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Aim: China’s cost-containment measures increasingly focus solely on the prices of consumable medical
supplies without taking a broader perspective on differences in features and overall costs. This study
compared two types of endoscopic staplers in video-assisted thoracoscopic surgery (VATS) lobectomy.
Materials & methods: Electronic medical records for video-assisted thoracoscopic surgery from 2016
to 2017 were collected from a hospital in Anhui province. Two cohorts were retroactively defined based on
stapler type. Total costs were compared using a cost-minimization analysis model. Probabilistic sensitivity
analysis was performed. Results: In the base case, the group using more expensive staplers achieved overall
cost savings of about $300 per procedure. Sensitivity analysis confirmed this result in 86.5% of cases.
Conclusion: A price-only supply selection strategy may have unintended cost consequences.
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Lobectomy is the standard treatment option for a variety of severe lung diseases, including resectable lung carci-
nomas. Thoracoscopy is a widely used, minimally invasive approach to lobectomy that is performed without the
trauma of open surgical incisions. As of 2014, the proportion of video-assisted thoracoscopic surgery (VATS) for
lobectomy reached 58–88% in some of the larger hospitals in Shanghai, China [1].

The development of endoscopic stapler technology was critical for enabling the advancement of minimally
invasive surgery [2]. Staplers give surgeons greater control and provide safer procedures for patients [3]. The US
FDA recently raised the quality standard of staplers for internal use and recommended reclassifying these medical
devices from Class I to Class II [4]. Endoscopic staplers represent a substantial proportion of the total cost of VATS
lobectomy procedures.

Both branded and generic staplers are available in China. Branded staplers are normally priced higher than their
generic counterparts. As public hospitals in China are increasingly pressured to contain costs, suitable criteria for
procurement decision-making warrant investigation.

Improving the efficiency of healthcare resource utilization is a key priority as China deals with the challenges
of its rapid growth in healthcare spending in the last decade. Multiple policy initiatives have been implemented
or piloted to decelerate healthcare expenditure growth [5,6]. Public hospitals, as the dominant healthcare delivery
channel in China, are responsible for implementing most of these cost-containment measures [5,6].

One of the key cost control initiatives focuses on cutting consumable medical supply spending. Public hospitals
are not allowed any markup on consumable supplies, effective as of late 2019 [7]. In addition, the performance of
public hospitals is measured by the ratio of disposable medical supply expenditure to total revenue. The National
Healthcare Security Administration is piloting several prospective payment systems, including global hospital
budget, per capita capitation and diagnostic-related groups [8]. These initiatives simultaneously create a strong
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Table 1. Description of Type A and Type B staplers.
Type Description

A An endoscopic cutter for cutting and/or stapling tissue. Indicated for tissue resection in open or endoscopic surgeries, such as resection of the
lungs, stomach or intestines. Holds six rows of staples and allows one-handed operation. Has lock-out feature to prevent refiring of a used
reload.
After each firing, the surgeon activates a retraction button to return the firing member to its starting position, in order for the stapler to be
fired again.

B An endoscopic linear cutter for cutting and/or stapling tissue. Indicated for use in open and/or minimally invasive surgeries, including general,
gynecologic, urologic, thoracic and pediatric surgeries. Holds six staggered rows of staples. The articulated shaft can rotate in both directions.
Has lock-out feature to prevent refiring of a used reload. Allows one-handed operation.
After each firing, the firing member is automatically returned to its starting position and manual operation is not needed for retraction.

incentive for hospital management to avoid branded consumable medical supplies and switch to cheaper generic
alternatives.

From the perspective of a value-based healthcare delivery system, economic evaluations of consumable supplies
should cover the entire episode of care rather than just the acquisition cost of any individual consumable medical
supply. We hypothesized that some high-cost consumable medical supply may generate sufficient savings within the
treatment pathway to offset their higher initial acquisition costs. Comprehensive economic evaluations of medical
supplies are still rare in China.

This study used a cost-minimization analysis (CMA) model to compare the episodic cost of branded and generic
endoscopic staplers in VATS lobectomy. The cost parameters for the branded and generic endoscopic staplers were
derived from real-world retrospective cost data from an academic medical center in China.

Materials & methods
Cost data
The electronic medical record (EMR) data used in this study were obtained from a tertiary (Level III) Class A
general hospital (the top rating in China’s public hospital ranking system) in Anhui province. The hospital was
equipped with over 5000 hospital beds and carried out over 100,000 surgeries in 2018.

The hospital primarily used staplers from two manufacturers for VATS lobectomy, which are referred to as Type
A and Type B in this study. Type A staplers are priced relatively low and are supplied by a generic domestic medical
device manufacturer. Type B staplers are branded with a higher price and are manufactured by a global medical
device company. Technical characteristics of the two staplers are described in Table 1.

