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Abstract Aims/hypothesis: Efficient islet isolation is an
important prerequisite for successful clinical islet trans-
plantation. Although progressively improved, islet yield
and quality are, however, unpredictable and variable and
require standardisation. Methods: Since 1989 we have pro-
cessed 437 pancreases using the automated method. The
donor characteristics, pancreas procurement, and digestion
and purification procedures including a wide enzyme char-
acterisation of these pancreases were analysed and corre-
lated with islet yield and transplant outcome. Results: By
univariate analysis, islet yield was significantly associat-
ed with donor age (r=0.16; p=0.0009), BMI (r=0.19; p=

0.0004), good pancreas condition (p=0.0031) and weight
(r=0.15; p=0.0056), total collagenase activity (r=0.22; p=
0.0001), adjusted collagenase activity/mg (r=0.18; p=0.0002),
collagenase activity/solution volume (r=0.18; p=0.0002)
and neutral protease activity/solution volume (r=0.14; p=
0.0029). A statistically significant contribution to the vari-
ability of islet yield in a multivariate analysis performed on
donor variables was found for donor BMI (p=0.0008). In a
multivariate analysis performed on pancreas variables a
contribution was found for pancreas weight (p=0.0064),
and for a multivariate analysis performed on digestion var-
iables we found a contribution for digestion time (p= 0.0048)
and total collagenase activity (p=0.0001). Twenty-four pa-
tients with type 1 diabetes received single islet preparations
from single donors. In these patients, multivariate analyses
showed that the reduction in insulin requirement was signif-
icantly associated with morphological aspects of islets (p=
0.0010) and that 1-month C-peptide values were associated
with islet purity (p=0.0071). Conclusions/interpretation:
These data provide baseline donor, digestion and purifica-
tion selection criteria for islet isolation using the automated
method and indicate that the morphological aspect may be a
clinically relevant measure of islets on which the decision
for transplant can be based.

Keywords Collagenase . Insulin secretion . Islet isolation .
Islet transplantation . Islet viability . Type 1 diabetes
mellitus

Abbreviations IQR: interquartile range . NA: number of
absolute islets . NE: number of equivalent islets

Introduction

Islet transplantation in type 1 diabetic patients has recently
been shown to correct the glucose metabolic homeostasis
in all recipients [1, 2]. Islet transplantation is therefore a
therapeutic option for patients with brittle type 1 diabetes
who have a sufficiently impaired quality of life to justify
immunosuppression therapy [1].
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Effective and cost-efficient islet transplant therapy re-
quires consistent, successful isolation of islets from donor
pancreases [3]. Although isolation has progressively im-
proved, islet yield is highly variable. Poor donor selection,
non-standardised procedures and the inconsistency of en-
zyme blends used for digestion are some of the parameters
that contribute to this variability [4–8]. Analysis of enzyme
blends and the islet isolation parameters that predict out-
come have not been assessed.

The islet isolation center in Milan has processed over
500 pancreases and transplanted more than 100 islet prepa-
rations since 1989. Here we have examined donor, diges-
tion, and islet preparation characteristics in the pancreases
and islet preparations, in order to identify the factors that
are associated with high islet yield and improved beta cell
function. The findings highlight some of the more relevant
selection criteria for islet isolation in the setting of clinical
islet transplantation.

Subjects, materials and methods

Between December 1989 and March 2003, 513 pancreas
organs were obtained from heart-beating multi-organ do-
nors through the Nord Italia Transplant Organization.
Donor pancreas inclusion criteria for isolation were donor
age between 17 and 70 years, and amylase values at least
three times lower than the maximal normal values. The
median cold ischaemia time was 6 h ranging from 1 to 17 h.
Two different solutions were used for organ preservation:
University of Wisconsin (UW, ViaSpan; Bristol-Myers,
Roma, Italy) and Celsior (IMTX-Sangstat, Milan, Italy).
Upon receipt, pancreases were classified as being in good
or bad condition defined on the basis of the gland integrity
and on the quality of its perfusion. Of the 513 pancreases
received, 76 were processed by non-conventional experi-
mental methods; thus 437 were included in the analysis.

Islet isolation Islets were isolated using the automated
method described by Ricordi [9]. Two types of enzymes
were used: collagenase type P (1–3 mg/ml) and liberase
(0.5–1.4 mg/ml) (Roche, Indianapolis, IN, USA). Islets
were purified by discontinuous gradient in syringes (density
gradient: 1,108; 1,096; 1,037: Euroficoll, Sigma-Aldrich,
Milan, Italy), or by continuous gradient with refrigerated
COBE processor as previously described [10]. After iso-
lation, islets were cultured at 22°C in a humidified atmo-
sphere (5% CO2), in M199 medium (Euroclone, Celbio,
Milan, Italy) or CMRL (Mediatech, Cellgro, VA, USA) sup-
plemented with 10% FCS, 100 U/ml penicillin, 100 μg/ml
streptomycin sulphate (Euroclone, Celbio) and 2 mmol/l
glutamine (Mediatech, Cellgro, VA, USA).

