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Background: Tracheal intubation is closely associated with increases in intraocular
pressure (IOP); however, the effects of double-lumen tube (DLT) intubation on IOP have
not been validated. Systemic hypertension (HTN) is another factor that may increase
IOP. In this study, we observed differences in I0OP increases between DLT and single-
lumen tube (SLT) intubation, and evaluated the influence of underlying HTN during rapid
sequence induction.

Methods: Sixty-eight patients were allocated into one of the following group: SLT/with-
out HTN (n = 17), SLT/HTN (n = 17), DLT/without HTN (n = 17), and DLT/HTN (n = 17).
An SLT was inserted for orthopedic or gynecological surgery, and a DLT was inserted for
lung surgery after rapid sequence induction using succinylcholine. IOP was measured
before anesthetic induction and until 10 min after intubation using a handheld tonom-
eter (Tono-Pen AVIA®).
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INTRODUCTION double-lumen tube (DLT) to perform one-lung ventilation.
The external diameter of the DLT is larger than that of a
Tracheal intubation is closely associated with increased single-lumen tube (SLT), therefore, intubation with a DLT is
intraocular pressure (IOP) [1]. For lung surgeries, such as considered more difficult, more time consuming, and more

lobectomy or wedge resection, it is imperative to place a stimulating to the trachea, which may lead to higher sympa-
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thetic responses than intubation with an SLT [2,3]. Consider-
ing the magnitude of the stimuli, tracheal intubation using
a DLT may cause a greater increase in IOP than that using
SLT. However, the relationship between DLT placement and
changes in IOP has not been elucidated.

An additional factor that may influence IOP is systemic
hypertension (HTN). In animal studies, the relationship be-
tween HTN and IOP has been established as HTN being one
of the major causes of glaucoma [4]. However, it has not yet
been validated in humans undergoing tracheal intubation.
Because of an increase in the prevalence of HTN and a subse-
quent growing trend in the frequency of surgery in hyperten-
sive patients, it is important to compare the changes in IOP
between normotensive patients and hypertensive patients
during tracheal intubation.

In the present study, we compared increases in IOPs dur-
ing tracheal intubation using a DLT or SLT in patients with
or without systemic HTN. We hypothesized that tracheal
intubation with a DLT and patients with HTN would be as-
sociated with a greater increase in IOP than tracheal intuba-
tion with an SLT and patients without HTN. We performed a
rapid sequence induction using succinylcholine simulating
emergency intubation where the DLT and the underlying

HTN could show a significant influence on IOP.

MATERIALS AND METHODS

The study was approved by the Institutional Review Board
of the Seoul St. Mary’s Hospital (no. KC160IS10689). Each
patient gave verbal and written informed consent in advance.
Sixty-eight adult patients of the American Society of Anesthe-
siologist physical status class I or II, who were scheduled for
general anesthesia with tracheal intubation between Septem-
ber 2016 and August 2017, were included in this controlled,
prospective study. Patients were excluded if they had preex-
isting eye disease including glaucoma, previous eye surgery,
preoperative unstable hemodynamics, or anticipated difficult
tracheal intubation.

Patients were allocated into one of the following four
groups: patients without HTN who were intubated using an
SLT (SLT/without HTN group, n = 17), patients with HTN
who were intubated using an SLT (SLT/HTN group, n = 17),
patients without HTN who were intubated using a DLT (DLT/
without HTN group, n = 17), and patients with HTN who
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were intubated using a DLT (DLT/HTN group, n = 17). Every
patient with HTN was diagnosed by the medical staff and had
been treated with antihypertensive agents before surgery. Pa-
tients with blood pressure < 140/90 mmHg measured in the
operating room were included. This blood pressure standard
was equally applied to patients without a history of hyperten-
sion. The primary outcome was IOP after tracheal intubation
using either an SLT or DLT, and secondary outcomes were
IOP at other time points and ocular perfusion pressure (OPP),
which was calculated as the mean arterial pressure (MAP)
minus IOP, between patients with or without HTN.

