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disposable colonoscopes

Sara Larsen

MESSAGE

Multiple studies have documented a high rate
of contaminated colonoscopes after repro-
cessing. Contaminated reusable colonoscopes
may increase the risk of device-related patient
infections. As disposable colonoscopes enter the
market, they may play a role in infection preven-
tion and may be cost-effective at some facilities
or in high-risk patients. Using a micro-costing
approach, this study found that the cost per
colonoscopy including purchase, maintenance
and reprocessing ranges from US$188.64 at high
volume centres (3000 annual procedures) to
US$501.16 at low volume centres (1000 annual
procedures). Accordingly, per-procedure capital
costs range from US$87.48 to US$262.45;
repair costs range from US$68.77 to US$206.32;
cleaning supplies and labour costs US$32.39 and
infections requiring hospitalisation cost US$20.12
to US$46.52. As disposable colonoscopes enter
the market, low volume centres are most likely
to achieve cost savings. Determining if post-
procedural infection rates differ with reusable vs
disposable colonoscopes is needed.

In more detail
Each year more than 15 million colonoscopy
procedures are performed in the USA and the
number is increasing.! Colonoscopy is generally
thought to be safe; however, patients are some-
times hospitalised afterwards, due to infections
that may have been transmitted via contaminated
colonoscopes (MAUDE Adverse Event Report).*?
Colonoscopy-related infections and complications
have been reported in multiple studies, although at
lower rates compared with endoscopic retrograde
cholangiopancreatography (ERCP).' *? Guideline
revisions in response to endoscope-associated
infections require healthcare institutions to invest
more resources in the high-level disinfection
process or conversion to sterilisation (Ofstead
et al).® ® Despite colonoscopy being the highest
volume GI procedure, the true cost and time asso-
ciated with reusable colonoscopes are unknown.
The purpose of this study was to explore real-
world costs associated with reusable colonoscopes
including capital costs and costs associated with
reprocessing, personnel, maintenance, repair and
postprocedural hospitalisation due to infection.
All cost data related to the usage of reusable
colonoscopes were obtained at a high-volume
outpatient endoscopy referral centre (Johns

," Anthony Kalloo,? Susan Hutfless

2,34

Hopkins Hospital, Baltimore, Maryland, USA) by
tracking 25 colonoscope reprocessing procedures
over a 3-day period. Cost data were collected in
US dollars ($) using a micro-costing approach
as this method allows for precise assessment of
economic costs.” Cost per use of reusable colo-
noscopes were calculated fora range of annual
procedures (1000, 2000 and 3000) performed
with a fleet of 20 colonoscopes (US$35 000 per
colonoscope) (Addendum) and extrapolated to
different numbers of colonoscopes and proce-
dure volumes (table 1). Automated endoscopic
reprocessor (AER) cost calculations assumed
two AERs to reprocess the colonoscopes avail-
able at the endoscopy unit (US$47 646.80 per
AER (US$13863.01/year)) regardless of volume.
Capital costs of the colonoscopes and their asso-
ciated hardware and software were amortised
over a S-year period, and a discount rate of 3.5%
was used to calculate the present value of capital
expenditures. The AER and drying cabinets were
amortised over an 8-year period. Average time
spend on manual reprocessing was calculated for
each reprocessing step. Costs related to initial
and recurring training, education of personnel,
time spent handling documentation for repair
and retraining for compliance with latest repro-
cessing guidelines were not included. Average cost
of repairs per AER is US$7831.25 per year. Each
colonoscope was repaired 3.04 times per year on
average at US$8609.94 per year (based on Johns
Hopkins Service Contract Performance Reports,
2018).

Infection rates were 3.7 and 1.6 per 1000
procedures.’ * Costs of infection-related hospi-
talisation were collected from HCUPnet® which
samples the 2016 National Inpatient Sample and
the International Classification of Diseases 10th
revision codes A04 and A09. Cost of infection was
based on the assumption that all infected patients
are treated at a hospital. Cost per treatment is
US$12 574.28. Costs of postendoscopic infection
hospitalisation per procedure were calculated by
multiplying the infection rate and cost per hospi-
talisation (eg (1.16/1000)xUS$12 574.28).

