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Background/Aims: The intensities of injection pain resulting from the use of long- and medium-
chain triglyceride (LCT/MCT) propofol and conventional LCT propofol during esophagogastro-
duodenoscopy (EGD) have yet to be compared. We aimed to determine the pain intensity caused 
by different formulations of propofol and to evaluate the formulation that would be preferred by 
patients as a sedative agent during their next procedure. 
Methods: This study was a single-center, randomized, controlled, and double-blind trial. Pain 
intensity was estimated 30 seconds after propofol injection by an examiner who was blinded to 
the group assignment using a numeric (0–10) pain rating scale (NPRS). After 1 week, the pa-
tients were asked whether they could recall the pain and were willing to receive the same agent 
for their next EGD. 
Results: One hundred twenty-nine patients were randomly assigned to LCT/MCT or LCT group. 
Although there was no significant difference in pain incidence between the LCT/MCT and LCT 
groups (52.9% vs 65.6%, p=0.156), the pain intensity was significantly lower in the LCT/MCT 
group (NPRS median [interquartile range]; 1 (0–2) vs 2 (0–5), p=0.005). After 1 week, fewer 
patients in the LCT/MCT group recalled the pain (19.1% vs 63.9%, p<0.001) and more patients 
in the LCT/MCT group were more willing to use the same agent for their next procedure (86.8% 
vs 72.1%, p=0.048) than in the LCT group. 
Conclusions: LCT/MCT propofol significantly reduced injection pain intensity compared to LCT 
propofol during EGD and preferred by patients as a sedative agent during their next EGD. (Gut 
Liver 2021;15:562-568)
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INTRODUCTION

Sedation is considered an integral factor during gas-
trointestinal (GI) endoscopy to improve the examination 
accuracy and increase the patients’ willingness to undergo 
the procedure.1 Although several agents are administered 
during endoscopy including propofol, benzodiazepines, 
and opioids, propofol is considered an essential agent 
during this process owing to its pharmacokinetic charac-
teristics along with its sedative and amnestic properties.2-4 
Propofol can cross the blood brain barrier rapidly due to 

its high lipophilic activity, leading to an onset of action 
within 30 to 60 seconds.5 It also has a short recovery pro-
file due to rapid metabolism, with effects lasting for 4 to 8 
minutes.6 Several meta-analyses have shown that propofol 
provides clear benefits including better sedation, higher 
patient satisfaction, and comparable or lower cardiopul-
monary complications compared with other agents during 
GI endoscopy.7-10 In addition, propofol improves the diag-
nostic accuracy of esophagogastroduodenoscopy (EGD), 
which can lead to higher quality endoscopy from the ex-
aminer’s perspective.11 Many studies have demonstrated 
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the tolerability and safety of propofol administered by non-
anesthesiologists during GI endoscopy.12-15

One of the main drawbacks of propofol is that it may 
cause local pain at the injection site, with an incidence rate 
of over 60% in patients.16 The intensity of the pain is severe 
enough to be unpleasant for patients and some patients 
consider the induction of anesthesia to be the most painful 
part of the perioperative period.17 Since propofol is water 
insoluble, it is conventionally prepared as a 1% solution in 
a fat emulsion containing 10% soybean oil comprised of 
long-chain triglycerides (LCTs), which provoke pain on 
injection.16 A formulation with a long- and medium-chain 
triglyceride (LCT/MCT) emulsion was introduced to di-
minish the injection pain, incorporating 10% LCT/MCT 
propofol formulated at a 1:1 ratio in the carrier emulsion.18 
It has been reported that LCT/MCT propofol reduces pain 
and has equivalent efficacy to LCT propofol during general 
anesthesia, which requires a deeper and longer sedation 
period than GI endoscopic procedures.19,20 However, the 
pain severity and patient preferences for LCT/MCT propo-
fol during GI endoscopy have yet to be studied.

EGD is commonly performed for the diagnosis of vari-
ous GI diseases and cancer screening, especially in regions 
with a high incidence of gastric cancer such as China, Ja-
pan, and Korea.21,22 Individuals in these areas may undergo 
EGD repeatedly as nationwide screening programs recom-
mend the procedure every 2 to 3 years.23,24 Therefore, it is 
considered clinically relevant to evaluate the injection site 
pain when propofol is used and to evaluate patients’ will-
ingness to repeat the procedure with propofol. This study 
aimed to evaluate the provocation rate and intensity of 
injection pain for different propofol formulations as well as 
the influence of injection pain on patient sedative prefer-
ences for their next EGD.

