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1. Abstract

Background

Laparoscopic cholecystectomy is a main treatment alternative in gallstone disease. For
visualisation of the biliary tract anatomy and identification of retained gallstones during
surgery, intraoperative cholangiography (IOC) is used routinely in Sweden. Laparoscopic
ultrasonography (LUS) is a less invasive procedure for these purposes; access to the biliary
tract for injection of contrast medium is normally not needed. Furthermore, LUS, as opposed
to IOC, does not include radiation.

Question at issue

In patients undergoing laparoscopic cholecystectomy for gallstone disease, how does the use
of LUS compare to the use of IOC regarding the risk of mortality, bile duct injury, retained
gallstone, conversion to open cholecystectomy, procedural failure, surgical complications,
other complications, and operation time?

Methods

Two authors performed searches (December 15" 2022) in PubMed, Embase, the Cochrane
Library, Medline, and Web of Sciences, with a search update in PubMed performed on
October 5% 2023. They independently assessed the abstracts, and selected, in consensus, full-
text articles to be sent to the other authors, who then decided in consensus on inclusion. The
included studies were critically appraised, and data were extracted. Studies without major risk
of bias formed the basis for the conclusions. Meta-analyses were performed when applicable
using random effects models. Certainty of evidence was assessed according to GRADE.

Results

Sixteen non-randomised studies and two case series fulfilled the predetermined inclusion
criteria.

Mortality, bile duct injury, retained gallstone: Two before/after studies (594 versus 807
patients) formed the basis for the conclusions regarding mortality (LUS: 0 events versus IOC:
0 events), bile duct injury (1 versus 0 events), retained gallstone (2 versus 2 events). The
studies had very serious imprecision and some uncertainty regarding directness (one single
surgeon). Conclusion: 1t is uncertain whether there is any difference in mortality/bile duct
injury/retained gallstone using LUS compared with IOC for intraoperative imaging during
laparoscopic cholecystectomy (GRADE @O OQO).

Conversion to open cholecystectomy: The two studies above reported 6/594 versus 21/807
events, resulting in a pooled risk ratio of 0.38 (0.15 to 0.95; 12=0%). There was some
uncertainty regarding directness. Conclusion: LUS may be associated with fewer conversions
to open surgery compared with IOC (GRADE ©&@®0OO).

Procedural failure: The two studies above as well as seven studies with intra-individual
comparisons reported 275/2,504 versus 287/2,699 procedural failures, resulting in a pooled
risk ratio of 1.12 (95% confidence interval: 0.70 to 1.78; 12=83%). Procedural failures were
mainly visualisation failures for LUS, including failures to demonstrate the entire common
bile duct, and application failures for IOC, due to, for instance, unsuccessful cannulation or
iodine allergy. There was serious inconsistency, two studies favouring LUS and two
favouring IOC, combined with uncertain precision. Conclusion: It is uncertain whether there
is any difference in procedural failure using LUS compared with IOC (GRADE @O QOQO).
Surgical/other complications: No major bile duct injuries were reported in two case series
(2,113 patients).
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Operation time (including imaging time): No studies reported this outcome. Mean imaging
time, a subset of the outcome, was reported in 12 studies, ranging between 4.8 and 10.2
minutes for LUS and between 10.9 and 17.9 minutes for IOC. Pooled results showed a mean
difference of -7.8 minutes favouring LUS (95% confidence interval: -9.3 to -6.3).
Conclusion: LUS is probably associated with shorter imaging time compared with IOC
(GRADE @®®0).

Costs

The present evidence synthesis does not allow conclusions regarding important outcomes for
the comparison of LUS versus IOC, i.e., if one imaging technique is better than the other or if
both have similar consequences for the patient. This makes cost analyses highly hypothetical.
Assuming that effectiveness and safety are at least similar for the two techniques, use of LUS
may reduce costs if the probably of shorter imaging time for LUS could be translated to an
overall shorter operation time. The potential of fewer conversions to open cholecystectomy
with LUS was not considered. Assuming that 2,200 laparoscopic cholecystectomies are
performed yearly in Region Vistra Goétaland, all using IOC for intraoperative imaging, the
total annual costs could be estimated at 78.5 MSEK, the operation time accounting for 92.5%
of the costs. From a long-term perspective, using LUS instead of IOC in 25% to 75% of the
laparoscopic cholecystectomies could be expected to result in annual regional cost savings
ranging from 1.0 to 7.3 MSEK, with costs saved in several sensitivity analyses. Short-term
budget impact in Region Véstra Gotaland, that is, initial costs for investments in devices and
training, could be expected to range between 11.1 and 15.4 MSEK over the first year.

Ethical considerations

It is an ethical problem to take into use in clinical routine a method where the benefit-risk
balance compared to the routine technique is largely unknown. As current evidence base does
not indicate evident patient risks, however, there are no ethical obstacles for further research
on LUS. As IOC is contraindicated in patients with iodine allergy and avoided in pregnancy
due to the exposure to radiation, unequal access to visualisation of the biliary tract during
laparoscopic cholecystectomy could be considered an ethical issue if LUS is not available.
Although a potential introduction of LUS may imply long-term cost savings associated with
the probably shorter imaging time, the cost-effectiveness of LUS will remain very uncertain
as long as no conclusions can be drawn regarding the effectiveness and safety of this imaging
technique compared with IOC. A potential introduction of LUS would imply initial costs due
to the required investments and training, and, hence, budgetary displacement effects may
occur during the first year.

Conclusion

For the comparison LUS versus IOC to visualise the biliary tract during laparoscopic
cholecystectomy, this HTA shows that no conclusions can be drawn regarding the critical and
important outcomes mortality, bile duct injury, retained gallstone, and procedural failure (all
very low certainty of evidence). LUS may be associated with fewer conversions to open
cholecystectomy (low certainty evidence) and is probably associated with a shorter imaging
time (moderate certainty evidence), but data are lacking regarding potential effects on the
entire operation time. Given the sparsity of evidence combined with promising results, further
well-designed studies are considered highly warranted.
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2. Popularvetenskaplig sammanfattning — Plain language
summary in Swedish

Fraga

Gor det nagon skillnad avseende effekt och sédkerhet om man anvénder ultraljud eller rontgen
for att kartldgga gallgangarna vid laparoskopisk kirurgi (titthalsoperation) for att ta bort
gallblasan vid gallstenssjukdom?

Konklusion

Denna systematiska dversikt av befintliga vetenskapliga studier i filtet visar att det inte gér att
dra nagon slutsats avseende viktiga métt for effekt och sékerhet vid jamforelse mellan
ultraljud och rontgen, men det dr mdjligt att man nagot mer sédllan behdver dverga till 6ppen
kirurgi (att operera 6ppet via ett snitt i buken) om ultraljud anvinds. Det saknas data avseende
om den totala operationstiden pdverkas, men det r troligt att kartlaggningen av gallgangarna,
efter en inldrningsperiod, gar snabbare om man anvénder ultraljud istillet for rontgen under
operationen. Det mycket begransade vetenskapliga underlaget i kombination med lovande
resultat innebér att det finns ett stort behov av vilgjorda studier.

Bakgrund

For en patient som har besvar med gallsten édr det vanligt att gora laparoskopisk kirurgi dér
gallblasan tas bort. For att under operationen kartldgga hur gallgdngarna ser ut och for att
utesluta att det finns ndgon gallsten i gallgdngarna gors vanligen en rontgenundersékning
under operationen. Kontrastmedel sprutas da in for att gallgdngarna ska synas pa rontgen. Ett
alternativ till rontgenundersokning dr att anvénda ultraljud for att visualisera gallgdngarna.
Om man anvénder ultraljud behover inget kontrastmedel sprutas in och ingen rontgenstralning
anvindas. Av de kirurger som idag opererar gallsten &r det dock bara ett fatal som &r upplérda
pa ultraljudstekniken.

Metod

Med hjélp av etablerade metoder identifierade vi de vetenskapliga artiklar som kunde bidra
till att besvara den aktuella frigan. Vi granskade de enskilda studierna, summerade ihop deras
resultat och beddmde hur sdkra vi kunde vara pa det sammanlagda resultatet.

Resultat

Denna rapport baseras pa 16 studier dar ultraljud jamf{orts med rontgen vid laparoskopisk
kirurgi for att ta bort gallbldsan vid gallstenssjukdom. I tvé av studierna jimfordes
operationsresultatet for patienter vars gallvdgar under operationen undersokts med ultraljud
eller rontgen. Dessa studier var for sma for att visa eventuella skillnader mellan metoderna
vad géller risken att do, fa en gallvéigsskada eller att gallstenar finns kvar 1 gallgdngarna efter
operation — detta dr mycket ovanliga komplikationer. Om ultraljud anvindes visade studierna
att det dr mojligt att kirurgen nagot mer sdllan behdver 6verga till 6ppen kirurgi, &ven om
enbart laparoskopisk kirurgi var planerat frdn borjan. Nér det géller hur vél ultraljud
respektive rontgen fungerar for kartlaggning av gallgdngarna, samt hur lang tid respektive
metod tar, kunde dven resultat frin studier dédr bade ultraljud och rontgen anvénts pa samma
patient anvéndas. Avseende hur vil de bada metoderna fungerar visade studierna motstridiga
resultat — nigra visade att det var vanligare att ultraljud fungerade bast och ndgra att det
tvartom var vanligare att rontgen fungerade bist. Det vanligaste problemet med ultraljud var
att man inte kunde se alla delar av den djupa gallgangen. For rontgen var det vanligaste
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problemet att undersokningen inte gick att genomfora pa grund av att gallgdngen inte kunde
kanyleras eller att patienten var allergisk mot kontrastmedlet. Utifran befintliga studier ar det
dérfor osdkert om bdda metoderna ér likvérdiga ndr det géller nytta och risker for patienten
eller om nagon av metoderna dr battre 4n den andra. Daremot visade studierna att det i
genomsnitt gar ndstan 8§ minuter snabbare med ultraljuds- jimfort med rontgenundersdkning
for kartliggning av gallgdngarna. Inga studier redovisade om detta forkortade den totala
operationstiden. Inga studier hade heller analyserat eventuella 1angtidseffekter av den
stralning som ar forknippad med rontgenundersékningen.

Kostnader

Tillgéngliga studier medger inga slutsatser vad géller viktiga métt pé effekt och sikerhet for
ultraljud jamfort med rontgen. Kostnadsberdkningar blir darfor hypotetiska. Vid antagande
om att metoderna dr likvérdiga ur nytta- och risksynpunkt, och att den totala operationstiden
ndr LUS anvidnds minskar p4 motsvarande sétt som den troligen kortare undersdkningstiden,
uppskattas de totala kostnaderna pa sikt kunna bli l4gre. I Vistra Gotalandsregionen skulle
besparingarna utifran ett langtidsperspektiv kunna uppga till mellan 1 och 7 miljoner kronor
varje dr, under forutséttning att den insparade operationstiden kan anvéndas till ytterligare
operationer. Den ldgre siffran utgér fran att 25% av gallstensoperationerna skulle géras med
ultraljud istéllet for rontgen. Den hogre siffran utgér fran att andelen med ultraljud skulle vara
75%. Att anvinda ultraljud 1 6kad omfattning vid laparoskopisk kirurgi for gallstenssjukdom
innebdr initiala kostnader for inkdp av apparatur och arbetstid for att opererande lékare ska
lara sig tekniken. Investeringskostnaderna uppskattas uppga till mellan 11 och 15 miljoner
kronor under det forsta éret.

Etiska overviganden

Det dr ett etiskt problem att 1 rutinsjukvard infora en metod dér nytta/risk-balansen for
patienterna jdmfort med nuvarande metod till stor del dr okénd. Eftersom nuvarande mycket
begrinsade underlag inte visar 6kade patientrisker finns emellertid inga etiska hinder mot
fortsatt forskning. Patienter som dr gravida eller allergiska mot jod kan inte genomga
rontgenundersokningen. Ur ett etiskt perspektiv, att alla ska behandlas lika, kan det dérfor
vara problematiskt om enbart rontgen finns tillgingligt. Aven om introduktion av ultraljud for
att kartldgga gallgdngarna vid laparoskopisk galloperation pa sikt kan férvintas ge
kostnadsbesparingar, dr kostnadseffektiviteten i1 jimforelse med rontgenundersdkning osdker
eftersom patienteffekter och -sdkerhet till stor del dr oklart. Ur ett budgetperspektiv kan
undantringningseffekter inte uteslutas under det forsta dret, det vill sdga att annan sjukvard
kan behdva prioriteras ner nér utrustningen kops in och de gallstensopererande ldkarna lar sig
ultraljudstekniken.
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3. Summary of findings

Outcomes Studies, all non- Ivs C Certainty of
randomised evidence
(comparison, patients) Relative Absolute GRADE
Mortality 2 before/after studies 0 vs 0 events ®O00!
(594 vs. 807 patients)
Bile duct injury 2 before/after studies 1 vs 0 events @000!
(594 vs. 807 patients)
Retained gallstone | 2 before/after studies 2 vs 2 events @000!
(594 vs. 807 patients)
Conversion to open | 2 before/after studies (594 RR: 0.38 (95% CI: 6 vs 21 events ®ea00?
cholecystectomy vs. 807 patients) 0.15t0 0.95)* RD: -0.02 (95% CI: -
0.03 to -0.002)*
Procedural failure 2 before/after studies RR: 1.12 (95% CI: 275/2,504 vs ®O00?
(594 vs. 807 patients) 0.70 to 1.78) 287/2,699 events
7 cross-sectional studies RD: 0.01 (95% CI: -
(inter/intra-individual 0.04 to 0.055)
comparisons; 3,184 patients)
Operation time No studies - - -
/Imaging time /2 before/after studies /Mean difference: - ClelCIoN
(1,401 patients) 7.8 minutes (95% CI:
10 cross-sectional studies -6.3t0-9.3)
(inter/intra-individual Duration (range):
comparisons; 3,854 patients) 4.8-10.2 vs10.9-17.9
minutes
'Very serious imprecision, uncertain directness (single-surgeon studies)
2Uncertain directness (single-surgeon studies) and uncertain precision but not enough to downgrade
3Very serious inconsistency
*Large magnitude of effect (upgrade)
*P<0.05
C = comparison (intraoperative cholangiography), I = intervention (laparoscopic ultrasonography)
Certainty of evidence
High certainty We are very confident that the true effect lies close to that of the estimate of the effect.
DODD
Moderate certainty We aremoderately confident in the effect estimate: The true effect is likely to be close
@200 to the estimate of the effect, but there is a possibility that it is substantially different.
Low certainty Confidence in the effect estimate is limited: The true effect may be substantially
®00 different from the estimate of the effect.
Very low certainty We have very little confidence in the effect estimate:
®000 The true effect is likely to be substantially different from the estimate of effect
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4. Abbreviations/Acronyms

C = comparison

CI = confidence interval

ERCP = endoscopic retrograde cholangiopancreatography
I = intervention

I0C = intraoperative cholangiography

LUS = laparoscopic ultrasonography

O = outcome

P = patients

RD = risk difference

RR =risk ratio
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5. Background

Disease/disorder of interest and its degree of severity

Gallstone disease is a major health problem worldwide. Although most people with this
disease remain asymptomatic, there may be severe consequences. Presentation varies from
none or only mild discomfort, to cholecystitis, cholangitis, jaundice, pancreatitis, and sepsis.
Treatment depends on presentation and alternatives include open, laparoscopic, or endoscopic
surgery. Complications to surgery, in turn, carry a risk of permanent illness and premature
death. In summary, gallstone disease, and its complications, is a condition with a
moderate/high degree of severity.

