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Background/Aims: The recovery room used after endoscopy has limited capacity, and an efficient flow of the endoscopy unit
is desired. We investigated the duration of hospital stay after endoscopy and the risk factors for prolonged hospital stay among

outpatients.

Methods: We retrospectively studied consecutive patients who underwent esophagogastroduodenoscopy or colonoscopy at the
Toyoshima Endoscopy Clinic. We collected data on age, sex, body weight, midazolam and pethidine dosage, respiratory depression
during endoscopy; and duration of hospital stay after endoscopy (scope out to check out). Risk factors for prolonged hospital stay (>100

minutes) were identified using multiple logistic regression analysis.

Results: We enrolled 3,898 patients, including 3,517 (90.2%) patients tested under sedation and 381 (9.8%) patients tested without
sedation. Overall, 442 (11.3%) patients had prolonged stay (>100 min). The mean time difference between sedation group and non-
sedation group was 44.2 minutes for esophagogastroduodenoscopy and 39.1 minutes for colonoscopy. Age (odds ratio [OR], 1.025;
95% confidence interval [CI], 1.014—1.036), female sex (OR, 1.657; 95% CI, 1.220-2.249), and midazolam dose (OR, 1.019; 95% CI,
1.013-1.026) were independently associated with prolonged hospital stay after esophagogastroduodenoscopy, with similar results for

colonoscopy.

Conclusions: Old age, female sex, and midazolam dose were independent risk factors for prolonged hospital stay after endoscopy.
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INTRODUCTION

Endoscopic sedation reduces distress during invasive pro-
cedures; however, esophagogastroduodenoscopy (EGD) and
colonoscopy can be performed without sedation."” Non-se-
dated endoscopy offers several potential advantages, such as
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lower cost, higher efficiency, and decreased post-endoscopic
impairment, which allows patients to drive sooner." Small-di-
ameter endoscopes (<6 mm) can improve the tolerability of
EGDs when a sedative is not used. On the other hand, the
American Society for Gastrointestinal Endoscopy (ASGE) rec-
ommends that a combination of an opiate and benzodiazepine
is a safe and effective regimen for achieving minimal-to-mod-
erate sedation for EGDs and colonoscopies in patients without
risk factors for sedation-related adverse events.” In the United
States, more than 98% of endoscopists use sedation during
EGDs and colonoscopies.’

Endoscopic sedation requires the use of a recovery room.
When space is limited in the recovery room, the relatively
longer residual effects of opiate and benzodiazepine admin-
istration could be problematic. If there are any delays in the
recovery or discharge of patients, endoscopic procedures
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might have to be paused until the recovery room becomes
available. Continued pressure on endoscopy units to improve
efficiency, increased demand for endoscopic procedures, and
a high patient turnover have led to growing interest in seda-
tion alternatives, such as propofol.” Propofol is a short-acting
agent with rapid recovery and can promote the general flow
of the endoscopy unit.* However, propofol manufacturers in
Japan and several other countries restrict its use to personnel
trained in general anesthesia.” Therefore, many facilities use
benzodiazepines and/or opiates for endoscopic sedation.'”"*
Our endoscopy-specialized clinic also uses midazolam and/
or pethidine.” Even when antagonists such as flumazenil and
naloxone are used, recovery from sedation takes time. The
recovery room is limited in terms of space and time,' and the
endoscopy clinic needs an efficient flow of patients. In this
study, we investigated the duration of hospital stay after endos-
copy and identified the risk factors for prolonged hospital stay
in outpatients.

MATERIALS AND METHODS

Ethics

This retrospective study was approved by the Certificated
Review Board of Hattori Clinic on September 4, 2020 (approval
no. S2009-U04). Written informed consent was obtained from
the study participants.” This study was conducted according
to the ethical guidelines of the Declaration of Helsinki.

