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Abstract: Objective: This study aimed to observe the clinical effects of laser photocoagulation in treating retinopa-
thy of prematurity (ROP), and to explore the influence of anesthesia on the disease prognosis. Methods: The study
involved the retrospective analysis of 312 eyes treated with laser photocoagulation. The prognosis of ROP was
observed, and its relationships with such factors as the gestational age, birth weight, age of onset, gestational age
when firstly performed the laser photocoagulation correction (FPLPC), lesion site, additional lesions, photocoagula-
tion number and anesthetic method used were analyzed. Results: The lesions present in 293 of the eyes completely
resolved, while those of the remaining 19 eyes progressed (lesion regression and progression groups, respectively).
The comparison of the gestational age, birth weight, age of onset, and FPLPC-gestational age between the two
groups showed no statistically significant differences (t = 1.461, 0.088, 1.571, and 1.576, respectively; P > 0.05);
the comparison of the anesthetic method used and the number of additional lesions too showed no significant
differences between the groups (x? = 0.3285 and 0.203, respectively; P > 0.05). The differences in the presence
of lesions in region | and the photocoagulation numbers were statistically significant between the two groups (x> =
18.08, P < 0.05; t = 3.522, P < 0.05, respectively). The FPLPC-gestational age and the photocoagulation numbers
were correlated with the lesion progression after photocoagulation. Logistic regression analysis revealed that AP-
ROP was associated with the progress of the photocoagulation-induced postoperative pathological changes (P =
0.001). Conclusions: Laser photocoagulation is an effective treatment modality for ROP. Employing different anes-
thetic methods does not significantly affect the post-photocoagulation prognosis of ROP.
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Introduction ity rates are important issues being address-
ed in the current development and manage-
ment of Chinese medicine. Effective ways to
prevent ROP-induced blindness are early detec-
tion, early diagnosis, and timely intervention.
Currently, binocular indirect ophthalmoscopic
laser delivery to the retinal avascular zone is
recognized as the best method for treating ROP
[10]. Our hospital used the binocular indirect
ophthalmoscope imaging technology to per-
form retinal photocoagulation on a total of 312
eyes of 160 preterm children with ROP, using a
532-nm semiconductor laser beam, the results

Retinopathy of prematurity (ROP) is a retinal
vascular disease that occurs in preterm chil-
dren, and is an important cause of childhood
blindness [1, 2]. Because of the differences
among the patients in terms of the demograph-
ic characteristics (country, race, and popula-
tion) as well as those in the perinatal care and
screening standards, the incidence and risk
factors of ROP are varying [3-6]. The WHO had
included ROP control in the “2020 plan of
vision” [7]. In recent years, the improvements
in perinatal and neonatal emergency medicine

in our country have continuously increased
the survival rates of the low-birth-weight and
preterm children; consequently, the incidence
and blinding rates of ROP have also corre-
spondingly increased [1, 2, 8, 9]. The improve-
ment of the quality of life of the surviving pre-
term children and lowering of the visual disabil-

of which are presented here.
Material and methods
Subjects

The study involved 160 children with ROP (312
eyes) who underwent indirect ophthalmoscopic
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laser therapy at our hospital between March
2009 and March 2014. Of the 160 children,
101 were male (198 eyes), and 59 were female
(114 eyes); the mean gestational age at birth
was 28.68 + 1.90 weeks (range, 25-34 weeks)
and the mean weight at birth was 1,274.40 +
347.25 g (5680-2,535 g). All of the eyes with
ROP were photographed by experienced oph-
thalmologists using a wide-angle retinal imag-
ing system for children (Retcamll, Massie Re-
search Laboratories Inc., USA), and the loca-
tions of the ROP lesions were recorded in each
case. The binocular indirect ophthalmoscope
and a +20D (diopter) lens were used for screen-
ing the eyes in a dilated state for ROP; when
necessary, a scleral deppressor was used to
observe the entire eye; especially, the develop-
mental state of the peripheral retina and the
lesions were recorded in detail. The ROP was
classified on basis of the International Classi-
fication of Retinopathy of Prematurity (ICROP).
The inclusion criteria, based on the recommen-
dations of the Early Treatment for ROP (ETROP)
cooperative group [6, 7], were: 1) prethreshold
disease type I: phases 1, 2, and 3 of ROP in
region |, accompanied by plus disease; phase
3 ROP in region I, unaccompanied by plus dis-
ease; or phases 2 and 3 of ROP in region II,
accompanied by the plus disease; 2) threshold
lesion: phase 3 ROP for five continuous or eight
intermittent clock-hours, accompanied by plus
disease; 3) plus disease: defined as the pres-
ence of retinal vascular dilation and tortuosity
in the posterior pole for at least two quadrants.
The patients with ROP findings consistent with
the threshold disease and prethreshold dis-
ease type | underwent laser treatment within
24 h, once parental consent was obtained; the
patients with aggressive ROP underwent emer-
gency laser treatment. Of the 160 patients
included in this study, 92 eyes of 46 patients
presented the prethreshold disease type |,
and 220 eyes of 114 patients presented the
threshold disease. This study was conducted in
accordance with the declaration of Helsinki.
This study was conducted with approval from
the Ethics Committee of Zhejiang University.
Written informed consent was obtained from all
participants’ guardians.