Prevalence and incidence

The median prevalence and incidence of gallstone disease in Europe ranges from 5.9 to 21.9%
and 0.34 to 0.97%, respectively (Aerts et al., 2003). In an Italian population-based study,
including 29,739 participants 30—69 years of age, gallstones were found in the gallbladder in
10.5% of the women and 6.5% of the men using ultrasonography for detection (Attili et al.,
1995). In addition, 8.4% of included women and 3.0% of included men had previously
undergone cholecystectomy (Attili et al., 1995). At 10-year follow up of the same patient
group with gallstones confirmed by ultrasound, 73% had no symptoms, 12% had mild
symptoms, and 15% had severe symptoms (Festi et al., 2010). In the United States, an
increase in the prevalence of gallstone disease has been reported, from 7.4% in 1988-1994 to
13.9% in 2017-2020 (Unalp-Arida et al., 2023). According to the Swedish National Register
for Gallstone Surgery and Endoscopic Retrograde Cholangiopancreatography (GallRiks), the
mean annual cholecystectomy rate between 1998 and 2013 was 157/100,000 inhabitants
(Noel et al., 2016) and in 2022, 14,984 cholecystectomies were performed in Sweden. Among
the latter, 709 (4.7%) were open cholecystectomies.

Gallstones may pass from the gallbladder into the deeper biliary ducts (Figure 1). Sometimes
stones may even pass further into the intestine resulting in mild to severe symptoms. Residual
stones in the biliary ducts postoperatively are associated with an increased risk for developing
jaundice, pancreatitis, and sepsis.

Left hepatic duct

Figure 1 Anatomy of the gallbladder and the Right hepatls duit
biliary ducts Cystic duct
(Wikimedia, commons; Creative Commons

Attribution 3.0 Unported)

Gallbladder:
Body L # L

Fundus — Y

Neck

Common
hepatic duct

Common

Liver bile duct

Damage to the biliary tract, ranging from a small injury of a bile duct wall to total transection,
is a dreaded complication in cholecystectomy. Bile duct injuries occur at a frequency of about
0.5% (Rystedt et al., 2021). Small injuries can, if discovered early, usually be managed
without much impact on the patient. Major injuries, on the other hand, may require extensive
repeated surgery to restore the bile passage. Furthermore, long-term bile duct injury-related
mortality has been reported to range between 1.8% and 4.6%, and such injuries may also
contribute to impaired quality of life (Schreuder et al., 2020).
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Present treatment

In symptomatic gallstone disease, the accepted treatment is to remove the gallbladder,
nowadays preferably by laparoscopic cholecystectomy. In Sweden, intraoperative
cholangiography (IOC) is routinely performed during cholecystectomy to verify biliary
anatomy and to ensure that there are no residual stones in the biliary tract. IOC is also useful
for intraoperative discovery of bile duct injuries.

Internationally, however, there is an ongoing dispute regarding the routine versus selective
intraoperative visualisation of the biliary tract during cholecystectomy. In a meta-analysis
based on eight non-randomised studies including about 2 million patients, selective IOC was
associated with increased odds for bile duct injury (Rystedt et al., 2021). Conversely, another
meta-analysis, based on 14 randomised and non-randomised studies including 440,659
patients, did not find statistically significant differences between routine or selective IOC
regarding bile duct injuries, choledocholithiasis detection, or missed gallstones in
laparoscopic cholecystectomies (Hall et al., 2023). Using GallRiks data,

the odds for a complication in patients with common bile duct stones were lower when
intraoperative measures were taken to clear the bile ducts (Mdller et al., 2014).

Normal pathway through the healthcare system and current wait time for medical
assessment/treatment

Gallstone disease is often diagnosed in primary health care and patients are referred to the
surgical outpatient clinic for elective surgery. In case of complicated gallstone disease, like
cholecystitis, jaundice, or pancreatitis, the patient often presents at the emergency department.

If a patient has been admitted due to complicated gallstone disease, all hospitals in Sweden
aim to perform a cholecystectomy during the first emergency hospital stay. In reality,
however, only a minor part undergo cholecystectomy during that stay due to lack of operation
resources. Instead, many patients will be planned for elective surgery when, for example, the
cholecystitis has declined.

Most elective surgery for gallstone disease is performed in a day-care setting. A laparoscopic
cholecystectomy usually lasts for 83 to 89 minutes, and a surgeon often performs three to four
procedures per surgery day (Enochsson et al., 2013). Waiting time for elective surgery varies
in the Swedish health care regions. The aim by law is a maximum of 3-month waiting time for
the visit to the outpatient clinic and another maximum of 3-month waiting time until surgery
is performed. The Covid-19 pandemic has resulted in longer waiting times, in some regions
amounting to years.

Number of patients per year who undergo current treatment regimen

According to GallRiks, IOC, or an attempt to [OC, was made in 86.4% of all
cholecystectomies, i.e., both open and laparoscopic procedures (Rystedt et al., 2016).
Internationally, a selective approach is instead advocated, reportedly based on disadvantages
such as IOC being time-consuming; implying a risk of allergic reactions to contrast medium;
exposing patient, surgeon, and personnel to radiation; as well as a significant failure rate
(Jamal et al., 2016). The increased radiation associated with routine use of IOC in Sweden,
compared with selective IOC, has been estimated to result in one extra case of cancer every
second year in Sweden, based on 13,000 cholecystectomies performed per year (SBU, 2018).
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Present recommendations from medical societies or health authorities

In Sweden today, IOC is a routine procedure during surgery for gallstone disease or gallstone
complications such as acute or chronic inflammation of the gallbladder. This practice is
supported by a systematic literature review in which routine IOC was estimated to prevent
seven bile duct injuries every year compared with selective IOC based on approximately
13,000 cholecystectomies performed yearly in Sweden (SBU, 2018).
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6. Health technology at issue: Intraoperative laparoscopic
ultrasound

Compared with IOC, laparoscopic ultrasonography (LUS) is a less invasive procedure for
visualisation of the bile ducts; access to the biliary tract or injection of contrast medium is
normally not needed. Meta-analyses show that the sensitivity and the specificity for the
detection of gallstones in the biliary tract by LUS is comparable with that of IOC (Aziz et al.,
2014, Jamal et al., 2016). In addition, LUS has the advantage of giving an overview of
adjacent anatomical structures, for instance, the cystic and hepatic arteries. In severe
cholecystitis, this may be of particular value (Deziel et al., 2022). Other advantages of LUS
include that visualisation can easily be repeated throughout the procedure and it does not
involve ionising radiation. The latter also implies that LUS can be safely used in pregnant
women as well as in patients with iodine/contrast allergy. The disadvantage of LUS, as with
all forms of ultrasound examinations, is that it is user dependent. In the literature, the learning
curve is poorly investigated, but it has been suggested that 10 to 40 LUS procedures,
combined with IOC, could be required (Falcone et al., 1999, Machi et al., 1999, Réthlin et al.,
1996b). Some studies have pointed out that bile duct visualisation may be particularly
difficult in the distal intrapancreatic part, an aspect that can be simplified by infusion of
sodium chloride in the cystic bile duct. Whereas routine IOC is a well-established method in
Sweden, a resistance to change visualisation method could be expected among surgeons as the
learning process may require increased operation time.
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7. Focused question

In patients undergoing laparoscopic cholecystectomy for gallstone disease, how does the use
of intraoperative laparoscopic ultrasonography compare to the use of intraoperative
cholangiography regarding the risk of mortality, bile duct injury, retained gallstone,
conversion to open cholecystectomy, procedural failure, surgical complications, other
complications, and operation time (with time for diagnostic method reported separately)?

PICO: P= Patients, I= Intervention, C= Comparison, O=0Qutcome

P Patients undergoing intraoperative imaging of the biliary tree during laparoscopic
cholecystectomy because of gallstone disease
I Intraoperative laparoscopic ultrasonography
C Intraoperative cholangiography
Q) Critical for decision-making
e Mortality
e Bile duct injury
Important for decision-making
e Retained gallstone

e Conversion to open cholecystectomy

e Procedural failure

e Surgical complications

e Other complications (including radiation-induced cancer)

e Operation time (with imaging time reported separately)
Restricted to:

e Randomised controlled trials

e Non-randomised controlled trials (=100 patients in each comparison group)
e Case series (for complications; >500 patients)

e Studies written in English, Swedish, Danish or Norwegian

We did not involve a patient representative in the PICO definition.
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8. Methods

Systematic literature search (Appendix 1)

Two authors (J.G., T.S.) performed systematic searches in PubMed, Embase, the Cochrane
Library and Web of Science (December 15" 2022), with a search update in PubMed (October
5% 2023). The websites of SBU and Folkehelseinstituttet were visited. Reference lists of
relevant articles were also scrutinised for additional references. Search strategies, eligibility
criteria and a graphic presentation of the selection process are presented in Appendix 1.

Two authors (J.G., T.S.) independently screened titles and abstracts to exclude publications
that clearly did not meet the PICO criteria. All abstracts were screened using the Rayyan tool
(Ouzzani et al., 2016). Discrepancies were resolved in consensus. For the remaining
publications, the full texts were retrieved and were independently assessed by at least two
authors, after which consensus discussions were performed with all authors to decide on
inclusion or exclusion according to PICO. For articles excluded in consensus, after full-text
reading, reasons for exclusion are presented in Appendix 3.

The HTA was registered with PROSPERO prior to data extraction (CRD42023404758).

Critical appraisal and certainty of evidence

For included studies, data on design and methodology were extracted, as well as data
regarding participant characteristics and outcomes reported (Appendix 2). Number of events
or measures of effect were also extracted. Data were independently extracted by two authors,
with discrepancies resolved in consensus. The outcome procedural failure was defined as the
opposite to procedural success, i.¢€., (1) that the imaging technique could not be applied, or (ii)
that the biliary tree could not be visualised from confluence of the hepatic ducts to the
pancreatic ampulla. Conversions to open surgery were not included in the analysis of
procedural failure.

At least two authors independently appraised the included studies using checklists used by
HTA-centrum, Sahlgrenska University Hospital, modified from checklists developed by the
Swedish Agency for Health Technology Assessment and Assessment of Social Services.
Consensus discussions were then performed to decide on the domains directness, study
limitations (risk of bias), and precision, in the categories + (plus; no or minor problems), ?
(some problems), and — (minus; major problems). The assessments were performed at the
outcome level. The assessments regarding directness and study quality (risk of bias) are
summarised in Appendix 5.

Meta-analyses

If two or more studies provided poolable data regarding the outcomes at issue, random effects
meta-analyses were performed using Revman (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark). Meta-analyses based on studies without major risk of
bias were the basis for the conclusions. Regarding the outcome procedural failure, studies
were required to report both feasibility and visualisation numbers. If not, they were
considered to have major study limitations and were not included in the meta-analysis.
Studies with between-group and intra-individual comparisons were considered adequate to
pool regarding the outcomes procedural failure and operation time including imaging time.

HTA report Benefits and risks of using laparoscopic ultrasonography versus intraoperative cholangiography
during laparoscopic cholecystectomy for gallstone disease.
16 (29)



Certainty of evidence

The certainty of evidence was assessed according to GRADE (Atkins et al., 2004), with
reasons for downgrading described. Summary results per outcome and the associated certainty
of evidence are presented in a Summary-of-findings table (page 9).

Ongoing research

A search in Clinicaltrials.gov was performed on March 20" 2023, using the search terms
(cholecystectomy OR cholecystectomies) AND ((laparoscopic OR laparoscopy) AND
(ultrasound OR ultrasonography) OR LUS)).
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9. Results

Search results and study selection (Appendix 1)

After removal of duplicates, the literature search identified 2,575 articles (Appendix 1). Two
authors excluded 2,529 publications at the abstract level, and another 18 after full-text
reading. The remaining 28 articles were sent to all authors for inclusion/exclusion according
to PICO, and 18 articles were finally included in the HTA (Appendix 2). The 28 excluded
articles are reported with reasons for exclusion in Appendix 3. The search update in PubMed
resulted in 68 search hits; 64 were excluded at the abstract level and 4 after full-text reading.

Included studies

The PICO of this HTA was fulfilled in 16 non-randomised studies with inter-individual (n=4)
as well as intra-individual comparisons (n=12), and two case series. The studies were
performed in the United States (n=11), France (n=2), Switzerland (n=2), Germany (n=1),
Belgium (n=1), and China (n=1). In eight studies, one single surgeon performed the LUS. One
study included seven LUS performing surgeons, and two studies included three and five sites,
respectively. In the remaining seven studies, the number of LUS performing surgeons was not
reported. LUS experience was reported in six studies, with five to 100 previous procedures
required.

