\
Dec 1906

Analysis of the Geographical Distribution of

Anesthesia Manpower in the United States

Fredrick K. Orkin, M.D., M.B.A."

The 1970 geographical distributions of total anes-
thesia manpower, anesth
thetists by state were analyzed by multiple regres-
sion to account for their unevenness. Independent
variables included factors relating to prior pro-
fessional contact in the state, professional satisfuc-
tion, practice income. demand for services, and
envi The distril ¥ programs
accounted for 41 per cent of the variance in the
distribution of total manpower, but 55 per cent was
explained by the number of operations, location of
nurse anesthesia schools, and proportion of total
state employment in service occupations (a proxy
for the availability of consumer services)., Loca-
tion of training programs and the absence of the
other type of pu’\(mm,l were ;.uud prcdlcturs for
the power groups. The distributi of
nurse anesthesia schools, anesthesiologists, num-
ber of surgical operations. and the relative value
schedule conversion factor together accounted for
60 per cent of the variance in the nurses’ distribu-
tion. The location of residency programs (or posi-
tions) was a better predictor for the anesthesiolo-
gists” location than medical schools or factors
characterizing the demand for services. The
distribution of nurse anesthetists, hospital cost per
day (considered a proxy for a satisfving professional
life and for regionalization of services). and resi-
deney programs explained 81 per cent of the vari-
ance in the anesthesiologists’ distribution. Al-
though the regression predicts that increasing the
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legislation unless matched by decreasing a greater3
number of programs in relatively oversuppliedZ
states. (Key words: :sthesiol i, distribution?
Nurse anesthetists, distribution: Manpower. anes
thetic.)
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PROPOSALS FOR CHANGE in the organizationg
financing, and delivery of health services arg
being made with increasing foree and frc%-
quencey as health care becomes aomore pressing
social and political issue. Among the most ded
bated health care topics is the maldistribution o

physicians with respeet to specialty and loc 1-5—_
tion. Qualitatively the anesthesiologists
araphical distribution resembles that of all |lh\—°_
sicians, with the preponderance located "E
densely populated areas. However, quanti |-§1
tively  the anesthesiologists”  distribution isg
more uneven (fig, 1. top), with some states havsg
ing nine times as nany anesthesiologists pes
population as others.!= The Committee on Mana
power of the American Society nl':\nc.sthcsh)Iu%
“tend to be§

wod

thesiologists

wists notes that ane
clustered in the cities where there are Iu"clN
hospitals. medical centers. and more physi-g
ciuns.”! Further, there is a reciprocal rcl.ntum-n
ship between anesthesiologists and nursvo
anesthetists® those states having a large numS
l)crnluncsthcsmlugutsll;l\ch-\\crnursc .mc\—chn
thetists (fig. 1. middle). A stady pcrh)nnc(b
for the Bureau of Health Manpower L(luc '3
tion found “little consistency of pattern”™ ing
the distribution of nurse anesthetists, otherd
than the reciprocal relationship with ;Inc.s-g
thesiologists® The distribution of the totalS
mampower is also very uneven (fig. 1. bottom). N
Planning for the future delivery of .\ncvo.
thesia services requires a more precise deg
seription of the determinnts of the gec wmphlo
cal distribution of manpower, as well as thclrﬂ’
ntilization and productivity. Suitable .lll.l]_\.\l.\o
should not only identify specific factors tha I(i,
account for the distribution but also purnnl>
inferences. if not predictions, given changesS
in the factors. Additionally, the analysis should
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ANESTHESIOLOGISTS PER 100,000
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of Influence on
fans®

TABLE L Mujor Citegarie
Location of Phy-

1. Prior exposnre
> < in the physic
t with a commmity

lite that permitted

contil
2. Professional relationships

Practice-related  aspects contributing to o

satisfving and suceessful protessional lile

3. Econamic fuctors
Visible quantities directly influencing practice
net income

-4

me du il services

. Environmental factors
Attributes contributing to quality of life in a
community

= After MeFarlund #

evaluate the potential roles of factors that are
amenable to public policy influence, such as
the presence of medical schools. resideney
programs, and advanced postgraduate train-
ing.

