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Conclusion  This study demonstrated that intravenous dex-
medetomidine during hernia repair with local anesthesia is 
safe and the results were satisfactory to both operators and 
patients.
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Midazolam · Local anesthesia

Introduction

Inguinal hernia is one of the most common conditions 
encountered in the field of general surgery, and its repair 
is one of the basic operations performed by surgeons [1]. 
In Japan, inguinal hernia repair is widely performed with 
local anesthesia. It is safe, easy to perform, economical with 
a short hospital stay, and is minimally invasive to organs 
[2, 3]. However, patients under local anesthesia tend to be 
anxious and fearful about pain, intraoperative sounds, and 
smells. To solve this problem, we have performed hernia 
repair with intravenous midazolam as a conscious sedation 
agent for patients under local anesthesia.

In 2014, the use of dexmedetomidine for patients under 
local anesthesia was covered by insurance in Japan. The 
combination of intravenous dexmedetomidine and local 
anesthesia is feasible in the implementation of conscious 
sedation [4, 5]. The ability to communicate with the patient 
during the operation is an advantage of local anesthesia. For 
example, by requesting patients to apply abdominal pres-
sure, we can confirm whether the repair is sufficient or not. 
Conscious sedation with light sleep would not inhibit this 
advantage [6].

We hypothesized that the combination of intravenous 
dexmedetomidine and local anesthesia would facilitate 
inguinal hernia repair. However, there has been no report 
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of an evaluation of the safety and efficacy of dexmedetomi-
dine with local anesthesia during inguinal hernia repair. We 
designed a randomized controlled trial to compare dexme-
detomidine and midazolam with local anesthesia in ingui-
nal hernia repair and to examine the safety and efficacy of 
intravenous dexmedetomidine as a sedation agent in terms 
of the incidence of adverse events.

Patients and methods

This randomized, single-blind study of 200 patients was per-
formed in Toyohashi Municipal Hospital during the period 
from March 2014 to January 2016. The study protocol was 
approved by the institutional review board (No. 157) and 
registered at the University Hospital Medical Information 
Network (UMIN000013468).

Patients

The main inclusion criteria were age 20–85 years, the 
presence of a single-sided primary inguinal hernia, and 
undergoing elective surgical repair using the tension-free 
technique with local anesthesia. Excluded were those with 
a serious systemic complication, a mental or neurologic 
disorder affecting the mental state, or a femoral hernia. All 
patients provided written informed consent to participate 
in this study prior to surgery. In our department, we always 
reach a decision to perform surgical operation only after 
definitely diagnosing inguinal hernia. Therefore, when 
the diagnosis is difficult to reach, we examine the patients 

with CT or US. Thus, no patient with unclear diagnosis 
underwent the surgery in this study but was kept watchful 
waiting.

Patients were randomly divided into two groups of 100 
patients each by the envelope method. Group D received 
intravenous dexmedetomidine, and Group M received 
intravenous midazolam. Figure 1 is a flow diagram of the 
analysis.

Operative procedure

Surgeons performed operations using the Mesh-Plug or 
Ultrapro Hernia System (UHS) for inguinal hernia repair. 
In most cases, indirect hernias were repaired by the Mesh-
Plug operation, and direct hernias were repaired by UHS; 
however, selection of the method was left to the discretion 
of the operator. We describe below a typical operation that 
we performed for inguinal hernia repair in 8 periods.

Period 1: Enter operating room and begin monitoring.
Period 2: Infusion of dexmedetomidine is started in 

Group D at a dose of 3 µg/kg/h for 10 min. Intravenous 
midazolam 2 mg is administered in Group M slowly over 
a period up to 1 min. Five minutes after the start of drug 
injection, we perform local anesthesia with surgical site and 
ilioinguinal nerve block using a mixture of 0.5% lidocaine 
and 0.75% bupivacaine.

Period 3: Ten minutes after the start of drug injection, 
the flow rate of dexmedetomidine is changed to 0.4 µg/kg/h 
in Group D.

Period 4: Operation started.

Fig. 1   Flow diagram of study 
procedure
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Period 5: Spermatic cord is separated from inguinal canal. 
(We always follow this procedure to avoid damage to the 
cord.)

Period 6: Separation of the hernia sac and insertion of a 
Plug or UHS.

Period 7: When suturing a Plug or fixing the UHS, we 
request the patient to apply abdominal pressure.

Period 8: Suturing the fascia of external oblique. In 
Group D, injection of dexmedetomidine is stopped. Sur-
gery is completed. During the operation, we could change 
the flow rate of dexmedetomidine, using additional sedation 
agent or injection of additional local anesthetic depending 
on the needs of the patients.

Depth of sedation was assessed using the Observer’s 
Assessment of Alertness/Sedation Scale (OAA/S) (Table 1) 
during the 8 above-mentioned periods.

