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surgical patients and associated with complications in the postoperative

period. The implementation of a preoperative universal screening process

using the STOP-BANG questionnaire to identify patients at high risk for

OSA provides opportunities for improved management.
Design: A pre-post design was used to evaluate screening compliance

rates.
Methods: This initiative included staff education, which included the pro-

cess for evaluating and documenting STOP-BANG scores. The data were

collected via a chart review of the electronic medical record (EMR).
Findings: The rate of screening for OSA doubled after implementation of

this initiative, and compliance with STOP-BANG questionnaire screening

was 66.1%. High-risk designation in the EMR was 73.0%. Nearly half of

the patients screened were found to be at high risk for OSA.
Conclusions: Implementation of a universal screening initiative for pa-

tients and design for the EMR improves compliance with screening and

identification of patients at high risk for OSA.

Keywords: obstructive sleep apnea, STOP-BANG questionnaire, quality

improvement, preanesthesia testing, electronic medical record.
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PATIENTS SCHEDULED FOR surgery who pre-

sent for in-person preanesthesia evaluation at the

main preanesthesia testing (PAT) clinic for a large

academic medical center frequently have clinical
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characteristics that confer an elevated risk for

obstructive sleep apnea (OSA). Before the intro-

duction of this quality improvement initiative,

there was no formal evidence-based screening for
OSA performed in the PAT clinic. The assessment

and documentation of OSA risk was nonstandar-

dized among providers.
Background

OSA is a disorder caused by the obstruction of the
upper airway structures during sleep. It is charac-

terized by periods of complete or partial airway

obstruction from relaxed pharyngeal tissue that

result in intrathoracic pressure changes, disrup-

tions to oxygenation, and fragmented sleep.1

OSA is associated with a multitude of negative

physiological effects, including intermittent
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hypoxemia during sleep, endothelial dysfunction,

reduced availability of nitric oxide, resistance to in-

sulin, systemic inflammation, increased oxidative

stress, and hypercoagulability.2 OSA severity is

categorized using the apnea-hypopnea index,
which quantifies the number of apnea and hypo-

pnea events per hour of sleep.3 Current estimates

of the prevalence of clinically significant OSA,

defined as apnea-hypopnea index greater than or

equal to 15 events per hour, range from 6% to

17% in the general adult population.4 However, ac-

cording to an examination of an adult surgical pop-

ulation by Singh et al,5 more than 70% of patients
in the study population met criteria for OSA, and

more than 80% of these patients were previously

undiagnosed.

In order for patients with OSA to receive appro-

priate care and management in the perioperative

period, high-risk patients should be identified pre-

operatively. According to guidelines from the
American College of Physicians,6 diagnosis of

OSA in adults optimally requires a polysomnogra-

phy test, an in-laboratory sleep study that is both

resource intensive and subject to scheduling avail-

ability. Characteristics of definitive testing for OSA

via polysomnography such as scheduling availabil-

ity and resources and patient discomfort limit its

usefulness for preoperative diagnosis of OSA in
the often short period between PATand the sched-

uled elective surgery. The STOP-BANG question-

naire was validated as an alternative to

polysomnography testing to provide an easier,

more rapid, and less resource-intensive method

of identifying patients at high risk for OSA. It con-

sists of eight yes/no items and was created as an

easy-to-use tool to screen for OSA in surgical pa-
tients.7 A patient’s OSA risk is categorized based

on this score. A score of three or greater is associ-

ated with a sensitivity of 93% and negative predic-

tive value of 90% for the detection of moderate to

severe OSA.8 STOP-BANG scores of three or

greater have been shown to correlate directly

with an increased risk of perioperative respiratory

complications9,10 and prolonged hospital length of
stay.10

Anesthesia medications used in the perioperative

setting and the residual effects of medications

and general anesthetics may increase the risk for

airway obstruction by decreasing upper airway

tone, depressing respiratory chemosensitivity,
and preventing normal arousal from sleep.11 OSA

patients exhibit alterations in sleep efficiency

and rapid eye movement sleep for up to 1 week

postoperatively.12 These postoperative alterations

in sleep patterns are closely associated with exac-
erbations in the clinical manifestations of OSA,