Intraoperative monitoring included an electrocardiogram,
noninvasive blood pressure, pulse oximetry, capnometry,
bispectral index (BIS), and IOP. For anesthetic induction, 5
mg/kg pentothal sodium, 1 mg/kg succinylcholine, and 1 pg/
kg remifentanil were administered as a formula for rapid-
sequence induction. The trachea was intubated after 60 s of
manual ventilation with 100% oxygen. Intubation of the tra-
chea was attempted with either a cuffed SLT with an internal
diameter of 8 mm for males and 7.5 mm for females, or a left-
bronchial DLT at a size of 37 Fr. for males and 35 Fr. for fe-
males. A stylet was used for all patients. The SLT was used for
orthopedic or gynecological surgery, and the DLT was used
for lung surgery. Anesthesia was maintained with end-tidal
1.5-2.0 volume% of sevoflurane and 60-300 ug/h of continu-
ous infusion of remifentanil, maintaining the BIS at approxi-
mately 50 and the MAP between + 20% of the baseline value.
Controlled ventilation was maintained with air and oxygen
(FiO,: 0.5) to maintain the end-tidal carbon dioxide (EtCO,)
between 30-35 mmHg. Normosol-R was used for intraopera-
tive fluid therapy.

IOP was measured using a handheld tonometer, Tono-Pen
AVIA® (Reichert Technologies, USA) [5]. After applying two
drops of 0.5% proparacaine HCI (S.A. Alcon-Couvreur N.V.)
for topical anesthesia, IOP was measured seven times: before
anesthetic induction (baseline value, T1), after administra-
tion of anesthetic agents and before tracheal intubation (T2),
right after tracheal intubation (T3), and 1, 3, 5, and 10 min
after tracheal intubation (T4-T7). IOP measurements us-
ing portable tonometry required skilled techniques. All IOP
measurements were made by one researcher who was not
involved in the study and was experienced in using portable
tonometry. At the time of each tonometer reading, the follow-
ing data were collected: MAP, heart rate, and EtCO,. In the
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recovery room, patients were asked about any vision changes

or eye discomfort.

Statistics

For sample size calculations, an independent ¢-test was
performed to evaluate differences in IOP after tracheal in-
tubation between the SLT/without HTN and DLT/without
HTN groups. In a pilot study, the values of IOP showed a
normal distribution as a continuous variable, and the differ-
ence in mean values between groups was 4 mmHg with a

standard deviation of 4.0. The sample size required at a level

Table 1. Demographic Data

of significance of 5% (two-sided alpha = 0.05) and a power of
80% (1 - beta = 0.8) was 17 patients per group. To compare
demographic data, a chi-square test and independent #-test
were used. IOP and OPP between groups were subjected to
repeated-measures analysis of variance with “group” and
“time point” as independent variables, after confirming a
normal distribution of the data using the Shapiro-Wilk test.
The interaction term was calculated using a Bonferroni cor-
rection for repeated measures. A P value < 0.05 was consid-
ered to indicate statistical significance. All data were analyzed
using PASW statistical software for Windows, version 18.0
(IBM Co., USA).

Variable Group without HTN/SLT Group without HTN/DLT Group HTN/SLT Group HTN/DLT

(n=17) (n=17) (n=17) (n=17)
Age (yr) 51.2+115 53.4+8.6 58.6 +13.1 579+ 129
Sex (M/F) 8/9 9/8 7/10 9/8
Weight (kg) 68.7 +13.3 66.4+125 69.5+14.8 63.8+ 155
Height (cm) 1659 +9 169.4 + 10.2 164.7 £9.2 169.1 + 10.5
MAP (mmHg) 93.6+9.1 95.1+8.6 949+9.2 99.6 +10.9
HR (rate/min) 83.2+8.6 81.3+75 79.2+9.2 81.5+5.7
ASA PS (I/1l) 13/4 12/5 0/17 0/17

Values are presented as mean + SD or number only. No significant difference was found between groups. HTN: high blood pressure, SLT: single lu-
men tube, DLT: double lumen tube, M: male, F: female, MAP: mean arterial pressure at preinduction, HR: heart rate at preinduction, ASA PS: Ameri-

can Society of Anesthesiologist physical status.