Results per outcome

QOutcomes, critical for decision-making

Mortality (Appendix 4.1)

Mortality was reported in two before/after studies including 594 versus 807 patients in the
intervention and comparison groups, respectively, and no events. Both studies had a follow-
up of one month, and did not have major problems regarding risk of bias.

In the GRADE process, we downgraded two steps because of very serious imprecision; the
studies contained no events. There was also some uncertainty regarding directness as LUS is
user-dependent and underlying evidence was restricted to single surgeon studies.

Conclusion: It is uncertain whether there is any difference in mortality using
LUS compared with IOC for intraoperative imaging of the biliary tree in
patients undergoing laparoscopic cholecystectomy because of gallstone disease
(GRADE ®OQO0).

Bile duct injury (Appendix 4.2)

Bile duct injuries were reported in four studies with inter-individual comparisons. Two
before/after studies did not have major risk of bias and included 594 versus 807 patients in the
intervention and comparison groups, respectively, with a total of 1 versus 0 events.

In the GRADE process, we downgraded two steps because of very serious imprecision; the
studies contained a total of one event. There was also some uncertainty regarding directness
as LUS is user-dependent and underlying evidence was restricted to single surgeon studies.

Conclusion: 1t is uncertain whether there is any difference in the incidence of
bile duct injury using LUS compared with IOC for intraoperative imaging of the
biliary tree in patients undergoing laparoscopic cholecystectomy because of
gallstone disease. (GRADE ©@OOQQ).
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QOutcomes, important for decision-making

Retained gallstone (Appendix 4.3)

Retained gallstone was reported in three studies with inter-individual comparisons. Two
before/after studies did not have major risk of bias and included 594 versus 807 patients in the
intervention and comparison groups, respectively, with a total of 2 versus 2 events.

In the GRADE process, we downgraded two steps because of very serious imprecision; the
studies contained a total of four event. There was also some uncertainty regarding directness
as LUS is user-dependent and underlying evidence was restricted to single surgeon studies.

Conclusion: 1t is uncertain whether there is any difference in the incidence of
retained gallstones using LUS compared with IOC for intraoperative imaging of
the biliary tree in patients undergoing laparoscopic cholecystectomy because of
gallstone disease (GRADE @O QO).

Conversion to open cholecystectomy (Appendix 4.4)

Conversion to open cholecystectomy was reported in two before/after studies, both without
major risk of bias. In all, 6 versus 21 events were reported in the intervention (n=594) and
control (n=807) groups, resulting in a pooled risk ratio of 0.38 (95% CI: 0.15 to 0.95; Figure
2), and a pooled risk difference of -1.6 (95% CI: -3.0 to -0.2) percentage points.

LUS 10C Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI
Wy 1988 2 200 10 407 36.2% 0.41[0.09, 1.84] 19498 L
Halpin 2002 4 394 11 400 B63.8% 0.37[012,1.15 2002 ——
Total (95% CI} 504 807 100.0% 0.38 [0.15, 0.95] ——a—
Total events 43 21
Heterogeneity, Tau®=0.00; Chi*=0.01, df=1 (P=0492), F=0% 0!1 0-2 Dfs ﬁ é 1'D

Test for overall effect £=2.08 (P =0.04) . Favours LUS Favours 10C

Figure 2 Forest plot and meta-analysis of studies without major risk of bias providing results regarding
conversion to open cholecystectomy.

In the GRADE process, there was some uncertainty regarding directness as LUS is user-
dependent and underlying evidence was restricted to single surgeon studies. Furthermore,
there was uncertain precision as the confidence interval was wide. As GRADE starts at low
certainty of evidence for non-randomised studies, we did not consider these aspects sufficient
for further downgrading.

Conclusion: Intraoperative LUS may be associated with fewer conversions to
open surgery, compared with IOC, for intraoperative imaging of the biliary tree
in patients undergoing laparoscopic cholecystectomy because of gallstone
disease (GRADE ®®0O0).
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Procedural failure (Appendix 4.5)

Procedural failure was reported in 15 studies, four of which including inter-individual
comparisons and eleven providing intra-individual comparisons only. In nine studies without
major risk of bias (3,184 unique patients), 275 versus 287 events were reported in the
intervention (n=2,504) and control (n=2,699) groups, resulting in a pooled risk ratio of 1.12
(95% CI: 0.70 to 1.78; Figure 3), and a pooled risk difference of 1 (95% CI: -4 to 5)
percentage points. Six studies reported application and visualisation failures separately. For
LUS overall, the distribution between application and visualisation failures was 35% and
65%, respectively. Visualisation failures for LUS included for instance failures to
demonstrate parts of the common bile duct. For IOC, the distribution was the opposite; 69%
were application failures and 31% visualisation failures. Application failures for IOC included
for instance unsuccessful cannulation or iodine allergy.

LUS 10C Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Barteau 1995 14 125 2 1ia B.1% 700162, 30.16] 19495 —_—*
Stiegmann 1995 24202 15 201 123% 1.599 [0.86, 2.94] 19945 I
Birth 1598 T &8 46 518 14.4% 1.72[1.22,2.42] 1998 -
W 1993 14 1498 16 393 11 6% 1.74[0.87, 3.45] 1993 B e —
Catheline 1934 T8 60O 137 BO0 15.0% 0.4a7[0.44, 073 149949 =
Machi 19549 a 100 a 1o0 8.9% 0.63[0.21,1.84] 149949 —
Halpin 2002 47 3490 38 388 140% 1.23[0.82,1.84] 2002 .
Tranter 2003 3135 14 135 T.A% 0.21 [0.06, 0.73] 2003 -
Perry 2008 11 236 11 238 106% 1.01 [0.44, 2.24] 2008 . E—
Total {95% CI) 2504 2699 100.0% 1.12 [0.70, 1.78] B
Total events 274 287
Heterogeneity: Tau®= 0.36; Chi*= 4768, df= 8 (P = 0.000013; F= 83% f f I f
Testfor overall effect £=0.46 (P = 0.64) 0.05 02 5 20
Favours LUS Favours I0C

Figure 3 Forest plot and meta-analysis of studies without major risk of bias providing results regarding
procedural failure.

In the GRADE process, we downgraded two steps because of very serious inconsistency; four
studies showed statistically significant results, two of which favouring LUS and two 10C.
Furthermore, two of these studies explicitly included more than one surgeon (Birth et al.,
1998, Catheline et al., 1999), also with statistically significant results in opposite directions.

Conclusion: It is uncertain whether there is any difference in procedural failure
using LUS compared with IOC for intraoperative imaging of the biliary tree in
patients undergoing laparoscopic cholecystectomy because of gallstone disease
(GRADE @O QO0).

Surgical/other complications (Appendix 4.6)

Two case series, including 2,113 patients undergoing LUS, reported no major bile duct or
vascular injury. One of them, including 1,381 patients, reported a total of three cases of minor
bile leaks, secondary to a liver bed injury. No other complications were reported. Radiation-
induced cancer was not reported in any study.

Operation time (with imaging time reported separately) (Appendix 4.7)
No studies provided results regarding operation time.

Imaging time was reported in 12 studies, two of which made between-groups comparisons
and ten intra-individual comparisons. No studies were assessed to have major risk of bias
regarding this outcome.
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In all, the studies included 3,854 patients. Mean imaging time for LUS ranged between 4.8 to
10.2 minutes, whereas mean imaging time for IOC ranged between 10.9 and 17.9 minutes. A
meta-analysis, including studies that provided mean values, as well as standard deviation or
standard error of the mean, revealed a pooled mean difference of -7.8 minutes (95% CI: -6.3
to -9.3) (Figure 4).

LUS 10C Mean Difference Mean Difference
Study or Subgroup Mean ] SO ] Total Mean ] sD ] Total Weight IV, Random, 95% Cl_Year IV, Random, 95% CI
Stiegmann 1885 7 33 1TE 134 87 186 10.2%  -B.40[7.35,-6.48] 1995 -
Earteau 1895 . 33 12z 104 67 123 98%  -430[662,-298] 1995 —
Riithlin 1886k Cohaort| 54 24100 16.4 T4 93 958% -1100[F1258,-8.42] 1996 =
Riithlin 1886k Cohart 1] 45 17100 13.5 45 90 101%  -B.00[8.98,-B01] 1996 -
Riithlin 18863 448 1.8 158 141 41 146 10.3% 830 [10.03,-857] 1996 -
Thampson 1988 3 31140 10.9 74140 9.8%  -4.30[558,-302] 1998 —
W 1995 53 26 172 15.1 T 381 10.2%  -880[10.67,-893] 1998 -
Machi 1988 8.2 35 95 15.9 68 92 95%  -T70[H.26,-6.14] 1999 —_—
Halpin 2002 51 1.8 380 16 97 374 104% -1080[11.80,-880] 2002 ——
Lizo09 0 1.8 109 1348 A7 94 103%  -530[F6.13,-4.47] 2009 -
Total {95% CI} 1554 1719 100.0%  7.80[9.31, 6.30] >
Heterogeneity: Tau®= 5.57; Chi#= 19243, df= 9 (P < 0.000071); F= 95% -1=n 5 1 1=n
Testfor overall effiect 2= 10.18 (F = 0.00001) Favours LUS Favours [0C

Figure 4 Forest plot and meta-analysis of studies without major risk of bias providing poolable results regarding
imaging time.

In the GRADE process regarding imaging time, a subset of the outcome operation time, there
was no indirectness or inconsistency; all studies reported statistically significant reductions,
between four and eleven minutes, and several surgeons/sites were involved in some studies.
We upgraded one step because of a large magnitude of effect; dichotomisation of imaging
time, e.g.</>10 minutes, would likely result in a risk ratio <0.5/>2 favouring LUS, i.e., the
limit for upgrading according to Atkins et al. (2004).

Conclusion: No studies provide information regarding the entire operation time
using LUS versus IOC for intraoperative imaging of the biliary tree in patients
undergoing laparoscopic cholecystectomy because of gallstone disease.
Intraoperative LUS is probably associated with shorter imaging time compared
with IOC (GRADE ®®@®0).
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10. Organisational aspects

Time frame for the putative introduction of the new health technology

To perform LUS, ultrasound equipment is required. In some cases, when ultrasound
equipment is already available, a designated laparoscopic probe may suffice. With equipment
at hand, introduction can start.

Present use of the technology in other hospitals in Region Vistra Gotaland

In Region Vistra Gotaland, LUS is used regularly in Frolunda Specialist Hospital but not in
any other hospital in the region. In Frolunda Specialist Hospital, LUS has been used since
2009. Up till now, approximately 1,200 LUS investigations have been performed by five
surgeons without any injury of common bile duct, and hands-on LUS courses are offered
regularly.

Consequences of the new health technology for personnel

With IOC, operating and assisting personnel are exposed to radiation and have to manage a
fluoroscope, a quite bulky equipment. With LUS, no exposure to radiation is at hand, and no
bulky equipment. An obstacle for LUS, however, is that the surgeon has to learn a visualising
technique with which they may not be acquainted. As mentioned in the background section,
experience of 10-40 surgeries may be required to achieve a sufficient level (Falcone et al.,
1999, Machi et al., 1999, Réthlin et al., 1996b).

Consequences for other clinics or supporting functions at the hospital or in the Region
Vistra Gotaland

Utilisation of LUS instead of IOC could be an alternative for both elective and acute
laparoscopic cholecystectomies. Thus, the procedure may be relevant for approximately 2,200
surgeries per year in Region Vistra Gotaland.
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11. Economic aspects

The present evidence synthesis does not allow conclusions regarding important outcomes for
the comparison of LUS versus 10C, i.e., if one imaging technique is better than the other or if
both have similar consequences for the patient. This makes cost analyses highly hypothetical.
In the calculations below, we have assumed that effectiveness and safety are at least similar
for the two techniques, and that the probably shorter imaging time for LUS can be translated
to a shorter operation time. The potential of fewer conversions to open cholecystectomy with
LUS has not been considered.

Assuming that 2,200 laparoscopic cholecystectomies are performed by 70 surgeons in 15
hospitals in Region Vistra Gotaland, all using IOC for intraoperative imaging, the total
annual costs could be estimated at 78.5 MSEK, the operation time accounting for 92.5% of
the costs (Table 1). From a long-term perspective and assuming that a shortened imaging time
of 7.8 minutes would result in a corresponding shortened operation time and that the saved
time could be used for other surgeries, yearly cost savings in the region using LUS instead of
I0C in 25%, 50%, and 75% of the surgeries could be estimated at 1.0 MSEK, 3.9 MSEK, and
7.3 MSEK, respectively. A sensitivity analysis, applying the 95% CI of the saved time for
intraoperative imaging (6.3—9.3 minutes/operation) and assuming that 75% of the
laparoscopic cholecystectomies were performed using LUS, resulted in annual long-term cost
savings ranging from 6.4 to 8.2 MSEK. In another sensitivity analysis, assuming that merely
25% of the saved time could be used for additional laparoscopic cholecystectomies or other
surgeries, the annual long-term costs would be increased by 937 kSEK (25% LUS) or 18
kSEK, or be reduced by 1.4 MSEK (75% LUS).

Table 1 Estimated annual costs® (kSEK) for laparoscopic cholecystectomy in Region Vistra Gotaland by the
proportion of operations using LUS instead of IOC, with an assumed reduced imaging time of 7.8 minutes per

operation.
Proportion of laparoscopic cholecystectomies using LUS instead of IOC

Cost component 0% (n=0) 25% (n=550) 50% (n=1,100) 75% (n=1,650)

10C LUS 10C LUS 10C LUS 10C LUS
Device 2,814 0 2,110 1,829 1,407 1,829 703 1,372
Service Agreement 2,400 0 1,800 0 1,200 0 600 0
Reusable equipment 162 0 122 0 81 0 41 0
Training 0 0 - 27 0 27 0 27
Operation consumables 552 0 414 170 276 340 138 510
Cost of operation time 72,607 0 54,455 16,579 36,303 33,157 18,152 49,736
Total costs 78,535 0 58,901 18,604 39,267 35,353 19,634 51,644
Costs/operation 36 35 34 32
Saved costs Ref 1,029 3,915 7,257

2Calculations based on the annuitization technique (Drummond et al. 2015) and the following assumptions:

e Regarding LUS devices, an ultrasonographic machine has to be purchased in half of the units (n=8), and
all 16 units need 2 probes. One ultrasonographic machine is estimated at 1.3 MSEK, and a 20% reduced
price is estimated for machines 2—7. One probe is estimated at 100 kSEK.

