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Study Objectives: Health care complexity includes dimensions of patient comorbidity and the level of services needed to meet patient demands. Home
sleep apnea tests (HSAT) are increasingly used to test medically uncomplicated patients suspected of having moderate to severe obstructive sleep apnea
(OSA). Patients with significant comorbidities or other sleep disorders are not candidates for HSAT and require attended in-center polysomnography. We
hypothesized that this trend would result in increasingly complex patients being studied in sleep centers.

Methods: Our study had two parts. To ascertain trends in sleep patient comorbidity, we used administrative diagnostic codes from patients undergoing
polysomnography at the Mayo Clinic Center for Sleep Medicine from 2005 to June 2015 to calculate the Charlson and the Elixhauser comorbidity indices. We
measured the level of services provided in two ways: (1) in a subset of patients from the past 2 months of 2015, we evaluated correlation of these morbidity
indices with an internally developed Polysomnogram Clinical Index (PSGCI) rating anticipated patient care needs from 0 to 3 and (2) we measured the sleep

study complexity based on polysomnography protocol design.

Results: In 43,780 patients studied from 2005 to June 2015, the Charlson index increased from a mean of 1.38 to 1.88 (3.1% per year, P < .001) and the
mean Elixhauser index increased from 2.61 to 3.35 (2.5% per year, P <.001). Both comorbidity indices were significantly higher at the highest (Level 3) level

of the PSGCI (P < .001), and sleep study complexity increased over time.

Conclusions: The complexity of patients undergoing attended polysomnography has increased by 28% to 36% over the past decade as measured by
validated comorbidity indices, and these indices correlate with the complexity of rendered care during polysomnography. These findings have implications for
increasing requirements for staffing, monitoring capabilities, and facility design of future sleep centers.

Commentary: A commentary on this article appears in this issue on page 499.
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BRIEF SUMMARY

attended polysomnography tests in the future.

Current Knowledge/Study Rationale: There have been no prior studies specifically evaluating the complexity of patients undergoing
polysomnography over time. However, several factors may be increasing complexity of such patients: (1) home sleep apnea tests draw less complex
patients away from attended polysomnography, (2) greater percentages of patients seeking medical care have multiple chronic health conditions, and
(3) advances in the type of respiratory support devices employed by sleep medicine specialists are capable of supporting more complex patient needs.
Study Impact: Our data demonstrate that the complexity of patients being studied increased by nearly 30% and that care requirements increase with
complexity measures. This trend suggests the need for higher levels of training and special equipment, with potential resultant increased costs of

INTRODUCTION

Current guidelines recommend that home sleep apnea tests
(HSAT) may be used as an alternative to attended polysom-
nography to diagnose obstructive sleep apnea (OSA) in pa-
tients with a high pretest probability of moderate to severe
OSA and without several significant comorbidities that would
reduce the accuracy of HSAT.! HSAT followed by auto-adjust-
ing positive airway pressure therapy appears to be a less costly
management strategy for many such patients,? and accordingly
there has been a 400-fold increase in utilization for HSAT in
the recent past.® If patients without significant comorbidities
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are increasingly being diagnosed with HSAT, it follows that
patients with comorbidities and those with central sleep apnea,
hypoventilation syndromes, and developmental or neurologic
disorders might preferentially be aggregated into sleep centers
where attended polysomnography is performed.

Most sleep centers are best equipped to provide care for med-
ically uncomplicated ambulatory patients. Staffing and testing
models listed in accreditation standards for sleep centers have
not changed significantly in the past decades. The staffing and
technical specifications for sleep laboratories were updated in
2016 by the American Academy of Sleep Medicine (AASM).*
The document recommends a 2:1 patient technologist ratio,
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but also stipulates that technologist staffing must be adequate
to address the workload of the facility and ensure the safety
of patients. As the medical complexity of patients served by
a sleep center increases, there may be increased requirements
for respiratory and nursing needs. For example, most sleep
centers are not equipped with safe patient handling equipment
particularly needed in bariatric patients or those with impaired
mobility.>® Managing fall risks may require increased staffing
levels.” Patients with cognitive or behavioral problems may
require skill sets for care not often included in respiratory
therapy or sleep technologist training. Given these concerns,
it would be important to determine if there are trends toward
increased patient morbidity served in sleep centers, and even
more, to determine if there was a way to anticipate needs in
order to enhance patient safety and quality of care.

