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Collagenases are critical reagents determining yield and quality of isolated human pancreatic islets and may affect
islet transplantation outcome. Some islet transplantation centers have compared 2 or more collagenase blends;
however, the results regarding differences in quantity and quality of islets are conflicting. Thus, for the first time, a
mixed treatment comparison (MTC) meta-analysis was carried out to compile data about the effect of different
collagenases used for human pancreas digestion on islet yield, purity, viability and stimulation index (SI). Pubmed,
Embase and Cochrane libraries were searched. Of 755 articles retrieved, a total of 15 articles fulfilled the eligibility
criteria and were included in the MTC meta-analysis. Our results revealed that Vitacyte and Liberase MTF were
associated with a small increase in islet yield (islet equivalent number/g pancreas) when compared with Sevac enzyme
[standardized mean difference (95% credible interval – CrI) D ¡2.19 (¡4.25 to ¡0.21) and ¡2.28 (¡4.49 to ¡0.23),
respectively]. However, all other enzyme comparisons did not show any significant difference regarding islet yield.
Purity and viability percentages were not significantly different among any of the analyzed digestion enzymes.
Interestingly, Vitacyte and Serva NB1 were associated with increased SI when compared with Liberase MTF enzyme
[unstandardized weighted mean difference (95% CrI) D ¡1.69 (¡2.87 to ¡0.51) and ¡1.07 (¡1.79 to ¡0.39),
respectively]. In conclusion, our MTC meta-analysis suggests that the digestion enzymes currently being used for islet
isolation works with similar efficiency regarding islet yield, purity and viability; however, Vitacyte and Serva NB1
enzymes seem to be associated with an improved SI as compared with Liberase MTF.

Introduction

Human islet transplantation has become a promising treatment
for type 1 diabetes mellitus (T1DM) since several centers worldwide
have replicated the isolation and transplantation procedures defined
by the Edmonton Protocol.1,2 The Collaborative Islet Transplant
Registry (CITR) has recently published data from last decade, show-
ing improvement in efficacy and safety outcomes of islet transplanta-
tion.3 Both number of islet infusions and adverse events per
recipient dropped significantly in 2007–2010 as compared to
1999–2006.3 However, some centers were consistently more suc-
cessful than others,4 suggesting that post isolation islet quality and,
consequently, transplantation success are highly sensitive to the
expertise and experience of the centers performing the procedure.

Tissue dissociation enzymes are critical reagents determining
yield and quality of isolated pancreatic islets and may affect clini-
cal outcomes.5 The enzyme Liberase HI (Roche, Indianapolis,
USA) has been widely used in human islet isolation, and was con-
sidered the enzyme of choice.5,6 However, in 2007, serious con-
cerns regarding the utilization of this enzyme were raised up after
the discovery that its manufacturing process involved bovine
brain-derived raw material, which has the potential to transmit
prion-associated diseases.7 Since then, efforts have been made to
replace this enzyme, such as purification of collagenase and prote-
ase enzyme blend components as well as characterization of com-
position and digestion efficacy of new enzymes.8,9

Current state-of-the-art digestion enzyme blends included col-
lagenase NB1 (Serva, Heidelberg, Germany), a mammalian
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tissue-free version of Liberase (Roche, Indianapolis, USA), and
the new blend Vitacyte (Vitacyte, Indianapolis, USA).4,10-12

Although, some centers have compared 2 or more enzymes, the
results regarding differences in islet yield and viability are still
conflicting.5,6,8,12-14

Liberase HI and Serva NB1 have been the most widely investi-
gated enzymes for human islet isolation.4 Nevertheless, even
today, there is no standardization of collagenase digestion in
human islet isolation between centers, and this might account, in
part, for the high variability in islet isolation results.11,15 More-
over, all digestion enzymes have never been directly compared
with respect to islet isolation outcomes in the same study. Given
that evidence-based decision-making requires comparison of all
relevant competing interventions, network meta-analysis might
provide useful evidence for judiciously selecting the best enzyme.
In this context, mixed treatment comparison (MTC) meta-analy-
sis, a special case of network meta-analysis, could compare all
digestion enzymes using a single model. As a result, pairwise
comparisons are made by combining direct and indirect evidence
or by using direct or indirect evidence when only one of them is
available, thereby synthesising a greater share of the available evi-
dence than a traditional meta-analysis.16,17 Therefore, in order to
define the most appropriate enzyme to be used in human islet
isolation, we performed a MTC meta-analysis of studies that
reported human islet isolation and evaluated the effect of differ-
ent pancreas digestion enzymes regarding to islet equivalent
number [(IEQ)/g pancreas], viability, purity and glucose-stimu-
lated insulin release [stimulated index (SI)] of the islet product.
Analyzed enzymes were as follows: Liberase HI, Serva NB1,

