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3D (Three Dimensional) Picture in Picture (PIP)
HDMI Versus 2D (Two Dimensional) Endoscopic
Viewing System in IOL Drop

Hanspal BHINDER!

ABSTRACT

Purpose: Purpose of this study is to compare the use of 2d endoscopic procedure system with 3D-PIP-HDMI Visualization
system and evaluate its effect on orientation of the monitor, Loss of hand eyes coordination, Field of view, Error in grasping
the IOL due to lack of stereopsis and frequent head turning which is a great problem in using the endoscope in a microsurgi-
cal environment as the surgeon has to switch from the microscope ocular view to the endoscope monitor view or vice versa.
The aim of the study is to evaluate a novel 3D-PIP-HDMI endoscopic viewing system and observe its role.

Material and Methods: Five cases out of 10 (Cases number 1,3,5,7,9) of IOL drop were operated using standard 2D en-
doscopy system and rest five cases (Cases number 2,4,6,8,10) were operated using 3D-PIP-HDMI endoscopic visualization
system. After each procedure, surgeon completed oxford grading assessment of various parameters (Table 1,2).The cases
were subjected to statistical analysis.

Results: 3D-PIP-HDMI endoscopy viewing system improved the orientation of the video monitor, hand eyes coordination,
quality of picture, correct picking up of Dropped IOL, stereopsis in all the cases which was highly statistical significant
(P<0.0024).

Conclusion: 3D-PIP-HDMI Visualization system provides both the real time 3d videos from endoscope and surgical Micro-
scope which is projected in a single LED, monitor Panel at the same time. It helped us to overcome the limitation related to
the standard 2d endoscopy procedures.

Key Words: Endoscope, vitrectomy, three dimensional endoscopy, 3D endoscope, 3D-PIP-HDMI visualization system, Pic-
ture in picture, IOL drop, stereopsis.

INTRODUCTION

The standard Endoscopic procedures have been used in ophthalmology since 1934, when Thorpe first described
the use of an endoscope within the vitreous cavity.?

There are numerous advantages of ophthalmic endoscopy like viewing far peripheral retina inside retinal tear,
underneath the iris and facilitates removal of hidden cortical fragments or membrane growth over the ciliary
body which is not possible with best biome or wide angle vitrectomy lens. Standard 2d Endoscopy has been
used in various ocular procedures *!* But there are few important limitations of this system such as lack of
stereopsis,5182021 g relatively steep learning curve.'™® television monitor control 1517, difficulty in hand eyes
coordination® and low resolution image quality.1%%®

The objective of this study is to combine the microscope and the endoscope views in the same setting, through
3D-PIP-HDMI visualization imaging system and to overcome the limitations associated in intraocular standard
2D endoscopic procedures.
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In this study, we evaluate the view provided by a
novel 3D-PIP-HDMI endoscopic viewing system and
a traditional 2d endoscopic viewing system during
the performance of a standard procedural paradigm,
assessing worldwide limitations like orientation of
the monitor, loss of hand eyes coordination, field of
view, quality of images, quality of images during
head movement, lack of stereopsis, error in grasping
the IOL due to lack of stereopsis and frequent head
turning to see microscopic view then switching over
to see endoscopic view in the monitor.

MATERIALS AND METHODS

We evaluated 3D-PIP-HDMI endoscopic visualiza-
tion system and standard 2d endoscopy with particu-
lar focus on various limitations like orientation of the
monitor, hand eyes coordination, field of view, quality
of images (color/contrast), quality of images during
head movement, stereopsis (depth perception),error in
grasping the IOL due to the lack of stereopsis and the
head turning in total 10 consecutive cases of dropped
IOL managed at Guru Gobind Singh International Eye
Centre during the period May 2013-April 2014. Cases
were taken alternately for 3D-PIP-HDMIendoscopic
visualization system and standard 2d endoscopy.
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Figure 1: Diagrammatic view of 3d PIP HDMI visualization
system and standard 2D Endoscopy system.