VATS lobectomy EMR data from 2016 to 2017 were used to calculate the inputs needed for the CMA model
from the hospital EMR database (Figure 1). VATS patients were selected from all lung resection surgeries (n = 6283)
during this period. For patients with multiple VATS lobectomy surgeries, only the first surgery was included in the
analysis to ensure a meaningful comparison. Surgery durations were used to identify outliers based on Tukey’s 1.5
interquartile range rule [9]. Records with unusually high or low operation times were flagged and excluded from the
calculation. A small number of the procedures using cartridge/stapler combinations from different manufacturers
were also excluded. The remaining patients were then grouped into Type A or Type B cohorts retrospectively based
on the endoscopic stapler used (Figure 1).

Baseline characteristics for Type A and Type B cohorts were evaluated to check for any significant differences. In
the case of imbalances between groups, propensity score matching was conducted.

The EMR database provided comprehensive records for each VATS lobectomy operation including item name,
cost, quantity used and cost category. The cost categories and subcategories related to healthcare services used in
EMR were defined by the National Standard of Billable Healthcare Services [10]. Their definitions are presented in
Supplementary Table 1. Itemized costs were converted to USD using the average exchange rate in 2018, which was
6.616 RMB to 1 USD [11].

Stapler and cartridge costs were calculated separately from other medical supplies because they were the stratifying
variable defining the two patient cohorts. The unit costs of staplers and cartridges were treated as constants in
the calculation, as their prices were fixed by a centralized procurement process in the study period. The model
assumed one stapler per procedure, consistent with real clinical practice. Multiple cartridges may be used in any
given surgery. Medical supplies other than staplers and cartridges were assigned to a new cost category called other
medical supply (OMS) cost. All costs under each category were summed to obtain the total cost of each category
using the OMS cost category instead of the original medical supply cost category. The total costs of each cost
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Figure 1. Flow chart of analysis set selection.
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Table 2. Episodic cost components used in cost-minimization analysis.
Cost category Description Ref.

Native cost categories

Consumable medical supplies Costs for consumable medical supplies; replaced by the other medical supply cost category
in the analysis

Pharmacy Costs of drugs during inpatient stay

Cost categories of healthcare services (defined by the National Standard of Billable Healthcare Services) [10]

– Bed Costs of inpatient stay

– Nursing Costs of nursing services

– Laboratory Costs of laboratory tests

– Imaging Costs of medical imaging

– Anesthesia Costs of anesthesia services

– Surgery Costs of surgery operation (surgeon fee)

– Consultation Costs of physician consultation

– Nonsurgery treatment Costs of inpatient nonsurgery treatments

Miscellaneous Costs outside previous categories

Custom cost categories

– Stapler costs Assumed to be the cost of one stapler

– Cartridge costs Calculated by multiplying cartridge number by its unit cost

– Other medical supply Costs for consumable medical supplies, excluding staplers and cartridges; replaces the
original medical supply costs category in the analysis

Surgery using Brand A stapler
Patient discharge

Patient discharge
Surgery using Brand B stapler

Patient admission

Figure 2. Diagram of decision tree model for comparison of Type A and Type B staplers.

category were used as cost components in the CMA model input, which are summarized in Table 2. Two-sided
Welch’s t-test was used to compare cost components other than stapler and cartridge unit price, as cost distributions
were skewed and equal variances were not assumed [12–15].

Model
The CMA decision tree was constructed in Microsoft Excel (2016), as shown in Figure 2. Patients entered the
model upon admission to the hospital for VATS lobectomy. They were stratified retrospectively into two different
cohorts (Type A and Type B) based on the type of stapler/cartridges used in lobectomy. The average episodic cost
of VATS lobectomy care was calculated as the sum of average inpatient category costs incurred along each treatment
pathway. The episodic cost differential (ECD) between the two treatment pathways was estimated as the difference
of average episodic costs between Type A and Type B cohorts.

ECD = Episodic Cost B − Episodic Cost A
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Table 3. Cost components data and associated distribution parameters.
Cost component (costs in
USD)

Type A cohort (n = 64) Type B cohort (n = 578) p-value

Mean Standard
deviation

Gamma distribution Mean Standard
deviation

Gamma distribution

� � � �

Stapler unit price 298.46 – – – 562.37 – – – –

Cartridge unit price 286.12 – – – 354.93 – – – –

Cartridge count (n) 8.25 4.45 216.54 0.04 6.64 2.74 3388.53 �0.01 0.006

Other medical supply cost 549.73 1505.55 8.40 433.01 462.71 1181.62 88.48 34.60 0.588