Vitacyte, Liberase MTF, Collagenase P (Boeh-
ringer Mannheim, Indianapolis, USA), Sevac
(Crescent Chemical, Hauppauge, USA), Sigma
V (Sigma, St. Louis, USA), Recombinant
(Roche, Penzberg, Germany) and Collagenase
Custom (Roche, Indianapolis, USA).

Results

Literature search results and characteristics
of the eligible studies

Figure 1 is a flow diagram illustrating the
strategy used to identify and select studies for
inclusion in this systematic review and MTC
meta-analysis. A total of 755 potentially rele-
vant citations were retrieved by searching the
electronic databases, and 699 of them were
excluded during the review of titles and
abstracts. Fifty-6 articles, therefore, appeared
to be eligible at this point and had their full
texts evaluated. However, after critical reading
of full texts, another 41 studies were excluded
because of ineligible study designs, duplicated
results, absence of comparison of at least
2 types of collagenases, no outcome of interest

analyzed, islet isolation from non-human pancreas and autolo-
gous islet transplantation. A total of 15 articles fulfilled the eligi-
bility criteria and were included in the MTC meta-analysis.

Supplementary Table 1 summarizes the characteristics of the
selected studies. Among them, 2 compared more than 2
enzymes:8,13 one compared Liberase HI, Serva NB1, and Colla-
genase P,8 and the other compared Liberase HI, Serva NB1, Vita-
cyte and Liberase MTF.13 Five studies compared Liberase HI vs.
Serva NB1,5,10,11,14,18 2 compared Serva NB1 vs. Vitacyte,19,20

one compared Serva NB1 vs. Sigma V,15 and one compared
Serva NB1 vs. Liberase MTF.12 Four were conducted comparing
Liberase HI with other different enzymes (Collagenase P, Sevac,
Recombinant and Collagenase Custom).6,21-23 Supplementary
Table 2 depicts clinical characteristics of the pancreatic donors.

Evidence network
Figure 2 shows the evidence network of enzyme comparisons.

From the evidence network is possible to observe that some pairwise
comparisons have only direct evidence that comes from head-to-
head studies (Custom vs. Liberase HI, for example), some have only
indirect evidence (for example, Custom vs. Sevac evidence comes
indirectly from the trials comparing Custom vs. Liberase HI and
Sevac vs. Liberase HI) and other pairs have both direct and indirect
evidence (Fig. 2A). Nine enzymes were compared for the outcome
IEQ/g pancreas (Fig. 2A), including 15 studies and totalizing 1211
analyzed pancreases. Seven enzymes were compared for viability
(Fig. 2B) and derived from 8 studies including 451 pancreases.
Seven enzymes were also compared for purity (Fig. 2C), derived
from 9 studies including 794 pancreases. Lastly, 7 enzymes were

Figure 1. Flowchart illustrating the search strategy used in the systematic review and mixed
treatment comparison meta-analysis.
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compared for SI (Fig. 2D),
derived from 11 studies includ-
ing 639 pancreases.

Islet equivalent number
(IEQ)/g pancreas and
viability

Figure 3A summarizes the
results of the MTC meta-anal-
ysis of the effect of different
digestion enzymes on the stan-
dardized mean difference
(SMD) of the IEQ/g pancreas
and on the unstandardized
weighted mean difference
(WMD) of the islet viability.
Vitacyte and Liberase MTF
enzymes were associated with
significantly better results on
IEQ/g pancreas as compared
with the Sevac enzyme [¡2.19
(¡4.25 to ¡0.21) and ¡2.28
(¡4.49 to ¡0.23), respec-
tively]. However, Vitacyte and
Liberase MTF showed no sig-
nificant difference on this out-
come when compared with
the other enzymes (Liberase
HI, Serva NB1, Collagenase
P, Sigma V, and Collagenase Custom). Moreover, these other
enzymes also did not show differences when compared with each
other. Our results revealed that percentages of viability were not
significantly different when using any of the analyzed digestion
enzymes. It is noteworthy that we repeated these MTC meta-
analyses including only Liberase HI, Serva NB1, Vitacyte and
Liberase MTF enzymes. Importantly, the results obtained were
similar for those of IEQ/g pancreas and viability MTC meta-
analyzes when all enzymes were included (Supplementary Fig.
S1). Moreover, repeating the all enzyme-meta-analysis excluding
only Liberase HI, which is not commercially available anymore,
the data did not change significantly (Supplementary Fig. S2).