25% of the costs for the IOC device is attributed to laparoscopic cholecystectomies.

Devices for IOC and LUS have a lifetime of 10 years and a probe has a lifetime of 2 years.

25% of the costs for the IOC service agreement is attributed to laparoscopic cholecystectomies.

I0C reusable equipment includes radiation shields and lead aprons, with a lifetime of 10 and 5 years,

respectively.

e Training requires an additional 0.5-hour working time for 20 laparoscopic cholecystectomies, i.e. 10
hours per surgeon.
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Lifetime of training is 25 years as the surgeon gets this training once a lifetime.

Operation consumables include sterile dressings, catheters, three-way taps, and contrast medium.
Costs per work hour for the surgeon is 676 SEK (including social security costs).

Discounting rate for annuitizing capital items is 3%.

A potential introduction of LUS would imply initial costs due to additional equipment
purchases (without investment discounts) as well as the entire learning costs for surgeons to
learn the LUS technique. With the assumption that these costs would occur during one year,
initial budget impact was estimated; using LUS instead of IOC in 25%, 50%, and 75% of the
surgeries, the first year of LUS would require 15.4, 13.3, and 11.1 MSEK in Region Vistra
Gotaland (Table 2).

Table 2 Budget impact the first year of LUS (kSEK) (for assumptions, see Table 1).
Proportion of laparoscopic cholecystectomies using LUS

Cost components instead of IOC

25% (n=550) 50% (n=1,100) 75% (n=1,650)
Device incl probe 17,100 17,100 17,100
Saved service agreement
(15%) -600 -1,200 -1,800
Training 473 473 473
Operation consumables 32 64 926
Cost of operation time -1,573 -3,146 4,719
Total 15,432 13,291 11,149
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12. Ethical aspects

It is an ethical problem to take into use in clinical routine a method where the benefit-risk
balance compared to the routine technique is largely unknown. As current evidence base does
not indicate evident patient risks, however, there are no ethical obstacles for further research
on LUS.

From the perspective of equality, access to IOC and not LUS may be problematic for some
patient groups. Indeed, IOC implies radiation and should be avoided in pregnancy, and iodine
allergy may likewise constitute a contraindication for IOC. Consequently, access to
visualisation of the biliary tract during laparoscopic cholecystectomy may not be available for
all patient groups if LUS is not an available alternative.

Although a potential introduction of LUS may imply long-term cost savings associated with
the probably shorter imaging time, the cost-effectiveness of LUS will remain uncertain as
long as no conclusions can be drawn regarding the effectiveness and safety of this imaging
technique compared with IOC. A potential introduction of LUS would imply initial costs due
to the required investments and training, and, hence, budgetary displacement effects may
occur during the first year.

HTA report Benefits and risks of using laparoscopic ultrasonography versus intraoperative cholangiography
during laparoscopic cholecystectomy for gallstone disease.
25(29)



13. Discussion

Summary of main results

For the comparison LUS versus IOC to visualise the biliary tract during laparoscopic
cholecystectomy, this HTA shows that no conclusions can be drawn regarding the critical and
important outcomes mortality, bile duct injury, retained gallstone, and procedural failure. At
present, we therefore do not know whether one imaging technique is better than the other or if
both have similar consequences for the patient. As studies with inter-individual comparisons
and without major risk of bias were restricted to two non-randomised studies including 1,405
patients, combined with the rareness of these events, our results may not be unexpected.
Furthermore, comparable sensitivity and specificity for detection of gallstones or debris in the
extrahepatic biliary tract has been reported (Jamal et al 2016, Hall et al 2023).

The results suggest that fewer conversions to open cholecystectomy may occur for LUS
compared with IOC. It may be speculated that an underlying factor for this result could be
that LUS allows visualisation of adjacent anatomical structures, a fact that may be particularly
important in the presence of severe inflammation which, in turn, may render a higher rate of
conversion to open surgery in the laparoscopic setting.

Regarding the outcome procedural failure, it is uncertain whether there are any differences
between LUS and IOC. Although there were 15 non-randomised studies, nine of which
without major risk of bias and the meta-analysis suggesting no statistically significant
difference, a main issue was the very serious inconsistency; two of the studies favoured LUS
(Catheline et al., 1999, Tranter et al., 2003) and two favoured IOC (Barteau et al., 1995, Birth
et al., 1998). The wide range in results regarding procedural failure for both LUS and I0C
may reflect the intrinsic difficulties associated with each procedure. LUS, with procedural
failures ranging from 2% to 15%, has the limitation of being user dependent and may also
require interpretation in parallel to the performance. The latter could be resolved by the
storage of moving sequences, an aspect also worth consideration from the perspective of the
Patient Data Act (2008:355). Nevertheless, the ampulla may be the most challenging area for
visualisation with LUS, and some studies have facilitated interpretation by simultaneous
infusion of sodium chloride into the bile ducts (Thompson et al., 1998, Hashimoto et al.,
2010,) or into the right upper quadrant (Barteau et al., 1995, Stiegmann et al., 1995, Rothlin et
al., 1996a, Wu et al., 1998, Falcone et al., 1999, Halpin et al., 2002, Tranter et al., 2003,
Perry et al., 2008, Hublet et al., 2009, Luo et al., 2018, Deziel et al., 2022).

The ultrasonography technique has evolved over time. For instance, a higher sonographic
frequency can be applied to facilitate interpretation. However, although the forest plot of
studies that reported procedural failures may visually suggest a correlation between year of
study and result, there was no obvious corresponding correlation with MHz applied. Indeed,
most studies reporting this technical detail used 7.5 MHz (Stiegmann et al., 1995, Birth et al.,
1998, Wu et al., 1998, Halpin et al., 2002, Tranter et al., 2003, and Hublet et al., 2009) and no
study used more than 10 MHz, compared with the routine in Frolunda Specialist Hospital
where 12 MHz is used for visualisation of the biliary tree. For IOC, it can be speculated that
the wide range of procedural failures, 1.6% to 23%, may reflect the difference between
routine and selective use; IOC performed in selective cases may be associated with less
experience and more visualisation challenges like, for instance, inflammation. In the
literature, it has been argued that using LUS repeatedly during dissection, for visualisation of
the biliary tract as well as the adjacent anatomical structures, could be particularly helpful
during arduous surgery, for instance in case of acute or chronic cholecystitis, to avoid
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conversion to open cholecystectomy (Dili et al., 2017). Our findings regarding conversion
rates may be of interest in this context, although the overall certainty of evidence was very
low.

Regarding complications, two case series including a total of 2,113 patients undergoing LUS
reported no cases of major bile duct or vascular injury. In one of them, three cases of minor
bile leaks, secondary to a liver bed injury, were reported. Such minor leaks are often
associated with the surgical dissection and appear in a part of the surgical field that is not
primarily visualised by IOC or LUS. Furthermore, the dissection of the gallbladder from the
liver bed is most often performed after IOC or LUS has been performed, and may thus appear
independently from the visualisation procedure.

Operation time, the preferred time-related outcome from an overall perspective including both
the imaging procedure per se and the surgery, was not reported in any of the included studies.
For imaging time, however, an evidence synthesis of 12 cross-sectional studies, all without
major risk of bias regarding this outcome, shows that LUS is probably associated with shorter
imaging time compared with IOC. On average, 7.8 minutes are saved per visualisation
procedure. In high-volume centres, such a procedure-related consequence corresponding to
9% of the 83- to 89-minute surgery time (Enochsson et al 2013), can be relevant, in particular
if IOC is performed routinely and if the operation room can be used for other purposes or an
additional laparoscopic cholecystectomy. If imaging is only used in selective cases, on the
other hand, provided that LUS expertise is available, the limited time required may lower the
threshold for bile duct visualisation avoiding bile duct injuries or residual bile duct stones.

Overall completeness and applicability of evidence

Although this HTA included 16 non-randomised studies, only four included between-groups
comparisons and only two of these, including 1,405 patients were without major risk of bias.
This evidence base can be considered very restricted, in particular regarding rare patient
events such as deaths, bile duct injuries, and retained gallstones. In addition, LUS was
performed by a single surgeon in these studies, an aspect that may be of importance for the
generalisability of the results.

Implications for research

Although only very low certainty evidence was available for most outcomes, the lower
conversion rate for LUS in the meta-analyses, combined with potentially no difference in
procedural failure, can be worth further investigation. Furthermore, knowledge of other
potential patient-relevant effects of using LUS instead of IOC, such as mortality, bile duct
injuries, and surgical/other complications, is needed. In particular, randomised studies would
be useful; no study with such a design was identified in this HTA. For rare events, register-
based studies, for instance using GallRiks, could be considered. In future studies, the total
operation time also needs to be recorded and analysed.
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14. Future perspectives

Scientific knowledge gaps

Given that there was only very low certainty evidence regarding the critical outcomes
mortality and bile duct injury as well as the important outcome retained gallstone, there are
evident knowledge gaps regarding patient-relevant outcomes using LUS or IOC for
visualisation of the biliary tract during laparoscopic cholecystectomy. Furthermore, additional
research may be worthwhile as low certainty evidence favoured LUS regarding conversion to
open cholecystectomy. Two case series of limited size focused on surgical complications but
did not include other complications. No study investigated potential long-term effect like
radiation-induced cancer.

Knowledge gaps also include the risk of procedural failure. Furthermore, although the
imaging time was found to probably be shorter with LUS compared with IOC, no study
reported comparisons of the entire operation time which is the main question at issue from an
operating theatre utilisation perspective.

Ongoing research
The search in Clinicaltrials.gov resulted in 100 records, none of which fulfilled our PICO.
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Appendix 1: PICO, study selection, search strategies, and references

Question at issue:

In patients undergoing laparoscopic cholecystectomy for gallstone disease, how does the use
of intraoperative laparoscopic ultrasonography compare to the use of intraoperative
cholangiography regarding the risk of mortality, bile duct injury, retained gallstone,
conversion to open cholecystectomy, procedural failure, surgical complications, other
complications, and operation time (with time for diagnostic method reported separately)?

PICO: P= Patients, I= Intervention, C= Comparison, O=Qutcome

P Patients undergoing intraoperative imaging of the biliary tree during laparoscopic
cholecystectomy because of gallstone disease
| Intraoperative laparoscopic ultrasonography
C Intraoperative cholangiography
(0] Critical for decision-making
e Mortality
¢ Bile duct injury
Important for decision-making
e Retained gallstone
e (Conversion to open cholecystectomy
e Procedural failure
e Surgical complications
Other complications (including radiation-induced cancer)
e Operation time (with imaging time reported separately)

Eligibility criteria

Study design:

Randomised controlled trials

Non-randomised controlled studies (>100 patients in each comparison group)
Case series (for complications; >500 patients)

Language:
English, Swedish, Norwegian, Danish

Publication date:
No restrictions



Identification

Screening

Included

Selection process — flow diagram

PRISMA 2020 flow diagram for new systematic reviews which included searches of
databases, registers and other sources
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Search strategies

Database: PubMed
Date: 15 dec 2022
No. of results: 1,702

Search Query Items
found
#20 Search: #12 NOT #15 Filters: Danish, English, Norwegian, Swedish 1,702
#16 Search: #12 NOT #15 2,027
#15 Search: #13 OR #14 5,468,262
#14 Search: animal[ti] OR animals[ti] OR rat[ti] OR rats[ti] OR mouse[ti] OR mice[ti] OR rodent[ti] OR 2,118,272
rodents[ti] OR dog[ti] OR dogs[ti] OR cat[ti] OR cats[ti] OR koalas[ti] OR hamster[ti] OR hamsters[ti] OR
rabbit[ti] OR rabbits[ti] OR swine[ti] OR pigs[ti] OR murine[ti] OR porcine[ti] OR horses[ti] or horse[ti]
#13 Search: animalsfmh] NOT (animals[mh] AND humans[mh]) 5,072,156
#12 Search: #10 NOT #11 2,044
#11 Search: block[ti] 56,748
#10 Search: #3 AND #6 AND #9 2,142
#9 Search: #7 OR #8 517,953
#8 Search: ultrasound[tiab] OR ultrasonography[tiab] 381,085
#7 Search: "Ultrasonography"”[Mesh:NoExp] OR "Ultrasonography, Doppler"[Mesh] 271,989
#6 Search: #4 OR #5 166,138
#5 Search: laparoscop*[tiab] 148,083
#4 Search: "Laparoscopy"[Mesh] 114,158
#3 Search: #1 OR #2 45,964
#2 Search: cholecystectom*[tiab] 32,803
#1 Search: "Cholecystectomy"”[Mesh] OR "Gallbladder/surgery"[Mesh] OR "Gallstones/surgery"[Mesh] 34,742
Database: Embase 1974 to 2022 December 14 (Ovid)
Date: 15 dec 2022
No. of results: 1,448
# Searches Results
1 exp *cholecystectomy/ 23117
2 exp *gallbladder/su [Surgery] 307
3 exp *gallstone/su [Surgery] 2542
4 cholecystectom$.ab kf ti. 45907
5 lor2or3or4 49673
6 exp *laparoscopy/ 85571
7 laparoscop$.ab kf ti. 240214
8 6or7 245354
9 *echography/ or exp doppler ultrasonography/ or peroperative echography/ 145625
10 (ultrasound or ultrasonography).ab kf ti. 585040
11 9or 10 649970
12 5and 8 and 11 2811
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https://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=2
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=1

13 block.ti. 60641
14 12 not 13 2678
15 animal/ not (animal/ and human/) 1169955
(animal or animals or rat or rats or mouse or mice or rodent or rodents or dog or dogs or cat or cats or
16 koalas or hamster or hamsters or rabbit or rabbits or swine or pigs or murine or porcine or horses or 2257999
horse).ti.