In an attempt to satis
data relating to the distribution of anesthesi
nunpower were subjected to multiple regres-
sion amalysis. Multiple regression is a statisti-
cal technique that yields an equation predict-
ing the dependent variable (the manpower
distribution) in terms of a combination of
independent or predictor variables, describes
the contribution of cach predictor in the ae-
counting of the total varianee within the de-
pendent variable, and measures the strength
of association between the dependent and in-
dependent variables.t The analysis wis con-
ducted using a cross-sectional desizn (hy s
and the District of Columbia) for the vear
1970. That vear was chosen to use both the
AS.A data on anesthesiologists and the ex-
tensive statisties collected during the 1970
U. 8. Census. Factors that have been identi-
fied wmong the najor categories of influence
upon the location of physicians (table 1) or
might be expected to aftect the dlsmbuht,-. of
anesthesiologists were chosen for
Presumably some ol these factors m
ence the distribution of nurse anesthetists.

- these nlun clives,

ate

t An intuitive approach to regression is pro-
vided by Colton': o more advimeed treatment is
given by Armit;
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The distributions of anesthesiologists and
nurse aesthetists have been studied sepag
rately, as well as combined. beeause of an asg
sumption that different determinants operatg

(vide infra).

Methods and Materials

SOURCE OF Data

e/F.dny woly papedy

Table 2 lists the manpower ratios and thex
factors (predictor or independent v 'i.|l)lv\)g
with their summary statisties.] The variabléd
Anesthesivlogists velies upon the 1970 datg
prepared by Medical Mailing, Ine.. which in?“;
cludes individuals in active, resident, andg
academic (teaching andior rescarel)  categy
gories, irrespective of membership in l]ug
ASAS Nurse Anesthetists is derived from they
mcmbcrslnp list of the American Associationf)
of Nurse Anesthetists and includes some inacg
tive persons, becanse their 1970 data are nog.
broken down by clinical activity.® Data relatg
ing to residency positions enumeriate ap<
proved and not necessarily occupied positions 2.
The variable pertaining to the relative valugy
schedule is based upon a nonrandom sampling®
24 anesthesiologists reported by ASAR
districts. The other two variables rcqulnnf..%
comment are Non-estimated Operations n(@
Estimated Operations. The former is derivedy
from the 1970 American Hospital \\'I)Li.lli()ll\‘
questionnaires submitted by 6,266 acute c.m:\‘
hospitals. which performed 14057861 surgi-3 3
cal operations: the latter includes an .\.ll..\.o
estinnate for the non-reporting facilities, bringg
ing the totals to 7,123 hospitals and 14818, 14-1'\)

Y

of

opertions.

19261~

t The complete data matrix, as well as correlay
tion mutrix and regression results nat shown here S
may be ordered as NAPS Document 02871 frumD
ASIS/NAPS, Microfiche Publications, 440 Purk3
Avenue South, New York, N.Y. 10016, rumlhmg
$3.00 for microfiche copy or $5.00 for phuh)u)p\.
Foreign orders add $3.00 for postage.

§ Dr. Richard Ament (22 Lake Ledge Dn\ua-
\\'illi;unsvill(. N. Y. 1422]), personal umunuuu.lz
tion. S

* Approximately 15 per cent of tln
xm-ml)crship was inactive in 1970 [Na . Fev
111 E. Wacker Drive wa, l||
()()G()l) personal comnumication); in addition, lIlLO
membership ¢ include student nurse anes
thetists, of whom the first-year group may contribute=:
little to elinical covernge because of diductic work. )

N
=
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TasLe 2. The Variables”

L

Stanidard 2
Mean D

(][}

Manpower ratios (per 100,000 pop.)
Total manpower
Anesthesiologists
Nurse anesthetists

12.50

3

The factors
Prior exposure
Residencey progriams
Residency positions
Advanced residency positions

