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Abstract

Background: Anesthesiology is a vital specialty that permits
the safe and humane performance of painful procedures. Most
Israeli anesthesiologists are immigrants, while only a minimal
number of Israeli medical school graduates enter the specialty.
Unfortunately, the supply of immigrant physicians is declining due
to falling immigration rates.

Objectives: To examine the current Israeli anesthesiology
workforce and project future needs.

Methods: Demographic and professional information about
Israeli hospital anesthesiologists was solicited from anesthesiology
department heads. Data were also gathered about the past, present
and projected future growth, age distribution and birth rate of the
Israeli population. Needs and demand-based analyses were used
to project future anesthesiology workforce requirements.

Results: Data on 711 anesthesiologists were obtained from
30 hospital anesthesiology department heads. Eighty-seven
anesthesiologists (12.2%) graduated from Israeli medical schools
and 459 (64.6%) graduated from medical schools in the former
Soviet Union. Among the 154 anesthesiology residents < 40 years
old, only 13 (8.4%) graduated from Israeli medical schools. There
are approximately 10.8 anesthesiologists per 100,000 population.
Projections for 2005-2015 revealed a need for 250-300 new
anesthesiologists.

Conclusions: The anesthesiology workforce is predominantly
composed of immigrants. This has vast implications for the future
viability of the specialty because of the continuing reduction in
immigration, the lack of interest in the specialty by Israeli medical
school graduates, and the projected need for many new anesthe-
siologists to replace retirees and to provide care to a growing and
aging population.
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Anesthesiology is a vital specialty facilitating the safe and
humane performance of painful and uncomfortable procedures.
The anesthesiologist’s role is no longer confined to operating
rooms, but has expanded to labor and delivery suites, radiol-
ogy departments, intensive care units, acute and chronic pain
services, and emergency/trauma receiving areas [1]. Fueled by
clinical and technological advances, anesthesiology practice has
become increasingly sophisticated so that the elderly and chroni-
cally ill, as well as the critically ill and injured, are routinely

anesthetized. Such anesthetic care has been a key facilitator
of the advances in surgical care over the past four decades. In
Israel, anesthesiologists are the seventh largest specialist group
and usually the largest or second largest specialty group in
acute care hospitals. The Israeli population is expanding and
growing older, thereby increasing the need for anesthesiolo-
gists. The potential for maintaining or increasing the number of
anesthesiologists depends on the recruitment to the field of
anesthesiology of Israeli medical school graduates and physician
immigrants. However, few Israeli medical school graduates select
the specialty as a career, while the pool of immigrant physicians,
which over the past three decades has provided the bulk of the
anesthesiology trainees, is rapidly diminishing. The present study
characterizes the current Israeli anesthesiology workforce, projects
future needs, and identifies steps to be taken to meet these
needs in the decades to come.

Subjects and Methods

Information about each anesthesiologist employed in Israeli
public and private hospitals was solicited from the heads of the
30 Israeli anesthesiology departments. This information included
age, gender, employment status (full- or part-time), the country
of medical school education and last anesthesiology residency,
professional status (resident, certified specialist anesthesiologist),
and medical school academic appointment, if any. Data collection
involved completion of data forms and a questionnaire by the
department heads followed by a review of the forms with a non-
physician member of the research team. The questionnaires used
the five-level Likert Scale.

Library, Medline, Israeli government (Ministry of Health,
Central Bureau of Statistics) and Internet sources were queried to
obtain information about the past, present and projected future
growth, age distribution and birth rate of the Israeli population.
The same sources provided immigration statistics and data on
the physician workforce and national healthcare activities.

Descriptive statistics (mean + SD) and graphics were used
to describe the characteristics of the anesthesiology workforce
in Israel. Differences between subgroups were determined using
Students t-test. P < 0.05 was considered statistically significant.
The current number of anesthesiologists per population was
calculated, along with projections of future national population
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growth, aging, surgeries, births and cesarean sections used to es-
timate future anesthesiology workforce requirements. In situations
where projections were not available from governmental sources,
projections were made using best-fit regression analyses.

