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ABSTRACT
For financial sustainability and service-based efficiency in healthcare services, there is a need for better understanding and application 
of cost analysis, Break-even Point (BEP) analysis, and Cost-benefit Analysis (CBA). The present article focuses specifically on 
Paediatric spirometry and highlights literature and case-based evidence to show how BEP helps determine the minimum service 
volume required for cost recovery. Evaluating healthcare expenditures against medical benefits, pricing decisions, and investment 
planning is crucial from a healthcare administration perspective, and these objectives can be achieved through CBA. The present 
review emphasises the importance of structured financial planning to ensure high-quality, cost-effective healthcare services by 
integrating break-even and cost-benefit analyses.

INTRODUCTION
The CBA in healthcare involves assessing the expenses associated 
with medical resources in comparison to the potential benefits. This 
evaluation is crucial for setting priorities, particularly when resources 
are limited. To maintain clarity in medical decision-making, CBA 
should be distinctly separated from risk-benefit analysis and 
assessments of efficiency [1].

Risk-benefit analysis involves weighing the likelihood of adverse 
effects against the potential positive outcomes of a medical 
intervention, and it plays an essential role in determining the 
necessity of treatments in delivering high-quality care [1,2]. Efficient 
medical care is defined as the timely delivery of essential services 
at minimal cost while adhering to established medical standards. In 
contrast, cost-effective medical care compares multiple intervention 
strategies using standardised cost and benefit measurements 
[3]. Decisions regarding reimbursement or coverage for medically 
necessary treatments often depend on contractual agreements 
between insurers, employers, healthcare plans, and government 
agencies [4].

Funding for Medical Equipment 
Hospitals require a broad range of medical equipment, from relatively 
inexpensive items costing under ten thousand rupees to advanced, 
high-cost machines worth crores of rupees. Most hospitals receive 
funding for acquiring and maintaining medical equipment through 
various sources such as:

1.	G overnment allocations and grants: Provided by agencies 
such as the Department of Health and Human Services, 
Centers for Disease Control and Prevention (CDC), National 
Institutes of Health (NIH), or historic programs like Hill-Burton 
for modernisation and infrastructure [3,5].

2.	 Private foundation or research grants: Offered by 
philanthropic bodies (e.g., Robert Wood Johnson Foundation) 
and corporations supporting medical and scientific innovation 
[4,5].

3.	 Charitable and corporate sponsorships: Funding through 
Corporate Social Responsibility (CSR) initiatives, in-kind or  
monetary donations, including hospital-specific charities like 
the Queen Elizabeth Hospital Birmingham (QEHB) Charity, that 
purchase specialised equipment [4,5].

4.	I nternal revenue sources: Funds generated from hospital 
operations, clinical service income, investment returns, 
licensing, and diversified activities [4].

5.	 Research and innovation grants: Grants earmarked for 
specialised or advanced research equipment, supported by 
private and educational institutions [3].

6.	 Anonymous donations: Contributions from individuals 
who choose to remain unnamed, typically earmarked for 
equipment acquisition (a common practice, though not widely 
documented) [5,6].

Annual equipment and infrastructure maintenance grants are largely 
based on patient volume and consist of:

1.	 The Capital Medical Equipment Program, which includes 
targeted equipment grants and special acquisitions;

2.	 Internal revenue sources, such as hospital surpluses, business 
unit income, and fundraising efforts;

3.	 Equipment management and long-term planning [6].

Effective decision-making regarding medical equipment requires a 
thorough assessment of maintenance costs versus replacement 
costs. Hospitals should adopt a long-term (e.g., five-year) strategy 
for planning their medical equipment needs.

This approach should include:

1.	 Regular monitoring of equipment lifespan and condition;

2.	 Developing strategies to address funding gaps and uncertainties;

3.	 Ensuring efficient asset management, as medical equipment is 
essential to patient care [6,7].

Hospitals manage a wide variety of equipment, ranging from 
relatively low-cost infusion pumps (under 5 lakh, ~6000 USD) to 
complex machines such as linear accelerators, which can cost 
crores of rupees and require substantial ongoing maintenance [8].