In vitro islet characterisation In vitro characterisation of
islets was performed on islet material processed within 72 h
after isolation and all the quality tests were performed on
samples collected before the transplant.

Morphology, purity and mass of isolated endocrine tis-
sue were assessed on 100-μl aliquots of the final prepara-

tion previously dispersed in 250 ml. Islets were stained with
diphenyl-thiocarbazone, counted at the microscope and the
number expressed as absolute number (NA) and equivalent
number (NE; the absolute number corrected for coefficients
based on islet volume, [11]). According to their morphol-
ogy, islets were divided into two categories: (1) round-
shaped, when they maintained their morphology and a large
portion of the peripheral capsule; (2) fragmented, when
they showed architectural disorganisation with irregular
borders and free chains of cells protruding from the pe-
riphery. Islet preparations were classified on the basis of the
predominant morphology (>50% of all islets analysed).

Two aliquots of 1,000 NE were sonicated in distilled
water for the assessment of insulin (MEIA insulin, IMX
System; Abbott Laboratories, Abbott Park, IL, USA), pro-
tein (Pierce, Celbio, Milan, Italy) and amylase (AMY-P;
Roche) content. Insulin content was normalised to NE,
amylase and protein content.

To assess insulin responsiveness to glucose after expo-
sure to glucose, islet cells were stimulated for 20 min with
16.7 mmol/l glucose after 20 min of equilibration with 3.3
mmol/l, and data expressed as a secretion index, calculated
as the ratio between stimulated and basal insulin values [12].

Two probes for islet viability were used: propidium io-
dide and Fura-2-AM (Sigma-Aldrich). The Ca2+ indicator
served as a viability probe, since it measures both the
enzymatic activity that is required to activate their fluores-
cence and the cell-membrane integrity that is required for
intracellular retention of its fluorescent product [13– 15]. A
minimum of 20 different islets were examined per prep-
aration. Fura-2 and propidium iodide images were recorded
at three different islet levels in order to have a value rep-
resentative of the whole islet. The number of positive islet
cells to propidium iodide was expressed as areas positive to
the dye/total area; the images were analysed by the Image
Pro Plus software (Media Cybernetics, Silver Spring, MD,
USA). After propidium iodide and Fura-2 staining, the
islets were further stained with diphenyl-thiocarbazone in
order to assess the presence of insulin in the analysed sample.

Islet transplantation Transplantation was performed be-
tween 2 and 72 h after isolation. Islet quality tests were
performed on material processed shortly before transplant.
Preparations were considered adequate for transplantation
according to the following criteria: (1) NE (>5,000 per kg
bodyweight); (2) purity >20% (dithizone-staining determi-
nation of islet/total mass); and (3) islet sterility [16]. Puri-
fication was defined to be 20% or greater, because in our
experience this limit maintains the tissue volume for trans-
plant to less than 10 ml.

The islet preparation was suspended in 100 ml of Hanks’
salt solution (Hanks Clinical Grade; SALF, Bergamo, Italy)
or in CMRL (Transplant Medium, Mediatech, VA, USA)
containing 1,000–2,000 U of heparin and 2% human serum
albumin, and was transplanted by percutaneous trans-
hepatic injection (under local anaesthesia).

A total of 106 islet preparations were transplanted into
74 HLA-mismatched recipients affected by type 1 diabetes
mellitus (median duration of diabetes, 32 years; range 12–
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48). The percentage of transplanted preparation was 24.7%
of all pancreas processed, ranging during a 6-month period
from 0 to 65%.

Different immunosuppression regimens were adopted.
In 46 patients who received islets simultaneously or after
kidney transplant, the therapy was based on: anti-lympho-
cyte globulin (125 mg/day for 10 days; Thymoglobulin,
Merieux, Lyon, France); cyclosporine (7.5 mg kg−1 day−1);
mycophenolate mofetil (2 g/day); and methylprednisone
(500 mg immediately before surgery, 0.25 mg kg−1 day−1

for 2 months after surgery, then lowered to 5 mg/day). In 12
patients with brittle diabetes the therapy was the Edmonton
protocol, including daclizumab (1 mg/kg every 14 days, for
a total of five doses; Zenapax, Roche), sirolimus (0.1 mg
kg−1 day−1, Rapamune, Wyeth-Ayerst) and low dosage
tacrolimus (serum level=3–6 ng/ml, Prograf, Fujisawa) [1].
The other 16 patients were transplanted in other hospitals or
treated with an experimental therapy based on mycophe-
nolate mofetil and vitamin D3. Of these patients, 24 re-
ceived a single islet preparation with a follow-up of at least
1 month (14 receiving islet after kidney transplantation, and
ten receiving islet transplantation alone) and were used for
correlations between islet isolation parameters and trans-
plantation outcome.