Inclusion Criteria: All cases of IOL drop and disloca-
tion were included in the study however vitreous hemor-
rhage, endopthalmitis or any retinal pathology were ex-
cluded from the study. The protocol was approved by the
Institution Review board. All the patients or their legal
representatives signed an informed consent form. All the
ten cases of IOL drop were operated by single surgeon.
Five cases (Cases number 1,3,5,7,9) of IOL drop were
operated using standard 2d system and rest five cases
(Cases number 2,4,6,8,10) were operated using 3D-PIP-
HDMI endoscopic visualization system. After each proce-
dure, surgeon completed oxford grading assessment from
grade 1 to grade 4 (Gradel-Excellent; Grade 2: Good;
Grade 3: Moderate and Grade 4:poor) as given in Table
1 for standard 2d endoscopic system and Table 2 for 3D-
PIP-HDMI endoscopic visualization system.

3D-PIP-HDMI Visualization System

There are four primary hardware components to our
endoscopic system station as described in Figure 1,2.

1. An image generation platform 3D-PIP-HDMI (pic-
ture in picture/Zoom) visualization system (MPZ-
2000, Medicalproductzone) with a remote control.

Figure 2: 3D PIP HDMI endoscopic visualization System.
Black arrow 1:3D (Three Dimensional) PIP ( picture in pic-
ture) Endoscopic Visualization System. Black arrow 2: It
is a Video recorder. Black arrow 3: It is a Remote Control
for 3d PIP HDMI visualization system. Black arrow 4: LED
Monitor. Black arrow 5: Endoscopic Unit.



Ret-Vit 2015;23:301-307

Bhinder 303

2. Polarize glasses that allow the surgeon and assis-
tant to see the 3d view of endoscopic procedure in
LED, Monitor panel.

3. LED, Monitor panel with HDMI port/S-video port.

4. The fourth component required for this applica-
tion is Micro endoscope system (Endooptiks Inc),
which consist of 19 gauge micro endoscope, with a
light source, video camera and video recorder.

The integration of video images from microscope and
endoscope, is accomplished by capturing both the
real time videos from endoscope and surgical Mi-
croscope which is projected in a single LED, moni-
tor Panel at the same time (Figure 3), with the help
of a specially designed 3D-PIP-HDMI visualization
system(MPZ-2000, Medicalproductzone) which gen-
erates two halves on the left and right, with the en-
tire frame for the left eye scaled down horizontally
to fit the left half of the frame, and the entire frame
for the right eye scaled down horizontally to fit the
right side of the frame with Picture in Picture (PIP)
technology. These pictures are processed and super-
imposed by 3D PIP visualization system hardware
which is best viewed by wearing polarized glasses.
Viewing angled of the monitor and the surgeon was
kept less than 15 degree with distance of 5 feet for 22
inch LED, monitor.

The viewing displayed, could be switched between
real time 2D or 3D video along with PIP (Picture in
Picture) along with zoom feature with the help of a
wireless remote control which enables the surgeon
to view both the images.3D-PIP-HDMI Visualization

System is exclusively designed to provide more clear
images of micro endoscope. It furthers, helps to elimi-
nate honeycombing layer digitally without any time
lag and no complicated setting is required, as it has
preset function.

Surgical Technique

All surgeries were performed at one institution by a
single surgeon between May 2013-April 2014. Briefly,
it was performed as follows: All the procedures were
performed using peribulbar anesthesia under moni-
tored anesthesia care. Two small, localized peritomies
were created supero temporally, supero medially. Self
maintaining 20 gauge infusion line was placed fol-
lowed by two'® gauge sclerotomies which were created
3.5 mm posterior to the surgical limbus one for micro-
endoscope another for vitrector. The 19 gauge micro-
endoscope probe was checked before placing it in the
eye and a clinically adequate image was obtained with
the probe before its insertion into the eye (Figure 3).
Vitrectomy was done using 20 gauge vitrector. In all
the cases just before grasping the IOL, irrigation infu-
sion line was stopped.? gauge microforcep was used to
grasp IOL in all the cases. Dislocated IOL was placed
in the ciliary sulcus. After the procedure sclerotomies
sites were closed with 7 o vicryl suture.

