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THORACIC: ESOPHAGEAL CANCER
A novel cervical esophagogastric anastomosis simulator
Mark B. Orringer, MD,a Doug Hennigar, BSME,b Jules Lin, MD,a and Deborah M. Rooney, PhDc
ABSTRACT

Objectives: At least partially technically related, a cervical esophagogastric anasto-
mosis has a 12% to 14% leak rate, which is theoretically reducible with simulator
practice. Preliminary development and testing of a cervical esophagogastric anas-
tomosis simulator are described.

Methods: A portable, low-cost, scale reproduction of the cervical esophagogastric
anastomosis operative site was engineered around a 19 3 11 3 6-cm plastic box.
Silicone “esophageal” and “gastric tip” castings permitted construction of a stapled
side-to-side cervical esophagogastric anastomosis guided by an illustrated curricu-
lum. In a 2-phase pilot study, the simulator and curriculum were evaluated. Phase 1:
Seven faculty evaluated fidelity using a 5-point, 24-item survey of (1) physical attri-
butes, (2) realism of materials, (3) realism of experience, (4) value, and (5) relevance,
and (6) ability to perform tasks. Overall impression of the simulator was also
measured. Phase 2: Eight thoracic surgical trainees similarly evaluated the simulator
and the quality of the curriculum. Faculty and trainee ratings were compared using
a Rasch model, and inter-rater agreement was estimated.

Results: There were no overall fidelity differences across faculty and resident rat-
ings. Combined observed averages ranged from 4.52 (Realism of Materials) to 5.00
(Relevance). Lifelike feel of esophagus had the lowest ratings (observed
average ¼ 4.40). Residents rated interrupted outer layer of anterior closure to
be more difficult (observed average ¼ 4.13) than faculty (observed
average ¼ 4.86; P ¼ .016, d ¼ 1.99). Global ratings (observed average ¼ 3.33/
4.00) indicated participants believed the simulator could be used for cervical
esophagogastric anastomosis training now, but could be improved slightly.

Conclusions: Preliminary evidence suggests the novel cervical esophagogastric
anastomosis simulator is valuable as a surgical training tool. (J Thorac Cardiovasc
Surg 2020;160:1598-607)
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Completed esophagogastric anastomosis in simu-
lator box. S, Stomach; E, esophagus.
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CENTRAL MESSAGE

The development and initial evi-
dence supporting validity of a
CEGA simulator are described.
PERSPECTIVE
Partially related to technique, a CEGA leak may
lead to a poor functional result after esophagec-
tomy.This is a pilot study of the development and
evaluation of a novel CEGA simulator that offers
standardized learning before coming to the oper-
ating room. Rating analysis of faculty and trainees
suggests value in surgical training.

See Commentaries on pages 1608, 1610, and
1611.
“Blunt” transhiatal esophagectomy was resurrected in 1978,1

and the feasibility of a cervical esophagogastric anastomosis
(CEGA) in most patients was emphasized. Since then, the
operative technique has been refined, the relative safety
and efficacy of the procedure have been documented,2 and
many esophagectomies are now performed using the
transhiatal approach worldwide, both “open” and with
video-assisted techniques. The side-to-side stapled CEGA
we reported in 20003 substantially reduced the anastomotic
leak rate and has been our standard technique since.

Relatively contemporary reports document CEGA leak
rates in the range of 12% to 30%,4-10 higher than
generally encountered with intrathoracic anastomoses.
Although usually easily managed acutely, an anastomotic
leak frequently results in a chronic stricture, and an
operation intended to provide comfortable swallowing but
resulting in the need for chronic dilations represents a
functional failure. Although the CEGA may be regarded
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VIDEO 1. Use of the CEGA simulator is demonstrated. Video available

at: https://www.jtcvs.org/article/S0022-5223(20)30547-X/fulltext.

Abbreviations and Acronyms
CEGA ¼ cervical esophagogastric anastomosis
ICC ¼ intra-class correlation
MS ¼ mean square
OA ¼ observed average
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as the “easy” part of a transhiatal esophagectomy, the 15 to
20 minutes needed for anastomosis construction is the most
important part of the operation because it has the greatest
long-term impact on future comfortable swallowing. Multi-
ple factors (operative technique, anastomotic tension,
gastric conduit vascularity and trauma during mobilization,
neoadjuvant chemoradiation, and poor nutrition) contribute
to anastomotic leaks to varying degrees.