The following adverse events were recorded: hyperten-
sion, hypotension, bradycardia, respiratory depression, 
restlessness, etc. During the surgery, the operators and the 
nurses carefully controlled the vital parameters, though con-
trol by the experts was preferable. Mainly, the nurse admin-
istered the drugs by the operator’s judgement if needed.

After the operation, we administered a questionnaire to 
the patients that elicited information about intraoperative 
memory, pain, anxiety, satisfaction, etc. Operators also com-
pleted a questionnaire.

Adverse events

Major adverse events were defined and dealt with as follows.
Respiratory depression was defined as follows: respira-

tory rate < 8 bpm, 25% decrease from before administra-
tion, SpO2 < 90%, decrease by 10% from before admin-
istration or oxygen administration was required [7, 8]. 
Respiratory depression was resolved with oxygen admin-
istration, stimulation for awakening or watchful waiting 
by the operator’s judgement. Hypotension was defined as 
follows: systolic blood pressure < 80 mmHg, decrease by 
30% from before administration or diastolic blood pres-
sure < 50 mmHg. Hypotension was resolved with fluid 

administration or use of vasopressor (ephedrine or phe-
nylephrine) by the operator’s judgment. Bradycardia was 
defined as follows: heart rate < 40 bpm or decrease by 
30% from before administration. Bradycardia was resolved 
with decreasing or stopping administration rate of dexme-
detomidine or administration of atropine by the operator’s 
judgement. Hypertension was defined as follows: systolic 
blood pressure > 180 mmHg, increase by 30% from before 
administration or diastolic blood pressure > 110 mmHg. 
Hypertension was resolved with adjusting or stopping 
administration rate of dexmedetomidine or administra-
tion of nicardipine by the operator’s judgement. Delirium 
was defined as follows: the patient was uncontrollable and 
needs to be dealt with. Delirium was resolved with physi-
cal restraint or by the administration of additional seda-
tives at the operator’s judgement.

Other adverse events were also resolved by the opera-
tor’s judgement as in daily medical practice.

Statistical analysis

When a sedation agent is used in a surgery with local anes-
thesia, most frequent and most critical adverse event is 
respiratory depression including apnea, desaturation, and 
decrease of respiratory rate. Based on our experience, we 
hypothesized the frequency of respiratory depression of 
dexmedetomidine and midazolam injection was 40 and 
50%, respectively. A sample size of 77 subjects per group 
was necessary to demonstrate a statistical significance 
for respiratory depression at α of 0.05 and 1 − β of 0.8 
(δ = 0.10). Accordingly, we thought 2 × 100 patients were 
enough for this study.

Data were analyzed using IBM SPSS Statistic ver-
sion 21 software (IBM SPSS Inc., Chicago, IL, USA). 
Student’s t test was used for comparison of the means 
(age, body weight, operating time, blood loss, dose of 
local anesthesia). The Chi-square test was used for cat-
egorical data (patients’ characteristics, adverse events). 
Mann–Whitney’s U test was used for the ordinal scale. p 
value of < 0.05 was considered significant.

Table 1   Observer’s Assessment of Alertness/ Sedation Scale (OAA/S)

OAA/S is the lowest score in any of the four categories

Responsiveness Speech Facial expression Eyes score Score

Responds readily to name Normal Normal Clear, no ptosis 5
Lethargic response to name Mild slowing Mild relaxation Glazed/mild ptosis 4
Responds to name only if called repeatedly Slurring Marked relaxation Glazed/marked ptosis 3
Responds only after mild prodding Not recognizable Not recognizable − 2
No response to prodding or shaking – – – 1



474	 Hernia (2018) 22:471–478

1 3

Results

During the study period, 200 patients were screened for 
eligibility, and all 200 patients were randomized either to 
Group D or Group M. Subsequently, one Group D patient 
and three Group M patients were excluded from the analy-
sis (Figure 1).

Characteristics of patients

Characteristics of the two groups were comparable 
(Table 2).

In Group D, repair was undertaken in 71 patients by 
Mesh-Plug and in 28 patients by the UHS. In Group M, 
repair was done in 72 patients by Mesh-Plug and in 25 
patients by UHS. In Group D, 72 patients had an indirect 
hernia, 24 patients had a direct hernia and 3 patients had 
a mixed hernia. In Group M, 75 patients had an indirect 
hernia, 16 patients had a direct hernia and 6 patients had 
mixed hernia. The two groups did not differ significantly 
with regard to operative procedures and the distribution of 
hernia classifications. Age, sex and body weight also did 
not differ significantly between the two groups.

In group M, eight patients were administered additional 
midazolam according to operators’ instructions. In group 
D, one patient was administered propofol for the conver-
sion into general anesthesia because of the necessity of 
intraperitoneal procedure.

