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BACKGROUND: Anesthesia department planning depends on forecasting future de-
mand for perioperative services. Little is known about long-range forecasting of
anesthesia workload.

METHODS: We studied operating room (OR) times at Hospital A over 16 yr
(1991-2006), anesthesia times at Hospital B over 26 yr (1981-2006), and cases at
Hospital C over 13 yr (1994-2006). Each hospital is >100 yr old and is located in a
US city with other hospitals that are >50 yr old. Hospitals A and B are the sole
University hospitals in their metropolitan statistical areas (and many counties
beyond). Hospital C is the sole tertiary hospital for >375 km.

RESULTS: Each hospital’s choice of a measure of anesthesia work to be analyzed was
likely unimportant, as the annual hours of anesthesia correlated highly both with
annual numbers of cases (r = 0.98) and with American Society of Anesthesiologist’s
Relative Value Guide units of work (r = 0.99). Despite a 2% decline in the local
population, the hours of OR time at Hospital A increased overall (Pearson r =
—0.87, P < 0.001) and for children (r = —0.84). At Hospital B, there was a strong
positive correlation between population and hours of anesthesia (r = 0.97, P <
0.001), but not between annual increases in population and workload (r = —0.18).
At Hospital C, despite a linear increase in population, the annual numbers of cases
increased, declined with opening of two outpatient surgery facilities, and then
stabilized. The predictive value of local personal income was low. In contrast, the
annual increases in the hours of OR time and anesthesia could be modeled using
simple time series methods.

CONCLUSIONS: Although growth of the elderly population is a simple justification for
building more ORs, managers should be cautious in arguing for strategic changes
in capacity at individual hospitals based on future changes in the national
age-adjusted population. Local population can provide little value in forecasting
future anesthesia workloads at individual hospitals. In addition, anesthesia groups
and hospital administrators should not focus on quarterly changes in workload,
because workload can vary widely, despite consistent patterns over decades. To
facilitate long-range planning, anesthesia groups and hospitals should save their
billing and OR time data, display it graphically over years, and supplement with
corresponding forecasting methods (e.g., staff an additional OR when an upper
prediction bound of workload per OR exceeds a threshold).

(Anesth Analg 2008;106:1223-31)

Anesthesia department planning depends on fore-
casting future demand for perioperative services, over
quarters of years, years, and many years.

From the *Department of Anesthesiology, SUNY Upstate Medi-
cal University; tDepartment of Anesthesia and Health Management
and Policy, University of Iowa, Iowa City, Iowa; and {St. Mary’s
Hospital and Medical Center, Grand Junction, Colorado.

Accepted for publication December 12, 2007.
Dr. Franklin Dexter, Section Editor for Economics, Education, and
Policy, was recused from all editorial decisions related to this manuscript.

Address correspondence and reprint requests to Franklin Dexter,
MD, PhD, Division of Management Consulting, Department of
Anesthesia, University of Iowa, Iowa City, IA 52242. Address e-mail
to Franklin-Dexter@Ulowa.edu or www.FranklinDexter.net.

Copyright © 2008 International Anesthesia Research Society
DOI: 10.1213/ane.0b013e318167906¢

Vol. 106, No. 4, April 2008

Forecasting workload from one quarter to the next
has been studied in detail. For example, at one hospi-
tal, the total hours of operating room (OR) time for
each specialty over a 4-wk period were forecasted 4
wk ahead from the data of the preceding 48 wk.'* At
another hospital, the hours of staffing required for
each specialty on a day of the week were forecasted
several weeks ahead from data of the preceding 36
wk.>* Seasonal variation is usually absent,'** and
when present is typically very slight.”® These forecasts
are useful for staff scheduling, and can guide staff
hiring.

Forecasting workload from 1 yr to the next can guide
the allocation of additional OR block time. State and
federal data can be used to evaluate whether a hospital is
performing as many cases as expected of each spe-
cialty.” Results can be combined with hospital and
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group financial data for use in making annual budgetary
decisions.” ™!