Figure 4 shows the estimated probability that each enzyme is
ranked first, second, third and so on as being the most effective
enzyme in generating better results on the analyzed outcomes.
For the outcome IEQ/g pancreas, Liberase MTF was the enzyme
that had the greatest probability of being the best enzyme (42%),
followed by Vitacyte (29%) (Fig. 4A). The other enzymes
showed similar probabilities of being ranked the first best
enzyme. For viability outcome, the Vitacyte enzyme showed a
38% probability of being the most effective enzyme in generating
higher islet viability, followed by Collagenase Custom (24%) and
Serva NB1 (20%) enzymes (Fig. 4B).

Purity and stimulation index (SI)
Figure 3B summarizes the results of the MTC meta-analysis

of the effect of different enzymes on the unstandardized weighted

mean difference (WMD) of purity and SI of the islet product.
Our results revealed that percentages of purity were not signifi-
cantly different when using any of the analyzed digestion
enzymes. In the same way as performed for IEQ/g pancreas and
viability outcomes, we also repeated the meta-analysis including
only Liberase HI, Serva NB1, Vitacyte and Liberase MTF
enzymes, with the results also indicating that these 4 enzymes are
associated with similar percentages of purity (Supplementary
Fig. S1). When repeating the all enzyme-meta-analysis excluding
Liberase HI, the data regarding purity also did not change signifi-
cantly (Supplementary Fig. S2).

For the SI meta-analysis, we only compared Liberase HI,
Serva NB1, Vitacyte and Liberase MTF enzymes because of the
high variability observed on SI values obtained for islets isolated
using the other enzymes. Interestingly, Vitacyte and Serva NB1
enzymes were associated with significantly increased SI as com-
pared with Liberase MTF enzyme [¡1.69 (¡2.87 to ¡0.51) and
¡1.07 (¡1.79 to ¡0.39), respectively, Figure 3]. After excluding
the Liberase HI from this analysis, the data also did not change
significantly (Supplementary Fig. S1).

When evaluating the estimated probability of each enzyme
being the best effective enzyme in generating better purity
(Fig. 4C), the Recombinant enzyme showed the greatest prob-
ability of being the best enzyme (30%), followed by Collage-
nase P (20%), Vitacyte and Sevac (15%), Liberase MTF
(8%), and Serva NB1 and Liberase HI (6%). Regarding the
SI outcome, the Vitacyte enzyme showed a 90% probability

Figure 2. Network of eligible comparisons for the mixed-treatment comparison meta-analysis. (A) islet equivalent
number (IEQ)/g pancreas; (B) Viability; (C) Purity; (D) stimulation index (SI). Lines connect the enzymes that have
been studied in head-to-head (direct) comparisons. The width of the lines represents the cumulative number of
studies for each comparison, and the size of each node is proportional to the sample size.
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of being the most effective enzyme, followed by Serva NB1
(9%) (Fig. 4D).

Data quality and inconsistence checking
We assessed the quality of each individual study included in

the meta-analyses using GRADE (The Grading of Recommenda-
tion Assessment, Development and Evaluation) recommenda-
tions.24 For each outcome (IEQ/g pancreas, islet viability, purity
and SI), studies were evaluated for risk of bias, imprecision,
inconsistency, indirectness, magnitude of the treatment effect
and presence of a dose-response gradient. The quality of the evi-
dence was then classified as high, moderate, low or very low.

Studies included in our MTC meta-analyses
are not-blinded observational studies. There-
fore, using the GRADE recommendations, the
evidence was classified as low to very low qual-
ity for the 4 outcomes.

One key assumption of MTC meta-analysis
models is the consistency between direct and
indirect evidence, that is, if the information of
both sources of evidence are similar enough in
order to be combined. Therefore, the interpre-
tation of our results should rely on this
assumption.17,25 Thus, it is important to point
out that our results showed that there is no sig-
nificant inconsistency between direct and indi-
rect evidences for the outcomes IEQ/g
pancreas, islet viability, purity and SI (see Sup-
plementary Table 3); thus, our MTC meta-
analysis is statistically adequate and presents
reliable data.