Imaging 1066.73 562.5 226.57 31.15 1197.72 609.66 2226.97 3.56 0.101

Pharmacy 1014.39 603.43 178.03 37.70 748.95 601.98 893.12 5.55 0.001

Surgery 915.88 410.38 313.80 19.31 828.35 207.10 9230.72 0.59 0.005

Nonsurgery treatment 335.26 209.86 160.78 13.80 274.57 163.39 1629.29 1.11 0.006

Anesthesia 298.93 120.71 386.35 5.12 236.83 62.51 8283.47 0.19 �0.001

Laboratory 254.38 145.98 191.31 8.80 185.37 139.02 1025.83 1.20 �0.001

Bed 137.08 99.56 119.43 7.59 109.07 94.25 772.68 0.93 0.025

Miscellaneous 110.10 88.95 96.53 7.55 86.02 71.39 837.77 0.68 0.013

Nursing 93.14 52.4 199.02 3.10 76.36 38.48 2271.88 0.22 0.002

Consultation 50.82 28.07 206.53 1.63 44.03 22.50 2210.27 0.13 0.026

Total cost 7485.41 – – – 7169.05 – – – –

The cost-minimization decision rule is formulated based on the value of ECD as follows:

ECD =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

> 0, Type A is superior

= 0, Both types are equivalent

< 0, Type B is superior

Sensitivity analysis
A probabilistic sensitivity analysis with 10,000 simulations was performed on this model. Stapler price and cartridge
price were held constant, as explained above. Cartridge count along with other cost categories were simulated as
gamma distributions in which the distribution parameters were estimated based on real-world means and standard
deviations. These distributions were assumed to be independently distributed with no underlying correlation
structure.

Results
Patient baseline characteristics
Our analysis showed that Type A cohort (n = 64) and Type B cohort (n = 578) were similar in age distribution, gender
distribution, types of health insurance, diagnosis (e.g., lung cancer and lung bullae), comorbidities (i.e., diabetes
and hypertension) and area of resection, which are shown in Supplementary Table 2. Therefore, no matching was
conducted.

Base case analysis
The average costs by category calculated from EMR for Type A and Type B cohorts are shown in Table 3. Except for
stapler unit cost, OMS costs and imaging test costs, the Type B cohort had lower costs across all other categories.
Even though the Type B cartridge unit costs were higher, fewer cartridges were used in Type B cohorts compared
with Type A, resulting in lower spending on cartridges. The average inpatient episodic cost per VATS lobectomy
was $7,485.41 and $7,169.05 for the Type A and Type B cohorts, respectively. The net saving associated with Type
B stapler use was $316.36 per VATS lobectomy surgery episode.
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Figure 3. Distribution of total in-hospital costs from 10,000 simulation runs.
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Figure 4. ECD distribution from 10,000 simulation runs.
ECD: Episodic cost differential.

Sensitivity analysis
Distributions applied to all variable cost components are shown in Table 3. Ten thousand simulations were
conducted. The probability distribution of total inpatient costs for an episode of VATS lobectomy using Type A
and Type B staplers is shown in Figure 3.

The histogram of cost differentials from the simulation is shown in Figure 4. The vertical dashed line represents
the decision boundary (ECD = 0). In 86.5% of cases, the ECD was negative, meaning that cases using Type B
staplers were associated with a lower average episodic cost of VATS lobectomy.
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Discussion
This analysis of real-world data demonstrated that low-cost medical supplies may be associated with an increase
in other costs and a net increase in overall expenditure. This result is aligned with the findings of several previous
studies that analyzed the financial consequences of utilizing new medical devices or devices with new features,
assuming equivalent efficacy compared with conventional methods [16–19]. Although the new treatment methods
incurred higher acquisition costs upfront, the overall expenditure decreased due to savings in other aspects of the
treatment pathway [16–19].

The strength of this study is its combination of real-world data analysis with economic modeling, although the
economic assessment of medical supplies is challenging [20]. The clinical outcomes of medical supplies, such as
staplers, depend on multiple factors besides the intrinsic properties of the medical device. External factors, such
as physician technique and preoperative and postoperative care can influence final clinical performance [20–23]. In
this study, a large number of real-world VATS lobectomy cases were used to gain insights for an ‘average’ scenario.
To limit the potential bias from presurgery conditions, we compared patient baseline characteristics between the
two cohorts. The two sample groups were reasonably similar, with no statistically significant differences in all
baseline characteristics except the proportion of hypertension patients. Extreme cases based on operation time were
eliminated to reduce the impact of outliers.

Real-world data indicated that in cases using Type B staplers, which were more expensive, the cost per procedure
was reduced by $300. An inspection of average categorical costs incurred in VATS lobectomy showed that the Type
B cohort had lower expenditure in almost all other categories except for stapler unit price, OMS and imaging. The
savings from the reduction in pharmacy costs and surgery were more than enough to offset the difference in stapler
price. The Type B cohort also used fewer cartridges.

