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Intraoperative intraocular pressure fluctuation during standard 
phacoemulsification in real human patients

Libor Hejseka, Jana Kadlecovaa, Martin Sinb, Vera Velikaa, Nada Jiraskovaa

Introduction. To evaluate the results of the fluctuations of intraocular pressure (IOP) and calculated mean ocular 
perfusion pressure (MOPP) during the usual steps of standard phacoemulsification.
Methods. Nine human eyes were evaluated. The IOP was measured indirectly by electronic applanation tonometer. 
The MOPP was calculated using the systolic blood pressure (SBP), the diastolic blood pressure (DBP) and the IOP: MOPP 
= 2/3x[DBP + 1/3x(SBP – DBP)] – IOP. The operations were performed with the INFINITI® Vision System: main incision 
2.2 mm, coaxial handpiece, 2 paracenteses 1.1 mm, bimanual irrigation/aspiration, bottle height 100 cm. As ocular 
viscoelastic device (OVD) Hypromel 2.5% (UNIMED) was used.
Results. The initial and final IOPs were 17-30 Torr (median 18) and 6-16 Torr (median 8), respectively. The IOP values 
oscillated between 4 and 63 Torr during the procedure. The highest values of the IOP were achieved at the beginning 
of phacoemulsification (from 42 to 63 Torr). The maximum pressure higher than 50 mmHg and 60 mmHg was found 
in 89% and 30% of cases, respectively. The mean ocular perfusion pressure (MOPP) at the beginning of the procedure 
was 46.4-67.0 (median 53.3) and 0.4-42.0 (median 19.3) during the maximum intraocular pressure.
Conclusions. Measured IOP as well as MOPP varied in all normal steps of real phacoemulsification. High values of 
intraoperative IOL induced by irrigation may compromise the intraocular perfusion. These fluctuations may induce 
impairment of the optic nerve perfusion, as well as retina, or choroid. 
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INTRODUCTION

Phacoemulsification was introduced by Kelman in 
1967 (ref.1). Since that time, there has been significant 
development of this technique. At present, phacoemul-
sification is the most frequently performed ophthalmic 
surgical procedure in human ophthalmology. With the 
ongoing development of the cataract surgery, cataract sur-
geons tend to use high vacuum to do the surgery quickly. 
The increased vacuum may bring the unstable anterior 
chamber. To ensure anterior chamber stability during the 
procedure, higher infusion height is needed, inducing the 
intraocular pressure (IOP) elevation.

The perioperative intraocular tension is given by the 
initial eye tension, factors of irrigation (especially the 
height of the bottle of the phacoemulsification machine 
– a type without active fluidics), factors of aspiration (suc-
tion parameters), and tightness of the surgical wounds. 
Fluidics affects stability of the anterior chamber, and 
is a precondition for the efficacy of a phacoemulsifica-
tion substance. High perioperative pressure is a factor 
in potential damage to the corneal endothelium or its 
postoperative oedema as well as a factor affecting flow 
in the eye vessels. 

The fluid pressure (in Torr, millimetres of mercury) 
at the base of a column of water is derived as: pressure 

(mmHg) = column height (cm) x 10/13.6, when the den-
sity of mercury is 13.6 g/cm3 and the density of water is 
1 g/cm3 (ref.2).

In the eye, the vascular pressure begins in the arteries 
and ends with the venous pressures in the ending stream. 
The pressure resistance is given by the blood elements 
and the vessel length, by branching and by the vascular 
diameter. The pressure decreases from the arteries to the 
capillaries, and the main source of resistance lies in the 
small arteries and arterioles. The intraocular veins work 
as a “Starling resistors”: their pressure, before the outflow 
from the eye, must be higher than the IOP or the flow 
stops3-5. Therefore, the IOP significantly influences the 
intraocular vascular flow. 

Under normal circumstances, the mean arterial pres-
sure (MAP) can be estimated using the systolic blood 
pressure (SBP) and diastolic blood pressure (DBP). Then, 
MAP ≈ DBP + 1/3(SBP − DBP). The mean ocular per-
fusion pressure (MOPP) is calculated as MOPP = 2/3 
MAP – IOP (ref.6). Perfusion pressure is important for 
maintaining the ocular blood flow7. 

Clinical example: A patient with SBP of 120 mmHg 
and DBP of 70 mmHg has IOP of 20 mmHg. Then MAP 
≈ 87 mmHg and his/her MOPP ≈ 38 mmHg. Surgery 
starts, and the level of infusion is 100 cm, which induc-
es 74 mmHg pressure in the irrigating line. If there is 
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no function of aspiration (or leakage through surgical 
wounds), this pressure is higher than the arterial input 
pressure (MOPP ≈ -16), so the ocular flow will stop com-
pletely during this part of surgery. 

Several papers were published to evaluate the visual 
loss by transient increase of IOP (ref.8). Findl et al. pub-
lished that the IOP increase by a 20 mmHg lasting 5 min 
reduced vascular flow in the optic nerve, retina, and cho-
roid in healthy eyes9. Acute IOP increase even for less 
than 60 seconds may stifle the transport of neurotrophins 
from the brain to the retina10. Moreover, the relationship 
between the IOP during phacoemulsification and the sub-
sequent non-arteritic anterior ischaemic optic neuropathy 
(NAION) was assumed11. Fluctuations in the IOP and 
its acute elevation may induce compression of the nerve 
fibres in primary glaucoma eyes, and may hence cause 
damage to the remains of the visual field12. 

