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Evaluation of the ocular surface following bariatric surgery

Awvaliagdo da superficie ocular apos cirurgia baridtrica
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ABSTRACT

Purpose: To identify and evaluate changes in the ocular surface in obese patients
with bariatric surgery.

Methods: The study included 89 randomly selected patients; 81 (91.0%) were
women, 35 were preoperative, 32 were included 0-12 months after surgery,
and 22 were included >12 months after surgery. All patients completed a dry
eye-specific questionnaire and were evaluated by the tear ferning test, tear-film
breakup time (BUT), Schirmer’s test |, examination of the ocular surface by 1%
rose Bengal staining, and impression cytology. Patients were questioned about
compliance with nutritional supplementation.

Results: The pre- and postoperative groups did not differ significantly in age
(p=0.082), but did differ in body mass index (p<0.001). All test values are within
the normal range and there was no statistically significant difference in ocular
surface disease index score between the preoperative and postoperative periods.
The mean tear-film BUT was lower than that considered normal (10 s) at each
time it was tested. No statistically significant group differences were observed in
Schirmer’s test, BUT, rose Bengal staining, or impression cytology. A high rate of
noncompliance with nutritional supplementation was observed.

Conclusions: No symptoms of xerophthalmia developed in this series of bariatric
surgery patients. No changes were observed in any of the specific tests used to
evaluate the ocular surface up to 5 years after surgery compared with presurgery
results.
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RESUMO

Objetivos: Analisar os resultados dos testes de avialiagdo da superficie ocular em
pacientes com obesidade submetidos a cirurgia baridtrica e identificar a presenca e
intensidades das alteragdes oculares apds cirurgia baridtrica.

Métodos: O estudo foi composto de 89 pacientes, amostra randémica, sendo 81
mulheres (91,0%). Os pacientes foram agrupados com relagdo a relagdo da cirurgia
baridtrica: pré-operatdrio (35 pacientes), pés-operatoério 0 a 12 meses (32 pacientes)
e mais de 12 meses (22 pacientes). Todos os pacientes foram submetidos a seguinte
sequencia de exames: questiondrio olho seco especifico, teste de cristalizagdo do filme
lacrimal, teste da tempo de ruptura do filme lacrimal, Schirmer teste |, avaliagdo da
superficie ocular usando rosa bengala, citologia de impressdo. Os pacientes foram
questionados quanto ao uso da suplementagédo nutricional.

Resultados: Ndo houve diferenca estatistica entre os grupos quanto a idade (p=0,082).
BMI foi significativamente diferente entre os grupos (p<0,001). Quanto ao OSDI, os
valores foram normais, sem diferenca estatistica entre os periodos pré-operatério
e pés-operatdrio. A média do tempo de ruptura do filme lacrimal foi abaixo do
considerado normal (10 segundos) em todos os momentos avaliados. NGo houve
diferenca estatisticamente significante entre os grupos com relagdo aos exames: teste
de Schirmer, BUT, biomicroscopia com rosa bengala 1% e citologia de impressdo.
Elevada taxa de uso incorreto da suplementacdo nutricional foi encontrada (73%).
Conclusdo: Ndo houve surgimento de sintomas de xeroftalmia nos pacientes sub-
metidos a cirurgia baridtrica e ndo foram encontrados alteragbées em nenhum teste
utilizado para avaliar a superficie ocularem cinco anos apés a cirurgiaem comparagéo
com os pacientes antes da cirurgia.

Descritores: Cirurgia baridtrica; Obesidade; Xeroftalmia; Sindromes do olho seco

INTRODUCTION

Bariatric surgery is an increasingly common treatment for morbid
obesity, which is defined as body mass index (BMI) >40 or >35 kg/m?
when associated with comorbidities such as arterial hypertension,
dyslipidemia, sleep apnea or diabetes!”. Patients requesting bariatric
surgery undergo a rigorous selection procedure, with a minimum of 5
years between the onset of obesity and the established failure of con-
ventional multidisciplinary treatment including diet, pharmaceutical
therapy, and regular physical exercise®. Surgical treatment of obesity
includes both malabsorptive and restrictive bariatric techniques.
Most currently used procedures combine both techniques, with
vertical banded gastroplasty-Roux-en-Y gastric bypass, the Capella
technique, being the most frequently performed. This procedure
results in a mean 35% loss of body mass over the long term and is
considered a safe technique with a low morbidity rate®.

