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ABSTRACT

KEY TAKEAWAYS
• U.S. hospital capacity has been severely strained by the COVID-19 pandemic.

•  Minimally invasive technologies are capacity-conserving technologies that could 
reduce burdens on healthcare providers and hospitals while also shielding  
patients from unnecessary in-hospital exposure to pathogens. 

•  Current payment systems that encourage bed volume and labor-intensive procedures 
make capacity-conserving alternatives less attractive.

•  Better policies would support greater investment in minimally invasive technologies 
and a more holistic notion of value.

The emergence of COVID-19 threatens to strain U.S. healthcare resources for the foreseeable 
future. While the virus has altered the health and economic landscape for the worse in many 
ways, it also presents an opportunity to accelerate the uptake of valuable and underutilized 
strategies and technological approaches that could improve healthcare efficiency, particularly 
in the face of widespread transmissible diseases. Minimally invasive procedures are just one 
example of “capacity-conserving healthcare technologies” that can enable access to needed 
technologies while reducing burdens on healthcare providers and hospitals and shielding 
patients from unnecessary exposure to vectors of infection. Current payment systems that 
encourage bed volume and labor-intensive procedures make capacity-conserving alternatives 
less attractive. Better policies would support greater investment in minimally invasive 
technologies and a more holistic notion of value that explicitly acknowledges the benefits 
they bring to patients by reducing fear of contagion and disease transmission, to hospitals 
by expanding surge capacity, and to society by reducing disease transmission and increasing 
economic activity. Such policies will improve the lives of patients and their caregivers, 
strengthen our future pandemic response and increase social welfare.
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Debates over rising U.S. healthcare costs have long emphasized 
the need to better match the prices of healthcare goods and 
services to the value they generate. At a basic level, the value 
of a healthcare technology derives from its ability to increase 
the patient’s quality-adjusted life-years (QALYs) and reduce 
healthcare expenditures, and most formal health-technology 
assessments recognize and quantify these elements of value.1, 2 
But an intervention can generate value in many other ways—
including impacts on productivity, equity, scientific spillovers, 
value of hope and insurance value—that are often excluded 
from value assessments of health technologies.1, 3, 4 The list 
of “novel” elements of value has been added to over time, as 
new events have revealed previously underappreciated ways in 
which health technology can improve well-being. 
 The COVID-19 pandemic has been one such revealing 
event. In its early days, we learned how vulnerable U.S. 
healthcare systems were to two previously untested challenges: 
widespread prevalence of a highly transmissible disease, and 
sudden surges in local demand for specific healthcare resources 
such as ventilators and intensive care unit (ICU) beds. The 
implications of these challenges quickly became clear in early 
hotspots like Lombardy, Italy, and Manhattan, where the virus 
spread rapidly through the population and hospital resources 

were quickly strained. The fall surge repeated these challenges 
on a broader scale in the U.S., with hospital capacity strained 
in many states.
 Uncertainty surrounding COVID-19 has also led patients 
to postpone needed treatment for fear of contracting the 
disease in a healthcare setting. We do not yet know how much 
of this care will be merely delayed versus foregone completely, 
but recent studies have begun documenting increased deaths 
occurring outside the hospital in the early phase of the 
pandemic.5 The eventual mortality and morbidity associated 
with hospital care foregone or delayed during the pandemic 
could be enormous. 
 Recent experiences have brought into sharp relief two 
previously underappreciated elements of value: capacity-
conserving technologies that create flexible hospital surge 
capacity, and contact-minimizing technologies that reduce 
transmission of communicable disease. Since the early days of 
the pandemic, healthcare systems have rushed to implement 
new technologies and procedures that create value by doing 
one or the other, or both.
 But these changes have been implemented in extremis; 
the policies that guide hospitals’ day-to-day operations 
and investment decisions in more normal times have not 
historically emphasized these sources of value, and in fact have 
even discouraged the adoption of some capacity-conserving 
technologies. For example, minimally invasive procedures that 
use arthroscopic, catheterized or laparoscopic devices and 
remote operation of instruments as an alternative to more 
labor-intensive open surgeries can shorten hospital stays and 
reduce in-hospital exposure to pathogens. But fee-for-service 
reimbursement formulas and overhead accounting rules that 
reward bed volume and labor usage rather than the value of 
services have led to underinvestment in such technologies, 
especially considering their particular value in the context of 
a pandemic. COVID-19 presents an opportunity to rethink 
these policies.
 To correct this situation and prepare for the next pandemic, 
we need a more holistic notion of value that explicitly 
acknowledges the benefits that accrue to patients in the form 
of reduced fear of contagion and reduced disease transmission, 
to hospitals in the form of expanded surge capacity, and to 
society as a whole in the form of reduced disease transmission 
and increased economic activity.6, 7 While traditional methods 
of evaluating health technology may capture the value of 
disease reduction in a risk-neutral fashion by estimating the 
expected lives lost from infection, they do not capture the 
willingness to pay to avoid this risk from the perspective of 
a risk-averse person. Broadening our definition of value from 
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https://www.nytimes.com/2020/03/12/world/europe/12italy-coronavirus-health-care.html
https://www.wsj.com/articles/hospital-capacity-crosses-tipping-point-in-u-s-coronavirus-hot-spots-11585215006
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one that focuses only on QALYs and healthcare expenditures 
to include these other elements will lead to better health, 
efficiency gains from provider and societal perspectives, lower 
costs and greater social welfare.
 
