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Abstract

BACKGROUND—The purpose of this study is to compare the compositions of federally-funded 

surgical research between 2003 and 2013, and to assess differences in funding trends between 

surgery and other medical specialties.

DATA SOURCES—The NIH RePORTER database was queried for grants within core surgical 

disciplines during 2003 and 2013. Funding was categorized by award type, methodology, and 

discipline. Application success rates for surgery and five non-surgical departments were trended 

over time.

RESULTS—Inflation-adjusted NIH funding for surgical research decreased 19% from $270M in 

2003 to $219M in 2013, with a shift from R-awards to U-awards. Proportional funding to 

outcomes research almost tripled, while translational research diminished. Non-surgical 

departments have increased NIH application volume over the last 10 years; however, surgery’s 

application volume has been stagnant.

CONCLUSIONS—To preserve surgery’s role in innovative research, new efforts are needed to 

incentivize an increase in application volume.
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INTRODUCTION

Scholarly contributions to research are important measures of success in academic surgery, 

and the ability to obtain funding for such efforts is frequently considered for recruitment and 
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promotion (1–4). As the largest public funding source for medical research world-wide, the 

National Institutes of Health (NIH) is universally recognized for its scientific rigor and role 

in academic advancement (5). The overall NIH budget increased dramatically from 1999–

2003, however, it has not kept pace with inflation since that time. As a result, funding 

success rates have steadily decreased, such that only the top 10% of applications were 

awarded in 2013 (6, 7).

Historically, surgeon-scientists have lagged behind counterparts in other medical 

departments with regards to NIH funding, due in part to increasing clinical responsibilities 

(8, 9). As a result, the proportion of surgeons with NIH awards is only one-quarter that of 

non-surgeon physicians, and surgeons are under-represented in NIH study sections (10, 11). 

In order to expand surgery’s role in medical research, it would be sensible to examine how 

other medical specialties have compensated for the NIH’s budgetary decline. Furthermore, 

the impact of the depreciating NIH budget on individual surgical disciplines is uncertain, 

and contributions from growing fields such as health outcomes research are unclear. In order 

to take advantage of shifting trends, an assessment of the current landscape of funded 

surgical research is indicated.

The purpose of this study was two-fold. First, we assessed trends in NIH applications and 

success rates across major medical school departments in order to test the hypothesis that 

surgery has been affected disproportionately by the decrease in the NIH budget. Second, we 

examined the distribution of surgery research subjects and methodologies in 2003 and in 

2013 to determine key areas of growth. Through these analyses, we hoped to propose 

strategies to promote future surgical research.

MATERIALS AND METHODS

The NIH RePORTER online database (Research Portfolio Online Reporting Tool, available 

at http://report.nih.gov) was queried for all research project grants within the United States 

and territories during the fiscal years of 2003 and 2013. Grants allocated to departments of 

surgery were selected through the “Department” search field. F- and T-awards were 

excluded as these represent resident and student training grants. Because the purpose of the 

study was to depict the landscape of surgery-related research, grants were included 

regardless of the advanced degree of the principal investigator (M.D., Ph.D., etc.). The 

exported data included summary descriptions of research, total costs, and information 

regarding principal investigators and research institutions. For comparative purposes, this 

identical process was used to query NIH support for the four best-funded clinical 

departments: internal medicine, psychiatry, pathology, and pediatrics, and the best-funded 

basic science department: microbiology. Additionally, application success rates for surgery 

and comparison departments were collected via the NIH database (12).

Research summary descriptions for surgery grants were reviewed by one of two study 

investigators (YH, BE). Each investigator reviewed grants from both datasets (2003 and 

2013). Based on summary descriptions, each grant was categorized by surgical discipline. 

Departments of surgery in the United States vary in their inclusion of certain surgical 

specialties (neurosurgery, urology, obstetrics and gynecology, otolaryngology, 
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ophthalmology). To be consistent across the study, only grants focusing on core surgical 

disciplines were included for analysis. For summary descriptions which were too broad for 

categorization, the principal investigator’s listed academic division was used as the surgical 

discipline. The surgical oncology discipline included cancer-related studies in any organ 

system. Research in undergraduate or graduate education and non-cancer research in the 

gastroenterology, endocrine, or hepatobiliary organ systems were included in the general 

surgery discipline. The research methodology for each grant was classified into the 

following categories: basic science, translational, clinical trial, outcomes, and operative 

technique. Basic science research was defined by a focus on core biological pathways, with 

no assessment of immediate therapeutic or diagnostic effect. Translational research included 

experiments aimed at addressing therapeutic or diagnostic needs for a specific human 

disease, including animal models of human pathology. Clinical trials were defined as 

hypothesis-driven human experiments targeting an existing medicine or procedure, while 

operative technique research was limited to novel surgical innovations. Finally, outcomes 

research included projects assessing institutional or multi-institutional outcomes of health 

care practices. Grant descriptions which incorporated several methodological categories 

were classified as translational research. To assess inter-rater agreement, 150 grants were 

evaluated by both reviewers. Inter-rater agreement was 0.85, with all differences in 

classification originating from the delineation between basic science and translational 

research.