Many obese individuals have low levels of vitamin B6, vitamin
C, 25-hydroxyvitamin D, and vitamin E prior to bariatric surgery. As
bariatric surgery results in anatomical and physiological changes
in the digestive tract, patients become more prone to developing
severe vitamin and mineral deficiencies®. Nutritional deficiencies
following bariatric surgery occur because of the restricted diet,
reduction in bowel transit time, and reduction in the surface area
available to absorb nutrients. Food intolerance and a lack of vitamin
supplementation further contribute to this process. Deficiencies
of lipid soluble vitamins, that is, A, D, E, and K, develop following
the surgical procedure because of reduced production of gastric
and pancreatic lipases resulting from the absence of contact of the
duodenum with dietary fat and the detrimental effect of the surgi-
cal procedure on cholecystokinin, which is essential for the release
of the enzymes involved in lipolysis®.
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EVALUATION OF THE OCULAR SURFACE FOLLOWING BARIATRIC SURGERY

Vitamin A is an essential lipid soluble vitamin acquired in the
diet and is responsible for both homeostasis of the ocular surface
and the retina’s adaptation to light"®. The incidence of vitamin A
deficiency following bariatric surgery has been estimated at around
52% at 1 year and 69% at 4 years after biliopancreatic diversion with
a duodenal switch technique. The incidence of related ocular com-
plications included an estimated 10% rate of xerophthalmia and
night blindness. Other investigators have reported a reduction of
only 10% in vitamin A level, with variations depending on the surgi-
cal technique used“”®. All types of surgery, including gastric reduc-
tion and gastric bypass, are associated to a greater or lesser extent
with vitamin A deficiency and potentially capable of damaging the
ocular surface through quantitative and qualitative alterations of
the tear film©. The tear film helps maintain the homeostasis of the
ocular surface by supplying oxygen to the cornea and conjunctiva,
promoting cell renewal, removing products of cell metabolism and
microorganisms, in addition to regulating the refractive properties
of the corneal epithelium/?. Xerophthalmia, squamous metaplasia
of the conjunctiva, anatomical and functional alterations of the
corneal epithelium, ocular thinning and perforations are potential
consequences of vitamin A deficiency and ocular dryness?.

A diagnosis of dry eyes is based on the patient’s clinical history,
dry eye-specific questions, and clinical tests such as evaluating
tear-film breakup time (BUT), Schirmer’s test, tear ferning test, ocular
surface staining with vital dyes such as rose Bengal and fluorescein,
conjunctival impression cytology, and others‘. Other tests used to
diagnose dry eyes, such as tear film osmolarity, measurement of the
protein levels in the film, tear interferometry, and tear evaporation,
are of little use in daily practice, as they are costly and impractical”?.
Few randomized studies of the association of alterations of the ocular
surface and bariatric surgery have been published. The study objec-
tive was to analyze the results of tests to evaluate the ocular surface
and to identify correlations of the presence and intensity of ocular
alterations with bariatric surgery.

METHODS

This cross-sectional, analytical, observational, blinded study was
conducted between November 2012 and April 2015 following approval
by the internal review board, reference CAAE 06275212.6.0000.54799.
Patients were recruited at the bariatric surgery outpatient clinic,
Department of Surgery, and the Ocular Surface and Tear outpatient
clinic, Department of Ophthalmology, Irmandade da Santa Casa de
Misericordia de Sao Paulo, Sao Paulo, Brazil.

INCLUSION CRITERIA
Postoperative groups

Eligible patients were adults with bariatric surgery using the
Capella technique. The patients had not used contact lenses for at
least 7 days prior to evaluation and voluntarily signed the informed
consent form provided by the investigators.

Preoperative group

The preoperative patient group comprised obese adults with a
BMI >40 or =35 kg/m? with systemic complications such as arterial
hypertension, diabetes, sleep apnea and dyslipidemia. As in the pos-
toperative groups, patients had not used contact lenses for at least
7 days prior to evaluation and had voluntarily signed the informed
consent form provided by the investigators.