Although it is widely accepted that patients interacting with
the health care system have become more complex over time,
there is no widely accepted definition of complexity.®'® Most
recent efforts to characterize patient complexity acknowledge
several axes of importance, including coexistence of multiple
medical illnesses, mental illnesses, substance addiction, socio-
economic challenges, and/or behaviors or traits that compli-
cate care for chronic medical illnesses, and even prior costs of
care.'”!! We approached the measurement of health care com-
plexity in two ways. First, we used indexes of comorbidity to
represent the disease burdens of patients being tested. Second,
we developed measures to represent the complexity of services
rendered during testing.

Comorbidity may be defined as the total burden of illness
unrelated to the principal diagnosis. Typically, comorbidity
scores have been used to adjust for confounding conditions
that affect the outcome variable of interest. The Charlson co-
morbidity index was developed on a cohort of cancer patients
by identifying numerous clinical conditions through review of
hospital charts and assessing their value to predict mortality
in 1 year.">" It is a weighted index, constructed from over 19
comorbid conditions. Comorbidities are weighted from 1 to 6
for mortality risk and disease severity, and then summed to
form the total score, an estimator of disease burden. Extract-
ing from administrative data, it combines comorbidities into a
single numeric score stratifying patients into subgroups based
on disease severity. The index has been validated in large da-
tabases and can be used with International Classification of
Diseases (ICD)-9-CM and ICD-10 codes. The index is both
reliable and valid and has been widely used in prior research,
including in development of models to predict costs for chronic
illness as a measure of health care utilization among primary
care patients."

Elixhauser et al. developed a comorbidity index composed
of a comprehensive set of 30 comorbidities defined using ICD-
9-CM diagnosis codes from administrative data on a cohort
of national hospital inpatients.”” The index can be calculated
using both ICD-9-CM and ICD-10 codes. The index correlates
with length of stay, hospital charges, and mortality both for
heterogeneous and homogenous disease groups with dispa-
rate principal diagnoses.'*™® The Elixhauser index uses both
diagnosis-related groups and secondary ICD-9-CM diag-
nostic codes from inpatient claims to identify 30 unweighted
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comorbidity indicators to produce a comorbidity count. Our
adaptation of the Elixhauser index also incorporates diagnostic
codes from prior ambulatory care episodes.

We chose to use both Charlson comorbidity index and the
Elixhauser index as these two indices adequately capture co-
morbidity profile for both outpatient and inpatient settings
and could provide complementary information. Although the
Charlson index was developed to focus on chronic comorbid
conditions related to mortality and has more applicability to
the ambulatory or outpatient setting, the Elixhauser index was
constructed using hospital inpatients focused on the effect of
both chronic and acute comorbidities on resource use and inpa-
tient outcomes. By choosing these two indices we thought we
were adequately capturing the medical complexity of patients
based on data abstracted from our administrative databases.

One definition of the complex patient was offered by Weiss,
as “one for whom clinical decision-making and required care
processes are not routine or standard.”'® Neither of the afore-
mentioned indices incorporates a measure of the care services
directly associated with the specific episode of care. Therefore,
we developed two measures directly reflecting the intensity
of services required to provide the comprehensive attended
polysomnography. The first was designed from the perspective
of the sleep technologists providing services during polysom-
nography, which we call the Polysomnogram Clinical Index
(PSGCI), and which will be described in the next paragraphs
(Figure 1). We also generated a sleep study complexity mea-
sure for individual sleep studies using a Likert scale based on
the study protocol and type of positive airway pressure em-
ployed during the study (see Methods, Table 1).