17 150r 16 3144808
18 14 not 17 2664
19 limit 18 to (embase or medline) 1743
20 limit 19 to (danish or english or norwegian or swedish) 1448

Database: The Cochrane Library

Date: 15 dec 2022

No of results: 100 ref

Cochrane Reviews (1)

Other Reviews (0)

Trials (99)

Methods Studies (0)

Technology Assessments (0)

Economic Evaluations (0)

Cochrane Groups (0)
ID Search name: Hits
#1 MeSH descriptor: [Cholecystectomy] explode all trees 2059
#2 MeSH descriptor: [Gallbladder] explode all trees and with qualifier(s): [surgery - SU] 35
#3 MeSH descriptor: [Gallstones] explode all trees and with qualifier(s): [surgery - SU] 194
#4 (cholecystectom*):ti,ab,kw (Word variations have been searched) 6283
#5 #1 OR #2 OR #3 OR #4 6355
#6 MeSH descriptor: [Laparoscopy] explode all trees 6594
#7 (laparoscop*):ti,ab,kw (Word variations have been searched) 24492
#8 #6 OR #7 24613
#9 MeSH descriptor: [Ultrasonography] this term only 5140
#10 MeSH descriptor: [Ultrasonography, Doppler] explode all trees 2965
#11 (ultrasonography OR ultrasound):ti,ab,kw (Word variations have been searched) 47838
#12 #9 OR #10 OR #11 48868
#13 #5 AND #8 AND #12 404
#14 (block):ti (Word variations have been searched) 17766
#15 #13 NOT #14 201
#16 (clinicaltrials OR trialsearch):so 442149
#17 #15 NOT #16 121
#18 (conference proceeding):pt 214308
#19 #17 NOT #18 100




Database: Web of Science Core Collection
Date: 15 dec 2022
No. of results: 1,747

# Search query Results
1 cholecystectom* (Topic) 33528
2 laparoscop* (Topic) 170412
3 ultrasound OR ultrasonography (Topic) 492872
4 #3 AND #2 AND #1 2033
5 TI=(block) 198616
6 #4 NOT #5 1900
7 TI=(animal or animals or rat or rats or mouse or mice or rodent or rodents or dog or dogs or cat or cats 2708340
or koalas or hamster or hamsters or rabbit or rabbits or swine or pigs or murine or porcine or horses or
horse)
#6 NOT #7 1878
9 #6 NOT #7 and English (Languages) 1747

The web-sites of Statens beredning fér medicinsk och social utvardering (SBU), Folkehelseinstituttet

and Swedish regional HTA-agencies were also visited in March 2023.

Nothing directly answering the question at issue was found.

Sokkallor Sokord/ Browsa Antal traffar | Antal relevanta
traffar

SBU Gallsten 8totaltpdalla | 0

www.sbu.se Ultraljud tre ord
Kolecystektomi

Folkehelseinstituttet Browsat kategori 0

www.fhi.se Metodevurdering

CAMTO Browsat 0

https://www.regionorebrolan.se/sv/forskning/kontakt-och-

organisation/hta-enheten-camto/

HTA Region Stockholm Browsat 0

https://www.chis.regionstockholm.se/hta/rapporter/

Regional samverkansgrupp HTA (tidigare Browsat 0

Metodridet) i Sydostra sjukvardsregionen

https://sydostrasjukvardsregionen.se/samverkansgrupper/

hta/genomforda-bedomningar/

HTA Syd Browsat 0

https://vardgivare.skane.se/kompetens-

utveckling/sakkunniggrupper/hta-skane/#110365

Medicinska rddet, Region Dalarna Browsat 0

https://www.regiondalarna.se/plus/vard/ovrig-halso--och-

sjukvard/medicinska-radet/

Reference lists

A comprehensive review of reference lists brought 5 new records.



https://www.regionorebrolan.se/sv/forskning/kontakt-och-organisation/hta-enheten-camto/
https://www.regionorebrolan.se/sv/forskning/kontakt-och-organisation/hta-enheten-camto/
https://www.chis.regionstockholm.se/hta/rapporter/
https://sydostrasjukvardsregionen.se/samverkansgrupper/hta/genomforda-bedomningar/
https://sydostrasjukvardsregionen.se/samverkansgrupper/hta/genomforda-bedomningar/
https://vardgivare.skane.se/kompetens-utveckling/sakkunniggrupper/hta-skane/#110365
https://vardgivare.skane.se/kompetens-utveckling/sakkunniggrupper/hta-skane/#110365
https://www.regiondalarna.se/plus/vard/ovrig-halso--och-sjukvard/medicinska-radet/
https://www.regiondalarna.se/plus/vard/ovrig-halso--och-sjukvard/medicinska-radet/

Reference lists

Included studies:

Barteau JA, Castro D, Arregui ME, Tetik C. A comparison of intraoperative ultrasound versus
cholangiography in the evaluation of the common bile duct during laparoscopic cholecystectomy. Surg
Endosc. 1995;9(5):490-6. doi: 10.1007/bf00206833.

Birth M, Ehlers KU, Delinikolas K, Weiser HF. Prospective randomized comparison of laparoscopic
ultrasonography using a flexible-tip ultrasound probe and intraoperative dynamic cholangiography
during laparoscopic cholecystectomy. Surg Endosc. 1998;12(1):30-6. doi: 10.1007/s004649900587.

Catheline J, Rizk N, Champault G. A comparison of laparoscopic ultrasound versus cholangiography
in the evaluation of the biliary tree during laparoscopic cholecystectomy. Eur J Ultrasound.
1999;10(1):1-9. doi: 10.1016/s0929-8266(99)00028-2.

Catheline JM, Turner R, Paries J. Laparoscopic ultrasonography is a complement to cholangiography
for the detection of choledocholithiasis at laparoscopic cholecystectomy. Br J Surg. 2002;89(10):1235-
9. doi: 10.1046/j.1365-2168.2002.02198 x.

Deziel DJ. Laparoscopic Ultrasound for Bile Duct Imaging during Cholecystectomy: Clinical Impact
in 785 Consecutive Cases. J] Am Coll Surg. 2022;234(5):849-60. doi:
10.1097/x¢cs.0000000000000111.

Halpin VJ, Dunnegan D, Soper NJ. Laparoscopic intracorporeal ultrasound versus fluoroscopic
intraoperative cholangiography: after the learning curve. Surg Endosc. 2002;16(2):336-41. doi:
10.1007/s00464-001-8325-1.

Hublet A, Dili A, Lemaire J, Mansvelt B, Molle G, Bertrand C. Laparoscopic ultrasonography as a
good alternative to intraoperative cholangiography (I0OC) during laparoscopic cholecystectomy: results
of prospective study. Acta Chir Belg. 2009;109(3):312-6. doi: 10.1080/00015458.2009.11680431.

LiJW, Feng B, Wu L, Wang ML, Lu AG, Zang L, et al. Intraoperative cholangiography in
combination with laparoscopic ultrasonography for the detection of occult choledocholithiasis. Med
Sci Monit. 2009;15(9):Mt126-30. doi.

Machi J, Johnson JO, Deziel DJ, Soper NJ, Berber E, Siperstein A, et al. The routine use of
laparoscopic ultrasound decreases bile duct injury: a multicenter study. Surg Endosc. 2009;23(2):384-
8. doi: 10.1007/s00464-008-9985-x.

Machi J, Tateishi T, Oishi AJ, Furumoto NL, Oishi RH, Uchida S, et al. Laparoscopic ultrasonography
versus operative cholangiography during laparoscopic cholecystectomy: review of the literature and a
comparison with open intraoperative ultrasonography. J Am Coll Surg. 1999;188(4):360-7. doi:
10.1016/s1072-7515(98)00313-5.

Perry KA, Myers JA, Deziel DJ. Laparoscopic ultrasound as the primary method for bile duct imaging
during cholecystectomy. Surg Endosc. 2008;22(1):208-13. doi: 10.1007/s00464-007-9558-4.

Rothlin M. Intraoperative sonography during laparoscopic cholecystectomy. ProgSurg. 1996a;22:144-
9. doi.

Ro6thlin MA, Schob O, Schlumpf R, Largiadér F. Laparoscopic ultrasonography during
cholecystectomy. Br J Surg. 1996b;83(11):1512-6. doi: 10.1002/bjs.1800831107.



Siperstein A, Pearl J, Macho J, Hansen P, Gitomirsky A, Rogers S. Comparison of laparoscopic
ultrasonography and fluorocholangiography in 300 patients undergoing laparoscopic cholecystectomy.
Surg Endosc. 1999;13(2):113-7. doi: 10.1007/s004649900917.

Stiegmann GV, Soper NJ, Filipi CJ, McIntyre RC, Callery MP, Cordova JF. Laparoscopic
ultrasonography as compared with static or dynamic cholangiography at laparoscopic
cholecystectomy. A prospective multicenter trial. Surg Endosc. 1995;9(12):1269-73. doi:
10.1007/bf00190157.

Thompson DM, Arregui ME, Tetik C, Madden MT, Wegener M. A comparison of laparoscopic
ultrasound with digital fluorocholangiography for detecting choledocholithiasis during laparoscopic
cholecystectomy. Surg Endosc. 1998;12(7):929-32. doi: 10.1007/s004649900749.

Tranter SE, Thompson MH. A prospective single-blinded controlled study comparing laparoscopic
ultrasound of the common bile duct with operative cholangiography. Surg Endosc. 2003;17(2):216-9.
doi: 10.1007/s00464-002-8911-x.

Wu JS, Dunnegan DL, Soper NJ. The utility of intracorporeal ultrasonography for screening of the bile
duct during laparoscopic cholecystectomy. J Gastrointest Surg. 1998;2(1):50-60. doi: 10.1016/s1091-
255x(98)80103-0.

Excluded studies:

Antal A, Janaki H. New diagnostic adjunct in laparoscopic procedures. Intraoperative ultrasound. Acta
Chir Hung. 1994;34(1-2):151-60.

Aziz O, Ashrafian H, Jones C, Harling L, Kumar S, Garas G, et al. Laparoscopic ultrasonography
versus intra-operative cholangiogram for the detection of common bile duct stones during laparoscopic
cholecystectomy: a meta-analysis of diagnostic accuracy. Int J Surg. 2014;12(7):712-9. doi:
10.1016/}.ijsu.2014.05.038.

Bezzi M, Silecchia G, De Leo A, Carbone I, Pepino D, Rossi P. Laparoscopic and intraoperative
ultrasound. Eur J Radiol. 1998;27:S207-S14. doi: 10.1016/S0720-048X(98)00064-3.

Biffl WL, Moore EE, Offner PJ, Franciose RJ, Burch JM. Routine intraoperative laparoscopic
ultrasonography with selective cholangiography reduces bile duct complications during laparoscopic
cholecystectomy. J Am Coll Surg. 2001;193(3):272-80. doi: 10.1016/s1072-7515(01)00991-7.

Bush AES, Christopoulos P, Jones RM, Sinha S, Srinivas G, Andrews SN. Safety, quality and
efficiency of intra-operative imaging for treatment decisions in patients with suspected
choledocholithiasis without pre-operative magnetic resonance cholangiopancreatography. Surg
Endosc. 2022;36(2):1206-14. doi: 10.1007/s00464-021-08389-y.

Catheline JM, Turner R, Rizk N, Barrat C, Buenos P, Champault G. Evaluation of the biliary tree
during laparoscopic cholecystectomy: laparoscopic ultrasound versus intraoperative cholangiography:
a prospective study of 150 cases. Surg Laparosc Endosc. 1998;8(2):85-91.

Chandra A, Gupta V, Rahul R, Kumar M, Maurya A. Intraoperative ultrasonography of the biliary
tract using saline as a contrast agent: a fast and accurate technique to identify complex biliary
anatomy. Can J Surg. 2017;60(5):316-22. doi: 10.1503/¢js.011116.



Dili A, Bertrand C. Laparoscopic ultrasonography as an alternative to intraoperative cholangiography
during laparoscopic cholecystectomy. World J Gastroenterol. 2017;23(29):5438-50. doi:
10.3748/wjg.v23.129.5438.

Fisher AT, Bessoff KE, Khan RI, Touponse GC, Yu MMK, Patil AA, et al. Evidence-based surgery
for laparoscopic cholecystectomy. Surg Open Sci. 2022;10:116-34. doi: 10.1016/j.sopen.2022.08.003.

Hashimoto M, Matsuda M, Watanabe G. Intraoperative ultrasonography for reducing bile duct injury
during laparoscopic cholecystectomy. Hepatogastroenterology. 2010;57(101):706-9.

Jakimowicz J. Intraoperative and Postoperative Biliary Endoscopy - Intraoperative Ultrasonography
and Sonography during Laparoscopic Cholecystectomy. Problems in General Surgery. 1991;8(3):442-
57.

Jakimowicz JJ. Review: intraoperative ultrasonography during minimal access surgery. J R Coll Surg
Edinb. 1993;38(4):231-8.

Jamal KN, Smith H, Ratnasingham K, Siddiqui MR, McLachlan G, Belgaumkar AP. Meta-analysis of
the diagnostic accuracy of laparoscopic ultrasonography and intraoperative cholangiography in
detection of common bile duct stones. Ann R Coll Surg Engl. 2016;98(4):244-9. doi:
10.1308/rcsann.2016.0068.

Madsen MR, Mortensen PM, Hovendal CP. Laparoscopic ultrasonography. A review and authors' own
experiences. Ugeskr Laeger. 1995;157(5):575-80.

Merhar GL, Shelley DJ, Fegelman E. Laparoscopic ultrasound invades the abdomen. Diagn Imaging
(San Franc). 1998;Suppl:Au21-5.

Mosnier H, Audy JC, Boche O, Guivarc'’h M. Intraoperative sonography during cholecystectomy for
gallstones. Surg Gynecol Obstet. 1992;174(6):469-73.

