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Abstract

Background: Assimilating diagnostic radiology education into undergraduate medical education
remains a challenge. This challenge places a greater emphasis in surgical residency to ensure this
education occurs. The objective of this study is to determine whether a 3D-reconstruction may
improve surgical residents’ assessment of resectability of pancreatic lesions

Methods: Four cases were identified of patients with a pancreatic lesion; high-quality, triphasic
abdominal CT scans were obtained and evaluated to ensure sufficient resolution and slice
thickness. The images then were used for 3D-reconstruction of the cases.

Results: PGY3-5 residents had a statistically-significant higher percentage of correct answers
on objective questionnaire items using CT in conjunction with 3D-reconstruction software versus
CT only. PGY1-2 residents had a higher percentage of correct answers using 3D-reconstruction
software, but the difference was not statistically significant. statistically significant.

Conclusions: 3D-reconstruction software could be a viable tool to augment radiology education
within a surgery residency, especially in CT interpretation, but there appears to be a minimum
threshold of knowledge needed for meaningful improvement; therefore, this software may be more
useful for PGY3-5 residents than PGY 1-2 residents.
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Introduction

Diagnostic radiology is closely integrated into the field of surgery, and it is important that
surgeons be competent in ordering and interpreting radiologic tests for patients to aid in
operating. However, studies have reported a low instance of diagnostic radiology education
(1, 2), which contradicts the recognition of its value in training future physicians (3). One
possible way to enhance radiology education during surgical residency is to implement
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3D reconstruction software to augment the interpretation of CT scans. Software from
companies such as MeVis Medical Solutions can construct a 3D image from high quality,
triphasic CT scans to aid in visualization of an area before surgery. One application of this
software is in surgical oncology; abdominal CT scans are used to assess resectability of a
pancreatic lesion by examining the involvement in surrounding vasculature and the lesion’s
shape and margins. 3D software can help residents and surgeons to view the tumor in a
more recognizable form and aid in accurately assessing resectability before surgery is ever
performed. The purpose of this study is to assess whether a 3D reconstruction software

for abdominal CT scans for pancreatic lesions will lead to more accurate assessments in
PGY1-5 surgical residents and if there is a group of residents that would benefit more from
the software.

Materials and methods

First, triple phase CT liver scans were obtained for 4 patients with pancreatic lesions
(Fig. 1a). The CT scans were assessed for quality to ensure sufficient resolution and slice
thickness for this assessment. This quality assessment is described in Appendix 1.

CT scans were then sent to MeVis Medical Solutions Ag, Distant Services Unit to be
reconstructed into a 3D pdf file. The 3D pdf file includes reconstruction of the pancreas and
lesion, portal vein vasculature reconstruction, inferior vena cava vasculature reconstruction,
and arterial vasculature reconstruction (Fig. 1b), as well as a risk assessment for all
vasculature which includes color coding the vessels based on how close each segment is

to the lesion (Fig. 1c).

Surgical residents at the University of Louisville were contacted, and those who agreed to
participate assessed the resectability of cases using either triphasic CT alone or triphasic
CT in conjunction with the 3D reconstruction file from MeVis. Residents ranged from
PGY1-5. The assessment was conducted via filling out a questionnaire, which is contained
in Appendix 2. First, residents were asked to fill out the questionnaire using CT only; then,
they filled out the questionnaire on the same case using both CT and the 3D reconstruction
program. If time permitted, residents would go through an additional case in the same
manner.

Dr. Robert Martin assessed each of the cases to determine the correct values for question

1 (T staging of the cancer), question 2 (risk of invasion and R1 resection for vessels),

and question 3 (risk of R1 resection for margins of resection), and the residents’ answers
were compared to the true values determined by Dr. Martin. Questions 4-5 were subjective
questions on confidence of resectability of the tumor and obtaining RO (margin negative)
resection for all surgical margins described in question 3 (pancreatic neck transection, SMV
portal vein groove, SMA retroperitoneum, and posterior along the I\VC anterior surface), so
these questions were used to determine whether confidence in resectability changed using
CT only versus using CT in conjunction with the 3D reconstruction program.
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A total of (10) PGY1, (10) PGY2, (10) PGY3, (10) PGY4, and (8) PGY5 residents
completed the assessment. The PGY1 and PGY2 residents were grouped together for
assessment, and the PGY3, PGY4, and PGY?5 residents were grouped together for
assessment. The questionnaire consists of five questions: questions 1-3 have objective
answers that assess staging of the tumor (T1-T4), its involvement with six major vessels
near the pancreas (portal vein, splenic vein, SMV, SMA, hepatic artery, and splenic artery),
and four surgical margins of resection (pancreatic neck transection, SMV portal vein groove,
SMA retroperitoneum, and posterior along the IVC anterior surface). Questions 4-5 have
subjective answers that assess confidence about resectability and specifically the ability

to obtain RO resection for all surgical margins discussed in question 3. Questions 1-3

were assessed for correctness since they are objective, and questions 4-5 were assessed as
comparison of confidence before and after using the 3D software.