Exclusion criteria

In both preoperative and postoperative groups, patients with
previously diagnosed eye diseases; currently using, or had used me-
dications capable of affecting tear production and drainage within
7 days of evaluation, >60 years of age, and pregnant or breastfeeding
women were excluded.
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Test sequence

The patients in both preoperative and postoperative groups
who fulfilled all the inclusion criteria and with none of the exclusion
criteria were evaluated at the Ocular Surface and Tear outpatient
clinic of the hospital's Department of Ophthalmology, always in
the same order and always by the same investigator (NPNM). Pos-
toperative patients were stratified by the time that had elapsed
since surgery to groups of 0-12 or >12 months and <5 years. All the
patients were evaluated by tests given in the following sequence.

Dry eye-specific questionnaire

The survey included questions about dry eye symptoms included
in the Ocular Surface Disease Index (OSDI; Allergan Inc., Irvine, CA)"3),
This questionnaire was translated and validated for the Portuguese
language and consists of 12 questions, answered by the participants,
on events that occurred in the previous 7 days. The questions address
ocular symptoms, environmental stimuli that caused eye discomfort,
and limitation of daily activities because of clinical eye conditions. The
overall score ranged from 0 to 100 and was calculated from the score
each response and the total number of questions answered. Higher
scores indicated more dry eye-related symptoms4.

Tear ferning test

In this qualitative tear film evaluation, patients were placed in
the same position that is used for slit-lamp evaluation, and varying
amounts of tear fluid were collected from the lower tear meniscus
of both eyes using a non-heparinized glass capillary tube (Shanghai
Allcan Medical Co, China). A blue pen was used to mark six circles on
a clean glass slide (Microscope slides, ground edges, 25.4 X 76.2 mm
X 1-1.2 mm), three on the upper part of the slide and three on the
lower part, corresponding to the right and left eye, respectively.
Ateardrop was deposited in each circle and then dried at room tem-
perature for around 10 min before being stored in an appropriate
box for transportation. The slides were examined by light microsco-
py and the dry tear spots were photographed (Sony Cybershot model
DSC-W630) at x10, x20, and x40 magnification. The photographs
were independently examined by blinded investigators as previously
described by Rolando"™®. The tear samples were classified into one
of the four types by the quantity and angulation of the crystals.
Types | and Il indicated absence of ocular surface disease; types |l
and IV reflect ocular surface abnormalities (Figure 1 A and B).

Tear film BUT

This was performed immediately following the previous test.
One drop of 1% sodium fluorescein (Allergan® Sdo Paulo, Brazil) was
applied to the lower tear meniscus of both eyes. The patients were
asked to blink a few times and stop when requested. A chronometer
was then started and the time until appearance of the first spot of
tear film break-up on the surface of the cornea was observed. Three
measurements were taken in each eye and the mean value was re-
corded. A tear film BUT >10 sec= was considered normal.

Figure 1. Tear ferning test showing (A: Types | and II. B: Types Il and V) scores.



Schirmer’s test |

About 10 min after the previous test, patients were evaluated with
Schirmer’s test |, also referred to as Schirmer’s test without anesthesia.
The test was performed simultaneously in both eyes by placing a
standard millimeter strip of Whitman No. 41 filter paper (Ophthal-
mos®, Sdo Paulo, Brazil) into the lateral third of each of the lower
eyelids. Patients were instructed to keep their eyes closed for 5 min,
the amount of moisture visible on the paper from each eye was measured
immediately. This value can range from 0 to 35 mm, with >10 mm
being considered normal.