Discussion

In the present MTC meta-analysis, the
most common collagenases used for pancreas
digestion were similar for islet yield, islet
purity, and islet viability. The only exception
was a small and not clinically relevant incre-
ment in the islet yield when Vitacyte and Lib-
erase MTF enzymes were used as compared
with Sevac. In addition, Vitacyte and Serva
NB1 enzymes were associated with higher SI
values as compared to Liberase MTF enzyme.
Importantly, when performing MTC meta-
analyses including only Liberase HI, Liberase
MTF, Serva NB1 and Vitacyte enzymes, the
results were similar to the results obtained for
the complete meta-analyses. Moreover, our
data showed no significant inconsistency
between direct and indirect evidences for all
outcomes, indicating that our MTC meta-
analysis presents reliable data. Islet yield (IEQ/
g pancreas), viability and purity were chosen as

outcomes for our meta-analysis since they are validated islet batch
product release criteria for human islet transplantation.26 SI was
also chosen as an outcome for this study since it is an important
parameter of islet function.

The original islet isolation protocol currently being used at most
centers was first described by Ricordi et al.27 in 1988 and, since
then, each center has refined this protocol. Centers have improved
their own isolation protocols by developing new digestion enzyme
combinations, by modifying the media and procedures, and by add-
ing various reagents to the culture media.28 However, even though a
human pancreas contains an estimated one to 2 million islets,29 it is
still difficult for islet processing laboratories to consistently obtain
sufficient quantities of intact islets from different donors.29,30

Figure 3.Mixed-treatment comparison (MTC) meta-analysis of the effect of different digestion
enzymes on changes of islet equivalent number (IEQ)/g pancreas, viability, islet purity and
stimulation index (SI). (A) MTC of the effect of different enzymes on the median of the stan-
dardized mean difference (SMD) of the IEQ/g pancreas and on the median of the unstandard-
ized weighted mean difference (WMD) of viability. Results are SMD and WMD [(95% credible
interval (CrI)] in the column-defining enzyme compared with the row-defining enzyme. For
IEQ/g pancreas a negative value favors the column-defining enzyme, and for viability a nega-
tive value favors the row-defining enzyme. (B) MTC of the effects of different enzymes on the
median of the unstandardized WMD of islet purity and SI. Results are WMD (95% CrI) in the
column-defining enzyme compared with the row-defining enzyme. For purity, a negative
value favors the column-defining enzyme, and for SI, a negative value favors the row-defining
enzyme. Significant results are in bold and underlined.
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Scientists performing human
islet isolation face several
challenges to get a sufficient
yield of islet for clinical trans-
plantation, which is typically
achieved only in fewer than
45% of human donor pan-
creas isolations.31 Assuming
that the team is experienced
in islet isolation, the 2 pri-
mary factors that influence
islet yield and quality are
donor variables and the tissue
digestion enzyme quality.32

In this scenario, the stan-
dardization of all procedures
used during human islet iso-
lation is an essential requisite
for the reproducible produc-
tion of sufficient numbers of
good-quality islets and, con-
sequently, for a successful
clinical transplantation.28,33

The critical procedure of
islet isolation is a mechani-
cally enhanced enzymatic
digestion of the pancreas,
which allows dissociation
and freeing of the islets
from the acinar tissue.34,35

Collagenase plays a crucial
role in dissociating the pan-
creas during enzymatic digestion phase,8 but the heterogeneity of
enzyme preparations has hindered the standardization of the col-
lagenase digestion protocol in human islet isolation, and con-
tinue to hamper a process that is inherently difficult to
control.15,29 Some studies have attempted to identify the most
suitable digestion enzyme to be used in islet isolation.5,8,13,14,19,20

However, taking into account that these studies analyzed differ-
ent enzymes, and used different enzyme batch or different isola-
tion protocols, presently, it is difficult to conclude which, among
the available digestion enzymes, best suits the islet isolation pro-
cedure. Thus, making many laboratories base the selection on
personal experience.