Noble H, Norton S, Thompson M. Assuring complete laparoscopic clearance of the bile duct. J
Laparoendosc Adv Surg Tech A. 2011;21(4):319-22. doi: 10.1089/1ap.2010.0433.

Olsen AK, Bjerkeset OA. Laparoscopic ultrasound (LUS) in gastrointestinal surgery. Eur J
Ultrasound. 1999;10(2-3):159-70. doi: 10.1016/50929-8266(99)00053-1.

Paolucci V, Schaeff B, Encke A. The role of laparoscopic ultrasonography of the biliary tree.
Problems in General Surgery. 1995;12(3):35-45.

Pereira J, Bass GA, Mariani D, Dumbrava BD, Casamassima A, da Silva AR, et al. Surgeon-
performed point-of-care ultrasound for acute cholecystitis: indications and limitations: a European
Society for Trauma and Emergency Surgery (ESTES) consensus statement. Eur J Trauma Emerg Surg.
2020;46(1):173-83. doi: 10.1007/s00068-019-01197-z.

Piccolboni D, Ciccone F, Settembre A, Corcione F. The role of echo-laparoscopy in abdominal
surgery: five years' experience in a dedicated center. Surg Endosc. 2008;22(1):112-7. doi:
10.1007/s00464-007-9382-x.

Santambrogio R, Montorsi M, Bianchi P, Opocher E, Verga M, Panzera M, et al. Common bile duct
exploration and laparoscopic cholecystectomy: role of intraoperative ultrasonography. J Am Coll
Surg. 1997;185(1):40-8. doi: 10.1016/s1072-7515(97)00013-6.

Shabanzadeh DM, Christensen DW, Ewertsen C, Friis-Andersen H, Helgstrand F, Nannestad
Jorgensen L, et al. National clinical practice guidelines for the treatment of symptomatic gallstone



disease: 2021 recommendations from the Danish Surgical Society. Scand J Surg. 2022;111(3):11-30.
doi: 10.1177/14574969221111027.

Smulders JF, Jakimowicz JJ. Color Doppler application in laparoscopic intraoperative
ultrasonography. Surg Technol Int. 1995;1v:183-7.

Sun SX, Kulaylat AN, Hollenbeak CS, Soybel DI. Cost-effective Decisions in Detecting Silent
Common Bile Duct Gallstones During Laparoscopic Cholecystectomy. Ann Surg. 2016;263(6):1164-
72. doi: 10.1097/s1a.00000000000013438.

van de Graaf FW, Zaimi I, Stassen LPS, Lange JF. Safe laparoscopic cholecystectomy: A systematic
review of bile duct injury prevention. Int J Surg. 2018;60:164-72. doi: 10.1016/j.ijsu.2018.11.006.

Wu JS, Dunnegan DL, Luttmann DR, Soper NJ. The evolution and maturation of laparoscopic
cholecystectomy in an academic practice. J Am Coll Surg. 1998;186(5):554-60; discussion 60-1. doi:
10.1016/s1072-7515(98)00052-0.

Zha'Y, Chen XR, Luo D, Jin Y. The prevention of major bile duct injures in laparoscopic
cholecystectomy: the experience with 13,000 patients in a single center. Surg Laparosc Endosc
Percutan Tech. 2010;20(6):378-83. doi: 10.1097/SLE.0b013e3182008efb.

Other references:

Aerts R, Penninckx F. The burden of gallstone disease in Europe. Aliment Pharmacol Ther. 2003;18
Suppl 3:49-53. doi: 10.1046/1.0953-0673.2003.01721 .x.

Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. GRADE Working Group.
Grading quality of evidence and strength of recommendations. BMJ. 2004;328(7454):1490-4. doi:
10.1136/bmj.328.7454.1490.

Attili AF, Carulli N, Roda E, Barbara B, Capocaccia L, Menotti A, et al. Epidemiology of gallstone
disease in Italy: prevalence data of the Multicenter Italian Study on Cholelithiasis (M.I.COL.). Am J
Epidemiol. 1995;141(2):158-65. doi: 10.1093/oxfordjournals.aje.al 17403.

Aziz O, Ashrafian H, Jones C, Harling L, Kumar S, Garas G, et al. Laparoscopic ultrasonography
versus intra-operative cholangiogram for the detection of common bile duct stones during laparoscopic
cholecystectomy: a meta-analysis of diagnostic accuracy. Int J Surg. 2014;12(7):712-9. doi:
10.1016/}.ijsu.2014.05.038.

[Checklist from SBU regarding cohort studies. (Modified) Version 2014]. [Internet]. [cited 2023
march 2]. Available from: https://mellanarkiv-
offentlig.vgregion.se/alfresco/s/archive/stream/public/v1/source/available/sofia/su4372-1728378332-
414/native

Deziel DJ. Laparoscopic Ultrasound for Bile Duct Imaging during Cholecystectomy: Clinical Impact
in 785 Consecutive Cases. J] Am Coll Surg. 2022;234(5):849-60. doi:
10.1097/xcs.0000000000000111.

Dili A, Bertrand C. Laparoscopic ultrasonography as an alternative to intraoperative cholangiography
during laparoscopic cholecystectomy. World J Gastroenterol. 2017;23(29):5438-50. doi:
10.3748/wjg.v23.129.5438.

Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Methods for the economic
evaluation of health care programmes. Fourth edition. Oxford: Oxford University Press; 2015.


https://mellanarkiv-offentlig.vgregion.se/alfresco/s/archive/stream/public/v1/source/available/sofia/su4372-1728378332-414/native
https://mellanarkiv-offentlig.vgregion.se/alfresco/s/archive/stream/public/v1/source/available/sofia/su4372-1728378332-414/native
https://mellanarkiv-offentlig.vgregion.se/alfresco/s/archive/stream/public/v1/source/available/sofia/su4372-1728378332-414/native

Enochsson L, Thulin A, Osterberg J, Sandblom G, Persson G. The Swedish Registry of Gallstone
Surgery and Endoscopic Retrograde Cholangiopancreatography (GallRiks): A nationwide registry for
quality assurance of gallstone surgery. JAMA Surg. 2013;148(5):471-8. doi:
10.1001/jamasurg.2013.1221.

Falcone RA, Jr., Fegelman EJ, Nussbaum MS, Brown DL, Bebbe TM, Merhar GL, et al. A
prospective comparison of laparoscopic ultrasound vs intraoperative cholangiogram during
laparoscopic cholecystectomy. Surg Endosc. 1999;13(8):784-8. doi: 10.1007/s004649901099.

Festi D, Reggiani ML, Attili AF, Loria P, Pazzi P, Scaioli E, et al. Natural history of gallstone disease:
Expectant management or active treatment? Results from a population-based cohort study. J
Gastroenterol Hepatol. 2010;25(4):719-24. doi: 10.1111/j.1440-1746.2009.06146.x.

GRADE Working Group. [Internet]. [Place unknown]: GRADE Working Group, c2004-2021 [cited
2021 Feb 13]. Available from: http://www.gradeworkinggroup.org

Hall C, Amatya S, Shanmugasundaram R, Lau NS, Beenen E, Gananadha S. Intraoperative
Cholangiography in Laparoscopic Cholecystectomy: A Systematic Review and Meta-Analysis. JSLS.
2023;27(1). doi: 10.4293/js1s.2022.00093.

Hashimoto M, Matsuda M, Watanabe G. Intraoperative ultrasonography for reducing bile duct injury
during laparoscopic cholecystectomy. Hepatogastroenterology. 2010;57(101):706-9.

Intraoperativ kolangiografi vid kolecystektomi [Elektronisk resurs]. SBU; 2018. Hamtad fran
https://www.sbu.se/contentassets/88de8b9c083844a6acace968161700a0/intraoperativ_kolangiografi
kolecystektomi.pdf

Jamal KN, Smith H, Ratnasingham K, Siddiqui MR, McLachlan G, Belgaumkar AP. Meta-analysis of
the diagnostic accuracy of laparoscopic ultrasonography and intraoperative cholangiography in
detection of common bile duct stones. Ann R Coll Surg Engl. 2016;98(4):244-9. doi:
10.1308/rcsann.2016.0068.

Machi J, Tateishi T, Oishi AJ, Furumoto NL, Oishi RH, Uchida S, et al. Laparoscopic ultrasonography
versus operative cholangiography during laparoscopic cholecystectomy: review of the literature and a
comparison with open intraoperative ultrasonography. J Am Coll Surg. 1999;188(4):360-7. doi:
10.1016/s1072-7515(98)00313-5.

Moller M, Gustafsson U, Rasmussen F, Persson G, Thorell A. Natural course vs interventions to clear
common bile duct stones: data from the Swedish Registry for Gallstone Surgery and Endoscopic
Retrograde Cholangiopancreatography (GallRiks). JAMA Surg. 2014;149(10):1008-13. doi:
10.1001/jamasurg.2014.249.

Noel R, Arnelo U, Enochsson L, Lundell L, Nilsson M, Sandblom G. Regional variations in
cholecystectomy rates in Sweden: impact on complications of gallstone disease. Scand J
Gastroenterol. 2016;51(4):465-71. doi:10.3109/00365521.2015.1111935.

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and mobile app for systematic
reviews. Syst Rev. 2016;5(1):210. doi: 10.1186/s13643-016-0384-4.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:n71. doi:
10.1136/bmj.n71.

Rystedt J, Lindell G, Montgomery A. Bile Duct Injuries Associated With 55,134 Cholecystectomies:
Treatment and Outcome from a National Perspective. World J Surg. 2016;40(1):73-80. doi:
10.1007/s00268-015-3281-4.


http://www.gradeworkinggroup.org/

Rystedt JML, Wiss J, Adolfsson J, Enochsson L, Hallerback B, Johansson P, et al. Routine versus
selective intraoperative cholangiography during cholecystectomy: systematic review, meta-analysis
and health economic model analysis of iatrogenic bile duct injury. BJS Open. 2021;5(2). doi:
10.1093/bjsopen/zraa032.

Ro6thlin MA, Schob O, Schlumpf R, Largiadér F. Laparoscopic ultrasonography during
cholecystectomy. Br J Surg. 1996;83(11):1512-6. doi: 10.1002/bjs.1800831107.

Schreuder AM, Busch OR, Besselink MG, Ignatavicius P, Gulbinas A, Barauskas G, et al. Long-Term
Impact of latrogenic Bile Duct Injury. Dig Surg. 2020;37(1):10-21. doi: 10.1159/000496432.

Thompson DM, Arregui ME, Tetik C, Madden MT, Wegener M. A comparison of laparoscopic
ultrasound with digital fluorocholangiography for detecting choledocholithiasis during laparoscopic
cholecystectomy. Surg Endosc. 1998;12(7):929-32.

Unalp-Arida A, Ruhl CE. Increasing gallstone disease prevalence and associations with gallbladder
and biliary tract mortality in the US. Hepatology. 2023;77(6):1882-95. doi:
10.1097/hep.0000000000000264.



Project: Laparoscopic ultrasonography
Appendix 2 Included articles

First Study Patients (n)| Indication for Age, years Female | Intervention (LUS) Outcome variables
author design cholecystectomy sex (%) | 1. Performing physicians (n)
Year 2. LUS experience
Country 3. LUS frequency
Barteau Cross-sectional | 125 All indications mean+SEM: 73% I.NR Procedural failure
1995 (intra-individual 54.6x1.4 2.NR Imaging time
USA comparison) 3.7.0/10 MHz
Birth Cross-sectional | 518 Elective mean (range): 75% 1.NR Procedural failure
1998 (intra-individual cholecystitis 51.7 (15-88) 2.NR Imaging time
Germany comparison) 3.7.5 MHz
Catheline Cross-sectional | 600 All indications mean (range): 72% 1.7 Procedural failure
1999 (intra-individual 54 (21-94) 2. 5 previous procedures Imaging time
France comparison) required
3.5/6.5/7.5 MHz
Catheline Cross-sectional | 900 All indications mean (range): 71% I.NR Procedural failure
2002 (intra-individual 52 (18-95) 2.NR Imaging time
France comparison) 3.NR
Deziel Case series 732 All indications NR NR 1.1 Surgical complications
2022 2.NR
USA 3.5/7.5/10 MHz
Halpin Before/after I: 394 All indications mean+SEM: I: 78% 1.1 Mortality
2002 C: 400 I: 48.1+0.7 C: 75% 2. Transition period: first 100 | Bile duct injury
USA C: 48.8+0.8 LUS excluded Retained gallstone
3.7.5 MHz Conversion to open
cholecystectomy
Procedural failure
Imaging time
Hublet Cross-sectional | I: 269 All indications NR NR 1.1 Bile duct injury
2009 (inter-individual | C: 695 2.NR Retained gallstone
Belgium comparison) 3.7.5 MHz Procedural failure
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Appendix 2 Included articles

(17-81)

First Study Patients (n)| Indication for Age, years Female | Intervention (LUS) Outcome variables
author design cholecystectomy sex (%) | 1. Performing physicians (n)
Year 2. LUS experience
Country 3. LUS frequency
Li Cross-sectional | 103 Score system to mean (range): 63% 1.NR Procedural failure
2009 (intra-individual include those who | 48.7 (25-85) 2.NR Imaging time
China comparison) might have occult 3.NR

choledocholithiasis,

and to exclude those

who were preferred

to undergo ERCP

before laparoscopic

cholecystectomy
Machi Cross-sectional | 100 All indications mean: 55.9 71% I.NR Procedural failure
1999 (intra- (SD/SEM/rang 2.NR Imaging time
USA individual e NR) 3.5/7/8 MHz

comparison)
Machi Case series 1381 All indications, NR 69.2% 1. NR, 5 centres Surgical complications
2009 without conversion 2. “surgeons experienced with
USA to open the performance of LUS”
3.5-10 MHz
Perry Cross-sectional | I: 236 Cholelithiasis NR NR 1.1 Bile duct injury
2008 (inter/intra- C: 239 2.NR Procedural failure
USA individual (partly 3.5-10 MHz
comparisons) overlapping;
104 had
both)