The cost associated with reusable colonoscopes
ranges from US$188.64 to US$501.16 per proce-
dure based on 20 colonoscopes (table 1 and online
supplementary table 1 (addendum)). The per-
procedure cost is highly dependent on the number
of annual procedures and colonoscopes available
at the facility (table 2). The time associated with
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Table 1

Estimation of the per-procedure costs of reusable colonoscopes by varying number of annual procedures and number of colonoscopes

Summary of costs

1000 procedures (US$)

2000 procedures
(Us$)

3000 procedures
(Us$)

Costs that will remain with disposable
endoscope

Capital costs

10 colonoscopes
20 colonoscopes
35 colonoscopes
50 colonoscopes
Repair costs

10 colonoscopes
20 colonoscopes
35 colonoscopes
50 colonoscopes

Precleaning, leak testing, manual cleaning, visual
inspection, high-level disinfection, storage (including
personal protective equipment)

Personnel time during pre-cleaning through high-level
disinfection

Infection-related treatment*
Per-procedure cost at different infection rates: 1.6/1000" and
0.37/100*

Total

10 colonoscopes
20 colonoscopes
35 colonoscopes

184.93
262.45
378.73
495.00

120.22
206.32
335.47
464.62
25.23

7.16

20.12-46.52

357.66-384.07
521.28-547.69
766.71-793.11
1012.12-1038.54

92.47

131.22
189.36
247.50

60.11
103.16
167.74
232.31

205.08-231.49
286.89-313.30
409.61-436.01
532.32-558.73

61.64
87.48
126.24
165.00

40.07
68.77
111.82
154.87

154.23-180.63
208.76-235.17
290.57-316.98
372.38-398.79

Yes. Purchase of disposable colonoscope
per procedure only and monitor (lifespan
approximately 5 years)

No

No

No

Not for infections caused by endoscopic cross-
contamination

50 colonoscopes

Costs marked with bold font are the base-case numbers (ie, based on 20 colonoscopes). The message of this study is based on the base-case results. Other estimates are used to increase

transparency and to make data comparable to other facilities.
*Assumption: all infected patients are treated at a hospital.

manual reprocessing was approximately 19 min per proce-
dure. Divided into three major cost categories, the capital
costs per procedure range from US$81.21 to US$243.63,
costs of repair ranged from US$68.77 to US$206.59, and
the costs of cleaning including labour ranged from US$39.91
to US$50.11. In addition, the costs of hospitalisation due to
infection following colonoscopy ranged between US$20.12
and US$46.52 per procedure.

COMMENTS

It costs between US$188.64 and US$501.16 per colonoscopy
including purchase, maintenance and reprocessing. Per-procedure
costs increase an additional US$20.12 to US$46.52 if the post-
procedural infections are included. Previous colonoscopy cost
estimates range from US$114.07 to US$280.71 to reprocess the
colonoscope; they did not consider the capital costs to purchase
the equipment nor pay for postprocedural infections (Ofstead et
al)® When we included only reprocessing and repair, our results
are similar to the previous estimate at US$101.16 to US$238.71.
The cost per colonoscopy is volume dependent based on the
capital requirements of the colonoscope, its hardware and soft-
ware and the AER, which was also found for duodenoscope and
bronchoscope costs (Bang et al,” Ofstead et al'”).

Our cost estimates are minimum estimates. The true cost may
be even higher once overhead costs, additional reprocessing
and equipment costs are considered (eg, additional reprocessing
after 7 days storage, cost of disposing single-use accessories,
conducting internal audits, water and electricity, etc). At facilities
with many colonoscopes available, the cost of additional repro-
cessing after 7 days storage might be substantial due to a low
volume per colonoscope. Previous reprocessing estimates range
from US$20 to US$150 (average: US$69)"" which is similar to

our cost estimate of US$32.39. This study was not able to account
for the cost of disposable colonoscopes because they have not
entered the market yet. Disposal costs for colonoscopes will be
a new cost, although it is anticipated to be similar to the cost
of disposable bronchoscope disposal (US$0.06 per procedure).'
Additionally, the environmental impact is somewhat equal for
disposable bronchoscopes and reusable bronchoscopes but is
highly dependent on the different reprocessing standards."® The
per-procedure cost is dependent on differences in repair rate and
costs, staffing costs and capital costs which may modify these
estimates. Time spent on reprocessing in this study was relatively
low (19 min compared with 76 min) (Ofstead et al'*) and may
reflect the focus on colonoscopes exclusively in this study.