MATERIALS AND METHODS

1. Population
Patients over the age of 18 who were scheduled to un-

dergo EGD under sedation at a tertiary referral hospital in 
Daegu, South Korea between January 2016 and April 2017 
were eligible for the study. The exclusion criteria were as 
follows: significant systemic disease in accordance with the 
American Society of Anesthesiologists classification III-IV; 
history of allergic reactions to any of the study drugs (eggs 
and soybeans); chronic opioid analgesic use; psychiatric 
disorder; arrhythmia; pregnancy; and/or difficult venous 
cannulation at the dorsal hand. Patients who declined to 
participate were also excluded. This study was approved 
by the Institutional Review Board of Keimyung University 

Hospital (IRB number: DSMC 2014-08-026-001) and all 
patients provided written informed consent before partici-
pating in the study. The study protocol was registered by 
the principal investigator (E.S.K.) at ClinicalTrials.gov (Oc-
tober 5, 2015, NCT02567916) prior to patient enrollment.

2. Study design and randomization
This study was a single-center, randomized-control, 

and double-blind trial. On arrival at the endoscopy suite, 
patients were randomly assigned to the LCT/MCT (1% 
FresofolⓇ; Fresenius Kabi, Graz, Austria) or LCT (PofolⓇ; 
Jeil, Seoul, Korea) propofol groups according to a random 
number generated using Excel (Microsoft, Redmond, 
WA, USA). All endoscopists and nurses in the endoscopy 
unit were trained and followed sedation guidelines for 
the Accreditation of Qualified Endoscopy Units issued by 
the Korean Society of Gastrointestinal Endoscopy.25 One 
specialized nurse prepared the drug and knew of the pa-
tient assignments; however, the endoscopists and nurses 
involved in the study were blinded. The patients in the trial 
did not receive premedication before arrival at the endos-
copy unit. A 20-gauge cannula was inserted into the largest 
dorsal vein in the non-dominant hand, and propofol was 
injected by registered nurses under endoscopist supervi-
sion. The initial dose of propofol was measured at 0.5–1 
mg/kg (administered for 10 seconds) and additional injec-
tion doses (10–20 mg) were administered intermittently as 
required for adequate endoscopic study.2

Patients from both groups received supplemental 
oxygen (2 L/min) via a nasal cannula. The heart rate and 
oxygen saturation were monitored using a pulse oximeter. 
Arterial blood pressure was measured with a sphygmoma-
nometer every three minutes during the procedures and in 
the recovery room. Following the procedure, full recovery 
from sedation was confirmed based on the Aldrete Scores 
by dedicated nurses in the recovery room.26 One week after 
the procedure, the patients revisited the outpatient clinic 
and a nurse who was blinded to group allocation asked 
whether they could recall the pain (yes or no) and their 
willingness to receive the same sedative agent for their next 
EGD (yes or no). If the patients could not visit the hospital, 
the same question was asked via a phone call.

3. Outcome measures
Pain intensity was estimated 30 seconds after propofol 

injection using a numeric (0–10) pain rating scale (NPRS) 
by an examiner (Y.J.L.) who was blinded to the group as-
signment. A score of zero was considered indicative of no 
pain while scores of 1–10 were indicative of pain (pain 
provocation). Overall, the sedation degree for optimal 
EGD examination was assessed during the procedure with 
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a five-point scale (excellent, does not respond to deep stim-
ulus; good, responds only after mild prodding or shaking; 
moderate, responds only after name is called; poor, alert 
state with responds readily to name spoken; unacceptable, 
difficulty in proceeding the examination due to agitated 
state) by an endoscopist (K.B.C.) who was blinded to the 
group assignment.27 A heart rate of less than 50 beats per 

minute, a systolic blood pressure below 90 mm Hg, and/or 
oxygen saturation below 85% during EGD were considered 
to be adverse events related to sedation.

4. Statistical analysis
Sample size was calculated based on a previous study 

that reported a 26% difference in pain incidence between 

2 Excluded
1 High blood pressure
1 Refused to participate

9 Excluded
2 Failure venous cannulation
2 High blood pressure
5 Refused to participate

140 Randomization

68 LCT/MCT 61 LCT

9 Excluded
2 Arrhythmia
2 Severe systemic disease
5 Refused to participate

149 Assessed for eligibility

Fig. 1.Fig. 1. Patient flowchart. 
LCT, long-chain triglycerides; MCT, 
medium-chain triglycerides.