Asset Management Framework in Hospitals
A structured asset management framework is crucial to minimising 
risks associated with infrastructure investments and ensuring a 
systematic approach to asset replacement and management [9]. 
The key principles include:

1.	 Decisions should be based solely on healthcare service 
requirements.
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2.	 Asset management should align with corporate strategies, 
budgets, and evaluation processes.

3.	 Choices should consider all available alternatives and lifecycle 
costs.

4.	 Management should align with broader government resource 
planning.

5.	 Clear guidelines should outline ownership, control, and 
reporting requirements.

6.	 Planning should explore alternatives to physical asset 
acquisition, such as demand-management strategies [9,10].

Factors Influencing Medical Equipment Lifespan
Medical equipment must eventually be replaced or upgraded, but 
several factors beyond age influence its longevity and usability. 
These include usage levels, quality of maintenance, technological 
advancement, evolving clinical practices, and the availability of 
spare parts [11].

In addition to CBA and effective asset management, BEP analysis 
plays a vital role in healthcare decision-making. For hospitals, BEP 
analysis is particularly relevant in the procurement and maintenance 
of high-cost medical equipment. Understanding when such 
investments become financially viable is crucial, especially for 
technologies requiring significant capital investment, such as linear 
accelerators and infusion pumps [12].

Application of BEP Analysis in Healthcare
1.	 Medical equipment investments: Hospitals must determine 

the number of procedures or treatments required using newly 
acquired equipment to recover the initial cost and subsequent 
maintenance expenses. For example, if a hospital purchases 
an MRI machine costing three crore rupees, BEP analysis can 
determine the number of scans needed to justify the investment 
[6,13].

2.	 Cost-effectiveness of treatments: BEP analysis helps 
assess the feasibility of introducing new medical interventions 
or treatments. It assists in determining whether insurance 
coverage and patient payments adequately compensate for 
administrative, medication, and other associated costs [12].

3.	 Hospital resource allocation: BEP analysis enables hospitals 
to allocate their limited funds towards infrastructure and 
high-cost equipment based on the revenue these assets can 
generate, while also considering patient outcomes [11].

4.	 Public vs private healthcare funding: Government-funded 
hospitals that operate with constrained budgets can use BEP 
analysis to determine whether medical procedures are feasible 
within budgetary limits and still deliver essential services. 
Private hospitals, on the other hand, can use the analysis to 
balance operational costs with potential revenue [11].

5.	L ong-term financial planning: Integrating BEP analysis 
into asset management frameworks helps hospitals create 
sustainable financial models, reducing dependence on 
unpredictable funding sources and ensuring continued access 
to medical services for patients [11,12].

By integrating BEP analysis with cost-benefit evaluation and 
strategic  asset management, healthcare institutions can optimise 
resources, improve financial sustainability, and enhance overall 
service delivery [13].

Break-even analysis is a straightforward mathematical approach 
used to identify the point at which revenue equals total costs, 
resulting in neither profit nor loss. This threshold, known as the BEP, 
represents the minimum level of financial sustainability once pricing 
and profit margins are established [13,14].

Also referred to as cost–volume–profit analysis, break-even analysis 
is a crucial tool for examining the relationship between costs, 

revenue, and profitability. Simple graphical methods can be applied 
in basic cases, whereas analytical techniques are used for more 
complex scenarios, including spreadsheet-based computations. 
Mathematically, the BEP is defined as the point where:

Total Costs=Net Revenue [12,15].

Net revenue, or “gross revenue” before adjustments, is calculated 
as sales revenue minus returns, discounts, or allowances [15].

In this article, the following timeline and exchange rates were used 
for cost estimations. Cost data were collected from January to June 
2024. At that time, the exchange rate was 1 USD=82 INR. All costs 
are presented in both Indian Rupees (INR) and equivalent USD 
values for international comparison.

The estimates pertain to a tertiary care teaching hospital in Bengaluru, 
Karnataka, India. This referral centre caters to both urban and rural 
populations; however, as a private institution, its costs may be two 
to three times higher than those in government facilities.

Case Study 
In a Paediatric clinic offering allergy testing for children, each test is 
priced at 5,000 (~60 USD), while the variable cost per test amounts 
to 2,000 (~24 USD). Thus, the contribution per unit price is: 

5000- 2000= 3000 (~36USD)

Assuming annual fixed costs of 15,00,000 (~18,100 USD)—
including rent, salaries, and equipment maintenance—the clinic 
must conduct a minimum of 500 allergy tests annually to break 
even.