Evaluation of the ocular surface by 1% rose Bengal staining

Immediately after performing the Schirmer’s test, the ocular sur-
face was evaluated for damage by 1% rose Bengal staining (Ophthal-
mos®, Sao Paulo, Brazil). Three microdrops were placed in the upper
bulbar conjunctiva of each eye with the aid of a plastic capillary tube.
Then a slit lamp with illumination and a green filter was used to esti-
mate the dye taken up by dead and degenerating cells. The eyes were
scored using a method previously described by van Bijsterveld!®, to
quantify damage to the ocular surface. Scores ranged from 0 to 9,
with 0 indicating no damage and 9 the most severe damage. The
interpalpebral zone was divided into the nasal bulbar conjunctiva,
temporal bulbar conjunctiva, and cornea. The staining intensity was
quantified as varying from 1° to 3° with 0.5° intervals within each
region. If the sum of intensity scores for the three regions in at least
one of the eyes was >3.5, then it was considered positive for dry eye.

Impression cytology

Immediately following on the previous test, and after applying
topical anesthetic, a small piece of Millipore filter paper measuring
approximately 5 x 7 mm was used, with a different shape for each of
the areas evaluated, a square end for the upper region and a tapered
end for the temporal region. The paper was pressed against the bul-
bar conjunctiva in the upper and lateral quadrants of the right eye
for 2-5 sec using blunt smooth-ended forceps. The filter paper was
then removed and placed in a screw-topped test tubes marked with
the patient’s identifying number and containing a small quantity
of fixative sufficient to cover the filter paper. The fixative was pre-
pared in advance by combining 100 cc 70% ethanol, 5 cc of glacial
acetic acid, and 5 cc of 37% formaldehyde. For staining, the paper
was removed with tweezers and placed in a well of a tissue culture
plate. Staining was analyzed by a blinded investigator. The pre-
parations were assessed for cellularity, cell adhesion, the presence
of goblet cells, nucleus-to-cytoplasm ratio, and cell keratinization.
Samples (Figures 2 A-2 C) were graded as type 1-normal (0-3), type
B-moderate (4-6), or type C-abnormal (>6).

Figure 2. Impression cytology showing (A: type A. B: type B. C: type C) scores, 100x.
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Vitamin A supplementation

Patients were questioned about compliance with nutritional
supplements and graded as 1(always forget), 2 (never forget), or 3
(sometimes forget).

STATISTICAL ANALYSIS

Statistical analysis was conducted using SPSS statistical software,
version 13.0. Patient age and BMI were reported as means and stan-
dard deviation and medians and range and compared by analysis of
variance (ANOVA)"). The sex distribution was reported by absolute
and relative frequency"®. Mean OSDI scores, mean tear film BUT,
Schirmer, and rose Bengal scores were reported by group means and
standard deviation and medians and range and compared by ANOVA
or the Kruskall-Wallis test, as appropriate. Impression cytology and
tear ferning were reported by absolute and relative frequencies and
compared using the chi-square test®. Results were shown for each
group using tables and bar graphs. The tests were conducted with a
significance level of 5%.

RESULTS

The study included 89 participants. Eighty-one (91.0%) were
women. There were more women than men in each study group,
but the percentage of women was slightly lower in the preoperative
than the postoperative groups. Thirty-five patients (39.3%) had not
yet undergone surgery, 32 (36.0%) had undergone surgery within the
previous 12 months,and 22 (24.7%) had undergone surgery between
12 months and 5 years previously. As shown in table 1, there were
no statistically significant differences in mean age among the groups
(p=0.082), but BMI was significantly different (p<0.001). The mean
BMI of the postoperative patients was significantly lower than that
of the preoperative patients (p<0.05).

As shown in table 2, all test values were within the normal range,
and there was no significant difference in OSDI scores observed in
the preoperative and postoperative periods. It was noted that the
mean tear film BUT was consistently lower than normal (10 sec), with
no significant differences between the groups. As indicated in tables
3 and 4, the Schirmer’s test and rose Bengal staining scores results
showed a trend toward improvement of the ocular surface following
surgery, but the differences were not statistically significant. Despite
the variations found in ferning and impression cytology, there was
no evidence of any significant differences between the groups,.
Compliance with nutritional supplementation was poor; 73% of pos-
toperative patients forgot, on average 2-3 times a week, and 92% of
obese patients neglected, to use vitamin supplements.

