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Abstract
Purpose: To evaluate sublingual/oral midazolam in phacoemulsification patients with no intravenous line. Design: prospective, consecutive case series as part of a 
quality assurance program. 

Methods: Two surgeons’ data from 193 consecutive procedures receiving sublingual plus oral midazolam were analyzed for total midazolam dose, need for additional 
medications, nausea/vomiting, respiratory depression, and total monitoring time. Low health-risk (American Society of Anesthesiologist 2 (ASA2) and higher 
health-risk (American Society of Anesthesiologist 3(ASA3)) groups were compared. 

Results: There were no statistical differences between groups, except ASA2 cases required more midazolam syrup than ASA3 cases (5.94 ± 0.18 vs. 5.08 ± 0.08 mg, 
p < 0.001). Fewer than 3% of all cases needed additional medication or experienced nausea. Average time monitored was under 80 minutes. One patient had mild 
(successfully treated) respiratory depression. Only 3 cases required additional syrup, and only 3 intravenous lines were started. There were no intraoperative events. 

Conclusion: Sublingual/oral midazolam without intravenous line is a safe, efficient complement to topical anaesthesia for phacoemulsification with IOL.

Precis
Sublingual/oral midazolam without intravenous line is a 

safe, efficient means of achieving monitored anaesthesia care for 
phacoemulsification with IOL that offers advantages to both patient 
and surgeon. 

Introduction
For nearly two decades, topical anesthesia has been used for 

phacoemulsification with intraocular lens (IOL) placement. The 
addition of systemic sedation to topical anesthesia has become the 
standard of care at most institutions. Traditionally, intravenous(IV) 
agents have been used to achieve appropriate sedation to create an 
optimal operating environment for both patient and surgeon [1-3].

While a peripheral intravenous line provides immediate access 
to the venous circulation, there are downsides to its use in topical 
phacoemulsification. Pain on placement/drug administration, 
ecchymosis, infiltration, and thrombophlebitis are some disadvantages. 

Some patients suffer through difficult intravenous line placement for 
a variety of reasons including obesity, low intravascular volume, and 
scarring from previous venipuncture. Surgical delay can result from 
these situations as well as decreased patient satisfaction and comfort. 
The ideal sedative should be easily administered with little patient 
discomfort and produce a reliable level of sedation, highlighting the 
need to consider other options to obtain intraoperative sedation in 
phacoemulsification surgery [4-5]. 
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Sublingual and oral administration of benzodiazepines prior to 
surgery can avoid these problems while still achieving satisfactory 
sedation. The oral mucosa provides a direct route to venous circulation 
via the sublingual veins (Figure 1), while avoiding the need for 
intravascular devices. Midazolam, due to its short half-life, allows 
for rapid onset of sedation and quick post-operative recovery [6-10]. 
We describe herein the use of midazolam via combined sublingual 
and oral routes without an intravenous line for routine topical 
phacoemulsification with IOL.

Methods
Of the first 200 topical anesthesia, anterior segment cases in a new 

freestanding surgery center, 193 were included in this study. Only 
patients undergoing phacoemulsification with IOL were included; the 
seven patients excluded had other procedures performed. The analysis 
was undertaken as part of a government-mandated quality assurance 
program. Data collection was performed in accordance with the Health 
Insurance Portability and Accountability Act (HIPPA). This study was 
conducted at a private, freestanding surgery center with no formal IRB 
board, so no formal IRB approval was required. All standard principals 
of ethics in research regarding human medicine were strictly followed. 
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Patients were positioned upright and given cherry-flavored sublingual 
midazolam syrup (with pulse oximetry and blood pressure monitoring) 
approximately 20 minutes prior to surgery. Initial midazolam dose was 
determined by a certified nurse anesthetists and was typically between 
2 and 8 mg/mL. After four minutes, patients were instructed to swallow 
the remaining syrup. 

Each case was performed by one of two surgeons (TH, TM) in 
standard fashion, using topical anesthetics, clear cornea incisions, 
as needed intracameral lidocaine 1% (preservative free), and 
phacoemulsification with foldable IOL placement. A certified registered 
nurse anesthetist carried out intraoperative monitoring, including 
electrocardiogram.

Cases were divided into two groups (ASA2 or ASA3) according 
to each patient’s American Society of Anesthesiology (ASA) status. 
Patients that had both eyes treated (usually two weeks apart) were 
considered separately for purposes of analysis. Endpoints were 
midazolam syrup dosage, additional medication requirement, 
presence of nausea/vomiting post operatively, and observation time. 
Observation time was defined as the time from administration of 
midazolam syrup to the final vital check prior to discharge from the 
recovery area. Additionally, events including respiratory depression, 
the need for a second dosing of midazolam syrup, and need for IV line 
placement were recorded. Respiratory depression was defined as fewer 
than 12 breaths per minute at any time that vitals were recorded. Vitals 
were recorded preoperatively, during surgery and postoperatively. 

Statistical analysis was carried out using the open-source system 
for statistical computation, R-2.15.3 [11]. Analyses of the primary 
endpoints used a two-sample t-test comparing the ASA2 group to the 
ASA3 group. P-values presented are the nominal unadjusted values 
derived from the two-sided t-test unless otherwise noted. A two-sided 
t-test with a P value ≤ 0.05 was considered statistically significant.