0.76

Total residency positions s
Four-yeur medical schools '5§
Nurse anesthesia schools 12
Professional relationships >
Hospital cost per day (5) 168.0 S
Acute care heds in 1969/1.000 pop. LIS
Economic factors 2
Relative value schedule conversion factor ($) 0740,
Health insurunce benefits paid per capita () : a
Malpractice premium for fitth risk catesgory ($) T %
Malpractice actions closed/100 physicians 2715
Demand determinants <
Personal income ($) oy
Disposable income (3) %
Population change (76 of 1960 pop.) 2
Urbanization (<0 pop. in SMSAH B
Ared (5 pop. aged = 63) 2.()2§
Education (¢ pop. iy
= 4 vears’ college) 209
Non-estimated surgical operations (JOX)'s) a
Estimated surgical operations (000's) NS
L . N
Environmental fuctors ©
Annual heating degree days 3
Public school guality ($/pupil) 67
Consumer services availability (per cent 16925
services emplovmentitotal employment) 3
Recreation (recreation areas/sq km) §
N

= All data refer to 1970 unless specified otherwise: ennmerative statisties relating to training and 2
opertions are per LOOODOO popuelation. Appendin 1 lists the sources of these data. 9
i Standard Metropolitun Statistical Area. 2
N

=]

Tue METHODS stepwise regression (BMDO2R) to ruduuulg

<3

Because i finear regression model was to be
used to account for the manpower distribu-
tions by state, cach of the three dependent
variables was plotted (progriem BMDOS1*)
against cach of the independent variables to
demonstrate curvilinear relationships requir-
ing transtormations to obtain lincarity. Each
of the dependent variables was subjected to

== Dixon WJ: BMD: Biomedical Computer Pro-
grams, Berkeley (Call), Univensity of California
Press. 1973,

the number of independent variubles to a8
well as identify
arfables that wonld o
explain the bulk of the variance in the de- =
pendent variable. This regression prnumm:
also vielded a correlation matrix from which g
Pearson’s correlation
obtained (table 3): standard tables were used S
to estimate the statistical significance of these 8
simple correlation coeflicients. A multiple 2
regression program  (BMDO3R*™) vielded =
equations (tables 4. 5. and 6. and Appendix 2) S

s

more manageable number,

200!

the group of independent v

coeflivients of were &
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whose overall statistical  signific: were

estimated with Feratios and whose regression
coetlicients were evahimted with £-tests.

w

The Results

Table 3 shows that Totel Manporcer corre-
lates moderately with operations, Nurse Anes-
thesia Schools, Beds.
ables, and Consume
Aunesthesiologists corre
ately with all residency
Schools, Hospital Cost.
Persanal Income, Disposable
square ol Urbanization, Education.
tion, and the number of operations.
also am inverse correlation with Nurse Anes-
thetisty and & low but positive correlation
with Malpractice Premium, Public Schiool
Quality, and Consumer Services Availability.
Nurse Aunesthetists
with Nurse Anesthesia Schools ad jnversely

sevenl resideney vari-
Availability.
ates highly or moder-
Medical
Benefit,
Income, the
Reer
There is

Services

variables,
Insurance

-

correlittes moderately

TABLE 3,

. Pearson’s Coellivients of Correlition

Sreestlies

K. ORKIN oo, 1

v, e
with Anesthesiologists: lesser correlation is
found with Residency Programs, Hospite
Cast (inverse), Beds, and Urbanization (15
verseh

Forty-one per cent of the variance in Tote
Manpower is accounted for by training \.m:s
ables tequation 1, table -B, but the hest pxmllg
tion is obtained by combining Nurse Anesg
thesia Schools, Now-estimated  Operation 2,
and Consumer Sercices ;\rui[ul:i/ilu(cqunlinﬁ
23, which explains 3.4 per cent of the varianeas
Tuability to
prohably related to the heterogeneity in the

 pSpeo

N N : RY3
acconnt for more vartancee =

smate nEnpower.

