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ABSTRACT

Background/Purpose: Surgical indications and techniques have changed over the last 15 years. The number of Pe-
diatric Surgery training programs has also increased. We sought to examine the effect of these changes on resi-
dent education by examining case log data.
Methods: Accreditation Council for Graduate Medical Education (ACGME) case logs for graduating Pediatric Sur-
gery residents were examined from 2004 to 2018. Using the summary statistics provided, linear regression anal-
ysis was conducted on each case log code and category.
Results: In 2004, there were 24 Pediatric Surgery training programs and 24 Pediatric Surgery residents graduating
with an average of 979.8 total cases logged. In 2018, there were 36 programs with 38 residents graduating with an
average of 1260.2 total cases logged. Total case volume of graduating residents significantly increased over the
last 15 years (p < 0.001). Significant increases were demonstrated in skin/soft tissue/musculoskeletal
(p < 0.01), abdominal (p < 0.001), hernia repair (p < 0.001), genitourinary (p < 0.01), and endoscopy
(p < 0.001). No significant changes were seen in the head and neck, thoracic, cardiovascular, liver/biliary, and
non-operative trauma categories. No categories significantly decreased over the time period. No significant
changes were seen in the number of multiple index congenital cases, including tracheoesophageal fistula/esoph-
ageal atresia repair, omphalocele, gastroschisis, choledochal cyst excision, perineal procedure for imperforate
anus, and major hepatic resections for tumors. Pertinent increases in specific procedures include diaphragmatic
hernia repair (p < 0.01), ECMO cannulation/decannulation(p < 0.05), thyroidectomy (p < 0.001), parathyroidec-
tomy (p < 0.001), biliary atresia (p < 0.001), and circumcision (p < 0.001) as well as most laparoscopic abdom-
inal procedures. Specific procedure codes with significant decreases include tracheostomy (p < 0.05), minimally
invasive decortication/pleurectomy/blebectomy (p < 0.001), laparoscopic splenectomy (p < 0.001), as well as
most open abdominal procedures.
Conclusion: Despite increasing numbers of Pediatric Surgery residents and training programs, the number of cases
performed by each graduating resident has increased. This increase is primarily fueled by increase in abdominal,
skin/soft tissue/musculoskeletal, hernia repair, genitourinary, and endoscopic cases.
Level of Evidence: Level II.

© 2020 Published by Elsevier Inc.

Surgical education and training have undergone notable changes in the
last 15-20 years. Surgical education has long followed the Halstedian
model of experiential training. However, there has been a recent shift to-
wards milestone and competency-based learning [1]. For surgical trainees,
case logs have been used as a surrogate for operative skill, a key compo-
nent of resident training [2,3]. Work hour restrictions, changes in surgical
techniques and indications, and an increase in both the number of Pediat-
ric Surgery training programs and Pediatric Surgery residents have driven
these changes. Previous studies have demonstrated a decline in the oper-
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ative experience of General Surgery residents in Pediatric Surgery cases, as
well as a general narrowing of the experience of many General Surgery
residents [4-6]. However, the only changes reported for Pediatric Surgery
residents has been a general stabilization of case volume [7].

In this study, we sought to use operative case logs to examine the ef-
fects of increasing number of the trainees as well as changing surgical
indications and techniques on Pediatric Surgery resident education
over the last 15 years.

1. Methods
1.1. Study Design and Data Source

This was a retrospective cross-sectional study of publicly available,
aggregated case log summary reports from the Accreditation Council
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for Graduate Medical Education (ACGME). Each resident's case log rep-
resents the entire sum total of all cases performed during their Pediatric
Surgery residency. At time of analysis, case logs were available from ac-
ademic year 2003-4 until academic year 2017-8, representing 15 years
of data collection. For simplicity throughout the manuscript, we will
refer to the year of graduation as the year of each case log. We used all
available case logs from 2004 to 2018. The total number of cases logged
as surgeon were used in analysis. We eliminated any cases logged as
teaching assistant or logs that aggregated teaching assistant and sur-
geon data. Very few teaching assistant cases were logged over the
study period and their inclusion would increase the number of con-
founders without substantive benefit to the analysis.

