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Abstract

Introduction: Cataract surgery is one of the procedures most performed world-
wide. Those are several options for anesthetic management, with many factors
that affect the choice of any given technique, depending on patients’ needs,
surgeons’ preferences and institutional facilities and processes. Although be-
ing more invasive than topic anesthesia, and with possible hazardous side ef-
fects, peribulbar block is still an effective and successful technique. The utiliza-
tion of blunt canula and ultrasound guidance might enhance the safety pattern
for this technique. Methods: This article presents a revision of 1089 consecu-
tive cases from February 2016 to January 2022, of patients submitted to cata-
ract surgery under peribulbar anesthesia with blunt canula and ultrasound
guidance. Results: 1318 surgical records were selected, with 1089 filling the
inclusion criteria. There was a higher prevalence of the feminine gender
(54%), with a median age of 64.3 (28 - 102) years. Mean IAV was 2.9 mL (sd
0.16 mL, 2.5 - 3.0 mL), with total HOS 91.1%; OR to reach G2 or above for
each (ISB/IMB) was 11.0; CA was 47.9%, with mean FAV of 4.29 mL (sd
2.17mL, 2.5 - 15 mL). In 8.9% patients, HOS could not be fully observed. ISB,
IMB, CA and FAV were calculated for both groups (non-HOS and
HOS-only). OR for CA (non-HOS/HOS-only) was 126.21. The main adverse
effects were chemosis (2.9%), hyposphagma (5.7%) and high IOP (7.5%).
No procedure was postponed due to anesthesia-associated adverse events.
Discussion: This study points towards the feasibility of the described tech-
nique in an outpatient fashion, with low, mild and tolerable side effects asso-
ciated.
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1. Introduction

Cataract surgery is one of the oldest and most common procedures performed
worldwide, and also one with the most success rate in medicine. The history of
the many methods to treat the condition dates back to the fifth century BC, with
the example of the couching technique, which was associated with many possible
postoperative complications that could lead to irreversible blindness. Nowadays,
technological advances allow patients of any age, with even severe clinical asso-
ciated conditions to have the surgery performed in minutes, without the need for
suturing, in an outpatient fashion, with safety and comfort. Evidently, the anes-
thesia techniques required to make these advances possible also have evolved
through the decades [1] [2] [3].

Beyond the utilization of topic conjuntival cocaine for the couching proce-
dure, passing by the time of venous, inhalatory or combined general anesthesia
technique for the past complex procedures for cataract extraction, to the evolu-
tion of retrobulbar, and shortly after, peribulbar block, the advances bring back
to the safe utilization of eye drops and minimum sedation to accomplish a pos-
sibly, non-complicated, five-minute minimally invasive surgery, in some centers
[4] [5]. However, not all patients are suited to be submitted to wake topical
anesthesia for facectomy with facoemulsification, an extremely delicate proce-
dure, in which even the slightest involuntary eye, head or body movement could
end with disastrous complications, and thus, there lies the place for peribulbar
block and the balance between the indications regarding the depth of seda-
tion/awareness and whenever to have motor block/deep sensitive eye block [6].
As most of the first peribulbar/retrobulbar anesthesia studies for eye surgery
date to the 1960s, the evolution of needles and anesthetic solutions brings a spe-
cific range of options, with a wide safety profile, regarding possible adverse ef-
fects on the eye and its surroundings [7]. Therefore, despite the indication for
one particularly complex, but quick and minimally invasive procedure, there is a
possible conundrum regarding the anesthetic choice to ensure both an eventless and
comfortable experience, as the merely use of a large needle in a non-cooperative pa-
tient could even impossibilitate the surgery [3] [7] [8] [9]. The risk for potential
adverse events associated with the block and the growing safety of topical anes-
thesia could appear to turn the evolutive direction towards the practice of min-
imum sedation and newer eye drops solutions, however, modern studies show
that those risks can be mitigated, with the incorporation of advances in anesthe-
sia care [3] [9].