Results

Thirty department heads provided data on 711 anesthesiologists
currently employed in Israeli hospitals [Table 1, Figure 1]. Only
87 (12.2%) of the anesthesiologists graduated from Israeli medi-
cal schools. Eighty-five anesthesiologists (12.0%) are practicing
part-time (age 50.0 + 9.6 years); 20% are females and 54% are
certified specialists. Fifty-eight percent of the anesthesiology
residents are < 40 years old [Table 2]. Among the anesthesiolo-
gists aged 31-40 years, 17 are Israeli medical school graduates
(13 residents and 4 certified specialists). During these 10 years,
these schools graduated about 2800 students. Therefore, < 1%
of these graduates are currently hospital anesthesiologists. The
investigators identified approximately 25 other certified special-
ist anesthesiologists working outside of hospital anesthesiol-
ogy departments. They were performing hospital administrative

Table 1. Characteristics of the Israeli anesthesiology workforce

Certified
Residents specialists Others
(n=264, (n=373, (n=74,
All (n=711) 37.1%) 52.5%) 10.4%)

Age (yrs) 458 +9.1 402+78  492+179 504 +89
Range 26-73 26-64 31-73 39-70
Females 25.0% 31.1% 22.87% 14.9%
Age (yrs)
Females 44797 399+85 482+71 465+95
Males 46.4+90%  403+79  494+82 50.8 £8.9
Medical school education
Argentina 20 (2.8%) T(2.7%) 11(3.0%) 2(2.7%)
France 14 (2.0%) 1 (0.4%) 12 (3.2%) 1 (1.4%)
Israel 87 (12.2%) 13 (4.9%) 73 (19.6%) 1 (1.4%)
Italy 23(3.2%) 4 (1.5%) 19 (5.1%) 0
Romania 37 (5.2%) 6(2.3%) 28 (7.5%) 3(4.1%)
S. Africa 9(1.3%) 1 (0.4%) 8(2.1%) 0
USA 15(2.1%) 4 (1.5%) 11(2.9%) 0
Former Soviet Union 459 (64.6%) 210 (80.3%) 182 (48.8%) 67 (90.5%)
Other 47 (6.6%) 17 (6.4%) 30 (8.0%) 0
Residency training
Israel 657 (92.4%) 347 (93.0%) 53 (71.6%)
Former Soviet Union 32 (4.5%) 8(2.1%) 20 (27.0%)
USA 11 (1.6%) 8(2.1%) 0
Other 11(1.6%) 10 (2.8%) 1 (1.4%)
Academic appointments
Professor 3
Professor emeritus 1
Assoc Prof / Clinical Assoc Prof 7
Assoc Prof / Clinical Assoc Prof emeritus 1
Senior lecturer / Clinical senior lecturer 14
Lecturer/ Clinical lecturer 10
Instructor 30

Values are mean + SD.
*P<0.05 vs. females

functions, administering anesthesia in small outpatient surgery
facilities and practicing in non-hospital pain management
clinics.

From 1970 to 2003, a total of 29,220 physicians received
[sraeli medical licenses. Most (48%) were immigrants from
Eastern Europe including the former Soviet Union, 30% were
Israeli medical school graduates and 22% were immigrants from
other countries. These proportions contrast with the 64.6% and
12.2% of the anesthesiology workforce from the former Soviet
Union and Israel, respectively [Table 1]. Immigration to Israel

Table 2. Demographic charac-
teristics of young anesthesiology

residents < 40 years old (n = 154)

Age (yrs) 349+35
Range 26-40
Females 33.1%
Age

Females 347438
Males 349+£35
Medical school education

Argentina 6(3.9%)
France 1 (0.6%)
Israel 13 (8.4%)
Italy 4 (2.6%)
Romania 1 (0.6%)
S. Africa 1(0.6%)
USA 3(2.0%)
Former Soviet Union 113 (73.4%)
Other 12 (7.8%)

Values are mean + SD.
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Figure 1. Age distribution of the 711 hospital department
anesthesiologists included in this study. The black bars represent
the graduates of medical schools in Israel, the hatched bars
= graduates of medical schools in the former Soviet Union,
and the white bars = graduates of medical schools in other
countries. Note the increased number of graduates of Israeli
medical schools in the 43-47 year age groups (who began
anesthesiology residency around 1990). This reflects improved
remuneration afforded by a 1988 wage agreement. However,
this increase was short-lived when the 1990-1994 wave of
immigration from the former Soviet Union increased the number
of anesthesiologists, neutralizing these improvements.
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has decreased drastically, from 200,170 immigrants in 1990 to
22,500 in 2004,

The maijority (75%) of the anesthesiology department heads
interviewed strongly agreed or agreed that there is currently a
shortage of anesthesiologists and that this situation is most
likely to worsen in the years to come.