Forecasting anesthesia group workload over many
years is not well-developed. For regional and national
planning, age-adjusted population has been used.
Examples include reports of overall'* and pediatric'®
per capita anesthetic rates and forecasts of workloads
for pediatric, oncological, and general surgery from
current per capita age-adjusted surgery rates.'*™"”
“Per capita” refers to the amount of anesthesia deliv-
ered, divided by the population size. Population size
alone is insufficient to predict the annual number of
surgical procedures in a country or state. For example:

» Eastern Africa and Pakistan have lower per
capita surgical rates than the wealthier United
States of America (US) and Western Europe, not
the same per capita rates.'®"”

» National projections of US federal and private
healthcare spending are based heavily on total
national disposable personal income.*

* From 1929 to 2000, the number of active physi-
cians in the US increased in proportion to the
nation’s gross domestic product (Pearson r =
0.97).%

* The number of physicians practicing in each US
state correlates with the state’s total personal
income.?!

* The annual increase in healthcare expenditure
per capita of many US states is correlated with
the increase in the gross domestic product per
capita of the state.”

* The annual increase in the number of physicians
per capita nationwide correlates with the annual
increase in the gross domestic product per capita
5 yr previously and more strongly with the
increase 10 yr previously.*

The lags of 5-10 yr are important for predicting
workload.** Many years before an anesthesiologist
cares for a patient, the community invested in bigger
hospitals, investors developed surgery centers, and
politicians expanded federal and state healthcare
programs.

Not only is there a discrepancy between the use
of current age-adjusted population-based statistical
data'®™'” for long-term national®® and regional fore-
casts despite the economic findings,'®'*2°~** but also
in the use of the age-adjusted population data for local
decision-making. In our recent Internet search, there
were hundreds of press releases by facilities explain-
ing (justifying) their decisions to build “new operating
rooms” on the basis of the “aging population” or
“growing population.” Thus, managers appear to be
making decisions on the basis of what superficially
seems reasonable, but which has not been shown to be
valid scientifically. Our goal is to help anesthesia
groups and administrators at surgical facilities make
the best decisions possible.
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We explore the relationship between changes in
population and perioperative workloads at two US
university hospitals and one US community hospital.
Each hospital has an uncommon characteristic making
it useful scientifically.

» Hospital A has OR information system data for a
16-yr period during which its regional popula-
tion, including that of children and elderly, de-
clined. We can therefore directly test the validity
of forecasting perioperative workload from cur-
rent (i.e., fixed) per capita age-adjusted surgery
rates'*™!” and changes in local population.

» Hospital B has 26 yr of anesthesia billing data.
With such a long time series (i.e., sequential list of
annual workloads), its annual change in popula-
tion can practically be compared with its annual
change in workload. Having anesthesia data,
different measures of workload can be compared
(i.e., hours of anesthesia, American Society of
Anesthesiologists’” Relative Value Guide (ASA
RVG) units of work, and numbers of cases).

* Hospital C is the only tertiary hospital within a
4 h drive (>375 km). The impact of other facili-
ties'” on the relationship between local population
and caseload can be studied. The local population
increased linearly over the 13-yr period studied.
Two outpatient surgery centers opened in Hospital
C’s town during those years.

METHODS

Hospital A has continuous OR data from Novem-
ber 1990 through early 2007. This yielded complete
information for the 16-yr period from 1991 to 2006. All
data were electronically checked for consistency as
soon as they were entered. Data from the hospital’s
anesthesia group was not stored from before 2001, and
so were not used for our study. However, the dates at
which each anesthesiologist started and stopped
working were known. Studied annual counts of anes-
thesiologists were the number employed on October
1st of each year, ranging from 15 to 34 anesthesiolo-
gists. The hospital did not have nurse anesthetists.

Hospital B has continuous computerized anesthesia
billing from December 1980 though early 2007. This
yielded complete information for the 26-yr period
from 1981 to 2006. We limited our study to anesthetics
performed in the main and ambulatory ORs of the
hospital. Data analyzed were the time of continuous
anesthesia presence and the sum of the ASA RVG base
and time units. The base units are measures of inten-
sity of effort. Each time unit is 15 min of anesthesia.

Hospital C has recorded its numbers of cases in its
sole surgical suite from June 1994 through May 2006.

