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Abstract
Aims—Evaluation of the morphological
damage to the ocular surface of patients
operated for biliopancreatic diversion for
pathological obesity and the correlation of
impression cytology with vitamin A
plasma levels, adaptometry, and other
general variables.
Methods—48 patients (15 males, 33 fe-
males, age range 21–73) and 34 normal
subjects were examined with fluorescein
and rose bengal, a plasma dose of vitamin
A, and adaptometry. The results of the
various tests were subdivided into three
levels (0 = normal, 1 = moderately altered,
2 = seriously altered). The impression
cytology and adaptometry results were
correlated with vitamin A levels and other
patient data (age, nutritional condition,
time since operation, percentage weight
loss). All the examinations were repeated
after intramuscular therapy with vitamin
A.
Results—Corneoconjunctival alterations
visible with fluorescein and rose bengal
staining were present in 67.7% of cases,
impression cytology alterations in 93.7%,
adaptometric alterations in 82.2%; vita-
min A plasma levels were below normal in
95.8% of cases. After the therapy with
vitamin A a significant reduction was
found for every examination. The correla-
tion between impression cytology and
adaptometry and vitamin A plasma levels
and between corneoconjunctival altera-
tions and vitamin A plasma levels was sig-
nificant. There was no significant
correlation between impression cytology
and nutritional condition, age time since
operation, and percentage weight loss.
Conclusion—These results show impres-
sion cytology is a specific indicator for
hypovitaminosis A because it is not influ-
enced by other factors related to the
general condition of the patient. Many
patients with hypovitaminosis A not dem-
onstrating ocular symptoms of changes

visible with fluorescein and rose bengal
showed alterations with impression cytol-
ogy.
(Br J Ophthalmol 1998;82:303–305)

Biliopancreatic diversion (BPD) is performed
in patients suVering frommorbid obesity.1 This
technique causes a delay of contact between
biliopancreatic juices and fat starch which
results in a reduction of absorption of high
caloric food.1 2 One of the complications
observed after BPD is a lack of the fat soluble
vitamin A, accompanied by an alteration of the
ocular surface associated with night blindness.3

In fact, it has been noted that vitamin A influ-
ences both the integrity of conjunctival cells
and the ability to see in the dark.3 4 In this study
we evaluated quantitatively the morphological
damage aVecting the ocular surface, correlat-
ing the data with plasma vitamin A levels,
adaptometry, and patient data.

Materials and methods
Table 1 gives patient characteristics for sub-
jects who underwent BPD (operated patients)
and for those who did not receive (control
group) any treatment. Forty eight patients
undergoing BPD were referred to us because
of ocular symptoms specific for hypovitamino-
sis A.
All patients received a visual examination

which included refractive assessment, fundus
examination, tonometric reading, examination
of the ocular surface using fluorescein and rose
bengal, and impression cytology.
Blood samples were collected from each

patient and the level of plasma vitamin A
assessed by using HPLC (high pressure liquid
chromatography).5 Goldmann–Weeker adap-
tometry was performed on all patients. A con-
trol group of 34 subjects, comparable in age
with those undergoing BPD, was subjected to
the examinations as described above. All oper-
ated patients were re-examined 60 days after a
therapy which consisted of one phial of Arovit
IM (300 000 IU) per day.
The alterations that were revealed by im-

pression cytology, biomicroscopic examination
of the ocular surface, plasma vitamin A levels,
and adaptometry were subdivided into three
grades of severity: 0=no alteration/normal,
1=minor alterations, 2=major alterations.
Corneoconjunctival alterations, as revealed

by biomicroscopic examination using fluores-
cein and rose bengal, were subdivided into the
following grades: grade 0=absence of signifi-
cant alterations; grade 1=translucent appear-
ance of the conjunctiva (pre-Bitot spots) with

Table 1 Patient characteristics

No of patients
Operated patients
(n=48)

Control group
(n=34)

