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ABSTRACT

Objective: The expansion of Minimally Invasive Surgery
(MIS) has been exponential since the introduction of lap-
aroscopic surgery in the late 1980s. This shift in operative
technique has led many to believe that surgery residents
are not developing the skills needed to adequately per-
form open operations.

Methods: We performed a retrospective review of the
Accreditation Council for Graduating Medical Education
national operative case log database of general surgery res-
idents from January 2003 to December 2019.We compared
the open vs. laparoscopic case numbers for six different
operations, including cholecystectomy, appendectomy, in-
guinal hernia repair, colectomy, gastrectomy, and Nissen
fundoplication. The Cochran-Armitage test was used to
assess the linear trend in the procedures performed.

Results: Total average residency case volumes for the
procedures studied have increased from 270 to 368 (36%)
over the 16-year period with MIS steadily representing a
greater proportion of these cases. From 2003 to 2018, MIS
representation increased in all studied procedures: chole-
cystectomy (88% to 94%, p = 0.048), inguinal hernia
repair (20% to 47%, p � 0.001), appendectomy (38% to
93%, p � 0.001), colectomy (8% to 43%, p � 0.001), gas-
trectomy (43% to 84%, p = 0.048), and Nissen (71% to
91%, p = 0.21).

Conclusion: While the overall operative volume has
increased nationally for surgical residents, the representa-
tion of open cases has steadily declined since the advent
of MIS. The experience needed in open surgery during
resident training is still to be determined and may be nec-
essary now that laparoscopy is progressively replacing
open operations.
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INTRODUCTION

Minimally Invasive Surgery (MIS) was pioneered in the
1980s, achieved prominence in the 1990s, and has
become the standard of care for many procedures today.
However, since its inception, the use of MIS has raised
questions about training. The increased predilection for a
minimally invasive approach has led to debate on proce-
dural competence, over reliance on technology by today’s
surgeons, and the question of whether surgeons remain
adequately trained in open techniques.1–3

The role of laparoscopy as a surgical tool has become bet-
ter defined over the past couple decades, thus, its increase
in clinical practice is expected and unsurprising. This
move towards a minimally invasive approach can be seen
in previous work showing a decline in open surgical tech-
niques in favor of percutaneous, endovascular, and mini-
mally invasive interventions.4–6 Notably, a recent paper
published by Bingmer et al. showed a dramatic 462%
increase in laparoscopic cases by general surgery resi-
dents over the 18-year interval, 2000 to 2018.7

It is not clear how many procedures constitute an
adequate experience for surgeons. For instance, using a
threshold number of 10 procedures, there was no change
in resident experience between 2005 and 2011.8 It also
remains unclear what the precise relationship is between
procedural volume and procedural competence, but train-
ees remain tied to defined category minima and volume-
based criteria.
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In this study, we sought to analyze the procedural vol-
umes of surgical residents in the United States, with a spe-
cific emphasis on laparoscopic experience.

METHODS

We performed a retrospective review of the Accreditation
Council for Graduating Medical Education (ACGME)
national operative case log database of general surgery
residents from January 2003 to December 2019. The num-
ber of residents who logged cases during the years eval-
uated were 1017 (252 programs), 1044 (244 programs),
1105 (243 programs), and 1219 (249 programs) during the
academic years 2003/04, 2008/09, 2012/14, and 2018/19
respectively. We compared the open and laparoscopic
case numbers for six selected operations: cholecystec-
tomy, appendectomy, inguinal hernia repair, colectomy,
gastrectomy, and Nissen fundoplication. To account for
overall rise in case number, we normalize the data by con-
verting case number to a proportion of total case number.
All results were compiled into an Excel database, and the
Cochran-Armitage test was used to assess the linear trend
in the procedures performed.

RESULTS

The total average residency case volumes for the six pro-
cedures studied increased from 270 to 368 (36%) over the
16-year period. Total laparoscopic cases increased from
133 to 280, representing a 111% increase for the six proce-
dures over the study interval. Total case numbers are
included in Table 1. From 2003/04 to 2018/19, MIS made
up a larger proportion of total case number in all studied
procedures (see Figures 1 and 2). This reached statistical
significance in five of the six: cholecystectomy (88% to

94%, p = 0.048), inguinal hernia repair (20% to 47%, p �
0.001), appendectomy (38% to 93%, p � 0.001), colec-
tomy (8% to 43%, p � 0.001), gastrectomy (43% to 84%,
p = 0.048), and Nissen (71% to 91%, p = 0.21).