Statistical Analysis

All statistical data was recorded on a spreadsheet
and analyzed using Microsoft Excel (Office 2007) and
Statistica (StatSoft) the various limitation factors
were compared in all cases of standard 2d endoscopy
and 3d endoscopy by using the K-Means Hierarchical
Clustering, Joining Test (Table 3 and Figure 6).

Figure 3: Set of Endoscopic view (ES01) and microscopic view (MSO01) for the Right&left eye (Side by side view). In (ES01) IOL is
grasped by the microforcep; In (MS01) microscopic view endoscope shaft, microforcep and infusion line can be seen.
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RESULTS

In present study evaluation of eight (8) limitations
were done using oxford Grading system in 2d view-
ing system (Table 1) and 3D-PIP-HDMI visualization
endoscopic system (Table 2) in all the cases, which
are summarized in table 1, 2, and figure 4, 5. Further,
all the statistical data was compared by using the K-
Means Hierarchical Clustering, Joining Test (Table 3
and Figure 6).

3D-PIP-HDMI visualization endoscopic
excellent orientation of monitor, hand eye coordi-

showed

nation, stereoscopic vision, quality of image, error
in grasping the IOL, head turning as compared to
standard 2d endoscopy viewing system cases which
was highly statistical significant (P<0.0024). How-
ever the study did not show any statistical signifi-
cant relation in regards to field of view and Quality
of Image during Head movement in both 2D and 3D
endoscopic viewing systems.

Table 1: Standard 2D endoscopy system result.

DISCUSSION

It is well established that while doing standard 2d
endoscopic procedure one loses stereopsis.’®!82! It has
been established in previous studies'”*® that there is
definitely a learning curve for the surgeon due to lack
of stereopsis in the 2D endoscopy system. The single
screen video monitor does not provide any stereoscop-
ic information.

The surgeon could only accurately place the video
monitor in space; as the location of the original image
is an unknown. The resultant image on the monitor
contains no spatial information of microscopic view,
and no concept of hand eyes coordination.

Even with the use of a high-resolution monitor by
some authors? failed to overcome the limitations of
2d endoscope system as steep learning curve, limit-
ed field of view, lack of stereopsis. However the role
of 3D PIP-HDMI visualization system has helped
to see both stereo-endoscopic as well as microscop-
ic view in the same monitor in the present study.

Orientation Hand eyes Field of ?.uality ?l.lality Error in H
C No. f the coordina- e G ol images ot = Stereopsis aspin; ea}d
ases No. o S P grasping
. . view (color/ during head turning
monitor tion the IOL
contrast) movement
1 4 4 2 3 3 4 4 3
3 4 4 2 3 3 4 4 3
5 4 4 2 3 3 4 4 3
7 4 4 2 3 3 4 4 3
9 4 4 2 3 3 4 4 3
Oxford grading assessment 1-4 (1; Excellent, 2; Good, 3; Moderate 4; poor).
Abbreviation Explanation
2D Two Dimensional.
Table 2: 3D PIP HDMI endoscopic system result.
3 3 Quality Quality .
C Pemin el eyes Field of of images of images 3 Error. m Head
ases No. of the coordina- " 5 Stereopsis grasping .
A A view (color/ during head turning
monitor tion the IOL
contrast) movement
2 1 1 2 1 3 2 1 1
4 1 1 2 1 3 2 1 1
6 1 1 2 1 3 2 1 1
8 1 1 2 1 3 2 1 1
10 1 1 2 1 3 2 1 1
Oxford Scoring 1-4 (1; Excellent, 2; Good, 3; Moderate 4; poor).
Abbreviation Explanation
3D Three Dimensional
PIP Picture in Picture
HDMI High-Definition Multimedia Interface
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Figure 4: Line chart showing various parameters results in ca-
ses 1,3,5,7,9 with standard 2d endoscopy system result. Oxford
Grading system was distributed as follow: Grade 1;Excellent,
Grade 2; Good, Grade 3; Moderate and Grade 4; poor.