Our study examined whether there has been a change in the
medical complexity or sleep test complexity of patients studied
in a tertiary sleep laboratory over the past 10 years. Further,
we evaluated how well our PSGCI correlated with the sleep
complexity measure or Charlson and Elixhauser comorbidity
indices. We also examined if complexity as measured from the
Likert scale based on study protocol and type of positive air-
way pressure (PAP) therapy titration increased over time and if
this measure correlated with our PSGCI. We hypothesized that
the comorbidity indices have increased over time, and that the
complexity of care during a polysomnography would correlate
with the degree of comorbidity in our sleep center patients.

METHODS

Data from the electronic medical records were extracted for
all patients studied at the Mayo Clinic Center for Sleep Medi-
cine’s sleep laboratory in Rochester, Minnesota from January
2005 through June 2015. Patients were identified using admin-
istrative claims data, capturing all adult (age 18 years or older)
patients with polysomnography (CPT codes 95810 and 95811).
Each polysomnogram was treated as a discreet record. Multi-
night studies were counted for each night.

At the Mayo Clinic Center for Sleep Medicine all patients
undergoing polysomnography are first seen in consultation by
sleep specialists, who subsequently provide customized orders
for sleep testing. Included in the orders are requests for specific
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Figure 1—Schema of the Polysomnogram Clinical Index.

Score 1
Fall precautions

Score 0
No additional requirements

Score 2
Fall precautions
+

Assistance required

Table 1—Assessment of sleep study complexity based on type of study protocol and type of PAP therapy used.

Likert Scale Value Type of Study/PAP

Diagnostic polysomnogram

Polysomnogram with parasomnia protocol (requiring special precautions and monitoring)

Polysomnogram with oxygen therapy titration

Polysomnogram with CPAP and or BPAP-S titration

Polysomnogram with CPAP and or BPAP-S with oxygen therapy titration

Polysomnogram with advanced PAP therapy (ASV, Auto SV, BPAP-ST, IVAPS, AVAPS) titration

~N oo~ W0 |IN |~

Polysomnogram with advanced PAP (other than CPAP or BPAP-S) and oxygen therapy titration,
Study with parasomnia protocol with PAP therapy with or without oxygen therapy fitration

8 Portable polysomnogram (hospital study)

ASV/Auto SV = adaptive servoventilation, AVAPS = average volume-assured pressure support, BPAP-S = bilevel positive airway pressure in spontaneous
mode, BPAP-ST = bilevel positive airway pressure with back up respiratory rate, CPAP = continuous positive airway pressure, IVAPS = intelligent volume-

assured pressure support, PAP = positive airway pressure.

diagnostic monitoring and therapeutic interventions. To assist
in operational planning for each night’s staffing and equipment
needs, we had previously developed the PSGCI (Figure 1). A
score from zero to 3 is assigned based on the polysomnography
orders generated by the sleep specialist, who is familiar with
the patient’s entire medical history. The default score is zero
and indicates a routine patient with no additional requirements.
A score of 1 is assigned when fall precautions are required. A
score of 2 is assigned if fall precautions and additional assis-
tance (eg, patient may require help with ambulation, reorienta-
tion, assistance with nebulizer therapy, etc.) may be required
through the night. Finally, a score of 3 denotes an in-hospital
study wherein the patient has need for clinical and nursing
services through the night. This score was developed to assist
the lead technologist to plan for staffing and equipment needs
for each night’s laboratory operations. Elements of the PSGCI
were prospectively captured and calculated for October and
November 2015.

Sleep laboratory data available between 2009 and 2016
were also analyzed to create a sleep study complexity mea-
sure. Based on these data each discreet study was assigned a
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Likert scale based value, which was determined based on the
study protocol and the type of PAP deployed as displayed in
Table 1. The sleep study complexity measure was assigned to
individual studies based on our (BC, TIM) clinical judgement
of what was perceived to be a more complex study. For ex-
ample, a diagnostic polysomnogram was assigned a lower rat-
ing than a polysomnogram with a parasomnia protocol, which
in turn was assigned a lower rating compared to a split-night
study where continuous PAP and auto-adjusting PAP were
both tried. When PAP therapy was used, the highest level of
PAP therapy employed was considered to evaluate the study in
terms of complexity.