Focusing on operative technique, simulation in surgical ed-
ucation has become increasingly valued,11-17 offering the
potential for learning and practicing repetitively the steps of
an operation before coming to the operating room, thereby
reducing technical error and associated morbidity. Driven by
the relatively high reported CEGA leak rates and a desire to
impact this by achieving greater standardization, this study
was undertaken with the goals of (1) creating a low-cost,
realistic CEGA simulator (Video 1) and (2) assessing prelim-
inary validity evidence of fidelity from faculty experts and res-
idents evaluating its suitability for use in our thoracic surgery
residency training program. This is a proof-of-concept study.
MATERIALS AND METHODS
Cervical Esophagogastric Anastomosis Simulator

A portable, low-cost scale reproduction of the CEGA operative site

was engineered after 3 generations of prototypes. A mass-produced

commercially available 19 3 11 3 6-cm plastic box (Hammond

Manufacturing, Guelph, Ontario) replaced a 3-dimensional printed

version to reduce cost (Figure 1, A). The intent of the simulator is to

allow construction of a CEGA anastomosis beginning at the point in

the operation at which the esophagus has been resected, the stomach

manipulated through the posterior mediastinum, and the gastric tip

mobilized into the cervical surgical field. The box lid has an obliquely

oriented elliptical opening, simulating the left cervical incision. The

opposite polarity of small magnets built into the box lid and base ensures

proper alignment of the lid with the base so that the oblique “incision” is

oriented because it would be anterior to the left sternocleidomastoid

muscle with the esophageal casting toward the head (Figure 1, B).

Suction cups fix the box base to the work surface. There are 2 removable

plastic supports upon which the esophageal and gastric tip (stomach)

castings are mounted (Figure 2). The “loaded” plastic supports are

then returned to the box and secured in place with tongue-in-groove fit-

tings between the inside walls of the base and the sides of the supports.

The greater depth of the mounted gastric casting relative to the esoph-

agus replicates the in vivo situation. The insertable single use “esopha-

geal” and “gastric tip” castings were constructed using 3-dimensional

printing technology and 3 different durometer silicone materials and pig-

ments (Smooth-On Inc, Macungie, Pa) (Figure 3, A) to the specifications

of the thoracic surgeon (M.B.O.), who iteratively assessed the realism of

the materials. Their degree of softness and tensile strength mimic those

of the normal stomach and esophagus. The esophageal casting has 2
The Journal of Thoracic and Car
incompletely fused layers that simulate the mobility of the inner mucosal

layer (Figure 3, B). The 4 overhanging rubber edges of the box lid

simulate drapes to which hemostats can be “clipped” during the

procedure to secure sutures (Figure 3, C).

Cervical Esophagogastric Anastomosis Curriculum
An illustrated step-by-step manual depicting the individual steps of the

stapled CEGA3 was distributed to all participants with instructions to re-

view it before the simulation exercise. Users of the simulator can practice

and master the CEGA using the same instruments, staplers, and sutures as

in the operating room during the actual procedure. To perform an esopha-

geal anastomosis correctly, the user must purposely suture the mobile inner

mucosal layer with each “bite” of the needle through the esophageal wall,

as emphasized in the illustrated curriculum.

Study
This 2-phase study followed review and exempt determination by the

University of Michigan Institutional Review Board. In phase 1, 7

University of Michigan general thoracic surgery faculty not associated

with the design or implementation of this study and each experienced

with esophagectomy and CEGA were recruited by e-mail to perform the

simulated procedure on the novel medium-fidelity CEGA simulator; all 7

participated in this assessment. In phase 2, 8 University of Michigan

thoracic surgery trainees, including 1 first-year fellow and 3 second-year

fellows, and 4 residents in our Integrated (I-6) program, all experienced

with performing a CEGA as the surgeon or first assistant, were similarly

recruited by e-mail to perform the simulated procedure. In both phases,

the primary author (M.B.O.) served as a passive first assistant, also known

as “dumb help” as defined by the Zwisch scale,18 providing no prompting

and little advice for each of the participant’s CEGA procedures. After their

experience with the simulator, all participants independently completed a

paper evaluation survey with an option for anonymity, and the completed

forms were forwarded directly to the senior author (D.M.R.) for analysis.

