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Abstract 
Introduction 

Phacoeresis is the procedure through which the lens is surgically removed 
to treat cataracts. A corneal endothelial loss is a recognized sequel. Although 
several factors associated with this harm have been described, the surgeon’s 
prior experience has been scarcely evaluated. 

Objectives 

To assess the association between the surgeon’s experience and other varia-
bles associated with a corneal endothelial cell loss in the context of phacoer-
esis. 

Methods 

Clinical records of 198 patients undergoing cataract operations were pro-
spectively reviewed. The experience of the surgeon and other variables were 
recorded, including cumulative dissipated energy, viscoelastic type, the use 
of trypan blue, amount of fluidics, ultrasound time, combined phacoemul-
sification energy, and pre- and postoperative corneal endothelial cell 
counts. 

Results 

No differences were observed in the postoperative corneal endothelial cell count between surgeons with more or less than five years 
of experience. Nevertheless, ophthalmologists with more than five years’ experience used less trypan blue, but more cumulative 
dissipated energy in each procedure, while less experienced ophthalmologists used less fluidics. 

Conclusions 

Although there were differences in the surgical management regarding the surgeons’ experience in factors known to influence corneal 
endothelial cell loss, no differences in endothelial cell loss were observed as an outcome. 
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Introduction 
It is estimated that 285 million people worldwide have some de-
gree of visual disability, of which 33% is caused by cataracts1. This 
pathology is estimated to be the second highest costing visual dis-
order2. Data from the Chilean National Health Survey report a 
prevalence of 4.5%, reaching up to 23.9% in older adults3. 

The treatment for cataracts consists in the surgical extraction of 
the lens (phacoeresis), an effective and safe procedure, where it is 
imperative that the integrity of the capsule and the corneal endo-
thelium is preserved4-7. Phacoeresis can be associated with an ad-
ditional loss of corneal endothelial cells per se, beyond the physio-
logical loss, which ranges from 0.6% to 2.5% per year8-10. When 
the corneal endothelium count drops below 500-700 cells per 
square millimeter, edema occurs, triggering loss of visual acuity 
associated to bullous keratopathy8,11,12. 

The most widely used form of phacoeresis, phacoemulsification, 
consists in the emulsification of the lens using ultrasonic fre-
quency5,13, which is also used in refractive surgery. Ultrasonic en-
ergy may be expressed in different ways, such as cumulative dissi-
pated energy, a combined estimator that associates the power of 
ultrasound longitudinal/torsional energy with time14. Several au-
thors have described an association between cumulative dissipated 
energy and corneal endothelial cell loss linked to phacoemulsifica-
tion15-17. 

In addition to cumulative dissipated energy, other variables related 
to the surgical procedure might influence endothelial cell loss, in-
cluding the surgical technique, the type of cataract, the use of 
staining elements such as trypan blue, the age of the patient, the 
type of viscoelastic used to protect the endothelium, the position 
of the phaco tip18, as well as prior cell density of the cornea19,20. 
However, a variable not explored in the literature to date is previ-
ous experience of the surgeon. The objective of the present study 
is, therefore, to determine the association between the surgeon ex-
perience and endothelial cell loss in the context of variables asso-
ciated with cataract surgery known to influence this outcome. 

Methods 
Clinical records of 198 cataract surgeries at the Ophthalmology 
Service of the Carlos van Buren Hospital, Valparaíso, between 

March and September 2015, were prospectively reviewed. The 
study protocol was approved by the Institutional Review Board of 
the Valparaíso-San Antonio Health Service (Act Nº27, 2017). El-
igibility criteria were: 1) patients over 18 years; 2) Phacoheresis 
performed with monofocal intraocular lens in the capsular bag; 3) 
Endothelial cell count performed by specular microscopy prior to 
the procedure and at 90 days following the procedure; 4) Pre-op-
erative endothelial count over 1,500 cells per square millimeter. 
Exclusion criteria were: 1) Patients with any other type of ocular 
pathology; 2) Those with intraoperative lesions of the corneal en-
dothelium; 3) Rupture of posterior lens capsule; 4) Small pupil 
that requires for some intervention to increase the diameter; 5) 
Pediatric or secondary cataract; 6) Surgeries performed by resi-
dents in ophthalmology; 7) Patients with incomplete data in the 
clinical record. 

All patients underwent surgery with the same phacoemulsification 
system, phaco tip, balanced salt solution as irrigating solution and 
anesthetic eye drops of proparacaine (only in particular cases in-
tracameral anesthesia was applied). The surgical technique was de-
fined by the surgeon according to the individual characteristics of 
each patient. In case of a poor pupillary red reflex, intracameral 
trypan blue through air bubble was used in order to stain the an-
terior lens capsule in all patients. In included cases, intracameral 
antibiotic was not used as prophylaxis of post-operative endoph-
thalmitis. None of the patients were pre-medicated during the 
days before the intervention and, after that, all received a tobra-
mycin/dexamethasone regime for 14 days at least. 