Table 1.Table 1. Baseline Characteristics between the LCT/MCT Propofol Group and the LCT Propofol Group

Characteristics LCT/MCT (n=68) LCT (n=61) p-value

Age, yr 56.40±11.80 58.25±11.48 0.374
Male sex 33 (48.5) 28 (45.9) 0.860
Height, cm 162.21±9.14 160.97±8.03 0.417
Weight, kg 61.28±9.90 60.54±11.06 0.692
Underlying disease
   Hypertension 16 (23.5) 14 (23.0) 1.000
   Diabetes mellitus 7 (10.3) 9 (14.8) 0.594
   Chronic kidney disease 1 (1.5) 1 (1.6) 1.000
   Ischemic heart disease 6 (8.8) 2 (3.3) 0.279
   Heart failure 1 (1.0) 2 (3.3) 0.602
   Liver cirrhosis 4 (5.9) 1 (1.6) 0.369
   Cerebral vascular attack 0 3 (4.9) 0.103
   Others 11 (16.2) 14 (23.0) 0.377
Indication 0.605
   Screening 39 (57.4) 29 (47.5)
   Follow up of ESD for gastric tumor 16 (23.5) 18 (29.5)
   Follow up of peptic ulcer 2 (2.9) 3 (4.9)
   Gastrointestinal symptoms 9 (13.2) 11 (18.0)
   Anemia 2 (2.9) 0
ASA classification 0.101
   I 60 (88.2) 59 (96.7)
   II 8 (11.8) 2 (3.3)
Experience of previous sedative EGD 62 (91.2) 57 (93.4) 0.748
Administered dosage, mg
   Initial dose 45.44±16.43 48.52±18.69 0.321
   Total dose 128.32±32.96 139.02±39.36 0.100

Data are presented as mean±SD or number (%).
LCT, long-chain triglyceride; MCT, medium-chain triglyceride; ESD, endoscopic submucosal dissection; ASA, American Society of Anesthesiolo-
gists; EGD, esophagogastroduodenoscopy.
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LCT and LCT/MCT propofol (62% vs 37%) under general 
anesthesia.18 Considering a 10% dropout rate and 80% 
power to detect such as difference at a two-sided signifi-
cance level of 0.05, a total of 60 patients were needed per 
group. Statistical analyses were performed using R pack-
age version 3.6.1 (R Foundation for Statistical Computing, 
Vienna, Austria). Values are expressed as mean±standard 
deviation or median with interquartile range (IQR). The 
chi-square test was used to analyze categorical variables 
and the Student t-test was used to analyze differences in 
the continuous variables. Fisher exact test was used to 
calculate differences in pain recall and willingness, and 
the Mann-Whitney U-test was used to evaluate NPRS dif-
ferences. Two-way analysis of variance was used to adjust 
confounders that might affect the pain score. All tests were 
two-sided and p<0.05 was regarded as statistically signifi-
cant.

RESULTS

1. Baseline characteristics and dosage
The patient flowchart is presented in Fig. 1. Among 149 

eligible patients, 129 were randomly allocated to the LCT/
MCT (n=68) and LCT (n=61) groups. There was no sig-
nificant difference between the groups in age, sex, height, 

body weight, comorbidities, indication of EGD, and Amer-
ican Society of Anesthesiologists classification (Table 1). 
Half of the patients underwent EGD for the screening of 
gastric cancer (LCT/MCT 57.4% vs LCT 47.5%, p=0.605). 
Most patients had undergone EGD under sedation previ-
ously (LCT/MCT 91.2% vs LCT 93.4%, p=0.748). The ini-
tial and total dosage of propofol did not differ between the 
groups (Table 1).

2. Outcomes between different propofol formulations
Most patients exhibited excellent or good sedation lev-

els with no significant differences between the LCT/MCT 
and LCT groups (89.7% vs 86.9%, p=0.170) (Table 2). Four 
patients experienced hypoxemia (SpO2 <85%) during the 
procedure, with no difference between the groups (Table 
2). The number of patients with pain provocation seemed 
to be lower in the LCT/MCT group than in the LCT group 
(52.9% vs 65.6%, p=0.156) (Table 3) but there was no sta-
tistical significance. Pain intensity was significantly lower 
in the LCT/MCT group than in the LCT group, indicated 
by the median (IQR) NPRS (1 [0–2] vs 2 [0–5], p=0.005) 
(Table 3, Fig. 2) and mean±standard deviation NPRS 
(1.43±1.97 vs 2.93±3.13, p=0.002) (Table 3).