DISCUSSION

While the overall number of cases that residents are per-
forming is on the rise, there has been a growing concern
that the diversity of cases is narrowing.9 Our group did not
expect to see this rise in overall case number given reduced
hours residents are in the hospital, the increase in case com-
plexity, and a shift towards technology in surgical training.
Yet, there was a nearly 40% rise in total case numbers from
2003/04 to 2018/19. We propose that this increase in total
case volume can be explained through a couple key ele-
ments. First, national case volume is on the rise due to an
aging population, shorter hospital stays, reduction in post-
surgical mortality, and an increase in ambulatory sur-
geries.10–13 We postulate that this increase in total case vol-
ume has more than made up for the decrease in total hours
at the hospital by today’s residents. In addition, there has
been an expansion of laparoscopy in surgical practice,
along with an increased case minimum in laparoscopy by
the ACGME, leading to residents needing to perform more
operations with a technique that we are using more often.14

The appendectomy has been a principal case to learn the
fundamentals of laparoscopy.15 Our results show an ex-
plosive rise in laparoscopic appendectomy and the pro-
gressive replacement of the open appendectomy. In just a
short time the resident experience with appendectomies
is nearly completely represented by a minimally invasive
approach (93%). Trainees in 2003 had a much larger ex-
perience with open appendectomies, which suggests that
today’s surgical graduates are different from surgical

Table 1.
Total Case Numbers Reported by General Surgery Residents

OPEN LAPARASCOPY

2003/04 2008/09 2013/24 2018/19 2003/04 2008/09 2013/24 2018/19

Cholesystectomy 13 9 NA 8 91 112 NA 122

Ing Hernia 48 46 48 46 12 18 30 40

Appendectomy 29 19 10 5 18 38 55 66

Colectomy 48 44 35 35 4 16 22 26

Nissen 2 2 1 1 5 5 7 10

Gastrectomy 4 3 NA 3 3 10 NA 16
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graduates from just 16 years ago. This has led to concerns
over open surgical training. For example, a recent review
of open arterial vascular procedures showed a significant
decline in the past decade and a half, leading the authors
to question if vascular surgery can remain an essential
content area in general surgical training.16

One way to combat deficiencies at the end of a surgical resi-
dency is to continue training through a surgical fellowship. It
is becoming the standard for general surgery residents to pur-
sue additional specialty training in the form of fellowships af-
ter completion of their residency. One study by Borman et al.
found that 77% of graduating general surgery chief residents
were planning to pursue additional fellowship training.17 A
lack of confidence and the need to master an area of clinical
practice were noted as major reasons for choosing to do a fel-
lowship.17,18 The striking rise of laparoscopy in the surgical
field has led to a focus by the ACGME to ensure that today’s
surgical trainees are not deficient in this area.

The ACGME has set minimum procedural volumes for
defined categories to be completed by surgical residents.
To graduate from a general surgery residency, the
ACGME requires a minimum of 75 complex and 100 basic
laparoscopic cases, a minimum that has steadily increased
over the past 20 years. We can see the effects of this
increase through the six procedures included in this
study, all of which showed a rise in the representation of
laparoscopy, five reaching statistical significance (chole-
cystectomy, inguinal hernia repair, appendectomy, colec-
tomy, and gastrectomy). The ACGME has not defined a
minimum of open cases required by general surgery train-
ees. We suggest that it is necessary now, more than ever,
to define an open case minimum for today’s trainees so
that tomorrow’s surgeons are not deficient in this neces-
sary skill.

This study has potential limitations. The ACGME reporting
system has been shown to be an imperfect representation

Figure 1. The Rise in Proportion Over the Study Period That is Now Taken Up by Laparoscopic Procedures.
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of actual resident case experience due to inconsistencies
with logging.19 The ACGME case log is a quantitative mea-
sure of resident experience where the actual resident level
of participation in a given case can be questioned.
Resident duty hour restrictions were implemented in
2003, so we did not include data prior to that time point.
We also did not include robotic cases to this data, which,
if we had, may show an even more drastic representation
of MIS.

CONCLUSION

While the overall operative volume has increased nationally
for surgical residents, the representation of open cases has
steadily declined since the advent of MIS. Laparoscopy has
steadily and systematically become a dominant feature of
today’s general surgery trainees. The experience needed in
open surgery during resident training is still to be determined

and may be necessary now that laparoscopy is progressively
replacing open operations.
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