BEP (units)=Fixed Costs/Contribution per Unit [11]= 15,00,000/
3,000=500 tests.

Understanding Fixed and Variable Costs
For break-even analysis, costs are categorised into fixed and 
variable components. Fixed costs, such as rent and insurance, 
remain unchanged regardless of service volume. In contrast, variable 
costs fluctuate based on service output, directly correlating with the 
number of procedures performed [15,16].

Variable cost refers to expenses that vary directly with service output, 
such as the number of procedures or patients, disposable medical 
supplies, the number of tests performed, or wages of temporary 
staff [16].

Assuming fixed and variable costs remain constant within a given 
output range, break-even service volume can be calculated using 
the previously stated equation. For the hospital to move closer to 
breaking even with each additional service, the selling price must 
exceed the variable cost per unit. Once the fixed costs are fully 
covered, any additional service beyond the BEP generates a 
financial surplus [17].

Most hospitals and clinics deliver multiple services. While some fixed 
costs can be directly assigned to specific services—thus allowing 
calculation of each service’s BEP—certain expenses such as facility 
rent and senior management salaries are shared across services 
and cannot be individually allocated [18]. To determine the overall 
BEP of the organisation, the following steps are required:

Aggregating all fixed costs into a single total•	

Identifying an alternative measure for contribution per unit, since •	
calculating it based on just one service may not accurately 
reflect overall performance

In such cases, calculating a weighted average contribution per 
unit provides a more accurate representation, although it requires 
additional computation.

Now, let us apply these principles to spirometry and calculate its 
BEP.

Spirometry, the measurement of breath, is the most widely used 
Pulmonary Function Test (PFT). It measures lung function—specifically 
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the volume and/or flow rate of air used for inhalation and exhalation. 
Spirometry is an important tool for generating pneumotachographs, 
which help assess conditions such as asthma, pulmonary fibrosis, 
cystic fibrosis, and Chronic Obstructive Pulmonary Disease (COPD). 
It is also a valuable monitoring tool, as a sudden decline in Forced 
Expiration Volume (FEV)1 or other spirometric parameters may 
indicate worsening disease control, even when absolute values 
remain within the normal range. Patients are encouraged to track 
their personal best readings for comparison [19].

The flow–volume loop curve of spirometry, where positive values 
represent expiration and negative values denote inspiration has 
been depicted in [Table/Fig-1].

Spirometry requires proper training to perform accurately. To 
maintain proficiency, it is recommended that a technician or 
physician conduct at least five tests per week (20 per month) after 
completing initial competency training [21].

Calculating Break-even Analysis for Spirometry 
[Table/Fig-2,3]
As shown below, authors have calculated the BEP for the Smart 
Power Fault Tolerant (PFT) Universal Serial Bus (USB) spirometer by 
Medical Equipment Europe GmbH, purchased in February 2024 for 
use in a tertiary care centre.

[Table/Fig-1]:	 Flow-volume loop showing successful Forced Vital Capacity (FVC) 
maneuver.
PEF: Peak expiratory flow; FIF: Forced inspiratory flow

[Table/Fig-3]:	 Break-even analysis.

X-axis: Volume (litres); Y-axis: Flow rate (L/sec).

At the start of the test, both flow and volume are at zero, representing 
the reading recorded by the spirometer rather than actual lung 
volume. After initiation, the peaking curve corresponds to the Peak 
Expiratory Flow (PEF).

Considerations and Limitations of Spirometry 
Accuracy of spirometry depends on patient effort and cooperation, •	
requiring a minimum of three attempts for reproducibility.

Forced Vital Capacity (FVC) can be underestimated but not •	
overestimated.

Spirometry is suitable only for children aged six years and older •	
who can follow instructions.

Patients who are unconscious, sedated, or who have cognitive •	
or physical limitations preventing forceful breathing cannot 
undergo the test.

Alternative lung function tests are available for infants and non-•	
responsive patients.

In mild or intermittent asthma, the diagnostic value of spirometry •	
may be limited because results can be normal between 
episodes [20].

Spirometers [21] are available in a wide range of models, including:

Basic handheld spirometers•	

Advanced spirometers•	

Modern electronic spirometers•	

New-generation spirometers with built-in printers and computer •	
connectivity

It is recommended to choose a spirometer that complies with •	
American Thoracic Society (ATS) and European Respiratory 
Society (ERS) standards [21].