specifically the number of episodes of apnea and

hypopnea observed in these patients,12 and with

numerous postoperative complications. These

complications include an increased risk for hypox-

emia,13 acute respiratory failure and postoperative

cardiac events,14 pulmonary embolism and in-

hospital mortality,15 delirium,16 extended hospital
length of stays,13 and increased time in the posta-

nesthesia care unit.17

A large multisite study by Corso et al18 showed the

wide-scale implementation of the STOP-BANG

questionnaire for the screening of all elective sur-

gery patients to be both feasible and organization-

ally sustainable. Corso et al18 concluded that to
appropriately plan a patient’s perioperative care,

it is vital to ensure that every patient scheduled

for surgery be screened for OSA. Recently

published guidelines from the Society of Anes-

thesia and Sleep Medicine19 concur and recom-

mend practice groups considered for screening

OSA as part of the standard preanesthetic

evaluation. Routine screening provides opportu-
nities for increased awareness and possible

risk reduction through the implementation of

appropriate interventions in the perioperative

period.19
Purpose

The purpose of this initiative was to improve the

preoperative identification of PAT clinic patients

at risk for OSA by implementing an evidence-

based, universal systematic screening process us-

ing the STOP-BANG questionnaire. This initiative

also sought to improve anesthesia providers’

awareness of these patients on the day of surgery

by introducing a Risk factors for sleep apnea

designation in the electronic medical record

(EMR). As part of this initiative, providers in the

preanesthetic clinic were instructed to manually

select this designation for patients with STOP-

BANG scores of four or greater to clearly commu-

nicate these patients’ risk status (Table 1).



Table 1. Procedures for Protocol Preparation and Implementation

Components
of Innovation Steps

Preparation

Staff education � PowerPoint (Microsoft Corporation, Redmond,WA) presentation to clinic staff inMay2016

- Topics: pathophysiology and prevalence of OSA, association between OSA and post-

operative complications, introduction to STOP-BANG questionnaire, and review of

proposed screening protocol

� One-on-one EMR education with clinic providers

- Topics: review of location and documentation of STOP-BANG questionnaire in EMR,

criteria for high risk for OSA status, and documentation of high risk for OSA designation

Clinic preparation � Disposable paper tape measures located in patient assessment areas

� Tutorial signs in patient intake area for neck circumference measurement

� Reminder signs on monitors to promote STOP-BANG questionnaire completion

Implementation

STOP-BANG

questionnaire

screening process

� Nursing assistants obtain and document neck circumference during patient intake

� EMR autopopulates remaining demographic elements of STOP-BANG questionnaire

� Providers complete clinical STOP-BANG questionnaire elements during patient interview

� EMR automatically generates STOP-BANG score and transfers score to PAT note

High-risk

designation

process

� For patients with STOP-BANG score of , 4:

- Patients are not at high risk for OSA

- No additional documentation by providers in EMR

� For patients with STOP-BANG score of $4:

- Patients are at high risk for OSA

- Providers select Risk factors for sleep apnea designation

- EMR automatically creates Risk factors for sleep apnea alert on PAT note

Day of surgery � Patient presents for scheduled elective surgery

� PAT note in EMR reviewed by anesthesia team preoperatively

� Anesthesia team members alerted to patient’s high risk for OSA status, when applicable

OSA, obstructive sleep apnea; EMR, electronic medical record; PAT, preanesthesia testing.
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Methods

Design

A two-group design was used to determine compli-

ance with the systematic screening intervention

and assess the effectiveness of identification of pa-

tients at high risk for OSA using the Risk factors for

sleep apnea designation.

Aims

The aims for this quality improvement initiative

were as follows:

1. To increase the proportion of patients screened
for OSA using the STOP-BANG questionnaire.

2. To evaluate compliance with the STOP-

BANG screening tool.
3. Toincreasethenumberofpatientsidentifiedbythe

PAT providers as high risk for OSA using the Risk

factors for sleep apnea designation in the EMR.