To relate changes in hours of OR and anesthesia
time to changes in population, the US Census Bureau’s
population estimates for years between decennial cen-
suses were used. The local population of each hospital
was considered that of its metropolitan statistical area.
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For Hospital A, this was the hospital’s county plus
two of its coincident counties. For Hospital B, this was
the hospital’s county plus one of its coincident coun-
ties. For Hospital C, this was just the hospital’s county.
The US Office of Management and Budget sets the
counties that contribute to each metropolitan statisti-
cal area.”” By definition, “metropolitan Statistical Ar-
eas have at least one urbanized area of 50,000 or more
population, plus adjacent [counties] that [have] a high
degree of social and economic integration with the
core as measured by commuting ties.””” Hospitals A
and B are the sole university hospitals in their area.
They are both more than 100-yr-old, as are their cities’
other hospitals. Hospital C is the sole tertiary hospital
in its area. It is more than 100-yr-old. Its city’s other
private hospital is more than 50-yr-old.

The P values for the Pearson and Spearman corre-
lation coefficients relating increases in population and
workload were calculated by Monte-Carlo simulation
to an accuracy =0.0001 (StatXact-7, Cytel Software
Corporation, Cambridge, MA). One-sided P values
were used because only positive correlation is relevant
to the corresponding managerial decision-making.
The Pearson correlation measures linear, or constant,
change over time with normally distributed deviation
from the trend line. The Spearman correlation mea-
sures nonlinear, but monotonic, change with non-
normally distributed deviation from the trend line.

We quantify pediatric surgery at Hospital A, be-
cause during the period studied, Hospital A started a
successful fundraising campaign for a virtual pediatric
hospital located within the current hospital, like the
one at Hospital B for more than 50 yr. We considered
patients to be “children” if they were =17 yr old and
“elderly” if =65 yr old. We chose these age categories,
because they correspond to the categories of the US
Community Survey. Between 1990 and 2005, the per-
centages of the population that were children declined
0.6% and 0.7% in the counties of Hospitals A and B,
respectively. The percentages of elderly increased
0.6% and 1.4%, respectively. These changes were
sufficiently small that we limited our reported results
to study of the changes in the overall population and
pediatric population.

Over the study period, there has been an increase in
the US national per capita rate of surgery.”® We tested
whether anesthesia groups and administrators can
reasonably apply annual percentage changes in na-
tional surgical rates to forecast their local rates of
change in workload. The ratio of annual hours of OR
or anesthesia time to local population equals a rate
that varies across years for Hospitals A and B, respec-
tively. If a common annual percentage increase in the
rate can be applied to both hospitals, then the loga-
rithms of Hospitals A’s and B’s annual rates would
have different intercepts but close to a common slope.
The F-test was used to test whether the log of the per
capita rates for the two hospitals were parallel over
the 16 yr.29 In other words, we tested for a difference
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in the least squares regression slopes while estimating
different intercepts.”® This analysis was performed
using Systat 12 (SYSTAT Software, Inc., San Jose, CA).

The simplest time series model for the annual hours
of OR or anesthesia time assumes that annual in-
creases in workload follow a normal distribution and
that each year’s increase is not correlated to the
increase of the year before (1-yr lag), 2 yr before (2-yr
lag), and so forth. Such correlations within a time
series are called autocorrelations. If present (contrary
to our hypothesis), they would measure change in a
cyclical pattern. The two-sided P values for the auto-
correlations were calculated asymptotically (Systat
12). To make the annual increases in hours easier to
interpret, they were divided by 250. Because most
surgery is elective and there are approximately 250
workdays per year, a value of 8 h gives a rough
estimate for the workload of one additional anesthesia
provider (e.g., nurse anesthetist at Hospital B).

The increase in personal income of Hospital A’s and
B’s metropolitan statistical area was correlated with
the hospital’s change in hours of OR or anesthesia
time. Personal income was defined as the income
received by persons from all sources, mostly wages
(salaries), but also proprietors’ income, personal divi-
dend and interest income, etc.’*® We expected income
to affect workload 7 yr later, based on the results of
Refs. 23 and 24 (see Introduction). Personal incomes
were adjusted for inflation using the US regional
annual consumer price indices.