In questions 1-3, PGY1-2 residents overall scored 57.3% using CT only, compared to
61.3% overall using CT with the 3D software. On individual questions, residents scored
higher on 6 out of 11 questions using CT with 3D software, higher on 4 out of 11 questions
using CT scan only, and the same on one question (Fig. 2a).

In questions 1-3, PGY3-5 residents overall scored 52.4% using CT only, compared to
61.9% overall using CT with the 3D software. On individual questions, residents scored
higher on 9 out of 11 questions using CT with the 3D software, higher on 1 out of 11
questions using CT scan only, and the same on one question (Fig. 2b).

Questions 4-5 assessed degree of confidence in resectability of the tumor and confidence

in obtaining RO resection for all of the surgical margins in question 3 (pancreatic neck
transection, SMV portal vein groove, SMA retroperitoneum, and posterior along the IVC
anterior surface). Changes in residents’ responses between CT only compared to CT with
3D reconstruction software were examined to determine whether residents’ confidence

in resectability was different with CT only compared to CT with 3D reconstruction. An
increase in confidence is defined as going from a more moderate level of confidence to a
more extreme level of confidence in resectability, regardless of whether the resident thought
that the case was more or less resectable. Essentially, confidence was assessed on a scale
from 1-5, where 3 indicated uncertainty, 1 was the highest level of confidence that the case
was resectable, and 5 was the highest level of confidence that the case was not resectable;
any response that deviated farther from uncertainty and the middle of the scale (3) compared
to the original response is defined as an increase in confidence.

For question 4 (confidence in resectability), 20 cases were examined by PGY1-2 residents;
65% responded with a higher degree of confidence using CT with 3D reconstruction
software versus CT alone; 5% responded with a lesser degree confidence, and 30%
responded with the same degree of confidence. For question 5 (obtaining RO resection for
all surgical margins), 70% responded with a higher degree of confidence using CT with 3D
reconstruction software versus CT alone, 5% responded with a lesser degree of confidence,
and 25% responded with the same degree of confidence (Fig. 3a).
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For question 4 (confidence in resectability), 17 cases were examined by PGY 3-5 residents;
47% responded with a higher degree of confidence using CT with 3D reconstruction
software versus CT alone, 6% responded with a lesser degree of confidence, and 47%
responded with the same degree of confidence. For question 5 (obtaining RO resection for
all surgical margins), 41% responded with a higher degree of confidence using CT with 3D
reconstruction versus CT alone, 6% responded with a lesser degree of confidence, and 53%
responded with the same degree of confidence (Fig. 3b).

Discussion

On questions 1-3, which were objective and assessed knowledge of T staging of the tumor,
its involvement with six major vessels near the pancreas, and four surgical margins of
resection, PGY1-2 residents scored higher overall using the 3D software (61.3%) compared
to CT scan alone (57.3%). However, using a paired t-test, P=0.48 at a 95% confidence
limit, so this difference is not considered statistically significant. PGY3-5 residents also
scored higher overall using the 3D software (61.9%) compared to CT scan alone (52.4%).
Using a paired t-test, P=0.017 at a 95% confidence level, so this difference is considered
statistically significant. PGY3-5 residents have more knowledge and surgical experience in
assessing resectability through CT scans, whereas it is possible that PGY 1-2 residents have
not had enough experience for this software to make a significant difference yet in their
ability to answer the questions correctly. Therefore, it seems that this 3D model would have
a more significant impact in improving PGY 3-5 residents’ assessments of the tumor and its
resectability.

Questions 4 and 5 were subjective in nature and assessed confidence in resection of the
tumor as well as confidence in attaining RO for the surgical margins in question 3. A
majority of PGY1-2 residents responded with a higher degree of confidence on both
questions when using the 3D software compared to using CT scan alone; it seems the
PGY1-2 residents feel more confident in assessing resectability and the ability to obtain RO
resection with the 3D software, even though their scores didn’t improve significantly on the
objective questions as stated above. Similarly, more PGY 35 residents also responded with a
higher degree of confidence than those who responded with a lower degree of confidence.
Therefore, it seems that using the 3D software makes the residents feel more confident about
resectability and the ability to obtain RO resections RO resection versus only viewing the
case as a CT scan without a 3D model.