The Liberase HI was introduced in 1994 as the first dissocia-
tion enzyme blend specially developed to isolate human islets.
This low-endotoxin product contains purified collagenase from
C. histolyticum, class I and class II isoforms, and a thermostable
purified bacterial neutral protease (NP).6,20 Class I and II iso-
forms are identified by differences in their substrate specificity
and work synergistically to degrade collagen.33 Neutral protease
is thought to further enhance the degradation of all major com-
ponents of the extracellular matrix, also playing an important
role in enzymatic digestion.32,33 The development of Liberase HI
dramatically improved human islet isolation, consistently yield-
ing large number of islets without compromising their functional

viability, and has become the preferred blend for clinical islet iso-
lation.6,29 Unfortunately, in 2007, following recommendations
from the Food and Drug Administration (FDA), this enzyme
blend was withdrawn from the market due to the potential,
although low, risk of prion disease transmission.7,10 After the
Liberase HI became unavailable for clinical use, clinical islet
transplant centers were forced to identify a substitute enzyme
that consistently produced sufficient number of good-quality
islets for transplantation.

The enzyme blend that then became available and is now used
by many centers is a combination of a collagenase NB1 and a NP
manufactured by Serva Electrophoresis.10,36 Collagenase NB1
and NP are reconstituted separately and mixed before use to min-
imize degradation of the collagenase by NP. Consequently, the
amounts of collagenase and NP can be adjusted independently to
match the size of pancreas being processed.10,36 According to the
certificate of analysis, the biochemical activity of Serva NB1 is
similar to Liberase HI, but its parameters for optimal use are dif-
ferent and many experienced centers have had inconsistent results
using this product.10,36 Interestingly, recent data from CITR
show improvement in primary efficacy and safety outcomes of
islet transplantation in recipients who received transplants in
2007–2010 compared with those in 1999–2006, with fewer islet
infusions and adverse events per recipient.3 Although these dates

Figure 4. Plots for ranking probability of different enzymes in generating better results on the analyzed outcomes.
Ranking D probability of being the best enzyme, of being the second best, the third best and so on, among all
enzymes. (A) Rank for islet equivalent number (IEQ)/g pancreas; (B) Rank for islet viability; (C) Rank for the islet purity;
and (D) rank for stimulation index (SI).
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coincide with the switch in the use of Liberase HI enzyme to
Serva NB1 enzyme, it is not possible to conclude that the
improvement of the islet transplantation results in more recent
years is only due to the utilization of Serva NB1 blend, since no
randomized clinical trials were performed specifically to compare
these 2 enzymes.

An analysis of more than 400 human islet isolations demon-
strated that the efficacy of an enzyme blend is extremely impor-
tant for a successful isolation process and posttransplant function
after human islet allotransplantation.37 Consequently, the selec-
tion of an appropriate enzyme blend is a critical step in the pro-
cess of islet isolation. Thus, aiming at improvement of islet
isolation, other state-of-the-art enzyme blends were recently
developed: Liberase MTF and Vitacyte. Similarly to Serva NB1,
these 2 new enzymes are also provided in 2 separate vials, one of
them containing the collagenase and the other containing the
non-collagenolytic enzyme.4.10-12 At the present time, Serva
NB1, Liberase MTF, and Vitacyte seem to perform with similar
success, but head-to-head comparisons are pending to determine
the optimal enzyme blend that maximizes human islet yield and
quality.4 As already commented, some centers have compared 2
or more enzymes and were included in our meta-analysis, but
individual results regarding differences in islet yield and viability
are conflicting.5,8,13,14,19,20

In this scenario, our MTC meta-analysis combined direct and
indirect evidence; allowing comparisons among enzymes even
when head-to-head studies were not available. Combining results
from direct and indirect evidences in a MTC model might yield
a more refined and precise estimate of the interventions directly
compared and a broader inference to the population sampled
because it links and maximizes existing information within the
network of treatment comparisons. Moreover, a major advantage
of this approach is that the method naturally leads to a decision
framework that supports decision making.16,17 Such a fact might
help researches in selecting the most appropriate enzyme for islet
isolation. In this context, our results did not indicate any signifi-
cant difference between the enzymes most commonly used
regarding IEQ/g pancreas, islet purity and viability. Nevertheless,
Vitacyte and Serva NB1 seem to be associated with an improved
SI as compared to Liberase MTF enzyme. It is worth noting that
when we evaluated the ranking of the best enzyme for IEQ/g
pancreas, Liberase MTF and Vitacyte demonstrated a slightly
superiority when compared to the other enzymes. Furthermore,
regarding the most used enzymes nowadays, Vitacyte and
Serva NB1 also seems to be superior when analyzing viability
and SI.