RESULTS

The particular measure of work that was used to
forecast the long-term trend in anesthesia workload at
each hospital can be unimportant based on our find-
ings of concurrent validity. Although the data at
Hospital A were annual hours of OR time, there was a
strong correlation with the numbers of anesthesiolo-
gists working in ORs (Pearson r = 0.88, P < 0.001). At
Hospital B, the annual hours of anesthesia were
strongly correlated with the annual numbers of cases
(Pearson » = 0.98, P < 0.001) and with ASA RVG units
(Pearson r = 0.99, P < 0.001) (Fig. 1). Although there
was a statistically significant decline in the average
number of base units per case (Pearson r = —0.86, P <
0.001; Spearman r = —0.73, P < 0.001), the magnitude
of the decline over the 26 yr was small (average 7.9 U
in the first 3 yr vs 6.2 U in the last 3 yr). Likewise,
although there was a statistically significant increase
in the average hours of anesthesia per case (Pearson
r =0.59, P = 0.003; Spearman r = 0.54, P = 0.003), the
magnitude of the increase over the 26 yr was also
small (average 2.5 h in the first 3 yr vs 2.8 h in the last
3 yr).

There was no value in predicting anesthesia work-
load at the three hospitals using the model of a
constant per capita surgical rate multiplied by a
changing local population. At Hospital A, this would
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Hospital B

Figure 1. Strong positive correlation between
o different measures of anesthesia workload at
Hospital B over the 26 yr from 1981 to 2006.
The annual hours of anesthesia time are
related to the annual American Society of
Anesthesiologists” Relative Value Guide
(ASA RVG) units of work (left) (Pearson
r = 0.99) and numbers of cases (right)
(Pearson r = 0.98) (both P < 0.001).
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1000s of Hours of Anesthesia

Figure 2. Inverse relationship between
the local population and the hours of
operating room (OR) time at Hospital
A over the 16 yr from 1991 to 2006.
Despite a 2% decline in population,
there was an increase in the hours of
OR time (Pearson r = —0.87, P <
0.001; Spearman r = —0.68, P =
0.002). The LOWESS lines in the fig-
ure were drawn with tensions of 0.6
(Systat 12).
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be true even including lags of several years, since
there was an inverse correlation between the local
population and hours of OR time (Figs. 2 and 3).
Despite a 2% decline in the population, there was an
increase in both overall OR time (Pearson r = —0.87,
P < 0.001; Spearman r = —0.68, P = 0.002) and
pediatric OR time (Pearson r = —0.84, P < 0.001;
Spearman r = —0.96, P < 0.001). Regardless of how
time-invariant per capita surgical rates were calcu-
lated, forecasts from the first 10 yr would predict
declines in the hours of OR time proportional to the
curves on the right in Figures 2 and 3, unlike the actual
increases on the left, because the age distributions of
the population hardly changed during the studied
years. At Hospital B, there was a positive correlation
between the local population and the total anesthesia
time (Pearson r = 0.97, P < 0.001; Spearman r = 0.97,
P < 0.001) (Fig. 4). However, this relationship was not
of incremental predictive value versus a linear trend
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1998 2002 2006

Year

(i.e., was probably not causal), since the annual in-
crease in workload was correlated neither with the
year (Pearson r = —0.10) nor with the annual increase
in population (Pearson r = —0.18) (Fig. 5). At Hospital
C, the annual numbers of cases increased, declined
with opening of two outpatient surgery facilities, and
then stabilized, despite a linear increasing trend in
population (Fig. 6).

Although trends in national per capita surgical
rates®® are available to anesthesia groups and admin-
istrators, their application to forecasting local changes
in anesthesia group workload can cause much error.
Because Hospital A’s local population declined and
yet its hours of OR time increased, there was a
progressive increase in its ratio of hours of OR time to
local population (i.e., in its per capita perioperative
workload). Over 16 yr, Hospital A’s per capita hours
of OR time increased 180% whereas Hospital B’s per
capita hours of anesthesia increased 25% (F(2,28) =
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42.3, P < 0.001). Furthermore, results for Hospital C
show that growth both in per capita surgical rates and
in local population does not assure growth in anesthe-
sia workload, because of the simultaneous decisions of
other facilities (Fig. 6).

