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BACKGROUND: The traditional paradigm of hospital surgical ward care consists of episodic 
bedside visits by providers with periodic perusals of the patient’s electronic health record (EHR). 
Vital signs and laboratory results are directly pushed to the EHR but not to providers themselves. 
Results that require intervention may not be recognized for hours. Remote surveillance programs 
continuously monitor electronic data and provide automatic alerts that can be routed to multidis-
ciplinary providers. Such programs have not been explored in surgical general care wards.
METHODS: We performed a quality improvement observational study of otolaryngology and 
ophthalmology patients on a general care ward from October 2017 to March 2019 during night-
time hours (17:00–07:00). The study was initiated due to the loss of on-site anesthesiology 
resources that historically helped respond to acute physiologic deterioration events. We imple-
mented a remote surveillance software program to continuously monitor patients for severe 
vital signs and laboratory abnormalities and automatically alert the ward team and a remote 
critical care anesthesiology team. The primary end point was the true positive rate, defined as 
the proportion of alerts that were associated with a downstream action that changed the care 
of the patient. This was determined using systematic chart review. The secondary end point, as 
a measure of alarm fatigue, was the average number of alerts per clinician shift.
RESULTS: The software monitored 3926 hospital visits and analyzed 1,560,999 vitals signs 
and 16,635 laboratories. It generated 151 alerts, averaging 2.6 alerts per week. Of these, 143 
(94.7%) were numerically accurate and 8 (5.3%) were inaccurate. Hypoxemia with oxygen satura-
tion <88% was the most common etiology (92, 63%) followed by tachycardia >130 beats per 
minute (19, 13.3%). Among the accurate alerts, 133 (88.1%) were true positives with an associ-
ated clinical action. Actions included a change in management 113 (67.7%), new diagnostic test 
26 (15.6%), change in discharge planning 20 (12.0%), and change in level of care to the intensive 
care unit (ICU) 8 (4.8%). As a measure of alarm fatigue, there were 0.4 alerts per clinician shift.
CONCLUSIONS: In a surgical general care ward, a remote surveillance software program that 
continually and automatically monitors physiologic data streams from the EHR and alerts multi-
disciplinary providers for severe derangements provided highly actionable alarms at a rate that 
is unlikely to cause alarm fatigue. Such programs are feasible and could be used to change the 
paradigm of monitoring.  (Anesth Analg 2021;133:933–9)

KEY POINTS
•	 Question: Can a remote surveillance software program that monitors surgical ward patients 

for physiologic derangement provide actionable alerts without alarm fatigue to a multidisci-
plinary team?

•	 Findings: The program generated 151 alerts, 94.1% of which were numerically accurate. 
Among alerts, 88.1% were clinically actionable alerts leading to a change in patient manage-
ment, diagnostic work-up, discharge planning, or triage to an intensive care unit (ICU). There 
were 0.4 alerts per clinician shift.

•	 Meaning: A remote surveillance software program that continually monitors surgical ward 
patients for physiologic derangement can provide real-time alerts to a multidisciplinary team 
that is clinically useful without alarm fatigue.
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GLOSSARY
ASA = American Society of Anesthesiologists; BMI = body mass index; bpm = beats per minute; 
ED = emergency department; EHR = electronic health record; Hgb = hemoglobin; HR = heart 
rate; ICU = intensive care unit; QI = quality improvement; RSSP = remote surveillance software 
program; SBP = systolic blood pressure; SD = standard deviation; Spo2 = oxygen saturation; 
STROBE = Strengthening the Reporting of Observational Studies in Epidemiology

Care in hospital wards relies on the physical 
presence of clinicians to evaluate patients at 
the bedside while maintaining a team of anes-

thesiologists and/or intensivists on-site for patients 
who experience acute physiologic deterioration. 
Hospitalized surgical patients are increasingly elderly 
and medically comorbid, as healthier patients are 
receiving surgery in ambulatory settings.1–3 Nighttime 
coverage is often sparse with surgical teams spread 
across the hospital and responsible for a large vol-
ume of patients. Critical care teams are usually not 
involved until a patient decompensates.

Bedside monitors have been challenged by highly 
sensitive but nonspecific alerts, leading to low action-
ability and alarm fatigue among providers.4–6 Their 
alarms are also only detectable to staff who are within 
earshot. A new opportunity exists as a result of elec-
tronic health records (EHRs), which enable the contin-
uous delivery of electronic vital signs and laboratory 
data to the patient’s record. Despite this opportunity, 
most clinicians must search for data as it does not 
arrive to them automatically and synchronously to 
when it is recorded.