The Israeli population has risen substantially, from 4.66
million in 1990 and 6.37 million in 2000 to 6.91 million at the
end of 2004. Therefore, at present there are about 10.8 anes-
thesiologists per 100,000 population. The projections are for 8.1
million by 2015 and 9.3 million by 2025. The proportion and
absolute number of inhabitants over the age of 65 years has also
increased, from 462,000 (9.2%) in 1990 to 670,000 (9.9%) in 2003,
and is estimated to further increase to 7.5 million inhabitants in
2010, 8.1 million by 2015 and 9.3 million by 2025. The increases
in population and the elderly were accompanied by more surger-
ies (314,230 in 1990, 411,520 in 1995, and 501,570 in 2000) as
reported by the Ministry of Health. Based on these data (60%
increase in surgeries from 1990 to 2000), the projected number
of surgeries per increase in population (using a linear regression
model [r2 = 0.98]) are 625,128 in 2005, 774,442 in 2015, and
943,762 in 2025. There was minimal need to adjust for the esti-
mated increase in proportion (0.7%) of the population over age
65 from 2004 to 2015, since it was similar to the increase from
1990 to 2003. The rise in the proportion of the population older
than 65 years from 2015 to 2025 is expected to be greater (1.9%).
The birthrate in Israel rose from 103,349 in 1990 to 144,936 in
2003 (18.21 per 1000 population; 2005 estimation) [3]. It is ex-
pected to rise further in the future as the population increases,
although the rate of increase is estimated to slow slightly as the
average number of births/woman declines from 2.8 to 2.6. The
cesarean section rate, which was 9.6% at the beginning of the
1990s [4], has risen to 17-18% [5]. Additionally, 40% of women
receive epidural analgesia for their deliveries [5]. In Israel, 2% of
acute care hospital beds are in intensive care units but some are
closed due to the lack of funds. The demand for ICU admissions
is greater than the bed supply, so 49% of patients needing ICU
care (including those mechanically ventilated) are cared for in
regular hospital departments [6].

The future Israeli anesthesiologist workforce was projected us-
ing two complementary methods [Appendix 1] [17]. Needs-based
planning estimated future needs based on physicians required
per capita. Three assumptions were used — one based on the
status quo (10.8 anesthesiologists per 100,000 population) and
the other two on modest increases in need per capita. The lat-
ter two assumptions were occasioned by the indication of the
heads of the country's anesthesiology departments that there
is presently a shortage of anesthesiologists. These projections
showed that over the next 10 years more than 250-300 new
anesthesiologists will be needed. The demand-based projection
used the number of surgeries per anesthesiologist as the basis
for its projections. It arrived at similar conclusions, namely, 294
new anesthesiologists [Appendix 1].

ICU = intensive care unit

Discussion

Almost all anesthesiologists practicing in Israeli hospitals
today are immigrants who graduated from non-Israeli medical
schools but who received their anesthesiology training in Israel.
Graduates of the four Israeli medical schools constitute only
about an eighth of Israeli anesthesiologists, while at present
about one graduate of an Israeli medical school class annually
enters anesthesiology residency. This immigrant predominance
has implications for the future of the anesthesiology workforce
since immigration, in general, and from the former Soviet Union,
in particular, continues to decrease.