The hulk of the Anesthesiol &
gists is accounted lor by Nurse .-\m'\l/u'll\l
(with a negative coetlicient), i medical traing
ing variable, and Hospital Cost table 5&
Seventy per cent of the variance is eaplained
by the regression equation when the lminin”’
variable is Medical Schools (equation 3),

2718 YD.

varkinee in

0189

Totad Manpower

1.000

Total manpower
Anesthesiologists

Nurse anesthctists
Resideney programs
Residency positions
Advanced residency positions
Total residency positions
Medical sehools

Nurse anesthesia schools
Haospital cost

Beds

Relutive value sehedule 0205
Insurance benefit 016534
Malpractice premium 0.080™

Malpractice actions
l'l‘l'\““ll[ ncome
Disposable income
Popudation chanze
Urbanization
{Urbanization?®

04084
—(LO63™

Non-estimated operations
Estimated operations

Heating degree days

Public school quality
Comsumer services availability
Reercation

Aesthes Nunse Anesthietists
0.353" 0.629;
1. ()()() -40.505%
Lo0)
—-0.309°

a.030™ 0.156™
0.669; —0.129™
. —0.199™

0. 130

06773
0.033™ -0, I(IS“‘
0.604; 0104
053802 a.030™
0015~
0.181™
—0.080™
0.133™
—-0.216™

P <005,

tP<oul.

PP <0001

ns = not statistically i

iificant.

5
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TABLE . Regression Results Tor Total
Anesthesia Manpower
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TABLE 3. Regression Results for
Anesthesiofouists

o
(e}
Comrlhiients ot rents =
le}
©
Tonleperndent Varnbles Tepnatson 1 Erpration 2 Teudependent Vanables Bepation 5| Fapaations &
o
Nurse anesthesia sehools 0.502 Nurse anesthetists -0.181 =
(3,910 (=3.2

Tatal residency positions 0.119 Resideney programs
(3.766) L
©
Non-estimated operations 0.025 Medical sehools 4
(LTI o
@,
Consumer services 0.19 Hospital cost 0,083 0.058 §
availability (3.137)" 6.1532014 (-H)Thi@
)
Intereept 6.125 Intereept —0.109) =
Q
Standard error of estinate 3561 Standard error of estimate L7 S
Coctlicient ol detenmina- 0.535 Coclficient of detenmina- 0.702 0510 S
tion, | [1S.016]1 tion, R [30.90213 | [66.50018
=
. ]
Al values in parentheses are f-vadues; those in All valines in parentheses are t-viues: those i,

brackets are F-ratios.
P < 0.0
t P < 0.001.

ns = not statistically significant.

per cent when Resideney Programs is used
(equation 1. Substitution with other resi-
deney variables does not materially alter the
equation’s predictive ability,

The training progrum is also a significant
variable for the prediction of Nurse Anes-
thetists (table 6). Anesthes
e
arams together acconnt for almost half of the
varianee (equation 3) Additional variance is
accounted for by the relative value schedule
and Estimated Operations (equation 6).

Addition of and/or substitution with other
variables does not inerease the predictive
powers of equations - and 6. These equations
predict values for the manpower groups that

fologists with a

ative coctlicientand Nurse Anesthesia Pro-

¢ quite close to the actual values (fie.2),
The approach used here has heen validated
by a split-data technigue (Appendix 3).

Discussion
Health manpower should be distributed in
such w way as to cnable reasonable access
to quality care at the lowest cost to society.
Although it is widely Dbelieved that the
aceess to health care is inequitable, there is
little agreement regarding what level of health

brackets ure Fortios,
P 0005,

t P <0001,

TABLE 6. Rearession Resulis for Nurse Anesthetist

Coethorents

Tndependent Vanables Eognabon 5 Fopration o

—0.549
(=5.929

Anesthesiologists

162/265/9/sv/1Pd*jon1e/ABojO]

w
04918 N
CLIY6IS

Nurse anesthesia sehools

0

S

Relative value sehedule 2 8
g

»

Estimated operations 0039 o
(2.571)‘571

- wa— o

Intercept 9.512 0.327 §
Standard error of estimate 2273 2006 @
o

Coefficient of determim- 0,460 §
o

tion, K? [20.102]2

Z uo }sanb Aqpd

All values in parentheses are t-values: those i
brackets are F-ratios,

C P < 0.025,

f P <00l

s P <000l

care should be available or how to measure©
the “quality™ of what is provided. Nonethesg
less, even though the conventional ]IL';II[]IE
indi
shorta

ors do not support the allesation? aQ
ue of physicians ina given area is said



Anesthesiolony

398 FREDRICK K. ORKIN V15 b P T

[ e
14 \
o] Anesthesiologists o
L:L)] per 100000 e
Jiog -
8 ‘.
Se
&
a4
<
r=0900
2 P<000I