To assess possible changes in the clinical complexity of pa-
tients over time, all diagnoses (ICD-9 code prior to October
2015 and ICD-10 codes after that date) billed within Mayo
Clinic (both clinic and hospital) during the 3 years prior and 30
days following the sleep study were included. These diagnoses
were used to calculate the Charlson comorbidity index and the
Elixhauser comorbidity count.'>'* The ICD-9 codes utilized in-
cluded ischemic heart disease (ICD-9 codes 410.X-414.X), his-
tory of stroke or cerebrovascular disease (430.X, 431.X, 432.X,
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434X, 435X, 436.X, and 437.1), valvular disease (424.0—
424.3), heart failure (428.X), hypertension (401.X—405.X),
chronic pulmonary disease (490.X-505.X, 506.4), history of
depression (296.2X, 296.3X, 300.4, 309.1, and 311), diabetes
(250.X), plegia (344.00-344.1), or movement disorders (333.0,
332.X). These scores would best capture any clinical complexi-
ties such as oxygen dependency or paraplegia or quadriplegia
that would have been present on the night of the study.

In addition, we extracted each patient’s body mass index
(BMI) using the recorded weight closest to the sleep study
within 6 weeks. Patient height values were accepted within 2
years; 92.0% of sleep studies had valid BMI measures.

Analysis of trends over time was based on monthly data.
We performed a regression analysis of volume, demograph-
ics, BMI, and each mean complexity index for the entire time
interval. Additional regression models of comorbidity indices
over time adjusting for age, sex, BMI, and race were devel-
oped. Data are displayed in tables according to first and last
year of analysis. However, statistical significance was based
on a Student ¢ test assessing for a non-zero slope of the regres-
sion line across the entire study period. Because the PSGCI
is calculated as a score from 0 to 3, we performed an analy-
sis of variance comparing the mean comorbidity indices and
the sleep study complexity index for each level of PSGCI. All
analyses were performed using SAS 9.4 (SAS Institute, Cary,
North Carolina, United States). The conduct of this study was
approved by the Mayo Clinic Institutional Review Board.

RESULTS

Our sample consisted of 43,780 patients who underwent poly-
somnography between January 2005 through June 2015 at the
Center for Sleep Medicine Laboratory, Mayo Clinic, Rochester,
Minnesota. Table 2 summarizes the volume of sleep studies,
mean morbidity scores, sleep complexity index, and demo-
graphic characteristics (age, sex, patient residence), overall and
for each of the first and last year. A total of 90.9% of patients
underwent a single sleep study, whereas 8.1% underwent two
studies in the 10.5-year timeframe. One patient underwent six
studies and four patients had five. The overall mean age of the
patients undergoing attended polysomnography between Janu-
ary 2005 and June 2015 was 58.2 years with a monthly average
ranging between 55.7 and 60.7 years. There was equal distri-
bution of the sample among age groups older than 50 years.
Of the overall sample, 39.8% were female. The overall mean
BMI was 33.2 kg/m? with monthly average ranging between
32.1 and 35.2 kg/m? Over time the demographics showed
that our patients became significantly older, more female, in-
cluded more non-white patients, and increased allocation of
“unknown” toward “white” patients. There was a significant,
but small, decrease in mean BMI, with more underweight and
fewer obese patients seen over time. Any change in geographic
origin over time was also small with a higher proportion of lo-
cal patients being seen recently.

Figure 2 provides plots of means with regression lines of
the Charlson and Elixhauser comorbidity indices over the 10-
year period. The Charlson index increased from a mean of 1.38
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in 2005 to 1.88 in 2015 (3.1% per year); the mean Elixhauser
count went from 2.61 to 3.35 (2.5% per year). The Charlson
index increased 0.029 units per year (P < .001) and the Elix-
hauser increased 0.045 units per year (P < .001) based on
regression analysis. These significant changes in morbidity an-
nually were also present in the regression analyses adjusted for
age, sex, BMI, and race. Meanwhile, volumes were essentially
flat (3,943 to 3,774 studies in same timeframes). Sleep study
complexity based on the Likert scale also increased at a small,
but significant trend moving from a monthly mean of 3.89 in
the first year to a monthly mean of 4.02 in the final year of our
assessment.

