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Abstract

Aim: To show infusion cannula-associated jet stream effects on the posterior pole of the
retina during vitrectomy.
Materials and Methods: For this retrospective study 39 eyes of thirty-nine patients
were assigned to the two groupsregarding their infusion cannula position during vitrectomy.
Group 1 consisted of the patients who had a cannula placed at an angle to the sclera and
also there was a two-step entering position of the trocar. Group 2 consisted of the patients
who had a cannula that was fixated perpendicular to the sclera. The results of preoperative
and postoperative examination of the patients were evaluated.
Results: There were 20 patients in group 1 and 19 patients in the group 2. There was no
significant difference between the groups regarding preoperative visual acuity (1.79±0.77
logMar for the group 1 and 1.86±0.59 logMar for the group 2, p= 0.989 ). The differences in
thepreoperative intraocular pressures (IOPs) were not statistically significant between the
groups (13.3±2.9 mmHg for the group 1 and 13.1±2 mmHg for the group 2, p= 0.460).
The mean duration of surgery in group 1 was 48±12 minutes and was 50±10 minutes
for the group 2 (p= 0.460). The postoperative visual acuity was 0.24±0.21 logMar in
group 1 and 0.53±0.28 logMar in group 2. There was statistically significant difference
between the groups regarding the postoperative visual acuity (p= 0.0001). The difference
of postoperative IOPs were comparable among the groups (14.9±4.2 mmHg for the group
1 and 13.4±2.8 mmHg for the group 2, p= 0.289).
Conclusion: The present study shows infusion cannula associated jet stream may reduce
postoperative visual acuity. Using new type of design for infusion cannulas or method for
placing the infusion cannula in an angle to avoid the flow force on posterior pole should
be considered for better vitrectomy results.

Copyright © 2024 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Vitreoretinal surgery results have improved due to lat-
est improvements especially by using smaller instruments.
Nevertheless the results are still limited by various chal-
lenges that currently exist [1,2]. One of these unresolved
problems is the jet streamfrom infusion cannula. Fluid
flow from infusion cannula creates jet stream that has a
water cannon effect on the retina [3]. Some of the studies
have claimed postoperative visual field defects due to in-
fusion in vitrectomized eyes [4-6]. The smaller diameter of
cannula may cause a stronger jet stream through fluid flow.
There are some reports regarding injuries on the retina as-
sociated with the jet stream associated injuries. Most of
them described iatrogenik retinal breaks (IRBs) opposite
to the infusion cannula and were associated with the jet
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stream. Bilgin et al. reported 3 cases of IRBs that were di-
rectly associated with the infusion jet stream and these had
been attributed to the fluid-air exchange step [7]. Belenje
et al. reported one similar case with the same mechanism
[8]. In these reports the authors outlined the importance
of flow cannon effect on retina opposite to the infusion can-
nula, and vitrectomy devices that had intraocular pressure
control (IPC) systems were blamed [7,9]. These types of
injuries can result in retinal detachment and various other
conditions. Continuous jet stream from infusion cannula
may affect the posterior pole. Our knowledge and also
the studies regarding this clinical entity are insufficient to
reach a solid clinical judgement. We hypothesize that the
jet stream may cause invisible damage to the macula and
optic nerve head, and therefore diminish visual quality of
the patients. Our aim in the present study was to inves-
tigate and compared the results of two different infusion
cannula position in vitrectomy surgeries.
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Materials and Methods
This retrospective study was designed and conducted at
a tersiyer ophthalmology clinic. We strictly adhered to
the ethical principles of Helsinki declaration throughout
all stages of our study. Local Ethical committee ap-
proved the study (Inonu University Health Sciences Non-
Interventional Clinical Research Ethics Committee, Deci-
sion number: 2024/6681). Informed consent was obtained
from all the participants. Preoperative, intraoperative and
postoperative clinical variables of the patients were ob-
tained from the hospital records. Personal information
of the patients was kept confidential. The patients who
received vitreoretinal surgery for retinal detachments (24
cases), vitreous hemorhage (10 cases), dropped nucleus or
intraocular lens (4 cases), and floaters (1 case) were in-
cluded the study. The patients who had any membrane
peeling procedures were excluded from the study. The pa-
tients were assigned to two groups according to the type
of intraoperative infusion cannula placement. Group 1
consisted of patients who had a cannula was placed with
an angle to sclera and had a two step procedure for in-
serting the trocar (Figure 1). Group 2 consisted of pa-
tients who had a cannula that was fixed perpendicular
to the sclera with sticky drape (Figure 2). All surgeries
were completed with the same 23 gauge vitrectomy de-
vice EVA™ (Dutch Ophthalmic Research Center, DORC),
Zuidland, The Netherlands). The device settings were the
same for all patients. All surgeries were performed by the
same surgeon (NP). Pre- and postoperative visual acuity
(VA), intaocular pressure (IOP), duration of surgery, de-
velopment of intraoperative rebound hypotonia, intraoper-
ative iatrogenic posterior lens capsule trauma, postopera-
tive cataract, postoperative epiretinal membrane (ERM),
and postoperative macular edema were evaluated. The
primary output/endpoint variable was visual acuity. The
visual acuities were converted to the logMar for statistical
analaysis. Postoperative examination results were gath-
ered 3 months following the surgeries. If silicone oil was
used for tamponade, the study parameterswere gathered 3
months after the tamponade extraction procedure.