Patients without hypertension
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Fig. 1. Time course of intraocular pressure (IOP) for patients without
hypertension. Patients who were intubated with double lumen tube
showed higher IOPs immediately, 1, 3, and 5 min after tracheal intuba-
tion than those who were intubated with single lumen tube. Symbols
and error bars indicate means and SD, respectively. *P < 0.05, P <
0.01, *P < 0.001 compared to single lumen tube.

www.anesth-pain-med.org

Patients with hypertension

) —e— Single lumen tube

— N —=— Double lumen tube
o 30 1
I
[S
£ t
g t
2] 20 T *
%]
o
o
g
=}
g 10+
Y
=

O T T T T T T 1

0 & 0 & S & &
& &° & & &
& S & N
& §
Q o) A\
Q¢ <
Time

Fig. 2. Time course of intraocular pressure (IOP) for patients with hyper-
tension. Patients who were intubated with double lumen tube showed
higher I0Ps immediately, 3, 5, and 10 min after tracheal intubation
than those who were intubated with single lumen tube. Symbols and
error bars indicate means and SD, respectively. *P < 0.05, 'P < 0.01
compared to single lumen tube.
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RESULTS

In total, 74 patients were recruited for the study. Five pa-
tients were excluded from data analyses due to violation of
the study protocol by the anesthesiologist, and one patient
was excluded due to an unexpected difficult intubation.
Demographic data are shown in Table 1. No patients com-

plained of any vision changes or eye discomfort in the recov-
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Fig. 3. Time course of intraocular pressure (I0P) for patients intubated
with single lumen tube. There were no differences in I0Ps between pa-
tients with and without hypertension. Symbols and error bars indicate
means and SD, respectively.
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Fig. 4. Time course of intraocular pressure (IOP) for patients intubated
with double lumen tube. There were no differences in IOPs between
patients with and without hypertension. Symbols and error bars indi-
cate means and SD, respectively.
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ery room.

There were no differences in the preoperative baseline IOP
and OPP among groups. In patients without HTN, patients
who were intubated with a DLT showed a higher IOP im-
mediately and 1, 3, and 5 min after tracheal intubation, com-
pared to those intubated with an SLT (Fig. 1). Importantly,
IOP at T3 was 7.9 mmHg higher than that at T1 in the DLT/
without HTN group, while IOP at T3 was only 5.0 mmHg
higher than that at T1 in the SLT/without HTN group (P =
0.019 compared to the SLT/without HTN group). The results
were similar in patients with HTN (Fig. 2). In the DLT/HTN
group, IOP was increased by 12.2 mmHg after intubation,
compared to T1. This increase in IOP was less in the SLT/
HTN group, where IOP increase was only 4.9 mmHg (P = 0.009
compared to the SLT/HTN group).

HTN patients showed a slightly, statistically nonsignificant-
ly higher IOP after tracheal intubation than normotensive
patients in both the SLT and DLT groups (Figs. 3 and 4).

The changes in the OPP were similar for all groups. The
OPP decreased at T2 compared to baseline values and in-

creased at T3, T4, and T5. The magnitude of the increase after

Table 2. Time Course of Ocular Perfusion Pressure for Patients without
Hypertension

Variable Single lumen tube Double lumentube P value
Preinduction 788+82 789+8.6 0.958
Preintubation 715+ 76 729+9.2 0.885
Intubation 925+8.8 101+ 16.2 0.201
1 min 81.2+9.2 91.7+172 0.195
3 min 721+8.8 82.6+15.3 0.098
5 min 66.5+8.3 76.4+124 0.831
10 min 68.8+8.8 68.4 +£10.2 0.937

Values are presented as mean + SD. Values are mmHg in scale. No
significant difference was found between groups.