These publications suggested the risk of transient IOP 
elevations on retinal and optic nerve vessels and for im-
pairment of visual function.

The aim of the study is to evaluate the values of the 
intraocular pressure during the basic phases of standard 
cataract surgery using phacoemulsification. As far as 
we have been able to determine, no study evaluating the 
fluctuation of the intraocular pressure during standard 
cataract surgery in real patients has yet been published.

METHODS

All measurements were carried out during all basic 
phases of real standard cataract surgery of the human 
eye of a living patient without using an animal or cadaver 
model. All surgeries were performed in local (Benoxi 
gtt., Tetracain gtt.) and intracameral (Lidocaine) anaes-
thesia by one surgeon (L.H.) and the intraoperative IOP 
measurements were performed by his assistant (J.K.). 
All procedures were performed using the microsurgical 
unit (without active fluidics) INFINITI® Vision System 
(Alcon Laboratories, Inc., Fort Worth, TX): the main inci-
sion of 2.2 mm, coaxial handpiece, two service paracente-
ses of 1.1 mm, bimanual irrigation/aspiration, the height 
of the bottle was 100 cm. Hypromel 2.5% (UNIMED) was 
a common OVD, and the quick-chop phacoemulsification 
technique was generally used. 

The group consisted of nine patients, median age was 
81 years. There were seven females and two males. One of 
the patients had pseudoexfoliative glaucoma, one had pri-
mary glaucoma with a closed angle and the other patients 
had no clinically significant eye pathologies. All these 
patients signed informed consent forms for the procedure, 
and all were treated in accordance with the tenets of the 
Declaration of Helsinki.

Immediately before surgery, routine blood pressure 
measurement was done on the right arm using the digital 
tonometer.

The IOP measurement was performed in a supine po-
sition following draping and application of the spreader. 
The intraocular tension was measured using the sterile 

contact end of the electronic applanation tonometer 
Tono-Pen XL (Reichert/Medtronic). The intraocular 
pressure was measured in each patient: prior to surgery, 
following filling of the anterior chamber (AC) with OVD, 
following capsulorhexis (CCC), following hydrodissec-
tion, at the beginning of phacoemulsification of the lens, 
during phacoemulsification of the lens, at the end of 
phacoemulsification (in the "epinucleus" regimen), dur-
ing irrigation/aspiration (I/A), prior to implantation of 
the intraocular lens (IOL), during implantation of the 
intraocular lens, during lavage of the OVD and at the end 
of surgery (Table 1).

RESULTS

Contact measurements of the intraocular tension did 
not cause complications on the surface of the cornea, did 
not jeopardise mechanical safety of the procedure and no 
intraocular infectious complication was found during the 
postoperative procedure.

The initial and last IOPs were 17-30 Torr (median 18) 
and 6-16 Torr (median 8), respectively. The IOP values 
oscillated between 4 and 63 Torr during the procedure. 
The intraocular pressure following filling the AC with 
OVD, following CCC (8 Torr), following hydrodissec-
tion (10 Torr) and during rinsing of the visco material 
(14 Torr) was lower compared with that at the beginning 
of surgery (median 15 Torr). On the contrary, we mea-
sured an increase of the intraocular tension at the begin-
ning of phacoemulsification (median 54 Torr), during 
phacoemulsification (26 Torr), at the end of phacoemul-
sification (36 Torr) and during irrigation/aspiration of 
the cortical masses (20 Torr). The highest values of the 
IOP were achieved at the beginning of phacoemulsifica-
tion (from 42 to 63 Torr) (Fig. 1). Maximum pressure of 
higher than 40 mmHg was measured in 100% of the cases, 
higher than 50 mmHg in 89% of the cases, and higher 
than 60 mmHg in 30% of the cases.

Prior to and during implantation of the intraocular 
lens, the IOP was 18 Torr (median). 

The systolic blood pressure of the patients ranged 
from 130 to 180 mmHg (median 158), and the diastolic 
blood pressure ranged from 73 to 100 mmHg (median 
93). The mean ocular perfusion pressure (MOPP) at the 
beginning of the procedure was 46.4-67.0 (median 53.3), 
and 0.4-42.0 (median 19.3) during maximum intraocular 
tension.

Table 2 shows the blood pressure values prior to sur-
gery and calculation of eye perfusion using the MOPP. 

DISCUSSION 

As far as we have been able to determine, no study 
evaluating the fluctuation of the intraocular pressure 
during standard cataract surgery in real patients has yet 
been published. Simulated measurements in real eyes were 
performed by Zhao et al.8 and in cadaver eyes by Khng 



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2019 Mar; 163(1):75-79.