The predictive value of local personal income was
low. There were strong positive correlations between
local personal income 7 yr previously and Hospital
A’s OR time (Pearson r = 0.95, P < 0.001; Spearman
r=0.94, P <0.001) (Fig. 7) and Hospital B’s anesthesia
time (Pearson r = 0.93, P < 0.001; Spearman r = 0.97,
P < 0.001). There was also a statistically significant,
albeit weak, positive correlation between annual in-
creases in personal income 7 yr previously and in-
creases in Hospital A’s OR time (Pearson r = 0.57, P =
0.012; Spearman r = 0.51, P = 0.026) (Fig. 7). However,
this association was not evident for Hospital B (Pearson
r=0.13, P > 0.27; Spearman r = 0.16, P > 0.21). The 7-yr

Vol. 106, No. 4, April 2008

lag was the most predictive lag studied (i.e., there were
lower correlations for the five other choices between the
5- and 10-yr lags mentioned in the Introduction).

The hospitals” historical data were more useful for
long-term forecasting of their workloads. For Hospi-
tals A and B, there was a close to constant annual
increase in the hours of OR and anesthesia time,
respectively (Figs. 2 and 4). In addition, the deviations
from a straight line were close to normally distributed
(Lilliefors” test for normal distribution: P = 0.13 for
Hospital A and P = 0.44 for Hospital B; autocorrelations:
Hospital A’s r = 0.37 for 1-yr lag and r = 0.29 for 2-10
yr lags, all P > 0.17; Hospital B’s » = 0.20 for 1-yr lag and
r = 0.22 for 2-10 yr lags, all P > 0.26). For Hospital C,
the decline in caseload progressively stabilized (Fig. 6).

Although the total hours of OR time increased
linearly over time at Hospital A (Fig. 2), the workload
for each specialty did not (Fig. 8). Short-term forecasts

© 2008 International Anesthesia Research Society 1227
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Figure 5. Lack of correlation between annual increase in hours of anesthesia time at Hospital B and year (left) or increase in
local population (right). Comparison of these results with those shown in Figure 4 highlights that the hospital’s anesthesia
group and hospital administrators should not make decisions based on the assumption that growth in local population is
correlated with growth in perioperative workload, and vice versa. Overlaps of the plotted data were reduced by slightly
jittering those in the left and right panes vertically and horizontally, respectively. Although the Pearson correlations (r = 0.10,
left; » = 0.18, right) were calculated using sequential differences to match the time series analysis (if linear, then change is
constant), the values plotted are the second-order accurate estimates of the derivatives. To make the annual increases in hours
easier to interpret, the difference of each year’s total hours from that of its preceding year was calculated and then divided
by 250. Because most surgery is elective and there are approximately 250 workdays per year, a value of 8 h gives a rough
estimate for the workload of one additional anesthesia provider (e.g., nurse anesthetist at Hospital B). The 50th percentile of
the annual increase was 8 h, roughly the workload of one additional anesthesia provider per day. However, the spread (80th
percentile) was from no increase to nearly two additional providers per day, highlighting the importance of not
over-interpreting results for any 1 yr.
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are made by specialty,">*”~? but longer term forecasts
are affected by technological change. For example, the
hours of OR time for cardiothoracic surgery progres-
sively increased during the 1990s and then progres-
sively declined. As the cardiac surgery workload
declined, the number of cardiothoracic surgeons at the
hospital declined. However, the workload of other
specialties increased, resulting in an overall smooth
increase in workload over time (Fig. 2). Hospital A,
like others, has a highly diversified OR workload,
resulting in lack of sensitivity to seasonal variation or
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trends in any one subspecialty.>! In the absence of the
introduction of another facility (Fig. 6), estimation of
total anesthesia requirements may be straightforward
(Figs. 2-5), but not estimation of the capacity require-
ments for any particular specialty.

DISCUSSION

Many administrators and anesthesia groups rely at
least qualitatively on forecasts of local population to
predict long-term changes in OR workload. We
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Figure 7. Strong positive correlations be-
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Figure 8. Although total hours of operating room (OR) time
increased close to linearly over the 16 yr studied at Hospital
A, the workload for each specialty did not. The Pearson
correlation coefficients (r) for the hours of OR time and year
are shown with their asymptotic confidence intervals
(StatXact-7). The “All specialties” are the data shown in
Figure 2. The hours of OR time for cardiothoracic surgery
progressively increased during the 1990s and then progres-
sively declined, but by 2006 had a workload exceeding that
of 1991, resulting in a positively valued correlation coeffi-
cient (r = 0.23). The 10 specialties plotted in the figure were
the specialties with averages of at least 250 h of OR time
used per year.

showed that such methods were highly inaccurate at
three hospitals. Each hospital should consider, in-
stead, plotting its trend in past workload to predict its
future workload.