The cost of reusable colonoscopes is highly dependent on the
settings at each facility and especially the number of colonos-
copes and annual volume of procedures. Disposable colonos-
copes may decrease device-related infection transmission and
may prove cost-effective for some facilities, particularly those
with low-volume and high-infection risk patients. The true
impact of disposable colonoscopes on infection and complica-
tion rates, cost-effectiveness and functionality for more diffi-
cult therapeutic procedures will remain unknown until they are
widely available.

Acknowledgements We want to thank the Johns Hopkins Endoscopy Department
for their cooperation and help performing this study. Author contributions: Data
collection, data analysis, and manuscript writing was performed by Sara Larsen.
Revision of manuscript for important intellectual content was performed by all
authors.

Contributors Data collection, data analysis and manuscript writing was performed
by SL. Revision of manuscript for important intellectual content was performed by all
authors.

198

Larsen S, et al. Gut 2020;69:197-200. doi:10.1136/gutjnl-2019-319108



(%]
s
)
c
>
o
)
15
(%]
)
°
c
(S8}

*s2d0350U0]02 BWIN|OA-YBIY 1M Sa|de) dwnjoA-ybiy 1e aseanul Ajgelasul |jim Buissadoidal pue sledas o) palefal $150) (G 9y$SN Pue Z1:0Z$sN Usamiaq
sabuel uonajul paje[al-adIAap Jo 1500 ainpadold-1ad) uonajul didodsopuaisod 0} anp JusLleas} o 150 BPN|DUI JOU Op PUe S3eUWI}Sa WNWIUIW le S3YeWINSA ||V "00Z$SN PapPaadXa sey 1500 ainpadoid-1ad ayy Jey seyedipul eale anjq ayL