Subjects

We retrospectively reviewed 4,602 consecutive patients who
underwent EGD or colonoscopy at the Toyoshima Endoscopy
Clinic, an outpatient clinic specialized in endoscopy, between
August 16, 2019, and June 1, 2020. The indications for EGD
or colonoscopy were symptoms, such as abdominal pain and
gastrointestinal bleeding, positive fecal occult blood test, sur-
veillance of polyps in atrophic gastritis, screening for cancer,
or physical checkup. The following demographic and clinical
characteristics were collected from medical records: age, sex,
body weight, doses of midazolam and pethidine, occurrence
of respiratory depression during the endoscopy, and duration
of hospital stay after endoscopy (scope out to check out). Re-
spiratory depression was defined as a reduction in percutane-
ous oxygen saturation (< 90%) during endoscopy.

Endoscopic examination

Colonic preparation before colonoscopy was performed
with 2 L of polyethylene glycol solution. Polyethylene glycol
solution or magnesium citrate was added when the stool was
not a clear liquid."
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Experienced endoscopists performed EGD or colonosco-
py- Before EGD, local anesthesia of the pharynx was induced
using a viscous solution of 2% lidocaine hydrochloride (Xylo-
caine® Viscous 2%; AstraZeneca Inc., OSAKA, ]apan).17 For
endoscopic sedation, midazolam and/or pethidine were used
according to the patient’s response.® The doses of midazolam
and/or pethidine were determined by each endoscopist. CO,
was used as insufflation agent for all patients, except those
with chronic respiratory failure.”” Flumazenil and/or naloxone
were used as antagonists of midazolam and/or pethidine for
sedation recovery.

The patients were transferred to the recovery room after the
procedure. When Aldretes scoring system was 9 out of 10, or
more, they were discharged from the recovery room.” Their
check out time was recorded after they had finished changing
their clothes.

Statistical analysis

We compared clinical characteristics between the no seda-
tion group and sedation group using the Welch's ¢-test or chi-
square test.

Risk factors for prolonged hospital stay (>100 min) were
assessed using multiple logistic regression analysis. Age and
dose of each drug were included as continuous variables in the
multivariate logistic regression model. Prolonged hospital stay
was defined as >100 min. The mean duration of hospital stay
after EGD was 67.4+31.7 min (Table 1). In the statistical nor-
mal distribution, the mean within 1 standard deviation (SD)
includes 68% of the patients, and that within 2 SD includes
95% of the patients. We set the cutoff at 100 min because it is
important to predict cases beyond 1 SD. Statistical significance
was set at p<0.05. The data were analyzed using Stat Mate IV
software (ATOMS, Tokyo, Japan).

RESULTS

During the study period, 4,602 consecutive patients who
underwent EGD or colonoscopy were enrolled. We excluded
659 patients with no data for body weight, and 45 patients
without data on length of clinical stay after endoscopy. Finally,
we included 2,466 patients who underwent EGD and 1,432
patients who underwent colonoscopy.

The characteristics of the sedation and no sedation groups
after EGD are shown in Table 1. The duration of hospital stay
after EGD in the sedation group was significantly longer than
that in the no sedation group (73.0+33.9 min vs. 28.8+£31.7
min, p<0.001). The mean difference was 44.2 minutes for
EGD. The characteristics of the sedation and no sedation
groups during colonoscopy are shown in Table 2. The dura-
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Table 1. Comparisons of Patient Characteristics in Upper Gastrointestinal Endoscopy (Sedation vs. No Sedation)