COVID-19 AND HOSPITAL CAPACITY 
Treating the influx of COVID-19 patients effectively requires 
matching available hospital capacity to the number of patients 
needing hospitalization, either by decreasing the flow of 
patients or by increasing hospital capacity. At the start of 
the pandemic, the U.S. response involved both strategies. In 
March 2020, policymakers strove to “flatten the curve” of the 
epidemic by imposing stay-at-home orders and laws limiting 
the size of group gatherings, and requiring social distancing 
and mask wearing to reduce transmission and the number 
of cases. While these policies did reduce transmission and 
probably saved lives,8-11 they came at an enormous economic 
cost—according to Congressional Budget Office projections, 
the slowdown following these restrictions led to an estimated 
economic hit of $7.9 trillion, or 3% of cumulative real GDP 
over 10 years,12 with deteriorating recent estimates of 3.4% of 
real GDP.13

 At the same time, the healthcare system rushed to add 
emergency surge capacity for the onslaught of COVID-
19 patients. The crisis of the pandemic enabled rapid 
implementation of temporary measures. Hospitals reallocated 
existing space and added beds to treat COVID-19 patients, the 
Army Corps of Engineers built temporary field hospitals on 
college campuses and in convention centers, and the U.S. Navy 
deployed hospital ships to New York and Los Angeles harbors, 
all at enormous expense.
 Many healthcare systems also initially took the step 
of postponing elective procedures and nonurgent care 
appointments, although they subsequently moderated that 

stance.14-19 Patients also, of their own accord, chose to postpone 
some care to limit their exposure to the virus.20, 21 A recent 
study of healthcare claims for over 6 million U.S. beneficiaries 
found sharp reductions in the use of high-value preventive 
care such as mammograms and colonoscopies, and in elective 
procedures such as cataract removals in the early weeks  
of the pandemic.22

 But these actions are expensive and have important 
drawbacks. First, temporary facilities are inferior care settings 
compared to permanent hospital facilities. They cannot serve all 
types of patients and lack access to many services a permanent 
hospital provides. A decompensating patient in a field hospital 
cannot simply be wheeled to the ICU on a different floor; 
they must be transported to a permanent hospital, with all the 
costs, delay and additional exposure that entails. And while 
temporary facilities may relieve the need for more hospital 
beds, they cannot address a shortage of trained personnel, 
which may actually be the more binding constraint.23-25

 Second, we are only now beginning to understand the 
enormous long-term costs associated with delaying regular 
care. New research suggests that while the direct impact of 
COVID-19 is large, the impact of regular care foregone or 
postponed may be five to 10 times greater.5, 26-28 Ultimately, the 
direct and indirect economic and health costs associated with 
these stopgap measures to match healthcare capacity and surge 
demand will be staggering.29-31

 With new variants of the virus emerging, COVID-19 
continues to pose a real and present threat. The need to find 
a more efficient approach to expanding hospital capacity is 
urgent. In particular, we should implement strategies to get 
more healthcare out of the capacity we already have.
 The U.S. healthcare system has long struggled to make the 
best use of its existing capacity. This challenge has historically 
been framed as an opportunity for cost cutting,32 such as in 
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https://www.cms.gov/files/document/covid-hospitals.pdf
https://www.cms.gov/files/document/covid-hospitals.pdf
https://www.theatlantic.com/science/archive/2020/03/coronavirus-hospitals-need-more-beds/608677/
https://www.theatlantic.com/science/archive/2020/03/coronavirus-hospitals-need-more-beds/608677/
https://www.npr.org/2020/05/07/851712311/u-s-field-hospitals-stand-down-most-without-treating-any-covid-19-patients
https://www.defense.gov/Explore/News/Article/Article/2134688/usns-mercy-usns-comfort-receiving-patients-in-la-new-york-city/
https://www.defense.gov/Explore/News/Article/Article/2134688/usns-mercy-usns-comfort-receiving-patients-in-la-new-york-city/
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studies that highlight the share of “wasteful” U.S. healthcare 
expenditures.33-35 But a different frame is more relevant here: 
“Excess” capacity is also a mechanism for keeping more 
high-quality healthcare capacity in reserve to use during 
demand surges. While “excess” capacity may sit in reserve 
and underutilized for periods of time, it is not “wasted.” It is 
providing insurance value, in the same way that the premium 
dollars that a homeowner pays for earthquake insurance are 
not “wasted” if an earthquake never strikes. Canceling such an 
insurance policy saves money today, but gambles heavily on a 
family’s future financial well-being. The COVID-19 pandemic 
has illustrated how this analogy applies to “excess” hospital 
capacity too: Short-run efficiencies entail long-run gambles of 
patient access to care in emergencies. 

MINIMALLY INVASIVE TECHNOLOGIES AND 
HEALTHCARE CAPACITY
One promising way to get more out of existing healthcare 
capacity is to invest in minimally invasive technologies as an 
alternative to open surgical procedures. Minimally invasive 
alternatives are available for many procedures, ranging from 
lumbar fusions to appendectomies, and are typically associated 
with less pain, shorter hospital stays and fewer complications.36-39 
While only a subset of patients requiring a given procedure may 
be candidates for a minimally invasive version, there is evidence 
that minimally invasive options are not currently being fully 
utilized for the eligible population. U.S. hospitals vary widely in 
their utilization of minimally invasive procedures for common 
surgeries: In one study including more than 500 U.S. hospitals, 
the share of appendectomies performed minimally invasively 
ranged from 41% to 93% across hospitals.40 And while roughly 
half of all mitral valve surgeries in Europe and Vietnam 
are performed through minimally invasive approaches, they 
account for just 23% of all mitral valve surgeries in the U.S.41