To the best of our knowledge this is the first study on
the 3D-PIP-HDMI endoscopy viewing system incor-
porated in endoscopic IOL Drop management and it
overcomes the problems related to the standard 2D
endoscopy procedures.

This study furthers evaluated 3D-PIP-HDMI endo-
scopic visualization system and standard 2D endos-
copy in ten cases since May, 2013 and April 2014. Our
oxford grading assessment in present study demon-
strated the advantages of 3D over 2D visualization
system. 3D-PIP-HDMI endoscopic visualization sys-
tem improved the performance and visualization of
the surgeon and solved the worldwide limitations 15-
21 of standard 2D endoscopy, which are listed in the
table 1, 2, 3 and Figure 4-6. In a present study, we
noted that the grading was consistent in all the cases
for each limitation as limitations were independent of
patient factor which was highly statistical significant
(P<0.0024).

In 2D endoscope viewing system surgeon has to switch
from the microscope view to the endoscope monitor
view or vice versa as the result of which orientation of
the monitor and hand eye coordination is poor (Grade
4) in all the cases but there was excellent improve-
ment (Grade 1) in orientation of the monitor, hand
eyes coordination with 3D-PIP-HDMI endoscopic vi-
sualization system. The surgical orientation during
surgery was enhanced because of the visualization of
both endoscopic and microscope view at the real time,
in a single display, which was possible with the help
of the 3D-PIP-HDMI endoscopic visualization sys-
tem. Because this, the advantages of both the devices
can be exploited simultaneously. This allowed us to
use the endoscope as an assistant to the microscope
in an efficient way.

3D PIP HOMI ENDOSCOPIC SYSTEM RESULT
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Figure 5: Line chart showing various parameters results in ca-
ses 2, 4, 6, 8,10 with 3D PIP HDMI endoscopic system. .Oxford
Grading system was distributed as follow: Grade 1; Excellent,
Grade 2; Good, Grade 3; Moderate and Grade 4; poor.

30 Sequential Graph (2030.5TA 8v*10¢)

Figure 6: 3D Sequential graph of all cases.

To get the best and most realistic 3D experience, surgeon
would match viewpoint and viewing angle to that of the
monitor as closely as possible. In our study viewing angle
of Monitor and surgeon was kept less than 15 degree
with distance of 5 feet for 22 inch LED, monitor because,
as surgeon start to move farther from the screen, the 3D
image will look the little strange to the surgeon as brain
tries to make sense of the images it is receiving. This is
because the brain expects to see a side view or angled
perspective of the 3D scene when it is viewing it at an
angle. Instead, it still perceives the head-on view (or the
camera view) while viewing the display and the 3D scene
at an angle. This results in an uncomfortable and less
realistic 3D experience to the surgeon. Therefore, we
minimized the viewing angle to less than 15 degrees in
3D-PIP-HDMI endoscopic visualization system.
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Table 3: K-means hierarchical clustering joining results.

[10 cases with 8 variables] Signif. P Standard
2D Endoscopic system (Cases 1, 3, 5, 7, 9) 3D Endoscopic system (Cases 2, 4, 6, 8, 10) value
ORIEN- COORDI- FIELD_ CONT- BLUR- STERE- H_TUR-
T o S o e A ERRORS P <0.05 Mean Deviatn.

Case 1 4 4 2 3 3 4 4 3 0.670412064 3.5 0.577350259
Case 2 1 1 2 1 3 2 2 1 0.00245234 1 0
Case 3 4 4 2 3 3 4 4 3 0.670412064 3.5 0.577350259
Case 4 1 1 2 1 3 2 2 1 0.00245234 1 0
Case 5 4 4 2 3 3 4 4 3 0.670412064 3.5 0.577350259
Case 6 1 1 2 1 3 2 2 1 0.00245234 1 0
Case 7 4 4 2 3 3 4 4 3 0.670412064 3.5 0.577350259
Case 8 1 1 2 1 3 2 2 1 0.00245234 1 0
Case 9 4 4 2 3 3 4 4 3 0.670412064 3.5 0.577350259
Casel0 1 1 2 1 3 2 2 1 0.00245234 1 0