R A
PREDICTED VALUE

6} . i

141 Nurse Anesthetists \@\““
% 12 per IO0.000. . s
|
€0
I 8f )
2
2%
4 r=0772
[ P<000I

4 6 8 10 2 K4 6
PREDICTED VALUE
F1c. 2. Scatter diagrams showing the relationship
between the actual values and those predicted by
equations 4 and 6 for anesthesiologists and nurse
anesthetists.

to result in a poorer health status, For ex-
ample. until data on the “quality™ of anes-
thesia services provided by different types
of personnel become available, it is presumed
that a general anesthetic not involving an
anesthesiologist, say because of a shortage,
denotes o lower standard of care. Moreover,
the poor utilization of operating rooms, which
is an almost universal phenomenon.” is
probably exacerbated in areas of shortage.

At the other estreme, a relative surplus
of physicians leads to influtionary pressures on
the cost of medical care in the area. given
the pivotal role of the physician in health
care expenditures: Although he receives only

IS per cent of health care expenditures.?
he chooses how almost all such expenditure§
are made " Because his geographical di\'trilmg
tion is a reasomably good proxy for the (li\'trihug
tion of all health services.!! the effects of
physician maldistribution on medical! c;u‘é’
costs may be pervasive. To date, m;mpm\'cg
policy has been ki

gely unsnccesstul l)vv;ubg
of inadequate analysis. =

Multiple regression is an appropriate toof
to search massive amounts of seemingly un,
related data for significant associations. Whai,
is identified is association, however, and nnti
cansation, It is entively possible that the inde&
pendent variables which “explain™ the mang:
power distribution so well are themselved
influcnced by some unidentified  factor(s)3
The other pitfall that must be avoided ig

extrapolation from this inferstate study to ard

ue/w

intrastate situation. For example, it may b

true that an underserved state may iner lsug—
its number of anesthesiologists by increasin@

S N =
the number of residency programs. 1 such ang
initiative is undertaken to correct an in!m-:_._f'
state inequality hetw
. . . . . - -Q
gions, that inequality is likely to be intensi<z
fied.® Nevertheless, the regression analysisa
has validity ax shown by its predictive abilityg
(fig. 2.
The regression results sugaest that factorsy
P - SN
characterizing  the demand  for medical®
services are not particularly important pre-=
dictors of the geographical distributions ofS
the manpower, except in the case of the totalQ
manpower, where the nnmher of operations®

n rural and wrban red

/26!

is the best predictor, explaining 31 per cent nl%g
the variance, The number of operations makesg)
a much smaller contribution to the best®
explanation of the distribution of only theg
nurse anesthetis
tion of aged in the population.’® the level ofg
education.' and the income level of the com-N
mamity'* which are associated with incru;lscd-g;
demand. do not find their way into the op-8
timum equations. For the distribution of@
the anesthesiologists, all the variance ;lc-im"_
iables andg

s. Factors such as the propor-&

counted for by these demand v
even more variance is accounted for hy (hcg
distribution of the residency programs.ti »
Hence, the more highly associated variableS,
has overpowered the effect that the demand 3

variables might have had in the equations. R
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A similar sitmation prevails with environ-
mental factors,
consumer services makes i small contribution
to acconnting for the total manpower. Such
Factors as quality ol public schools, quality
and avai
recreational fucilities wre olten volunteered

as Cimportant”

S Inaswvey of the aradiges ol a

physiciuns.
midwesterm medical school. clinate and recre-
aved

ational factors diserimivated those who s
in the state from those who migrated

Economic relating to the net
come of the manpower made a small contribu-

fictors in-
tion to exphiining the anesthesiologists” dis-
tribution, a larger contribution to that of the
nurses. That such factors do not play a more
important role, as they do with physic
in general,® may be related to the variables
The studies on unselected phys
The equivalent

[

used.
often use the office-visit fi
is the relative value
schedole cony or: the
variable relating to that fee may be defective
as st result of the method used to collect the
data. Morcover,
better data might be constrned to he s prepara-
tory step tow -fising and. thus, held
to an antitrust violation, The variable relat-
ing to insurance henefits paid is not only
not specific to the anesthesiologist but s
colinear with Resideney Programs v = 0.786)
and Hospital Cost (v = 0.539). both of which
describe the anesthesiologists™ distribution
hetter.