Our findings indicate that medical supply selection based on price alone may introduce biases in cost estimation
for health systems that are attempting to reduce costs while maintaining quality standards. In the case of endoscopic
operations, staplers are one of the most important assistive tools for surgeons. Video-assisted manual suturing is a
challenging technique. Endoscopic staplers are user friendly, allowing easy access to the target site. The performance
of endoscopic staplers is critical to minimizing wound-related complications and ensuring patient safety [2,3]. High-
quality staplers can ensure the completeness of the staple line and stapler cut, avoid immediate staple line leakage
or bleeding and avoid further surgical intervention such as prolonged air leakage [2,3].

In this study, Type B staplers automatically retract the firing member, as described in Table 1. However, when
using Type A staplers, surgeons need to operate the retraction button between firings. This process may shift the
position of the stapler and impact stability during firing, potentially resulting in malformed staples. In order to
secure the staple site, more stapling attempts or manual suturing may be required. This would lead to additional
cartridge use or longer operating time. Furthermore, malformed staples may increase the risk of postoperative
infections and necessitate the use of antibiotics.

These technical differences may contribute to the reductions in pharmacy and surgery costs identified in our
study, as well as cartridge use. This suggests that a broader perspective is needed in procurement decision making.
The total episodic cost is a more comprehensive indicator of value compared with stapler or cartridge price alone.

Public hospital management teams in China face mounting pressure from escalating healthcare costs. Basing
procurement decisions on acquisition price is one of the most direct methods of controlling costs. However, this
study shows that focusing on acquisition price alone is not an ideal solution.

Previous experience with cost-containment policies in China have also demonstrated unintended consequences
similar to our findings. China’s policy prohibited public hospitals from charging any markup on drugs, as drug sales
previously accounted for almost half of hospital revenue [24]. However, in the long term, this policy had difficulty
containing the growth of overall expenditure due to increase in other costs [25–28].

Regarding hospital procurement policy, in order to contain costs without sacrificing the quality of care, it
is important to evaluate the costs from the wider perspective of the health system. A comprehensive economic
evaluation of the whole episode of care would be a more suitable decision criterion.

Limitations
This study is subject to several limitations common to real-world data analysis and health economics modeling.
Several assumptions were necessary to make the CMA feasible without significant deviation from real-world clinical
practice: the analysis assumed patients in both cohorts achieved the same clinical outcome at discharge; a single
stapler was used per procedure; and surgeons’ skills and experiences were similar between the two cohorts. It should
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be noted that the assumption of one stapler used per procedure is slightly biased in favor of the generic stapler (Type
A) cohort. The real-world data collected in this study showed that among patients who had stapler count records
available, 1.37 Type A staplers were used per procedure, while for Type B staplers, 1.13 were used per procedure.

Further, only access to administrative claim records was provided for this analysis. We were unable to access
patient-level clinical information to investigate the clinical performance parameters.

In addition, the EMR data came from a single research hospital in Anhui province. The sample size of Type A
cases is relatively small, leading to higher uncertainty in parameter estimation. This resulted in a large variation
in costs associated with Type A stapler use in probabilistic sensitivity analysis. Finally, this analysis only covered
the two types of staplers that are most commonly used in this hospital. The conclusions of this analysis may have
limited representativeness for other hospitals in China, or other types of staplers.

Conclusion
The cost-minimization study demonstrated that the cohort treated with Type B staplers achieved lower average total
expenditure per episode of VATS lobectomy. Comprehensive economic evaluation is more suitable in designing
medical supply management strategies than focusing solely on individual supply prices.

Summary points

• Price negotiation and group procurement have been increasingly used to control consumable medical supply
expenditure in China; thereby, controlling overall healthcare cost growth.

• However, managing consumable medical supplies solely based on price may not be an adequate solution due to
differences among features across products in the same category.

• Electronic medical records of video-assisted thoracoscopic surgery cases with cost data from 2016 to 2017 from
one of the largest research hospitals in Anhui province were retrospectively analyzed.

• A cost-minimization analysis model showed that the patient group using a more expensive type of stapler
achieved lower overall costs by about $300 per procedure.

• Sensitivity analysis further demonstrated that in 86.5% of cases, the cohort treated with higher-cost branded
staplers achieved lower total treatment costs.

• This study demonstrated that the selection of medical supplies can affect overall healthcare costs in complex
ways, beyond simple changes in acquisition cost of staplers alone.

• A price-only supply selection strategy may be associated with unexpected increases in total healthcare
expenditures.

• Comprehensive value assessments based on real-world data can help hospitals evaluate the total impact of
consumable medical supply management strategies.
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