Using the break-even formula:

Break-even volume=
		  Fixed Cost	             

 		        Revenue per test - Variable cost per test

= 
3,90,000

    950-100

=459 tests per year

Interpretation:

The facility must perform at least 459 spirometry tests per year •	
(approximately 39 tests per month) to cover fixed and variable 
costs.

Beyond 459 tests per year, each additional test generates a •	
profit of 850 (~10.4 USD).

Strategies to reduce the BEP include lowering fixed costs, •	
optimising consumables, and increasing patient volume [18].

Case study 1 - Government hospital: At PGIMER Chandigarh, the 
establishment of a Pulmonary Function Test (PFT) laboratory allowed 
the Institution to offer spirometry services at a cost-effective rate of 
approximately 600 per test. To maintain optimal patient throughput 
and ensure service sustainability, a centralised referral system was 
implemented, directing patients from various departments to the 
PFT laboratory.

Parameters Cost (INR) Cost (USD)

Machine (Smart PFT USB) 3,00,000 3,600

Annual maintenance 30,000 360

Technician salary share 60,000 720

Total fixed cost 3,90,000 4,700

Variable costs per test 100 1.21

Revenue per test 950 11.5

BEP tests/year 459 459

[Table/Fig-2]:	 BEP for the Smart PFT USB spirometer.
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This affordability was achieved through efficient resource utilisation 
and lower fixed costs compared to private facilities.

The present case highlights the importance of strategic planning and 
resource allocation in achieving financial sustainability in government 
healthcare settings [22].

Case study 2 - Rural clinic: In a rural clinic setting, limited patient 
volume posed challenges in achieving the BEP for PFT services. To 
address this, the clinic collaborated with nearby healthcare centres, 
pooling resources and sharing patient referrals. This network-based 
approach increased patient throughput, thereby improving the 
financial viability of the service.

Such collaborative models demonstrate the potential of inter-
institutional partnerships in overcoming resource limitations and 
achieving sustainability in rural healthcare settings [23].

Case study 3- Private hospital: At Apollo Hospitals, Bengaluru, 
the high fixed costs associated with a Paediatric spirometry suite 
(~ 3,00,000) were offset by insurance reimbursements and higher 
patient throughput, enabling faster cost recovery [24].

Strategies for Healthcare Facilities Struggling to Meet the Required 
Spirometry Volume

Healthcare facilities that find it difficult to conduct the required 
number of spirometry tests can consider the following strategies:

1.	 Reduce fixed costs: Lower equipment maintenance contract 
expenses or optimise rental space utilisation.

2.	 Reduce variable costs: Source more cost-effective disposable 
filters, mouthpieces, or calibration gases while ensuring quality 
standards.

3.	I ncrease test volume: Enhance patient awareness, collaborate 
with other departments for referrals, and promote preventive 
lung health screenings [21,25].

Any of these strategies can reduce the BEP, meaning the hospital will 
need to perform fewer spirometry tests to cover its fixed costs [26]. 
Once a facility surpasses the BEP, every additional test contributes 
directly to the profit (Target Income Sales) [27].

Several studies on break-even analysis have contributed valuable 
insights in this domain. Khurshid R et al., conducted a prospective 
six-month analysis at a tertiary care teaching hospital to determine 
the break-even volume for MRI scans. The BEP was calculated to 
be 2,481.4 scans, requiring a monthly utilisation of 413.5 scans. 
However, only 1,282 scans were performed during the study period 
(average 213.4 per month), indicating underutilisation [28].

Jyani G et al., examined the impact of insurance schemes on the 
financial viability of private hospitals. The study focused on break-
even thresholds by forecasting the financial trajectory of hospitals, 
highlighting challenges in achieving profitability [29].

Chakravarty A emphasised the importance of ensuring the financial 
viability of technological advancements for cost-effectiveness and 
elaborated on break-even analysis concepts [30].

Agrawal N et al., provided insights into the financial sustainability of 
specialised medical services such as gamma knife surgery [31].

Importance of Break-even Analysis
1.	 Helps determine the minimum number of tests required to 

cover expenses.