Total Sedation No sedation p-value
Patients
Number (n) 2,466 2,155 311
Age, mean+SD (yrs) 57.3+14.1 57.0£14.5 60.4+12.1 <0.001
Male : Female 997 : 1469 857:1298 140:171 0.114
Body weight (kg) 58.4+16.3 58.4+17.5 58.6+47.1 0.937
Sedation
Dose of midazolam (mg) 2.8+0.9 3.2+1.0
Midazolam dose per body weight (ug/kg) 49.5+36.6 57.1+102.4
Dose of pethidine (mg) 11.5+5.1 13.2+5.4
Pethidine dose per body weight (ug/kg) 197.5+213.3 227.8+454.1
Hospital stay
Time after endoscopy (min) 67.4+31.7 73+33.9 28.8+31.7 <0.001
SD, standard deviation.
Table 2. Comparisons of Patient Characteristics in Colonoscopy (Sedation vs. No Sedation)
Total Sedation No sedation p-value
Patients
Number (1) 1,432 1,362 70
Age, mean+SD (yrs) 57.6+22.1 57.6+22.6 57.9+£60.1 0.967
Male : Female 629 :803 585:777 44:26 0.001
Body weight (kg) 5934255 59.2+26.2 63.3465.4 0.567
Sedation
Dose of midazolam (mg) 3.1£1.3 3.3+1.3
Midazolam dose per body weight (ug/kg) 54.7£72.2 57.6£262.3
Dose of pethidine (mg) 12.149.5 12.8+9.8
Pethidine dose per body weight (ug/kg) 210.8+757.3 222.1£757.3
Hospital stay
Time after endoscopy (min) 75.3429.2 77.2429.9 38.1+43.0 <0.001

SD, standard deviation.

tion of hospital stay after colonoscopy in the sedation group
was significantly longer than that in the no sedation group
(77.2£29.9 min vs. 38.1+43.0 min, p<0.001). The mean dif-
ference was 39.1 minutes for colonoscopy.

Table 3 shows the results of multivariate analyses of pro-
longed hospital stay (>100 min) after EGD. A total of 251
patients in the EGD group had a prolonged hospital stay. Age
(odds ratio [OR]=1.025; p<0.001), female sex (OR=1.657;
p<0.001), and midazolam dose (OR=1.019; p<0.001) were

independently associated with a prolonged hospital stay in
the EGD group. When these multivariate analyses were per-
formed for the patients who underwent sedation, the results
did not change.

Table 4 shows the results of multivariate analyses of pro-
longed hospital stay (>100 min) during colonoscopy. A total
of 191 patients in the colonoscopy group had a prolonged hos-
pital stay. Age (OR=1.024; p <0.001), female sex (OR=1.935;
p<0.001), and midazolam dose (OR=1.009; p=0.006) were
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Table 3. Multivariate Analyses on Prolonged Stay (>100 min) in Upper Gastrointestinal Endoscopy

ariabies Univariate analysis Multivariate analysis
Odds ratio 95% CI p-value Odds ratio 95% CI p-value
Age 1.006 0.997-1.016 0.176 1.025 1.014-1.036 <0.001
Sex (Female) 1.988 1.484-2.662 <0.001 1.657 1.220-2.249 <0.001
Respiratory depression 1.560 0.691-3.520 0.284 1.257 0.548-2.882 0.589
Midazolam dose per body weight (ug/kg) 1.017 1.017-1.023 <0.001 1.019 1.013-1.026 <0.001
Pethidine dose per body weight (ug/kg) 1.001 1.001-1.002 0.003 1.000 0.999-1.001 0.077
CI, confidence interval.
Table 4. Multivariate Analyses on Prolonged Stay (>100 min) in Colonoscopy
Variables Univariate analysis Multivariate analysis
Odds ratio 95% CI p-value Odds ratio 95% CI p-value
Age 1.020 1.008-1.031 <0.001 1.024 1.012-1.036 <0.001
Sex (Female) 2.190 1.568-3.059 <0.001 1.935 1.357-2.761 <0.001
Respiratory depression 2.459 0.647-9.353 0.187 2.023 0.516-7.930 0.312
Midazolam dose per body weight (ug/kg) 1.010 1.004-1.016 <0.001 1.009 1.003-1.015 0.006
Pethidine dose per body weight (ug/kg) 1.000 0.999-1.001 0.748 1.000 0.999-1.001 0.644

CI, confidence interval.

independently associated with prolonged hospital stay in the
colonoscopy group. When these multivariate analyses were
performed for patients who underwent sedation, the results
were similar. Although the statistical significance disappeared
for midazolam dose, the p-value was 0.059. The results of the
multivariate analyses did not change, even if the cutoff of pro-
longed stay was 90 min.