Similar software has already been implemented in the field of surgery in various ways

with some success. There are many examples of using 3D reconstruction software to

aid in preoperative planning for tumor staging and anatomy in hilar cholangiocarcinomas
(4, 5), biliary cancers (6), pancreatic tumors (7, 8), local resection of hepatocellular
carcinoma (9), and pediatric solid tumors (10). Similar software has also been used as a
preoperative risk analysis tool for hepatic resection (11). 3D reconstruction software can be
especially useful to assess whether a patient’s case is complex or atypical and if so, aid

in preoperative planning; this has been shown useful during hepatic resection in patients
with unconventional resection planes (12) and hepatic artery variance (13). One study
compared CT angiography, which is used to assess resectability in pancreatic tumors, to
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a 3D reconstructed model from CT images and found the 3D model to have higher PPV,
NPV, sensitivity, specificity, and overall accuracy (14). Another study compared 3D models
to 2D MRI’s, and a majority of surgeons surveyed found the 3D model easier to use than
the 2D models; the models could potentially increase accuracy, and decrease preoperative
planning (15). 3D reconstruction software and modeling has been used even earlier in
medical education to supplement clinical anatomy to medical students for hepatic anatomy
(16, 17).

Implementing this technology would require further training for surgeons to use effectively;
one study found that after one day of training, a majority of surgeons in the study assessed
the software positively, but a majority also said that more than one day of training would be
needed for formal training to make the 3D models even more useful (18). The technology is
also evolving; there are many different open source programs with different interfaces, so a
challenge would be to develop a more standardized and centralized 3D model with similar
risk assessment.

3D reconstruction technology continues to evolve and improve to become more useful and
intuitive to surgeons. There is an example of improving how the 3D models are visualized
using cinematic volume rendering, which can be used to simulate camera effects such

as shadows and lighting to make the model look cadaver-like and more realistic (19).

Some surgeons have used the 3D models as a form of augmented reality during surgery

to assist in real time during pancreatico-duodenectomy (20) and other operations such as
cholecystectomy, distal pancreatic resection, and robotic liver resection (21). One study even
used a autostereoscopic headset for live updates with integrated video, with the assertion that
this technology has a future place in telemedicine, surgical planning, and navigation (22);
this could have a place in resident training in the future, with residents seeing more cases
and rarer procedures without needing to being present the operating room.

Conclusions

The 3D reconstruction software used by MeVis to turn high quality CT scans into a 3D
model with risk assessment of vasculature involvement in a pancreatic lesion could be a
viable educational tool to assess the possibility of surgical resection, especially in higher-
level surgical residents (PGY3-5). It seems that background knowledge and competency is
needed for this tool to be useful and to show a meaningful improvement in resectability
assessment. Using a 3D model could also improve confidence in assessing resectability and
obtaining RO resection. In the field of surgery, it is increasingly important for surgeons to not
only be competent in surgical procedures but also in other aspects of medicine like radiology
and being able to perform many different procedures. 3D reconstruction software, such as
the one being evaluated in this study, will be an important tool in the future of surgery to aid
surgeons in giving the best care possible for a wide variety of patient cases. This software
has already been implemented elsewhere in the field of surgery with some success, and

with an appropriate threshold of expertise to make these models useful, there is potential to
improve patient care and minimize adverse surgical outcomes.
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Highlights
Surgical residency radiology training is needed to make up for inadequate
training of undergraduates
High-resolution CT scans can be processed by software to produce 3-D
imaging

3D software makes the residents feel more confident about resectability and
the ability to obtain RO resections RO resection versus only viewing the case
asa CT scan
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Figure 1.
Figure 1a: Triple Phase CT Scan. Triple phase CT scans were obtained for the livers of each

patient. Scans included axial, coronal, and sagittal views of the abdomen in all three phases.
Figure 1b: MeVis 3D Reconstruction Software Interface. The software reconstructs arterial
and venous vasculature, duodenum, the pancreas, and lesion. Arterial vasculature is shown
in orange; venous vasculature is shown in blue; the duodenum is shown as a transparent blue
solid volume; the pancreas is shown as a transparent pink solid volume; the lesion is shown
as a transparent yellow solid volume in the reconstruction.

Figure 1c: MeVis 3D Reconstruction Interface without Risk Analysis (Left) and with Risk
Analysis (Right). Vasculature is color coded based on distance from the lesion to aid the
user in making a risk analysis of damage of the vasculature during a resection of the lesion.
White vessels are more than 10 mm away from the lesion; green vessels are between 5-10
mm away from the lesion; yellow vessels are between 2-5 mm away from the lesion; red
vessels are less than 2 mm away from the lesion, contacting the lesion, or encased within the
lesion.
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Figure 2.
Figure 2a: PGY1-2 Results: CT Only vs. CT & 3D Software. PGY 1-2 residents scored

57.3% overall using CT only while scoring 61.3% overall using CT with the 3D software.
Figure 2b: PGY3-5 Results: CT Only vs. CT & 3D Software. PGY3-5 residents scored
52.4% overall using CT only while scoring 61.9% overall using CT with the 3D software.
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Figure 3.
Figure 3a: PGY1-2 Results: Questions 4-5 Confidence Level. On both questions, a

majority of residents were more confident using the CT and 3D software together compared
to using CT alone.
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Figure 3b: PGY3-5 Results: Questions 4-5 Confidence Level. On both questions, a
majority of residents were at least at the same degree of confidence using CT with 3D
software compared to using CT alone; only 6% were less confident.
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