Statistical analysis
The data were evaluated with SPSS 22.0 (IBM Corpo-
ration, Somers, NY, USA) software. The continuous vari-
ables were expressed as mean±SD. The categoric variables
were expressed as he number affected individuals and the
percentage of the study population. The Shapiro-wilk test
was used as the normality test. The categorical variables
were compared using the Chi-Square and Fisher’s exact
tests, while the Mann–Whitney U test was used for the
comparison of the continuous. A p value less than 0.05
was accepted as a statistically significant difference among
the study groups.

Results
There were 20 patients in Group 1 and 19 patients in
Group 2. The mean age of the patients in Group 1 was
57.75±12.83 (15-78) years and was 63.50±13 (33-83) years
in Group 2 (p= 0.201). There were no significant dif-
ference between the groups in terms of preoperative VA
(1.79±0.77 logMar for the group 1 and 1.86±0.59 logMar

Figure 1. Angled placement of the infusion cannula.

Table 1. Comparison of the data of the study groups.

Group 1 Group 2 P

Preoperative VA (logMar) 1.79±0.77 1.86±0.59 0.989
Postoperative VA (logMar) 0.24±0.21 0.53±0.28 0.0001*
PreoperativeTo (mmHg) 13.3±2.9 13.1±2 0.460
PostoperativeTo (mmHg) 14.9±4.2 13.4±2.8 0.289
Duration of surgery (mins) 48±12 50±10 0.460

VA: Best corrected visual acuity, To: intraocular pressure measured
with applanation tonometry, * Statistically significant.

for the group 2, p= 0.989). The difference of preoperative
IOPs were not statistically signficant among the groups
(13.3±2.9 mmHg for Group 1 and 13.1±2 mmHg for Group
2, p= 0.460). The mean duration of surgery for Group 1
was 48±12 minutes and 50±10 minutes for Group 2 (p=
0.460). Intraoperative rebound hypotonia events were ob-
served in 10 patients in Group 1 and none in Group 2
(p= 0.0001). The lens was intraoperatively damaged by
the infusion cannula in 3 patients in Group 1. On the
other hand, intraoperative damage to the lens was not ob-
served in none of the patients in Group 2 (p= 0.231).The
postoperative VA was 0.24±0.21 logMar in Group 1 and
0.53±0.28 logMar in Group 2. There was a statistically
significant difference between the groups in terms of post-
operative VA (p= 0.0001). There was no significant differ-
ence in postoperative IOPs among the groups (14.9±4.2
mmHg in Group 1 and 13.4±2.8 mmHg in Group 2, p=
0.289) (Table 1). Six patients in Group 1 and 5 patients in
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Figure 2. Perpendicular placement of the infusion can-
nula.

Group 2 suffered from postoperative cataract (p= 0.723).
While none of patients suffered from postoperative ERM
in Group 1, whereas in 4 patients had postoperative ERM
in Group 2 (p= 0.106). Postoperative macular edema de-
veloped in 1 patient in Group 2. None of the patients in
Group 1 suffered from macular edema (p=1.00).

Discussion

The smaller diameter for the instruments used in vitrec-
tomy surgery has advantages but it may cause some un-
predicted complications [10]. The incidence of IRB with
the use of 20 G vitrectomy cannula is reported to range
between 0% to 7.2%. Whereas the incidence of IRB has
been reported to range between 0% to 15.8% if 25 G vit-
rectomy cannula is used [7,11,12]. It is unclear how many
of them really is jet stream related but this type of injury
has some known serious complications such as retinal de-
tachment [7,8,13]. Also, jet stream from infusion cannula
may cause another important and overlooked damage to
macula and optic nerve head. We have experienced similar
complications. We have observed rebound hypotonia due
to the position of the infusion cannula. For this reason,
we placed infusion cannula at an right angle to the sclera
to avoid rebound hypotonia. However, this resulted in
poor postoperative visual acuity. Our oobservations obli-
gated us to investigate and compare these two techniques.
The results of the present study showed that the infusion
cannula directed toward posterior pole in the the patients

resulted in poor postoperative visual acuities. Zacharias
et al. reported a case that showed macular hole enlarge-
ment due to fluid flow effect towards to the posterior pole
[14]. Angled positioning of the infusion cannula has some
challenges. One of them is rebound hypotonia. The tip
of the cannula may clog by vitreous base with the maneu-
vers which results in IPC system impeding and stoping
the fluid flow. Furthermore, intraoperative maneuvering
of the cannula may result in a damage to the posterior of
the lens. The infusion cannula must be inserted at a right
angle to the sclera and towards the posterior ocular pole
to avoid these complications but our results show that this
strategy is more harmful. Complete shaving of the vitre-
ous base around the infusion cannula at the beginning of
the surgery and gentle globe deviation and scleral inden-
tation may resolve these issues. The our results showed
that occurrence of postoperative cataract, macular edema
and epiretinal membrane were comparable in both can-
nula positions. We did not observe any IRBs in any of
our patients. The retina could have been examined by op-
tic coherence tomography (OCT) and microperimetry to
show subtle injuries accurately. The retrospect,ve nature
of the study prevented performing both OCT and visual
field examinations in both pre- and postoperative period.
Therefore, prospective studies are needed to address defin-
ing subtle injuries that we have emphasized through our
results.

