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Abstract
Background: We gathered data on blood pressure (BP)
fluctuations from the period before to the completion of
surgery from the medical records of patients undergoing
outpatient cataract surgery in Japanese.
Methods and findings: The subjects were 1,529 patients
(675 men and 854 women) who underwent first-time
outpatient cataract surgery under local anesthesia at the
Wakayama Medical University Hospital, Japan, between
January 2013 and December 2014. The age of the patients
ranged from 20 to 95 years (mean: 73.1 ± 9.8 years).
Patients taking oral antihypertensive(s) were assigned to a
“hypertension group,” and patients receiving medication for
diabetes were assigned to a “diabetes group.” BP values 1 h
before surgery, upon entering the operating room (OR), and
upon completion of surgery and peak intraoperative BP
were analyzed. Compared with BP 1 h before surgery, peak
systolic BP (SBP) in all patients was significantly elevated
upon entering the OR. Compared with the mean SBP of all
patients, that of patients with underlying hypertension was
higher before surgery, upon entering the OR, during and
after surgery. In diabetes patients, SBP 1 h before surgery
was not higher than that of the total patient sample;
however, it was significantly higher upon entering the OR,
during and upon completion of surgery.
Discussion: Peak systolic BP was significantly elevated upon
entering the OR and during surgery in patients undergoing
outpatient cataract surgery. In diabetic patients, no
significant differences were noted for SBP 1 h before
surgery amongst the entire sample. However, SBP upon
entering the OR, during and upon completion of surgery
was significantly elevated in these patients compared with
that in the entire sample. Particular caution should be paid
to BP fluctuations associated with cataract surgery, and a
full explanation of the risks of surgery should be given to
diabetic patients before surgery.
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Introduction
In a surgery performed under local anesthesia, mental stress
before and during surgery can affect hemodynamics via the
activation of the autonomic nervous system and other
mechanisms. Compared with outpatient dental surgery,
outpatient eye surgery is performed in a higher percentage of
patients with systemic underlying diseases because, unlike
surgery in young people, cataracts are age-related. It is said that
approximately 40 million people in Japan have hypertension,
which is equivalent to approximately one-third of the
population. When examined by age, more than 50% of men and
women in their 60s and more than 60% of men and women in
their 70s receive treatment for hypertension [1]. Of the adult
Japanese population, approximately 10.67 million have diabetes,
and when examined by age, diabetes is present in approximately
3.55 million people aged 40–59 years and in 6.48 million people
aged 60–79 years, revealing a noticeable age-related increase
[2]. Diabetes can have a significant impact on general circulation
because of its effects on the autonomic nervous system (diabetic
neurosis) and vascular lesions, as typified by arteriosclerosis.
Furthermore, a variety of intraoperative visual sensations that
are specific to intraocular surgery may cause fear and stress in
patients. Changes in hemodynamics before and during surgery
have a negative effect on the cerebral circulation and
cardiovascular system and can be a cause of systemic
complications [3,4]. Therefore, a study on the relationship of
blood pressure fluctuations on the day of cataract surgery and
during surgery with underlying diseases (hypertension and
diabetes) has deep significance [5-9].
In this study, we gathered data on fluctuations in blood
pressure from the period before to the completion of surgery
from the medical records of patients undergoing first-time
outpatient cataract surgery at the Wakayama Medical University
Hospital Department of Ophthalmology. We then used the data
to retrospectively examine the relationship between
fluctuations in blood pressure and the presence or absence of
underlying hypertension or diabetes.
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Subjects and Methods
The subjects were 1,529 patients (675 men and 854 women)
who underwent first-time outpatient cataract surgery by
phacoemulsification and aspiration with implantation of an
intraocular lens under local anesthesia at the Wakayama
Medical University Hospital Department of Ophthalmology
between January 2013 and December 2014. The age of the
patients ranged from 20 to 95 years (mean: 73.1 ± 9.8 years;
Table 1).

diastolic blood pressure throughout the course of surgery
(Figure 1). On the basis of these blood pressure results, we
proceeded to examine systolic blood pressure.