Total costs of grants allocated in fiscal year 2003 were adjusted to 2013 equivalent dollars 

using an inflation adjustment factor of 1.27 (13). Summary statistics for mean and total 

allocations are provided by award activity and award type. Proportional contributions to 

total NIH surgery research funding were calculated based on research methodology and 

discipline. To determine trends in average funding per grant, the Wilcoxon rank sum test 

was used to compare allocations between 2003 and 2013 in order to account for 

nonparametric data distributions.

RESULTS

In total, 1025 grants in core surgical disciplines met inclusion criteria and underwent review: 

613 from 2003 and 512 from 2013. Total adjusted NIH funding to surgical research 

diminished 19.1% from $270.4M in 2003 to $218.7M in 2013. Geographic distribution of 

NIH funding by state in 2003 and in 2013 is provided within Supplemental Materials.

Allocations to departments of surgery by research activity and award type are presented in 

Table 1. Funding for research projects (R-awards) underwent the largest decrease (-38%), 

including a 39% decrease in R01 awards ($152.2M to $92.8M). Allocations for cooperative 

agreements (U-awards) increased 23%, making up 28% of total surgery research funding in 

2013. K-awards—representing mentored research among young physician-scientists—saw a 

33% decrease, with notable drops in several major surgical disciplines (Table 2). Additional 

data on award activities subdivided by surgical discipline are available in the Supplemental 

Materials. Non-competitive renewals (Type 5) dominated funding within both datasets, and 

new grants (Type 1) comprised 17% of funding for both periods. Notably, allocations to 

competitive renewals (Type 2) have diminished by 66%.
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Comparisons between surgery and the other five studied departments in NIH research are 

provided in Figure 1. Over the 2003–2013 period, surgery’s relative decrease in total 

number of research awards was second only to pathology. Surgery’s decreases in R-award 

activity, Type 1 awards, and Type 2 awards were the most severe of all comparison 

departments, and its decrease in K-awards was second-most. On the other hand, surgery 

enjoyed the greatest relative increases in U-awards and Type 3 awards (competitive 

revisions). Additional data on total funding amount and average grant size for non-surgical 

departments are available in Supplemental Materials.

Trends in success rate and application volume are available through the NIH for the years 

2004 through 2013. Surgeons have traditionally had a lower application success rate than 

non-surgeons (10). This relationship held true as success rates decreased across the NIH 

overall (Figure 2). However, over this 10-year period, each of the non-surgical departments 

have had a compensatory increase in application volume. Indeed, the NIH as a whole 

received 15% more applications in 2013 than in 2004. On the other hand, surgery’s 

application volume has been stagnant over the same period, such that the number of 

applications submitted by departments of surgery in 2013 was actually lower than in 2004 

(Figure 2).

Proportional contributions to total surgical funding by research methodology and discipline 

are shown in Figure 3. Surgical oncology was the largest recipient of funding in both fiscal 

years. Transplant surgery has expanded rapidly, receiving 21% of funds in 2013, including 

26% of Type 1 allocations. This growth was largely driven by an increase in U-awards, 

which comprised 36% (27/75) of transplant grants in 2013, compared to only 12% (54/437) 

of non-transplant grants (p < 0.001). Transplant U-awards averaged $908K each, while other 

transplant awards averaged only $429K each (p = 0.004). An emerging contributor to 

general surgery is endocrine research. Funding in this area increased greater than 4.5-fold by 

2013 and comprised 6% of all surgery Type 1 allocations. Laboratory-based research—basic 

science or translational—comprised 83% of total research funds in 2003 and 78% in 2013. 

Outcomes research has expanded, increasing from 3% to 9% of total research funds, 

including 11% of Type 1 allocations.

Average total cost per grant was calculated for each research methodology and surgical 

discipline, and data from the two fiscal years were compared using the Wilcoxon rank sum 

test (Table 3). Average allocation per grant significantly decreased for surgical research 

overall, from $344.4K in 2003 to $304.6K in 2013 (p = 0.010). A significant decrease in 

per-grant value was noted for basic science research (−10.1%, p = .004) and research in 

trauma and critical care (−17.7%, p = .002). Grants provided to transplant and pediatric 

surgery increased in value, however, these trends were not significant.

