessary lengths of stay 
that will not be included in third party reim-
bursements. 

Early detection of patient deterioration on 
the general care floor leads to rapid targeted 
management and can help reduce the need 
for the patient to transfer to a higher level of 
care; thereby reducing hospital length of stay 
and cost while improving survival rates. 21,22 
Rapid-response systems have been put in place 
world-wide to address critical illness outside the 
ICU in patients that have clinically deteriorat-
ed with the aim of preventing serious adverse 
events. 23  Most facilitates now have patient 
safety strategies such as rapid response teams 
that are responsive to the bedside nurses call for 
assistance in assessing a patient who is deterio-
rating.  Rapid response systems are composed 
of an afferent limb that ensures identification of 
the patient who may be deteriorating, and an ef-
ferent arm, which is the response to the patient 
bedside. Numerous studies have been conduct-
ed in the United States and other countries that 
demonstrate failure of the afferent limb and 
the commonality of adverse events and their 
associated disability and death.24-29 Abnormal 
vital signs have been shown in several studies 
to help identify clinical deterioration in patients 
for minutes to hours before the event occurs.30, 
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31 Specifically, changes in respiratory rate has been 
found to be a 1) strong predictor of clinical out-
comes, 2) one of the most sensitive markers of the 
condition of the patient and 3) can be the first sign 
of deterioration in a patient’s condition.32, 33 Respira-
tory rate is subject to assessment by multiple clini-
cians over the course of hospitalization and research 
has demonstrated low sensitivity in the detection of 
bradypnoea and tachypnoea with criterion standard 
measurements with spot assessment as opposed to 
continuous electronic monitoring. 33, 34 Continuous 
electronic monitoring along with astute interpre-
tation of change in respiratory status over time of 
the hospitalized patient housed on the general care 
floor (GCF) will lead to earlier detection of clinical 
deterioration with subsequent earlier initiation of 
the rapid response system.

Measuring Respiratory Status: Oxygenation Versus 
Ventilation
There are five respiratory parameters that can be 
measured electronically on the general care floor. 
They are: respiratory rate (RR), oxygen saturation 
via pulse oximetry (PO), end tidal carbon dioxide 
via capnography (ETCO2), transcutaneous carbon 
dioxide (TCCO), and minute ventilation (MV). Elec-
tronic devices that measure each or a combination 
of these parameters are available and approved for 
clinical use. There are clinical indications for each 
parameter that reflect either a measure of ventila-
tion or oxygenation.  Ventilation is the process of 
exchange of air between the lungs and the ambient 
air. Oxygenation is the process of infusing blood 
with oxygen. Without ventilation, oxygenation can-
not occur.

Measuring Ventilation 
Respiratory rate. There are two ways of measuring 
respiratory rate, (1) visually counting breaths at one 
point in time, or (2) electronically via a device that 
is either measuring chest movement, air movement 
through mouth or nose, or the sound of breath. 

All these types of devices have been found valid 
in counting breaths per minute.  Electronic acous-
tic respiratory rate monitoring has been found to 
reduce adverse events.35   In studies of postopera-
tive respiratory depression, oxygen desaturations 
occurred that were not detected by changes in 
respiratory rate.36, 37   Pairing the respiratory rate 
monitor with pulse oximetry results in increased 
sensitivity for the detection of OIRD (opioid-induced 
respiratory depression). 38 Normal respiratory rate 
for adults <65 years ranges between 12-18 breaths 
per minute (BPM) during wakefulness and increases 
as high as 20 BPM during states of sleep or sedation. 
39  Breathing in states of sleep or sedation should 
remain between 12-20 BPM in patients <60 years of 
age, 12-28 BPM between 65-80 years, and between 
10-30 in patients >80 years of age.40  Assessing re-
spiratory rate should always involve comparison to 
the patient’s baseline and change over time and is a 
more effective measure of respiratory insufficiency 
when combined with other measures of ventilation 
and oxygenation.41 