DISCUSSION

We found that the mean time difference between sedated
endoscopy and non-seated endoscopy was 44.2 min after EGD
and 39.1 min after colonoscopy, and the risk factors for pro-
longed hospital stay after endoscopy included old age, female
sex, and high dose of midazolam.

The ASGE guidelines on sedation during gastrointesti-
nal endoscopy recommend endoscopic sedation because it
relieves patient anxiety and discomfort, and improves the
outcome of the procedure.” However, the disadvantages of se-
dation include extended hospital stay and increased frequency
of adverse events, such as nausea and headache. This study
showed that length of hospital stay was extended by 40 min.
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Informed consent should include information about extended
hospital stay.

Recovery in elderly patients is more likely to be slow after
endoscopic sedation,”* leading to prolonged hospital stay. Fe-
male sex was also an independent risk factor for delay. Female
sex was reported to be associated with nausea after endoscopy
using pethidine,” and post-endoscopic nausea might affect
the delay.

The novel coronavirus disease (COVID-19) has been
declared a pandemic by the World Health Organization
(WHO).*** During the COVID-19 pandemic, the WHO
issued an advisory to avoid crowded places.” The Japanese
government also recommended avoiding the three C’: closed
spaces, crowded places, and close contact settings. Endoscopy
units could increase the risk of infection from potential air-

sl 27,28
borne droplets and fecal-oral transmission.

Crowding of
the endoscopy unit should be avoided.” Minimizing the dose
of midazolam or omitting sedation might alleviate congestion,
especially among elderly patients.

On the other hand, the Japanese government is promoting
a work style reform, advocating for a reduction of overtime
hours and avoidance of long working hours.”*" Endoscopic

clinics or units should consider reducing working hours and



increasing productivity. The measures against overtime would
include avoiding scheduling elderly patients and patients who
desire deep sedation for procedures in the evening and min-
imizing the dose of midazolam in patients who undergo the
procedure in the evening.

Fredman et al. concluded that intravenous administration of
the premedicant midazolam (0.5 mg or 2 mg) did not adverse-
ly affect early recovery or postoperative cognitive function.”
In their study, midazolam was used as a premedication before
administration of standard general anesthesia, and the dose of
midazolam was relatively lower than that used in this study. In
our study, the doses of midazolam were 3.2+£1.0 mg. The re-
sults may change depending on the administration timing and
dose.

The limitations of this study include its retrospective design.
This study was conducted at a single institution. Nevertheless,
the recording of medical data was well controlled. The recov-
ery time might be faster when the patients’ average alcohol in-
take is high, since it has been reported that alcohol consump-
tion may reduce midazolam bioavailability.” However, we
could not analyze the impact of alcohol consumption in this
study. Our multivariate logistic regression analysis used age as
continuous variables, and showed no specific age as risk factor.
A follow-up prospective study should be performed to con-
firm and clarify the characteristics of patients with prolonged
hospital stay after endoscopy.

In conclusion, hospital stay due to endoscopic sedation was
prolonged by about 40 minutes when using midazolam and/
or pethidine. Old age, female sex, and midazolam dose were
independent risk factors for prolonged hospital stay after en-
doscopy.

Conflicts of Interest
The authors have no potential conflicts of interest.

Funding

None.