DISCUSSION

There has been a reduction in inflation-adjusted surgical funding between the years 2003 

and 2013 that is more severe than the overall contraction in the NIH budget. Surgical 

research has experienced a reduction in R- and K-awards with a concurrent increase in U-

awards, suggesting a movement from single-investigator projects toward multi-institutional 
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endeavors. Embedded within overall stagnant trends are several emerging areas of academic 

growth.

The years 2013 and 2003 represent landmarks in research policymaking. The NIH budget 

doubled between 1999 to 2003, a period characterized by an unprecedented increase in 

federal grant applications (14). Since that time, inflation has gradually eroded the purchasing 

power of the NIH. As a result, application success rates have decreased dramatically, 

particularly among first-time (Type 1) submissions (6). In 2009, the American Recovery and 

Reinvestment Act infused over $8 billion into the NIH, boosting research over the following 

2 years. However, residual impact from this measure within 2013 data is likely to be 

minimal. After a $1.55 billion reduction due to sequestration, the adjusted NIH budget in 

2013 was the lowest in 13 years (7, 15).

In the years preceding 2003, the proportion of NIH funding dedicated to surgery was largely 

stable (11). However, work by Mann and colleagues showed that surgeons had begun to lag 

behind non-surgical counterparts in research participation by 2008, largely due to a lower 

application rate (10). Our data reveal that this disparity has enlarged since 2008–2009. There 

has been an increase of 15–20% in application rates across the five top research departments 

between 2004–2013, while surgery’s application rate has decreased about 4%. This trend 

may be explained in part by expanding workforces in departments of internal medicine and 

infectious disease (16). However, other non-surgical specialties such as pediatrics and 

psychiatry have had relatively stable workforces, yet have had substantial increases in 

application volume. Equally concerning is the fact that application success rates for 

departments of surgery have persistently remained lower than non-surgical counterparts. 

Encouragingly, this gap has narrowed compared to 2004. Surgeons comprise a comparative 

minority within NIH review sections; thus, it has been suggested that surgeon-scientists may 

suffer from negative bias in the review process (17). Finally, increasing clinical demands 

have promoted perceptions in both the surgeon and non-surgeon communities that it is 

progressively more challenging for surgeon-scientists to produce high-volume, rigorous 

research.

Progressive changes have occurred in the surgical research landscape. Our data corroborate 

recent work showing declines in K08’s and R01’s awarded to physicians across all medical 

fields (18). The fact that there has been a concurrent increase in surgery U-awards suggest 

that surgeon-scientists unable to attain a first-time R01 award should not only revise an 

existing application (19), but also seek out collaborators for multi-institutional efforts. 

Furthermore, despite the fact that grants through the Agency for Healthcare Research and 

Quality (AHRQ) were not included in our dataset, expansion in outcomes-based research 

was readily apparent. Including AHRQ allocations would likely further magnify this 

evolving area of investigation.

Surgical oncology, transplant, and cardiothoracic surgery have traditionally dominated core 

surgical research, and there are no indications that their prominence will change in the near 

future. Transplant stands out as a persistently expanding entity, due at least in part to a high 

prevalence of U-awards which on average garner more federal support than R-awards. There 

has been a relative contraction in general surgery research, from 101 awards in 2003 to 66 in 
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2013. Research disciplines within our dataset were categorized by grant summary 

descriptions rather than investigator training. Nevertheless, as the academic surgical 

workforce becomes increasingly specialized (20), so too may the scope of surgical research.

Although decreasing in absolute number, Type 1 allocations—indicative of new projects—

have contributed a constant percentage to overall funding between 2003 and 2013. In 

contrast, Type 2 allocations—indicative of competitive renewals—have fallen precipitously. 

In 2007, the NIH adopted policy changes aimed at increasing the percentage of research 

awards allocated to new investigators (21). Designed to complement future innovation, these 

strategies may have negatively impacted the preservation of established research. Other 

contributing factors may include a progressive shift toward shorter research projects or a 

reluctance to renew research in the face of mounting clinical demands. Importantly, NIH’s 

new investigator policies pertain only to R01’s, and do not apply to training grants such as 

K-awards. Recent publications have shown trends toward diminishing K-award funding 

within transplant, endocrine, and cardiothoracic surgery, with clinical responsibilities cited 

as the primary barrier to research (22–25). Our data corroborate these findings by noting a 

one-third reduction in K-awards over the last decade, a decline surpassed among clinical 

departments only by pathology.

