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Abstract:

CONTEXT: Shortage of physicians particularly in specialty levels is considered as an important issue
in Iran health system. Thus, in an uncertain environment, long-term planning is required for health
professionals as a basic priority on a national scale.

AIMS: This study aimed to estimate the number of required neurosurgeons using system dynamic
modeling.

SETTING AND DESIGN: System dynamic modeling was applied to predict the gap between stock
and number of required neurosurgeons in Iran up to 2020.

SUBJECTS AND METHODS: A supply and demand simulation model was constructed for
neurosurgeons using system dynamic approach. The demand model included epidemiological,
demographic, and utilization variables along with supply model-incorporated current stock of
neurosurgeons and flow variables such as attrition, migration, and retirement rate.

STATISTICAL ANALYSIS USED: Data were obtained from various governmental databases and
were analyzed by Vensim PLE Version 3.0 to address the flow of health professionals, clinical
infrastructure, population demographics, and disease prevalence during the time.

RESULTS: It was forecasted that shortage in number of neurosurgeons would disappear at 2020.
The most dominant determinants on predicted number of neurosurgeons were the prevalence of
neurosurgical diseases, the rate for service utilization, and medical capacity of the region.
CONCLUSIONS: Shortage of neurosurgeons in some areas of the country relates to maldistribution of
the specialists. Accordingly, there is a need to reconsider the allocation system for health professionals
within the country instead of increasing the overall number of acceptance quota in training positions.
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Introduction that health professionals are available and

ready to provide services in “the right place
To have a well-functioning health-care  at the right time with the right skills.”>*!

system, it is inevitable to have adequate

number with proper performance of health
workforce." Shortage of health professionals
whether for poor distribution or insufficient
admission quota in the profession has
become a significant problem in many
countries.”! To resolve such problems,
planning for health professionals has got
a great importance.?# The aim is to ensure
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Effective planning in this field requires
an accurate forecasting of supply and
demand for health human resources. There
are several approaches including need-,
demand-, and supply-based modeling
which apply different methods such as
regression models, simulation, and Markov
chains to project the supply and demand for
health workforce.”! Although the diversity
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of methods, a desirable one should contain dynamic
variables both in supply and demand side of the model.
7t is highly recommended to include epidemiological,
demographic, and supply-based determinants into the
forecasting model to ensure the comprehensiveness of
the model.l""!

System dynamics (SD) has such ability besides reflecting
the changing environment over time. The method was
introduced by Forrester in 1956 for planning business
and commercial activities and now is widely used in
policy-making of the health system.'"!l Since then, many
studies have used SD modeling to predict the number of
required health workforce.?'%I SD is a “computer-based
approach to policy analysis which can be applied to
deal with dynamic problems arising in social, economic,
managerial, or ecological systems.”"] This approach has
the ability to consider a comprehensive set of dynamic
variables in workforce forecasting and to take into account
both quantitative and qualitative variables. The model is
also useful in evidence-based policy-making for workforce
supply and demand by forecasting purposes in long periods
of time and responding to “what-if” scenarios. Despite the
importance, no study has applied such an approach to
estimate supply and demand for health providers in Iran.

Both lack of adequate number of physicians and
maldistribution of professionals within the country
cause an improper situation which worsens some
areas’ condition to meet basic health objectives of the
community. Based on the governmental policies in
health system, one of the most dominant priorities was
to expand specialty positions and admission capacities
to improve the situation.!”! In addition, to deal with
such challenges, policymakers have acknowledged that
number of specialists must be determined in accordance
with health needs of the population.'® Thus, planners
and decisionmakers in Iran’s health system got a
tendency to design an evidence-based model with a
comprehensive approach and dynamic nature which is
able to estimate number of required health professionals
for a long-term period of time.

Shortage of neurosurgeons has been reported in
some areas of the country causing serious problems,
especially for regions with high rate of road accidents
or considerable prevalence of brain and spine
diseases."¥1 A report by Iran Ministry of Health and
Medical Education (MOHME) in 2011 announced that
the greatest shortage in health human professionals
belonged to neurosurgeons.™ Since then, considerable
efforts have been dedicated by MOHME to distinguish
between shortage of absolute number of specialists
within the country and maldistribution among regions.!¥l
In fact, increased number of patients diagnosed as a result
of accidents and other traumas highlighted the need

2

for a scientific and logical model to predict number of
required neurosurgeons in a national level. In achieving
the purpose also to permit the evaluation of different
policy effects (residency admission quota, retirement
age, medical services utilization rate, and patient
population) on supply and demand of neurosurgeons,
we constructed a system dynamic model. The method
was applied to predict the gap between current and
required number of neurosurgeons up to 2020.