Table 1: Subjects included in the study
Numbers of patients

Male (675); Female (854)

Age (years-old)

73.1 ± 9.8; (range 20 - 95)

Operation time (min)

9 ± 3.6

To differentiate the underlying diseases in this study, patients
taking some kind of oral antihypertensive drugs were assigned
to a “hypertension group,” while patients receiving some kind of
medication for insulin-non-dependent diabetes were assigned to
a “diabetes group.” The “hypertension group” comprised 891
patients, and the “diabetes group” comprised 336 patients
(Table 2).
Table 2: Percentages of cases with hypertension or diabetes
mellitus as defined in the manuscript
Systemic complications

Numbers (%)

Hypertension (HT)

891 (58.3%)

Diabetes mellitus (DM)

336 (22.0%)

The cataract surgeries were performed under local anesthesia
of either topical or sub-Tenon injection by several different
surgeons and lasted for a mean duration of 9 ± 3.6 min. Blood
pressure values 1 h before surgery, upon entering the operating
room, and upon completion of surgery (removal of eyelid
speculum) and peak intraoperative blood pressure were
analyzed. During surgery, antibiotics were administered and an
intravenous line was secured to control blood pressure in all
patients. When elevated blood pressure was deemed to be the
treatment target, blood pressure was normalized by
administering intravenous nicardipine. Surgery did not need to
be stopped because of a preoperative or intraoperative
deterioration in the general condition of any of the patients.
Statistical analysis was performed by using ANOVA. This study
was approved by the institutional review board of the
Wakayama Medical University Hospital.

Results
Changes in blood pressure during cataract surgery in
all patients

Figure 1: Mean systolic blood pressure in all subjects during
surgery

Changes in systolic blood pressure by age
The numbers of patients in each age group was 122 in the >60
years group, 353 in the 60s group, 636 in the 70s group, 386 in
the 80s group, and 32 in the 90s group. Significantly elevated
blood pressure was seen upon entering the operating room,
reaching its peak in each group. However, no significant
differences were detected between the age groups (Figure 2).

Figure 2: Systolic blood pressure alteration in each patient
age group

Systolic blood pressure by sex
The study included 675 men (mean age: 72.9 years) and 854
women (mean age: 73.3 years). Significantly elevated systolic
blood pressure was seen in both men and women, as shown in
Figure 3. However, no significant differences were seen between
the sexes.

Compared with the systolic blood pressure 1 h before surgery,
it was significantly elevated upon entering the operating room
and reached its peak. No significant differences were seen in the
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intraoperative systolic blood pressure and preoperative blood
pressure are presented in Table 4 and Figures 4-6.
Table 4: statistical analysis of the perioperative fluctuation of
the systolic Blood Pressure, Dark gray boxes: Statistically
significant
Fluctuation of systolic blood pressure

Figure 3: Gender and the alteration of systolic blood pressure
during surgery

①

②

③

DM

0.001

0.001

0.073

HT

0.129

0.362

0.860

As was found by the comparison of systolic blood pressure in
the entire patient sample, changes in systolic blood pressure
were also found to be significantly greater in patients with
underlying diabetes. However, no significant changes were
detected in patients with underlying hypertension.

Influence of underlying conditions (diabetes,
hypertension) on changes in systolic blood pressure
Table 3 shows the impact of the presence or absence of
hypertension and diabetes on systolic blood pressure. Compared
with the mean values of the systolic blood pressure of the entire
patient sample, the systolic blood pressure of patients with
underlying hypertension was higher before surgery, upon
entering the operating room, during surgery, and after surgery
(analysis of variance). In patients with underlying diabetes,
systolic blood pressure was not higher than that of the entire
patient sample 1 h before surgery but was significantly higher
than that of the entire patient sample upon entering the
operating room, during surgery, and upon completion of surgery
(analysis of variance).
Table 3: Analysis of variance of the relationship between systolic
blood pressure and disease at the time of cataract surgery. Dark
gray boxes: Statistically significant.

Figure 4: Relationship between highest systolic blood
pressure and either age or gender.

Systolic blood pressure
1
hr
before
op.

