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Abstract: Purpose: To assess the utility of the 3D viewing system in tilted microscope positions for the
performance of cataract surgery in challenging positions, for patients with difficulty remaining supine.
Methods: Prospective, single-center, single-surgeon, consecutive case series of patients undergoing
surgery in an inclined position. Results: 21 eyes of 15 patients who had undergone surgery at inclined
positions at angles of 20◦ to 80◦, with a mean angle of 47.62◦. Surgeon comfort was considered to
be globally good. The surgeon rated red reflex perception and the impression of depth as good and
stable in all cases. The operating time was slightly longer for patients inclined at angles of more than
50◦. On the first day after surgery, BSCVA was 20/25 or better in all cases. No ocular complications
occurred in any of the interventions. Conclusions: Due to the ocular-free design of the 3D system, the
surgical procedure and the positioning of the surgeon remained almost identical to that for patients
undergoing surgery in a supine position, maintaining the safety of the standard surgical approach.

Keywords: cataract surgery; tilted microscope positions; 3D viewing system; patients unable to
lie flat

1. Introduction

Ocular surgery is usually performed in patients lying in a supine position with the
surgical microscope perpendicular to the surgical plane.

However, this usual position may not be possible if the patient cannot remain in a
supine position due to medical conditions. Rotating the optical axis of the microscope
perpendicular to the eye is one possible solution for such procedures in patients under-
going surgery in an inclined position [1–4]. However, it is very challenging to perform
surgeries when the microscope rotation exceeds 30◦ in practice, because a greater rotation
is incompatible with the posture of the surgeon, who needs to be able to look through the
microscope oculars during surgery.

The three-dimensional (3D) digital visualization system was recently evaluated and
shown to be safe for ocular surgery [5–7]. The ocular-free design of the 3D system makes it
possible for the surgeon to adopt a much more ergonomic posture during surgery and may
release the limitations on the axis of the microscope rotation.
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In this study, we report the utility of the 3D viewing system in tilted microscope
positions for cataract surgery in challenging positions in 15 consecutive patients unable to
remain in a supine position.

2. Surgical Technique

This report included consecutive patients undergoing cataract surgery in an inclined
position for medical reasons, at Guillaume de Varye Hospital (Bourges, France) between
January 2021 and November 2021. These patients were either unable to remain in a supine
position or found this position very uncomfortable. The study was approved by the
ethics committee of our institution and was performed in accordance with the Declaration
of Helsinki.

All the interventions were performed by the same experienced surgeon (O.S.) with
the Constellation® (Alcon Surgical, Ft. Worth, TX, USA) surgical system and the 3D digital
visualization system (NGENUITY®, Alcon, Fort Worth, TX, USA), connected to a (Lumera
700 Carl Zeiss Meditec, Jena, Germany) microscope.

All the operations were performed under topical anesthesia. The patients were lying
in a standard reclining cataract surgical chair, the back of which was reclined to a position
in which the patient felt comfortable, to ensure that the surgical conditions were good.

The surgical chair was lowered as much as possible, to ensure that the patient’s eye was
located at about the generator cassette level. Depending on the angle at which the patient
was tilted, the microscope was tilted such that it was parallel to the eye and its optical axis
was perpendicular to the surgical plane, providing good visualization (Figure 1).
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and conquer technique (Video S1 Supplementary Material). 

Figure 1. Patient suffering from orthopnea undergoing cataract surgery in an inclined position. The
microscope was tilted perpendicular to the surgical plane.

The surgeon sat, as usual, behind the patients and a 2.2 mm principal corneal incision
was made in the superotemporal quadrant for right eyes, and in the superonasal quadrant
for left eyes, avoiding the eyebrow (Figure 2). The nucleus was emulsified by the divide
and conquer technique (Video S1 Supplementary Material).
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Figure 2. Surgeon positioning behind patients who underwent cataract surgery in inclined positions
((a): patient inclined in a 30◦ position. (b): patient inclined in a 65◦ position).

Pre-operative cataract grading was assessed according to a simplified nuclear classifi-
cation score based on the posterior nuclear color appearance [8].

Red reflex perception, the impression of depth, the operating time, the need for corneal
suture, operative complications, and surgeon comfort (scale: 1–3; 1: comfortable, 2: mild
discomfort, 3: uncomfortable) were assessed with a questionnaire.

3. Results

In total, 21 eyes from 15 patients were enrolled in the study (Table 1). Most of these
patients (9/15) had degenerative spinal disorders.

Table 1. Clinical characteristics and outcomes of patients who underwent cataract surgery in in-
clined positions.