 The hospital length-of-stay reductions associated with 
minimally invasive procedures can be large. A study in one 
Italian hospital found that, among 143 patients undergoing 
mitral valve repair for severe symptomatic functional mitral 
valve regurgitation, those who had a surgical valve repair stayed 
in the hospital 11 days on average, compared to an average 
of five days for patients who had a MitraClip implanted via 
a minimally invasive percutaneous procedure.42 Such length-
of-stay reductions are important to patients.43, 44 From the 
hospital’s perspective, switching eligible patients from surgical 
to percutaneous valve repair would save almost 55% of the bed-
days currently used for recovering surgical mitral valve repair 
patients. This “saved” capacity could be used to increase hospital 
revenues by treating more valve repair patients, but it could also 
be used as surge capacity for additional COVID-19 patients. 

Importantly, such a shift to minimally invasive technology 
increases capacity not just of hospital beds and patient rooms, 
but also of medical staff to care for those patients.
 A strategy of expanding surge capacity by adopting minimally 
invasive technologies will be more beneficial for hospitals that 
are more likely to experience a demand surge that exceeds 
their existing capacity. As became clear during the initial U.S. 
COVID-19 surge in March, different U.S. cities came closer 
to their healthcare capacity thresholds depending on whether 
they were located in regions with outbreaks. Even within cities, 
available bed capacity can vary widely across hospitals. By 
implementing capacity-sparing technologies more aggressively, 
any of these facilities could expand their surge capacity without 
the large capital investments that would be required to build it.

MINIMALLY INVASIVE TECHNOLOGIES AND 
EXPOSURE TO INFECTION
Shifting toward minimally invasive capacity-sparing technology 
also delivers benefits beyond its impact on healthcare capacity. 
Because these procedures generally involve fewer complications 
and shorter recovery time relative to their open-surgery 
equivalents, patients experience less pain and downtime, and 
can resume their normal, productive lives more quickly.37-39

The saved capacity from 

leveraging minimally invasive 

technologies could be used as 

surge capacity for additional 

COVID-19 patients.

https://globalepidemics.org/hospital-capacity/
https://bi.ahca.myflorida.com/t/ABICC/views/Public/ICUBedsHospital?%3AshowAppBanner=false&%3Adisplay_count=n&%3AshowVizHome=n&%3Aorigin=viz_share_link&%3AisGuestRedirectFromVizportal=y&%3Aembed=y
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COVID-19 is the current and most pressing example of 
a novel infectious disease causing a global pandemic, but 
it will not be the last. Recent experience has revealed the 
need for better preparation to meet the next pandemic, and 
policymakers in Washington, D.C., have begun to take up 
this challenge: In June, Senator Lamar Alexander, chairman 
of the U.S. Senate Committee on Health, Education, Labor 
and Pensions, introduced an act to ensure U.S. manufacturing 
capacity for diagnostic tests, treatments and vaccines, and a 
stockpile of critical supplies such as masks and ventilators. 
At the same time, Senator Alexander recognized the need to 
improve state and local capacities to respond to a pandemic 
threat, including better planning to ensure that doctors and 
hospitals can continue to provide healthcare services and 
outpatient treatment during a pandemic.
 Supporting hospital efforts to expand capacity to deploy 
minimally invasive technologies can play an important role in 
new plans for future surge capacity in many situations, not simply 

the next pandemic—for example, many natural disasters require 
local hospital capacity to handle unexpected surges of trauma 
patients. Because existing fee-for-service payment models do not 
account for low-probability, high-cost events such as hospitals 
exceeding capacity during emergency surges, hospitals tend to 
underinvest in technologies that address such events. 
 Hospitals currently face several barriers to adopting these 
technologies. First, volume-based reimbursement rules ensure 
that hospitals make more money when beds are full. If 
minimally invasive technologies are employed to create surge 
capacity, hospitals will lose money on the empty beds, even 
though that capacity is serving a valuable purpose.
 Second, reimbursement for overhead drives much of 
hospitals’ contribution margins. Procedures that require longer 
hospital stays involve higher charges for per-diem items like 
personnel labor and room and board, which in turn permit 
higher overhead charges. As a result, hospitals face disincentives 
to adopt technologies that shorten hospital stays.

CONCLUSION

 Minimally invasive procedures can also reduce patients’ 
fear of contagion because they involve shorter hospital stays. 
The data published to date suggest that the probability of 
contracting COVID-19 in a healthcare setting varies widely 
depending on local conditions and the preventive measures 
being taken at specific hospitals. One study of a large 
urban dialysis population in northwest London found 300 
COVID-19 cases among a cohort of 1,530 patients (19.6%) 
receiving hemodialysis over six weeks in March and April 
2020.45 Another study over the same time period in a London 
hospital found that 15% of COVID-19 inpatient cases were 
“definitely or probably hospital acquired.”46 A third study at 
a Boston hospital in March through May 2020 concluded 
that nosocomial COVID-19 infection was “rare.”47 But in any 
healthcare setting, shorter hospital stays reduce exposure and 
therefore the risk of infection, all other things being equal. 
One 2010 study analyzing pre-COVID hospital-acquired 
infection data found that extending length of stay by one 
day increases the probability of catching a hospital-acquired 
infection by 1.37%.48 