Anesthesiology is a specialty beset by current and future
personnel shortages the world over. Many countries, e.g., the
United States, Great Britain, Canada, Hong Kong, Sri Lanka and
France, have reported shortages [8,9]. In the present study, 75%
of Israeli anesthesiology department heads indicated that there
was a shortage of anesthesiologists. Such shortages are problem-
atic for a nation’s healthcare system because anesthesiologists
provide both a wide range of services and in-hospital coverage
24 hours a day, 365 days a year. In the UK, it was estimated
that anesthesiologists underpin two-thirds of an acute trust’s
(hospital group) income [10]. In some countries, including Israel,
these shortages have resulted in limiting the number of elective
surgeries.

The current Israeli anesthesiology workforce, composed
entirely of physicians, has about 10.8 anesthesiologists per
100,000 persons. This is similar to the European average of 10.8/
100,000 persons and less than the French ratio of 14.75/ 100,000
persons [11,12]. However, in some European countries, e.g.,
Sweden, Switzerland and France, nurse anesthetists augment the
physician anesthesiology workforce. This is also true in the U.S.
where there are 9.4 anesthesiologists per 100,000 persons and
9.3 nurse anesthetists per 100,000 persons. Other reasons for
differences between the number of anesthesiologists per popula-
tion in various countries are practice patterns (e.g., proportion
of urban vs. rural practice, hours worked per week), proportion
of elderly patients, scope of anesthetic practice (e.g., German
anesthesiologists are responsible for emergency departments),
and the characteristics of surgical and obstetric care (epidural
analgesia and cesarean section rates). However, it is important
to note that the number of anesthesiologists per population is
not static and is increasing in many countries, e.g., in Australia
it increased from 9.9 in 1995 to 10.9 per 100,000 population by
2001 [13].

The demand for more anesthesiology services is not confined
only to surgeries. Obstetric anesthesiology activity is projected
to increase out of proportion to the increases in deliveries as
the percent of cesarean births increases from the current 17-18%
due to both more medical indications (e.g., recommendations
not to attempt vaginal delivery after a cesarean delivery) and
patient preference |14]. Cesarean rates are already higher in the
U.S. (27.3% in 2003), Ireland (23.6% in 2002) and Australia (21.6%
in 2001) [15,16]. Additionally, labor epidural analgesia rates are
expected to rise, reflecting greater demand for this treatment
[17]. The number of anesthesiologists trained in intensive care
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medicine will rise, as the already inadequate numbers of ICU
beds increase to care for a larger and older population. Areas
outside operating rooms will also require more anesthesiology
services, e.g., sedations for pediatric and invasive radiologic pro-
cedures and chronic pain services [1,18]. Another area likely to
see an increase in the demand for anesthesiologists is cosmetic
surgery, which is becoming increasingly more popular.

These projections of future anesthesiology workforce needs are
likely low due to the aforementioned factors, as well as leakage
from the specialty. Leakage is the number of workers prematurely
leaving a workforce, e.g., when young physicians switch specialty
during residency or emigrate to another country. The latter is
an issue among Israeli physicians, including anesthesiologists,
who are attracted to more financially attractive posts in the U.S.,
Canada or elsewhere. It is reported that 1959 Israeli physicians
are currently practicing in the USA, Canada, Australia and the UK
[19]. Leakage also occurs when physicians change careers, e.g.,
enter industry or become administrators (two Israeli anesthesiol-
ogy-certified medical school graduates were so identified). Further
leakage occurs at an accelerating, age-associated rate in those
over age 55 due to mortality, and illness-related or voluntary
early retirement [20]. Age-associated leakage is of special concern
as the Israeli mandatory retirement age increases from 65 to
67 years. Another factor is the increasing number of women
physicians who constitute 50% of current Israeli medical students,
25% of the present anesthesiologist workforce and 33% of the
anesthesiology residents < 40 years old. The greater number of
women has implications for workforce participation given the
higher birthrate in Israel (2.6 live births per women) compared to
other developed countries, coupled with liberal maternity leave
(mandatory 3 months plus an optional additional 9 months) and
child-related sick leave. An underestimation of future anesthe-
siology workforce needs has occurred with similar projections
in other countries. Most notable is the 1994 study that grossly
underestimated U.S. anesthesia workforce needs, leading to a
shortage of anesthesiologists [21]. Studies in Britain and Australia
underestimated needs partially because of the failure to account
for early retirements and the longer anesthesia times needed for
laparoscopic as compared to open surgery [7].