Preoperative preparation

The patients were fasted and forbidden any flu-
ids from 4 h before the surgery, during which
intravenous rehydration was administered. The
patients were routinely administered Mydrin
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eyedrops (5 g/L tropicamide and 5 g/L phenyl-
ephrine HCI; Santen Pharmaceutical Co.) for
mydriasis an hour before the surgery (1 drop/
administration at 10 min intervals for a total of
4 times).

Anesthetic preparation

The surgery was performed on the radiation
beds of the care unit. Local anesthesia was
performed using Alcaine eye drops (Alcon Inc.),
and a nasal catheter was inserted for oxygen;
meanwhile, the patient’s stability was moni-
tored by an electrocardiogram (ECG). The pati-
ent’'s head was positioned by experienced
nurses. Thermal insulation of the anesthetized
patient was maintained in the operating room
with a warm-to-touch heating blanket. The body
temperature, blood pressure, heart rate, and
oxygen saturation were routinely monitored. A
0.2 mg/kg solution of midazolam was intrave-
nously administrated, and the concentration of
sevoflurane was adjusted to 6%; the oxygen
flow rate was set at 5 L/min. Tracheal intuba-
tion was performed when the patient’s jaw
relaxed and the breathing significantly decre-
ased after the administration of the sevoflu-
rane inhalant through the mask. During the
surgery, the anesthesia was maintained with
sevoflurane, maintained at a concentration of
3-4%. The oxygen concentration was main-
tained at 21-30%, and the Sp0O2 at 95-98%; a
micro-pump was used to control the amount of
liquid perfusion. The patient’s breathing was
controlled by a breathing machine.

Surgical approach

After the patient’s head was fixed, photocoagu-
lation was performed by binocular indirect oph-
thalmoscopic laser delivery to the retinal ridge
and peripheral avascular area with the assis-
tance of a +20D lens, using the Novus Spectra
high-power 532 laser system (Lumenis Inc.,
USA). The distal peripheral retina was target for
laser photocoagulation using a scleral oppres-
sor. The power of the laser beam was set as
160-220 mW, with a time interval of 0.3 s and
a space interval of 0.3 spots, and a laser burn
of off-white intensity was selected to be appro-
priate for treatment.

Postoperative eye care and follow-up

After surgery, the patients were administered
Cravit eye drops four times a day and TobraDex

Int J Clin Exp Med 2016;9(2):2813-2821



Clinical observation of laser photocoagulation

Table 1. Characteristics of the study groups

hemorrhage, fibrovascular prolif-

Lesion regression

Lesion progression

eration, poor retinal structures,

group Group and the disease progression to 4

Cases (n) 150 10 to 5 phase (partial ort_oftal ret.inal
Eyes (n) 203 19 detachment) were dmded into
sabossogs  Thom3grs i o T e
Gestational age (weeks) 28.70+1.91 27.80 + 1.40 SPSS17.0 statistical software.
Onset age (days) 61.61 £ 22.40 56.00 £ 22.13 According to the prognosis, the
FPLPC-gestational patients were divided into the
Age (weeks) 3718 +3.08 35.60 + 3.57 lesion regression group and the