The cconomic viriable that by
counts for almost halt of the variance in the
anesthesiologists” distribution is Hospital
Cost (hecanse v = 0.694). To the eatent that
Hospital Cost contains the salaries of anes-
thesia personnel paid by the hospital, this
variable belongs with others relating to net
income. Yet. the variable has broader implica-
it correlates with the con-

fee in anesthesiole

however,

rsion

to obt

any attempt now n

ard pric

itself ae-

tions  be

e
wnnity’s  educational Tevel (r= 0697, de-
t1 That such colincarity is responsible is ap-

pitrent in the correlation matrin: Residency Pro-
arams, which correlites veny highly with Anes-
thesiologists, also correlates with Non-estimated
Operations (r = 0.788), Education (v = 0.354), Dis-
posable Income = 0467) and Personal ieome
(r = (LH5).

Y GEOGRAPHICAL DISTRIBUTION OF MANPOWLER

of which the availability of

wbility of honsing, and presence of

in the loction decisions of

399

0.63-4, disposable

income (r = 0.750), number of residencey ]mrD
grams = 0.-165),
viricty ni'lmxpitul services provided. ' He need
Hospital Cost is a surrogate for the largeg
wetropalitin medicl center, with its full2
complement ol and  consultants 8
which affords professional contacts, continn-=
“challenging” L'il\('\g
e for the degreey
Thus. Ilmlululm
ategorized as .lw

aree of urbanization (r =

hospital size™ and (II(E

services

i“! ('(lll('llli“ll lel(l more
the
of regionalization of service

variable is also s sirroe

Cost iy more appropriate
lity of professional rels lllm-

ships than of net income. That the regre ~~mug
identifies this variable confinns the conclusion®.
S.A. Committee on Manpower andg
for the for anes-3
aists to practic

measire of the qui

of the
also acconnts tendency
thesiol in the Larger hospi

Jeaving purses in the smaller, more rora

1saue/

asive as i predictor of the

Even maore per
distribution of both types of nunpower is the
training progran.s i There are two ways iy
which the site of training may be influentia
in the locution During training
personal and professional ties to the are
develop The training program also creates
opportunities tor practice for a small number.
as well as boproving the practice environ-
ment for many others in the vicinity., OneR
corollary is that the Tast training site shouldy
have the ureatest influence upon location.
for anesthesiologists the residency'§
is a considerably better predictor@

A60|0|59q

STIE//

decision:

15
d-a)

62 /269/9/917/;';7

/1L

Indeed.
pl'll'_’l';lln
than is the medical school (equations 1and 2,
This has been found for generad
alists, and sev-

table -3
practitioners, mmselected spec
eral of the Lirger specialtios.? Morcover, whes

00-000219/6-2S

2 ¢ Although nurse and physician triinees seemed &
relatively small subsets of their respective sronps G
(9.5 per cent for nurses, 173 per cent for physi-o
cians), there was a possibility that the identifica-S
tion of the tr « progrme as a good pred dulnr~<
was merelyan artifuet of inclnding triinees amone@
the mampower in the dependent variable. Tow- @
ever, repeating the analysis using only active. =
non-federal anesthesiologista™ vielded o similar 3
result: N

0

TI3 - 013 Nurse Anesthetists
6 Resideney Programs + 0.049 Hospital Cost

=]
>
©
=1
N
Q
N
EN

(R = (L6436, P < 0.00D
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resideney and medical school are combined
with other “events™ such as hithplace or
internship. the probabilities of physician re-
v be calenlated. Not unespectediy,
er the number of ocenrring
in a state. the greater the probability of re-
tention. For
probability is 0.16 for unselected specialists
wanesthesiologists were not identified sepa-
ratelvi, When medical school or internship
the
probability jumps to about 0.7: when all three
ocenr in the same state the probability is 0.835.
Altheugh it appears that establishing more
resideney programs should lead to increased
retention, cantion is needed because interpre-
results from taking data about
out of the contest of a sequence.
ans