Respiratory quality. Although continuous respiratory 
rate monitoring has been found to improve pa-
tient safety by aiding in early recognition of patient 
deterioration, nursing assessment of breathing is 
also very important. Electronic monitoring should 
never replace nursing assessments. The ability to 
assess respiratory quality requires attention to 
breathing patterns. When approaching a patient 
to measure respirations, clinicians should first 
visualize the depth, rhythm and rate of breathing. 
Tidal volume, represented by the depth of breath, 
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decreases during sleep thus breathing may appear 
shallower. The rhythm of breathing during wake-
fulness should remain steady, but normal breath-
ing rhythms during REM sleep may be irregular.42 
Medications that cause respiratory depression such 
as benzodiazepines and opioids will increase the 
normal collapsibility of the pharyngeal airway that 
occurs during sleep leading to a change in breath-
ing pattern as well as possible audible snoring.43 

Snoring is the sign of a partially collapsed airway. 
A patient experiencing opioid or sedation induced 
respiratory depression may exhibit a respiratory rate 
below 12 BPM initially, but then as the body com-
pensates, rates may increase to greater than 18 BPM. 
Additionally, tidal volume or depth of breath will be 
shallow, and rhythm will be irregular representing 
pharyngeal collapsibility/apneic events.44, 45 
Clinicians should use their auditory senses to listen 
for snoring, which is a sign of varying degrees of 
pharyngeal collapse.46-48 A patient with sleep dis-
ordered breathing such as obstructive sleep apnea 
will likely exhibit noisy breathing and a distinct 
pattern with pause in breaths for more than 10 
seconds, then a louder snore as they arouse to open 
their airway. 49  Because sleep states pose risks for 
pharyngeal collapsibility that may be increased with 
sedating agents and lack of voluntary control of 
breathing, it is important for clinicians to be extra 
vigilant and use continuous electronic monitoring 
when patients are sleeping to ensure patient safety. 
50, 51  Electronically, quality of breath as well as re-
spiratory rate can be measured using a Respiratory 
Volume Monitor (RVM).

Minute Ventilation. Minute ventilation (MV) is mea-
sured using a respiratory volume monitor (RVM). 
Minute ventilation is calculated using a measure of 
tidal volume (TV) and respiratory rate (RR). The RVM 
uses bio-impedance to provide real-time measure-
ment of MV via electrodes placed at the sternal and 
mid-auxiliary placements. 52  Clinical studies have 
shown that monitoring MV is effective, comfortable 

for the patient, and in some cases more effective 
in detecting OIRD than measuring respiratory rate, 
oxygen saturation, or end tidal CO2. 53-57 Tradition-
ally, the alarm is set at <40% of predicted/normal 
MV for more than 2 minutes. Possible issues with 
the measurement of MV include lack of detection of 
breath in obese patients, electrodes not adhering 
and delivering consistent and accurate readings due 
to chest wall hair. Limits patient mobility! 

Capnography. Arterial carbon dioxide (PaCO2) is 
the gold standard for measuring ventilation, but 
measuring PaCO2 is invasive and not feasible for 
the general care floor. Capnography is a device 
that measures exhaled end tidal carbon dioxide (et 
CO2) levels via a cannula positioned under the nasal 
nares and a scoop that sits over the upper portion of 
the mouth. End tidal carbon dioxide has been vali-
dated as an effective measure of respiratory status 
and can improve patient safety when administered 
opioids. 58, 59  Capnography is more  effective in de-
tecting respiratory depression compared to inter-
mittent every 4-hour pulse oximetry assessments.60 

Other clinical studies have compared capnography 
to pulse oximetry and some have found capnogra-
phy superior in detecting OIRD. 61-63  Barriers to the 
use of capnography on general care units are lack 
of nursing knowledge of the device plus interpret-
ing CO2 levels, cost, availability of equipment, and 
patient adherence. 64, 65  Normal values of end tidal 
CO2 range 35 to 45 mmHg. Monitoring with capnog-
raphy has been found to significantly reduce the 
incidence of OIRD with patient controlled analge-
sia (PCA) by 79% as measured by decreased rapid 
response team (P<.001) and rate of transfers to a 
higher level of care.66