Recently, Balamurugan et al.38 evaluated 8 different
enzyme combinations in an attempt to improve islet yield.
The enzyme combinations consisted of purified, intact or
truncated Class I and Class II collagenases from C. histolyti-
cum (Ch) and a NP from Bacillus thermoproteolyticus rokko
(thermolysin) or from Ch. A new enzyme mixture composed
of the Vitacyte blend and a NP from Ch. was able to recover
the highest islet yield while retaining islet quality.38 Probably,
future comparisons will be made analyzing this new enzyme
mixture.

The present study has some limitations. First, most of the
articles included are observational studies rather than randomized
clinical trials. Second, the general quality of these studies was
considered low,24 raising the possibility of bias. Third, for some
enzyme comparisons, only a few studies were available to be
included in this study. However, when we repeated the IEQ/g
pancreas, islet viability and purity MTC analyses including only
Liberase MTF, Liberase HI, Serva NB1 and Vitacyte our results
did not significantly change (Supplementary Fig. S1). Taking
into account that Liberase HI is not used nowadays, we repeated
the complete meta-analyses excluding Liberase HI (Supplemen-
tary Fig. S2), and this also did not significantly change the
results. Fourth, heterogeneity is potentially a significant problem
when interpreting the results of any meta-analysis, and our meta-
analysis showed significant inter-study heterogeneity in almost all
analyses. The heterogeneity that we observed could originate
from the improvement of islet isolation over the years, as well as
differences in donor selection, enzyme batches, isolation proce-
dures, culture medium and other reagents used for promoting
islet survival. Besides that, it could also raise from differences in
expertise of the isolation teams,28,33,39-42 and from the fact that
techniques used for evaluation of SI and viability can be slightly
different between studies. Regarding insulin secretion, studies
used different glucose incubation time and different high and
low glucose concentrations. Concerning viability, all included
studies used fluorescent dyes to mark viable and dead cells, but
these dyes not necessarily were the same. Without detailed infor-
mation on these variables we cannot exclude the possibility that
the heterogeneity observed might reduce our power to detect true
differences between enzymes. Furthermore, all member of an islet
isolation team knows that the efficacy of an enzyme depends on
its batch. Unfortunately, due to the lack of data, we were not
able to control for collagenase batches. However, we believe that
our results are still robust since we applied a Bayesian model to
explore the effects of indirect evidence between studies, which is
thought to be the most appropriate method for MTC meta-
analysis.16,43

In summary, improvement of islet isolations and standardi-
zation of these procedures are important prerequisites for the
success of clinical islet transplantation. Thus, although this
MTC meta-analysis has some limitations, this is the first study
that provides a useful and complete picture of the comparison
between the enzymes used in islet isolation. Our MTC meta-
analysis suggests that analyzed enzymes works with similar effi-
ciency regarding to islet yield, purity and viability, but Vita-
cyte and NB1 enzymes seem to work better regarding SI.
Moreover, ranking of efficacy evaluations suggest that Liberase
MTF and Vitacyte blends have a slightly superiority regarding
IEQ/g pancreas outcome compared to the other enzymes.
Among the most used enzymes nowadays, Vitacyte and Serva
NB1 seem to be superior when analyzing SI and viability out-
comes. Thus, as affirmed by McCall and Shapiro4 and based
in our ranking of efficacy data, we believe that, at the current
time, Vitacyte, Serva NB1, and possible Liberase MTF
enzymes seem to perform with similar success, and should be
the enzymes of choice for new islet isolation centers.
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Nevertheless, new head-to-head enzyme comparisons are
urgently needed to more optimally define the best enzyme for
the standardization of the islet isolation procedure.

Methods

Search strategy and study selection
This study was designed and described in accordance with

current guidelines.44,45 To identify studies that reported human
islet isolation and compared different enzymes for pancreas diges-
tion, we performed an electronic literature search in Medline,
Embase and Cochrane libraries, without date restriction, using
the following medical subject readings (MeSH): “pancreas islet
transplantation” OR “pancreas islet and collagenase” OR “islet
isolation” AND “clostridiopeptidase” OR “collagenase” OR
“Serva” OR “Liberase” OR “Sigma V” OR “Vitacyte” OR
“Liberase MTF” OR “NB1 Premium Grade” OR “CIzyme colla-
genase HA” OR “Liberase HI” OR “Clostridium histolyticum.”
The search was limited to human and English or Spanish lan-
guage papers and was completed on August 22, 2013.