Patient Side Age
(Years) Comorbidity Cataract

Grading
Preoperative

BCVA
Patient

Inclination
(Degrees)

Surgery
Duration
(Minutes)

Impression
of Depth

Red
Reflex

Perception
Surgeon

Comfort *
1 Day after

Surgery
BCVA

1 R 91 Orthopnea 3 20/70 50 16 Good Good 1 20/20

2 R 82 Positional
Vertigo 2 20/50 40 12 Good Good 1 20/20

2 L 82 Positional
Vertigo 2 20/50 40 11 Good Good 1 20/20

3 L 75 Back pain 4 20/100 30 10 Good Good 1 20/25

4 R 54 Neck pain 2 20/40 45 10 Good Good 1 20/15

4 L 54 Neck pain 2 20/50 45 12 Good Good 1 20/15

5 R 69 Orthopnea 3 20/70 70 15 Good Good 2 20/25

5 L 69 Orthopnea 2 20/50 70 16 Good Good 2 20/25

6 R 72 Orthopnea 2 20/40 80 17 Good Good 2 20/20
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Table 1. Cont.

Patient Side Age
(Years) Comorbidity Cataract

Grading
Preoperative

BCVA
Patient

Inclination
(Degrees)

Surgery
Duration
(Minutes)

Impression
of Depth

Red
Reflex

Perception
Surgeon

Comfort *
1 Day after

Surgery
BCVA

7 R 78 Back pain 2 20/50 60 17 Good Good 2 20/25

8 R 80 Neck pain 2 20/50 20 9 Good Good 1 20/25

8 L 80 Neck pain 2 20/40 20 9 Good Good 1 20/20

9 R 59 Back pain 4 20/100 35 11 Good Good 1 20/25

10 R 74 Orthopnea 4 20/100 65 18 Good Good 2 20/25

11 R 83 Neck pain 3 20/70 35 10 Good Good 1 20/25

11 L 83 Neck pain 3 20/70 35 9 Good Good 1 20/25

12 R 75 Neck pain 2 20/50 40 12 Good Good 1 20/15

12 L 75 Neck pain 2 20/50 40 12 Good Good 1 20/15

13 R 81 Orthopnea 2 20/30 65 15 Good Good 2 20/15

14 L 68 Back pain 2 20/50 55 15 Good Good 1 20/20

15 L 77 Positional
Vertigo 3 20/70 60 16 Good Good 2 20/25

BCVA: Snellen best corrected visual acuity. * Surgeon comfort was assessed with a questionnaire (scale: 1–3;
1: comfortable, 2: mild discomfort, 3: uncomfortable).

Patients were inclined at angles of 20◦ to 80◦, with a mean angle of 47.62◦. The surgeon
considered red reflex perception and the impression of depth to be good and stable in all
cases, as in surgeries performed with patients lying flat. No ocular complications occurred
in any of the interventions. None of the patients required corneal suture. Operating time
was slightly longer for the patients inclined at angles of more than 50◦ (p < 0.01).

Surgeon comfort was rated “1” (comfortable) in all cases in which the patient was in-
clined at less than 60◦ and “2” (mild discomfort) for patients inclined at angles exceeding 60◦.

On the first day after surgery, BSCVA was 20/25 or better in all cases.

4. Discussion

In this series, we evaluated the facilitating role of the ocular-free design of the 3D
visualization system to the performance of surgeries in unusual challenging positions using
the microscope rotation, in cataract surgery on patients unable to remain supine.

Microscope tilting is used in other indications in patients undergoing operations in
a supine position. Indeed, by displacing the angle of view, this technique allows the
visualization of the trabecular meshwork in stent implantation or the extension of the
peripheral retinal view in retinal surgery [9,10].

At high angles of standard microscope rotation, the surgeon becomes very uncom-
fortable and must change his posture and modify the surgical approach, sometimes even
modifying the location of the incision, which may increase the risk of operative complica-
tions. In a series of 32 eyes, Richard et al. reported the results for a face-to-face upright
seated position for cataract surgery in patients who cannot lie supine, with the surgeon
either seated or standing, and facing the patient [2]. Inferior, temporal or inferotemporal
corneal incisions were made. Capsular rupture occurred in two cases, with nucleus drop.
The authors considered this surgical positioning technically challenging and recommended
its use only by experienced surgeons. Muraine et al. recently reported a series of four eyes
in which face-to-face phacoemulsification was performed, with a slit lamp and the surgeon
sitting facing the patient and performing a temporal incision [11].

In our series of 21 eyes, due to the ocular-free design of the 3D system, the surgical
procedure and the positioning of the surgeon for patients undergoing cataract surgery in
an inclined position remained almost identical to that for patients undergoing surgery in a
supine position. The safety of the standard surgical approach was, therefore, maintained.

Within the eye, the quality of visualization, the impression of depth and red reflex percep-
tion were considered to be very good and similar to those in standard operating conditions.
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A fast and good visual recovery was recorded in all cases on the first day after surgery.
The good visualization conditions and the perceived depth of field may have ensured the
safety of intraocular maneuvers, accounting for this result.

In conclusion, we reported here the facilitating role of the ocular-free design of the 3D
system for the performance of ocular surgery in unusual challenging positions in patients
who are unable to lie flat. This system makes it possible to maintain the usual position and
the safety of the standard surgical approach in such challenging conditions.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/jcm11071865/s1, Video S1: Video highlighting the surgeon’s installation and
the surgical procedure in a patient who underwent cataract surgery in an inclined position.
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