Rothlin Cross-sectional | 158 All indications mean (range): 63% 1.NR Procedural failure
1996a (intra-individual 52 (19-80) 2.NR Imaging time
(Intra...) comparison) 3.5.5/5-7.5 MHz
Switzerland
Rothlin Cross-sectional | 200 All indications mean (range): Cohort 1.1 Procedural failure
1996b (intra-individual | Cohort I: 100 Cohort I: 52.0 1:60% 2. 30 LUS performed prior to | Imaging time
(Laparo...) comparison) Cohort II: (19-80) Cohort II: | this study
Switzerland 100 Cohort II: 49.8 | 73% 3.5.5/5-7.5 MHz
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First Study Patients (n)| Indication for Age, years Female | Intervention (LUS) Outcome variables

author design cholecystectomy sex (%) | 1. Performing physicians (n)

Year 2. LUS experience

Country 3. LUS frequency

Siperstein Cross-sectional | 300 All indications NR NR 1.NR Procedural failure

1999 (intra-individual 2.NR

USA comparison) 3.NR

Stiegmann Cross-sectional | 209 Elective or semi- mean: 46 78% 1. NR, 3 sites Procedural failure

1995 (intra-individual elective laparoscopic| (SD/range NR) 2.220 LUS Imaging time

USA comparison) cholecystectomy 3.7.5 MHz

Thompson Cross-sectional | 140 All indications mean (range): 71% 1.1 Imaging time

1998 (intra-individual 54.9 (22-93) 2.NR

USA comparison) 3.7 MHz

Tranter Cross-sectional | 135 All indications mean: 53 77% 1.1 Procedural failure

2003 (intra-individual (SD/range NR) 2. 80 LUS performed prior to

USA comparison) this study

3.7.5MHz

Wu Before/after 1: 200 All indications mean+SEM: I: 74% 1.1 Mortality

1998 C: 407 I: 49+1 C: 74% 2.NR Bile duct injury

USA C: 49+1 3.7.5 MHz Retained gallstone
Conversion to open
cholecystectomy
Procedural failure
Imaging time

C = comparison, ERCP = endoscopic retrograde cholangiopancreatography, I = intervention, LUS = laparoscopic ultrasonography, NA = not applicable, NR = not reported
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Author Year Reason for exclusion

Antal 1994 No comparison of I and C: too few patients for case series

Aziz 2014 Wrong design: meta-analysis

Bezzi 1998 Too few patients for comparison and for case series

Biffl 2001 Too few patients for comparison and for case series

Bush 2022 C: Too few patients (n=80)

Catheline 1998 Same patients as Catheline 1999

Chandra 2017 I/C missing: descriptive analysis of saline sono-cholanriography
Dili 2017 Wrong design: systematic review

Fisher 2022 Wrong design: systematic review

Hashimoto 2010

Wrong C: ultrasonography-guided 10C

Jakimowicz 1991

No comparison of I and C: too few patients for case series

Jakimowicz 1993

No comparison of I and C: too few patients for case series

Jamal 2016

Wrong design: systematic review

Madsen 1995

Wrong publication type/study design: descriptive analysis of technique/instruments

Merhar 1998

Too few patients for comparison and for case series

Mosnier 1992

Wrong P: cholecystectomy, not laparoscopic

Noble 2011 Wrong I: choledochoscopy before LUS

Olsen 1999 Too few patients for comparison and for case series

Paolucci 1995 Wrong publication type/study design: descriptive analysis of technique/instruments
Pereira 2020 Wrong I: no laparoscopic ultrasonography

Piccolboni 2008 No comparison of I and C: too few patients for case series

Santambrogio 1997 No comparison of I and C: too few patients for case series

Shabanzadeh 2022 Wrong design: guidelines

Smulders 1995 Wrong publication type/study design: descriptive analysis of technique/instruments
Sun 2016 Wrong design: health economics

van de Graaf 2018 Wrong design: systematic review

Wu 1998 Too few patients for comparison and for case series

Zha 2010 I/C missing: descriptive analysis of 13,000 laparoscopic cholecystectomies

C = comparison, I = intervention, P = Population, I; Intervention, LUS = laparoscopic ultrasonography, IOC = intraoperative cholangiography

1(1)
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Outcome variable: Mortality

* 4+ No or minor problems

? Some problems
- Major problems

Author Study design Patients Withdrawals Results Comments N

Year - @ .

Country dropouts Intervention Comparison = 3 =

(LUS) (I0C) £, €2

:1Ez5 8
alzE &

Halpin Before/after I: 394 I 14 0/380 0/374 Single surgeon ? ? -

2002 C: 400 C:26 Follow-up: 1 month

USA

Wu Before/after I: 200 I. 28 0/172 0/381 Single surgeon 20 M| -

1998 C: 407 126 Follow-up: 1 month

USA

LUS = laparoscopic ultrasonography, NR = not reported, IOC = intraoperative cholangiography
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* 4+ No or minor problems

Appendix 4.2 ? Some problems
Outcome variable: Bile duct injury - Major problems
Author Study design | Patients Withdrawals Results Comments N
Year - @ PR
Country dropouts Intervention Comparison = 3 =
G K
188 %
Bl &= &
Halpin Before/after I: 394 I 14 1/380 0/374 Single surgeon 70 ?
2002 C: 400 C:26 Description of event:
USA Biloma from a hepatic bed
leak and cholangitis and
sepsis from a biliary stent
occlusion, recovered
Hublet Cross-sectional I: 271 NR 0/271 5/730 Single surgeon 7 -
2009 (inter-individual C: 730 Two wounds during
Belgium comparison) dissection before IOC, one
wound because of thermic
injury, one wound
following a lateral stenosis
by a cystic clip, one late
stenosis at 6-month follow-
up
Perry Cross-sectional I: 236 I: 104 0/132 0/135 Single surgeon 7 -
2008 (inter/intra- C: 239 C: 104
USA individual (partly
comparisons) overlapping;
104 had
both)
Wu Before/after I: 200 I: 28 0/172 0/381 Single surgeon 7| 2+
1998 C: 407 : 26
USA

LUS = laparoscopic ultrasonography, NR = not reported, IOC = intraoperative cholangiography
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* 4+ No or minor problems

Appendix 4.3 ? Some problems
Outcome variable: Retained gallstone - Major problems
Author Study design Patients Withdrawals Comments N
Year - @ PR
Country dropouts Intervention Comparison = 3 =
B @00)
188 %
8| &= &
Halpin Before/after I: 394 I 14 1/380 1/374 Single surgeon ? ? -
2002 C: 400 C:26 Description of event:
USA I: LUS incompletely
visualized duct and IOC
unsuccessful, stone treated
with ERCP.
C: Stone treated with
postoperative ERCP
Hublet Cross-sectional I: 271 NR 0/271 1/730 Single surgeon ? - -
2009 (inter-individual C: 730 IOC false negative in one
Belgium comparison) case: “CBD migration during
the follow-up”
Wu Before/after I: 200 I: 28 1/172 1/381 Single surgeon 20 M| -
1998 C: 407 : 26 I: Readmitted for presumed
USA retained CBD stone, resolved
spontaneously
C: Retained CBD stone
despite normal 10C,
successfully treated with
ERCP

CBD = common bile duct, ERCP = endoscopic retrograde cholangiopancreatography, LUS = laparoscopic ultrasonography, NR = not reported, IOC = intraoperative cholangiography
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* 4+ No or minor problems
Appendix 4.4 ? Some problems
Outcome variable: Conversion to open cholecystectomy - Major problems
Author Study design Patients Withdrawals Results Comments N
Year - @ PR
Country dropouts Intervention Comparison 2 g H
o9 100) IS
188 %
8| &= &
Halpin Before/after I: 394 NA 4/394 (1%) 11/400 (3%) Single surgeon ? ? -
2002 C: 400 I: Converted due to severe
USA inflammation, frozen
abdomen, unclear anatomy,
and gallbladder cancer.
C: Converted due to
adhesions or severe
inflammation.
Wu Before/after I: 200 I:26 2/200 (1%) 10/407 (2%) Single surgeon 270 M| -
1998 C: 407 I: Converted due to
USA adhesions or severe
inflammation.
C: Converted due to
adhesions or severe

inflammation.

LUS = laparoscopic ultrasonography, NA = not applicable, IOC = intraoperative cholangiography
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* 4+ No or minor problems

Appendix 4.5 ? Some problems
Outcome variable: Procedural failure - Major problems
Author Study design | Patients Withdrawals Results Comments N
Year - @ PR
Country dropouts Intervention Comparison = 3 =
B s
155 %
Bl &= &
Barteau Cross-sectional 125 0 14/125 2/125 Number of surgeons ? ?
1995 (intra-individual NR
USA Application failure: Application failure:
- unavailability of equipment (n=3) - pregnancy (n=1) LUS typically failed in
- lithotomy position for subsequent the presence of
laparoscopic sigmoid colectomy (n=1) | pancreatitis
Visualisation failure: Visualisation failure:
- unable to demonstrate intrapancreatic | 0
portion of CBD (n=11)
Birth Cross-sectional 518 0 79'/518 46'/518 Number of surgeons + | +
1998 (intra- NR
Germany individual) Application failure: Application failure:
- adhesions in the upper right abdomen | - unsuccessful cannulation of very thin
preventing correct positioning (n=1) cystic duct (n=25)
- defective probe (n=1) - short cystic duct (n=4)
- cystic duct transection (n=1)
- cystic duct perforation (n=1)
- iodine allergy (n=4)
- thyroid hyperfunction (n=6)
Visualisation failure: Visualisation failure:
- unable to demonstrate intraligamental | - unable to demonstrate intraligamental
CBD (n=3) CBD (n=5)
- unable to demonstrate periampullary |- unable to demonstrate periampullary
portion of CBD (n=77) portion of CBD (n=2)
Catheline Cross-sectional 600 0 781/600 127'/600 Number of surgeons: 7 | ? ? +
1999 (intra-
France individual) Application failure: Application failure: Old IOC technology:
0 - limited light or the presence of cystic | failure because of
duct valves (n=36) limited light
- inflamed uncatheterisable cystic duct
(n=50)
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* 4+ No or minor problems

Appendix 4.5 ? Some problems
Outcome variable: Procedural failure - Major problems
Author Study design | Patients Withdrawals Results Comments N
Year - @ PR
Country dropouts Intervention Comparison = 3 =
B 6
188 %
Bl &= &
- iodine allergy (n=16)
Visualisation failure: Visualisation failure:
- unable to demonstrate distal 1/3 of - unable to demonstrate distal 1/3 of
CBD (n=0) CBD (n=20)
- unable to demonstrate distal 1/3 of - unable to demonstrate distal 1/3 of
CBD (n=78) CBD (n=25)
Catheline Cross-sectional 900 0 0+?/900 138+2/900 Number of surgeons + - +
2002 (intra- NR
France individual) Application failure: Application failure:
0 - narrow lumen or cystic duct valves
(n=49)
- excessively inflamed cystic duct
(n=70)
- iodine allergy (n=19)
Visualisation failure: Visualisation
NR NR
Halpin Before/after I: 394 I: 4 47/390 38/388 Single surgeon ? ? ?
2002 C: 400 C:12 LUS typically failing
USA Application failure: Application failure:

- unavailability of equipment (n=3)
- technical problems (n=3)

- IOC performed (n=1)

- obesity (n=1)

- could not insert probe (n=1)

- probe contaminated (n=1)

- equipment failure (n=1)

Visualisation failure:
- unable to demonstrate middle/distal
CBD (n=36)

- equipment failure (n=1)

- technical problems (n=1)

- LUS performed (n=4)

- obesity (n=3)

- pregnancy (n=1)

- poor medical condition (n=1)
- unable to cannulate (n=7)

- avulsed duct (n=6)

- unknown (n=2)

Visualisation failure:
- unsuccessfully imaged (n=12)

in patients with ducts
of smaller diameter
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* 4+ No or minor problems

Appendix 4.5 ? Some problems
Outcome variable: Procedural failure - Major problems
Author Study design | Patients Withdrawals Results Comments N
Year - @ PR
Country dropouts Intervention Comparison E E H
(LUS) I00) E z ;g :g
=] (]
|55 &
Hublet Cross-sectional I: 271 0 2/271 35+2/730 Single surgeon ? - ?
2009 (inter- C: 730
Belgium individual Application failure: Application failure:
comparison) 0 - technically unsuccessful, mainly
because of difficulty to catheterise the
cystic duct, narrow lumen, cystic duct
valves or excessively inflamed cystic
duct (n=35)
Visualisation failure: Visualisation failure:
- steatosis (n=2) NR
Li Cross-sectional 103 0 27'/103 121/103 Number of surgeons - -2
2009 (intra- NR
China individual) Application failure: Application failure:
0 - unsuccessful, not further described Patients with a
(n=9) contraindication for
10C were excluded
Visualisation failure: Visualisation failure: (iodine allergy, current
- unable to demonstrate common - unable to demonstrate common pregnancy,
hepatic duct (n=1) hepatic duct (n=0) preoperatively verified
- unable to demonstrate intrapancreatic | - unable to demonstrate intrapancreatic | CBD or intrahepatic
part of CBD (n=27) part of CBD (n=3) bile duct stones, and
scoring <3 or >5 on a
scale from 0 to 9 to
select patients who
might have occult
choledocholithiasis)
Machi Cross-sectional 100 0 5/100 8/100 Number of surgeons ? ? ?
1999 (intra- NR
USA individual) Application failure: Application failure:

0

Visualisation failure:

- unsuccessful cannulation (n=6)