In 2009, significant changes were made to the case log. A large pro-
portion of case log codes were split into open and laparoscopic proce-
dures. For these cases, we utilized the more recent definition and only
analyzed cases logged from 2009 to 2018.

1.2. Statistical analysis

Using the mean and standard deviation (SD) summary statistics pro-
vided by the ACGME case logs, linear regression analysis was utilized.
The average number of cases per resident per year was graphed, and av-
erage operative volume was assessed using simple linear regression.
This allowed us to discern whether there was a significant trend, and
the direction of this trend. All statistical analyses were performed
using GraphPad Prism 7.0 (La Jolla, CA, USA).

2. Results
2.1. Total cohort characteristics

The number of Pediatric Surgery residents increased from 24 in 2004
to 38 in 2018. In 2017 at 45 residents graduated from Pediatric Surgery
residency, the highest number in the study period. The number of Pedi-
atric Surgery training programs increased from 24 in 2004 to 36 in 2018.
The total number of procedures performed by graduating Pediatric
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Surgery residents significantly increased over the study period from
979.8 + 208 in 2004 to 1260.2 + 261 in 2018 (p < 0.001, Fig. 1). Total
endoscopic cases also significantly increased over the study period
from 51.2 4 25 in 2004 to 64.0 4= 30 in 2018 (p < 0.001, Fig. 1). A sum-
mary of yearly means and SD for all graphically represented results is in-
cluded in Appendix A.

2.2. Skin/soft tissue/musculoskeletal

The number of skin/soft tissue/musculoskeletal procedures signifi-
cantly increased over the study period from 29.2 4 30 in 2004 to
41.1 + 301in 2018 (p < 0.01, Fig. 2). Significant increases were seen in
breast (1.2 + 1 vs. 2.9 &+ 3, p < 0.001, Fig. 2), pilonidal cyst excision
(2.1 £ 2vs. 4.9 4+ 5, p <0.001, Fig. 2), and other (1.5 £ 5vs. 11.1 £+
8, p < 0.001, Fig. 2) procedures.

No significant decreases were seen in any procedure over the study
period. No significant changes were seen in burn debridement (6.7 +
19 vs. 7.7 + 16, p > 0.05), complex wound closure (3.3 4 4 vs. 5.8 +
14, p > 0.05), major soft tissue repair for trauma (4.1 + 4 vs. 4.1 £ 5,
p > 0.05) or major excision soft tissue tumor (8.2 & 5 vs. 6.8 & 6,
p > 0.05).

2.3. Head and neck

The number of head and neck procedures did not significantly
change over the study period from 24.3 & 11 in 2004 to 30.8 + 12 in
2018 (p > 0.05, Fig. 3). Significant increases were seen in thyroidectomy
(4.3 4+ 3vs. 8.0 & 8, p < 0.001, Fig. 3), parathyroidectomy (0.4 4 1 vs.
0.9 + 1, p < 0.001, Fig. 3), and other head and neck (0.2 4 0 vs. 4.3 +
4, p < 0.001, Fig. 3) procedures.

Significant decreases were seen in branchial cleft cyst/sinus (3.9 + 2
vs. 3.7 &+ 3, p < 0.05, Fig. 3) and cystic hygroma/lymphangioma (3.6 4 2
vs. 0.3 & 1, p < 0.001, Fig. 3) procedures. No significant changes were
seen in thyroglossal duct cyst/sinus (3.2 & 2 vs. 3.3 & 3, p > 0.05),
dermoid/other cyst (6.2 + 8 vs. 7.8 £+ 8, p > 0.05), or major tumor
head and neck procedures (2.3 4 2 vs. 2.5 4 3, p > 0.05).
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Fig. 1. Summary statistics. Total surgical and endoscopic cases for all graduating Pediatric Surgery residents from 2004 to 2018. Surgical cases are plotted along the left axis and endoscopic
cases are plotted along the right axis. Significance denoted as follows: *: significantly increased; *: significantly decreased.
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Fig. 2. Select skin/soft tissue/musculoskeletal procedures. Total skin/soft tissue/musculoskeletal, breast, pilonidal cyst excision, and other skin/soft tissue musculoskeletal cases for all
graduating Pediatric Surgery residents from 2004 to 2018. Total category skin/soft tissue/musculoskeletal is plotted along the left axis and the procedures are plotted along the right
axis. Significance denoted as follows: *: significantly increased; *: significantly decreased.