Author Contributions
Conceptualization: Osamu Toyoshima
Data curation: Tatsuya Matsuno, Masataka Irokawa, Toru Arano
Formal analysis: Toshihiro Nishizawa
Investigation: Shuntaro Yoshida
Resources: OT
Writing-original draft: TN
Supervision: Takanori Kanai, Kazuhiko Koike
Writing-review&editing: Hirotoshi Ebinuma, Hidekazu Suzuki

ORCID
Toshihiro Nishizawa: https://orcid.org/0000-0003-4876-3384
Shuntaro Yoshida: https://orcid.org/0000-0002-9437-9132
Osamu Toyoshima: https://orcid.org/0000-0002-6953-6079

Tatsuya Matsuno: https://orcid.org/0000-0002-1935-3506

Nishizawa T et al. Hospital Stay after Endoscopic Sedation

Masataka Irokawa: https://orcid.org/0000-0002-5089-8619

Toru Arano: https://orcid.org/0000-0003-3205-6669

Hirotoshi Ebinuma: https://orcid.org/0000-0001-6604-053X

Hidekazu Suzuki: https://orcid.org/0000-0002-8994-6163

Takanori Kanai: https://orcid.org/0000-0002-1466-4532

Kazuhiko Koike: https://orcid.org/0000-0002-9787-1907
REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Lee JK, Lee YJ, Cho JH, et al. Updates on the sedation for gastrointesti-
nal endoscopy. Clin Endosc 2019;52:451-457.

Nishizawa T, Suzuki H, Sagara S, Kanai T, Yahagi N. Dexmedetomidine
versus midazolam for gastrointestinal endoscopy: a meta-analysis. Dig
Endosc 2015;27:8-15.

Vaessen HH, Knape JT. Considerable variability of procedural sedation
and analgesia practices for gastrointestinal endoscopic procedures in
Europe. Clin Endosc 2016;49:47-55.

Lin OS. Sedation for routine gastrointestinal endoscopic procedures:
a review on efficacy, safety, efficiency, cost and satisfaction. Intest Res
2017;15:456-466.

ASGE Standards of Practice Committee; Early DS, Lightdale JR, et al.
Guidelines for sedation and anesthesia in GI endoscopy. Gastrointest
Endosc 2018;87:327-337.

McQuaid KR, Laine L. A systematic review and meta-analysis of ran-
domized, controlled trials of moderate sedation for routine endoscopic
procedures. Gastrointest Endosc 2008;67:910-923.

Mathus-Vliegen EM, de Jong L, Kos-Foekema HA. Significant and safe
shortening of the recovery time after flumazenil-reversed midazolam
sedation. Dig Dis Sci 2014;59:1717-1725.

Kim EH, Lee SK. Endoscopist-directed propofol: pros and cons. Clin
Endosc 2014;47:129-134.

Nishizawa T, Suzuki H. Propofol for gastrointestinal endoscopy. United
European Gastroenterol ] 2018;6:801-805.

Moon SH. Sedation regimens for gastrointestinal endoscopy. Clin En-
dosc 2014;47:135-140.

Khan KJ, Fergani H, Ganguli SC, et al. The benefit of fentanyl in effective
sedation and quality of upper endoscopy: a double-blinded randomized
trial of fentanyl added to midazolam versus midazolam alone for seda-
tion. ] Can Assoc Gastroenterol 2019;2:86-90.

Hong GW, Lee JK, Lee JH, et al. Comparison of fentanyl versus meperi-
dine in combination with midazolam for sedative colonoscopy in Korea.
Clin Endosc 2020;53:562-567.

Nishizawa T, Sakitani K, Suzuki H, et al. Adverse events associated with
bidirectional endoscopy with midazolam and pethidine. J Clin Biochem
Nutr 2020;66:78-81.

Eschenfeldt PC, Kartoun U, Heberle CR, et al. Analysis of factors as-
sociated with extended recovery time after colonoscopy. PLoS One
2018;13:e0199246.

Toyoshima O, Nishizawa T, Arita M, et al. Helicobacter pylori infection
in subjects negative for high titer serum antibody. World J Gastroenterol
2018;24:1419-1428.

Toyoshima O, Yoshida S, Nishizawa T, et al. CF290 for pancolonic
chromoendoscopy improved sessile serrated polyp detection and
procedure time: a propensity score-matching study. Endosc Int Open
2019;7:E987-E993.