There have been some valuable efforts by proposing dif-
ferent modifications in cannula designto reduce the jet
stream associated injuries on retina. Bent cannulas, can-
nulas with different angled side ports, and cannulas with
blocked distal tip and spark plug designs are among the
most prominent ones. These type of modifications have
some challenges in terms of manufacturing. Furthermore,
introduction of the cannula to the eye globe is also techni-
cally demanding [2,15]. We advise to use these new type
of infusion cannulas. Also, we suggest placing the infusion
cannula at an angled manner to avoid the flow force and
shear on the posterior pole.

Conclusion

In conclusion, the the results of the present study showed
that infusion cannula associated jet stream may reduce
postoperative visual acuity. Although its not clear whether
this effect is permanent or not, it is of paramount impor-
tance to take some preventive measures to avoid these type
of injuries. The current study has limitations. It is a ret-
rospective study and the results were evaluated primarily
by examining the short term effects on VA. The partici-
pants had heterogenous eye conditions. Larger prospective
studies with the OCT and microperimetry examinations
are needed to better understand the jet stream related in-
juries from infusion cannula on posterior pole.

Ethical approval

Ethical approval was obtained for this study from
the Inonu University Health Sciences Non-Interventional
Clinical Research Ethics Committee (Decision number:
2024/6681).

965



Polat N. Original Article 2024;31(12):963–966

References
1. Mohamed S, Claes C, Tsang C.W. Review of Small

Gauge Vitrectomy: Progress and Innovations. J Ophthalmol.
2017:2017:6285869. doi: 10.1155/2017/6285869.

2. Rickels KL, Gunderman AL, McLellan MS, et al. CARING: Can-
nula for Alleviation of Retinal Injury Caused by Needle Fluidic
Gashing. Bioengineering (Basel). 2024;11(7):718.

3. Yang SS, McDonald R, Everett A, et al. Retinal damage caused
by air-fluid exchange during pars plana vitrectomy. Retina.
2006;26:334–338.

4. Yonemura N, Hirata A, Hasumura T, Negi A. Fundus changes
corresponding to visual field defects after vitrectomy for macular
hole. Ophthalmology. 2001;108:1638–1643.

5. Hasumura T, Yonemura N, Hirata A, et al. Retinal damage by
air infusion during vitrectomy in rabbit eyes. Invest Ophthalmol
Vis Sci. 2000;41:4300–4304.

6. Hirata A, Yonemura N, Hasumura T, et al. Effect of infusion air
pressure on visual field defects after macular hole surgery. Am J
Ophthalmol. 2000;130:611–616.

7. Bilgin AB, Türkoglu EB, Ilhan DI, et al. Iatrogenic retinal breaks
caused by infusion fluid during pars plana vitrectomy. Can J
Ophthalmol. 2015;50:77–79.

8. Belenje A, Takkar B, Agarwal K, et al. Jet Stream-Related Ia-
trogenic Retinal Breaks during Vitreoretinal Surgery. Indian J.
Ophthalmol. 2022; 70: 902–907.

9. Mura M, Barca F, Dell’Omo R, et al. Iatrogenic retinal breaks
in ultrahigh-speed 25-gauge vitrectomy: a prospective study of
elective cases. Br J Ophthalmol. 2016;100:1383–1387.

10. Liu W, Wang DD, Huang SY, et al. A Bent Infusion Cannula
for Vitreous Surgery. Am. J. Ophthalmol. 2005; 140: 151–152.

11. Faia LJ, McCannel CA, Pulido JS, et al. Outcomes following
25-gauge vitrectomies. Eye (Lond). 2008;22:1024-8.

12. Patelli F, Radice P, Zumbo G, et al. 25-gauge macular surgery:
results and complications. Retina. 2007;27: 750-4.

13. Rishi E, Rishi P, Sharma T, Ck N. Infusion flow related retinal
breaks in 25G vitrectomy. Acta Ophthalmol. 2018;96:100-2.

14. Zacharias LC, Rezende FA, Suzuki AC, et al. Intraopera-
tive Infusion-related Jet Stream Enlargement of Macular Hole.
Retina. 2016; 36: e31–e32.

15. Hirata A, Yonemura N, Hasumura T, et al. New Infusion Can-
nula for Prevention of Retinal Damage by Infusion Air during
Vitrectomy. Retina. 2003; 23: 682–685.

966


