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Abstract

Purpose The aim of the present study was to inves-

tigate the changes in intraocular pressures (IOP) in

patients who underwent pulsatile and non-pulsatile

cardiopulmonary bypass (CPB).

Methods A total of 42 patients operated for elective

coronary bypass surgery (CABG) on CPB were

randomly allocated to pulsatile (Group P) and non-

pulsatile (Group N) groups. Pulsatile flow was applied

to Group P patients during crops-clamp period. The

IOP measurements were made before and after the

induction of anesthesia, before the onset of CPB, on

the 5th, 15th, 30th, 45th, and 60th min of CPB, after

CPB and at the end of the operation. The results of

repetitive measurements were analyzed at different

intervals and in two groups.

Results The second IOP measurements of right and

left eyes displayed statistically significant decreases from

the baseline level [11.9 ± 2.9 (p = 0.0001) and

12.5 ± 3.2 (p = 0.0001), respectively]. The significant

decrease in the IOP values persisted in the repeated

measurements except for the 5th min of CPB values

[17.0 ± 3.5 (p = 0.346) and 16.7 ± 3.6 (p = 0.399)].

Comparison of two groups demonstrated significant

differences at pre-CPB (right 12.8 ± 2.3 vs. 10.8 ± 2.4;

p = 0.013 and left 13.3 ± 2.4 vs. 11.5 ± 2.5;

p = 0.023), and 5th min of CPB measurements (right

18.5 ± 3.1 vs. 15.9 ± 3.4; p = 0.015; left 18.2 ± 3.0

vs. 15.7 ± 3.6; p = 0.019).

Conclusion We noted a steady decrease in repeated

IOP measurements except for the transient increase in

CPB values on 5th min. The IOP values were higher in

pulsatile CPB group in pre-CPB and 5th min of CPB

measurements; however, the difference was not sig-

nificant in the repeated measurements.

Keywords Intraocular pressure � Cardiopulmonary

bypass � Cardiac surgery � Visual loss

Introduction

The cardiopulmonary bypass (CPB) procedure pro-

vides extracorporeal circulation and can avoid the

challenge of operating on the beating heart. Remark-

able hemodynamic changes can occur in end organs

during CPB. Postoperative ocular complications occur

rarely after cardiac surgery on CPB [1]. Their

pathophysiology is poorly understood and hazardous

outcomes such as permanent loss of vision may be
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seen [2]. The incidence in literature ranges from 0.06

to 0.33 % in recently reported series [2–4].

Multiple physiologic alterations such as arterial

embolism, hypotension, and hypothermia encoun-

tered during CPB may be responsible for the

development of these complications. Most frequent

type of injury in visual pathway in patients under-

going cardiac surgery with CPB is anterior ischemic

optic neuropathy [2, 5].

One of the important factors associated with ocular

complications during cardiac surgery is the relation-

ship between CPB and intraocular pressures (IOP)

[2, 6]. Induction of CPB may influence dynamics of

aqueous humor fluid, choroidal blood volume, and

muscular tone of extraocular muscles [6]. Increased

intraocular pressure is considered to be an important

risk factor attributed to the diminished perfusion

pressures of the optic nerve which may eventually lead

to ischemic optic neuropathy [2]. In relevant publica-

tions, increased or unchanged IOPs were reported

during CPB [7–9]. However, vast majority of these

publications have been made several decades ago and

owing to the current developments in anesthetic and

surgical techniques, impact of CPB on IOP may have

changed.

The aim of the current study was to investigate

changes in IOP during pulsatile and non-pulsatile CPB

in patients undergoing elective coronary bypass

surgery (CABG).

Patients and methods

Study design

This prospective, observational, cohort study included

42 patients scheduled for elective CABG with CPB.

The approval of the local institutional review board

and written informed consents of all patients have

been obtained prior to the study. Patients with

glaucoma, traumatic eye, and keratopathy were

excluded from the study.

Patients were randomized to pulsatile (Group P)

and non-pulsatile (Group N) CPB groups by closed

envelope method. Pulsatile flow was applied to Group

P patients during crops-clamp period. Concomitant

hemodynamic and arterial blood gas measurements

were recorded.