Table 3 presents the percent of patients with specific co-
morbidities overall, in the first and last year, as well as the
change per year based on the regression over time. Signifi-
cant increases in prevalence over time occurred for peripheral
vascular disease, moderate/severe renal disease, mild liver
disease, dementia, prior myocardial infarct, and hemiplegia.
Meanwhile, no significant increases were seen for the percent
of patients with chronic obstructive lung disease, diabetes,
cerebrovascular disease, or ulcers.

For the separate sample of 320 patients who underwent
attended polysomnography during the months of October
and November 2015, mean Charlson and Elixhauser comor-
bidity indices were compared across levels of the PSGCI.
Table 4 summarizes the volume of sleep studies and demo-
graphic data for this subset of the study sample. As seen in
Figure 3, the mean Charlson comorbidity index was similar
at PSGCI levels 0, 1, and 2, but substantially higher at level
3 (P < .001). Meanwhile, the Elixhauser comorbidity index
was significantly higher for PSGCI level 3 than for levels 0
and 1 (P <.001).

DISCUSSION

We have shown that the complexity of patients undergoing
polysomnography, as reflected by the Charlson and Elixhauser
comorbidity indices, has increased approximately 30% over
a 10-year period. We have also shown that there is a corre-
lation between these indices and the care requirements dur-
ing polysomnography as reflected by the PSGCI, suggesting
this also has increased over the recent decade. Furthermore,
the complexity of studies being performed as reflected by our
sleep study complexity score (Table 1) also increased over
this decade. These results all support our hypotheses that the
complexity of patients being studied in sleep laboratories is
increasing and suggest that, despite many improvements in the
technology associated with polysomnography and positive air-
way pressure therapy, the care requirements for patients during
testing are also increasing over time.

Ours is the first study to examine the complexity of pa-
tients seen in a sleep center using standardized comorbidity
measures either cross-sectionally or over time. Prior related
work had examined increasing obesity and its effect on the in-
creased severity of OSA over time, but these studies had not
examined other diagnoses as contributors to morbidity nor did
the study populations include patients who were studied for
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Table 2—Summary of sleep study volumes, comorbidity scores, and demographic data.

All Years
Combined

Volumes (n)

Total volume of sleep studies 43,780

Total unique encounters 43,178

Total unique patients 39,709
Morbidity Indices

Mean Charlson index 1.59

Mean Elixhauser index 2.89
Sleep Study Complexity

Mean 3.96
Demographics

Female (% of sleep studies) 40
Body Mass Index

Mean (kg/m?) 33.22

Underweight (%) 9

Normal (%) 10

Overweight (%) 24

Obese Class | (%) 26

Obese Class Il (%) 16

Obese Class Il (%) 15
Age (% of sleep studies)

<50 26

50-60 26

61-70 24

>70 24
Geographic Origin (% of sleep studies)

Local 39

Regional 21

National 37

International 2

Unknown/other <1
Race Distribution (% of sleep studies)

Black/African American 1

American Indian/Alaskan native <1

Asian 1

Hispanic or Latino <1

Pacific Islander <1

White 87

Not available 10
Race Collapsed* (% of sleep studies)

White 87

Non-white 3

Unknown 10

* = race distribution collapsed into two categories: white and non-white.

Change Per Year Trend Test Over

2005 2015 (Slope) Months (P)
3,943 3,774
3,936 3,729
3,824 3,602
1.37 1.83 .029 <.001
2.61 3.28 .045 <.001
3.89 4.02 .015 .003
40 41 .296 .001
33.59 33.35 -.050 .002
5 7 413 .001
10 11 115 .047
25 24 074 .361
27 25 -278 <.001
16 16 -.180 .004
17 17 -.143 044
28 25 -.357 <.001
25 25 014 .865
24 25 238 .002
23 25 105 .300
39 40 420 .002
19 19 -.097 419
40 38 -.497 <.001
1 3 191 <.001
<1 -.016 <.001
1
<1 <1
<1
<1
0 <1
78 90
20 6
78 90 1.230 <.001
2 4 168 <.001
20 6 -1.400 <.001