Peribulbar anesthesia is an effective and successful technique, that is largely

utilized for eye surgery, in many subspecialties, such as glaucoma, corneal, vi-
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treoretinal and cataract surgery [3] [10]-[15]. It can provide deep, prolonged,
surgical anesthesia and abolish involuntary or voluntary intraoperative eye move-
ment, thus bringing not only safety, but comfort for both patient and surgeon [3]
[7]. Its evolutionary story brings a heterogenic individually practice, and equally
large possibilities of adverse effects, like eyelid hematomas, retrobulbar hemorr-
hage, increased intra-ocular pressure, chemosis, and eye deviation, among oth-
ers, what could make an experienced surgeon attempt to avoid this anesthetic
choice [3] [6] [8] [16]. Aside from this, constant advances in medicine expose a
wider range of patients to eye surgery, as patients with mild to severe neurologic
and cardiac conditions, or patients in the use of new antithrombotic agents that
cannot be withdrawn, and many of them could benefit from having the opera-
tion under peribulbar block, as topical anesthesia is not free of its issues, as in-
tra- and post-operative pain and involuntary or voluntary eye movements [3]
[16] [17] [18]. The utilization of a sterile blunt canula, instead of a needle, may
be hypothetically beneficial, as it could prevent unwittingly hemorrhagic acci-
dents, which, with ultrasound guidance, could increase the safety profile of the
procedure, in order to mitigate adverse events. This study brings a six-year expe-
rience review of the combined use of blunt canula with ultrasound guidance to

peribulbar block for cataract surgery in a single center in Brazil.

2. Methods
2.1. Methodology

This study was conducted in the archives section of Centro de Estudos e Pesqui-
sas Oculistas Associados, Rio de Janeiro, R], Brazil, after Institutional Review
Board (IRB) stated that this work adhered to the tenets of the Declaration of
Helsinki. Surgical records of 1318 patients submitted to cataract surgery under
peribulbar block, from February 2016 to January 2022 were selected for evalua-
tion and, after verification of eligibility criteria, 229 were excluded from the
study. The remaining 1089, were suited to evaluation and enrolled in the study.
It was utilized as inclusion criteria: complete records from patients above 18
years of age, submitted to cataract surgery under ultrasound-guided and blunt
canula peribulbar block, with no previous adverse reactions related to iodine or
any of the other substances utilized. As exclusion criteria it was utilized: patients
less than 18 years of age, incomplete data and iodine or other utilized substance
intolerance or documented allergic reaction. To graduate the depth of anesthe-
sia, it was proposed two scales, one for sensitive and one for motor block evalua-
tion. The sensitive degree was graduated at four stages: 0) no anesthesia; 1) only
loss of palpebral tonus (which infer A fibers block, and so, also C fibers); 2) loss
of painful reaction to iodine eye drops; 3) loss of proprioception of the eye
drops. Akinesia was graduated at four stages: 0) no motor block; 1) loss of invo-
luntary movement, but voluntary movement present or weak; 2) partial akinesia,
where there is movement block, but not in all muscle territories; 3) total akinesia.

The following data were submitted to statistical analysis: gender (male/female,
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calculated by prevalence rate), age (years, calculated by median), initial anes-
thetic volume infusion bolus (IAV, in mL, overall mean and standard devia-
tion—sd), typical ultrasonographic hypoechogenic signal during IAV (HOS,
overall incidence rate), initial sensory block grade (ISB, incidence of each max-
imum ISB grade), initial motor block grade (IMB, incidence of each maximum
IMB grade), complementary anesthesia necessary to achieve grade 2 for both
sensory and motor block (CA, overall incidence), final anesthetic volume in-
fused utilized on CA (FAV, in mL, overall mean and sd), supplementary seda-
tion required lower RASS either to perform the block or during the surgery (SSa,
during anesthesia, SSs, during the surgery, each incidence), and possible adverse
events (each incidence) (Table 1 and Table 2). Data extracted from the records
were submitted to the statistical analysis software, IBM SPSS®.