When faculty provided their names on the evaluations, these were recoded

by number to maintain anonymity.

Survey and Rating Procedures
The perceived value of the simulator was assessed with a 24-item sur-

vey (Figure 4, A and B) that was developed using cognitive task analysis

and agreement by consensus, a method previously established as best

practice for ensuring content validity for this purpose.19,20 Perceived

value was measured across 5 fidelity domains (18 items)—(1) physical at-

tributes, (2) realism of materials, (3) realism of experience, (4) value, and

(5) relevance, and (6) ability to perform tasks (5 items), using 5-point rat-

ing scales, with 5 being the highest rating. The 5 “tasks” specified in the

sixth domain were the key technical tasks thought to be essential
diovascular Surgery c Volume 160, Number 6 1599
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FIGURE 1. CEGA simulator box. A, 193 113 6-cm plastic box with removable lid (HammondManufacturing, Guelph, Ontario), modified to include an

obliquely oriented elliptical “incision,” overhanging rubber edges, and suction cups on the base. B, Six small magnets built into both the box lid and the base

ensure proper alignment of the lid with the base so that the oblique incision is oriented so it would be anterior to the left sternocleidomastoid muscle.
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components of competence in performing this procedure. A final global

item was used to measure respondents’ overall impression of the simu-

lator and was scored on a 4-point rating scale ranging from 1 (This simu-

lator requires major improvements before it can be used in CEGA

training) to 4 (This simulator can be used as is for CEGA training without

any further improvements).

Analyses
By using modern and classic theories and consistent with other simu-

lator validation studies,21,22 preliminary validity evidence relevant to test

content and internal structure was evaluated using best practices defined

by the American Educational Research Association, National Council on

Measurement in Education, American Psychological Association, and Na-

tional Council on Measurement in Education (Standards),23 and applied to

simulation-based studies.24

Evidence of Test Content
To evaluate evidence of test content (formerly referred to as “face val-

idity”), a many-faceted Rasch model25 was used. This is part of a family of

modern psychometric measurement models known as item response theory

and is commonly used for analyzing rating scale data at the item-level using

statistical indices that are not accessible via classical methods. For this

study, 2 Rasch indices were examined to evaluate content validity:

observed averages (OAs) and item outfit statistics.26

Observed Average
Simulator fidelity ratings reflect participant perceived quality. To mea-

sure this, we used Rasch OA for each of the relevant domain and items. A

higher OA indicated higher perceived quality, and lower OA indicated

lower participant perceived quality. For the purpose of this study, an OA

4.00 or greater, aligning with “Adequate realism, but could be improved,”

was considered minimally adequate fidelity. Likewise, a higher OA for

each of the 5 items in domain 6 associated with ability to perform technical

tasks suggested high self-reported ability to perform each task, whereas a

lower OA suggested lower self-reported ability to perform a particular
1600 The Journal of Thoracic and Cardiovascular Sur
task. For the purpose of this study, an OA of 3.00 or greater, aligning

with “Difficult to perform,” was considered the minimal ability standard

for our participants to ensure that trainees could perform critical technical

tasks on the simulator.

Item Outfit Statistics
To evaluate deeper evidence of content validity, another Rasch index,

item outfit mean square (MS) statistics, was reviewed. Outfit MS values

greater than 2.0 suggest that responses had extremely high variability

and lack of agreement in ratings. In this study, item outfit MS values higher

than 2.0 were considered a potential threat to content validity. Statistical

analyses associated with evidence relevant to test content were performed

using the Facets software v. 3.80 (Linacre, 2017).27

Evidence of Internal Structure
To evaluate validity evidence relevant to internal structure, an applica-

tion from classic test theory, inter-rater reliability, was estimated using a 2-

way random, average measures intra-class correlation (ICC) of faculty and

resident groups for each of the domains—(1) physical attributes, (2) real-

ism of materials, (3) realism of experience, (4) value, and (5) ability to

perform tasks, and for each of the items. With typical values ranging

from 0.00 to more than 1.00, an ICC value more than 0.60 was considered

good, and values more than 0.75 considered excellent rater agreement. Sta-

tistical analysis was performed using IBM SPSS statistical software

(version 24.00; IBM Corp, Armonk, NY). Written comments, when sup-

plied, were reviewed for trends and alignment with rating patterns.
RESULTS
Evidence of Test Content Fidelity
Observed averages. There were no overall fidelity rating
differences across faculty and trainees, chi-square ¼ (1,
N ¼ 15) (P ¼ .79). Because of this, faculty and trainee
ratings were combined in this analysis. Combined OAs of
the domains relevant to the simulator’s fidelity were 4.52
gery c December 2020