Males/females 15/33 11/23
Average age (range) (years) 44 (21–73) 43 (19–53)
Patients with ocular symptoms/total no of patients 20/48
Average time since operation (range) 103 (24–204) months
Percentage average weight loss 73.4
Patients in satisfactory protein nutritional
condition/total no of patients 35/48
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or without slight keratoconjunctivitis punctata
which was more evident in the inferior portion
of the cornea, fluorescein, and rose bengal col-
oured zones; grade 2=foamy formations in the
conjunctiva (Bitot spots) and keratoconjuncti-
vitis punctata with large coloured areas.
The results of impression cytology were sub-

divided into the following grades: grade
0=numerous mucous cells (200 per field/
mm2), epithelial cells with regular borders (Fig
1) (nucleus/cytoplasm (N/C) ratio 1:1, 1:2);
grade 1: few goblet cells (50–200 per field),
drops of mucus, epithelial cells some undergo-
ing desquamation (Fig 2); grade 2: goblet cells
less than 50 per field/mm2; epithelial cells with
irregular borders undergoing desquamation
(N/C ratio 1:4, 1:5 (squamous metaplasia) (Fig
3).6

Adaptometric alterations were also subdi-
vided into three grades: grade 0=absolute
threshold 3.5 LU picostilb, grade 1=absolute
threshold 3.5–5.5 LU picostilb; grade 2=abso-
lute threshold 5.5 LU picostilb.
Finally, plasma vitamin A levels were divided

into three grades: grade 0, >500 ng/ml; grade
1, 150–500 ng/ml; grade 2,< 150 ng/ml.
We subsequently correlated statistically the

results of impression cytology with those of
adaptometry, vitamin A plasma levels, and
other patient data such as protein nutrition
status (serum total protein, albumin, transfer-
rin) number of days since operation, weight
loss, and ocular symptoms. The independent
ANOVA data test was used for statistical analy-
sis.

Results
Patients who underwent BPD had ocular
surface alterations as evidenced by biomicro-
scope observation (Table 2), abnormal impres-
sion cytology (Table 3), pathological adapto-
metric curves (Table 4), and low levels of
plasma vitamin A (Table 5). These alterations
were more evident before Arovit therapy,
although they persisted to a certain degree
even after therapy.
The plasma vitamin A level of BPD patients

were correlated in statistically significant way
with the results of impression cytology, staining
of the corneoconjunctival surface, and adap-
tometry results (Table 6). The percentage

Figure 2 Impression cytology (grade 1) performed in the upper temporal bulbar
conjunctiva, of a 40 year old woman, 36 months after BPD surgery. A single layer of
polygonal epithelial cells with cytoplasmic edges well defined. Rare goblet cells (compared
with grade 0), marked reduction of “goblet cells” (original magnification ×25).

Figure 1 Impression cytology (grade 0) performed in the upper temporal bulbar
conjunctiva, of a 44 year old man, 6 months after BPD surgery: numerous epithelial
normal cells and mucous cells positive for periodic acid SchiV, Papanicolaou staining
(goblet cells) (original magnification ×25).

Figure 3 Impression cytology (grade 2) performed in the lower temporal bulbar
conjunctiva, of a 48 year old woman, 58 months after BPD surgery. Epithelial cells with
evident squamous features, less cohesivity, folded cytoplasmic edges (squamous metaplasia),
absence of “goblet cells” (original magnification ×40).

Table 2 Corneal conjunctival alterations (biomicroscopic
observations by staining with fluorescein and bengal rose)

Grade

Patients

Control groupT0

T1 (after 60 days
of therapy)

0 16 (33.3%) 25 (52.1%) 33 (97%)
1 24 (59%) 16 (33.3%) 1 (3%)
2 8 (16.7%) 7 (14.6%)

Table 3 Impression cytology

Grade

Patients

Control groupT0

T1 (after 60 days
of therapy)

0 3 (6.3%) 16 (33.3%) 33 (97%)
1 25 (52%) 23 (47.9%) 1 (3%)
2 20 (41.7%) 9 (18.8%)

304 Polizzi, Schenone, Saccà, et al

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.82.3.303 on 1 M

arch 1998. D
ow

nloaded from
 

http://bjo.bmj.com/


weight loss, nutritional protein status, number
of days since operation, and patient age did not
appear to be statistically correlated with the
results of impression cytology (Table 7).