Measurement of intraocular pressure

The IOP measurements were made by the same

ophthalmologist with a Tonopen� XL hand held

tonometer (Medtronic SOLAN, Jacksonville, FL,

USA). The calibration of the tonometer was made

before each operation in the operating room before the

operation was begun. The IOP measurements were

made at the following times: (T1) before anesthesia

induction (baseline), (T2) after anesthesia induction,

(T3) before onset of CPB, at the (T4) 5th, (T5) 15th,

(T6) 30th, (T7) 45th, and (T8) 60th min of CPB, (T9)

after CPB and (T10) at the end of the operation.

Preoperative demographic features and operative

details were gathered in a prospectively recorded

database. The placements of all patient lines (arterial

and venous) were made in the operating room. All

patients were operated under general anesthesia and

conventional cardiac surgery was performed via

median sternotomy. For induction and maintenance

of anesthesia, intravenous midazolam, fentanyl, and

vecuronium were used. When necessary, supplemen-

tal sevoflurane (0.5–1.0 %) was used tomaintain mean

arterial pressures and heart rate within ±25 % of pre-

induction values. Remifentanil infusion (1–1.5 lg/kg/
min) was begun during CPB as rewarming was started.

Cardiopulmonary bypass was established with non-

pulsatile (Group N) or pulsatile (Group P) fashion at

2.0–2.4 L/min/m2 flow rates. Moderate hypothermia

(26–27 �C) was used in all cases. Mean arterial

pressure was maintained around 50–70 mmHg during

CPB and a-stat blood gas management was used.

Myocardial protection was maintained with antegrade

and retrograde isothermic blood cardioplegia. As a

standard of our practice, we preferred antegrade

induction with 1000 mL at the time of the aortic

cross-clamping and afterwards either continuous ret-

rograde or intermittent antegrade (500 mL/20 min)

infusion was used until aortic cross-clamp removal.

Antifibrinolytic therapy was administered with ami-

nocaproic acid as institutional routine.

Statistical analysis

Continuous variables were described as means

(±standard deviation) or medians (interquartile range)

as appropriate; categorical variables were described as

a percentage. The repeating measurements were

compared with ANOVA test for repeating
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measurements and groups were compared withMann–

Whitney U test and V2 analyses. The data were

managed and analyzed using Statistical Package for

Social Sciences version 11.0 (SPSS Inc., Chicago, IL,

USA). A p value of 0.05 was considered statistically

significant.

Results

The average age of our series was 57.1 ± 9.3 (range

41–78). Thirty-one of them (73.8 %) were male and 11

(26.2 %) were female. Seventeen patients (40.5 %)

were assigned toGroupPand25 (59.5 %)were assigned

to Group N. The preoperative characteristics and

comparison between the groups are shown in Table 1.

As presented in Table 2, total intraoperative fluid

volume was significantly higher (p = 0.022) and

positive fluid balance during surgery was more likely

(p = 0.049) in Group P. Two groups displayed similar

features in terms of durations of CPB and ACC as well

as number of distal vessels undergoing distal anasto-

moses (Table 2).

The initial mean right and left IOP values were

18.8 ± 3.9 and 18.3 ± 3.6 mmHg, respectively, and

the second measurements statistically, significantly

decrease from the baseline level [11.9 ± 2.9

(p = 0.0001) and 12.5 ± 3.2 (p = 0.0001), respec-

tively]. The significant decrease in the IOP values

persisted in the repeated measurements except for the

5th min of CPB values, which did not differ signif-

icantly from the baseline levels [17.0 ± 3.5

(p = 0.346) and 16.7 ± 3.6 (p = 0.399)]. Compar-

ison of two groups demonstrated that there were

significant differences at pre-CPB (right 12.8 ± 2.3

vs. 10.8 ± 2.4; p = 0.013 and left 13.3 ± 2.4 vs.

11.5 ± 2.5; p = 0.023), 5th min of CPB measure-

ments (right 18.5 ± 3.1 vs. 15.9 ± 3.4; p = 0.015;

left 18.2 ± 3.0 vs. 15.7 ± 3.6; p = 0.019) (Table 3).