2.4. Thoracic pulmonary resection: scope (0 4+ 0vs. 8.2 £ 5, p < 0.001, Fig. 4A),

esophageal resection/replacement (2.4 4+ 2 vs. 3.5 + 5, p < 0.001,

The number of thoracic procedures did not significantly change Fig. 4A), and other thoracic (0.4 4+ 1vs.0.7 &+ 1, p < 0.001, Fig. 4A)
over the study period from 74.4 & 27 in 2004 to 73.4 + 26 in 2018 procedures.

(p > 0.05, Fig. 4A and B). Significant increases were seen in exci- Significant decreases were seen in tracheostomy (2.9 + 3 vs. 1.6 £ 3,

sion mediastinal cyst (2.1 & 2 vs. 4.1 &+ 3, p < 0.001, Fig. 4A), p < 0.05, Fig. 4B), pulmonary resection: open (14.8 4+ 7 vs. 8.4 £ 7,
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Fig. 3. Select head and neck procedures. Total head and neck, thyroidectomy, parathyroidectomy, other head and neck, branchial cleft cyst/sinus, and cystic hygroma/lymphangioma cases
for all graduating Pediatric Surgery residents from 2004 to 2018. Total category head and neck is plotted along the left axis and the procedures are plotted along the right axis. Significance
denoted as follows: *: significantly increased; *: significantly decreased.
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p < 0.001, Fig. 4B), excision mediastinal tumor (5.2 + 3 vs. 2.8 + 2, 2.5. Diaphragm
p < 0.001, Fig. 4B), and both open (1.1 & 1 vs. 0.2 £+ 0, p < 0.001,

Fig. 4B) and scope (9 + 7 vs. 5.9 + 4, p < 0.001, Fig. 4B) decortication/ The number of diaphragm procedures did not significantly
pleurectomy/blebectomy procedures. change over the study period from 19.5 + 8 in 2004 to 18.5 +£ 9
A
Thoracic
90 9
80 8
70 7 4
60 6
50 5
40 4
30 3
20 . 2
10 1
0 0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
= Thoracic Total == Excision Mediastinal Cyst*
== Pulmonary Resection: Scope* Esophageal Resection/Replacement*
== Other Thoracic*
B
Thoracic
90 16
80
70
60
50
40
30
20
10
0

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

= Thoracic Total
e Tracheostomy”?
== PUlmonary Resection: Open”
Excision Mediastinal Tumor?
== Open Decortication/Pleurectomy/Blebectomy?

e L aparoscopic Decortication/Pleurectomy/Blebectomy”

Fig. 4. Select thoracic procedures. (A) Total thoracic, excision mediastinal cyst, pulmonary resection: scope, esophageal resection/replacement, other thoracic and (B) Total thoracic,
tracheostomy, pulmonary resection: open, excision mediastinal tumor, open decortication/pleurectomy/blebectomy, laparoscopic decortication/pleurectomy/blebectomy cases for all
graduating Pediatric Surgery residents from 2004 to 2018. Total category thoracic is plotted along the left axis and the procedures are plotted along the right axis. Significance denoted
as follows: *: significantly increased; *: significantly decreased.
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Fig. 5. Select diaphragm procedures. Total diaphragm, repair diaphragmatic hernia, other diaphragm, transthoracic/retroperitoneal exposure for scoliosis cases for all graduating Pediatric
Surgery residents from 2004 to 2018. Total category diaphragm is plotted along the left axis and the procedures are plotted along the right axis. Significance denoted as follows: *:

significantly increased; *: significantly decreased.

in 2018 (p > 0.05, Fig. 5). Significant increases were seen in repair
of congenital diaphragmatic hernia (CDH) (13.5 + 6 vs. 15.8 + 9,
p < 0.01, Fig. 5) and other diaphragm procedures (0 £ 0 vs.
0.9 4+ 1, p < 0.001, Fig. 5).