nonbreathing sleep-related disorders such as parasomnias.?**!
Our data indicate that over time there has been an increase in
the medical complexity of the patients studied in our sleep cen-
ter. This could be for a variety of reasons. We had posited that
as less complicated patients receive HSAT for the diagnosis of
OSA, that more complicated patients would aggregate into our
sleep center. This seems likely. However, although there was
a nearly 500% increase in use of HSAT at our facility during
this period, HSAT made up a very small volume (< 5%) of
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overall tests performed during the study period. Our results
might be anticipated to show even higher rises in complexity in
communities with faster growth in HSAT utilization. Because
we are unable to discern the influence of HSAT utilization by
referring communities on our sleep center population, we must
consider alternative explanations for the increase in comorbid-
ity at our sleep center.

Other studies have suggested significant increases in
the prevalence of chronic diseases in more general patient
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Figure 2—Slope of the Charlson comorbidity and Elixhauser index over a 10-year period.

————— Mean Charlson Index
— — Linear regression mean Charlson Index

45
4.0
35
3.0
25 | " H"‘l g
20

\
15 i,
1.0

0.5

Mean Charlson Score or Elixhouser Index

0.0

————— Mean Elixhauser Score

--------- Linear regression Mean Elixhouser Score

2005 2005 2006 2006 2007 2007 2007 2008 2008 2009 2009 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014 2015
1 27 1 27 0 26 52 25 51 24 50 24 50 24 50 24 50 22 48 21 47 2

Week Number

Downloaded from jesm.aasm.org by 129.176.151.19 on December 10, 2020. For personal use only. No other uses without permission.

Copyright 2020 American Academy of Sleep Medicine. All rights reserved.

Charlson index regression: y = 0.02938 x + 57.464, R? = 0.0016; Elixhauser Index regression: y = 0.04546 x + 88.488, R? = 0.0027.

Table 3—Percent of patients with individual comorbidities overall and for the first and last year, sorted in descending order of

change in prevalence over time.

Overall First Year 2005 Last Year 2015 Change Per Year  Trend Test Over
Comorbidity (%) (%) (%) (Slope) Months (P)
Peripheral vascular disease 15.64 11.21 21.60 .981 <.001
Moderate/severe renal disease 7.14 3.50 9.09 438 <.001
Mild liver disease 7.78 5.96 10.02 276 <.001
Dementia 3.61 2.00 4.64 245 <.001
Myocardial infarction 491 3.70 5.80 125 <.001
Congestive heart failure 11.85 10.55 14.39 A1 .070
Cerebrovascular disease 8.44 7.99 9.46 .084 077
Hemiplegia 1.24 1.29 1.75 077 <.001
Rheumatologic disease 3.57 3.70 3.95 .066 .030
Other cancer 10.28 8.80 10.73 .029 .584
Moderate/severe liver disease 0.66 0.68 0.98 018 235
Metastatic solid tumor 1.91 1.45 2.20 .010 679
AIDS 0.05 0.00 0.11 .008 072
Ulcer 1.63 1.78 1.59 -.01 599
Diabetes 19.80 19.60 20.06 -.042 526
Diabetes with organ damage 4.96 5.40 4.98 -.047 224
Chronic pulmonary disease 20.60 22.06 21.38 -.051 A75

Values are presented as the percent of the sample that had the comorbidity.

populations. However, this general trend would not change the
conclusion of our study that patient comorbidity has increased
in the sleep study population.?** It is also likely that more
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conditions are being diagnosed because of better and improved
testing, medical care, and documentation of diagnoses.* Fur-
ther research might look into similar profiles for patients being
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Table 4—PSGCI score compared with Charlson and Elixhauser mean indices for subset 320 patients over a 2-month period.

PSGCI Score Number % of Total
0 68 21.25%
1 43 13.44%
2 137 42.81%
3 72 22.50%
PSGCI = Polysomnogram Clinical Index.