Transcutaneous Carbon Dioxide. 
A device that has more recently been converted 
for use in adults is transcutaneous carbon dioxide 
(tcCO2). The device requires a sensor that is heated 
above body temperature and placed on the surface 
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of the skin. Placement is usually on the earlobe, 
face, or chest. The heating of the sensor allows for 
local arterialization. The temperature of the sensor 
is usually 40°C and 44°C and set according to the 
skin location of the sensor.54, 55 67, 68  In a meta-anal-
ysis by Conway et al, sensor placement and heat 
settings were compared and found that the earlobe 
placement with temperature set >42°C had a higher 
correlation with arterial PaCO2 levels.69 Research has 
shown that there are clinically relevant differences 
between tcCO2 and arterial CO2 in patients with 
poor perfusion. TcCO2 has been validated against 
arterial PCO2 and is effective in the detection of 
respiratory insufficiency when comparing individual 
changes over time. 70

      
Summary. There are several methods for contin-
uous electronic monitoring of respiratory status. 
Choosing the most patient-centric, sensitive, and 
feasible method is key in early detection of patient 
deterioration. Preferred patient-centric choices are 
the devices that the patient is more likely to comply 
with wearing. Devices such as capnography require 
a cannula that gets in the way of conversations, 
eating, and sleeping comfortably. Additionally, de-
vices that tether the patient to the bed decrease the 
likelihood of compliance with wearing continuously 
and interfere with safe ambulation. Recognizing 
that measures of ventilation, as opposed to oxygen-

ation, have higher sensitivity for measurement of 
respiratory status which, should play an important 
role in choosing the best device for the patient’s 
conditions. Feasibility and availability are probably 
two of the most limiting factors. Most hospitals have 
limited availability to capnography, transcutaneous 
CO2 devices, and minute ventilation on the general 
care floors. Additionally, nurses require significant 
training on these newer and more novel measures 
of ventilation, leaving the combination of oxygen 
saturation with respiratory rate monitoring the most 
accessible and feasible option. Hospitals must be 
committed to improved patient safety and add the 
devices and training to the budgets. 

Measuring Oxygenation
Oxygen saturation. Pulse oximetry devices measure 
the percentage of hemoglobin bound with oxygen 
in arterial blood. Sites of measurement are usually 
the finger, ear lobe, toe, or lateral nares. Normal ox-
ygen saturation levels range 95-100% while awake 
and >92% when asleep. Elderly patients may exhibit 
normal awake oxygen levels as low as 91%.71 In gen-
eral, an oxygen saturation of less than 90% for more 
than 15 seconds is considered clinically relevant. 
According to the American Academy of Sleep Med-
icine, repeated oxygen desaturations of 3% from 
baseline for greater than 10 seconds is clinically rele-
vant and associated with poor health outcomes.72 
59 There is sufficient research and expert consensus 
recommending the use of pulse oximetry to detect 
OIRD with opioid-based therapies following sur-
gery. 62, 63  Continuous nocturnal pulse oximetry has 
been found to be a reliable screening procedure 
for detecting obstructive sleep apnea in patients 
not wearing supplemental oxygen.78 In the hospital 
setting, the alarm threshold is usually set at <90% 
SpO2, but some studies have found that a threshold 
of 88% may decrease alarm fatigue and be sensitive 
enough to avoid opioid related events. 79 The use 
of supplemental oxygen can blunt the accuracy of 
detecting respiratory depression when monitoring 
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oxygen desaturation. 62, 80-83 

Summary. Although there are devices that measure 
just one parameter, research has found that measur-
ing multiple parameters is more sensitive than one 
single parameter.84 For example, patients are able to 
maintain near normal oxygen saturation for a period 
of time during clinically relevant hypoventilation. 
Thus, an earlier indicator of hypoventilation is com-
bining the measurement of respiratory rate with 
oxygen saturation or using other methods of mea-
suring ventilation. Other considerations for imple-
menting continuous electronic monitoring on the 
general care floor are related to the development 
of hospital policies that empower nurses to initiate 
electronic monitoring using nursing judgement for 
patients at risk, staff education on the use of the 
monitoring devices and the underlying physiology 
of respiratory depression, as well as the interpreta-
tion of monitor waveforms and clinical data. 

Pathophysiology of three main patterns of 
respiratory insufficiency in the hospitalized 
patient
There are three main patterns of respirations seen 
on the general care floor that are signs of respira-
tory insufficiency and patient deterioration; all are 
best detected by continuous electronic respiratory 
monitoring.  