Significant decreases were seen in transthoracic/retroperitoneal expo-
sure for scoliosis (4.7 4+ 6 vs. 0.6 & 1, p < 0.001, Fig. 5) procedures. No
significant changes were seen in plication of the diaphragm (1.3 + 1
vs. 1.2 + 1, p > 0.05) procedures.
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Fig. 6. Select cardiovascular procedures. Total cardiovascular, cannulate ECMO, patent ductus arteriosus, renal artery reconstruction, construction or take down AVF/shunt, and dialysis
access insertion/removal cases for all graduating Pediatric Surgery residents from 2004 to 2018. Total category cardiovascular is plotted along the left axis and the procedures are
plotted along the right axis. Significance denoted as follows: *: significantly increased; *: significantly decreased.
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2.6. Cardiovascular 2004 to 107.7 + 58 in 2018 (p > 0.05, Fig. 6). The only sig-

nificant increase was seen in extracorporeal membrane oxy-

The number of cardiovascular procedures did not signifi- genation (ECMO) cannulation (18.6 4+ 10 vs. 24.4 + 10,
cantly change over the study period from 118.5 4+ 54 in p < 0.05, Fig. 6).
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Fig. 7. Select abdominal procedures. (A) Total abdominal, appendectomy: scope, exploratory laparotomy: open, open gastrostomy/jejunostomy, laparoscopic gastrostomy/jejunostomy
and (B) Total abdominal, repair intestinal atresia, stenosis, web, open appendectomy, excision neuroblastoma/adrenal, excision of omenal/mesenteric cyst, and operation for
malrotation cases for all graduating Pediatric Surgery residents from 2004 to 2018. Total category abdominal is plotted along the left axis and the procedures are plotted along the right
axis. Significance denoted as follows: *: significantly increased; *: significantly decreased.
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Significant decreases were seen in patent ductus arteriosus (5.2 4+ 9
vs. 1.3 £+ 4, p < 0.01, Fig. 6), renal artery reconstruction (0.3 4 1 vs.
0.1 £ 0, p < 0.01, Fig. 6), construction or take down of AV fistula/
shunt (1.8 & 3vs. 0.2 £+ 1, p < 0.001, Fig. 6) and dialysis access inser-
tion/removal (2.3 £+ 3 vs. 0.1 & 0, p < 0.001, Fig. 6) procedures. No sig-
nificant changes were seen in coarctation (0 + 0 vs. 0 & 0, p > 0.05),
vascular ring (0.3 4+ 0vs. 0.3 4 1, p > 0.05), any open heart (0 + 0 vs.
0+ 0, p> 0.05), any closed heart (0 + 0 vs. 0.1 £ 0, p.0.05), aortopexy
(0.6 + 1vs.0.8 + 2, p> 0.05), peripheral artery reconstruction (0.2 + 1
vs. 0.2 + 1, p > 0.05), major vessel reconstruction (1.9 + 3 vs. 1.5 + 2,
p < 0.05), or surgical placement/removal of central access line (87.3 4
52 vs.78.2 £ 53, p.0.05) procedures.