The following variables were evaluated with respect to the sur-
geon’s experience (greater or less than 5 years): type of cataract 
(according to Lens Opacities Classification System III, LOCS III), 
cumulative dissipated energy, type of viscoelastic, use of trypan 
blue, amount of fluidics, total time of ultrasound and combined 
phacoemulsification energy. The outcome variable was cell loss at 
90 days (difference between pre- and post-surgical endothelial cell 
count). Additionally, the proportion of eyes that lost more than 
500 cells per square millimeter was determined. 

For the descriptive statistics, absolute and relative frequencies, 
proportions and averages with standard deviation are reported. 
For inferential analyses, Student's T was used for numerical varia-
bles and Fisher's exact test for categorical variables. A p-value 

Key ideas  
• Ophthalmologist’s experience in relation to endothelial cell loss during phacoheresis has been scarcely studied. 
• Ophthalmologists with more than five years of experience used less trypan blue, while those fewer experienced applied lower cumu-

lative dissipated energy. 
• No intergroup differences associated with post-operative endothelial cell count were found. 
• Further research is needed in order to study the influence of phacoemulsification technique and other clinically relevant outcomes. 
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lower than 0.05 was considered statistically significant. Data anal-
yses were performed using Stata 15 software (StataCorp, Texas, 
USA). 

Results 
One hundred and ninety-eight eye records corresponding to 158 
patients undergoing cataract operation were included. The average 
age was 74.1 ± 8.5 years. The characteristics of included patients 
are shown in Table 1. 

Table 1. Characteristics of patients included in the study. 

 N=198 
Sex  
Women 135 
Men 63 
Eye  
Right 99 
Left 99 
Pre-operative endothelial cells / mm2 2.290.1 ± 376 

mm2: square millimeter 

One hundred and twelve surgeries were performed by ophthal-
mologists with greater than five years of experience, while 86 were 

performed by surgeons with less than five years of experience (Ta-
ble 2). No differences were observed in terms of age, gender or 
type of cataract among patients grouped by surgeon’s experience. 
There was no difference in global endothelial loss (p = 0.1945) 
between surgeons with more than five years of experience com-
pared to those with less than five years of experience (446.17 ± 
342 cells per square millimeter and 511.1 ± 354.8 cells per square 
millimeter respectively, p = 0.1945). One patient presented a 
count of 700 cells per square millimeter at 90 days. 
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Tabla 2. Variables evaluadas según experiencia del oftalmólogo. 

 Ophthalmologists > 5 years Ophthalmologists < 5 years p-value 
Total (N) 112 86  
Variables of patients and cataracts Average Average  
Average age of patients 74.7 ± 8.9 73.3 ± 7.95 0.248 
Female 76 (67.9%) 59 (68.6%) 0.518 
Type of cataract    

LOCS < 4 75 65 0.21 
LOCS ≥ 4 37 21 0.21 

Right or left eye    
Right eye 54 45 0.667 
Left eye 58 41 0.667 

Pre-operative endothelial count 2,219.8 ± 402 2,381.5 ± 317 0.0025 
Variables of surgery Ophthalmologists > 5 years Ophthalmologists < 5 years p-value 
Use of 1% sodium hyaluronate + 3% hyaluronate and 4% chon-
droitin sulfate viscoelastic 

36 (18.2%) 36 (18.2%) 0.181 

Use of 3% sodium hyaluronidate + 4% chondroitin sulfate vis-
coelastic 

74 (37.3%) 40 (20.2%) 0.009 

Use of 1.2% sodium hyaluronate 1 (0.5%) 8 (4%) 0.011 
Use of other combinations of viscoelastic 1 (0.5%) 2 (1%) 0.058 
Use of trypan blue 55 (49.1%) 81 (94.2%) <0.001 
Cumulative dissipated energy applied (%-s) 25.5 ± 17.3 21.3 ± 11.6 0.0268 
Ultrasound time (s) 107.2 ± 60 95.6 ± 43.4 0.1325 
Torsional phaco 18.89 ± 6.6 18.12 ± 5.4 0.386 
Fluidics (mm3) 75.36 ± 26.08 92 ± 47.64 0.002 
Variables of surgery outcome  Ophthalmologists > 5 years Ophthalmologists < 5 years p-value 
Post-operative endothelial count 1.784.7 ± 519.1 1,879.8 ± 458.6 0.181 
Endothelial loss over 500 cells/mm2 46 (41.1%) 39 (45.4%) 0.565 
Endothelial loss 446.17 ± 342 511.1 ± 3 54.8 0.1945 
LOCS: Lens Opacities Classification System 
s: second 
mm3: cubic millimeter 
mm2: square millimeter 

 

The viscoelastic that was most commonly used by both groups of 
ophthalmologists was 3% sodium hyaluronate plus 4% chon-
droitin sulphate, followed by 1% sodium hyaluronate plus 3% hy-
aluronate and 4% chondroitin sulfate: there was no difference in 
global endothelial loss between the patients who received one type 
of viscoelastic or the other. 