 Hospital-acquired COVID-19 and other infections are 
dangerous. In one study, patients with hospital-acquired 
(non-COVID) infections had an increased mortality rate 
2.6 percentage points higher than similar patients without 
hospital-acquired infections (5.7% versus 3.1% mortality).49 By 

comparison, the case fatality rate for COVID-19 has ranged 
from 2% to 6% in the U.S. since March.50 
 Joint-replacement surgeries are experiencing a similar 
dynamic during the pandemic, as interest is increasing in 
moving these procedures out of hospitals and into ambulatory 
surgical centers to address both capacity and infection 
concerns.51, 52 In the same way, minimally invasive versions of 
other surgical procedures can reduce exposure to infection and 
reduce the amount of care that is postponed and the negative 
health outcomes associated with delay. 
 Finally, minimally invasive technologies will also reduce 
COVID-19 exposure and transmission to patients and those 
who come into contact with them. For many indications, 
patients undergoing the minimally invasive version of a 
procedure are less likely to be discharged to a nursing home 
than those undergoing a traditional surgery. For example, in 
addition to requiring shorter hospital stays, coronary artery 
bypass graft (CABG) recipients were 38% less likely to be 
discharged to an acute care facility if they received a minimally 
invasive robotic procedure versus an open sternotomy.53 Given 
the many devastating COVID-19 outbreaks seen in U.S. 
nursing homes,54 reducing the number of discharges to such 
facilities will further reduce the chances that a CABG recipient 
acquires COVID-19. 

https://www.help.senate.gov/chair/newsroom/press/senate-health-chairman-alexander-introduces-bill-to-prepare-for-the-next-pandemic
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 Third, many minimally invasive procedures involve highly 
innovative and sometimes expensive technologies and devices. 
Much of the reimbursement for such procedures is passed 
through to the technology provider. Combined with the lower 
overhead associated with shorter hospital stays, this tends to 
limit hospital profitability on minimally invasive procedures. 
In one study, valve replacement hospitalizations resulted in a 
median contribution margin (hospital profit) of –$3,380 for 
transcatheter aortic valve replacement (TAVR) and $2,390 
for open surgical valve replacement.55 That is, hospitals lost 
money on the median TAVR patient, but made money on the 
median open-surgery patient.
 Finally, certain practice requirements, such as the 
requirement that surgical suites have a full surgical kit 
available for minimally invasive procedures, even though their 
complication rates are much lower than those for open surgery, 
serve to raise the costs of minimally invasive procedures 
without providing commensurate benefit.56 Ironically, some 
U.S. hospitals that had been planning to expand their capacity 
to perform minimally invasive procedures prior to COVID-19 
may have postponed those plans in the face of financial strain 
caused by the pandemic.
 Policymakers should review these and other policies and 
the incentives they create for hospitals to invest in minimally 

invasive technologies. At the same time, support for such 
technologies could be tailored to help address existing health 
disparities. Since COVID-19 disproportionally affects 
communities of color,57-59 incentives that are targeted to 
hospitals serving vulnerable populations can protect those 
groups in the same way that early Coronavirus Aid, Relief, 
and Economic Security (CARES) Act investments were 
targeted toward hospitals hardest hit by the pandemic.60-63 
More generally, policymakers and payers should broaden 
the concept of value used to evaluate such technologies for 
reimbursement—beyond QALYs and healthcare costs, such 
evaluations should explicitly account for their ability to 
reduce disease transmission, conserve healthcare resources as a 
strategic reserve and address patient priorities, particularly in 
the context of a pandemic.
 The observations made here suggest several fruitful areas 
for further research. In particular, more analysis is needed to 
estimate the incremental value that results from technologies’ 
ability to provide insurance against the risk of exceeding 
hospital capacity, reduce hospital-acquired infections and 
reduce the amount of treatment that is postponed during a 
pandemic. While prior research has identified some of these 
novel sources of value, there are currently no estimates of many 
of these components.1
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of value used to evaluate technologies. Such evaluations 

should explicitly account for the technology's ability 

to reduce disease transmission, conserve healthcare 

resources as a strategic reserve and address patient 

priorities, particularly in the context of a pandemic.



7

1. Lakdawalla, D.N., et al. Defining elements of value in health 
care—a health economics approach: an ISPOR Special Task 
Force report [3]. Value in Health, 2018. 21(2): p. 131-139.

2. Lakdawalla, D.N. and C.E. Phelps. Health technology 
assessment with risk aversion in health. Journal of Health 
Economics, 2020: p. 102346.

3. Garrison Jr., L.P., S. Kamal-Bahl, and A. Towse. Toward 
a broader concept of value: identifying and defining elements 
for an expanded cost-effectiveness analysis. Value in Health, 
2017. 20(2): p. 213-216.

4. Garrison Jr., L.P., et al. Augmenting cost-effectiveness 
analysis for uncertainty: the implications for value 
assessment—rationale and empirical support. Journal of 
Managed Care & Specialty Pharmacy, 2020. 26(4):  
p. 400-406.

5. Wu J., et al. Place and causes of acute cardiovascular mortality 
during the COVID-19 pandemic. Heart 2021;107:113-119.

6. Barham, L. Could reformed HTA be a legacy of COVID-
19? 2020 [cited 2020 Sep 24]. Available from: https://
invivo.pharmaintelligence.informa.com/IV124590/
Could-Reformed-HTA-Be-A-Legacy-Of-COVID19.

7. Kamal-Bahl, S., et al. The case for using novel value elements 
when assessing COVID-19 vaccines and therapeutics. 
2020 [cited 2020 Sep 28]. Available from: https://www.
healthaffairs.org/do/10.1377/hblog20200616.451000/full.