In this challenging environment, failure to rescue 
events has increased.7–10 These trends suggest the 
need for reevaluation of the traditional monitoring 
and alerting approach.11 One such approach being 
tested are software programs that automatically 
rove the EHR and provide alerts directly to provid-
ers for out-of-threshold values of clinical parameters. 
Examples of this innovation have been tested in the 
operating room setting and, most recently, on obstet-
rical wards.12–15 There have been no studies to exam-
ine such a system in the postoperative inpatient ward 
setting.

We designed and implemented a remote surveil-
lance software program (RSSP) with the ability to 
continuously survey data from the EHR to detect 
physiologic derangements and automatically alert a 
multidisciplinary team. The RSSP was implemented 
in a surgical inpatient general care ward where there 
were limited staffing resources during nighttime 
hours. The motivation for the study on this ward 
was a loss of on-site anesthesia support for emer-
gency physiologic deteriorations at nighttime, which 
occurred just before the initiation of the study. The 
RSSP was designed to alert members of the team on 
the ward and a critical care team of anesthesiologists 

located remotely. We evaluated the feasibility of such 
a program to provide clinically useful data without 
alarm fatigue. The primary end point of the study was 
the true positive rate, defined as proportion of alerts 
that led to a change in management of the patient, and 
the secondary end point of the study was the overall 
frequency of alerts per clinician shift.

METHODS
This project was a quality improvement (QI) initiative 
and was therefore exempt from institutional review 
board approval as determined by minimal risk stan-
dards established by our institution. Patient consent 
was waived. The patient inclusion, exclusion, primary 
outcome, secondary outcomes, and statistical analysis 
plan were prespecified and available on reviewers’ 
request. The study is reported in consultation with the 
Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) recommendations.

Intervention
The RSSP was a software program designed by mem-
bers of the study team in conjunction with mem-
bers of the team from AlertWatch LLC (Ann Arbor, 
MI). The study team was responsible for identify-
ing data parameters, defining alert thresholds, and 
determining which team members would be alerted. 
AlertWatch was responsible for receiving physiologic 
data, generating alerts, and routing them to recipi-
ents. A schema demonstrating the RSSP’s data acqui-
sition process, alert parameters, thresholds, and alert 
routing is shown in Figure 1. The RSSP supplemented 
existing standard of care and did not replace or elimi-
nate any existing monitoring systems, alerts, or com-
munication protocols.

Study Population and Design
This was a single-center study conducted at a large 
academic medical center. We included patients who 
were admitted to the otolaryngology and ophthal-
mology 24-bed inpatient ward in an inpatient infir-
mary adjacent to our main hospital. Patients on the 
inpatient ward were cared for by a bedside nurse and 
an otolaryngology or ophthalmology resident, who 
was also responsible for consultations in the emer-
gency department (ED) and throughout the hospital 
at nighttime. There is a physical connection between 
the main hospital and the infirmary but the inpatient 



E  Original Clinical Research Report

October 2021 • Volume 133 • Number 4	 www.anesthesia-analgesia.org	 935

ward being studied is approximately ¼ of a mile away 
from the critical care physicians who were alerted by 
the RSSP.

Patients admitted to the inpatient ward consisted 
of pre, -post-, and nonoperative patients and many 
patients were postoperative for head and neck tumor 
removal. Patients were excluded if they were <18 
years old.

The intervention cohort was defined as all patients 
who were admitted to the inpatient ward from 
October 1, 2017 to March 31, 2019 during the hours 
from 17:00 to 07:00 7 days per week. The RSSP was 

intended to send an alert page to the recipients speci-
fied above for all abnormalities detected in the inter-
vention cohort.

Outcomes
The accuracy of the alerts was defined as the propor-
tion of alerts paged by the RSSP that were confirmed 
to be numerically correct. These were confirmed 
by chart review of vital signs and laboratory docu-
mentation and nursing notes (Supplemental Digital 
Content, Appendix Figure 1, http://links.lww.com/
AA/D440).