Our results are likely irrelevant to national health-
care policy, but applicable to decision-making of indi-
vidual anesthesia groups. Managers should consider
our results during meetings at which participants are
making the tacit, but false, assumption that increases
in local population will drive increases in local anes-
thesia workload, and vice versa. Although growth of
the elderly population is often used as a simple
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thesia groups’ financial strength depends on their
operational decisions, transactional data (e.g., each
case’s start and stop times for case duration and
specific room for turnover time) are needed for good
strategic decision-making. Some hospitals (e.g., Hos-
pitals A and B) may be fortunate and have a nearly
constant annual rate of growth (i.e., one year’s predic-
tion determining the next year’s prediction) and nor-
mally distributed variations from the trend line.

Previously described methods for forecasting OR
time by specialty were designed for forecasting appro-
priate staffing several months ahead."™* The tech-
niques were valid and useful despite not incorporating
trend, an aspect that we can now explain. Average
annual increases in hours of OR time were 3.3% at
Hospital A (Figs. 2 and 7) and in hours of anesthesia
were 2.7% at Hospital B (Figs. 4 and 5). These changes
represent trends in workload of just 0.6% and 0.4%,
respectively, every other month. In contrast, there is
routinely variability in workload exceeding 6.0%
among days of the week. Thus, the trends in workload
among studied forecast periods are of irrelevant mag-
nitude when compared with the variability of data
within each period.
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The 3.3% and 2.7% average annual percentage
increases in workload at the two hospitals were not
noticeably different from national rates for inpatient
and outpatient surgery in the US and France. There
was a 2.5% per capita annualized rate of growth of
surgical procedures in the US between 1980 and
1995.%% There was a 4.6% per capita annualized rate of
growth of anesthetics in France between 1980 and
1996.'2

Some anesthesia groups tell us that they forecast
their future workload based on the hiring plans of
local surgical groups. However, the addition of sur-
geons does not cause an increase in anesthesia work-
load unless the lack of surgeons is the bottleneck to
growth and there are no other bottlenecks such as full
intensive care units.”'" Whether forecasting months
in advance for staffing decisions,'* ® a yr in advance
for block time budgetary decisions,” or several years
in advance for strategic decisions (Figs. 2-4 and 6),
study results suggest that hospitals should start its
forecasting of future workload by using its historical
and current workload. The decision to staff an addi-
tional OR can be made by calculating the overall hours
of OR and anesthesia time during each of the preced-
ing 12 four-week periods.! From the mean and stan-
dard deviation of the N = 12 values, staff another OR
if an upper prediction bound (e.g., 80%) on future
workload exceeds some undesirable threshold (e.g.,
8 h).!

Our study was limited by our lack of understand-
ing of the role that economic policy plays in anesthesia
workload (see Introduction). Ironically, a recent study
showed a strong correlation between annual increases
in healthcare expenditure per capita and gross domes-
tic product per capita in the state where Hospital B is
located, but not in the state where Hospital A is
located,** which is the opposite of the findings of the
current study. Our finding of no correlation between
changes in local personal income and anesthesia
workload for Hospital B highlights that the relation-
ships between personal income and anesthesia workload
are complicated and/or multifactorial. The results for
Hospital C suggest that the impact of other facilities’
managerial decisions and the chance of there being
new facilities need to be included in the model.”’
Although in any given year the effect of another
facility on a hospital’s workload for a specialty can be
quantified,”*” we are not aware of such methods being
modified for longitudinal use. Perhaps the impact of
patients’ demands for healthcare on the supply of
surgery also needs to be included in the model.*

In conclusion, our study led to several important
findings. First, although monthly, quarterly, or even
annual reports can give the impression that growth in
OR and anesthesia workloads vary markedly (Fig. 5),
they can remain strikingly consistent over longer
periods (Fig. 4). Second, even though local population
statistics are useful for comparing workloads among
hospitals,”® changes in local population can be highly
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inaccurate in forecasting future anesthesia workloads
at individual hospitals (Figs. 2-5). Third, archiving
and periodically analyzing anesthesia billing data or
OR information system data are simple and useful
tools for long-range forecasting of service demand and
for facilities planning.
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