Table 3. Time Course of Ocular Perfusion Pressure for Patients with

Hypertension

Variable Single lumen tube Double lumentube P value
Preinduction 79.5+10.2 86.5+10.5 0.665
Preintubation 724 +9.6 74+81 0.921
Intubation 95.7 £ 18.5 108 £20.1 0.101
1 min 88.1+15.3 106.4 + 18.8 0.083
3 min 84+151 101.1+20.2 0.092
5 min 799+ 16.2 945+ 155 0.097
10 min 64+ 154 81.1+14.8 0.068

Values are presented as mean + SD. Values are mmHg in scale. No
significant difference was found between groups.
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Table 4. Time Course of Mean Blood Pressure for Patients without Hy-
pertension

Table 5. Time Course of Mean Arterial Pressure for Patients with Hyper-
tension

Variable Single lumentube Double lumentube P value
Preinduction 93.6+9.1 95.1+8.6 0.835
Preintubation 87.7+11.6 90 +13.9 0.667
Intubation 113 +14.2 1242 +18.3 0.109
1 min 97.3+10.1 103.8 + 17.7 0.272
3 min 84.5+9.9 899+ 155 0.315
5 min 76.5+ 8.9 90.8+11.6 0.088
10 min 789+8.1 91.9+99 0.411

Variable Single lumen tube  Double lumen tube P value
Preinduction 949+9.2 99.6 +10.9 0.378
Preintubation 89.7+11.4 91.5+11 0.921
Intubation 116.2 + 20.6 133.2+24.6 0.135
1 min 105.7 +15.3 1279 + 20.6 0.053
3 min 97.8+16.8 120.5+20.1 0.041
5 min 90.6 +14.2 110.8 + 16.7 0.079
10 min 743+12.1 96.1+119 0.031

Values are presented as mean + SD. Values are mmHg in scale. No
significant difference was found between groups.

tracheal intubation was comparable among groups (Tables 2
and 3). Blood pressures before and after tracheal intubation

are listed in Tables 4 and 5.

DISCUSSION

IOP increased sharply after tracheal intubation, and the in-
crease was greater in the DLT groups than in the SLT groups.
Considering that we continuously administered sevoflurane
and remifentanil, which have been shown to have alleviating
effects on IOP in previous studies [6,7], the increase in IOP
after tracheal intubation was clinically important.

There are various perioperative factors that are considered
to influence IOP during tracheal intubation. Among these
factors, hemodynamic maintenance, ventilation strategy, and
anesthetic agents are manageable by the anesthesiologist. In
this study, we tried to maintain intraoperative BIS to about
50 and MAP between + 20% of baseline values by modulat-
ing the depth of anesthesia and the EtCO, to 30-35 mmHg
by regulating the respiratory rate. By strictly adjusting factors
that were manageable by the anesthesiologist, we were able
to evaluate the effects of different types of endotracheal tubes
and preoperative HTN on IOP.

Sympathetic stimuli and adrenergic responses during tra-
cheal intubation cause an increase in IOP [1]. The responses
are thought to be the result of oropharyngeal and laryngo-
tracheal stimulations by manipulation of the direct laryngo-
scope and placement of tube in the trachea. The mechanism
of IOP increase following tracheal intubation is related to
venoconstriction, which leads to increased central venous
pressure and resistance to the outflow of aqueous humor in

the trabecular meshwork between the anterior chamber and
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Values are presented as mean + SD. Values are mmHg in scale.

Schlemm’s canal [8]. The reason that a DLT was associated
with a large increase in IOP during tracheal intubation in our
study can be explained as follows: the external diameter of a
DLT is larger than that of an SLT, therefore, intubation with a
DLT is considered more difficult and more stimulating to the
trachea, which leads to higher sympathetic responses than
intubation with an SLT.