Figure 1. Design of the remote software surveillance program. EHR indicates electronic health record; Hgb, hemoglobin; HR, heart rate; ICU, 
intensive care unit; SBP, systolic blood pressure; Spo2, oxygen saturation.

http://links.lww.com/AA/D440
http://links.lww.com/AA/D440
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The primary outcome of the study was the clini-
cal actionability of alerts. This was defined as the true 
positive rate of alerts, which was the proportion of 
alerts that were clinically actionable. An alert was cat-
egorized as clinically actionable if it was associated 
with an action by the clinical team that changed the 
care of a patient, including a new diagnostic test or 
treatment, triage to a higher level of care, or change in 
the patient’s discharge planning. Clinical actions were 
identified by a member of the study team via chart 
review guided by the algorithm in Supplemental 
Digital Content, Appendix Figure 1, http://links.
lww.com/AA/D440.

The secondary outcome of the study was the fre-
quency of alerts per clinician shift. This outcome was 
intended to measure the possibility of alarm fatigue.

Statistical Analysis
This study is primarily focused on descriptive sum-
maries. Analysis was conducted for demograph-
ics, covariates, and all adverse event outcomes. 
Numeric variables were summarized using means 
and standard deviations (SDs). Categorical vari-
ables were summarized using frequencies and 
percentages. All analyses were performed using 
R statistical software V 3.2.6 and Rstudio V1.0 
(Rstudio Inc, Boston, MA).

RESULTS
The RSSP monitored a total of 3934 unique patients 
during the study period from 17:00 to 07:00. 
Demographic characteristics of patients during the 
study period are summarized in Table 1.

The RSSP analyzed in total 1,560,999 vital signs 
and 16,635 laboratory results during the study period 
(1711.6 per day and 18.2 per day on average, respec-
tively). Overall, 151 alerts were generated and paged 
to recipients, including 120 abnormal vital sign events 
and 31 abnormal laboratory events. Among the 151 
alerts that were paged (2.6 alerts per week), 143 
(94.7%) were numerically accurate and 8 (5.3%) were 
inaccurate.

Table  2 demonstrates the etiology of accurate 
alerts. The most common etiology was hypoxemia, 
which represented over half of all alerts (92; 63%). 
Hyperkalemia was the least common etiology (2; 1%).

Figure 2 demonstrates the primary and second-
ary study outcomes related to feasibility, includ-
ing the clinical actionability of alerts (true positive 
rate) and alarm fatigue (average number of alerts 
per clinician shift). Overall, the majority of alerts 
were true positives (133; 88.1%). The most common 
clinical action related to the alert was a change in 
management/intervention (113; 67.7%). In terms of 
alarm fatigue, there was an average of 0.4 alerts per 
clinician shift.

DISCUSSION
We evaluated a remote surveillance program that 
monitored patients on a surgical ward at nighttime 
and sent alerts for significant physiologic and labo-
ratory derangements to a multidisciplinary team. 
We found that the RSSP provided alerts that were 
accurate at a rate of 94.7%. The majority of time the 
alerts were true positives (88.1% led to a change in 
the patient’s care). Further, there was low concern for 
alarm fatigue with an average of 0.4 alerts per clini-
cian shift. Finally, the RSSP was implemented on the 
surgical ward for this study because at the start of the 
study period there was a reduction in nighttime on-
site anesthesiologists to manage patients experienc-
ing acute decompensation.

Our findings add to the literature on RSSPs docu-
menting an increase in awareness of patient’s physi-
ologic events. Prior studies have demonstrated that 
such systems can provide useful alerts in the operat-
ing room and on the labor and delivery unit for post-
partum patients.12,14 Our study included patients on 
the surgical general ward and establishes the feasibil-
ity of such a system to provide actionable alerts that 
lead to changes in patient care without causing alarm 
fatigue.

In addition, the impact of an RSSP on the general 
care ward may be even greater than in the operating 
room setting or intensive care unit (ICU) given the 
smaller ratios of patients to clinicians and the lower 

Table 1. Patient Demographics and Baseline 
Clinical Characteristics
 Postintervention
Variables\no. of patients n = 3934
Age 58.8 (17.3)
Sex: male (%) 1716 (43.7%)
BMI 27.7 (7.5)
ASA physical status (%)
  I 141 (12.8)
  II 716 (64.8)
  III 246 (22.3)
  IV 2 (0.2)

Numeric variables including age and BMI are summarized using mean and 
standard deviations; categorical variables including sex and insurance. Sta-
tus is summarized using frequencies and percentages.
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass 
index.