The cumulated dissipated energy estimated for ophthalmologists 
with more than five years of experience was 25.5 ± 17.3%-s, while 
the group with fewer experience reached an average of 21.3 ± 
11.6%-s, a significant difference (p = 0.0268). 

The use of fluidics by ophthalmologists with more than five years 
of professional practice was 75.36 mL ± 26.08, while those less 
than five years used on average 92 mL ± 47.64 (p = 0.002). 

Use of trypan blue was significantly higher amongst ophthalmol-
ogists with less experience (p < 0.001). Regarding the endothelial 
cell loss usually associated to its use, the patients who received try-

pan blue had a cell loss on average 513 ± 352 cells per square mil-
limeter, compared to 388 ± 325 cells per square millimeter in 
those who did not (p = 0.019). 

Regarding the remaining variables, no differences among groups 
were found. There were not complications related to the use of 
trypan blue, neither to other procedures. 

Discussion 
In the present study, we found no impact of ophthalmologist ex-
perience on post-phacoeresis endothelial cell loss, nor on loss 
greater than 500 cells per square millimeter at 90 days. Although 
there have been no studies comparing post-operative results ac-
cording to surgeon experience, it might be argued that surgeons 
with less experience may cause greater cell loss, but it has not been 
corroborated by this research. The present result might have been 
achieved as a consequence that less experienced ophthalmologists 
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operated less complex cataracts, however, the LOCS III classifica-
tion regarding the type of cataract was comparable amongst the 
procedures assigned to both groups. 

Some procedural differences were detected among the experience-
based groups: ophthalmologists with more than five years of expe-
rience used more 3% sodium hyaluronate plus 4% chondroitin 
sulphate viscoelastic than their less experienced colleagues (p = 
0.006). A possible interpretation is that this type of viscoelastic has 
a lower cost and greater availability in public hospitals, so it might 
be elected by surgeons with greater experience. This viscoelastic 
presents properties that could reduce the efficiency of the opera-
tive procedure, since the cohesive and dispersive characteristics are 
favorable for the mixed type. Despite this, it becomes necessary to 
consider that this election may be conditioned by the availability 
at the moment of the surgery. 

A relevant finding in our study was that ophthalmologists with 
more than five years’ experience apply greater cumulative dissi-
pated energy compared to their less experienced colleagues, which 
could expose patients to an increased risk of corneal edema15,16. In 
turn, the more experienced group used trypan blue in a very small 
proportion of patients (p < 0.001), probably due to a reduced need 
to identify the anterior capsule by staining. Greater use of cumu-
lative dissipated energy and reduced use of trypan blue by experi-
enced surgeons may have generate a compensatory phenomenon 
that would explain comparable final cell loss between the two 
groups, especially considering that both variables have been asso-
ciated with post-surgical endothelial cell loss. In our study, the use 
of trypan blue was not related to complications, although several 
publications have associated its use to toxicity in animal21 and cell 
culture models22, as well as vitreous spots23. Indeed, amongst pa-
tients in whom trypan blue was applied there was a significantly 
greater loss of endothelial cells than in those in whom it was not 
used (p = 0.019). 

Another important variable in the postoperative results is fluidics. 
High fluidity values during interventions produce turbulence in 
the anterior chamber, which can trigger damage to endothelial 
cells, producing post-operative inflammation and increasing the 
thickness of the central macula24-26. In the present analysis, oph-
thalmologists with less than five years’ experience used more flu-
idics, which could have been compensated by the lower use of cu-
mulative dissipated energy, explaining the observed endothelial 
cell count. A similar situation was observed in a randomized clin-
ical trial carried out by Sudeep Das and colleagues, where it was 
determined that in the group where lower cumulative dissipated 
energy had been applied, higher fluidics were used during sur-
gery27. 

One of the limitations of the present study is that preferential use 
of some viscoelastics may have been determined by availability at 
the time of the procedure, so might not necessarily depend on 
ophthalmologists’ preference according to their experience. It be-
comes desirable that in the near future other methodological de-
signs are conducted in order to analyze other variables, such as 

surgical technique, the use of drugs inside the chamber, and other 
clinically relevant outcomes, such as corneal edema, visual acuity 
and quality of life after the surgery. 

Conclusion 
In this research, which has an adequate sample size, we contribute 
to the limited knowledge about the clinical results according to 
the surgeon’s experience in a very frequent but scarcely assessed 
type of surgery from this point of view. 

In the present investigation, years of experience of ophthalmolo-
gists were significantly associated with the application of greater 
cumulative dissipated energy, lower use of trypan blue and lower 
use of fluidics during phacoemulsification. Nevertheless, the years 
of experience showed no association with the post-operative cor-
neal endothelial cell loss. 
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