This study demonstrates that there will be a dearth of an-
esthesiologists in the next 10 years unless steps are taken to
recruit Israeli medical school graduates into the specialty. This is
a difficult challenge due to the lack of interest in anesthesiology
on the part of graduates of Israeli medical schools. Of the 154
anesthesiology trainees < 40 years old included in this study,
only 8.4% are Israeli medical school graduates. This group was
examined separately since it represents the classic age group of
resident physicians, i.e., those recently graduated from medical
school. Typical Israeli graduates begin residency training around
age 30, due to a 2-4 year military commitment for men and
women at 18 years, 6 years of medical school and a year of
rotating internship. Additionally, the major source of anesthesi-
ologists, immigrant physicians, is drying up. This has sparked the
Council of Higher Education to recommend doubling the output
of the Israeli medical schools, while simultaneously reducing the

number of physicians per 1000 persons from the current 3.4 to
2.7 by 2021 [22]. This initiative will only aid anesthesiology if
some of these graduates are attracted to the specialty. Potential
measures for attracting more students to anesthesiology include
improved remuneration (a tactic that improved recruitment of
Israeli graduates at the beginning of the 1990s) [Figure 1], better
working conditions, increased academic opportunities (only 5.1%
of the 711 hospital anesthesiologists hold the rank of lecturer
or higher), and improving the image of the specialty among the
public and physicians. Other measures include providing recruit-
ment incentives and ease in securing positions after completing
residency. Barring success in recruitment efforts, other measures
to continue providing anesthesiology services at present levels
include extending working hours (until 6 p.m. to 8 p.m.) and
postponing retirement until age 70. However, the former idea
might increase burnout among professionals who provide in-
hospital coverage 24 hours per day 365 days per year. Another
potential measure is the use of anesthesia extenders, such as
nurse anesthetists. However, Israel is facing a nursing shortage
and has no infrastructure for training extenders [23]. Although
other countries have responded to shortages by recruiting an-
esthesiologists from other countries, the current Israeli foreign
worker and immigration laws are not conducive.

Conclusions

The Israeli anesthesiology workforce is currently not a locally
sustainable resource. This workforce will suffer shortfalls as im-
migration diminishes, unless measures are instituted to attract
and retain more Israeli medical school graduates. Anesthesiology,
the seventh largest specialty in Israel, constitutes 4.5% of certi-
fied specialists, a proportion similar to that in the U.S. (4.4%
in 1999) and New Zealand (4.3% in 2003) [24]. However, in the
USA, 6% of graduating medical students enter anesthesiology in
contrast to < 1% in Israel [25]. To provide 300 anesthesiologists
over the next 10 years, at least 5% of Israeli medical graduates
should enter the specialty each year. With the planned increases
in Israeli medical graduates from 300 to 600 per year, this could
provide about 30 new anesthesiologists per year. Until these
schools reach 600 graduates per year, it will be imperative to
recruit the remaining new anesthesiologists from among the
dwindling supply of immigrant physicians or import them from
other countries. However, it is a challenge to recruit 5% of Israeli
medical students into anesthesiology and then retain them in
the specialty and in the country. This will require an in-depth
examination of why anesthesiology is such an unpopular specialty
among Israeli medical students, and then taking significant steps
to rectify the situation.

This paper has broader implications than just the specialty of
anesthesiology. Modern healthcare systems require a multitude
of primary care physicians, specialists and sub-specialists to
provide their populations with comprehensive state-of-the-art
care. Therefore, it no longer suffices to assess a nation’s physi-
cian supply by only examining the overall number of physicians
per population; it is also necessary to examine the numbers of
each type of generalist and specialist. Some countries routinely
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monitor their supply of various types of physicians and project
future shortages or surpluses. These projections are used to
recommend or control the number of training positions for each
specialty. Similar efforts have never been undertaken in Israel,
leading to a lack of detailed information about the current physi-
cian workforce and a dearth of projections about future needs
for generalists and specialists. This study is an initial attempt
at such an endeavor. However timely it may be for the specialty
of anesthesiology, it should be noted that there is a lag of at
least 6-7 years from when a medical student decides to enter
anesthesiology training until specialty certification. Therefore,
steps need to be taken posthaste to prevent an anesthesiologist
shortage.
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Appendix 1. Anesthesiology Workforce Projections
METHOD 1: NEEDS-BASED ANALYSIS

Projections: 2005-2015

STEP 1: Number of retirees (assuming retirement age of 67 years)
= 110 retirees

STEP 2: Anesthesiologists needed due to increase in population
from 6.9 million at the beginning of 2005 to an estimated 8.1 million
in 2015.