Ultrasound positioning and image sequence are in Figure 1, while canula
preparation is in Figure 2. Before engaging in the surgery, all submitted patients
were asked to sign a consent form stating full awareness of both anesthetic and
surgical process, with possible side effects and outcomes, along with authoriza-
tion for publishing the results, with the due protection of their identities. Stan-
dard anesthetic technique is as follows:

All patients in supine position. It was utilized sterile 25 G x 38 mm blunt
cannula and Mobissom® M4 wireless ultrasound 10 - 14 MHz, set to depth at 2 -

5 cm and a solution of Levobupivacaine 0.75% with hialuronidasis at 15 IU/mL.

Figure 1. (A) 25 G x 38 mm blunt sterile canula utilized in the process; (B) USG image
after anesthetic infusion. It can be identified, from anterior to posterior, hydrophilic gel
conductor, superior palpebral skin, anterior chamber, with capsular sac and cataract lens,
posterior segment, and typical HOS, between posterior sclera and muscular layer. The
canula can be observed inside HOS, as a thin hyperechogenic line.
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Figure 2. From left to right: canula insertion via inferior temporal; USG probe position-
ing; canula insertion via cantal medial (in the cases when supplementary anesthesia was
necessary).

2.2. Technique

All patients had standard hemodynamic monitorization (HR, RR, ECG, NIABP
and PO), intravenous access (hydration regimen with saline solution at 250
mL/h), supplementary oxygenation (nasal canula at 3 L/min), were sedated with
midazolam 0.05 mg/kg and propofol 0.5 mg/kg and received 1% tetracaine eye
drops, and 5% iodine eye drop preparation. Canula was inserted in the peribul-
bar space via inferior temporal (Figure 2) and had its positioning guided by ul-
trasonography, where the probe is initially at the transversal axial position, and
mobilized to align with the canula direction. The correct visualization shows an
in plane placement of the canula, posterior and oblique to the eye bulb, inside
the muscular cone, at the minimum distance of 2 mm of the posterior scleral
portion. Then, the anesthetic solution can be infused, and an hypoechogenic
growing signal (HOS) can be observed inside the muscular cone, with its length
proportional to the infusion rate, pushing the eye bulb anteriorly and the mus-
cular internal wall of the cone towards the periosteum, therefore increasing the
orbitary structural volume. Then, light massage in the eye bulb was applied, in

order to ease the dispersion of the anesthetic solution. When the patients were
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awake, they were accessed to the degree of anesthesia, both motor and sensitive.
Maximum initial anesthetic infusion was 3 mL. Patient was cleared to surgery
with at least grade 2 for both sensitive and motor anesthesia. If complementary
anesthetic infusion was required, it was chosen the medial cantal via, and small
bolus of 1.5 mL following another light massage to the eye bulb and new clinical
assessment for anesthesia degree was performed. This step would be repeated
alternating the route of anesthetic administration (inferior temporal or medial
cantal) until adequate anesthesia is achieved. At any time, if supplementary se-
dation was required to perform the block, another 0.5 mg/kg propofol bolus was
administered. Results in Table 1 and Table 2.

Patients were kept in Richmond Agitation-Sedation Score (RASS) 0 during
the procedure. Additional propofol bolus at 0.1mg/kg was administrated in case
of RASS > 0, and sufentanyl or anesthetic eye drops in case of pain complaints.
Post-operative nausea and vomiting (PONV) prophylaxis was given with on-
dansetron and dexamethasone, and analgesic prescription for postoperative pe-
riod as “if necessary” was oral ketorolac 10mg single dose.

Hospitalar discharge happened when the patients were fully alert, hemody-

namically stable with post-anesthetic scale score of 09 or above.