FIGURE 2. CEGA simulator box with removable plastic supports upon

which silicone castings of both the gastric tip (stomach) and divided esoph-

agus are mounted. Once the supports (top) have been “loaded” with gastric

tip or esophageal castings, they are returned to the box base (bottom) and

secured in place with tongue-and-groove fittings along the inside walls

(middle) of the box and the sides of the plastic supports. S, Stomach; E,

esophagus.
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(Realism of materials), 4.82 (Realism of experience), 4.82
(Value), 4.83 (Physical attributes), and 5.00 (Relevance).
Item-level analysis revealed that all items’ OAs ranged be-
tween 4.40 and 5.00, indicating participants’ perceived
value was well over the minimum cutoff of 4.00 or more
(Figure 5). The highest-rated items relevant to the simula-
tor’s fidelity were Realism of CEGA anatomy and Realism
of stapling (both OA ¼ 4.93). The lowest-rated items rele-
vant to the simulator’s fidelity were Lifelike feel of esoph-
agus and Lifelike feel of stomach, with OAs of 4.40 and
4.47, respectively, aligning with “Adequate realism, but
could be improved slightly,” suggesting that minor modifi-
cations might improve the simulator. Specific feedback
included “Suture tears through occasionally, but overall
feels good,” “tears a little too easily while tying,” and “.
second layer of anastomosis is difficult because the ‘tissue’
does not stretch well, especially when trying to tie down
knots.”
The Journal of Thoracic and Car
The Global OAwas 3.33 of 4.00, indicating that overall,
participants believed the new simulator could be used for
CEGA training now but with minor improvements.
This scoring aligned with comments such as “Realistic.
Makes practical learning of sequence, exposure, [and]
tissue handling” and “Valuable for surgeon, as well as
assistant.”
Item Outfit Mean Square Statistics
Fidelity. Review of item outfit statistics revealed that for 2
(11.1%) fidelity items, raters agreed 100%, resulting in
standard deviations of 0.00, and thus incalculable fit
statistics. The remaining 16 items had Outfit MS values
ranging between 0.42 and 1.90, below the maximum 2.0
threshold. This suggested that there was a reasonable
amount of variability in ratings for these items, and there
were no extreme rating variations that would suggest
potentially problematic aspects associated with the
simulator’s fidelity.
Ability to perform tasks. The sixth domain, ability to
perform tasks, evaluated 5 technical tasks thought to be
most important in demonstrating competence in performing
this procedure:

Item Number 1—“Setting up” the CEGAwith the 3 key
sutures

Item Number 2—Positioning the stapler in the esophagus
and stomach

Item Number 3—Placement of bilateral “suspension” su-
tures (between the esophagus and stomach)

Item Number 4—Placement of the running inner layer of
the anterior closure

Item Number 5—Placement of the interrupted outer layer
of the anterior closure.

All OAs for the 5 tasks were over the 3.00 minimum
threshold and ranged from 3.93 to 4.87. Item 5 (Interrupted
outer layer of anterior closure) was associated with the
lowest OA (OA ¼ 3.93), but was well over the 3.00 diffi-
culty threshold), Placing interrupted outer layer of anterior
closure was also associated with extreme variability (Outfit
MS¼ 2.19), which seemed to reflect participants’ opposing
comments, including “Sutures tear through occasionally”
and “It is very good in being able to hold sutures.”
Evidence of internal structure. Inter-rater agreement
across faculty and resident groups was found to be good
for Physical attributes (ICC[2,k]a ¼ 0.67) and excellent
for Realism of materials (a ¼ 0.96), Realism of experience
(a ¼ 0.98), Value (a ¼ 0.99), and Ability to perform tasks
(a ¼ 0.99). At the item level, for all but 1 item, ICC esti-
mates were moderate (a ¼ 0.62) to excellent (1.00). One
item, Thickness of stomach, had poor rater agreement
(a ¼ 0.29) across faculty and trainees.
diovascular Surgery c Volume 160, Number 6 1601