8. Lyu, W., and G.L. Wehby. Community use of face masks  
and COVID-19: evidence from a natural experiment  
of state mandates in the US. Health Affairs, 2020. 39(8):  
p. 1419-1425.

9. Zhang, R., et al. Identifying airborne transmission as the 
dominant route for the spread of COVID-19. Proceedings  
of the National Academy of Sciences, 2020. 117(26):  
p. 14857-14863.

10. Courtemanche, C., et al. Strong social distancing Measures 
in the United States reduced the COVID-19 growth rate. 
Health Affairs, 2020. 39(7): p. 1237-1246.

11. Hsiang, S., et al. The effect of large-scale anti-contagion 
policies on the COVID-19 pandemic. Nature, 2020. 
584(7820): p. 262-267.

12. Congressional Budget Office. Letter to Charles E. Schumer 
re: comparison of CBO’s May 2020 interim projections of gross 
domestic product and its January 2020 baseline projections. 
2020 [cited 2020 Sep 28]. Available from: https://www.
cbo.gov/system/files/2020-06/56376-GDP.pdf.

13. Congressional Budget Office. An update to the economic 
outlook: 2020 to 2030. 2020 [cited 2020 Sep 28]. Available 
from: https://www.cbo.gov/system/files/2020-07/56442-
CBO-update-economic-outlook.pdf.

14. Kliff, S. Missed vaccines, skipped colonoscopies: preventive 
care plummets. 2020 [cited 2020 Sep 11]. Available from: 
https://www.nytimes.com/2020/09/11/upshot/pandemic-
decline-preventive-care.html.

15. Martin, K., et al. The impact of COVID-19 on the use of 
preventive health care. 2020 [cited 2020 Sep 11]. Available 
from: https://healthcostinstitute.org/hcci-research/the-
impact-of-covid-19-on-the-use-of-preventive-health-care.

16. Mehrotra, A., et al. The impact of the COVID-19 
pandemic on outpatient visits: changing patterns of care in 
the newest COVID-19 hot spots. 2020 [cited 2020 Sep 
11]. Available from: https://www.commonwealthfund.
org/publications/2020/aug/impact-covid-19-pandemic-
outpatient-visits-changing-patterns-care-newest.

17. Sarac, N.J., et al. A review of state guidelines for elective 
orthopaedic procedures during the COVID-19 outbreak.  
The Journal of Bone and Joint Surgery, 2020. 102(11):  
p. 942-945.

18. Ambulatory Surgery Center Association. State guidance 
on elective surgeries. 2020 [cited 2020 Sep 11]. Available 
from: https://www.ascassociation.org/asca/resourcecenter/
latestnewsresourcecenter/covid-19/covid-19-state.

19. Centers for Medicare & Medicaid Services. CMS adult 
elective surgery and procedures recommendations: limit all 
non-essential planned surgeries and procedures, including 
dental, until further notice 2020 [cited 2020 Sep 11]. 
Available from: https://www.cms.gov/files/document/
covid-elective-surgery-recommendations.pdf.

20. Sheth, K. Hospital admissions for strokes appear to have 
plummeted, a doctor says, a possible sign people are afraid 
to seek critical help. 2020 [cited 2020 Sep 23]. Available 
from: https://www.washingtonpost.com/national/
health-science/hospital-admissions-for-strokes-appear-to-
have-plummeted-a-doctors-says-a-possible-sign-people-
are-afraid-to-seek-critical-help/2020/04/08/2048b8-
86-79ac-11ea-b6ff-597f170df8f8_story.html.

21. Rosenbaum, L. The untold toll—the pandemic’s effects  
on patients without Covid-19. New England Journal  
of Medicine, 2020. 382(24): p.2368-2371.

REFERENCES

https://invivo.pharmaintelligence.informa.com/IV124590/Could-Reformed-HTA-Be-A-Legacy-Of-COVID19
https://invivo.pharmaintelligence.informa.com/IV124590/Could-Reformed-HTA-Be-A-Legacy-Of-COVID19
https://invivo.pharmaintelligence.informa.com/IV124590/Could-Reformed-HTA-Be-A-Legacy-Of-COVID19
https://www.healthaffairs.org/do/10.1377/hblog20200616.451000/full
https://www.healthaffairs.org/do/10.1377/hblog20200616.451000/full
https://www.cbo.gov/system/files/2020-06/56376-GDP.pdf
https://www.cbo.gov/system/files/2020-06/56376-GDP.pdf
https://www.cbo.gov/system/files/2020-07/56442-CBO-update-economic-outlook.pdf
https://www.cbo.gov/system/files/2020-07/56442-CBO-update-economic-outlook.pdf
https://www.nytimes.com/2020/09/11/upshot/pandemic-decline-preventive-care.html
https://www.nytimes.com/2020/09/11/upshot/pandemic-decline-preventive-care.html
http://healthcostinstitute.org/hcci-research/the-impact-of-covid-19-on-the-use-of-preventive-health-care
http://healthcostinstitute.org/hcci-research/the-impact-of-covid-19-on-the-use-of-preventive-health-care
http://www.commonwealthfund.org/publications/2020/aug/impact-covid-19-pandemic-outpatient-visits-changing-patterns-care-newest
http://www.commonwealthfund.org/publications/2020/aug/impact-covid-19-pandemic-outpatient-visits-changing-patterns-care-newest
http://www.commonwealthfund.org/publications/2020/aug/impact-covid-19-pandemic-outpatient-visits-changing-patterns-care-newest
https://www.ascassociation.org/asca/resourcecenter/latestnewsresourcecenter/covid-19/covid-19-state
https://www.ascassociation.org/asca/resourcecenter/latestnewsresourcecenter/covid-19/covid-19-state
https://www.cms.gov/files/document/covid-elective-surgery-recommendations.pdf
https://www.cms.gov/files/document/covid-elective-surgery-recommendations.pdf
https://www.washingtonpost.com/national/health-science/hospital-admissions-for-strokes-appear-to-have-plummeted-a-doctors-says-a-possible-sign-people-are-afraid-to-seek-critical-help/2020/04/08/2048b886-79ac-11ea-b6ff-597f170df8f8_story.html
https://www.washingtonpost.com/national/health-science/hospital-admissions-for-strokes-appear-to-have-plummeted-a-doctors-says-a-possible-sign-people-are-afraid-to-seek-critical-help/2020/04/08/2048b886-79ac-11ea-b6ff-597f170df8f8_story.html
https://www.washingtonpost.com/national/health-science/hospital-admissions-for-strokes-appear-to-have-plummeted-a-doctors-says-a-possible-sign-people-are-afraid-to-seek-critical-help/2020/04/08/2048b886-79ac-11ea-b6ff-597f170df8f8_story.html
https://www.washingtonpost.com/national/health-science/hospital-admissions-for-strokes-appear-to-have-plummeted-a-doctors-says-a-possible-sign-people-are-afraid-to-seek-critical-help/2020/04/08/2048b886-79ac-11ea-b6ff-597f170df8f8_story.html
https://www.washingtonpost.com/national/health-science/hospital-admissions-for-strokes-appear-to-have-plummeted-a-doctors-says-a-possible-sign-people-are-afraid-to-seek-critical-help/2020/04/08/2048b886-79ac-11ea-b6ff-597f170df8f8_story.html