3. Results

From the initially 1318 surgical records, 1089 matched eligibility criteria. As ex-
posed in Table 1, there was slightly higher prevalence of the feminine gender
(54%), with the median age of 64.3 (28 - 102) years. Mean IAV was 2.9 mL (sd
0.16 mL, minimum 2.5 mL, maximum 3.0 mL), with total HOS 91.1%, meaning
hypoechogenic signal observed in 991 patients during IAV; ISB was GO 0.46%,
G1 6.9%, G2 62.2% and G3 30.4%; IMB was GO 3.8%, G1 42.9%, G2 47.8%, G3
5.4%; OR to reach G2 or above for each (ISB/IMB) was 11.0; CA was 47.9%, with
mean FAV of 4.29 mL (sd 2.17 mL, min 2.5 mL and max 15.0 mL); SSa was
34.1% and SSs was 2.9%, meaning that 1 out of 33 patients required supplemen-
tary sedation to lower the RASS score during the surgery, with this protocol. In
98 (8.9%) patients, HOS could not be fully observed, despite adequate canula
visualization, tissue movement visualization and/or initial HOS formation. ISB,
IMB, CA e FAV were calculated to both groups (non-HOS and HOS-only), and
the results were: (non-HOS) ISB GO 5.1%, G1 57.1%, G2 36.7%, G3 1.0%;
(non-HOS) IMB GO0 42.8%, G1 56.1%, G2 0%, G3 1.0%; (non-HOS) CA 98.9%;
(non-HOS) FAV 9.9 mL (sd 1.99mL, min 3.0, max 15mL); (HOS-only) ISB GO
0%, G1 1.9%, G2 64.8%, G3 33.3%; (HOS-only) IMB GO 0%, G1 41.6%, G2
52.4%, G3 5.8%; (HOS-only) CA 41.6%, (HOS-only) FAV 3.74mL (sd 1.16 mL,
min 2.5 mL, max 9.0 mL). OR for CA (non-HOS/HOS-only) was 126.21. The
main adverse effects were chemosis (2.9%) and hyposphagma (5.7%). Chemosis
were most observed after inferior-temporal infusion (90.6%), and hyposphagma
was graduated in mild (restricted to injection site, 69.8%), moderate (reached

anterior midline of the eye, 25.3%) and severe (crossed midline of the eye, 4.7%),

DOI: 10.4236/0joph.2022.123029

327 Open Journal of Ophthalmology


https://doi.org/10.4236/ojoph.2022.123029

H. C.T. Siqueira et al.

and it was most observed after cantal medial infusion (87.3%). 82 (7.5%) of
overall patients were considered by the surgeon to have presented with increased

intraoperative intraocular pressure, after a mean 9.09 mL (sd 2.60 mL, min 3.0

Table 1. Analytical data.

Gender (Male/Female) 501/588 (46/54%)
Age, yrs (mean) 64 (28 - 102)
IAV (mean, mil) 2.9 (sd 0.16 mL, 2.5 - 3.0 mL)
HOS 91.1%
ISB GO 5 (0.46%)
ISB G1 75 (6.9%)
ISBG2 678 (62.2%)
ISBG3 331 (30.4%)
IMB GO 42 (3.8%)
IMB G1 468 (42.9%)
IMB G2 520 (47.8%)
IMB G3 59 (5.4%)
CA 522 (47.9%)
FAV (mean, mL) 4.29 (sd 2.17mL, 2.5 - 15 mL)

SSa (yes/no) 371 (34.1%)

SSs (yes/no) 32 (2.9%)
(non-HOS) ISB GO 5(5.1%)
(non-HOS) ISB G1 56 (57.1%)
(non-HOS) ISB G2 36 (36.7%)
(non-HOS) ISB G3 1 (1.0%)
(non-HOS) IMB GO 42 (42.8%)
(non-HOS) IMB G1 55 (56.1%)
(non-HOS) IMB G2 0 (0%)
(non-HOS) IMB G3 1 (1.0%)

(non-HOS) CA 97 (98.9%)
(non-HOS) FAV (mean, mL) 9.9 (sd 1.99 mL, 3.0 - 15 mL)
(HOS-only) ISB GO 0 (0%)
(HOS-only) ISB G1 19 (1.9%)
(HOS-only) ISB G2 642 (64.8%)
(HOS-only) ISB G3 330 (33.3%)
(HOS-only) IMB GO 0 (0%)
(HOS-only) IMB G1 413 (41.6%)
(HOS-only) IMB G2 520 (52.4%)
(HOS-only) IMB G3 58 (5.8%)
(HOS-only) CA 413 (41.6%)
(HOS-only) FAV (mean/mL) 3.7mL (sd 1.16 mL, 2.5 - 9 mL)

OR calculated from overall ISB > 2/IMB > 2, and non-HOS-CA/HOS-only-CA.
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Table 2. Adverse events.