Mean Charlson Index  Mean Elixhauser Index

0.96 2.18
1.02 2.16
1.62 2.92
2.583 3.82

Figure 3—Mean Charlson and Elixhauser indices at different PSGCI values.
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studied with home sleep apnea tests to corroborate or provide
alternative interpretations of these results.

We also considered that demographics changed over the
studied interval. With an aging population, one might expect
that there would be an associated increase in comorbidity.
However, even though we saw statistically significant dif-
ferences in patient demographics (age, race, BMI, and sex),
a regression analysis adjusting for these factors still demon-
strated a significant increase in comorbidity burden with both
Charlson and Elixhauser indices. One noteworthy finding was
a decline in BMI over the interval during a time when national
BMI was increasing.

We gathered the PSGCI data for a period of 1 month for pa-
tients studied in the laboratory and found that patients with the
highest PSGCI had significantly higher comorbidity indices
(Figure 3). The PSGCI is a practical tool developed to assist
us in anticipating staffing needs and room assignment during
polysomnography operations. We have found that patients who
require assistance to reduce risk of falls, who require assis-
tance from a caregiver for emotional, behavioral, or clinical
reasons, or those who require extra monitoring or therapeutic

Journal of Clinical Sleep Medicine, Vol. 14, No. 4

interventions, require greater personal attention from our tech-
nologists, and often require special equipment such as lift as-
sist devices. Although the PSGCI utilizes information from
the polysomnography order set to anticipate staffing and care
requirements, one of the inherent limitations is that this score
will miss any pertinent clinical detail not captured in the order
set. However, using medical diagnoses or comorbidity indexes
alone to anticipate needs has limitations as well, because it is
not clear that the patient’s comorbidities translate directly into
the need for extra care such as fall precautions or other assis-
tance. We think that a practical score such as the PSGCI has
more application in the day-to-day operations of a sleep labora-
tory than do other indices based on historical data.

We also examined sleep study complexity over time based
on clinical assessment of the type of study protocol and the
type of positive pressure airway therapy used (Table 1). This
measure also increased over time, supporting our hypothesis.
In addition, this rating correlated with the PSGCI, thereby pro-
viding some validation to that index. One potential limitation
with this aspect of our analyses is the underlying assumption
that a study that used different types of PAP therapy was a
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more complicated study than a diagnostic-only study, which
may not always be true. Further study protocols are modified
based on the instructions from the ordering provider and hence
it is conceivable that a pulmonologist may order a study in-
volving a more complex PAP titration, whereas a neurologist
may involve a study with a more detailed parasomnia protocol.
Hence, the complexity of studies may vary depending on the
type of providers requesting the study. Because we are a mul-
tispecialty provider group, this may be a significant limitation.

Our research has several other limitations. We used data
from the Mayo Clinic Center for Sleep Medicine, which is
associated with a tertiary care academic medical center. Al-
though over one-third of patients evaluated in the sleep center
come from our employee and community populations, we are
a regional, national, and international referral center. These
same data may not be generalizable to smaller academic labo-
ratories or nonacademic community sleep laboratories. Our
patient demographics may also differ from that of other sleep
laboratories. Another factor to consider is whether the indi-
cations for polysomnography might have changed over the
study interval. The Center for Sleep Medicine is accredited
by the AASM, which required adhering to practice guide-
lines of that organization. Indications for polysomnography
did not change over that interval either in guideline or in
practice at our institution. It is also not possible to discern
whether a driving factor of increasing complexity of sleep
center patients relates to changes in the overall complexity
of Mayo Clinic patients. However, if that were the case, it
only provides a more proximal reason for why the patients
seen in our sleep center have increased in complexity; the less
complex are having their sleep issues addressed in their local
communities. Another factor that could affect the generaliz-
ability of these results is insurance guidelines and insurance-
mandated HSAT, which is a significant consideration in some
United States populations.