8107 STyt 85557 S7'0LT 9’187 80°L0€ L6'6T€ 20'LS¢€ 67°68¢ LV'6TY 9L'8LY £5°TYS 55'L79 65'9YL 13
94144 £9'L€T 9v°057 00°597 79'187 64°00€ IR 43 65°6v€ LE'18E 80°02Y 5'89Y 8°0€S 6°€19 £2°0¢L ve
69°12¢ 78'7€T SE'ST 55'65¢ LLSLT 6767 vE9LE 473 leLe 660LY LE'8Sy 9'61s 82009 98'€LL 33
TAWAYA 10'82Z vz ore 60'7ST £6'69¢ 07’887 5°60¢€ LLvEE S6'79€ 06°LOY 80'8tY L¥'L0S 69'985 05'£69 143
09°712 (1344 zusee 987 60792 16'187 0£°20€ 8T'LT€ 9£°95¢ 18°26¢€ 98'LEY 8L'S6Y L0°ELS 1189 3
50'807 65817 10°0€T 6LEvT 78T 19'SLT 88'S67 v8'6LE 85'8YE uese €9'LTy 0L'v8Y 8€°655 8L799 o€
15°€07 LSELT 06727 £L'1€T 0v'75T 2£'69C £0°687 ov'zLE 0v°0pE €9vLE WiLly WLy SLSYS wsy9 67
96861 9£'807 81617 8T'TET 95'9%7 £0'€97 STT8T 96'70€ 44433 15'59€ 81°L0Y 2L09y R43 50°7€9 8z
w6l S6°'€07 19717 8'977 LLove 1957 £7'SLT £€5°167 ih743 S'9sE 56'96¢€ £0'61 8v'81S 69'S19 1z
8681 1661 95'607 LE'1TT 8'VET LAV 19'897 60067 98'S1E 9€'LYE £1°98¢€ SE'LEY 8708 £6°665 9z
€e's8l E6l Sv'70T 6'S1T 20'67¢ SLvve 08'197 59'787 89°£0€ LT8€E 05'9LE 99's7y LT 16Y L6785 14
8L°081 15681 £E°661 9501z EIR 344 98°L€T 86757 st 05'667 81'67¢ 87'99¢ L6'ELY LS'LLy 19995 vz
vToLL 0,81 el 10'50Z vELLT 95'LET CIR: 24 8L°L9T €167 60°02€ 50'95¢€ 67207 697 5055 €z
69°LLL 68°6L1 L1681 55661 67112 Lrsee e YT €092 1'€8e 00°LLE 8'sve 09'06€ 0£°05 88°€€S w
S1°L91 LO'SLL 6681 oL'v6l 59'507 86'817 £5rET 06'75C 96'7LT 16'10€ 09'S€€ 16'8LE L1995y WA 1z
09791 9z0LL 88°8L1 59'881 18°661 69717 LLee Ly'svT ££°99T 8'767 LE'STE €198 €0'€Ty 91°105 0z
90'8S1 SS9l LUSLL 6l€sl 9%6'€61 65907 68'0¢ £0'8€7 65857 €L°€8T vLSLE S'SSE 07’60 08'78Y 6l
1G°ES1 9091 59'891 vLLLL 4x:1:11 01007 8071T 65°0€7 L7'0SZ vovLT 7670€ S8'eve 91°S6¢ 89 8l
L6'8YL £8'SS1 vSE9l 8TULL 87'z8l 18°€61 97'407 CIR 344 €Tt 55'597 69767 9l'zee £1'78¢ L0°TSY Ll
wwl L0'LSL 7’851 £8'991 §9L1 15°/81 002 wsie S0'vET 9v'957 LY'78T 8y°0z€ 6'89€ LL'SEY 9l
88'6€1 0z9YL LE'€SL €191 65°0LL wisl 7961 87807 18'STT LE'1YT vTvLT 64'80€ 98'vS¢€ SE6LY Sl
€esel 6Lyl 0TSyl 26'sS1 SLY9L 6Ll 18981 8002 69°L1T 87'8€T 10792 01'L6T wive 66207 vl
6L0€1 85°9€1 60°EYL L¥0SL 06851 £9'891 66'6L1 el 15602 61'67C 6L°€ST 'S8t 65°L2€ £9'98¢ €l
vT9zL 9L LEL 86°LEL LSyl 90°ESL vET9L LVELL L6581 £€°107 010z 95°ET €LELT S6'ELE LTOLE 4!
oLzl 6971 98°z€l 95'6€1 wil 50951 €991 £5'8L1 SlLg6l 10LLT veeer 0792 2€°00€ 06°€S€ Ll
SLLLL vizel LTl LLpEL LE'IYL a6yl 5651 60°LLL L6781 6'107 Leee 9£°0S7 89987 S LEE ol
19711 €Ll v9°zTl 59’871 £5°GEL el el 99°€91 8L'9L1 €8°261 88717 L9'8€T S0'€LT 8l'1ze 6
90°801 STl &Ll 0zTETL 69671 LVLEL 06'SYL oSt 09'89 vLEsl 99207 86977 LY'65C 8'70¢€ 8
7s'€0l 0L°201 WLl voLLL v8ETl 88°0€1 80°6€1 8.8yl wo9l SOVLL 76l 67517 8L'ST 97'887 L
16'36 68201 0€°£01 67711 00'8LL 85zl [TTEL SELL vTTs1 95°591 1z'z8l 19°€07 ylzee oLzLe 9
€776 80°86 81701 ¥8'901 SLzil 67811 St'Szl L6'EEL 901 L7951 86°LLL 6°161 15°81T €157 S 3|qe| ene sads0u0|0d 4o aguInN
009€ 00vE 00Z€ 000 0082 0097 007z 0077 0007 0081 0091 oovl 00z1 0001

sainpasoid Jo 1aquinu [enuuy

sainpad0.d Jo Jsquinu [enuue pue sadosouo|od Jo Jagquinu buikien Aq 1503 Jiedas pue 1500 [euded ‘Buissadoidas Buipnpul ($sn ul) Adodsouojod Jo 150D g djqelL

199

10.1136/gutjnl-2019-319108

197-200. doi:

69:

i

Larsen S, et al. Gut 2020



Endoscopy news

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests SL received travel support from Ambu A/S, Ballerup,
Denmark as part of her master’s thesis. SH has received speaker fees and research
support from Cantel. ANK is a founding member and equity holder/Apollo
Endosurgery.

Patient consent for publication Not required.
Provenance and peer review Not commissioned; internally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Sara Larsen http://orcid.org/0000-0002-3887-4948
Susan Hutfless http://orcid.org/0000-0002-6311-2611

REFERENCES

1. Wang P, Xu T, Ngamruengphong S, et al. Rates of infection after colonoscopy and
osophagogastroduodenoscopy in ambulatory surgery centres in the USA. Gut
2018;67:1626-36.

2. U.S. Food and Drug Administration. MAUDE adverse event report: OLYMPUS medical
systems CORP. EVIS EXERA LLL COLONOVIDEOSCOPE. Available: https://www.
accessdata.fda.gov/scripts/cdrh/cfdocs/cfMAUDE/detail.cfm ?mdrfoi__id=8143738&
pc=FDF [Accessed 24 Apr 2019].