Subjects and Methods

As the health human resource market is a dynamic system
comprised of several influencing factors, we implemented
SD model in Vensim PLE Version 3.0 (Ventana systems
Inc, UK), Ventana Systems UK Ltd to address the flow
of health professionals, clinical infrastructure, population
demographics, and disease prevalence during the time.
1121 The base year for projection was 2015 and simulation
was conducted up to 2020. Model is able to acknowledge
the procedures that opt to improve the system or
resolve its problems. To represent the most important
determinants of the system and their causal relations
in SD model, causal loop diagram was used [Figure 1].

Model was consisted of two main components: the
supply and demand submodels. In the supply side,
the flow of neurosurgery residents from training until
retirement was depicted beginning with admission to
the university as a specialty resident. Some scenarios
were considered to examine their effects on physicians’
supply including the admission quota to neurosurgery,
acceptance rate in preboard examination, number of
available residencies, number of active neurosurgeons,
retirement age, and migration rate both into the specialty
and out of the specialty. We used sensitivity analysis to
estimate the impact of uncertainties in above variables
on the forecast analysis results.

The demand side of the model focused on estimating the
number of neurosurgeons required to meet population
health needs. To this purpose, conceptual framework of
the model was based on three main elements: population
size and demographic characteristics, health needs, and
service utilization rate corresponding to neurosurgery
specialty. By multiplying the components, number of
neurosurgery services required to meet health needs of
Iran population would be achieved. The prevalence of
neurospine disorders or injuries (including trauma, stroke,
tumors of the brain and spinal cord, and degenerative
disorders of the spine) results in the need for neurosurgery
services in a specific time duration. In demand submodel,
the parameters which manipulated to make alternative
scenarios were population growth or ageing, change
in prevalence of neurospine disorders representing
population health needs, variation in level of neurosurgery
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Figure 1: Causal loop diagram of neurosurgeons workforce model

service utilization, and clinical infrastructure capacity in
community. The ability of the model to assess the effect of
various scenarios turned it into an instrument that allowed
managers and decisionmakers in Ministry of Health to
improve the situation to an optimal level.

After identification of the variables, stock and flow
diagram was outlined for both supply and demand
models [Figures 2 and 3] in which squares were
representative for stocks, arrows for flows, and circles
for auxiliary variables.['’!

Stock variables illustrate the current status of the system
such as number of active neurosurgeons while flow
variables represent the rates of change in stocks such as
graduation rate in neurosurgery residents. In fact, stocks
are built up of flows and mathematically estimated as
below.

Stock(t) '[[Inﬂow Outﬂow]ds+5tock(t )

Inflow and outflow expressions in the equation stand for
their values in an interval between initial time (s) and
the present time (t).

To estimate calculations on both supply and demand
sides, sixty-one mathematical equations were defined for
each variable on the basis of empirical data collected from
different sources including expert panel viewpoints.
Sample of some equations are listed in Table 1 and data
sources used for the simulation model are presented in
Table 2.
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The main outputs of the model were expected to be:
number of neurosurgeons each year of projection, their
full-time equivalents, number of required neurosurgeons
depending on neurospine diseases, service utilization,
workforce, and clinical infrastructure capacity in the
community and gap existing in supply and demand for
neurosurgeons each year.

Finally, to confirm validity of the model, we compared
the actual and estimated number of some variables in a
time period which data were available for Table 3.

Results

Study results confirmed the validity of the model as
shown in Table 3. The predicted number of residents
in 2013 was 184 which was close to the actual value.
As shown in Table 3, other estimates were also close to
reality.

In 2010, there were 470 neurosurgeons working in public
sector of health-care system in Iran. To meet population
health needs (based on the estimated prevalence of
neurospine disorders and service utilization rate),
approximately 170 specialists would be required in 2015.
As it is obvious, findings affirmed the available data
for the existing year [Table 4]. Results also suggested
that by maintaining the status quo without any policy
intervention, the estimated shortage would increase
gradually over the next 10 years and more surgeons would
be required to bring desired level of services to a population.