8

Leonard D. Schaeffer Center for Health Policy & Economics

8

22. Cantor, J.H., et al. The impact of the COVID-19 pandemic 
and policy response on health care utilization: evidence from 
county-level medical claims and cellphone data. NBER 
Working Paper 28131, 2020.

23. Sellers, F.S., and A. Hauslohner. Houston, Miami, other 
cities face mounting health care worker shortages as infections 
climb. 2020 [cited 2020 Sep 28]. Available from: https://
www.washingtonpost.com/national/houston-miami-and-
other-cities-face-mounting-health-care-worker-shortages-
as-infections-climb/2020/07/25/45fd720c-ccf8-11ea-
b0e3-d55bda07d66a_story.html.

24. Burns, K. Governors plead with other states for more 
health care workers to f ight coronavirus. 2020 [cited 
2020 Sep 25]. Available from: https://www.vox.com/
policy-and-politics/2020/3/31/21201281/coronavirus-
staffing-shortage-governors-health-care-workers-help.

25. Advisory Board. Our take: get ready for the COVID-19 
staff ing crisis. 2020 [cited 2020 Sep 30]. Available from: 
https://www.advisory.com/daily-briefing/2020/03/24/
sick-workers.

26. Gupta Strategists. COVID goes cuckoo: how the March-
April 2020 COVID-19 surge overwhelmed Dutch hospitals 
and undermined regular care. 2020 [cited 2020 Sep 16]. 
Available from: https://gupta-strategists.nl/storage/
files/200521-COVID-goes-Cuckoo.pdf.

27. Ryffel, C., et al. Mortality, stroke, and hospitalization 
associated with deferred vs expedited aortic valve replacement 
in patients referred for symptomatic severe aortic stenosis 
during the COVID-19 pandemic. JAMA Network Open, 
2020. 3(9): p. e2020402-e2020402.

28. Ro, R., et al. Characteristics and outcomes of patients  
deferred for transcatheter aortic valve replacement because  
of COVID-19. JAMA Network Open, 2020. 3(9):  
p. e2019801-e2019801.

29. Bartsch, S.M., et al. The potential health care costs and 
resource use associated with COVID-19 in the United States. 
Health Affairs, 2020. 39(6): p. 927-935.

30. McKinsey & Company. Understanding the hidden costs of 
COVID-19’s potential impact on US healthcare. 2020 [cited 
2020 Sep 30]. Available from: https://www.mckinsey.com/
industries/healthcare-systems-and-services/our-insights/
understanding-the-hidden-costs-of-covid-19s-potential-
impact-on-us-healthcare#.

31. Cox, C., et al. How health costs might change with 
COVID-19. 2020 [cited 2020 Sep 30]. Available 
from: https://www.healthsystemtracker.org/brief/
how-health-costs-might-change-with-covid-19.

32. Bentley, T.G., et al. Waste in the US health care system:  
a conceptual framework. The Milbank Quarterly, 2008.  
86(4): p. 629-659.

33. Figueroa, J.F., R.K. Wadhera, and A.K. Jha. Eliminating 
wasteful health care spending—is the United States simply 
spinning its wheels? JAMA Cardiology, 2020. 5(1): p. 9-10.

34. Shrank, W.H., T.L. Rogstad, and N. Parekh. Waste in 
the US health care system: estimated costs and potential for 
savings. JAMA, 2019. 322(15): p. 1501-1509.

35. Berwick, D.M., and A.D. Hackbarth. Eliminating waste  
in US health care. JAMA, 2012. 307(14): p. 1513-1516.

36. Poston, R.S., et al. Comparison of economic and patient 
outcomes with minimally invasive versus traditional  
off-pump coronary  
artery bypass grafting techniques. Annals of Surgery, 2008. 
248(4): p. 638-646.