DISCUSSION

There were more women than men in all three study groups.
Overall, 91.0% of the participants were women, which isin agreement
with previous epidemiological studies showing a predominance
of women requesting or being evaluated for obesity surgery. The
percentage of men in the preoperative group was larger than that

Table 1. Bariatric surgery patient characteristics and study groups
Group Mean Median SD
Age Preoperative 413 440 93 250-580 0082
1-12 months after surgery 434 425 81 31.0-600
>12 months after surgery 465 480 73 36.0-580
BMI Preoperative 47.7 48.1 72 299-64.7 <0.001
1-12 months after surgery  36.7 372 78 265604
>12 months after surgery  31.8 31.1 78 14.3-46.8

BMI= body mass index; SD= standard deviation.

Variable Range p-value
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Table 2. Test assessment scales and comparative results observed in the study groups

Variable Group Mean Median SD Range p-value

OSDI Preoperative 348 33.1 24.3 2.1-100.0 P=0.139
1-12 months after surgery 298 263 227 0.2-91.7
>12 months after surgery 43.1 46.9 247 0.8-93.2

BUT/right eye Preoperative 9.7 8.0 49 3.0-23.0 P=0.684
1-12 months after surgery 87 7.0 49 2.0-200
>12 montbhs after surgery 9.5 9.0 5.1 0.0-19.0

BUT/left eye Preoperative 10.9 9.0 6.3 4.0-33.0 P=0.531
1-12 months after surgery 9.7 8.0 4.7 4.0-19.0
>12 montbhs after surgery 11.6 10.0 8.2 2.0-440

Schirmer/right eye Preoperative 174 15.0 1.3 0.0-35.0 P=0.478
1-12 months after surgery 20.7 19.0 10.6 2.0-35.0
> 12 months after surgery 19.8 18.5 136 2.0-35.0

Schirmer/left eye Preoperative 15.2 12.0 11.2 0.0-35.0 P=0.097
1-12 months after surgery 21.1 230 1M1 2.0-350
>12 months after surgery 18.8 19.0 114 4.0-35.0

Rose Bengal/right eye Preoperative 1.9 20 14 0.0-5.0 P=0.461
1-12 months after surgery 1.8 1.5 1.5 0.0-6.0
> 12 months after surgery 1.5 1.0 1.5 0.0-5.0

Rose Bengal/left eye Preoperative 1.7 1.0 1.6 0.0-6.0 P=0.421
1-12 months after surgery 1.6 1.0 1.3 0.0-5.0
>12 months after surgery 1.1 1.0 1.0 0.0-3.0

OSDI= ocular surface disease index; BUT= tear-film break-up time; SD= standard deviation.

Table 3. Tear ferning test results by study group

Number of Number of
Variable Group patients normal patients altered
Preoperative 19 12
Tear ferning
test right eye 1-12 months after surgery 22 8
>12 months after surgery 12 8
Preoperative 18 13
Tear ferning
test left eye 1-12 months after surgery 20 10
>12 months after surgery 12 8

Table 4. Impression cytology of the upper and lateral conjunctiva by
study group

Number of patients

Variable Group 0-3 46 >6
Impression cytology of Preoperative 24 2 0
upper conjunctiva 1-12 months after surgery 21 3 0

>12 months after surgery 17 0 0
Impression cytology of Preoperative 16 7 2
lateral conjunctiva 1-12 months after surgery 13 6 3

>12 montbhs after surgery 14 1 0

in the postoperative groups. BMI decreased progressively with the time
since surgery from an initial median of 48.1 kg/m? in the preopera-
tive group to 31.1 kg/m? in patients whose surgery had taken place
more than 12 months previously. Despite the significant decrease in
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BMI, four patients (20%) remained obese, with BMIs >35 kg/m?. Slater
et al" reported similar results, with a median BMI that decreased
from 49.28 kg/m? prior to surgery to 32.4 kg/m? after surgery des-
pite 27.3% of the patients with a postsurgery BMI >35 kg/m?. The
absence of observed ocular surface changes can be explained by
the presence of a large proportion of patients undergoing bariatric
surgery who remained obese.