Depending on costs and pricing strategies, different healthcare 
facilities may have varying BEPs. To achieve profits, a facility must 
increase service volume to cover both fixed and variable costs. 
In the case of spirometry, increasing the annual number of tests 
improves cost-effectiveness, as shown in [Table/Fig-4].

2.	 Supports planning and cost control

3.	 Assists in equipment acquisition decisions

4.	 Clarifies the cost-volume-profit relationship

[Table/Fig-5]:	 Break-even Point (BEP) for different revenues.

[Table/Fig-4]:	 Break-even Point (BEP) spirometry.

5.	 Enables profit estimation

6.	 Facilitates scenario analysis

7.	 Integrates with budgeting processes

8	 Identifies minimum required business activity [31-33]

Break-even Analysis and Graphical Representation in 
Spirometry
To visualise break-even analysis results across different pricing 
levels, a graph can be used [Table/Fig-5]. This involves plotting the 
following:

1.	T otal Cost Curve (TC): Represents total costs at each testing 
volume.

2.	 Fixed Cost Curve (FC): Shows costs that remain unchanged 
regardless of the number of tests performed.

3.	T otal Revenue Curves (R1, R2, R3): Represent total revenue 
at different pricing levels.

The BEPs (A, B, C) are the points where the total cost curve (TC) 
intersects the total revenue curves (R1, R2, or R3). The break-
even quantity at different pricing levels can be interpreted from the 
horizontal axis, while the corresponding price can be read from the 
vertical axis.

The following equations, based on historical accounting data or 
estimation techniques, can be used to determine the total cost, 
total revenue, and fixed cost curves:

Total Revenue (TR)=Selling Price × Quantity•	

Total Cost (TC)=Fixed Cost+(Variable Cost×Quantity)•	
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Margin of Safety and Sensitivity Analysis 
Margin of Safety (MOS):•	  The difference between the current 
test volume and the BEP. A higher MOS indicates greater 
financial stability.

Sensitivity analysis:•	  Modifies the BEP by adjusting key factors 
such as equipment costs, consumable expenses, salaries, and 
patient volume.

•	 Higher variable costs → more tests required to break 
even

•	 Higher revenue or patient volume → BEP decreases 
[34,35]

Systematic review evidence: Studies show that incorporating 
sensitivity analysis enhances decision-making for diagnostic 
equipment procurement in both public and private hospitals [35]. 
Sensitivity analysis evaluates how changes in key variables affect the 
BEP, helping healthcare administrators assess financial sustainability 
under different scenarios [35,36].

By modifying factors such as equipment maintenance 
costs, technician salaries, consumable prices, or insurance 
reimbursements, hospitals can anticipate potential risks and create 
contingency plans. An increase in variable cost per test requires 
more tests to cover expenses. Conversely, higher reimbursement 
rates or increased patient volume can improve financial viability by 
lowering the BEP.

Thus, integrating sensitivity analysis into break-even calculations 
enables hospitals to:

Make data-driven decisions•	

Optimise pricing strategies•	

Ensure long-term financial sustainability•	

Equipment upgrades: A new machine or increased rental costs raise 
fixed expenses, requiring more tests to break even. Reduced fixed 
costs: Through extended depreciation, grants, or leasing, fewer 
tests are needed to cover expenses. Sensitivity analysis also helps 
identify financial risks arising from rising costs or declining revenue. 
Government healthcare schemes such as NHM and Ayushman 
Bharat can reduce financial burden [35,36].

Limitation(s) 
Applicable to only one service at a time•	

Difficulty in classifying costs (not always clearly variable or fixed)•	

Assumption of constant costs (fixed costs may vary with •	
scale)

Does not consider market demand•	

Assumes a constant sales mix•	

Assumes no inventory changes•	

Ignores efficiency gains or technological advancements•	

CONCLUSION(S)
Break-even analysis is a valuable financial tool for healthcare 
facilities offering spirometry services. It enables administrators to 
make informed decisions regarding pricing, cost management, and 
equipment acquisition. Although it has certain limitations, it remains 
an effective method for financial reporting and strategic planning. 
Integrating BEP with Cost-benefit Analysis (CBA) enhances 
resource allocation, supports strategic planning in both government 
and private hospitals and sensitivity analysis ensures financial 
sustainability across varying operational scenarios
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