‘events”

resideney alone the retention

oceurs in the same state as residency,

tation one
“event”
Undoubtedly the location tor some physic
is chosen prior to the residency, which may
be taken in a state in which the individual
anticipates ey entual practice.
expanding  or

Nonetheless, establishing
resideney programs has heen suguested as a
feasible and potent policy  for increasing
aencral medical nanpower inan underserved
state. Starting a resideney where there is no
local demand for services. of course. would
not he expected to be associated with an
influn of nunpower. Yet. there is only a fair
ables and
even

correlation between residency
the conventional demand  var
the distribution of operations explains only
60 per cent of the varianee (heciuse 1 = 0.758)
in the residencies” locations. Moreover, the
distribution of hospital cost per day—which
conld probably be shown (if data were avail-

les:

able) to be colinear with the distribution of

open-heart surgery. peurosurgery, and other
specialized services requiring anesthesiolo-
gists—has only a tair correlation (r = 0.463)
with the distribution of residencies. These
considerations suggest that the apparent ef-
feet of residencies on manpower is at best
only partially mediated through demand b
tors. and that there may be some flexibility
in the location of training programs. To gauge
the mamitude of the expected eflect of alter-
ine the distribution of resideney programs,
one need only substitute values into equation
2. For exaniple, adding 0.5 resideney program
per million population in the average state
should be associated with a 16 per cent in-
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crease in the number of anesthesiologists,

Moreover, the regression predicts this eflectd
would be enhaneed it fewer nurses electeds
to train in anesthesia consequent to the phas-9°
ing out of diploma nursing schools and the
anesing education, as has!
The eflect oladditional resi-8

e

1y pap!

Iengthening of
been sugaested.

deney programs is even greater in the mo\t:-
underserved states, given the fact that thcn‘c
populations are less than a million, l]l(‘_\m
usially have no existing program, §§ and oned,
annot establish a fraction of a residency pro-g,

aram. é
Whether it is really feasible now to st m;—
new residencies or enlarge existing oness

substantially is uncertain, At present about 7.28
per cent of the budgeted acadeniic positionsg
in anesthesiology are anfilled: this vacaneyg
rate is higher than that for any ather specialty&
except orthopedies (8.3 per cent). urologyQ
(10.3 per cent), and family medicine (16, §°—
per cent).® A more severe constraint is pn\c(E
by the pending federal legislation dc\u.ncd’-“
to increase the proportion of physicians in pri
ties, decrease Lvn"r.lplm:.xlc
and decrease the numbers

| graduates. Based upon theo
N .w())g

mary care spec
nualdistribution
of foreign medi
more prominent bills (H.R. 53346 and §
the total numbers of resideney positions .\rc

likely to be cut sharply over a few years ln(o

about 125 per cent of the prior year's wraduat-g

ing class from medical and  osteopathic2
- " LTS
schools. For anesthesiology these initiativ esg

may mean a considerable loss of positions.®Q
Althoueh the immediate fate of this legi:
tion is uncertain at this writing, these billsz
represent a growing interest of government ing
correcting physician  maldistribution  withp
policy ainted at postegraduate training. Nc\‘cr-g
theless. even if such constraints should be ap-5
plied. increasing (or establishing) programs ing
underserved states is still possible if lll.lthL’([gJ

by decreasing the numbers of programs ing
U-

6i-2v

oversupplied arcas.