77

Table 1. IOP measured in all ususal steps of phacoemulsification.
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1 85 DM 2 17 15 8 6 58 28 36 32 14 14 13 15

2 85  16 7 7 10 50 26 43 7 10 19 10 8

3 87
pseudo-exf.
glaucoma

30 31 6 8 51 40 30 20 18 10 15 8

4 70  20 8 8 14 63 29 36 18 14 51 24 6

5 81 PCAG 18 23 16 23 62 16 15 17 14 11 20 8

6 71  18 16 14 16 58 24 46 64 18 14 27 6

7 68  28 4 10 35 51 14 26 37 20 18 14 16

8 85 DM 2 18 58 20 4 54 21 55 20 18 31 10 12

9 73  17 5 8 10 42 35 36 29 20 18 14 6

median 81.0  18.0 15.0 8.0 10.0 54.0 26.0 36.0 20.0 18.0 18.0 14.0 8.0

(OVD – Ophthalmic Viscosurgical Device, CCC – continuous curvilinear capsulorhexis, I/A – irrigation/aspiration, IOL – intraocular lens)

Table 2. Blood pressure values prior to surgery and calculation of eye perfusion. 

n
age 

(years)
SBP 

(mmHg)
DBP 

(mmHg)

IOP 
(before 
surgery) 
(mmHg)

MOPP 
(starting IOP) 

(mmHg)

IOP (maximal 
during 

surgery) 
(mmHg)

MOPP 
(max.IOP) 
(mmHg)

1 85 148 100 17 60.3 58 19.3

2 85 149 73 16 49.6 50 15.6

3 87 165 95 30 48.9 51 27.9

4 70 160 85 20 53.3 63 10.3

5 81 150 90 18 55.3 62 11.3

6 71 130 80 18 46.4 64 0.4

7 68 158 93 28 48.4 51 25.4

8 85 170 100 18 64.2 54 28.2

9 73 180 99 17 67.0 42 42.0

(SBP – systolic blood pressure, DBP – diastolic blood pressure, IOP – intraocular pressure, MOPP – mean ocular perfusion pressure)

et al.2 In the first work, the authors measured IOP under 
simulated conditions without active phacoemulsification. 
In the second work the intraocular tension parameters 
were evaluated on 4 cadavers eyes, measured by pressure 
transducer placed in the vitreous cavity, and it is unclear 
how much the model approaches real clinical conditions. 

In our group of patients, the IOP values during surgery 
fluctuate, but most often they achieve the highest values 
during the phacoemulsification procedure. Machine-
induced short-term intraocular hypertension without ac-
tive fluidics reduced the mean ocular perfusion pressure 

almost threefold. In one case (11%), the MOPP was prac-
tically zero, i.e. theoretically closing blood flow in the eye 
vessels. The highest IOP values are typically achieved at 
the beginning of phacoemulsification when the anterior 
chamber is filled with OVD and at the same time pres-
surised by water pressure from the phacoemulsification 
probe. The time period of transient intraocular hyperten-
sion in uncomplicated cataract surgery occurs several 
times in succession, lasts for seconds to tens of seconds, 
and is reversible. 

Very high IOP values were also recorded by the probe 
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in the vitreous body in the cadaver model in the next 
phases of surgery: during the filling of the anterior cham-
ber with visco-material and during hydrodissection. They 
revealed that the IOP exceeded 60 mmHg up to 85% of 
the time of the phacomelusification procedure2. 

Rapid fluctuations in IOP in a range of more than 30 
mmHg may lead to disturbance of the intraocular blood 
flow13. Geijer and Bill postulated that retinal ischaemia 
starts when MOPP is limited to less than about 20 mmHg. 
In our group, the MOPP dropped by more than 20 mmHg 
in all cases (the values ranged from 21 to 46, median 
36). They also determined that elevated IOP decreased 
the vascular perfusion and induced a reduction in optic 
nerve blood supply in monkeys14. In healthy eyes, optic 
nerve head vascular flow was reduced more than 80% at 
rapid and significant decreases in the MOPP (ref.15). In 
our paper, the IOP was more than baseline in most of the 
measured parts of surgery, and the ocular perfusion could 
be severely disturbed briefly, but repeatedly. Modern cata-
ract procedure may run in a few minutes, during which 
the IOP might be risky high. The ocular hypertension is 
regularly transient, but the elevated IOP could damage the 
intraocular vascular flow, and cause a malfunction of the 
optic nerve or retina. Moreover, there are many patients, 
who need cataract surgery and at the same time have 
jeopardized optic nerves, such as advanced glaucoma or 
other optical neuropathies16. 

The new devices with active fluidics, where the height 
of the irrigation bottle is not crucial, are the hope for the 
future. Active fluidics limits the need for high intraocular 
tension, while maintaining stability of the anterior cham-
ber17,18. At the same time, it also contributes to improving 
the resulting parameters of the efficacy of phacoemulsi-
fication19. 

CONCLUSION 

In conclusion, both IOP and MOPP, maesured during 
standard cataract surgery in real patients, varied in all 
contemporary steps of phocoemulsification procedure. 
High values of intraoperative IOL may endanger the in-
traocular perfusion. The short-term fluctuations then may 
induce impairment of the optic nerve perfusion, as well 
as retina, and choroid. 
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