Discussion

The objective of the present study was to evaluate the

changes in IOP in patients that underwent pulsatile and

non-pulsatile CPB. Results of the present study

Table 1 Preoperative characteristics of our series and two subgroups

Parameters Overall (n = 42) Group N (n = 25) Group P (n = 17) p Value

Age, [year (mean ± SD)] 57.1 ± 9.3 (41–78) 56.8 ± 10.2 57.6 ± 8.0 0.788

Gender (M:F) 31:11 (73.8:26.2 %) 12:5 (70.6:29.4 %) 19:6 (76.0:24.0 %) 0.696

BMI, [kg/m2 (mean ± SD)] 29.2 ± 3.5 (22.5–35.2) 29.3 ± 3.4 29.0 ± 3.7 0.613

HT 25 (59.5 %) 14 (56.0 %) 11 (64.7 %) 0.571

COPD [n (%)] 5 (11.9 %) 0 5 (29.4 %) 0.002

Tobacco use [n (%)] 19 (45.2 %) 10 (40.0 %) 9 (52.9 %) 0.408

Hyperlipidemia [n (%)] 17 (40.5 %) 11 (44.0 %) 6 (35.3 %) 0.571

DM [n (%)] 18 (42.9 %) 9(36.0 %) 9 (52.9 %) 0.276

Previous MI [n (%)] 4 (9.5 %) 0 4 (23.5 %) 0.021

LVD [n (%)] 1 (2.4 %) 0 1 (5.9 %) 0.405

EF, (mean ± SD) 53.3 ± 6.5 % (35–60 %) 55.2 ± 5.2 % 50.6 ± 6.8 % 0.020

Preoperative NYHA class

Class I n (%) 3 (7.1 %) 3 (12.0 %) 0 0.184

Class II n (%) 33 (78.6 %) 19 (76.0 %) 14 (82.4 %)

Class III n (%) 6 (14.3 %) 3 (12.0 %) 3 (17.6 %)

CRD n (%) 2 (4.8 %) 1 (4.0 %) 1 (5.9 %) 1.000

ASA American Society of Anesthesiologists, BMI Body Mass Index, COPD chronic obstructive pulmonary disease, CRD chronic

renal dysfunction, DM diabetes mellitus, EF ejection fraction, HT hypertension, LVD left ventricular dysfunction (EF\ 40 %), M:F

male–female ratio, MI myocardial infarction
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indicated a persistent diminution in repeated IOP

measurements except for the transient increase in CPB

values on 5th min. The IOP values were found to be

higher in pulsatile CPB group in pre-CPB period on

measurements performed on the 5th min of CPB.

However, the difference between two groups was

insignificant for IOPmeasurements performed at other

intervals.

Owing to the redistribution of peripheral and

splanchnic circulation, remarkable changes can be

seen in blood circulation in CABG with CPB.

Hypoperfusion of the peripheral tissues and alteration

of metabolic activity attributed to vasoconstriction,

hypothermia, administration of heparin, decrease in

hemoglobin concentration due to haemodilution and

centralization of circulation may occur and eye, as an

end organ, is prone to be influenced by the final

ischemia and hypoperfusion. Cardiopulmonary bypass

may lead to deprivation of peripheral tissue energy

metabolism, but these changes did not have any

impact on postoperative clinical outcome [10].

Pekel et al. stated that sub-foveal choroidal thick-

ness and ocular pulse amplitude are unchanged, while

intraocular pressure decreased one week and one

month after CPB [1]. The postoperative decrease in

IOP may be linked with the use of diuretic and

antihypertensive drugs after CPB or ischemia of

ciliary bodies. Elevated IOP levels during CPB were

reported to sustain for several days postoperatively

[11]. In contrast, Hayashi et al. proposed that IOP

values were decreased remarkably during CPB and

return to baseline levels occurred at the end of the

operation [2].

Increased duration of CPBwas linked with a greater

systemic inflammatory response, increased vascular

resistance and increased risk of ocular complications.

The duration of CPB is reported to be longer in

patients diagnosed with ocular problems including

anterior ischemic optic neuropathy [1]. The blood flow

in the optic nerve head was found to be reduced during

CPB and there was a negative association between

blood flow and extracorporeal circulation time [1].

Main strength of the present study was assessment

of intraocular pressure after pulsatile and non-pulsatile

subtypes of CPB. Our results indicated that there was a

transient increase in IOPs on 5th min after CPB in

Group P. Clinical relevance of raised IOP and course of

IOP during CPB remain to be investigated in further

trials. We noted that pulsatile CPB group had signif-

icantly higher IOP levels on 5th min after the onset of

procedure. In parallel to findings ofHayashi et al., there

was a decrease in bilateral IOP values during CPB [2].