Birth weight (g)

Anesthesia
Local anesthesia 82 cases
General anesthesia 68 cases

1278.91 + 354.26 1206.40 + 216.90
Photocoagulation spots (spot) 613.99 £ 404.91 976.00 + 748.63

4 cases

lesion progression group, the
gestational age, birth weight,
onset age, firstly performed the

6 cases laser photocoagulation correc-

tion (FPLPC)-gestational age of

ointment two times a day, for a week. All of
the patients were subjected to periodic reviews
at 1 week, 2 weeks, 1 month, 3 months, 6
months, 9 months, 12 months, 18 months,
and 24 months post-treatment by laser photo-
coagulation. The previously mentioned wide-
angle digital retinal imaging system for children
(RetCam Il, Massie Research Laboratories Inc.)
was used for recording the lesion regression or
progression in the retinal vascular and avascu-
lar zones; the retinal vascular dilation, tortuosi-
ty, and regression, as well as the conditions of
the cornea, iris, pupils, and lens were recorded.
The efficacy of the treatment in terms of effect-
ing the regression of the ROP was then evalu-
ated. In cases where the lesion-zones had been
missed during initial treatment and in those
presenting vascular crest development and
non-reduced plus disease within 2 weeks of
the photocoagulation, the treatment was re-
peated.

Data analysis

The children with ROP were grouped into two
groups on the basis of the results recorded at
the last follow-up: the lesion regression (293
eyes of 150 patients) and lesion progression
(19 eyes of 10 patients) groups. The patients
who presented postoperative findings of nor-
mal retinal vessels, regressed vascular ridge
and neovessels, subsided plus disease, normal
retinal anatomical structures, and photocoagu-
lation fusion plaques formed by the pigment
plagues were included in the lesion regression
group. The patients with postoperative vitreous
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the 2 groups were compared
with the two sample mean t test,
the lesion region, extent, anesthesia method,
plus disease of the two groups were performed
the continuously corrected x? test, with P <
0.05 considered as the statistical significance.
The Pearson correlation analysis was applied to
study the factors that were related to the dis-
ease progression after the photocoagulation
surgery.

Results
Characteristics of subjects

In this study, a total of 312 eyes from 160 ROP
patients were enrolled, including 101 boys (198
eyes), and 59 girls (114 eyes); the gestational
age was 25~34 (28.68 + 1.90) weeks, and
the birth weight was 580~2535 (1274.40 +
347.25) g. All the patients underwent 532-nm
semiconductor laser treatment under an indi-
rect ophthalmoscope, and were divided into the
lesion regression group and the lesion progres-
sion group after the treatment according to the
prognosis; the characteristics of the two groups
are shown in Table 1.

Effectiveness analysis of photocoagulation
treatment

Among the 312 ROP eyes, a total of 289 eyes
exhibited complete lesion regression after the
first laser photocoagulation treatment, and
4 eyes exhibited lesion regression after the
2" laser photocoagulation treatment, i.e., the
lesion ridges in the retinal vascular and avascu-
lar zones regressed, there existed no dilation
and tortuosity of retinal blood vessels, the total
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Figure 1. Two days before LP.

Figure 2. One week after LP.

Figure 3. One month after LP.

cure rate was 93.91% (Figures 1-3), and 19 eyes continuously progressed to limited retinal
eyes exhibited lesion progression (6.09%), 7 detachment and underwent vitreoretinal sur-
eyes exhibited partial fibrous proliferation, 12 gery; there existed no intraoperative and post-
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Table 2. Pearson correlation analysis among the ROP prognosis and gender, birth weight, FPLPC-
gestational age, onset age, laser spots and anesthesia method

. FPLPC- Laser Laser ) Acute
. Birth . Onset Anesthesia .
Prognosis Gender . gestational spots spots aggressive
weight . method
age (right eye) (left eye) type
Prognosis 0.055 -0.067 -1.184* -0.122  0.279*  0.263* -0.085 0.317**
Gender 0.100 0.019 0.111 -0.084 -0.132 -0.012 -0.054
Birth weight 0.281* -0.083 -0.251* -0.221* 0.176* 0.044*

FPLPC-gestational age
Onset age

Laser spots (right eye)
Laser spots (left eye)
Anesthesia method
Acute aggressive type

0.652* 0.198**  0.250% 0.361* -0.056*

0.133 0.167** 0.221* -0.048*

0.804* 0.089 0.188
-0.143 0.155
0.063

1

*Significantly correlated at the bilateral level of 0.05. **Significantly correlated at the bilateral level of 0.01. FPLPC: laser

photocoagulation correction.

operative iris burns, miosis, lenticular opacity,
macular burns, eye infections and other com-
plications.