Hyposphagma Total rate: 62 (5.7%)
Mild Moderate Severe
43 (69.8%) 16 (25.3%) 3 (4.7%)

Infusion site predominance Medial cantal: 56 (87.3%)

Chemosis Total rate: 32 (2.9%)

Infusion site predominance Inferior temporal: 29 (90.6%)

Intraoperative 82 (7.5%), after a mean 9.09mL (sd 2.60 mL, min 3.0 mL, max 13.5 mL)
high IOP

IOP = intra-ocular pressure.

mL, max 13.5 mL) and mannitol, 100 mg/kg bolus was administrated, with sub-
jective clinical improvement. No procedure was postponed due to anesthe-

sia-associated adverse event.

4. Discussion

Scientific advances in medicine tend to change the care towards better results,
more safety and more comfort, both for physicians and patients. Therefore, the
evolutionary history of cataract surgery shows an increasing population range,
with either younger subjects or patients with more complexes or severe diseases
and disabilities that could benefit from that procedure [3]. Each year, cataract
extraction with intraocular lens implantation is performed in more than 300.000
patients in UK, 500.000 in France and over 2 million in the US, with virtually all
procedures suited to happen in an outpatient fashion, mitigating expenses and
risks related to hospitalization [1] [2] [3]. In 2012, Beketch et al and also Duroi
et al. in 2021, presented simplified surgical protocols, to create the processes
without an anesthesiologist in the theater, due to the reduced number of those
professionals, which was feasible and reproductible in higher scale, however, it
brought another responsibility for the surgeon and the facilities, and could
compromise safety and demanded both less complexes surgeries and patients
[19] [20]. Seet et al in 2018 even discussed if starvation regimens for the sur-
gery could be more flexible, and concluded that, if patients were both at low
risk for aspiration and low sedation requirement, they could benefit of no
fasting, however, as the second is not a predictable variable, and there was no
general consensus, it might be safer to maintain a fasting regimen [21]. Those
examples mark that there is still a role for the anesthesiologist in the context of
cataract surgery, as there are still complexities and heterogenicity that could de-
mand a deeper state of sedation or just closer hemodynamic monitorization.
Regarding side effects related to LA and blockages, in 2016, Lee et al. [6], in a
manuscript covering ophthalmic practice in UK during 13 months from 2012 to
2013, with an estimated number of 357.000 cataract surgeries, showed 7 globe
perforations (sharp needle peribulbar anesthesia), 1 profound vasovagal episode

(sharp needle peribulbar anesthesia), 1 silent myocardial infarction (subthenon
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anesthesia), Icilioretinal artery occlusion (subthenon anesthesia), 1 anaphylaxis
episode (subthenon anesthesia), 1 supraventricular tachycardia (sharp needle re-
trobulbar anesthesia) and 1 intraoperative and stromal oedema (topical anesthe-
sia), in contrast with our study, that presented with no severe clinical or sight
threatening complications, although the incidence of overall side effects was
higher, which can be explained by those effects possibly not being accounted by
the authors. Although that study was prospective, it was based on active search
(survey questionary mailed to senior ophthalmologists), which was only re-
turned by 49% of those professionals, therefore, also the number of side effects
may be underreported. Alhassam and cols, in 2015 published a systematic review
comparing retrobulbar with peribulbar block [8], in a huge contribution for
scientific research in this filed. The authors found a risk for conjunctival chemo-
sis of 17.4% (98/563) in the peribulbar blocks and 7.1% (34/479) in the retrobul-
bar block group, both higher than the results from the present manuscript
(2.9%), as the authors suggested that this difference could be caused by the more
anterior and larger overall volume anesthetic delivery within the orbit. The mean
volume of anesthetic solution used for the blocks was 8.3 ml and 4.7 ml, respec-
tively, both higher than our overall mean (4.29 mL) and the mean for patients
whom the hypoechogenic signal (HOS) was observed (3.7 mL), but lower than
the patients whom HOS was not observed (9.9 mL). Retrobulbar hemorrhage
was reported in 1/71 (0.3%) participants in the retrobulbar group, whereas our
study did not present with any. Also, our study found 5.7% rate for hyposphag-
ma, which is not found in the revision. However, there were studies with lower
quality information excluded from the final analysis, also lowering the incidence
of adverse effects.