Table 2.Table 2. Degree of Sedation and Occurrence of Adverse Events during 
Esophagogastroduodenoscopy in the LCT/MCT Propofol Group and 
the LCT Propofol Group

Efficacy and safety of 
propofol injection

LCT/MCT 
(n=68)

LCT 
(n=61)

p-value

Degree of sedation 0.170
   Excellent 23 (33.8) 31 (50.8)
   Good 38 (55.9) 22 (36.1)
   Moderate 5 (7.4) 7 (11.5)
   Poor 1 (1.5) 1 (1.6)
   Unacceptable 1 (1.5) 0 
Hypoxemia (SpO2 <85%) 2 (2.9) 2 (3.3) 0.999

Data are presented as number (%).
LCT, long-chain triglyceride; MCT, medium-chain triglyceride.

Table 3.Table 3. The Provocation Rate and Pain Score after the Administration 
of LCT/MCT and LCT Propofol during Esophagogastroduodenoscopy

Injection pain of propofol
LCT/MCT 

(n=68)
LCT 

(n=61)
p-value

Provocation of pain, No. (%) 36 (52.9) 40 (65.6) 0.156
Pain score
   Median (IQR)   1 (0–2)   2 (0–5) 0.005
   Mean±SD 1.43±1.97 2.93±3.13 0.002

LCT, long-chain triglyceride; MCT, medium-chain triglyceride; IQR, 
interquartile range.
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Fig. 2.Fig. 2. Pain scores between LCT/MCT and LCTs propofol groups. 
LCT, long-chain triglyceride; MCT, medium-chain triglyceride.

Table 4.Table 4. Recall of Pain and Willingness to Use the Same Agent during 
the Next Examination

Patient’s preference of 
propofol

LCT/MCT 
(n=68)

LCT 
(n=61)

p-value

Recall of pain 13 (19.1) 39 (63.9) 0.001
Willingness to use the 
same agent for the next 
examination

59 (86.8) 44 (72.1) 0.048

Data are presented as number (%).
LCT, long-chain triglyceride; MCT, medium-chain triglyceride.
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3. Patients’ recall of pain perception and willingness 
to receive the same propofol formulation for next 
EGD
The patients’ recall of pain perception 1 week follow-

ing the procedure was evaluated as a part of this study. 
Patients in the LCT group were significantly more likely 
to remember the injection pain than those in the LCT/
MCT group (63.9% vs 19.1%, p<0.001) (Table 4). The pro-
portion of patients who were willing to receive the same 
sedative agent for their next EGD was significantly higher 
in the LCT/MCT group than in the LCT group (86.8% vs 
72.1%, p=0.048) (Table 4). Pain recall and the preference 
for a sedative agent may be associated with the intensity 
of injection pain as the pain score was significantly higher 
among patients who recalled pain than among those who 
did not (NPRS median [IQR]; 4 [2–6] vs 0 [0–1], p=0.005) 
(Fig. 3A). In addition, the pain score was significantly 
lower among patients who showed a willingness to use the 
same agents than among those who did not (NPRS median 
[IQR]; 0 [0–2] vs 5 [2–7], p=0.001) (Fig. 3B). These differ-
ences were statistically significant after the adjustment of 
other confounding factors including age, sex, comorbidi-
ties, indication of EGD, propofol formulation (LCT and 
LCT/MCT), body weight, and American Society of Anes-
thesiologists classification.

DISCUSSION

This single-center, randomized-control, and double-
blind trial showed that LCT/MCT propofol significantly 
decreased the intensity of injection pain compared with 
conventional LCT propofol with no changes in the seda-

tion level or adverse events during EGD. Patients adminis-
tered with LCT/MCT propofol were less likely to recall the 
injection pain 1 week following the procedure and were 
more willing to use the same sedative agent for their next 
EGD. Patients who were willing to use the same sedative 
agents for their next EGD reported significantly lower pain 
scores than those who were not, suggesting that the injec-
tion pain from propofol may affect the preference for the 
sedative agent in further examinations. To the best of our 
knowledge, the current study is the first of its kind to com-
pare injection pain and patient preference between LCT/
MCT and LCT propofol during EGD in a GI endoscopy 
unit under a condition other than general anesthesia.