Toyoshima O, Nishizawa T, Sakitani K, et al. Nodularity-like appearance
in the cardia: novel endoscopic findings for Helicobacter pylori infec-
tion. Endosc Int Open 2020;8:E770-E774.

Cohen LB, Delegge MH, Aisenberg J, et al. AGA institute review of en-
doscopic sedation. Gastroenterology 2007;133:675-701.

Toyoshima O, Nishizawa T, Yoshida S, et al. Expert endoscopists with
high adenoma detection rates frequently detect diminutive adenomas in

855



ce CLINICAL ENDOSCOPY

20.

21.

22.

23.

24.

25.

26.

proximal colon. Endosc Int Open 2020;8:E775-E782.

Hong MJ, Sung IK, Lee SP, Cheon BK, Kang H, Kim TY. Randomized
comparison of recovery time after use of remifentanil alone versus
midazolam and meperidine for colonoscopy anesthesia. Dig Endosc
2015;27:113-120.

Shinozaki M, Usui Y, Yamaguchi S, Okuda Y, Kitajima T. Recovery of
psychomotor function after propofol sedation is prolonged in the elder-
ly. Can J Anaesth 2002;49:927-931.

Jin HJ, Shin MH, Myung E. Factors affecting recovery time after seda-
tion for upper gastrointestinal endoscopy. Chonnam Med J 2020;56:191-
195.

Nishizawa T, Suzuki H, Arita M, et al. Pethidine dose and female sex as
risk factors for nausea after esophagogastroduodenoscopy. J Clin Bio-
chem Nutr 2018;63:230-232.

Teh KK]J, Tay SW, Chen K, et al. Impact of enhanced personal protective
equipment on colonoscopy performance during the COVID-19 pan-
demic. Endosc Int Open 2020;8:E809-E814.

Han J, Kim EY. Sharing our experience of operating an endoscopy unit
in the midst of a COVID-19 outbreak. Clin Endosc 2020;53:243-245.

Yu Q Xu P, Gan H, et al. Comprehensive gastroenterology endoscopy
unit workflow and infection prevention during the COVID-19 Pandem-
ic: experience with 159 cases in Wuhan, China. Dig Endosc 2021;33:195-
202.

856

27.

28.

29.

30.

3L

32.

33.

Gralnek IM, Hassan C, Beilenhoff U, et al. ESGE and ESGENA position
statement on gastrointestinal endoscopy and the COVID-19 pandemic.
Endoscopy 2020;52:483-490.

Yoshida S, Nishizawa T, Toyoshima O. Real-world clinical data of en-
doscopy-based cancer detection during the emergency declaration for
COVID-19 in Japan. World ] Gastrointest Endosc 2020;12:401-403.
Bhandari P, Subramaniam S, Bourke M]J, et al. Recovery of endoscopy
services in the era of COVID-19: recommendations from an interna-
tional Delphi consensus. Gut 2020;69:1915-1924.

Takagi K, Tagami T. Work-style reform of emergency physicians: the
Japanese experience. Eur ] Emerg Med 2019;26:398-399.

Nishimura Y, Miyoshi T, Obika M, Ogawa H, Kataoka H, Otsuka E. Fac-
tors related to burnout in resident physicians in Japan. Int ] Med Educ
2019;10:129-135.

Fredman B, Lahav M, Zohar E, Golod M, Paruta I, Jedeikin R. The effect
of midazolam premedication on mental and psychomotor recovery in
geriatric patients undergoing brief surgical procedures. Anesth Analg
1999;89:1161-1166.

Liangpunsakul S, Kolwankar D, Pinto A, Gorski JC, Hall SD, Chalasani
N. Activity of CYP2E1 and CYP3A enzymes in adults with moderate
alcohol consumption: a comparison with nonalcoholics. Hepatology
2005;41:1144-1150.