Comparison of birth weight, gestational age,
onset age, FPLPC-gestational age, anesthesia
method and plus disease

After the ROP photocoagulation, the lesion
regression group showed the following charac-
teristics: the birth weight was 580 to 2535 g
(average, 1278.93 + 354.26 g), the gestational
age was 25 to 34 weeks (mean, 28.7 + 1.91
weeks), the onset age was 15~161 days after
the birth (average, 61.61 + 22.40 days after
birth), the FPLPC-gestational age was 32 to
45 weeks (average, 37.18 *+ 3.08 weeks); the
lesion progression group had the following
characteristics: birth weight was 950 to 1614
h (average, 1206.40 + 216.90 g), gestational
age was 26 to 30 weeks (mean, 27.8 + 1.40
weeks), onset age was 19 to 105 days after
birth (average, 56.00 + 22.13 days), FPLPC-
gestational age was 29 to 43 weeks (mean,
35.6 + 3.57 weeks). Comparisons between the
two groups revealed that the birth weight, ges-
tational age, onset age, and FPLPC-gestational
age had no statistically significant difference (t
=1.461,0.088, 1.571, 1.576; P > 0.05). Mean-
while, comparisons between the two groups
also revealed that 82 cases of the lesion
regression group involved local anesthesia and
68 cases involved general anesthesia, while
the lesion progression group had 6 cases of
local anesthesia and 4 cases of general anes-
thesia, the lesion regression group had 42
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cases of plus disease, and the lesion progres-
sion group had 4 cases; the anesthesia meth-
od and the incidence of plus disease between
the 2 groups showed no significant difference
(x?=0.3285, 0.203; P > 0.05).

Comparative analysis of retinal lesion sites
and laser photocoagulation spots

The region | lesion was noted in 19 eyes, among
which 13 eyes exhibited lesion regression
(68.42%), and 6 eyes exhibited lesion progres-
sion (31.58%); the region Il lesion was noted
in 293 eyes, among which 280 eyes exhibited
lesion regression (95.56%), and 13 eyes exhib-
ited the lesion progression (4.44%); the dis-
ease progression rate in region | was signifi-
cantly higher than that in region Il, and the dif-
ference was statistically significant (x*> = 18.48,
P < 0.001).

The photocoagulation spots in the lesion
regression group were 613.99 + 404.91, and
those in the lesion progression group were
976.00 + 748.63; the two sample mean t test
revealed a statistically significant difference (t
=3.522, P < 0.05). The photocoagulation spots
in the lesion progression group were signifi-
cantly greater than those in the lesion regres-
sion group.

Correlation analysis of gestational age, birth
weight, FPLPC-gestational age, anesthesia
method, laser points, and prognosis

Among the 312 eyes, 22 eyes were of the
acute progressive posterior ROP (AP-ROP), and

Int J Clin Exp Med 2016;9(2):2813-2821
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18.18% (4/22) progressed to stage 4a after
the photocoagulation surgery, thus requiring
further vitreoretinal surgery. Among the 293
eyes of the lesion regression group, AP-ROP
was noted in 14 eyes (4.78%), while non-AP-
ROP was observed in 279 eyes (95.22%);
among the 19 eyes of the lesion progres-
sion group, AP-ROP was observed in 8 eyes
(42.10%), while non-AP-ROP was observed in
11 eyes (57.89%). AP-ROP of the lesion pro-
gression group was significantly greater than
that in the lesion regression group, and the dif-
ference was statistically significant (x? = 32.45,
P =0.000).