Discussion
The alterations of the ocular surface observed
in our study are similar to those described as
symptoms of nutritional polydeficiency syn-
dromes. Such symptoms during malnutrition
are today only found in Third World
countries.7–9 Since 1925,10 vitamin A has been
considered essential for cellular diVerentiation
and for the maintenance of the epithelial cells
of mucous membranes. Vitamin A deficiency
and, therefore, the consequences of squamous
metaplasia have been ascribed as the cause of
the majority of lesions observed on the ocular
surface. The sample population examined in
our study revealed a deficiency syndrome
which was clearly due to the lack of vitamin A,
as demonstrated according to observation at
various times.10 11 Furthermore, it was noted
that the level of deficiencies was not related to
patient age.12 The findings of this study which
concerns adult patients, were found to be simi-
lar to those reported in children of the Third
World. Moreover, the relation between aging
and impression cytology does not allow the

prediction of keratinisation or the absence of
mucous cells. On the other hand, plasma vita-
min A levels and adaptometric results are
strictly correlated. Such a correlation does not
exist between the results of impression cytol-
ogy, nutritional protein status, and the amount
of time elapsed since the operation. This may
indicate the presence of an individual compen-
satory mechanism during cellular membrane
vitamin A deficiency (individual capacity to
draw upon vitamin A deposits, most of which
are available as retinol binding protein) or may
suggest that other fat soluble vitamins are
drawn upon as a response to vitamin A
deficiency. Vitamin E, for example, acts as an
antioxidant and is very important in the
prevention of epithelial damage by free
radicals. This study did not take into consid-
eration the role of vitamin E. In every case,
plasma vitamin A levels were more strictly cor-
related with impression cytology than they
were with the appearance of the corneocon-
junctival surface biomicroscopic observations.
On the other hand, it has been noted that the
corneal epithelium undergoes modifications
which precede the development of keratocon-
junctivitis punctata. This observation explains
why the results of impression cytology in many
of our patients revealed severe alterations, even
though the patients did not complain of any
symptoms. Our study confirms the role of
impression cytology during follow up examina-
tions in patients aVected with vitamin A
deficiency as a valuable means of providing a
more sensitive index in comparison with
biomicroscopic examination using fluorescein
or rose bengal. Impression cytology is easy and
cheap. Furthermore, impression cytology is not
influenced by factors related to general patient
health, and provides an eVective mean of dem-
onstrating alterations which precede the symp-
toms of corneoconjunctivitis.
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Table 4 Adaptometry

Grade

Patients

Control groupT0

T1 (after 60 days
of therapy)

0 9 (18.8%) 13 (27.1%) 32 (98.5%)
1 24 (52%) 27 (56.2%) 2 (1.5%)
2 15 (31.2%) 8 (16.7%)

Table 5 Plasma vitamin A levels (ng/ml)

Grade

Patients

Control groupT0

T1 (after 60 days of
therapy)

0 2 (4.2%) 16 (33.3%) 34 (100%)
1 23 (47.9%) 26 (54.2%)
2 23 (47.9%) 6 (12..5%)

Table 6 Comparison of results before and after therapy
with vitamin A (Wilcoxon test)

Examination p Value

Biomicroscopic observation <0.05
Impression cytology <0.0001
Adaptometry <0.01
Plasma vitamin A levels <0.0001

Table 7 Statistical correlation

Type of correlation (before and after therapy) p Value

Impression cytology/plasma vitamin A level <0.0001
Impression cytology/adaptometry <0.0001
Adaptometry/plasma vitamin A level <0.0001
Corneoconjunctival alteration/plasma vitamin A
level <0.01

Impression cytology/age NS
Impression cytology/nutritional status NS
Impression cytology/time since surgery NS
Impression cytology/percentage weight loss NS
Impression cytology/ocular symptoms NS
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