Regulation of IOP during CPB is supposed to be

multifactorial. Hypothermia, hyperosmolarity of the

Table 2 Operative characteristics of our series and two subgroups

Parameters Overall (n = 42) Group N (n = 25) Group P (n = 17) p Value

ACC duration, min (mean ± SD) 53.3 ± 19.8 (22–98) 53.3 ± 21.2 53.2 ± 18.1 0.989

CPB duration, min (mean ± SD) 93.4 ± 26.9 (42–148) 90.9 ± 26.8 96.9 ± 27.5 0.483

Minimum CPB flow, mL/min (mean ± SD) 3378.6 ± 378.4 (2200–4000) 3348.0443.6 3423.5 ± 261.1 0.532

Maximum CPB flow, mL/min (mean ± SD) 4385.7 ± 364.0 (3200–5000) 4360.0 ± 423.3 4423.5 ± 261.1 0.585

Number of distal anastomosis, n (%)

Single vessel 1 (2.4 %) – 1 (5.9 %) 0.158

Two vessels 6 (14.3 %) 2 (8.0 %) 4 (23.5 %)

Three vessels 21 (50.0 %) 15 (60.0 %) 6 (35.3 %)

Four vessels 13 (31.0 %) 8 (32.0 %) 5 (29.4 %)

Intraoperative fluid volume, mL (mean ± SD)

Total 3556.0 ± 535.5 (2300–5500) 3402.0 ± 43.4 3782.4 ± 611.8 0.022

Crystalloid 2696.4 ± 482.0 (2000–4000) 2682.0 ± 368.8 2717.7 ± 625.0 0.834

Colloid 833.3 ± 334.7 (0–1500) 700.0 ± 279.9 1029.4 ± 317.7 0.001

Intraoperative fluid balance

Balance or negative 22 (52.4 %) 10 (40.0 %) 12 (70.6 %) 0.049

Positive 20 (47.6 %) 15 (60.0 %) 5 (29.4 %)

ACC aortic cross-clamp, CPB cardiopulmonary bypass, SD standard deviation
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infused fluid and reduced arterial pressure can dimin-

ish the amount of aqueous produced [6]. Reduced

protein content of blood plasma, decreased colloidal

osmotic pressure and haemodilution by the pump

priming fluid may increase aqueous production. These

factors and hormonal changes during CPB may

contribute to the increase on 5th min after CPB [6].

An experimental study has shown that IOP and

intracranial pressure were increased during haemod-

ilution [12]. However, mechanical and non-mechan-

ical factors associated with the permanent decrease in

IOP throughout CPB needs to be elucidated in further

trials.

In the relevant literature, controversial results have

been reported on alteration of IOP during CPB [7–9].

Levy et al. proposed that IOP was unchanged during

CPB and a decrease in IOP was observed in conjunc-

tion with systemic hypotension. In contrast, Larkin

and Stellpflug reported that IOP tended to increase

during CPB procedure [6, 8]. Lillaesen demonstrated

that IOP increased only at the onset of CPB and did not

change significantly in the other periods [9].

Table 3 Intraocular pressure measurements on both eyes during various intervals of operative procedure

Mean ± SD

(mmHg)

p value Mean ± SD

(mmHg)

p value

Right IOP (preoperative) 18.8 ± 3.9 – Left IOP (preoperative) 18.3 ± 3.6 –

Group P 20.1 ± 3.9 0.092� Group P 19.4 ± 3.0 0.091�

Group N 18.0 ± 3.7 Group N 17.5 ± 3.8

Right IOP (after induction) 11.9 ± 2.9 0.0001* Left IOP (after induction) 12.5 ± 3.2 0.0001*

Group P 12.7 ± 3.2 0.155� Group P 13.2 ± 3.9 0.246�

Group N 11.4 ± 2.5 Group N 12.0 ± 2.7

Right IOP (before CPB) 11.6 ± 2.6 0.0001* Left IOP (before CPB) 12.2 ± 2.6 0.0001*