At the time of the
entrance into op room

Intra-op

Post-op

DM

0.056

<0.001

<0.001

<0.001

HT

0.007

<0.001

0.001

0.004

Relationship between the peak intraoperative
systolic blood pressure, differences in preoperative
blood pressure, and underlying diseases
Based on the above, we re-examined the peak systolic blood
pressure 1 h before surgery and during surgery and changes in
systolic blood pressure between these two points in time. The
results of the examination of the difference between the peak
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Figure 5: Systolic blood pressure during the procedure and
systemic background
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blood pressure 1 h before surgery did not differ significantly
from that of the entire patient sample at the same time point.
However, systolic blood pressure upon entering the operating
room, during surgery, and upon completion of surgery was
significantly higher in diabetic patients than that in the entire
patient sample (analysis of variance).

Figure 6: Perioperative fluctuation of systolic blood pressure

Discussion
In this study, compared with systolic blood pressure 1 h before
surgery, patients undergoing outpatient cataract surgery had
statistically significantly elevated peak systolic blood pressure
upon entering the operating room and during surgery. No
significant changes were observed in diastolic blood pressure
from 1 h before surgery up to the completion of surgery.
Therefore, in this study, we examined changes in systolic blood
pressure associated with surgery. Because cataract surgery is
performed under local anesthesia, it appears that blood
pressure rises with psychological stress [8-11].
To investigate the possibility that age-related changes in blood
vessels influence systolic blood pressure, we divided patients
aged <60 years and patients ≥ 90 years into groups for each
decade to examine whether age affects surgery-related changes
in systolic blood pressure. However, although systolic blood
pressure upon entering the operating room and peak
intraoperative systolic blood pressure differed significantly from
systolic blood pressure 1 h before surgery within each age
group, no significant results were seen between the groups. A
comparison of the difference between peak systolic blood
pressure 1 h before surgery and during surgery suggested that
the values tended to increase with age in each age group.
However, no statistically significant difference was detected.
Next, we investigated the potential influence of male or female
sex on systolic blood pressure. Elevated systolic blood pressure
was seen in both men and women, as shown in Figure 3. There
were no significant differences between the sexes. Furthermore,
no statistically significant difference was detected between the
sexes for the difference between peak systolic blood pressure 1
h before and during surgery.
Figure 6 shows the effects of patient background
(hypertension and diabetes) on changes in systolic blood
pressure. Of the entire patient sample, patients with
hypertension had the highest systolic blood pressure before
surgery, upon entering the operating room, during surgery, and
after surgery (analysis of variance). In diabetic patients, systolic
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We also investigated the relationship between underlying
diseases and difference between peak intraoperative and
preoperative systolic blood pressure (amount of change). Similar
to the comparison of mean values for the systolic blood pressure
of the entire patient sample, the difference between peak
intraoperative and preoperative systolic blood pressure varied
significantly more in patients with underlying diabetes than that
in patients without diabetes, indicating a greater change in the
diabetic group of patients. This trend was not detected in the
patients divided into groups according to the presence or
absence of hypertension. In the diabetic group of patients,
blood pressure 1 h before surgery did not differ significantly
from that of other patients, although the cause of the large
elevation in blood pressure upon entering the operating room
and during surgery remains unclear. However, the following
factors are the potential causes of elevated blood pressure:
increased circulating blood volume associated with
hyperglycaemia, potential activation of the sympathetic nervous
system associated with obesity and hyperglycemia, and
facilitated activation of the renin–angiotensin system due to
renal failure.
After outpatient cataract surgery, patients recover at home.
Although some cases of cerebral or myocardial infarction are
asymptomatic, both cerebral and myocardial infraction are
associated with elevated blood pressure. Patients with
hypertension had higher systolic blood pressure 1 h before
surgery than the remainder of the patients, and this makes it
easy to raise the awareness of hypertension among physicians
and nurses. Meanwhile, patients with diabetes had more or less
the same systolic blood pressure 1 h before surgery as the entire
patient sample, i.e., they exhibited significantly elevated blood
pressure in the operating room. It is therefore recommended to
pay particular attention to changes in blood pressure associated
with surgery and to fully explain the risks of elevated blood
pressure prior to surgery to diabetic patients undergoing
cataract surgery [12,13].
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