Assumption #1(status quo): 10.8 anesthesiolgists/100,000 population:
130 added anesthesiologists

Assumption #2 (1 added anesthesiologist per hospital depart-
ment): 11.2 anesthesiologists / 100,000 population — 162 additional
anesthesiologists

Assumption #3 (2 added anesthesiologists per hospital depart-
ment): 11.6 anesthesiologists / 100,000 population — 194 additional
anesthesiologists

STEP 3: New anesthesiologists needed by 2015 (number needed to
replace retirees [Step 1] + provide service to the increased population
[Step 2]): Assumption #1: 240 anesthesiologists; Assumption #2: 272
anesthesiologists; Assumption #3: 304 anesthesiologists.

Projections: 2016-2025

STEP 1: Number of retirees (assuming retirement age of 67 years)
= 212 retirees

STEP 2: Anesthesiologists needed due to increase in population
from 8.1 million at the beginning of 2016 to an estimated 9.3 million
in 2015.
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Assumption #I(status quo): 10.8 anesthesiolgists/100,000 population
- 130 added anesthesiologists

Assumption #2 (1 added anesthesiologist per hospital depart-
ment): 11.2 anesthesiologists / 100,000 population — 139 additional
anesthesiologists

Assumption #3 (2 added anesthesiologists per hospital depart-
ment): 11.6 anesthesiologists / 100,000 population — 149 additional
anesthesiologists

Assumption #4 (3 added anesthesiologists per hospital depart-
ment): 12.1 anesthesiologists / 100,000 population — 160 additional
anesthesiologists

STEP 3: New anesthesiologists between 2016 and 2025 (number
needed to replace retirees [Step 1] + provide service to the increased
population [Step 2]): Assumption #1 — 342 anesthesiologists; Assumption
#2 — 351 anesthesiologists; Assumption #3 — 361 anesthesiologists;
Assumption #4 — 372 anesthesiologists.

METHOD #2 — DEMAND-BASED ANALYSIS

Projections: 2005-2015

STEP #1: 2005: 625,128 (estimated) surgeries. Therefore, there are
879 surgeries per hospital department anesthesiologist per year.

STEP #2: 2015: 774,442 (estimated) surgeries. If each hospital

anesthesiologist anesthetizes 879 surgery cases per year, a total of 881
hospital department anesthesiologists will be needed. This is 170 more
than the current 711 anesthesiologists.

STEP #3: 2015: Number of new hospital anesthesiologists needed:
110 to replace retirees (see Method 1 - Step 1) + 170 anesthesiologists
to care for increased surgeries. A total of 280 new anesthesiologists.

STEP #4: 2015: 280 new anesthesiologists for hospital departments +
an additional 5% for those working outside hospital departments. Total:
294 new anesthesiologists.

Projections: 2016-2025

STEP #1: 2005: 625,128 (estimated) surgeries or 879 per hospital
department anesthesiologist

STEP #2: 2025: 943,762 (estimated) surgeries. If each hospital anes-
thesiologist anesthetizes 879 surgeries per year, a total of 1074 hospital
department anesthesiologists will be needed. Therefore, the need is for
193 more anesthesiologists in 2025 than in 2015.

STEP #3: 2015: New hospital anesthesiologists needed: 212 to
replace retirees (see Method 1 - Step 1) + 193 anesthesiologists to care
for increased surgeries. A total of 405 new anesthesiologists.

STEP #4: 2015: 405 new anesthesiologists for hospital departments +
an additional 5% for those working outside hospital departments. Total:
420 new anesthesiologists.