3.

U.S. Food and Drug Administration. Adverse event without identified device or use
problem. Available: https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/
detail.cfm?mdrfoi__id=8143728&pc=FDF [Accessed 24 Apr 2019].

Lin J-N, Wang C-B, Yang C-H, et al. Risk of infection following colonoscopy and
sigmoidoscopy in symptomatic patients. Endoscopy 2017;49:754—64.

Rutala WA, Kanamori H, Sickbert-Bennett EE, et al. What's new in reprocessing
endoscopes: Are we going to ensure “the needs of the patient come first” by shifting
from disinfection to sterilization? Am J Infect Control 2019:47:A62—A66.

. Available: https://bsci63-tage.adobecqms.net/content/dam/bostonscientific/uro-wh/
portfolio-group/LithoVue/pdfs/Sterilization-Resource-Handout.pdf

Xu X, Grossetta Nardini HK, Ruger JP. Micro-costing studies in the health and medical
literature: protocol for a systematic review. Syst Rev 2014;3:47.

. Available: https://hcupnet.ahrqg.gov/#setup

Bang JY, Sutton B, Hawes R, et al. Concept of disposable duodenoscope: at what
cost? Gut 2019;68:1915-7.

. International Association of Healthcare Central Service Materiel Management.

Managing bronchoscope quality and cost: results of a real-world study. Available:
https://www.ambu.com/Files/Files/Ambu/Investor/News/English/2019/Managing%
20Bronchoscope%?20cost%20a%20real % 20world%20study.pdf

. Almario CV, May FP, Shaheen NJ, et al. Cost utility of competing strategies to

prevent endoscopic transmission of carbapenem-resistant Enterobacteriaceae. Am J
Gastroenterol 2015;110:1666—74.

. Perbet S, Blanquet M, Mourgues C, et al. Cost analysis of single-use (Ambu®

aScope™) and reusable bronchoscopes in the ICU. Ann Intensive Care 2017;7:3.
Serensen BL, Griittner H. Comparative study on environmental impacts of reusable
and single-use bronchoscopes. Am J Environ Protec 2018;7.

. International Association of Healthcare Central Service Materiel Management.

A glimpse at the true cost of reprocessing endoscopes: results of a pilot project.
Available: https://www.bostonscientific.com/content/dam/bostonscientific/uro-wh/
portfolio-group/LithoVue/pdfs/Sterilization-Resource-Handout.pdf

200

Larsen S, et al. Gut 2020;69:197-200. doi:10.1136/gutjnl-2019-319108


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-3887-4948
http://orcid.org/0000-0002-6311-2611
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfMAUDE/detail.cfm?mdrfoi__id=8143738&pc=FDF
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfMAUDE/detail.cfm?mdrfoi__id=8143738&pc=FDF
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfMAUDE/detail.cfm?mdrfoi__id=8143738&pc=FDF
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=8143728&pc=FDF
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=8143728&pc=FDF
https://bsci63-tage.adobecqms.net/content/dam/bostonscientific/uro-wh/portfolio-group/LithoVue/pdfs/Sterilization-Resource-Handout.pdf
https://bsci63-tage.adobecqms.net/content/dam/bostonscientific/uro-wh/portfolio-group/LithoVue/pdfs/Sterilization-Resource-Handout.pdf
https://hcupnet.ahrq.gov/#setup
http://dx.doi.org/10.1136/gutjnl-2019-318227
https://www.ambu.com/Files/Files/Ambu/Investor/News/English/2019/Managing%20Bronchoscope%20cost%20a%20real%20world%20study.pdf
https://www.ambu.com/Files/Files/Ambu/Investor/News/English/2019/Managing%20Bronchoscope%20cost%20a%20real%20world%20study.pdf
https://www.bostonscientific.com/content/dam/bostonscientific/uro-wh/portfolio-group/LithoVue/pdfs/Sterilization-Resource-Handout.pdf
https://www.bostonscientific.com/content/dam/bostonscientific/uro-wh/portfolio-group/LithoVue/pdfs/Sterilization-Resource-Handout.pdf

	The hidden cost of colonoscopy including cost of reprocessing and infection rate: the implications for disposable colonoscopes
	Message
	In more detail

	Comments
	References