Group P 12.8 ± 2.3 0.013� Group P 13.3 ± 2.4 0.023�

Group N 10.8 ± 2.4 Group N 11.5 ± 2.5

Right IOP (CPB 5th min) 17.0 ± 3.5 0.346* Left IOP (CPB 5th min) 16.7 ± 3.6 0.399*

Group P 18.5 ± 3.1 0.015� Group P 18.2 ± 3.0 0.019�

Group N 15.9 ± 3.4 Group N 15.7 ± 3.6

Right IOP (CPB 15th min) 14.5 ± 3.4 0.0001* Left IOP (CPB 15th min) 14.0 ± 3.4 0.0001*

Group P 15.2 ± 3.3 0.223� Group P 14.6 ± 3.4 0.384�

Group N 13.9 ± 3.5 Group N 13.6 ± 3.5

Right IOP (CPB 30th min) 13.0 ± 3.6 0.042* Left IOP (CPB 30th min) 12.9 ± 3.6 0.040*

Group P 14.0 ± 3.1 0.155� Group P 13.5 ± 3.7 0.363�

Group N 12.4 ± 3.9 Group N 12.5 ± 3.6

Right IOP (CPB 45th min) 12.5 ± 3.4 0.0001* Left IOP (CPB 45th min) 12.2 ± 3.0 0.012*

Group P 12.5 ± 3.1 0.979� Group P 12.7 ± 2.4 0.423�

Group N 12.5 ± 3.6 Group N 11.9 ± 3.4

Right IOP (CPB 60th min) 11.6 ± 3.2 0.0001* Left IOP (CPB 60th min) 11.3 ± 2.7 0.0001*

Group P 12.8 ± 3.2 0.059� Group P 12.2 ± 2.5 0.096�

Group N 10.8 ± 3.0 Group N 10.7 ± 2.7

Right IOP (end of CPB) 11.3 ± 3.1 0.0001* Left IOP (end of CPB) 11.5 ± 2.6 0.0001*

Group P 11.9 ± 2.5 0.317� Group P 12.4 ± 2.3 0.066�

Group N 10.9 ± 3.5 Group N 10.9 ± 2.6

Right IOP (end of operation) 9.5 ± 2.4 0.0001* Left IOP (end of operation) 9.2 ± 2.7 0.0001*

Group P 9.5 ± 2.1 0.909� Group P 9.5 ± 2.7 0.516�

Group N 9.4 ± 2.7 Group N 9.0 ± 2.8

CPB cardiopulmonary bypass, IOP intraocular pressure, SD standard deviation

* ANOVA in repeated measurements; � T test
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The steady decrease in IOP in our series may be

linked with anesthetic techniques, CPB settings such

as temperature, oxygenator and determinants of

hemodynamic status. In addition, drainage of aqueous

humor may be increased in conjunction with a

decrease in central venous pressure.

The morbidities such as anterior ischemic optic

neuropathy and permanent loss of vision may com-

plicate the cardiopulmonary bypass. Increased aware-

ness on the possibility of these complications is

important for establishing early diagnosis, starting

appropriate treatment without delay and developing

safer surgical techniques.

There were remarkable changes in intraocular

pressure due to blood pH, PCO2, and PO2 alterations

induced by hyperventilation and hypercapnea under

general anesthesia [13]. Hypercapnea is supposed to

cause elevation of intraocular pressure, while hyper-

ventilation may decrease it [14].

The main strength of our study is evaluation of

impacts of pulsatile and non-pulsatile CPB on IOPs

separately. Weaknesses of the present study include

small sample size, lack of long-term follow-up and

inability to test our findings with Doppler ultrasonogra-

phy and measurement of ocular perfusion pressure. The

main limitations of the Tonopen�XL tonometry are high

cost as well as inter-session and inter-observer variabil-

ities.Moreover, time interval between surgery and ocular

examinations may have affected the results.

Conclusion

To conclude, repetitive IOP measurements showed a

steady decrease in both groups except for the transient

increase in 5th min CPB values. The IOP values were

higher in pulsatile CPB group in pre-CPB and 5th min of

CPBmeasurements but the differencewas not significant

in the repeating measurements. Further trials are

warranted to clarify the physiological mechanisms

underlying IOP changes during CPB and their relation-

ship with ophthalmological complications.
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