Sample

Patients scheduled for elective surgery at one of the

medical center facilities who meet the criteria
(Table 2)will undergoaphone interviewwith a regis-

tered nurse associated with the PAT clinic. Patients

who do notmeet these criteria for a phone interview

are required to present for an in-person clinic PAT

visit. The participants selected for this project study

included those who presented for in-person

screening at the PAT clinic only. Patientswere identi-

fied for this study via a review of PAT clinic schedule
records for dates selected in the preimplementation

and postimplementation periods. Beginning with



Table 2. Criteria for Phone Screening at the PAT Clinic*

Acceptable Comorbidities

� Patients scheduled for second procedure within 3mo of previous assessment by PAT, and no patient reported decline

in baseline activity or increase in symptoms frequency, which impact activities of daily living, occurring since the last

medical evaluation

� Controlled diabetes as evidenced by:

- Documented Hgb A1C , 9% within the last 6 mo

- No symptomatic hypoglycemia in the last month

Exclusion criteria

� Age 75 y or older

� BMI .45 kg/m2

� Non-English and non-Spanish speaking or deaf patients

� Scheduled for moderate-risk or high-risk surgery (brain, heart, lung, major abdominal, or surgery with potential for

blood loss .1,000 mL)

� Coronary heart disease or valvular disease resulting in dyspnea, fatigue, or chest pain at rest, with minimal exercise

� Shortness of breath/chest pain at rest or with a single flight of stairs, or with recent deterioration

� Hypertension with either systolic blood pressure .180 or diastolic blood pressure .95

� Cardiac-implanted electronic device (pacemaker, AICD, and LVAD)

� Coronary artery stent placement within 1 y

� Blood clot, stroke, or transient ischemic attach within past 3 mo

� Chronic obstructive pulmonary disease or asthmawith a persistingworsening in cough, wheeze, or pattern of inhaler

use occurring since the last medical evaluation

� Use of home oxygen therapy

� Any anticoagulant or antiplatelet agent with exception of aspirin at a dose of #650 mg/d

� Known bleeding disorder

� Insulin-dependent diabetes with multiorgan involvement

� Dialysis dependent

� Anemia with Hgb , 11 g/dL unless associated with known menorrhagia or related to planned surgery

� Refusal of blood transfusion unless seen by Duke Center for Blood Conservation within 90 d

� Systemic disease that increasingly restricts activities of daily living

� Metastatic cancer currently being treated with chemotherapy and/or radiation

� History of malignant hyperthermia involving patient or family

� Patient reports problems with anesthesia (airway, difficult intubation, and cardiac arrest)

� Pregnancy unless surgery is a pregnancy-related surgery (eg, dilation and evacuation procedure)

� Seizures in last 3 mo

� Carcinoid tumor

PAT, preanesthesia testing; Hgb, hemoglobin; BMI, body mass index; AICD, automatic internal cardiac defibrillator;

LVAD, left ventricular assist device.

*Adapted from Ronald Olson, MD, electronic mail communication, May 2017.
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thefirst patient scheduled for eachday, patientswere

included consecutively until suggested statistical po-

wer of 100 preimplementation and 150 postimple-

mentation patients was met. Patients were

excluded from the study if they were younger than

18 years or were scheduled for endoscopy proced-
ures or electroconvulsive therapy.

Setting

The setting for this initiative was the main

PAT clinic at a large, southern, academic medical
center. The PAT clinic coordinates preanesthesia

screening services for the ambulatory surgery cen-

ter and the associated academic tertiary care hospi-

tal. A multidisciplinary team of health care

providers, including nurse practitioners, physician

assistants, and medical residents perform in-
person preanesthesia evaluations for patients

scheduled for procedures requiring anesthesia. A

total of 43,140 patients were screened through

the medical center’s PAT department in 2016,

including 20,672 in-person evaluations and

22,468 phone screening events (Anthony Basil,
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RN, electronic mail communication, March 2017).

This studywas granted exemption from the institu-

tional review board.

Procedures

The PAT note is a single-page document within

the EMR that contains documentation of all por-

tions of the preanesthesia evaluation, including

the patient’s vital signs, allergies, past medical

and surgical history, medications, and physical

assessment. Alerts related to anesthesia, such

as a history of postoperative nausea and vomit-
ing, diagnosed OSA, or difficult airway are listed

at the top of this form, which is reviewed

by the patient’s anesthesia team on the day of

surgery.