Adverse events

Adverse events such as respiratory depression, hyperten-
sion, hypotension, bradycardia and delirium were recorded 
(Table 3). The incidence of respiratory depression was sig-
nificantly higher in Group M than in Group D (p = 0.03). 
There were no significant between-group differences in the 
other adverse events examined. Hypotension and brady-
cardia had a higher incidence in Group D, but without 
significance.

All adverse events could be safely resolved according 
to prearranged procedures.

Questionnaires for operators

The OAA/S scale was recorded and analyzed (Fig. 2). In 
the 5 min after and 10 min after the start of drug injec-
tion (Periods 2 and 3), the start of surgery (Period 4), the 
time when we request patients to apply abdominal pres-
sure (Period 7) and the end of the surgery (Period 8), there 
were the following significant differences between the 
two groups. Sedation was deeper 5 and 10 min after the 
start of drug injection and the start of surgery in Group M 
(p < 0.001). The time to request patients to apply abdomi-
nal pressure and the end of the surgery were related to 
deeper sedation in Group D (p = 0.028). During the sur-
gery, more than 80% of the Group D patients and 74% of 
Group M patients were in a state of conscious sedation 
(OAA/S Scale: 3–4) [9].

As for the duration of surgery and dose of local anes-
thesia, there were no significant differences between the 
two groups. Blood loss was significantly less in Group D 
(p = 0.01, Table 2).

There were significant differences in the impression of 
the patients’ pain, ease of operation and satisfaction with 
sedation between the two groups (Fig. 3). The results of 
all three questionnaires were significantly more favorable 
for Group D (p = 0.02, < 0.01 and < 0.01).

Table 2   Characteristics of patients

Values are expressed as MEAN (SD) or numbers
UHS Ultrapro hernia system
* p<0.05

Dexmedetomi-
dine (n = 99)

Midazolam (n = 97)

Age: years 66.5 (11.7) 65.2 (11.6)
Sex M:F 98:1 91:6
Weight: kg 62.3 (9.2) 64.1 (9.3)
Hernia classification
 Direct 24 16
 Indirect 72 75
 Direct + indirect 3 6

Plug or UHS
 Plug 71 72
 UHS 28 25

Duration of surgery: min 66.0 (19.6) 69.3 (19.8)
Blood loss: mL 5.4 (9.4)* 10.8 (13.6)
Dose of local anesthesia: mL 31.9 (7.0) 32.3 (7.5)

Table 3   Adverse events

Values are expressed as numbers
NS nonsignificant
p < 0.05 is considered significant

Dexmedetomi-
dine (n = 99)

Midazolam 
(m = 97)

p value

Respiratory depression 36 50 0.03
Hypertension 1 2 NS (0.49)
Hypotension 8 2 NS (0.054)
Bradycardia 14 8 NS (0.19)
Delirium 1 2 NS (0.49)
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Questionnaires for patients

The results of questionnaires about intraoperative memory, 
pain, anxiety and satisfaction with the surgery were ana-
lyzed, with no significant between-group differences shown 
(Fig. 4). More than 70% of the patients in both groups were 
satisfied with the surgery.

Discussion

Our study demonstrated that intravenous dexmedetomidine 
with local anesthesia could be a comparable sedation agent 
compared to intravenous midazolam in cases of inguinal her-
nia repair and resulted in less respiratory depression. Con-
scious sedation and acceptable satisfaction were achieved 
with that agent.

Dexmedetomidine has been used in intensive care units as 
a sedation agent. However, its use in surgery has increased 
mainly in cases of local anesthesia or spinal anesthesia [7, 
8, 10–13]. Dexmedetomidine, the selective α2 adrenocep-
tor agonist, is known not only to be a sedative agent but 
also to have effects of analgesia, bradycardia, hypotension, 
etc. [4, 5, 14]. Intravenous dexmedetomidine is feasible for 
the implementation of conscious sedation for patients under 
local anesthesia.

Midazolam is widely used as a sedative agent during sur-
gery. Intravenous midazolam has features that include rapid 
onset and rapid recovery [15, 16]. However, midazolam is 
well known to cause respiratory depression, restlessness and 
disinhibition [16, 17]. If these adverse events occur intraop-
eratively, continuation of the surgery may become difficult.

In cases of inguinal hernia repair with local anesthesia, 
conscious sedation and a little analgesia are considered to 
be reasonable. Conscious sedation helps ascertain the posi-
tion of the hernia orifice or success in sufficient repair. The 
effect of analgesia may relieve intraoperative pain [18, 19]. 
Intravenous dexmedetomidine could provide ideal sedation 

with local anesthesia, which is why we designed this rand-
omized controlled trial.