FIGURE 3. CEGA simulator box with the esophageal and gastric tip castings and simulated “drapes” (black rubber edging). A, The silicone esophageal

(bottom) and gastric tip (stomach) (top) castings have been manufactured to mimic as closely as possible the softness and tensile strength of the human

stomach and esophagus. B, The esophageal casting has 2 incompletely fused layers to permit some mobility between them simulating an inner mucosal

layer that must be carefully sutured with each “bite” of the needle in construction of the anastomosis. C, Thin rubber overhanging edges simulate “drapes”

to which hemostats may be clamped to secure sutures during construction of the anastomosis.

1602 The Journal of Thoracic and Cardiovascular Surgery c December 2020
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FIGURE 4. Evaluation form for CEGA simulator. A, Page 1. B, Page 2. CEGA, Cervical esophagogastric anastomosis.

T
H
O
R

Orringer et al Thoracic: Esophageal Cancer
DISCUSSION
Since our initial 1978 report, the University of Michigan

thoracic surgery service has performed more than 3000
transhiatal esophagectomies and cervical esophagogastric
anastomoses and has described the procedure in both text-
books and published articles.28-31 However, a CEGA may
not easily be learned from 2-dimensional illustrations and
text. Potential technical pitfalls and poor results may be
The Journal of Thoracic and Car
related to the length of the remaining cervical esophagus,
the orientation of the gastrotomy, the proximity of the anas-
tomosis to the gastric staple suture- line, and the adequacy
of the suturing technique to close the “hood” of the anasto-
mosis at the end. Simulation-based training was thought by
the primary author (M.B.O.) to be a logical “next step” in
improving anastomotic outcomes, and this high-volume
esophageal surgery service, well acquainted with the
diovascular Surgery c Volume 160, Number 6 1603



FIGURE 4. (Continued).
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CEGA, seemed appropriate for launching this effort. The
faculty were charged with evaluating the suitability of the
CEGA simulator as an educational tool. Although there is
inherent bias in such a single institution study, these experi-
enced surgical educators were qualified to make a reason-
able judgment in this regard. The intent from the outset
was to validate the simulator “internally” by faculty and
trainee assessment, and then proceed with a multi-
institutional trial among several thoracic surgery residency
programs.

There are a number of limitations related to the interpreta-
tion and applications of the findings of this study. First is the
relatively small sample size, although the participants
included the entire University of Michigan General Thoracic
Surgery faculty (excluding the primary author) and trainees
experienced with this procedure. Although the homogeneity
of this single-institution study may have led to overestimated
ratings and limited generalizability, this concern is at least
1604 The Journal of Thoracic and Cardiovascular Sur
partially offset by the fact that more than half of the faculty
received their thoracic surgery training and 2 of the 8 trainees
received their general surgery training at outside institutions.
With their variety of training backgrounds, the participants
were able to draw upon other institutional experiences in per-
forming a CEGA, potentially lessening bias in assessing the
simulator and its components. Second, although this early
study deliberately targeted validity evidence relevant to test
content and some evidence of internal structure, the full
breadth of evidence relevant to response processes, relation-
ships to other variables, and consequence of testing were
not evaluated.

Despite these limitations, results of the preliminary vali-
dation research were informative. First, we considered the
rating differences across faculty and trainees for the one
particular issue, the thickness of the gastric castings. Poor
rater agreement (ICC[2,k]a¼ 0.29) for that item compelled
deeper review of faculty and trainee rating differences. The
gery c December 2020
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faculty had a significantly higher OA (OA ¼ 4.86) when
compared with trainees (OA ¼ 4.25; P ¼ .05, d ¼ 1.33).
This could be due to faculty having more gastric surgery
experience, whereas trainees were less certain about normal
stomach thickness resulting in more conservative ratings.