37. Xie, L., W.-J. Wu, and Y. Liang. Comparison between 
minimally invasive transforaminal lumbar interbody fusion 
and conventional open transforaminal lumbar interbody 
fusion: an updated meta-analysis. Chinese Medical Journal, 
2016. 129(16): p. 1969-1986.

38. Yan, J.-F., et al. Minimally invasive pancreatoduodenectomy 
is associated with lower morbidity compared to open 
pancreatoduodenectomy: an updated meta-analysis of 
randomized controlled trials and high-quality nonrandomized 
studies. Medicine, 2019. 98(32): p. e16730.

39. Low, Z.X., et al. Laparoscopic versus open appendectomy 
in pediatric patients with complicated appendicitis: a meta-
analysis. Surgical Endoscopy, 2019. 33(12): p. 4066-4077.

40. Cooper, M.A., et al. Hospital level under-utilization of 
minimally invasive surgery in the United States: retrospective 
review. BMJ, 2014. 349(g4198).

41. Vervoort, D., D.H. Nguyen, and T.C. Nguyen. When 
culture dictates practice: adoption of minimally invasive mitral 
valve surgery. Innovations, 2020. 15(5): p. 406-409.

42. Taramasso, M., et al. Mitraclip therapy and surgical mitral 
repair in patients with moderate to severe left ventricular 
failure causing functional mitral regurgitation: a single-centre 
experience. European Journal of Cardio-Thoracic Surgery, 
2012. 42(6): p. 920-926.

43. Marsh, K., et al. Patient-centered benefit-risk analysis of 
transcatheter aortic valve replacement. F1000Research, 2020. 
8(394): p. 1-30.

44. Coylewright, M., et al. Patient-defined goals for the 
treatment of severe aortic stenosis: a qualitative analysis. 
Health Expectations, 2016. 19(5): p. 1036-1043.

https://www.washingtonpost.com/national/houston-miami-and-other-cities-face-mounting-health-care-worker-shortages-as-infections-climb/2020/07/25/45fd720c-ccf8-11ea-b0e3-d55bda07d66a_story.html
https://www.washingtonpost.com/national/houston-miami-and-other-cities-face-mounting-health-care-worker-shortages-as-infections-climb/2020/07/25/45fd720c-ccf8-11ea-b0e3-d55bda07d66a_story.html
https://www.washingtonpost.com/national/houston-miami-and-other-cities-face-mounting-health-care-worker-shortages-as-infections-climb/2020/07/25/45fd720c-ccf8-11ea-b0e3-d55bda07d66a_story.html
https://www.washingtonpost.com/national/houston-miami-and-other-cities-face-mounting-health-care-worker-shortages-as-infections-climb/2020/07/25/45fd720c-ccf8-11ea-b0e3-d55bda07d66a_story.html
https://www.washingtonpost.com/national/houston-miami-and-other-cities-face-mounting-health-care-worker-shortages-as-infections-climb/2020/07/25/45fd720c-ccf8-11ea-b0e3-d55bda07d66a_story.html
https://www.vox.com/policy-and-politics/2020/3/31/21201281/coronavirus-staffing-shortage-governors-h
https://www.vox.com/policy-and-politics/2020/3/31/21201281/coronavirus-staffing-shortage-governors-h
https://www.vox.com/policy-and-politics/2020/3/31/21201281/coronavirus-staffing-shortage-governors-h
https://www.advisory.com/daily-briefing/2020/03/24/sick-workers
https://www.advisory.com/daily-briefing/2020/03/24/sick-workers
https://gupta-strategists.nl/storage/files/200521-COVID-goes-Cuckoo.pdf
https://gupta-strategists.nl/storage/files/200521-COVID-goes-Cuckoo.pdf
https://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/understanding-the-hidden-costs-of-covid-19s-potential-impact-on-us-healthcare#
https://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/understanding-the-hidden-costs-of-covid-19s-potential-impact-on-us-healthcare#
https://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/understanding-the-hidden-costs-of-covid-19s-potential-impact-on-us-healthcare#
https://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/understanding-the-hidden-costs-of-covid-19s-potential-impact-on-us-healthcare#
https://www.healthsystemtracker.org/brief/how-health-costs-might-change-with-covid-19
https://www.healthsystemtracker.org/brief/how-health-costs-might-change-with-covid-19


9

45. Corbett, R.W., et al. Epidemiology of COVID-19 in an 
urban dialysis center. Journal of the American Society of 
Nephrology, 2020. 31(8): p. 1815-1823.

46. Rickman, H.M., et al. Nosocomial transmission of COVID-
19: a retrospective study of 66 hospital-acquired cases in a 
London teaching hospital. Clinical Infectious Diseases, 2020. 
ciaa816.

47. Rhee, C., et al. Incidence of nosocomial COVID-19 in 
patients hospitalized at a large US academic medical center. 
JAMA Network Open, 2020. 3(9): p. e2020498.

48. Hassan, M., et al. Hospital length of stay and probability of 
acquiring infection. International Journal of Pharmaceutical 
and Healthcare Marketing, 2010. 4(4): p. 324-338.

49. Geffers, C., D. Sohr, and P. Gastmeier. Mortality 
attributable to hospital-acquired infections among surgical 
patients. Infection Control & Hospital Epidemiology, 
2008. 29(12): p. 1167-1170.

50. Roser, M., et al. Coronavirus pandemic (COVID-19). 
Published online at OurWorldInData.org. 2020 [cited 
2020 Sep 30]. Available from: https://ourworldindata.org/
coronavirus.