2.7. Abdominal

The number of abdominal cases significantly increased over the
study period from 335.8 4+ 101 in 2004 to 534.3 £ 149 in 2018
(p < 0.001, Fig. 7A and B). Significant increases included laparoscopic
appendectomy (11.3 4 8 vs.92.3 £ 69, p < 0.001, Fig. 7A), exploratory
laparotomy (32.5 + 23 vs. 50.9 + 31, p < 0.001, Fig. 7A), repair intesti-
nal atresia, stenosis or web (4.3 4 4 vs. 159 4 7, p < 0.001, Fig. 7B), and
open (10.5 + 7 vs, 21.3 + 14, p < 0.001, Fig. 7A) and laparoscopic
(7.6 £ 12 vs. 53.3 £ 29, p < 0.001, Fig. 7A) gastrostomy/jejunostomy
procedures. Other significant increases included laparoscopic
pyloromyotomy/(1.3 £ 8 vs. 25.1 4 10, p < 0.001), laparoscopic intesti-
nal resection (0.1 4 0 vs. 2.9 + 2, p < 0.001), laparoscopic ostomy cre-
ation for anorectal malformation (0 4+ 0 vs. 1.5 + 2, p < 0.001),
laparoscopic ostomy creation for Hirschsprung's (0 & 0 vs. 1.7 + 2,
p <0.001), urachal remnant resection (2.5 + 2 vs. 3.2 + 3, p <0.05), ex-
cision sacrococcygeal teratoma (1.8 4 1vs. 2.7 4 2, p < 0.05), and diag-
nostic laparoscopy (2.1 £ 1 vs. 28.6 & 29, p < 0.001) procedures.

Significant decreases were seen in open appendectomies (17.1 4 8
vs. 5.6 + 6, p < 0.001, Fig. 7B), excision of neuroblastoma/adrenal
(10.9 £ 6vs.7.4 4 4, p < 0.001, Fig. 7B), excision of omental/mesenteric
cyst (1.7 £ 2vs. 1.1 &+ 1, p < 0.01, Fig. 7B), and operation for malrotation
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(12 4+ 7vs. 114 £ 5, p <0.001, Fig. 7B) procedures. Other significant de-
creases included open antireflux procedures (25.4 + 23 vs. 4.8 + 5,
p < 0.001), open pyloromyotomy (35.2 + 19 vs. 4.6 & 6, p < 0.001),
open intestinal resection (39.8 + 15 vs. 29.3 &+ 10, p < 0.01), open os-
tomy for anorectal malformation (6.2 4+ 4 vs. 3.8 + 3, p < 0.001),
open ostomy for Hirschsprung's (6.9 + 5vs. 1.4 £+ 1, p < 0.001), open
pullthrough for Hirschsprung's (7.3 4 4 vs. 5.3 £ 4, p < 0.05), laparo-
scopic pullthrough for inflammatory bowel disease or polyposis
(09 £ 1vs.0.8 + 1, p < 0.001), and open pullthrough for inflammatory
bowel disease or polyposis (2.3 + 2 vs. 0.7 &+ 1, p < 0.001) procedures.

No significant changes were seen in laparoscopic antireflux procedures
(23.5 £ 20vs. 23.3 £ 16, p > 0.05), laparoscopic pyloroplasty/gastric re-
section (1.1 £ 6 vs. 1 £ 2, p > 0.05), duodenal atresia (4.1 4 3 vs.
5.5 + 4, p > 0.05), perineal procedure for imperforate anus (13.4 + 8 vs.
14.6 £+ 7, p > 0.05), laparoscopic pullthrough for Hirschsprung's (2.8 +
2 vs. 3.8 + 3, p > 0.05), exploratory laparoscopy (3 + 7 vs. 4.3 + 5,
p > 0.05), omphalocele (5 4 3 vs. 5 + 2, p > 0.05), and gastroschisis pro-
cedures (14.2 4 12 vs. 11.3 & 8, p > 0.05) procedures.

2.8. Hernia repair

The number of hernia repair cases significantly increased over the
study period from 94.7 & 39 in 2004 to 145.1 4 55 in 2018 (Fig. 8). Sig-
nificant increases were seen in pediatric repair of inguinal hernia at
greater than 6 months of age (43.2 + 27 vs. 38.0 + 18, p < 0.001,
Fig. 8), repair of umbilical hernias (9.6 + 8 vs. 24.7 4+ 18, p < 0.001,
Fig. 8), ventral hernia repair (5.1 4= 4 vs. 8.1 & 6, p < 0.001, Fig. 8),
and laparoscopic hernia repair (0.7 £ 3 vs. 25.2 + 28, p < 0.001,
Fig. 8) procedures.