Pattern I is usually seen in sepsis, congestive heart 
failure, aspiration and/or pulmonary emboli. The 
physiology is the replacement of normal functional 
residual capacity (FRC) in or around the lungs with 
fluid, inflammatory or infectious factors. The respi-
ratory parameter that is most affected is respiratory 
rate. Compensatory mechanisms will induce an 
increase in respiratory rate to compensate for the 
decrease in FRC. Pattern I will initially present with 
slowly increasing respiratory rate, then as the FRC 
fills with fluid or infectious material, the oxygen sat-
uration will begin to fall and respiratory alkalosis will 

develop. During this phase, the patient may report 
some mild dyspnea and/or anxiety.

Pattern II is typically seen with medication induced 
hypoventilation. The hypoventilation results in 
buildup of carbon dioxide. Escalation of hypoventi-
lation, not responsive to rising carbon dioxide levels, 
will result in CO2 necrosis, severe respiratory acidosis 
and respiratory arrest. Patients who are successfully 
compensating from medication induced hypoventi-
lation will exhibit increasing respiratory rate that al-
lows for increased exhalation of carbon dioxide. The 
use of continuous respiratory rate/ventilation mon-
itoring is necessary to capture respiratory changes 
over time and ensures the patient experiences 
adequate compensation. Although most patient’s 
natural respiratory drive will compensate to the 
depression of the central respiratory centers, there 
are up to 4% of hospitalized patients who receive 
opioids and are incapable of adequate compensa-
tion. Unfortunately, prediction and risk stratification 
of those patients is not always accurate, thus contin-
uous monitoring of respiratory status is necessary to 
assure patient safety.

Pattern III occurs in patients with undiagnosed sleep 
apnea with slow arousal threshold.85 Obstructive 
sleep apnea occurs as the result of collapsibility of 
the pharyngeal airway. During states of sleep or 
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sedation, everyone experiences some level of pha-
ryngeal collapsibility. In some patients with smaller, 
shorter, more crowded airways, the collapse limits 
airflow resulting in oxygen desaturation. Chemore-
ceptors will respond to decreasing SpO2 by causing 
an arousal from sleep, thus resulting in an increase 
in pharyngeal muscle tone. Unfortunate for some 
patients, the arousal response is delayed resulting 
in dangerously low SpO2 levels and retention of 
carbon dioxide. This situation is called impaired 
arousal threshold, and can result in respiratory 
arrest (found dead in bed) especially in the setting 
of opioid and other sedating medications. Without 
continuous monitoring, this condition is not often 
discovered. With continuous monitoring, the hos-
pital health care team can become very frustrated 
with recurrent oxygen desaturation and respiratory 
rate alarms. The best treatment for this condition is 
positive airway pressure therapy and decreasing the 
amount of sedating medications, not ignoring or 
silencing the alarms.

Examine the cost implications for instituting best 
monitoring practices for monitoring respiratory 
status in the hospitalized patient
Patients who experience an adverse respiratory 
event during hospitalization have higher hospital 
costs and longer lengths of stay that result in a 
higher incremental cost of complication of between 
$3,000 and $38,000 cost per patient stay.87-89  The 
implementation of continuous electronic monitor-
ing of respiratory status of the hospitalized patient 
is slowly becoming a standard of care as opposed 
to 2- or 4-hour spot check of vital signs.  There exists 
a potential for continuous monitoring of patients’ 
respiratory status to have a significant economic 
benefit in addition to clinical benefits. In this age 
of healthcare reimbursement moving away from 
fee-for-service and towards value-based payments, 
decreasing adverse events with earlier detection of 
patient deterioration using continuous respiratory 
monitoring is essential.90 

Unfortunately, instituting continuous monitoring 
requires significant cost related to the purchase of 
equipment and training of staff.86 Defending the 
financial investment of implementing continuous 
respiratory monitoring devices into a standard 
of care on the general care floor requires careful 
investigation of the cost of care of the patient who 
has experienced deterioration or an adverse event. 
Intensive care unit cost and reimbursement has 
been studied extensively as they are considered 
to be the most expensive units within hospitals 
representing an estimated 27% of Medicare cost.91  
A substantial burden on the health care systems 
is placed by patients housed in ICUs with spend-
ing exceeding $80 billion per year, representing 
approximately 3% of all health care spending and 
nearly 1% of the US gross domestic product.93 
Many hospitals are admitting low risk of mortality 
patients to ICUs for cardiac or respiratory monitor-
ing when continuous monitoring is not available 
on the general care floor.94 