Previous studies have not reported a correlation between
systemic HTN and the increase in IOP [4,9-11]. Our hypoth-
esis was that IOP would be relevant to the presence of HTN
because of the influence of vascular dysregulation or abnor-
mal blood pressure on ocular perfusion [12]. However, there
was no relationship between IOP and systemic HTN, which is
consistent with Czarnik et al. [13]. Alternatively, Mitchell et al.
[10] reported that poorly controlled HTN increased the risk
for open-angle glaucoma, whereas controlled HTN did not.
Therefore, our findings indicate that all patients with under-
lying HTN were well-managed with antihypertensive agents,
and anesthetics for induction and maintenance led to a lower
IOP [14], offsetting the increase in IOP caused by HTN.

Most postoperative visual impairments do not involve
direct pressure on the periorbital area or the globe itself, but
rather changes in blood flow to the eyeball or optic nerve,
caused by either a decrease in perfusion or an embolism
[15]. In predicting the perfusion to the eyeball or optic nerve,
OPP is commonly used as a variable. OPP, defined as the dif-
ference between the MAP and IOP, can be decreased by an
increase in IOP, despite the maintenance of a normal MAP.
It is therefore important to understand how IOP and OPP
change in anesthetized patients during and after tracheal
intubation. In our study, there were no significant differences
in OPP between the SLT and DLT groups. This result is in-
consistent with our hypothesis that DLT would significantly
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increase IOP and thus negatively influence OPP. The reason
for maintained or even higher OPP for both the DLT and SLT
groups in spite of an IOP increase during tracheal intubation
is because the MAP was elevated during tracheal intubation,
which offset the negative effects of an increase in IOP on the
OPP. To maintain OPP and prevent postoperative ophthal-
mic complications, it is important for an anesthesiologist to
maintain the proper MAP by regulating fluid administration
and depth of anesthesia, as well as to prevent the increase in
IOP during anesthesia.

We did not observe an increased incidence of ophthalmic
complications by tracheal intubation using a DLT. No pa-
tients complained of postoperative ophthalmic complica-
tions despite IOP increasing significantly during and after
tracheal intubation using a DLT. This was probably because
the duration of IOP increase during tracheal intubation in our
study was only approximately 3 min, so the OPP was properly
maintained because of the increase in the MAP. Ophthalmic
complications such as visual loss may occur as a result of
sustained IOP increases during surgery [16,17]. Maintaining
IOP over the normal range is very important because of the
potential for optic nerve damage, and the increasing fre-
quency of normal-tension glaucoma patients. It is therefore
very important to actively control IOP [18,19]. An increase in
IOP should especially be avoided in patients with penetrating
eye surgery in glaucomatous or elderly patients, in whom the
control of IOP is of paramount concern.

This study had some limitations. The patients in the HTN
groups (SLT/HTN and DLT/HTN groups) were patients
with well-controlled HTN; hence, the results from these data
cannot be extrapolated to other groups of patients. Because
poorly controlled HTN is associated with a risk for open-an-
gle glaucoma [10], the possibility of severe and sustained in-
creases in IOP during and after tracheal intubation in patients
with poorly controlled HTN should be avoided. Second, this
study was conducted in the context of a rapid-sequence in-
duction using succinylcholine. The results cannot be general-
ized for regular intubation situations using non-depolarizing
neuromuscular blockers. Third, because this study was not
arandomized trial, it is important to recognize that IOP after
tracheal intubation may be further affected by surgery or the
characteristics of patients. A large-scale randomized trial in-
volving more patients and surgery is therefore required.

In conclusion, tracheal intubation using a DLT increased

454

IOP more than intubation using an SLT in rapid sequence
intubation with succinylcholine, and well-controlled under-

lying HTN did not increase IOP during tracheal intubation.
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