No significant decreases were seen in any hernia repair procedure
over the study period. No significant changes were seen in infant repair
of inguinal hernias at younger than 6 months of age (51 4+ 26 vs.46.2 +
17, p > 0.05), repair of femoral hernia (0.1 4+ 0vs.0.2 4+ 0, p > 0.05), and
other hernia repair (3.6 4 3 vs. 2.8 4 3, p > 0.05) procedures.

Hernia Repair

160
140
120
100
80
60
40

20

2004 2005 2006 2007 2008 2009 2010 2011

mmmm Total Hernia Repair*

Ventral Hernia Repair*

60

50

40

30

20

10

2012 2013 2014 2015 2016 2017 2018

e |NgUinal Hernia Repair >6 Mos* s====Umbilical Hernia Repair*

== Hernia Repair:Scope*

Fig. 8. Select hernia repair procedures. Total hernia repair, inguinal hernia repair greater than 6 months of age, umbilical hernia repair, ventral hernia repair, and hernia repair: scope cases
for all graduating Pediatric Surgery residents from 2004 to 2018. Total category hernia repair is plotted along the left axis and procedures are plotted along the right axis. Significance

denoted as follows: *: significantly increased; *: significantly decreased.
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2.9. Liver biliary 22.5 4+ 13, p < 0.001, Fig. 9A), exploration for biliary atresia (0.9 4 2
vs. 3.9 £+ 2, p < 0.001, Fig. 9A) and pancreatic resection for trauma
The number of liver biliary procedures did not significantly change (0.8 £3vs.1.4 £+ 1, p < 0.001, Fig. 9B) procedures.

from 47.1 4 211in 2004 to 52.6 + 17 in 2018 (Fig. 9A and B). Significant Significant decreases were seen in portoenterostomy (2.9 + 2 vs.
increases were seen in laparoscopic cholecystectomy (12.7 4+ 7 vs. 0.8 £ 1, p,0.001, Fig. 9A), pancreatic resection for tumor (1.4 4 5 vs.
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Fig. 9. Select liver/biliary procedures. (A) Total liver/biliary, laparoscopic cholecystectomy, biliary atresia, portoenterostomy, laparoscopic splenectomy and (B) Total liver/biliary,
pancreatic resection for trauma, pancreatic resection for tumor, lysis of adhesions, and portosystemic shunt cases for all graduating Pediatric Surgery residents from 2004 to 2018. Total
category liver/biliary is plotted along the left axis and procedures are plotted along the right axis. Significance denoted as follows: *: significantly increased; *: significantly decreased.
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0.5 + 1, p < 0.001, Fig. 9B), lysis of adhesions (4.3 + 4 vs. 1.6 + 2,
p < 0.001, Fig. 9A), portosystemic shunts (2.6 & 3 vs. 0.3 £ 1,
p < 0.01, Fig. 9B), and laparoscopic splenectomy (6.8 + 4 vs. 5.4 + 3,
p < 0.001, Fig. 9A) procedures. No significant changes were noted in
major hepatic resections for tumor (2.5 4+ 2 vs. 3.1 + 3, p > 0.05) and
trauma (0.6 + 1vs. 0.7 & 1, p > 0.05), liver transplantation (1.1 &+ 3
vs. 0.7 &+ 2, p > 0.05), open cholecystectomy (1.4 4 2 vs. 1.8 £+ 2,
p > 0.05), choledochal cyst excision (3.7 4 3 vs. 3.6 &+ 3, p > 0.05),
and open splenectomy (2 4 2 vs. 1.7 & 2, p > 0.05) procedures.

2.10. Genitourinary

The number of genitourinary procedures significantly increased
from 65.5 4+ 32in 2004 to 78.3 4 32in 2018 (Fig. 10A and B). Significant
increases were seen in circumcisions (12.6 £+ 13 vs. 26.4 + 18,
p < 0.001, Fig. 10A), open vaginal procedures (0.5 4+ 1 vs. 2.1 4 2,
p < 0.001, Fig. 10B), oophorectomy (8.4 4+ 4 vs. 12.7 4+ 7, p < 0.001,
Fig. 10A), and operation for testicular torsion (0.5 £ 1 vs. 1 + 2,
p < 0.05, Fig. 10B) procedures.