Table 2. Number and Proportion of Alerts by 
Parameter
Alert parameter n (%)
Oxygen saturation (<88%) 92 (63)
Heart rate (>130 bpm) 19 (13.3)
Systolic blood pressure (<80 mm Hg) 3 (4)
Glucose (>350 mg/dL) 17 (12)
Hemoglobin (<7 g/dL) 10 (7)
Potassium (>6 mEq/L) 2 (1)

Abbreviation: bpm, beats per minute.

http://links.lww.com/AA/D440
http://links.lww.com/AA/D440
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frequency of obtainment of physiologic data. These 
factors increase the risk of failure to rescue events. 
The advantage of an RSSP is that it automatically and 
synchronously detects valuable clinical data values 
and provides immediate alerts that can be routed to 
any provider in any location. Such a system can over-
come inefficiencies of traditional monitoring systems 
that require physical presence near devices connected 
to the patient or asynchronous pursual of the EHR by 
the provider.

Such systems also enable a multidisciplinary care 
team to receive the same information and convene 

around the patient when such events occur, which 
may lead to more efficient consultation involvement 
of teams with expertise in managing acute deranged 
physiology. In our study, a team of anesthesia inten-
sivists was alerted in parallel with the primary team. 
The RSSP can lead to earlier awareness and proactive 
collaboration between the teams before significant 
deterioration. RSSPs should be explored as a method 
to improve the consultation mechanisms of anesthesi-
ologists and intensivists in hospitals.

We selected the general care ward in this study 
to implement the RSSP due to the loss of anesthesia 

Figure 2. Alert volume, frequency, accuracy, and actionability.
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personnel during nighttime hours that occurred just 
before the study period. Hospital clinical leadership 
believed that the RSSP could help support the clini-
cal staff that remained in the hospital to recognize the 
acute physiologic deterioration of patients at night-
time despite the loss of personnel. Their hypothesis 
was that the RSSP could maintain or improve safety 
by increasing real-time awareness and collaboration 
of the primary surgical team with a remote anesthe-
sia critical care team. Our study was not powered to 
test this hypothesis, though it represents an important 
future direction. Future studies should be designed to 
determine whether remote surveillance technologies 
can maintain or even reduce adverse events, such as 
cardiopulmonary arrests, rapid responses, or triage to 
the ICU.

One important challenge in designing an RSSP that 
we encountered in this study was the limitation in the 
frequency of vital sign attainment and the timing with 
which they were entered at the bedside. The nurse or 
technician had to manually obtain and then validate 
them through the push of a button or by entering them 
in the patient’s record.14,15 Every 4 hours or even less, 
frequent manual obtainment and validation of vital 
signs are typical for general care wards at most hos-
pitals. The benefit of the RSSP consuming these vital 
signs was that the data were validated before being 
entered in the EHR and thus detected by the RSSP. 
This likely led to the high accuracy of alerts that we 
observed, which has been a struggle for other systems 
that deal with more frequent and unvalidated data.

Thus, there were significant intervals where a 
patient may not be monitored. To address this chal-
lenge, wearable sensors that noninvasively measure 
vital signs and other physiologic data continuously 
should be considered. Others using continuous 
remote monitoring with novel mobile sensors have 
shown that they can detect pneumonia, atrial fibril-
lation, and other clinical conditions in general care 
ward patients.16,17 Such an arrangement could signifi-
cantly augment the ability of RSSPs to reduce failure 
to rescue events, though careful attention would be 
needed to ensure that alarms are of manageable fre-
quency and highly actionable.

This study has limitations. This is a single-center 
experience in a specialty surgical population, and as 
such, the results may not be generalizable to other 
institutions or populations. In addition, we were not 
able to comment on the false-negative rate of the sys-
tem. For example, the RSSP obtained vital signs every 
15 minutes and used the latest recorded vital sign to 
determine whether an alert would be sent. Thus, a 
vital sign out of range that occurred earlier than the 
last vital sign obtained by the RSSP over the 15-min-
ute interval could have been beyond threshold. This 
could be considered a false negative.

In conclusion, remote surveillance software 
appears to improve the traditional paradigm on gen-
eral care ward patient monitoring by taking advan-
tage of electronic data streams in the EHR. Such a 
program can also enable proactive consultations 
from the anesthesia critical care team. We found that 
such a system is feasible to implement and can be 
designed in a manner that provides a manageable 
number of alerts that are highly actionable with sub-
stantive changes to the patient’s care pathway. These 
systems may play an increasingly vital role in the 
quality and safety fabric of surgical care in hospitals 
given the increasingly complex and elderly inpatient 
population. E
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