Importance/Significance

This research has several important implications. Whether
the reason is an increase in HSAT utilization or other causes,
our results suggest that the complexity of patients at attended
sleep centers has increased over the 10-year period. This has
implications for sleep center protocols, and technical and staff
requirements for patients, as well as for insurance companies
and health care systems that set reimbursement policies based
on patient mixes. First, if the complexity of patients being stud-
ied in the sleep laboratory is increasing, our practice model for
sleep laboratories will require modification to accommodate
these complex patients. These changes will include increasing
the clinical capabilities of sleep laboratories and addressing
training and staffing needs. Currently the AASM guidelines
recommend a 2:1 staffing ratio for technologists and patients.
With increasing financial pressures, it will be helpful to be
able to predict staffing needs reliably so that sleep laborato-
ries are not overstaffed or understaffed, on a given night. For
example, under some circumstances, low complexity patients
may be appropriate for a 3:1 technologist ratio or employment
of less extensively trained or experienced technologists. At the
other extreme, for some patients a 1:1 ratio or employment of
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more highly trained nighttime health care workers, or testing
in a setting other than the ambulatory sleep laboratory, may
be required for a safe and successful sleep study. Sleep labora-
tories may need specialized equipment in the form of patient
lifts, large beds with special hospital bed-like features, and
more trained clinical staff. Although all patients who are now
studied with in-laboratory polysomnography may not need a
greater level of care, some of them likely will.

Second, we believe that the development of an index that
allows sleep laboratories to stratify patients at risk for greater
technical and/or nursing care will help assist with tailoring
staffing and/or equipment needs. Our first model for this in-
dex, the PSGCI, is computed from the order set for a poly-
somnography ahead of the patient’s study in the laboratory. It
appears that reviewing the order in advance of the scheduled
sleep study may allow the laboratory manager to determine
what level of staffing the patient is likely to need for the night
of his or her sleep study. Some patients may need 1:1 technolo-
gist to patient staffing, whereas others may need some clinical
care through the night. Further refinement of equipment needs
likely depends on other clinical factors, such as mobility, need
for assistance, or behavioral care needs. Although the current
policy in most sleep laboratories is not to provide clinical care,
this may need to change to continue to deliver high-quality
studies and be focused on patients who may have needs that
exceed those of prior predominantly ambulatory patients.

From a cost, quality, and access standpoint, this research
has far-reaching implications. From a cost standpoint, attended
in-laboratory polysomnography will likely become more ex-
pensive to health care systems and these costs will be passed
on to insurance companies and patients. Insurance companies
and Medicare set the reimbursement for most tests using com-
plicated algorithms that account for technical skill, facilities,
and clinical and technical staffing and expertise required for
the test, as well as the patient mix. Given our results, the re-
imbursement models for in-laboratory polysomnography may
need to be revisited. From a quality standpoint, our research
could be extrapolated to argue that to ensure high-quality poly-
somnography tests for the complex patients now being strati-
fied to in-laboratory studies, sleep centers need to revisit their
staffing and clinical capabilities and make adjustments. Finally,
from an access standpoint, few laboratories will be financially
viable to stay afloat with the increasing technical and clinical
requirements of the laboratory, making access more difficult
for patients. This may relegate in-laboratory polysomnography
testing to tertiary and academic medical sleep laboratories, ne-
cessitating the consolidation of smaller sleep laboratories.

CONCLUSIONS

Our analyses show that the medical complexity of patients be-
ing studied with attended in-laboratory polysomnography over
a 10-year period in the Mayo Clinic Center for Sleep Medi-
cine has increased. This increased complexity could be sec-
ondary to the fact that patients with high pretest probability
of sleep apnea and a low comorbidity profile are being studied
with HSAT. Currently there is no single score that captures
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the complexity of patients to anticipate the degree and level of
care a patient might need for their sleep study. However, the
PSGCI currently being used in the Center for Sleep Medicine
correlates with other comorbidity indices and may help predict
staffing and equipment needs.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine
BMI, body mass index

CPT, Current Procedural Terminology

HSAT, home sleep apnea test

ICD, International Classification of Diseases
OSA, obstructive sleep apnea

PSGCI, Polysomnogram Clinical Index
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