The Pearson correlation analysis among the
ROP prognosis and gender, birth weight, FPLPC-
gestational age, onset age, laser spots and
anesthesia method, etc., showed that the
FPLPC-gestational age, laser spots, and acute
aggressive ROP type, etc., were related with
post-photocoagulation lesion progression (P <
0.05, Table 2). The lesion prognosis after the
photocoagulation was set as the dependent
variable, and the univariate analysis indicated
significant factors (namely, the ROP lesion par-
tition, threshold lesion, aggressive ROP, and
laser points) were set as the independent vari-
ables for the evaluation of the relationships
between these factors and the effects of the
photocoagulation treatment, by logistic regres-
sion analysis. Whether the impact of each of
the factors on the effects of treatment was
statistically significant was first analyzed for
variable selection; ultimately, aggressive ROP
showed significant a regression impact and
was selected into the model. The results show-
ed that, at o = 0.05, aggressive ROP showed
statistical significance and was the indepen-
dent risk factor for the prognosis of laser photo-
coagulation. The possibility of lesion progres-
sion in patients with aggressive ROP after pho-
tocoagulation was 14.667 times greater than
that in those with non-aggressive ROP (95% Cl:
3.145~57.084, P = 0.001).

Discussion

ROP is a retinal vascular disease that occurs in
preterm children, because of the immature reti-
nal development, retinal ischemia and neovas-
cularization, proliferative retinopathy, and the
resulting tractive retinal detachment. Certain
studies had shown that the generation of ROP
could be divided into two stages: the first stage
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mainly exhibits hypoxia-resulted vascular occlu-
sion, the second stage mainly involves post-
hypoxia neovascularization stage [11-13]. The
laser could damage the retinal avascular zone,
reduce the retinal metabolic oxygen demand,
eliminate the retinal ischemia, reduce the isch-
emia and hypoxia-induced neoangiogenetic
growth factors, and inhibit the occurrence
and development of new blood vessels, thus
terminating the progression of ROP. Currently,
domestic and foreign researchers all agree
that laser photocoagulation is the most impor-
tant means to control the lesion progression of
early ROP [14-16]. The indirect ophthalmoscop-
ic laser could treat the peripheral retinal lesions
under the help of direct vision and a scleral
oppressor, with accurate positioning and a sim-
ple treatment process; the 532-nm semicon-
ductor laser was the infrared laser, the penetra-
tive ability was strong, and could be absorbed
by the retinal pigment thus produce the photo-
coagulation, it mainly acted on the middle and
outer layers of choroid, and could penetrate the
cloudy lens and mildly hemorrhagic vitreous
body, thus the complications were fewer, and
the incidence of intraocular hemorrhage was
lower, and the damages towards the choroid
and retina were slight [8]. In this study, 312
eyes underwent the laser treatment, after the
first laser surgery, 289 eyes exhibited lesion
regression, and after the second laser surgery,
4 eyes exhibited lesion regression, while 19
eyes exhibited partial fibrous proliferation and
continuously progressed to the limited retinal
detachment; after subsequent vitreoretinal
surgery, the total cure rate was up to 93.91%.
The results confirmed that the laser treat-
ment was the ideal choice for ROP. Kim and
Lee [17] performed photocoagulation towards
the peripheral retina avascular zone of thresh-
old-phase ROP, and 86% (96/111) lesions ex-
hibited complete regression after the surgery.
Gunay et al. [18] retrospectively studied the
situations of 202 eyes of 113 ROP cases after
the laser photocoagulation therapy, among
which 141 eyes were in the prethreshold stage,
29 eyes were in the threshold stage, and 32
eyes were in the acute aggressive stage; after
the photocoagulation, 171 eyes exhibited the
complete regression (84.7%). The results of
this study were consistent with the foreign lit-
erature, and there were no intraoperative and
postoperative complications such as iris burns,
miosis, lenticular opacity, and eye infections.