As an important tool, regarding ultrasound thermal or mechanical safety, the
eye has unique properties, such as high ultrasound absorption in the lens and
orbital fat. According to FDA guidelines following the passage of the Medical
Device Act of 1976, the maximum permissible acoustic energy intensity for ocu-
lar applications was 17 mW/cm?’ (spatial peak temporal average), but, with adop-
tion of the Output Display Standard, this level was increased to 50 mW/cm?,
whereas acoustic power output being the primary determinant of the TI and MI
(respectively, thermal index and mechanical index). According to the European
Federation of Societies for Ultrasound in Medicine and Biology, the safe tem-
perature increase is 1.5°C above physiological levels (derated spatial-peak tem-
poral-average intensity—ISPTA 3), based on a model of ultrasound propagation
in the eye [22]. King et al’ experimentation, in 2017 concluded that, with 10
Mhz and attenuation of 0.3 dB/cm-MHz, a 1.5°C temperature rise was not ob-
tained until ISPTA 3 was above 435 mW/cm? [23]. The M4D Mobissom linear
ultrasound dispositive, with the frequency of 10 - 14 Mhz and depth of 20 - 55
mm set with attenuation of 0.3 dB/cm-MHez fit the safety criteria, within the 10 s
interval utilized for acquiring images, with the utilization of hydrophilic con-

ductance gel between those intervals.
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Jimenez et al. in 2012 successfully demonstrated the utilization of blunt canula
for LA administration in soft tissues [24]. In 2020, Garcia and cols demonstrated
that the utilization of an 18 G blunt canula was associated with a lower pain
score during LA administration, and was non-inferior to a 26 G needle regarding
hemorrhagic events [25]. The present study presents a safe utilization of a 25 G
x 38 mm blunt canula.

With this model, it was possible to achieve adequate surgical anesthesia with
low anesthetic infusion volume, in patients in whom the hypoechogenic signal
was observed, however, there are still questions to be answered regarding the pa-
tients for whom the signal was not observed and required higher infusion vo-
lume. Fawal et al in 2021, did not utilize USG guidance, having a higher infu-
sion volume in the two groups of their study, as for Soares et al in 2005, and
Ripart et al in 2001 [26] [27] [28]. In 2010, Cehajic-Kapetanovic et al. proposed
a new method to grade either sensitive or motor ophthalmic blocks, in a study
with heterogenic groups and also higher volumes, though the method utilized in
this study was suggested to be easier to implement [29].

Patients were taken to a post-anesthesia unit after reaching 8 points or above
on the Aldrete scale and cleared to have hospital discharge after reaching 09 points
or above on the post-anesthetic scale [30] [31]. There was no clinical adverse event

during the period.

5. Limitations of the Study

As a retrospective study, that was low generalization power. Also, the lack of ran-

domization regarding the intervention could bring biases to the study.

6. Conclusion

After being stated its biases, this study enlightens hypothesis formulations. This
manuscript was important to the better knowledge of the sonoanatomy of the eye
and the adjustment for reproducibility of the anesthetic technique. Some answers
need still to be investigated, such as how come some patients required higher infu-
sion volumes and how could it be related to ultrasound images. It is still neces-
sary for bigger studies to allow a better understanding of the process, and thus

even more efficient approach.
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