Significant decreases included renal transplantation (2.7 4 5 vs.
0.8 + 2, p < 0.001, Fig. 10B), nephrectomy for tumor (7.1 + 4 vs.
5.9 + 4, p < 0.001, Fig. 10A), ureteral reconstruction/reimplantation
(14 £ 2vs. 03 £ 1, p < 0.001, Fig. 10B), and operation for intersex
(1 +1vs.03 + 1, p<0.001, Fig. 10B) procedures. No significant
changes were seen in nephrectomy for trauma (0.1 & 0 vs. 0.1 + 0,
p > 0.05), cystectomy (0.2 + 1 vs. 0.2 4 0, p > 0.05), enteric conduit
(0.3 & 1vs.0.3 + 1, p.0.05), bladder augmentation (0.5 4 1 vs. 0.1 &
0, p > 0.05), orchidopexy (16.4 4 8 vs. 14.5 £ 9, p > 0.05), orchiectomy
(1.1 £ 2vs. 1.2 4+ 1, p > 0.05), laparoscopic variococele (0.5 4 1 vs.
0.1 £ 0, p > 0.05), and hysterectomy/salpingectomy (0.7 4 1 vs.
0.6 £+ 1, p > 0.05) procedures.

3. Discussion

Our results demonstrated that the overall case volume of graduating
Pediatric Surgery residents significantly increased over the last 15 years.
Significant increases were seen in the skin/soft tissue/musculoskeletal,
abdominal, hernia repair, genitourinary, and endoscopy categories. No
significant changes were seen in the head and neck, thoracic, cardiovas-
cular and liver biliary categories. No categories significantly decreased
over the study period. In addition, several procedure-level trends were
noted including an increase in laparoscopic cases with a corresponding
decrease in open cases as well as no significant change in the number of
multiple congenital index cases, such as tracheoesophageal fistula/
esophageal atresia, omphalocele, gastroschisis, choledochal cyst exci-
sion, perineal procedure for imperforate anus, and major hepatic resec-
tions for tumor.

Changing surgical indications and techniques have significantly im-
pacted Pediatric Surgery resident education. For example, the number
of cystic hygroma/lymphangioma cases has significantly decreased
over the study period. While the preferred modality for treating cystic
hygroma remains complete surgical excision, an increasing number of
remarkable results have been achieved with sclerosing agents [8].
Intralesional bleomycin has shown to be remarkably effective [9-12],
and the development of OK-432 has also shown to be helpful in the
management of these lesions [13-15]. Similarly, we demonstrated sig-
nificant decreases in both open and minimally invasive decortication/
pleurectomy/blebectomy procedures which represents changing prac-
tices in managing those disease processes.

We also demonstrated an increase in ECMO cannulation as well as
CDH repair procedures, which is also likely secondary to a change in sur-
gical indications. The current trend is towards early initiation of ECMO
with early repair of CDH [16]. Retrospective analysis in some centers
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have demonstrated an increase in survival rates in CDH with ECMO uti-
lization [17] and improvement in ECMO technology have led to lower
complication rates [18]. While the traditional approach advocates for
surgical repair of CDH after successful weaning from ECMO, careful
anticoagulation techniques have reduced complications from bleeding
for surgical repair while on ECMO [19]. Additionally, there is a theoreti-
cal benefit to surgical repair on ECMO support via restoration of the nor-
mal anatomy [20,21].

Advanced laparoscopic surgery has become the mainstay of modern
surgical practices, and this change is reflected in Pediatric Surgery resi-
dent education. We demonstrated a significant increase in most laparo-
scopic abdominal procedures including laparoscopic appendectomy and
laparoscopic cholecystectomy as well as increases in thoracoscopic pul-
monary resections and laparoscopic hernia repair. Laparoscopic surgery
in adults has been increasing since 1994 [22], and by 2000, 82% of United
States Pediatric Surgeons were performing laparoscopic surgery [23].
However, there are concerns that despite the advantages of current
technology, there will always be a role for open surgical intervention
[24]. As surgical techniques continue to evolve, attention may need to
be paid towards the number of open surgical cases that trainees need
in order to maintain competence in open surgical techniques. However,
trainee's education should accurately reflect the current practice guide-
lines that they will be employing in practice. Training programs must
strike a careful balance between ensuring a well-rounded, but also rep-
resentative education.