Int J Clin Exp Med 2016;9(2):2813-2821
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At the same time, the patients were divided into
the lesion progression group and the lesion
regression group according to the prognosis,
and comparisons of birth weight, gestational
age, onset age, FPLPC-gestational age, anes-
thesia method and plus disease showed no
statistically significant difference, suggesting
the laser treatment prognosis had no signifi-
cant correlation with the birth weight, gesta-
tional age, onset age, FPLPC-gestational age,
anesthesia method and plus disease, similar to
Kim and Lee [17]. In addition, Gotz-Wieckowska
et al. [19] and Talu et al. [20] considered that
the lower the birth weight and the smaller the
FPLPC-gestational age, the bigger the possibil-
ity of poor prognosis after the laser photocoag-
ulation. Our results were not fully consistent
with their results. The possible reasons might
be related with the development status of sys-
temic multi-system and multi-organ disease
when the preterm children were born, such as
the combination of neonatal apnea, poor neo-
natal lung development and neonatal pneumo-
nia. We still need further studies and compara-
tive data to validate this assumption. We com-
pared the region | of retinopathy, laser photoco-
agulation spots, and aggressive ROP between
the 2 groups, and found that the differences
had the statistical significance: the lesion pro-
gression rate in region | was significantly higher
than that in region Il, and the number of photo-
coagulation spots in the lesion progression
group was significantly higher. It was reported
in the domestic and foreign literature that the
incidence of adverse prognosis in region | was
3.3 times that in region Il [241], but in this study,
the incidence of disease progression of ROP
laser treatment in region | was relatively higher
than that in region Il, as high as 7.11 times. The
results suggested that the lesions in region |
often implied an adverse prognosis, and need-
ed a high degree of vigilance.

Currently, as for the anesthesia method in the
laser photocoagulation treatment reported in
the domestic literature, a few surgeries were
performed under local anesthesia, when it
would be difficult to ensure the children’s com-
plete quietness, and some surgeries were car-
ried out under general anesthesia, but most
children were of low birth weight when they
underwent the ROP surgery; in addition, their
vitals were low, and some children would even
lose the surgical opportunity or exhibit anes-
thesia accidents because it was difficult for
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them to tolerate the general anesthesia. Our
study found that different anesthesia methods
showed no significant difference towards the
lesion regression and progression after the
ROP laser treatment. However, our study also
found that 5 children exhibited apnea under
local anesthesia (5.49%), 3 cases exhibited
corneal edema (3.30%) while under general
anesthesia, 1 case (1.10%) exhibited difficulty
during withdrawal from the breathing machine,
and no other complications appeared. We spe-
culated that the apnea that appeared under
local anesthesia might be associated with the
non-perfect development of the children’s re-
spiratory system, as well as the intraoperative
oculocardiac reflex and the locally anesthetized
eye could not completely alleviate the pain.
Normally, the apnea could be remitted after
pausing the surgery and stimulating the soles,
so that the operation could be continued. The
corneal edema might be associated with the
temperature control of the, radiation bed, chil-
dren’s writhing under the local anesthesia, and
relatively long operation time, etc. In the one
case of general anesthesia where the patient
exhibited difficulty during withdrawal from the
ventilator, this child had the poor development
of respiratory system preoperatively, and the
general conditions were poor, and this child’s
tolerance towards the general anesthesia was
poor, and postoperative respiratory infections
appeated, which increased the difficulty dur-
ing withdrawal from the breathing machine.
Therefore, we believed that the whole body con-
ditions should be weighed when selecting the
anesthesia method for ROP laser surgery, and
should also be combine with information
regarding the extent of the ocular lesion and
the expected operation time when performing
the surgery. As for the children with respiratory
dysplasia and poor general conditions, they
could not tolerate general anesthesia, while
exhibiting less systemic side effects under the
local anesthesia, and they might show the
advantages of timely and effective laser photo-
coagulation. As for the older children that had
good body conditions, wide eye lesion ranges,
severe lesions, expected long operation time,
and difficulties to hold the head fixed, general
anesthesia would be better for the laser photo-
coagulation treatment.

In summary, currently, laser photocoagulation
is the most important and most effective clini-
cal method for the ROP treatment. The post-
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photocoagulation effects were affected by
many factors, and the aggressive ROP was the
most important type. Our study found that the
ROP treatment effects had no significant cor-
relation with the anesthesia method; therefore,
when we chose the anesthesia method, the
children’s general conditions and eye lesions
should be weighed, so that a safe and effective
anesthesia method could be chosen to mini-
mize the complications.
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