Two investigators (J.R. and R.C.) independently reviewed the
titles and abstracts of all retrieved articles in order to evaluate
whether the studies were eligible for inclusion in the systematic
review. Disagreements were resolved by discussion between them
and when necessary a third reviewer (DC) was consulted. When
abstracts did not provide enough information regarding the
inclusion and exclusion criteria, the full text of the article was
retrieved for evaluation. Studies were considered eligible for
inclusion if they fulfilled the following criteria: 1) the study
should have been performed in human pancreatic islet isolation;
2) it should have tested at least 2 types of collagenases; and 3) it
should have analyzed one or more of the outcomes of interest:
IEQ/g pancreas, islet viability, purity of the islet product and SI.
If data were duplicated and had been published more than once,
the most complete study was chosen. Articles that did not fulfill
the eligibility criteria described above were excluded from the
analysis.

Data extraction and quality analysis
Data were independently extracted by 2 investigators (J.R. and

R.C) using a standardized abstraction form and a consensus was
sought in all extracted items. When consensus could not be
reached, differences in data extraction were resolved by a third
reviewer (D.C or C.B.L.) and by referencing the original publica-
tion. The information extracted from each individual study was
as follows: author’s first name, publication year, name of collage-
nases used, number of subjects in each group, donor’s characteris-
tics (age, gender, weight, BMI, and cause of death),
characteristics of the pancreas (weight, CIT, and digestion time),
and data about the outcomes of interest previously described.

Two investigators (J.R. and R.C) independently assessed
the quality of each eligible study using GRADE recommen-
dation.25 GRADE classifies quality of evidence into 4 catego-
ries: high, moderate, low or very low. The quality assessment
includes factors such as the study design (risk of bias),

imprecision, inconsistency, indirectness, and publication bias.
Some factors, which may lead to rating up quality, were
including – magnitude of treatment effect and the presence
of a dose–response gradient.25

Statistical analyses
Outcomes of interest were IEQ/g pancreas, islet viability,

purity and SI. The effects of each digestion enzyme on the out-
come were analyzed using a MTC meta-analysis, conducted by
using Markov-Chain Monte Carlo simulations and fitted in the
software WinBUGS version 1.4.3 (Medical Research Council
Biostatistics Unit, Cambridge, UK). The MTC meta-analysis is a
generalization of traditional pairwise meta-analysis that allows all
evidence from multiple treatments to be taken into account
simultaneously in a single model, combining direct and indirect
evidence.16,17

For this MTC meta-analysis, the Liberase HI enzyme was
considered the baseline enzyme and both fixed effect (FE) and
random effect (RE) models were fitted for each outcome. The
choice between FE or RE models was made comparing the com-
peting models using the deviance information criteria (DIC). For
each model, goodness-of-fit to the data was evaluated using resid-
ual deviance.46

Therefore, the results are shown for RE models conducted
using Markov chains. Each chain used 300,000 iterations with a
burn-in of 50,000 and a tinning interval of 40. Vague prior dis-
tributions were used for all models. Due to the high values found
for the variable IEQ/g pancreas, the results for this outcome are
summarized as median of the SMD calculated by the Hedges
method.42,45 For viability, purity and SI, the results are shown as
median of the unstandardized WMD. For all outcomes, 95%
credible intervals (CrIs, the Bayesian equivalents of CI) are also
shown.16

One particularly useful characteristic of MTC models is the
possibility to calculate the expected ranking of efficacy for all
treatments based on the posterior probabilities of all treatment
rankings (i.e., probability of being the best, probability of second
best, and so on).16,17,47 Thus, we calculated the probability of
each digestion enzyme to be the most effective (first-best)
enzyme, the second-best, and so on, for our outcomes, and pre-
sented the results in Figure 4.

When direct and indirect evidences are combined for a
particular pairwise comparison, it is important to check if
there is no discrepancy between these evidences. Therefore,
this consistency assumption should be accounted for.17 If
consistency between direct and indirect evidences is observed,
the data is statistically reliable. In this study, the consistency
assumption was checked using posterior plots and the Bayes-
ian P-values produced by the node-splitting method pro-
posed by Dias et al.25 In this approach, each pairwise
comparison in a closed loop of the network has its direct
and indirect components compared. The evidence of a pair
was considered inconsistent if the P value was smaller than
the significance level (a D 0.05) adjusted for multiple
comparisons.25
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