Vitamin A deficiency is a known consequence of Roux-en-Y
gastric bypass, occurring in 11% of cases®. All patients in this study
underwent Roux-en-Y gastric bypass, which is the most frequently
used technique in both the United States and in Brazil. Additional
study is needed to assess the role of routine vitamin A screening and
replacement in the postbariatric surgery patient. In our institution,
patients in the Department of Surgery receive vitamin replacement
therapy on an irregular basis, and a high rate of noncompliance with
use of nutritional supplement was observed. Considering patient
food restriction, reduced gastrointestinal transit time, and decreased
nutrient absorption, all of which are consequences of bariatric sur-
gery, multivitamin use is essential. Patient education on compliance
with nutritional supplements is essential after bariatric surgery®".

Cheung et al.?? emphasized the importance of investigating
the association between bariatric surgery and xerophthalmia in
view of a possible increase in risk of iatrogenic damage to the eyes
in parallel to an increase in the number of bariatric surgeries per-
formed. Several case reports'®?" have described changes in ocular
health following obesity surgery. Donaldson et al.?” reported a
patient who underwent bariatric surgery and was diagnosed 10
years later with corneal melt after laser in situ keratomileusis. At
that time, the patient’s vitamin A level was low, and he admitted
noncompliance with nutritional supplements. Systemic or ocular
factors other than bariatric surgery can cause xeropthalmia, but



were excluded in that report. Ocular hyperemia and complaints of
a foreign body sensation were reported in this study, but the com-
plaints following surgery did not differ among the obese patients,
as reflected in the answers to the OSDI questionnaire. Previous
studies report improvement in quality of life following bariatric
surgery. In other studies, ophthalmological examinations have
shown conjunctival xerosis, Bitot’s spots and diffuse punctate
keratitis in bariatric surgery patients, but symptoms improved
following intramuscular vitamin A supplementation (10,000 [U)!),
In this study, no changes were found in the ocular surface of any
patients following bariatric surgery, which is in line with a recent
study that found no correlation between serum vitamin A, visual
function, and ocular surface changes®. Previous investigators
have reported reductions in vitamin A level after bariatric surgery,
with differences depending on the surgical technique used. In this
study, the roux-en-Y procedure was performed in all patients. This
bariatric surgery technique may cause less reduction in vitamin A
level than other procedures. Standard Roux-en-Y gastric bypass
is known to cause vitamin B12, iron and folate deficiencies more
often than some other procedures®.

In this patient series, there were no changes in tear film BUT,
Schirmer’s test, rose Bengal staining, tear ferning, or impression
cytology, all of which are tests of the utmost importance when a
diagnosis of dry eyes is suspected!'?*?*) Although the mean tear
film BUT score was below the value considered normal both prior
to and following surgery, no changes were found in the ocular sur-
face, as rose Bengal staining and impression cytology scores were
normal. The preservation of ocular health following surgery can be
demonstrated by the absence of quantitative or qualitative changes
in tears, as shown by both Schirmer’s test and the ferning test. The
current study would be more conclusive if it were a longitudinal
study and if vitamin A level had been measured. Additional study is
needed to assess the role of routine vitamin A screening, and longer
follow-up is required to conduct a complete investigation.

CONCLUSIONS

No dry eye symptoms developed in these bariatric surgery pa-
tients. No significant alterations were found in any of the specific
tests used to evaluate the ocular surface from baseline values before
surgery to 5 years after surgery.

REFERENCES

1. Lee WB, Hamilton SM, Harris JP, Schwab IR. Ocular complications of hypovitaminosis
a after bariatric surgery. Ophthalmology. 2005;112(6):1031-4.

w

w

o

0 N

0

20.

N

22.
23.

24.

25.

MARQUES NPN, ET AL.

Fandifo J, Benchimol AK, Coutinho WF, Appolinario JC. [Bariatric surgery: clinical,
surgical and psychiatric aspects]. R Psiquiatr Rio Gd Sul. 2004;26(1):47-51. Portuguese.

. Aasheim ET, Hofsg D, Hjelmesaeth J, Sandbu R. Peripheral neuropathy and severe

malnutrition following duodenal switch. Obes Surg. 2008;18(12):1640-3.

. Bordalo LA, Mourdo DM, Bressan J. [Nutritional deficiencies after bariatric surgery:

why do they happen?]. Acta Med Port. 2011;24 Suppl 4:1021-8. Portuguese.