In the next step, some policy scenarios were applied
to address the estimated shortage including change in
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Figure 3: Stock and flow diagram for demand sub-model

admission quota for neurosurgery specialty, change in
pass rate for preboard examination, change in retirement
age, and attrition rate from labor market. By increasing
the quota to 25% in 2014 and consequently a raise in the
proportion of graduated surgeons entering to work,
physician shortage dramatically reduced in a way that it
completely disappeared by the year 2020. Furthermore,
animprovement in the pass rate for preboard examination
among graduated neurosurgery residents (5% annually)
cut the shortage by approximately 15% over 10 years.
Similarly, a 5-year increase in retirement age and 30%
decrease in attrition rate reduced the specialists’ shortage
by approximately 5%.

On the other hand, some scenarios were considered
in relation to the demand side such as increase in
the prevalence of neurospine disorders and service
utilization among patients resulting from improvement
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in economic access and awareness of people toward
their health status. Results confirmed that a 20%
increase in disease prevalence and 10% enhancement in
service utilization resulted in 46% and 34% increase in
neurosurgeons’ shortage, respectively. Similar studies
agreed that number of CT scan and MRI units in a
community had significant effect on the required number
of surgeons. Thus, as one of the policy scenarios, we
examined the effect of 1% annual decrease in such clinical
facilities on projection results [Table 5].

Discussion

Study results acknowledged that number of
neurosurgeons will continue to increase during
2010-2020 in a way that shortage in their absolute
number would be diminished during the projection
time of the SD model. A range of factors have been
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Table 1: Equation models in stock and flow diagram

Variable

Algebraic equation

Population

Population with neurospine disorders
Affordability

Awareness fraction

Geographical accessibility

Need to surgery rate

Neurosurgery patients under surgery

72,874,050 x (1 + RAMP [0.01, 2010, 2013] + RAMP [0.025, 2013, 2020])

INTEG (backward rate+prevalence of neurospine diseases—death rate-utilization rate)
0.8 + STEP (0.05, 2014)

0.75 x (1 + RAMP [0.01, 2010, 2020])

0.75 x (1 + RAMP [0.01, 2010, 2020])

Neurosurgery patients under treatment x total surgery fraction

INTEG (surgery rate—backward to treatment rate—under surgery death rate—under

surgery recovery rate)

Utilization fraction
Utilization rate
Capacity utilization based on clinical infrastructure

Affordability x awareness fractionxtendency to surgery x geographical accessibility
Population with neurospine disordersxutilization fraction
MIN (need to surgery rate, maximum number of surgeries based on infrastructure)

Maximum number of surgeries based oninfrastructure 140,000 x (1 + RAMP [0.037, 2010, 2014] + RAMP [0.04, 2014, 2020])

Acceptance fraction
Neurosurgery acceptance rate
Graduated surgeons

30 x (1 + RAMP [0.25, 2010, 2012] + RAMP [0.3, 2012, 2015] + RAMP [0.55, 2015, 2020])
MIN (acceptance fraction, surgeon number gap)
INTEG (change in graduation rate—entrance rate to work-migration rate among

graduated surgeons)

Retirement and mortality rate
Number of active surgeons
Surgeon number gap

Number of active surgeons x retirement and mortality fraction
INTEG (entrance rate to workout—migration rate—retirement and mortality rate)
(Capacity utilization based on physical infrastructure—real capacity utilization)/annual

capacity of surgery per surgeon

Table 2: Data sources for the simulation model
Variable Data source

Number of neurosurgeons in Specialists distribution office in
baseline year 2014 MOHME

Demographic characteristics of Educational deputy in MOHME

neurosurgeons
Admission quota in Educational deputy in MOHME
neurosurgery

Pass rate at preboard Educational deputy in MOHME
examination

Retirement rate

Number of population in
projection years
Socioeconomic status of
population

Prevalence of neurospine
disorders

Utilization rate for neurosurgery Regional databases
services

Number of under surgery

A constant rate set by expert panel
National institute of population

Regional statistics bureau

Literature review, expert opinions

Regional databases, expert

patients opinions
Average waiting time to receive Regional databases, expert
surgical care opinions

Proportion of recovered patients Expert opinions
Physical capacity and clinical National guidelines
infrastructure

Workforce capacity Reports of MOHME
Neurosurgeons’ productivity Expert opinions
MOHME: Ministry of Health and Medical Education

considered to create our forecasting model until 2020
including population demographic and epidemiological
change according to age and prevalence of neurospine
disorders, incidence of neurospine diseases, utilization
rate for outpatient and surgical services among
population, clinical infrastructure capacity, supply of
neurosurgeons, variations in number of residents and
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graduated surgeons, and attrition rate due to migration,
retirement, or death.