A redesign of the location of the requirements of

the STOP-BANG questionnaire completion was im-

plemented during the project development phase
to address identified concerns from the PAT clinic

providers. The project lead worked closely with

both the clinic’s EMR liaison and the technical

lead of the EMR company to revise the STOP-

BANG questionnaire documentation in the EMR.

Adaptations were necessary to support comple-

tion of the project. These included relocating the

STOP-BANG questionnaire within the EMR to
allow the clinic nursing assistants to document

essential elements of the SB questionnaire (such

as body mass index [BMI] and neck circumfer-

ence) and programming the EMR to autopopulate

these elements into the final SB score in the PAT

note. The final score created an alert for patients

at high risk for OSA as defined by their STOP-

BANG score. This alert was reserved for patients
with a STOP-BANG score of four or greater to opti-

mally balance sensitivity and specificity consid-

ering the demographic characteristics of the PAT

clinic patients and the proven increases in pre-

dicted probability, odds ratio, and specificity for

having OSA associated with higher STOP-BANG

scores.20

The newly designed process for universal

screening and standardized documentation of pa-

tients at high risk for OSA was implemented in

the PAT clinic in July 2016. The steps used for

the launch of this protocol included staff educa-

tion, clinic preparation, and introduction of a

novel process for evaluating and documenting
both STOP-BANG questionnaire results and OSA

risk (Table 1).

Data Collection

Data for the pre- and postimplementation patients

were collected via a manual EMR chart review. De-

mographic information was collected for each pa-

tient (Table 3). The presence or the absence of a

previous diagnosis of OSA as well as five addi-

tional comorbidities that included hypertension,

coronary artery disease, peripheral vascular
disease, chronic kidney disease, and diabetes mel-

litus were collected. This detail provided a

comprehensive impression of the patient’s overall

health. Additional data collected included the sur-

gical service, type of anesthesia, procedure dura-

tion (minutes), and postanesthesia care unit

length of stay (minutes). The presence or the

absence of a STOP-BANG score, was recorded
for all patients. Providers’ use of the Risk factors

for sleep apnea designation was recorded for

the postimplementation group patients. The pres-

ence of evidence for nonstandardized evaluation

for OSA, defined as free-text documentation of

the provider’s assessment of OSA symptoms using

the terms ‘‘snore(s),’’ ‘‘snoring,’’ and ‘‘apnea,’’ was

recorded for the preimplementation group pa-
tients only.

Results

Preimplementation Group

Within the preimplementation group, 19.0% of
patients had a previous OSA diagnosis according

to documentation in the PAT note. Patients

without a previous OSA diagnosis were screened

using a nonstandardized evaluation at a rate of

33.3%. The use of nonstandardized questions

identified 18.5% of patients screened as being at

risk for OSA.

Postimplementation Group

Within the postimplementation group, 19.3% of

patients had a previous OSA diagnosis. Patients

without a previous OSA diagnosis were

screened using the STOP-BANG questionnaire

at a rate of 66.1%, of which 46.3% were found

to have a STOP-BANG score of four or greater,
which represented 30.6% of patients who met

the criteria for STOP-BANG screening in the



Table 3. Descriptive Statistics of PAT Patient Population

Variables

Total N 5 250 (100%)
Preimplementation
Group N 5 100 (40%)

Postimplementation
Group N 5 150 (60%)

Mean (SD)

Age (y) 60.64 (14.03) 61.04 (14.03) 60.37 (14.08)

BMI (kg/m2) 29.05 (6.15) 29.18 (6.46) 28.97 (5.96)

Number of comorbidities 1.36 (1.25) 1.25 (0.44) 1.43 (1.32)

Variables N (%)

Gender

Male 134 (53.6) 52 (52.0) 82 (54.7)

Female 116 (46.4) 48 (48.0) 68 (45.3)

Race

White 177 (70.8) 73 (73.0) 104 (69.3)

Black 57 (22.8) 21 (21.0) 36 (24.0)

Other 16 (6.4) 6 (6.0) 10 (6.7)

ASA

ASA 1 3 (1.2) 0 (0.0) 3 (2.0)

ASA 2 47 (18.8) 16 (16.0) 31 (20.7)