Although the precise mechanism for propofol-induced 
pain remains unclear, the aqueous phase of free propofol 
is considered to be one of the main causes of the pain.28 A 
potential solution to reduce the injection pain from LCT/
MCT propofol is to use a unique lipid component that 
ameliorates the aqueous phase of propofol.17

A previous study has shown that the incidences of pain 
caused by LCT/MCT and LCT propofol under general 
anesthesia were 36.7% and 61.8%, respectively, which 
were lower than those observed in this study (52.9% and 
65.6%).18 This difference was unexpected given that the 
initial dose of propofol in the previous study (1.5 mg/kg) 
was high compared with that in the present study (0.5–1 
mg/kg). This could be explained, in part, by differences in 
the intravenous site location as the large vein in the antecu-
bital area of the forearm reduces injection pain compared 
to the small vein in the hand.17 The injection was adminis-
tered in the dorsal hand of patients in this study, whereas 
the injection was administered in the forearm of patients 
in the former study, which could have resulted in different 
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Fig. 3.Fig. 3. Association of the pain score with the answers to the questions “Do you remember the pain?” (A) and “Are you willing to use the same seda-
tive agent for the next examination?” (B). Comparison was conducted after adjustment for confounders, including age, sex, comorbidities, indica-
tion for endoscopy, propofol formulation (LCT and LCT/MCT), body weight, and American Society of Anesthesiologists classification.
LCT, long-chain triglyceride; MCT, medium-chain triglyceride.
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degrees of pain perception.
It should be noted that propofol can induce short-term 

retrograde amnesia including no recall of word which was 
read before administering propofol.29 Among 76 patients 
who reported pain at the administration of propofol, 24 
(31.6%) did not remember the pain 1 week following the 
procedure, consistent with a previous study that reported 
amnesia in 30.5% of cases following injection pain after 
EGD.30 In this study, significantly more patients in the 
LCT/MCT group presented with no recalling of injection 
pain compared to the corresponding number of patients in 
the LCT group (23/36 [63.8%] vs 1/40 [2.5%]). Consider-
ing the same dose of propofol was used in both groups, 
pain intensity may affect this difference in the recall of pain 
perception after 1 week. The significantly higher pain score 
reported by patients who recalled the pain after adjusting 
for other confounders supports this hypothesis. However, 
this data should be interpreted cautiously because no recall 
of pain does not necessarily mean the amnesia. As there is 
no universal assessment tool of amnesia related with pro-
pofol, it is hard to consider no recall of pain as the evidence 
of retrograde amnesia.

Injection pain related to propofol is a common problem 
during both general anesthesia and non-operational room 
anesthesia for procedures like GI endoscopy.30,31 In contrast 
to general anesthesia administered in the operation room, 
sedation for EGD may be performed multiple times over 
a patient’s lifetime, particularly in East Asian countries. 
More than 90% of patients had previously undergone EGD 
under sedation in the present study. Given that propofol 
is the most commonly used agent for sedation during GI 
endoscopy, it is crucial to address the common limitation 
of propofol to improve patients’ satisfaction during the 
procedure.3,4 The findings from this study demonstrate a 
greater willingness to use the same sedative agents for the 
next EGD in the LCT/MCT group compared to that in the 
conventional LCT group. This indicates that reducing pain 
may improve patients’ satisfaction during EGD and is sup-
ported by the fact that lower pain intensity was associated 
with higher willingness to utilize the same sedative agent. 
Another strategy for reducing the injection pain of propo-
fol would be preinjection of intravenous lidocaine.30,31

Our study has some limitations. We did not evaluate the 
patient’s perception of sedation depth and painful memory 
of procedure. Furthermore, we did not obtain the short-
term and long-term side effects in patients’ perspective. We 
surmised that these factors might also influence patients’ 
preference for a sedative agent in further procedures.

In conclusion, LCT/MCT propofol reduces injection 
pain intensity compared with conventional LCT propofol 
with no changes in the sedation level and adverse events 

during EGD. Patients that receive LCT/MCT propofol are 
less likely to remember the pain and more willing to use 
the same agent for the next EGD. As pain intensity is asso-
ciated with later pain recall and the preference for sedative 
agents in further examinations, methods to reduce propo-
fol-related pain may improve patients’ satisfaction during 
EGD under sedation.
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