Results
Table 1 summarizes the study findings. Of the 193 topical 

phacoemulsification/IOL cases, 70 were women and 54 were men 
(totaling 124 patients). There were 34 patients in the low health risk 
(ASA2) cohort, while there were 90 patients designated as ASA3. Mean 
sublingual plus oral midazolam dose for the ASA 2 group (5.94 mg) was 
significantly greater (p<0.001) than the mean dose for ASA 3 (5.08mg) 
group. Also reaching significance, ASA3 patients were older (mean 
age 73.1 years) by approximately a decade than for ASA2 (mean age 
64.4 years). All other inter-group differences did not reach statistical 
significance. Approximately 9% of patients in the ASA2 group and 

1% of patient in ASA3 group required additional midazolam syrup 
after initial dosing for improved anxiolytics. Mean observation time 
was less 90 minutes for both groups. Three patients within the ASA3 
group required an intraoperative intravenous access compared to zero 
patients within the ASA 2 group. One patient within the ASA 2 group 
required additional sedative medication while three patients within the 
ASA 3 group required additional sedative medication. Three patients 
within the ASA2 group experienced nausea/vomiting while one patient 
within the ASA3 group experienced nausea/vomiting. There were 
no unexpected intraoperative events, aborted surgeries, or medical 
emergencies

Discussion
Monitored anesthesia care for topical phacoemulsification 

surgery does not necessitate an intravenous line. This study endorses 
a combined sublingual/oral midazolam technique without an IV for 
multiple reasons, including: 1) sedation prior to entering the operative 
suite, 2) moderately rapid onset of action, 3) lack of complications 
associated with intravenous access and 4) efficacy without hassle. 
Sublingual midazolam produces a moderately rapid and predictable 
onset of sedation. Sedation provided is deep enough to provide an 
optimal environment for phacoemulsification surgery, but still allows 
communication between patients and surgeon if required [12]. As 
noted in the introduction, eliminating preoperative needle sticks has 
strong benefits for both patient and surgeon. 

The results of this study strongly support that sublingual midazolam 
is an efficacious and safe means of sedation for phacoemulsification 
surgery. Fewer than 3% of all cases required additional medication 
or experienced nausea/vomiting. Average time monitored was under 
80 minutes. One patient had mild (successfully treated) respiratory 
depression. Only 3 cases required additional syrup, and only 3 
intravenous lines were started. There were no intraoperative events. 
This study’s data suggests undesirable events with this approach are 
both uncommon and manageable. 

This studies results also supports that sublingual midazolam is 
equally viable among the wide range of health states of individuals whom 
undergo phacoemulsification surgery. Of the endpoints recorded, when 
comparing ASA 2 and ASA3 cohorts, only average dosage showed 
significant differences (p<0.05). Average dosage required for adequate 
sedation was significantly greater in the ASA2 cohort compared to the 
ASA3 cohort. The reason for this statistical difference is unclear but 
may be related to the older age of ASA3 patients. 

Resistance to this option may come from surgeons that desire deep 
sedation and from anesthesia staff that require full-time intravenous 
access. However, Sharwood et al. [13] studied 693 patients undergoing 
phacoemulsification surgery and reported only 1% of cases required 
intraoperative anesthesiologist intervention. If necessary, in the rare 
case of complications requiring intravenous pharmacological care, 
intravenous access by skilled anesthesia staff can be gained expediently.

Since the completion of this quality assurance study, we have 
completed more than 3000 sublingual/oral midazolam surgeries 
in this center with the same technique. There have been no medical 
emergencies or undesirable outcomes related to anesthesia. Although 
this was not a satisfaction study, patients, nurses, and surgeons seem to 
favor this approach over intravenous delivery. In fact, our anesthesia 
team has taken this technique to neighboring facilities in which they work. 

In the United States, there have been recent shortages of 
medications used for intravenous-delivered MAC anesthesia. This 

Figure 1. High definition image of the sublingual veins, as indicated by arrows. Midazolam 
contact is maximized with upright positioning of the patient and avoids inadvertent early 
swallowing of the medication.
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is under investigation, but recent difficulty in obtaining injectable 
midazolam, diprivan, and fentanyl/derivatives has necessitated use of 
alternative methods. The etiology of this problem is multifactorial and 
systemic. It is likely to continue and reoccur into the foreseeable future 
[14-16]. Midazolam syrup has not been in shortage status, making this 
inexpensive option even more appealing. Centers that wish to start this 
technique can initially use a capped IV as a backup to gain confidence 
in consistency of sedation.

This study is not without weaknesses. The ASA cohorts were not 
equal in size. Both groups would have to be much larger (around 200 
cases per group) to determine intergroup differences in observation 
time. Some patients had both eyes treated, which could create bias. We 
did not analyze blood pressure, pulse rate, or pain. The study design did 
not include any intravenous-delivery control. Therefore, no superiority 
claim is made.

Cataract surgery is a highly successful, cost effective surgery [17-
19]. While not every patient or facility may be appropriate for this 
approach, we strongly support combined sublingual/oral midazolam 
sedation as an effective adjunct to continue to optimize topical 
phacoemulsification surgery. 
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Age
(95% CI)

Gender (M:F) 
(as persons)

Average Dose
(mg/mL; 95%CI) Additional Syrupa Other Medication 

(Y:N)
Nausea, Vomiting 

(Y:N) IV Placed (Y:N) Observation Timeb

(95%CI)
ASA2
(N=34)

64.4
(61.3-67.5) 16:18 5.94  

(5.60-6.29)
0.09

(0.01-0.17) 1:53 3:51 0:54 76.0 
(71.0-81.3)

ASA3
(N=90)

73.1
(71.2-75.1) 38:52 5.08  

(4.86-5.30)
0.01

(0-0.06) 3:136 1:138 3:136 79.0
(75.7-82.4)

P value <0.001 0.78 <0.001 0.10 >0.99 0.12 0.56 0.33 
aThree cases total required extra Syrup.
bAnalyzed as log (Observation Time).

Table 1. Results. 
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