Visualisation failure:
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Appendix 4.5 ? Some problems
Outcome variable: Procedural failure - Major problems
Author Study design | Patients Withdrawals Results Comments N
Year - @ PR
Country dropouts Intervention Comparison 2 3 =
B 100
155 %
Bl &= &
- incomplete imaging of the bile duct, |- poor image quality (n=2)
mainly because of inflammation or
adhesions; usually the distal or
intrapancreatic CBD was not visualised
(n=5)
Perry Cross-sectional I: 236 0 11/236 11/239 Single surgeon ? ? ?
2008 (inter/intra- C: 239
USA individual (partly Application failure: Application failure:
comparisons) | overlapping; - technical failure of equipment (n=3) | - difficult cystic duct cannulation,
104 had cystic duct obstruction, or dye
both) extravasation (n=11, not separately
reported)
Visualisation failure: Visualisation failure:
- suboptimal visualisation of the distal | 0
bile duct (n=6)
- equivocal findings for stones (n=2)
Rothlin Cross-sectional 158 0 0+?/158 12+7/158 Number of surgeons ? - ?
1996a (intra- NR
(Intra...) individual) Application failure: Application failure:
Switzerland 0 - inability to cannulate a narrow cystic
duct (n=11)
- history of severe allergic reaction to
a contrast medium (n=1)
Visualisation failure: Visualisation failure:
NR - unable to demonstrate intrahepatic
bile duct (64%, n NR)
Rothlin Cross-sectional 200 0 0+?/200 17+2/200 Single surgeon ? - ?
1996b (intra-
(Laparo...) |individual) Application failure: Application failure:
Switzerland 0 - technical problems (n=14)
- allergy to contrast medium (n=3)
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* 4+ No or minor problems

Appendix 4.5 ? Some problems
Outcome variable: Procedural failure - Major problems
Author Study design | Patients Withdrawals Results Comments N
Year - @ PR
Country dropouts Intervention Comparison = 3 =
B s
155 %
Bl &= &
Visualisation failure: Visualisation failure:
NR NR
Siperstein Cross-sectional 300 0 0+2/300 18+2/300 Number of surgeons - ?
1999 (intra-individual NR
USA Application failure: Application failure:
0 inability to cannulate the cystic duct
(n=18)
Visualisation failure: Visualisation failure:
NR NR
Stiegmann | Cross-sectional 209 1.7 24/202 15/201 3 sites, number of ? ?
1995 (intra-individual C:8 P=0.046 surgeons NR
USA
Application failure: Application failure: Successful imaging
Not specified Not specified defined as complete
- small CBD (n NR) - inability to cannulate cystic duct (n | visualisation of the
NR) extrahepatic bile
ducts, from cystic
Visualisation failure: Visualisation failure: duct-common duct
Not specified Not specified junction to the
- usually the result of failure to terminal CBD
visualise the terminal bile duct (n NR)
Tranter Cross-sectional 135 0 3/135 14/135 Single surgeon ? ?
2003 (intra- P=0.012 for the comparison
UK individual)
Application failure: Application failure:
- not specified (n=2) - x-ray equipment failed (n=1)
- inability to cannulate the cystic duct
(n=8)
Visualisation failure: Visualisation failure:
- only part of biliary tree was visualised| - incomplete anatomical
(n=1) demonstration (n=5)
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Appendix 4.5 ? Some problems

Outcome variable: Procedural failure - Major problems

Author Study design | Patients Withdrawals Results Comments N

Year - 2 s

Country dropouts Intervention Comparison 2 g H

(LUS) (I0C) £, €2

:1Ez5 8
a|GE &

Wu Before/after I: 200 0 14/198 23/393 Single surgeon ? ? ?

1998 C: 407 .2

USA C: 14 Application failure: Application failure:

- equipment problems/unavailability of
equipment (n=4)

- IOC applied because of suspect ductal
anomalies (n=5)

- concurrent operations (n=4)
- critically ill status (n=1)

(- preoperative suspicion of CBD
stones or acalculous cholecystitis,
initial exclusion criteria for LUS, only
applied within the first 55 cases, n=12)

Visualisation failure:
- unsuccessful visualisation of CBD

- equipment problems/unavailability of
equipment (n=9)

- critically ill status (n=2)

- pregnancy (n=1)

Visualisation failure:
- unsuccessful visualisation of CBD

(n=0)

(n=11)

"Number of patients not summarised over the visualised bile duct segments, maximum number presented

CBD = common bile duct, CBDS = common bile duct stone, ERC = endoscopic retrograde cholangiography, LUS = laparoscopic ultrasonography, NA = not applicable, NPV= negative
predictive value, NR = not reported, IOC = intraoperative cholangiography, PPV= positive predictive value, UK = United Kingdom
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Outcome variable: Complications

*

+ No or minor problems
? Some problems
- Major problems

Author
Year
Country

Study design

Patients

Withdrawals

dropouts

Complications (LUS)

Deziel
2022
USA

Case series

732

NA

No major bile duct or vascular injury

Machi
2009
USA

Case series

1381

NA

Minor bile leaks secondary to a liver bed injury, Strasberg's classification type A, n=3 (0.2%)

LUS = laparoscopic ultrasonography, NA = not applicable




Project: Laparoscopic ultrasonography

Appendix 4.7

? Some problems

* 4+ No or minor problems

Outcome variable: Operation time and imaging time - Major problems
Author Study design Patients Withdrawals Results (minutes) Comments N
Year - @ PR
Country dropouts Intervention Comparison = 3 =
B @00)
188 %
Bl &= &
Barteau Cross-sectional 125 I3 Operation time Operation time Number of surgeons NR ? ? +
1995 (intra-individual) C:2 NR NR
USA
Imaging time Imaging time
mean+SEM: 6.6+0.3 mean+SEM: 10.9+£0.6
P<0.05 for the comparison
Birth Cross-sectional 518 I 2 Operation time Operation time Number of surgeons NR ? + +
1998 (intra-individual) C: 41 NR NR
Germany
Imaging time Imaging time
mean (range): 7 (3-25) mean (range): 16 (5—45) P<0.001
for the comparison
Catheline Cross-sectional 600 I:0 Operation time Operation time Number of surgeons: 7 + ? +
1999 (intra-individual) C: 102 NR NR
France
Imaging time Imaging time
mean (range): 10.2 (5-20) mean (range): 17.9 (7-38)
P=0.0001 for the comparison
Catheline Cross-sectional 900 I: 0 Operation time Operation time Number of surgeons NR + + +
2002 (intra-individual) C: 138 NR NR
France
Imaging time Imaging time
mean (range): 9.8 (4-21) mean (range): 17.6 (7-42)
P-value NR
Halpin Before/after I: 394 I: 14 Operation time Operation time Single surgeon ? ? +
2002 C: 400 126 NR NR
USA
Imaging time Imaging time
mean+SEM: 5.140.1 mean+SEM: 16.0+0.5
P<0.0001 for the comparison




Project: Laparoscopic ultrasonography
Appendix 4.7

* 4+ No or minor problems

? Some problems

Outcome variable: Operation time and imaging time - Major problems
Author Study design Patients Withdrawals Results (minutes) Comments N
Year - @ PR
Country dropouts Intervention Comparison = 3 =
B @00)
188 %
Bl &= &
Li Cross-sectional 103 I: 0 Operation time Operation time Number of surgeons NR - + | +
2009 (intra-individual) C:9 NR NR Radiologist interpreted IOC,
China blinded for LUS results
Imaging time Imaging time
mean+SD: 8.5+1.9 mean+SD: 13.8+3.7
P<0.01 for the comparison
Machi Cross-sectional 100 I:5 Operation time Operation time Number of surgeons NR ? ? +
1999 (intra-individual) C:8 NR NR
USA
Imaging time Imaging time
mean+SD: 8.2+3.5 mean+SD: 15.9+6.8
P<0.0001 for the comparison
Rothlin Cross-sectional 158 I:0 Operation time Operation time Number of surgeons NR ? ? +
1996a (intra-individual) C: 12 NR NR
(Intra...)
Switzerland Imaging time Imaging time
mean+SD (range): 4.84+1.9 (2-12)| mean+SD (range): 14.1+4.1 (4-37)
P=0.0001 for the comparison
Rothlin Cross-sectional Cohort I: I: 0 Operation time Operation time Single surgeon ? ? +
1996b (intra-individual) 100 C: 17 (cohort I: NR NR
(Laparo...) Cohort II: | 7; cohort IT: 10)
Switzerland 100 Imaging time Imaging time
mean+SD (range): mean+SD (range):
Cohort I: 5.4+2.4 (2—-12) Cohort I: 16.4+7.4 (4-37)
Cohort II: 4.5+1.7 (2-10) Cohort II: 13.5+4.5 (7-30)
P=0.0001 for both comparisons
Stiegmann Cross-sectional 209 I: 31 Operation time Operation time 3 sites, number of surgeons + ? +
1995 (intra-individual) C:23 NR NR NR
USA

Imaging time
mean+SD (range): 7.04+3.3 (2-25)

Imaging time
mean+SD (range): 13.4£5.7 (3-30)
P-value NR, but states significantly
less time required for LUS
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Outcome variable: Operation time and imaging time

* 4+ No or minor problems
? Some problems

- Major problems
Author Study design Patients Withdrawals Results (minutes) Comments N
Year - @ PR
Country dropouts Intervention Comparison = 3 =
B @00)
188 %
Bl &= &
Thompson Cross-sectional 140 NR Operation time Operation time Single surgeon ? ? +
1998 (intra-individual) NR NR
USA
Imaging time Imaging time
mean+SEM: 6.6+0.3 mean+SEM:10.9+0.6
P-value NR, but states that this is a
statistically significant difference
Wu Before/after I: 200 I: 28 Operation time Operation time Single surgeon 20 M|+
1998 C: 407 : 26 NR NR
USA
Imaging time Imaging time
mean+SEM: 5.3+0.2 mean+SEM: 15.1+0.4
P<0.0001 for the comparison

LUS = laparoscopic ultrasonography, NA = not applicable, NR = not reported, IOC = intraoperative cholangiography, SD = standard deviation, SEM = standard error of the mean, UK =
United Kingdom
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Appendix 5 Aspects regarding directness and study limitations identified during the assessment process contributing to the study being
categorised as having no/minor (+), some (?) or major (-) problems. These assessments applied to all outcomes if not explicitly stated otherwise.

Author Problems contributing to downgrading the study in the assessment

Year Study design

Country Directness Study limitations

Barteau Cross-sectional Number of surgeons performing LUS not Potential detection bias because of not blinded

1995 . o ? reported. Indication for surgery not reported ? investigator, and LUS always performed prior to
(intra-individual) . .

USA (consecutive inclusion). 10C.

Birth Cross-sectional Only elective cholecystitis (consecutive

1998 . Ll ? inclusion). Number of surgeons performing LUS + Random order of LUS/IOC
(intra-individual)

Germany not reported.

Catheline Cross-sectional Potential detection bias because of blinded

1999 . T + ? investigator not reported, and LUS always performed
(intra-individual) .

France prior to IOC.

Catheline .

2002 Qross-§ ect 19na1 + +
(intra-individual)

France

Deziel

2022 Case series NA NA

USA

Halpin . . Some imbalances between groups in patient

2002 Before/after ? iny one surgeon performing LUS (consecutive ? characteristics. Prevalence of acute cholecystitis not

inclusion) .

USA specifically reported.

Hublet Cross-§ ec.tl(.)nal Only one surgeon performing LUS (consecutive Patient characteristics in comparison groups not

2009 (inter-individual ? . . - .

. . inclusion) reported. Not blinded assessments.

Belgium comparison)

Li . Number qf SUTEeons p erformmg LUS not reported. Numbers of procedural failure not clearly presented.
Cross-sectional Consecutive inclusion not described. Subgroup: . Rt

2009 . T - . . . - Patients with iodine allergy and pregnancy excluded

. (intra-individual) inclusion according to score system (score 3 to 5, . 7
China . Not problematic for Imaging time
out of 9, included)

Machi

2009 Case series NA NA

USA

Machi Cross-sectional Number of surgeons performing LUS not .Potent.lal detection bias because of blinded

1999 . Ll ? . . ? investigator not reported, and LUS always performed
(intra-individual) reported. Consecutive inclusion. .

USA prior to IOC.

Perry Cross-sectional o Only one surgeon performing LUS (consecutive 9 Patient characteristics in comparison groups not

2008 (inter/intra- ) inclusion) ) reported. Not blinded assessments. For the outcome
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Appendix 5 Aspects regarding directness and study limitations identified during the assessment process contributing to the study being
categorised as having no/minor (+), some (?) or major (-) problems. These assessments applied to all outcomes if not explicitly stated otherwise.

Author Problems contributing to downgrading the study in the assessment
Year Study design
Country Directness Study limitations
USA individual diagnostic failure, these aspects were assessed as less
comparisons) problematic
Rothlin Potential detection bias because of blinded
1996a (Intra...) Cross-sectional Number of surgeons performing LUS not reported. N investigator not reported, and LUS always performed
Switzerland (intra-individual) Consecutive inclusion not described. ) prior to IOC. Patients (not all) included in Rothlin
1996b.
Rothlin . . . Potential detection bias because of blinded
Cross-sectional Only one surgeon performing LUS (consecutive . -
1996b (Laparo...) . e . . ? investigator not reported, and LUS always performed
. (intra-individual) inclusion) .
Switzerland prior to IOC.
Siperstein Cross-sectional Number of surgeons performing LUS not Potential detection bias because of blinded
1999 . e reported. Characteristics of patients not reported. ? investigator not reported, and LUS always performed
(intra-individual) . . .
USA Consecutive inclusion. prior to IOC.
Stiegmann Cross-sectional Potential detection bias because of blinded
1995 (intra-individual) ? investigator not reported, and LUS always performed
USA prior to IOC.
Thompson . . . Potential detection bias because of blinded
Cross-sectional Only one surgeon performing LUS (consecutive . .
1998 (intra-individual) inclusion) ? investigator not reported, and LUS always performed
USA prior to IOC.
Tranter . . . Potential detection bias because of blinded
Cross-sectional Only one surgeon performing LUS. Consecutive . .
2003 . oL . X . ? investigator not reported, and LUS always performed
(intra-individual) inclusion not described .
UK prior to IOC.
Wu Only one surgeon performing LUS (consecutive Some imbalances between groups in patient
1998 Before/after . . M+ . i .
USA inclusion) characteristics. One surgeon: before/after comparison

LUS = laparoscopic ultrasonography, NA = not applicable, IOC = intraoperative cholangiography
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