Pediatric surgery resident education has been impacted by changes
in surgical education structuring as well. Our results demonstrated a sig-
nificant decrease in most cardiovascular cases, including patent ductus
arteriosus repair, over the study period. In 2007, congenital cardiac sur-
gery became a recognized fellowship by the ACGME with board certifi-
cation provided through the American Board of Thoracic Surgery. The
number of trainees since that time has exponentially increased from 2
in 2008 to 44 in 2014 [25]. As this field and other surgical subspecialties
continue to grow, it is expected that the scope of training for most Pedi-
atric Surgery trainees will continue to be narrowed. Similar changes
have already been observed in General Surgery training [5]. To ensure
broad-based training, additional resources may be necessary including
off-service rotations and experiences like those employed in General
Surgery training programs.

As the number of pediatric cases performed by General Surgery
residents continues to decline [4], there has been less integration of
adult surgeons into pediatric surgical care models. The distribution
of pediatric surgeons tends towards more populous states and
major urban centers [26]. Multiple studies have linked superior
patient outcomes to procedural volume in acute care surgeries, not
specialty [27-29]. Despite this evidence, there has been an increase
in centralization of medical services driven by concerns for the ade-
quate care of children both surgically and in the perioperative setting
[29]. Our data demonstrated a significant increase in several acute
care procedures over the past 15 years, particularly laparoscopic
appendectomies and cholecystectomies. As we move towards
competency-based education practices, the utility of performing ad-
ditional non-index cases will have to be carefully weight against the
benefits of other educational opportunities.

Our study has several limitations. Case log data has not been shown
to be completely accurate. An audit of general surgery program case logs
reveals that there is up to a 25% discordance between cases audited and
cases logged, particularly by lower-level residents [30]. Of particular
concern is dual logging of procedures by several residents, which may
inflate both their role in the case and the number of these cases truly
being performed at individual institutions. Studies have also demon-
strated that increased case volume does not correlate with overall com-
petence in practice [31-33]. Additionally, some cases may not be
captured accurately by examining the case logs. The increase in skin/
soft tissue/musculoskeletal cases was primarily driven by procedures
being logged as other. Similarly, a significant increase was seen in
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other head and neck cases. It is unclear whether there is the same edu- 2009 in order to provide a way to log exploration for biliary atresia. At
cational value in cases logged as other as there is in other procedures in the same time, we saw a decrease in the number of portoenterostomies
the category. A new code, biliary atresia, first appeared in the case logs in being logged. This highlights another uncertainty in case log data. While
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Fig. 10. Select genitourinary procedures. (A) Total genitourinary, circumcision (operating room only), oophorectomy, nephrectomy: tumor and (B) Total genitourinary, operation for
testicular torsion, renal transplant, ureteral reconstruction/reimplantation, open vaginal procedures, and operation for intersex cases for all graduating Pediatric Surgery residents
from 2004 to 2018. Total category genitourinary is plotted along the left axis and procedures are plotted along the right axis. Significance denoted as follows: *: significantly increased;
~: significantly decreased.
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these data may be accurate, it is also possible that prior to 2009, resi-
dents were logging exploration for biliary atresia as portoenterostomy
cases, inflating the numbers.

4. Conclusion

Despite increasing numbers of Pediatric Surgery residents and train-
ing programs, the number of cases performed by each resident has
increased. This is fueled by an increase in abdominal, skin/soft tissue/
musculoskeletal, hernia repair, genitourinary, and endoscopic cases.
These case log data indicates that training volume is adequate to support
the current number of Pediatric Surgery residents with no evidence of
underexposure to index cases. However, Pediatric Surgery resident edu-
cation has been significantly impacted by both changes in surgical indi-
cations and techniques as well as the changing educational landscape
for other surgical specialties.
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Appendix B. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jpedsurg.2020.09.038.
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