. Xanthakos SA, Inge TH. Nutritional consequences of bariatric surgery. Cur Opin Clin

Nutr Metab Care. 2006;9(4):489-96.

Lopez-Rodriguez N, Faus F, Sierra J, Ballarin T, Pueyo M, Albalad E. Night blindness
and xerophthalmia after surgery for morbid obesity. Arch Soc Esp Oftalmol. 2007;
82(3):133-6.

Lee WB, Schwab IR. Intestinal surgery a villain? Br J Ophthalmol. 2006;90(8):931-2.
Becker DA, Balcer LJ, Galetta SL. The neurological complications of nutritional de-
ficiency following bariatric surgery. J Obes. 2012; 2012:608534. doi: 10.1155/2012/
608534.

Shah M, Simha V, Garg A. Review: long-term impact of bariatric surgery on body
weight, comorbidities and nutritional status. J Clin Endocrinol Metab. 2006;,91(11):
4223-31.

. ChaeT, Foroozan R.Vitamin A deficiency in patients with a remote history of intestinal

surgery. Br J Ophthalmol. 2006;90(8):955-6.

. Barros JN, Mascaro VL, Gomes JA, Freitas DF, Lima AL. Impression cytology of the

ocular surface: examination technique and staining procedure. Arg Bras Oftalmol.
2001,64(2):127-31.

. Research in dry eye: report of the Research Subcommittee of the International Dry

Eye Workshop (2007). Ocul Surf. 2007;5(2):179-93.

. Schiffman RM, Christianson MD, Jacobsen G, Hirsch JD, Reis BL. Reliability and validity

of the Ocular Surface Disease Index. Arch Ophthalmol. 2000;118(5):615-21.

Prigol AM, Tenorio MB, Matschinske R, Genlen ML, Skare T. Tradugéo e validacao do
indice da doenca da superficie ocular para a lingua portuguesa. Arq Bras Oftalmol.
2012;75(1):24-8.

. Rolando M. Tear mucus ferning test in normal and keratoconjunctivitis sicca eyes.

Chibret Int J Ophthalmol. 1984;2:33-41.

. Van Bijsterveld OP. Diagnostic tests in the sicca syndrome. Arch Ophthalmol. 1969;

82(1):10-4.

. Kirkwood BR, Sterne JA. Essential medical statistics. Massachusetts, MA, Blackwell

Science; 2006.

. Neter J, Kutner MH, Nachtsheim CJ, Li W. Applied Linear Statistical Models. lllinois, IL

Richard D. Irwing; 2006.

. Slater GH, Ren CJ, Siegel N, Williams T, Barr D, Wolfe B, et al. Serum fat-soluble vitamin

deficiency and abnormal calcium metabolism after malabsorptive bariatric surgery. J
Gastrointest Surg. 2004;8(1):48-55.

Eckert MJ, Perry JT, Sohn VY, Boden J, Martin MJ, Rush RM, et al. Incidence of low
vitamin A levels and ocular symptoms after Roux-en-Y gastric bypass. Surg Obes
Relat Dis. 2010;6(6):653-7.

. Donaldson KE, Fishler J. Corneal ulceration in a LASIK patient due to vitamin a defi-

ciency after bariatric surgery. Cornea. 2012;31(12):1497-9.

Cheung N, Wong TY. Obesity and eye diseases. Surv Opthalmol. 2007;52(2):180-95.
Brandao LP, Vilar L, Cavalcanti BM, Brandao PH, Arantes TE, Campos JM. Serum levels
of vitamin A, visual function and ocular surface after bariatric surgery. Arq Gastroen-
terol. 2017;54(1):65-9.

Fonseca EC, Arruda GV, Rocha EM. [Dry eye: etiopathogenesis and treatment]. Arq
Bras Oftalmol. 2010;73(2):197-203. Portuguese.

Sullivan BD, Whitmer D, Nichols KK, Tomlinson A, Foulks GN, Geerling G, et al. An
objective approach to dry eye disease severity. Invest Ophthalmol Vis Sci. 2010;51(12):
6125-30.

Arq Bras Oftalmol. 2017;80(4):247-51 251