This study has identified the location nP
training programs as an important v rl.\lllc
in the geographical distribution of .lnc\!hcsl.lo

$§ Of the ten states lacking a residencey pruummo
in 1970, only one had more than the nationals
mean for the number of anesthesiologists  per=:
population, with the mean for this underservedd
group being 3.33 anesthesiologists per 100,000
(65 per cent of the national mean).
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wanpower, particularly in the case of the
anesthesiologists” distribution, for which al-
most two-thirds of the variance is accounted
for by the residency programs alone. Althongh
by the very nature of regression analysis one
cannot be certain that the observed reldion-
ships are in any way causal, these observi-
¢ consistent with those of unselected

3 and recent medical school gradu-
ates®! from studies using different designs,

The following members ol the University of

Pennsylvania provided helptul criticism of the
manuscript: Drs. L. L Coopernian (Anesthes
R. C. Jones (Statisties), W L, Kissick (Community
Medivine), and S. P Martin (Health Care Adminis-
tration).

Note added in proof (October 6, 1976): On Sep-
tember 30, 1976, the health manpower education
bill (ILR. 5346) was reported out of conference
committee without the stringent ™ oY
restriction’ but with lesser controls on residency
positions and foreign medical graduites. In order for

¢ resider

medical and osteopathic schools to receive federal
capitation funds at least 35 per cent of g
must elect residencies in prima
(Family medicine, pediatries, and internal medicine
but not obstetrics=gynecology) in the first year
following enactment (40 per cent in the second
vear, 30 per cent thereafter). The bill does not
deal with the apportionment of the non-primary
care positions, so the implications for anesthesi-
ology are unclear. The section on foreign medi-
cal graduates requires that such persons have a
“commitment™ to return home, pass parts 1 and
11 of the National Board examinations and a test
of competeney in written and oral English within
90 davs of arrival, and stay no longer than two yvears
(renewable upon review). Given that 55 per cent ol

duates

(ties

¥ oCare spe

residents in anesthesiology are foreign medical
graduates.®™ such legishition is likely to result in
the effective loss of many positions,
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APPENDIX 2%

Regression Equations for Anesthesiologists Examining
Importance of Demand Variables

Lzmumoq

Coutherents

Independent Vanable Eaquatiom 7 Equation S Fagruation 4 En 1
Nurse anesthetists -0.278 -0.265 -0.316
(=3.45008 3.6071% (=3.000WF
Haospital cost 0.056 0.064 o111 0.066
il (3. (7.53D§ (3.2000

Disposable income 0.002
(1.978m

Education 0.285
(20991

Y1SaUB/WOo9 JleyolaA|isZese/rdny wdlf pap

Aged 0409
(3.6671§

Estimated operations 0047
59908,
o
Intercept - 1.565 -0.669 -3.292 -1.02¢ 8
<
Standard error of estimate 1.628 1.621 L194 1.276 ’g::
Coeflicient of determination, R? 0.606 0.610 0.668 38 g.—f
{24.125]§ [24.512]% [31.5791§ [19.149]%
o
= Additional regression equations will be supplied with data matrix by National Auiliary l’nhliu;ltinn&

Service. >
Valnes in parentheses are f-values; those in brackets are Foratios. 1 P < 0L05. § P < 0.001. 1 P < ().00381\0

ns = not statistically significant. N
g

APPENDIX 3 2

N

Validation Procedure S

From the 31 georraphical regions comprising the “cases,” seven were selected randomly and remove
from the data matriv. The resression program was run on the S remaining cises using equations -4 ane
6 to recalenlate the coefficients and the intercept. The resnlting revised equations were used to predict!
vahies of the dependent v bles for cach of the seven cases, which conld be compared with actualg
values. Five of the seven predicted values for anesthesiologists and six of seven predictions for nur®
anesthetists were within one standard error of the actual values, with the remaining predictions I,\'in'.g
slightly beyond this internval.

L*¢¥S00

Nuzee Anesthetines
Anesthecologists
01700562 Anesthesado
NS0 1TY Nurve Anestheria < NG N e Anesthesta Seloods
Revised « 1657 Resudenen Tam s L1V Relate s Value Schedule
Eegnation = 0SS Hospatal Cose - 003 Evtimted Operations
SE LIS 2116
Stare Aetoa] Pred. Eror ARE DT Actual Pred Error
CT 5.4 35.08 -1.27
FL 10.6 .56
™ 0 b
NH 16.8 +0.19
ND 13.9 017
NY -0.60 6.4 +0.60
TN +LI13 29.7 -0.29
MEAN 5.8 552 118 T4 10.9