51. Meneghini, R.M. Resource reallocation during the COVID-
19 pandemic in a suburban hospital system: implications 
for outpatient hip and knee arthroplasty. The Journal of 
Arthroplasty, 2020. 35 (7): p. S15-S18.

52. Becker's ASC Review. Total joint replacements in 
ASCs during the pandemic: key technology and concepts 
for success. 2020 [cited 2020 Dec 14]. Available 
from: https://www.beckersasc.com/orthopedics-tjr/
total-joint-replacements-in-ascs-during-the-pandemic-
key-technology-and-concepts-for-success.html.

53. Leyvi G., et al. Robotic coronary artery bypass grafting 
decreases 30-day complication rate, length of stay, and acute 
care facility discharge rate compared with conventional surgery. 
Innovations, 2014. 9(5): p. 361-367.

54. Werner, R.M., A.K. Hoffman, and N.B. Coe. Long-term 
care policy after Covid-19—solving the nursing home crisis. 
New England Journal of Medicine, 2020. 383(10):  
p. 903-905.

55. McCarthy, F.H., et al. Cost and contribution margin of 
transcatheter versus surgical aortic valve replacement. The 
Journal of Thoracic and Cardiovascular Surgery, 2017. 
154(6): p. 1872-1880.

56. Droppa, M., et al. Clinical and economical impact of the 
presence of an extended heart team throughout the balloon-
expandable transcatheter aortic valve implantation procedure. 
Clinical Research in Cardiology, 2019. 108(3): p. 315-323.

57. McLaren, J. Racial disparity in COVID-19 deaths: seeking 
economic roots with census data. NBER Working Paper 
27407, 2020.

58. Yancy, C.W. COVID-19 and African Americans. JAMA, 
2020. 323(19): p. 1891-1892.

59. Moore, J.T., et al. Disparities in incidence of COVID-19 
among underrepresented racial/ethnic groups in counties 
identif ied as hotspots during June 5–18, 2020—22 states, 
February–June 2020. Morbidity and Mortality Weekly 
Report, 2020. 69(33): p. 1122–1126.

60. Cooper, Z., and N. Mahoney. Economic principles to guide 
the allocation of COVID-19 provider relief funds. 2020 [cited 
2020 Aug 4]. Available from: https://www.healthaffairs.
org/do/10.1377/hblog20200706.961297/full.

61. Liao, J., and A. Navathe. Social determinants among 
communities receiving early COVID-19 relief funds. 2020 
[cited 2020 Aug 4]. Available from: https://ldi.upenn.
edu/healthpolicysense/social-determinants-among-
communities-receiving-early-covid-19-relief-funds.

62. Schwartz, K., and A. Damico. Distribution 
of CARES Act funding among hospitals. 2020 
[cited 2020 Aug 4]. Available from: https://
www.kff.org/coronavirus-covid-19/issue-brief/
distribution-of-cares-act-funding-among-hospitals.

63. Coughlin, T., et al. Federal COVID-19 provider relief 
funds: following the money. 2020 [cited 2020 Aug 4]. 
Available from: https://www.urban.org/urban-wire/
federal-covid-19-provider-relief-funds-following-money.

https://ourworldindata.org/coronavirus
https://ourworldindata.org/coronavirus
https://www.beckersasc.com/orthopedics-tjr/total-joint-replacements-in-ascs-during-the-pandemic-key-technology-and-concepts-for-success.html
https://www.beckersasc.com/orthopedics-tjr/total-joint-replacements-in-ascs-during-the-pandemic-key-technology-and-concepts-for-success.html
https://www.beckersasc.com/orthopedics-tjr/total-joint-replacements-in-ascs-during-the-pandemic-key-technology-and-concepts-for-success.html
https://www.healthaffairs.org/do/10.1377/hblog20200706.961297/full
https://www.healthaffairs.org/do/10.1377/hblog20200706.961297/full
https://ldi.upenn.edu/healthpolicysense/social-determinants-among-communities-receiving-early-covid-19-relief-funds
https://ldi.upenn.edu/healthpolicysense/social-determinants-among-communities-receiving-early-covid-19-relief-funds
https://ldi.upenn.edu/healthpolicysense/social-determinants-among-communities-receiving-early-covid-19-relief-funds
https://www.kff.org/coronavirus-covid-19/issue-brief/distribution-of-cares-act-funding-among-hospita
https://www.kff.org/coronavirus-covid-19/issue-brief/distribution-of-cares-act-funding-among-hospita
https://www.kff.org/coronavirus-covid-19/issue-brief/distribution-of-cares-act-funding-among-hospita
https://www.urban.org/urban-wire/federal-covid-19-provider-relief-funds-following-money
https://www.urban.org/urban-wire/federal-covid-19-provider-relief-funds-following-money


Leonard D. Schaeffer Center for Health Policy & Economics

The mission of the Leonard D. Schaeffer Center for Health Policy & Economics 
is to measurably improve value in health through evidence-based policy 

solutions, research excellence, and private and public sector engagement. 
A unique collaboration between the Sol Price School of Public Policy at the 

University of Southern California (USC) and the USC School of Pharmacy, the 
Center brings together health policy experts, pharmacoeconomics researchers 

and affiliated scholars from across USC and other institutions. The Center’s 
work aims to improve the performance of health care markets, increase value 

in health care delivery, improve health and reduce disparities, and foster 
better pharmaceutical policy and regulation.

Stephanie Hedt
Director of Communications

Schaeffer Center for Health Policy & Economics
University of Southern California

hedt@healthpolicy.usc.edu
213.821.4555

Copyright © 2021