ASA 3 186 (74.4) 79 (79.0) 107 (71.3)

ASA 4 14 (5.6) 5 (5.0) 9 (3.6)

Prior OSA diagnosis

Yes 48 (19.2) 19 (19.0) 29 (19.3)

No 202 (80.8) 81 (81.0) 121 (80.7)

PAT, preanesthesia testing; SD, standard deviation; BMI, bodymass index; ASA, American Society of Anesthesiologists;

OSA, obstructive sleep apnea.
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postimplementation group. Nearly 90% of pa-

tients in the high STOP-BANG score group
were American Society of Anesthesiologists

physical status three or greater, had an average

of 1.84 comorbidities, and the mean BMI for

this group was 30.18 km/m2, which met the

classification of obesity (Table 4). PAT clinic pro-

viders flagged these patients as instructed using

the Risk factors for sleep apnea designation at a

compliance rate of 73.0%.
Discussion

The focus of this initiative was to implement

STOP-BANG screening, develop and implement

a novel high-risk designation within the EMR,
and evaluate compliance with this innovation.

Provider education, integration of the STOP-

BANG questionnaire into provider workflow,

and alterations to the EMR were strategies

used to maximize compliance with this

initiative.
Provider Education and Workflow
Integration

This initiative was designed to maximize provider

participation by optimizing integration within the

existing provider workflow and providing educa-

tion regarding the utility of STOP-BANG screening.

Observations were conducted of multiple preanes-

thesia evaluations to establish the process for a
standard patient interview and physical assess-

ment. Interviews were conducted to determine

existing OSA screening practices and identify bar-

riers to universal STOP-BANG questionnaire adop-

tion.

Providers expressed uncertainty during these in-

terviews regarding the need for universal STOP-
BANG screening, and the perception that patients

at risk for OSA could be reliably identified based on

physical inspection waswidespread. This belief re-

mains common among health care providers

despite evidence that physicians’ ability to predict

OSA by visual assessment is only marginally



Table 4. Descriptive Statistics of Patients at
High Risk for OSA (STOP-BANG Score of $4)

Variables

Total (N 5 37)

Mean (SD)

Age (y) 64.65 (9.82)

BMI (kg/m2) 30.18 (6.88)

Number of comorbidities 1.84 (1.28)

Variables N (%)

Gender

Male 30 (81.1)

Female 7 (18.9)

Race

White 27 (73.0)

Black 7 (18.9)

Other 3 (8.1)

ASA

ASA 1 1 (2.7)

ASA 2 3 (8.1)

ASA 3 31 (83.8)

ASA 4 2 (5.4)

OSA, obstructive sleep apnea; SD, standard deviation;

BMI, body mass index; ASA, American Society of Anes-

thesiologists.
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superior to chance.21 Systems with high levels of

implementation tend to describe a specific need

for the program.22 The developers of this project
concluded that it was critical to emphasize the

need for this initiative among the clinic providers

and primary stakeholders. To improve provider

buy-in, an educational presentation was designed

to emphasize the utility of and the need for univer-

sal STOP-BANG screening. Presentation topics

included the demonstrated superiority of the

STOP-BANG tool over provider assessment for
the identification of patients with OSA, the high

prevalence of undiagnosed OSA, and the perioper-

ative risks associated with OSA. Providers ex-

pressed a greater understanding of the need for

universal systematic screening after the educa-

tional intervention, which was reflected in the

high compliance rates with this initiative.

Providers also expressed concerns that obtaining a

neck circumference measurement would be

disruptive to the flow of their patient interview

and that excessive time would be required to com-

plete and document the STOP-BANG question-

naire. These concerns were addressed with
revisions to the original innovation design.

Responsibility for obtaining the neck circumfer-

ence measurement was shifted to the clinic

nursing assistants, who could obtain this measure-

ment while collecting patient vital signs, height,
and weight. In addition, the STOP-BANG question-

naire documentation burden was reduced through

the use of EMR adaptations.