In light of these findings, a broad reexamination of the research paradigm is indicated. 

Traditional valuation of surgical research is based on internal measures of productivity and 

innovation, institutional dominance of the research “market share”, and potential for 

competitive advantages in clinical practice (26). Key within this system are young 

investigators, who provide the seeds for future innovation. The optimal method for 

cultivating this population is unclear. Most surgery chairpersons do not judge publication 

rate to be the most important indicator of research success in residency (27). However, the 

number of articles published in residency is associated with future funding success (28–30). 

Because surgery residents typically conduct dedicated research three or more years before 

entering practice, topics addressed during these fellowships may be obsolete by the time 

they apply for K-awards (11). What remains relevant, however, are the abilities to pose 

meaningful questions, think critically, and write compellingly. Therefore, these are the skill 

sets that should receive the greatest focus during training.

Patronage must not terminate with residency. Surgery departments should assign to each 

new faculty member one or more research mentors who are eager to teach the research 

process, particularly with regards to writing manuscripts and grant applications. In an era in 

which procedure-related financial compensation is ever more stringent, expanding operative 

case volume is frequently the primary means by which surgeons can maintain consistent 

earnings. Furthermore, resident work-hour restrictions have led to an increase in clinical 

responsibilities among faculty, thereby reducing time available for research (31). In addition 

to mentorship, our results stress the need to incentivize faculty to submit grant applications. 

Such incentives may take the form of protected time or salary support for the application 

process itself. As departmental earnings continue to contract, however, provision of these 

short-term subsidies will require conviction that such investments will be rewarded in the 

long-run by research innovation.
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This study has several limitations. Trends in research across specialties outside of core 

surgical disciplines were not assessed. Exclusion of these areas was necessary to ensure a 

reliable dataset. Nevertheless, reporting research productivity using specialty academic 

society rosters would be a worthwhile pursuit. Second, several surgical disciplines had small 

numbers of grants within each fiscal year. Thus, comparisons regarding changes in average 

grant value within these disciplines may be underpowered. Finally, by searching only for 

grants awarded through the NIH, contributions through organizations such as the Centers for 

Disease Control and Prevention, the Patient Centered Outcomes Research Institute (PCORI), 

and the AHRQ were excluded. Given the growth in outcomes studies, surgery’s roles within 

AHRQ and PCORI are deserving of prospective study. However, with a combined budget 

less than 3% that of the NIH (32), the expected impact of AHRQ and PCORI grants to data 

within this study is relatively minor. Other sources of funding not examined in this study 

include funding through the Department of Defense and research foundations such as the 

Gates Foundation, American Cancer Society, and American Heart Association.

CONCLUSIONS

Although the recent decline in surgical funding does outpace non-surgical fields, the 

difference is not vast. Within this environment are categories of research that continue to 

thrive, such as cooperative efforts and investigations in transplant and endocrine surgery. 

Outcomes research is expanding, and should be further developed along with health services 

and education research. However, over 70% of NIH funding continues to support 

laboratory-based research (translational and basic). The continued success of surgeons in 

garnering support for these research areas is a testament to the viability of academic surgical 

careers in laboratory-based science. To ensure that NIH funding continues to support 

important surgical innovation, training programs must refocus attention toward mentorship 

of junior investigators and incentivizing the grant application process.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BRIEF SUMMARY

Between 2003 and 2013, NIH research funding to core disciplines in departments of 

surgery has diminished by one fifth in inflation-adjusted dollars. Volume of NIH 

applications from departments of surgery is consistently lower than from non-surgical 

departments. To improve the research outlook for academic surgeons, young 

investigators must be effectively incentivized to increase the rate of NIH grant 

applications.
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Figure 1. 
Relative change in award number between years 2003 and 2013 across medical departments, 

by award activity (a) and award type (b).
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Figure 2. 
Trends in award success rate (a) and application volume (b) within surgery and five top-

funded non-surgical departments between years 2004 and 2013.
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Figure 3. 
Relative distribution of National Institutes of Health funding allocations to surgery, by 

surgical discipline (a) and research methodology (b).
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Table 2

Distribution of K-awards in 2013 versus 2003

2003a 2013

N Total ($M) N Total ($M)

General 16 2.54 4 0.56

Cardiothoracic 9 1.48 10 1.31

Pediatric 7 1.00 2 0.25

Surgical Oncology 19 3.52 10 2.58

Transplant 5 0.74 8 1.06

Trauma/Crit Care 13 1.96 6 0.70

Vascular 12 1.74 9 1.26

a
Allocations in 2003 adjusted for inflation (x1.266)
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