Second, average self-reported “ability” rating for “Inter-
rupted outer layer of anterior closure” was the lowest
(OA ¼ 4.14). High associated variability (item outfit
MS ¼ 1.98) for this item may have suggested
manufacturing inconsistency in “tissue” properties. This
was unlikely given the degree of production uniformity of
the castings. Alternatively, the “tissue” could not withstand
the range of tension or traction the various participants
applied during knot-tying, which seemed to align with
one expert participant’s comment, “the tissue holds sutures
well, but tears a little too easily while tying.” These findings
have guided modifications to the CEGA simulator.
Specifically, to address “tissue” limitations, the durometer
The Journal of Thoracic and Car
(hardness) of the esophageal silicone castings has been
increased from Shore 00-20 to 00-30 to better hold sutures.
As validation research continues, our focus has shifted to

use of the simulator as a teaching tool in our residency pro-
gram with utility not only for training, that is, teaching the
technical steps, but also for assessment (testing), that is,
documenting proficiency before performing the procedure
in patients. Data are now being collected on the time
required for a trainee to complete the anastomosis with suc-
cessive uses of the simulator. The quality of the anastomosis
is being assessed by “bubble-testing” the submerged
completed anastomosis while insufflating air to document
an air-tight construction and direct inspection “from the in-
side” of the geometry of the completed anastomosis as
viewed through the opened posterior aspect of the gastric
tip casting (Figure 6, A and B). A multi-institutional trial
of the effectiveness of this simulator in 5 thoracic surgery
residency programs is being planned and will ensure
diovascular Surgery c Volume 160, Number 6 1605



FIGURE 6. Completed simulated CEGA. A, Anastomosed castings removed from the simulator box. B, Anastomosis viewed from opened posterior aspect

of gastric casting, side-to-side stapled anastomosis on the left, and manually sewn anterior closure on the right.
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objective evaluation in a larger cohort of trainees and quan-
tify residents’ prior CEGA operative experience and the ef-
fect of deliberate practice with the simulator on operative
time, and the quality of the anastomosis (eg, suture place-
ment, bubble testing). If the multi-institutional study con-
firms the usefulness of the simulator in training, we intend
to expand this research to include additional thoracic sur-
gery and interested general surgery residency programs.
The ultimate test of value, however, will be to demonstrate
that use of the simulator by trainees, faculty, and practicing
surgeons results in greater technical proficiency and
decreased anastomotic leak rates in patients. It is conceiv-
able that future iterations of the simulator could also be
METHODS
• CEGA simulator created
• Content validity evidence evaluated
   - 7 thoracic surgery faculty
   - 8 thoracic surgery trainees

RESULTS
• Participants’ observed averages
  (OA) were high for fidelity & value
  (> 4.5 out of 5 points)
• Participants rated adequate ability
  to complete tasks (OA > 3.93)

IMPLICATIONS
Preliminary evidence
supports the use of the
novel CEGA simulator
as a training tool.

FIGURE 7. Early validation of a novel CEGA simulator. CEGA, Cervical

esophagogastric anastomosis; OA, observed average.

1606 The Journal of Thoracic and Cardiovascular Sur
used as a teaching tool for intrathoracic esophagogastric
anastomoses.

This entire project was undertaken as a not-for-profit
endeavor, with a current development cost estimate,
including materials and effort that have been largely pro
bono in excess of $100,000. It is anticipated that the simu-
lator will be available for purchase during the coming year.
The projected cost to users of approximately $500 will
include the reusable simulator box and internal plastic sup-
ports, 6 pairs of single-use esophageal and gastric castings,
and a small automatic air pump for planned “bubble testing”
of the integrity of the anastomosis. Also included is on-line
access to a narrated instructional video and an evaluation
survey to be completed after using the simulator. Additional
packs of 6 pairs of castings will cost approximately $175, a
unit price of $29.17, which is comparable to other commer-
cially available single-use “tissue” models, for example, for
chest tube insertion “skins,”32 “gallbladders” for practicing
laparoscopic cholecystectomy,33 and “bowel” for practicing
anastomoses.34 The silicone esophageal and gastric castings
offer advantages over porcine or bovine tissue of permitting
the procedure to be performed in a conference room, class-
room, or home setting without the cost, complexity, ethical
considerations, and regulations associated with use of bio-
logic material. The projected cost of the proprietary simu-
lator and castings is relatively low and affordable by most
training programs. It is our intent to reduce these costs
further through design and manufacturing continuous
improvement and economies of scale.
CONCLUSIONS
A collaborative effort among the disciplines of thoracic

surgery, engineering, and simulation education has resulted
in the development of a medium fidelity CEGA simulator
and its potential value as a training tool in surgical educa-
tion supported through expert assessment (Figure 7).
gery c December 2020
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