Oxford Scoring 1-4 (1; Excellent, 2; Good, 3; Moderate 4; poor).
Abbreviation Explanation

1: ORIENTAT : Orientation of the monitor

2: COORDINA : Hand eye coordination

3: FIELD_OF : Field of view

4: CONTRAST : Quality of images (colour/contrast)

5: BLURRING : Quality of images during head movement (Blurring/Focusing)
6: STEREOPS : Stereopsis

7: ERRORS : Number of errors due to Stereopsis

8: H_ TURNIN : Head turning

In this study it was evaluated that the field of view
was same in both 2d and 3d viewing system. It de-
pends on the distance between the target and tip of the
endoscope, if you go closer to the target, field of view
decreases if go away or keep it near sclerotomy site
the field of view increases (panoramic view).Further
with inbuilt zoom function in 3D-PIP-HDMI viewing
system we could zoom image with the help of remote
control whenever necessary during the procedure. 3D-
PIP-HDMI system improved the normal displays with
respect to color and contrast of the image.

Blurring is one of the most frequent distortions in en-
doscopic images. It is of two types, one is; focus blur-
ring which is mainly caused by a wrong distance of
the camera to the intraocular tissue which can be con-
trolled by the focusing knob. Second types is, motion
blurring, which is either caused by rapid movement
of the endoscope or during head movement or head
turning. In our study, we found blurring of the im-
ages during head movement was moderate in all the
cases in 3D because of Polarized glasses eye strain.
Blurring of Images in 2D view was also noted to be
moderate (Grade3) during head movement because of
frequent head turning to see microscopic view then
switching over to see endoscopic view in the monitor.

Some authors?! reported that viewing a remote monitor
may be foreign, which can be adapted with practice and
appropriate bedside positioning of the monitor, which
minimizes the head turning. However in our study with

the help of 3D PIP (Picture in Picture) HDMI visualiza-
tion system, there was hardly any head turning as, both
endoscopic view and microscopic view are projected in a
single LED monitor in 50:50 ratio whereas in 2D view-
ing method which lacks microscopic view in the screen,
head turning was more frequent.

3D-PIP-HDMI endoscopic visualization system sig-
nificantly improved the stereoscopic vision (Grade 2)
whereas there was lack of stereopsis (Grade 4) in 2D
endoscopic viewing system. In other study? the au-
thor grasped the dislocated IOL and repositioned it
in the ciliary sulcus under endoscopic control due to
lack of stereopsis perfluorocarbon liquids (PFCL) was
used to prevent any injury or hand errors but in this
present study 3D-PIP-HDMI system helps to achieve
Correct grasping of Dropped IOL over retina or lat-
erally hanging IOL over pars plana as stereopsis was
excellent where, as in 2D endoscopic viewing system,
there were more errors to grasp the IOL with the mi-
croforcep due to lack of stereopsis. Further we noted
that Instrument positioning or handling was excel-
lent in 3D PIP mode.

The main advantage of the endoscopic techniques
include clear visualization of the anterior retropu-
pillary and peripheral intraocular anatomy like iri-
docapsular and intercapsular spaces, ciliary sulcus,
peripheral retina, and vitreous base unmatched by
other methods.?* The detailed and magnified views of
the peripheral intraocular structures provided by 3D
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endoscopy allow a precise repositioning of the hap-
tics of the dislocated IOL under direct visualization.
In addition, the endoscope enables rapid detection of
small lens fragments or entangled IOL haptic under-
neath iris or iridociliary angle which is not possible
with standard pars plana surgery using best biome or
wide angle vitrectomy lens.

CONCLUSION

3D PIP HDMI Visualization system provides real-
time, high-resolution binocular Depth perception. Ex-
cellent orientation of monitor, hand eye coordination,
stereoscopic vision, quality of image, error in grasp-
ing the IOL, head turning were obtained which were
highly statistical significant (P<0.0024) in 3D PIP
HDMI visualization system as compared to standard
2D endoscopy viewing system.
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