In this trial, several adverse events were recorded. In pre-
vious studies, dexmedetomidine was shown to have little 
ventilator effects [4, 20]. In this study, respiratory depres-
sion was recorded in 36% of Group D patients, a rate that 
might be considered to be slightly high. However, in Group 
M, respiratory depression was recorded in about half of the 
patients, which showed a significant difference between the 
two groups. All patients who had respiratory depression 
recovered by just watchful waiting, verbal contact or oxy-
gen administration. Especially in Group D, most patients 
experienced a light sleep; therefore, they rapidly recovered 
from respiratory depression by calling their name and by the 
request of deep breathing. Compared with intravenous mida-
zolam, intravenous dexmedetomidine was safer and more 
acceptable in terms of respiratory depression.

Hypotension (8%) and bradycardia (14%) were recorded 
in Group D. As we had expected, there was a higher inci-
dence of these cardiovascular events in Group D than in 
Group M [10], but the difference was not significant. If we 
had randomized more patients, it may have reached sig-
nificant. However, all of these adverse events were safely 
resolved. From these viewpoints, the safety of dexmedeto-
midine was confirmed.

The OAA/S scale is a reliable and sensitive tool to meas-
ure the level of alertness during sedation [9]. We believe that 
conscious sedation is the best type of intraoperative seda-
tion with local anesthesia. The concomitant use of intrave-
nous dexmedetomidine was reported to be feasible in the 
implementation of conscious sedation [4, 5]. In fact, in this 
study, more than 80% of Group D patients were in a state 
of conscious sedation during the surgery compared with 
only 72% of Group M patients. The features of midazolam 
were quicker onset and deeper sedation than that of dexme-
detomidine. This study demonstrated that using intravenous 
dexmedetomidine is superior from the viewpoint of imple-
mentation of conscious sedation.

Fig. 2   Changes in OAA/S 
scores. Values are expressed 
as mean ± SD. Dex dexme-
detomidine. Numerals 1 to 8 
correspond to periods 1 to 8 as 
described in the text. *p < 0.05
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Fig. 3   Results of operators’ 
questionnaires. a Impression of 
patients’ pain. b Ease of opera-
tion. c Surgeons’ satisfaction 
with sedation. D dexmedetomi-
dine, M midazolam. *p < 0.05



477Hernia (2018) 22:471–478	

1 3

In using an intraoperative sedative, operators’ satisfac-
tion is also important. The results of our questionnaire 
showed that the operators were highly satisfied with 
intravenous dexmedetomidine. The operators of Group D 
patients expressed a high satisfaction level and felt that the 
operation was easier. About 95% of the operators of Group 
D patients expressed complete or partial satisfaction with 
the sedation during surgery in contrast with 79% of those 
with Group M patients. Patients’ satisfaction is also impor-
tant. Interestingly, in contrast to operators’ satisfaction, 
results of the patients’ questionnaires were similar in both 
groups. Conscious sedation may not necessarily result in 
patients’ satisfaction. Amnestic effect of midazolam may 
work on the patients in a positive way [21]. However, more 
than 70% of the patients in both groups were satisfied with 
the surgery.

As for the limitation of this study, we could give three 
points. The first limitation of this study was its single-
blinded design. Although the patients were blinded, the 
operators were not blinded. Different ways of administra-
tion made it difficult to be double-blinded, and midazolam 
and dexmedetomidine had different patterns of the rapidity 
of the effects. This may affect the operators’ impression and 
may cause measurement bias in the results of the operators’ 
questionnaire. The second limitation of this study was single 
institutional study. For evaluating the safety and feasibil-
ity, it is possible that there would be a bias. To attain more 
reliable results, multi-institutional trails may be necessary. 
The third was the choice of midazolam for comparison with 
dexmedetomidine. Propofol is another good sedative with 
local anesthesia [13, 22]. In our country, however, the use of 
propofol as a sedative agent is limited to the condition with 
mechanical ventilation and cannot be covered in patients 
with local anesthesia by the Japanese national health insur-
ance. In addition, midazolam has been commonly used with 
local anesthesia. Therefore, we compared dexmedetomidine 
and midazolam.

We performed a randomized controlled trial to compare 
dexmedetomidine and midazolam as sedation agents with 
local anesthesia in inguinal hernia repair. Our analysis dem-
onstrated that intravenous dexmedetomidine is safe to use 
with local anesthesia and may enhance the operators’ sat-
isfaction by inducing conscious sedation in their patients. 
This result may be directly applicable to other surgeries with 
local anesthesia.

In conclusion, the results of this randomized study dem-
onstrate that intravenous dexmedetomidine during hernia 
repair with local anesthesia is safe and that both operators 
and patients are satisfied with its use.

Fig. 4   Results of patients’ questionnaires a Remembrance during 
surgery. b Pain during surgery. c Anxiety during surgery. d Patients’ 
satisfaction with surgery. D dexmedetomidine, M midazolam

▸
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