EMR Integration

Using a configurable EMR system to integrate

customized screening tool documentation ele-
ments into the existing documentation process

can significantly increase screening rates.23 In addi-

tion, automated EMR calculation of risk scores can

be used to decrease the time required to complete

risk assessments at the point of care,24 thereby

increasing productivity. Optimizing the integration

of the STOP-BANG questionnaire into the pro-

viders’ workflow required extensive EMR modifica-
tion. The adaptability of the EMR system and its

potential for customization were significant factors

in the project developers’ ability to achieve the goal

of reducing workflow disruption and time burden

associated with the screening process. A new field

was created within the EMR for the nursing assis-

tants to document neck circumference. The

STOP-BANG questionnaire was also reconfigured
to autopopulate patients’ BMI, age, gender, and

neck circumference. The questionnaire was further

redesigned to automatically calculate a final STOP-

BANG score and transfer this score to the PAT

note. A new designation was created for the identi-

fication of a patient as high risk for OSA. The EMR

automatically created an alert on the PAT note

when the designation was selected. This process
demonstrated the relative advantage of this initia-

tive by replacing a nonstandardized and time-

consuming process relying on free-text comments

with a single-click action that has the potential to

significantly improve the day of surgery providers’

awareness of high-risk patients.

Compliance

Designing process improvements based on stake-

holder input, providing adequate staff education,

and modifying protocols to promote efficiency

and ease of use can greatly increase compliance

with standardized screening initiatives.25 However,

initiatives designed to promote screening tool use
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may not achieve target compliance rates, especially

if an absence of screening for patient risk is not un-

derstood.26 The combination of provider educa-

tion, provider workflow integration, and EMR

customization resulted in a compliance rate of
more than 66% using the STOP-BANG question-

naire and 73% assigning the high risk for OSA

designation. Future linkage of outcomes to the

STOP-BANG score within the local surgical popula-

tion might impel providers to further improve

compliance with STOP-BANG screening.

Although most adopted this practice change, addi-
tional compliance advances could be achieved by

further customizing the EMR to mandate STOP-

BANG questionnaire completion via a hard stop.

Haut et al27 increased compliance rates with

evidence-based venous thromboembolism pro-

phylaxis from 66% to 84% by implementing an

EMR tool. They improved patient outcomes signif-

icantly by implementing an EMR-based decision
support tool that mandated completion of a risk

factor checklist and recommended appropriate

prophylaxis based on a patient’s risk stratification

level.27 A 2016 study by Merkl et al28 noted a

substantial impact of a mandatory embedded

screening question within the EMR to identify

more than 400 veterans presenting to emergency

departments. Many of these veterans were con-
nected to additional resources as a result of this

initiative.28 These examples demonstrate the po-

tential compliance gains that can be made by

mandating screening within the EMR, which

would be a promising future direction for initia-

tives such as this.

Limitations

Limitations to the customization potential of the

EMR system resulted in time delays and the need

to work extensively with information technology
professionals to find alternatives within the con-

fines of the system. The location of the modified

STOP-BANG questionnaire within the EMR was

less than optimal because of these constraints,

which may have adversely impacted compliance
rates. In addition, issues with the creation of data

queries for customized EMR elements such as the

Risk factors for sleep apnea designation compli-

cated the process of data extraction. Manual data

extraction had to be completed to include these el-

ements, which created a practical limitation on the

sample size and scope of the data collected.

Conclusions and Implications

The newprocess provided an effective and efficient

method for the identification and designation of pa-

tients at high risk for OSA. As evidenced by the
compliance rates with both STOP-BANG screening

and the use of the high-risk designation in the EMR,

this screening process was feasible to implement

on a wide-scale basis at the PAT clinic. Based on

STOP-BANG score results, the STOP-BANG score

cutoff of four was reasonable considering the

high-risk clinic population. Implementation of the

screening innovation replaced a previously non-
standardized screening and documentation process

with an evidence-based systematic screening pro-

cess, increasing the overall number and percentage

of patients screened for OSA, identifying a high per-

centage of patients at risk for OSA, and demon-

strating the importance of universal screening for

OSA in this population. Further examination of

the association between OSA risk and outcomes
would provide a direction for future research. The

success of this initiative validated the importance

of designing practice change initiatives to be inte-

grated into the stakeholders’ existing workflow

and demonstrated the value of EMR optimization

to improve an innovation’s ease of use and work-

flow integration.
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