One of the main objectives of the model was to examine
the effects of different policies on neurosurgeons’
supply and demand heading for improvement in
health workforce capacity of Iran health system. In fact,
we applied some policy decisions (such as raising the
admission quota for neurosurgery specialty and increase
in retirement age of specialist) in the SD model to provide
applicable information for planners and simulate their
potential effects on their choices.

Before this study was conducted, there was a lack
of long-term information about the future status of
health professionals in Iran, especially provided by
a comprehensive approach and system dynamic
modeling. In addition, training policies were on the
basis of the results of annual surveys which increased
future imbalances in staffing levels in an inappropriate
manner.

Previous studies have estimated the number of
health professionals by different methods. The main
constraint of such models was due to their static
nature.”?'? To resolve such limitations, we made an
effort to establish an inclusive model comprised of a
large set of interrelated and dynamic variables related
to population health needs, service utilization, human
resources capacity, and medical infrastructure to predict
the absolute number of required neurosurgeons in the
study. Researchers introduced SD during the 1950s and
have broadly applied it in human resource planning in
recent years. Model has the potential to apply dynamic
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Table 3: Validity test for the model

Variable Actual values Estimated values

Year 2010 Year 2011  Year 2012 Year 2013 Year 2010 Year 2011 Year 2012 Year 2013
Population 72,874,050 73,824,171 75,149,669 75,892,500 72,874,000 73,602,070 75,115,050 75,600,200
Number of residents 150 160 174 182 160 162 170 184
Number of under surgery patients 85,600 83,248 85,970 90,126 80,000 82,085 86,250 91,145
Number of neurosurgeons 475 520 540 560 470 500 531 563
Table 4: Baseline model to quantitative health human resource modeling
Variables 2010 2015 2020 were data collection process and selection of proper
Population 72,874,000 80,125,670 81,424,655 demand drivers. As the abovementioned limitations,
Disease prevalence 330,000 675,000 870,000 it is apparent that no forecasting model can provide
Service utilization 78,000 135,000 178,000 an exact prediction.”” In fact, each approach has its
Active neurosurgeons 480 670 870 own weaknesses and the model applied in this study is
Required number of 760 840 875 no exception. However, developing a comprehensive
neurosurgeons .
Surplus/defici 280 160 5 health workforce model with a conceptual framework

Table 5: Growth rates for the supply and demand of
neurosurgeons, 2010-2020

Supply-side variables

Annual growth  Supply growth

rate (%) rate (%) in 2020
Admission quota 5 67
Pass rate for preboard 5 2
examination
Attrition rate -2 8

Demand side variables Annual growth Demand growth

rate (%) rate (%) in 2020
Disease prevalence 25 87
Service utilization 1 64
Clinical facilities (CT scan, MRI) -1 -78

CT: Computed tomography, MRI: Magnetic resonance imaging

feedback loops to generate useful tool for policy
planning which effectively clarifies the structures of
problems, processes, relations among various factors,
and feedback mechanisms.®! Such a proactive approach
in management and policymaking of health workforce
would facilitate more realistic projections and decrease
the probability of imbalances in supply and demand
conditions.?!

Strengths and limitations of the study

The main strength of our study was to ensure a
precise estimation of neurosurgeons’ supply using key
influential factors of surgeon demographics, graduation
and pass rate in preboard examination, migration, and
retirement. Similarly, important information such as
incidence and prevalence of neurospine disorders,
current stock of surgeons, clinical capacities of the
community, utilization rate for inpatient, and outpatient
services were considered in the demand model to
guarantee the comprehensiveness. However, the study
had some limitations based on the difficulty to acquire
data. Improvement in data collection process both
on workforce supply and demand would reduce the
drawbacks. Study emphasized that the main barriers

including as many of these factors as possible and their
causal effects in a dynamic model was a solution that
has been proposed.

Interpretation and implications in the context
Effective health workforce planning is critical to
guarantee adequate number of staff available and
consequently good quality and resourceful health-care
services delivered to population.®! Lack of adequate
attention to this key process will decrease the quality of
health services patients receive and increase the burden
of expenses enforced to health system.

Conclusion

To address an appropriate number of health workforce,
there are a number of forecasting approaches and
methods. Since there is always a challenge for selecting
an appropriate one, this paper attempted to apply an
evidence-based framework to facilitate the process. Our
study is the first quantitative and comprehensive effort
in the Iranian context to define a systematic method
for strategic planning and health human resource
forecasting.
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