In a study conducted by McGrath and colleagues, 
wireless patient sensors and pulse oximetry-based 
surveillance system monitors with advanced 
display and information system capabilities were 
introduced to the GCF.95 Data collection included 
patient characteristics, vital sign documentation, 
monitor alarm, workflow, and system utilization for 
a period of 5 months before and five months after 
system implementation with an accompanied staff 
satisfaction survey.95 Comparison unit data for the 
same period was also collected and analyzed for 
the identical time period. 90 Statistical analysis to 
examine differences pre-and post-study for both 
target and control groups was performed and re-
vealed a reduced average vital sign collection time 
of 28%, with an increase in patient monitoring 
time (rate ratio 1.22) and real-time accuracy of pa-
tient information.95 This study was unique in that 
it was inclusive of a staff satisfaction survey with a 
65% response rate and revealed overall system sat-
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isfaction ratings of 4 or 5 on the 5-point scale were 
79% for Licensed Nurse Assistants and 78% for RN’s. 

Associated costs with continuous monitoring of pa-
tients on the GCF including hardware costs, hospital 
charges and fees need to be considered in any anal-
ysis of the benefits, however this has not been wide-
ly studied. Slight and colleagues conducted a 5-year 
return on investment study utilizing a monitoring 
unit which collected data and compared it to previ-
ous data during a 9-month period measuring heart 
rate, respiratory rate, and bed movement.92  This 
study demonstrated savings between $3,268,000 
(conservative model B, which was based on the cost 
of care on the last day of stay) and $9,089,000 (base 
model A which estimated the total cost savings 
on length of stay (LOS), ICU LOS, and treatment of 
pressure ulcers), given an 80% prospective reim-
bursement rate. The study reported a net benefit 
of between $2,687,000 ($658,000 annualized) and 
$8,508,000 ($2,085,000 annualized), with the hos-
pital breaking even on the investment after 0.5 and 
0.75 of a year, respectively. The average net benefit 
of implementing the system ranged from $224 per 
patient (model B) to $710 per patient (model A) per 
year.92 

Studying the relationship between cost and im-
provement in patient outcomes has been found to 
be complex and may involve shifting the focus from 
volume to value. In a cost-effectiveness analysis 
involving continuous patient monitoring conducted 
at Dartmouth-Hitchcock Medical Center, expan-
sion of patient surveillance through continuous 
monitoring found that cost-effectiveness depend-
ed upon the impact of patient surveillance. The 
model was based upon reduction of ICU transfers 
and days spent in the ICU. Implementation costs 
for a 36-bed unit amounted to $167,993,993, with 
a $58,261 annual cost.96 Prior to the introduction of 
patient surveillance, the length of stay of a patient 
transferred from the ICU was 24.39 (7.67 days in 

ICU plus 16.72 days on the GCF) and afterwards the 
average LOS dropped to 19.32 days (3.87 days in 
the ICU plus 13.45 days on the GCF). This amounted 
to $1,479,012 for the initial study unit and influ-
enced the ICU bed supply in terms of availability.96 

It should be noted that this study also included 
increased surveillance on a medical unit with no 
realization in decreased cost, but an increase in cost 
with no association in change in outcome. Cost 
savings may also be realized by refined algorithms 
which will allow for more patients to be cared for 
with fewer clinicians.97 
 
Summary
The healthcare industry in general has accepted 
patient safety as a priority at every patient encoun-
ter. Patients are hospitalized as they are not safe 
to recover at home and expect that the healthcare 
team continuous presence while hospitalized will 
improve their chances of recovery. Unfortunately, 
adverse events continue to occur and most are 
characterized by respiratory deterioration. It is time 
for hospitals to recognize the benefits of continu-
ous electronic (respiratory) monitoring in the early 
detection of patient deterioration. There is evidence 
that instituting electronic monitoring on the gen-
eral care floor is cost effective, acceptable to the 
patient and hospital staff, and clinically effective.
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