Recipients gave informed consent and our investigations
were approved by the responsible ethics committee (in-
stitutional review board). Studies were carried out in ac-
cordance with the Declaration of Helsinki as revised in
2000 (http://www.wma.net/e/policy/b3.htm).

Statistical analyses Outcomes in the 437 pancreases that
were examined were (1) the total number of islets expressed
as NE; and (2) an islet yield of >250,000 NE and >20%
purity. Variables analysed for association with these out-
comes were:

1. Donor characteristics: sex, age, BMI, cause of death
(non-traumatic or traumatic), intensive care unit days,
blood glucose and amylase (level before organ re-
moval), dopamine and noradrenalin dose

2. Pancreas: organ condition (good or bad), presence of
fatty infiltrates (yes or no), weight

3. Organ procurement: procurement team (local or exter-
nal), preservation solution (Celsior or UW), duration of
cold storage

4. Digestion characteristics: type of enzyme (collagenase
type P or liberase), batch of enzyme, collagenase activ-
ity/mg of enzyme, collagenase activity/solution vol-
ume, collagenase activity×total mg of used enzyme in
an isolation (total collagenase activity), collagenase
activity/mg adjusted for mg of enzyme used in an iso-
lation (adjusted collagenase activity/mg), collagenase
activity/weight of pancreas, neutral protease activity/
mg of enzyme, neutral protease activity/solution vol-
ume, the ratio between the activity of collagenase and
neutral protease, clostripain and trypsin activity/mg of
enzyme, digestion time, proteins used for dilution (fetal
calf serum or human albumin)

5. Purification procedure: discontinuous or continuous den-
sity gradient.

A separate analysis was performed for transplant out-
come in transplanted islet preparations. For this analysis
only transplants where single first islet preparations were
transplanted into a patient with C-peptide levels <0.05 ng/l
and where there was a minimum of 1 month follow-up be-
fore further islets were transplantedwere considered (n=24).
Outcomes were defined as C-peptide values and the reduc-
tion in insulin requirement (the decreased dosage of insulin
unit administered to keep the recipient normoglycaemic) 1
month after transplant.

Variables did not show a Gaussian distribution, and a
non-parametric analysis was performed. Comparisons be-
tween groups were performed by Mann–Whitney U test or
Kruskal–Wallis test, where one of the variables or the out-
come was a nominal value, and the Chi square test when
both the variable and outcome were nominal values. Where
both the variable and outcome were ordinal values, corre-
lations were performed using the Spearman rank correlation
test and expressed as Spearman’s correlation coefficient.
All comparisons are two-tailed. A p value of less than 0.01
was considered to be statistically significant. Multiple re-
gression analysis was performed with rank transformed data
of the variables with a p value of less than 0.05, two-tailed in
the univariate analysis, in order to take into account the
effects of confounding variables.

Results

Islet yield and purity The number of isolated islets varied
greatly between different isolations (median NA, 195,000;
interquartile range [IQR], 105,000–297,000; median NE,
189,250; IQR 100,000–320,250). By univariate analysis
(Table 1), NE was significantly associated with donor age
(r=0.16; p=0.0009), BMI (r=0.19; p=0.0004), pancreas con-
dition (median NE good 199,000; IQR 106,000–327,000;
median NE bad 126,000; IQR 59,000–230,000; p=0.0031)
and weight (r=0.15; p=0.0056), total collagenase activity
(r=0.22; p=0.0001), adjusted collagenase activity/mg (r=
0.18; p=0.0002), collagenase activity/solution volume (r=
0.18; p=0.0002) and neutral protease activity/solution vol-
ume (r=0.14; p=0.0029). Multivariate analysis was per-
formed among significant variables grouped by category.
A statistically significant contribution to the variability of
islet yield in a multivariate analysis performed on donor
variables was found for donor BMI (p=0.0008). In a multi-
variate analysis performed on pancreas variables a contri-
bution was found for pancreas weight (p=0.0064), and for a
multivariate analysis performed on digestion variables we
found a contribution for digestion time (p=0.0048) and total
collagenase activity (p=0.0001).

Isolations were also classified as successful (>250,000
NE and ≥20% purity) or unsuccessful. Of the 437 pan-
creases analysed, 36% were classified as successful, an-
other 3% yielded >250,000 NE with <20% purity, 49%
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yielded ≤250,000 NE with ≥20% purity, and 12% yielded
≤250,000 NE with <20% purity. By univariate analysis
(Table 1), successful isolation was associated with BMI (for
successful isolations median 25 kg/m2, IQR 23–28 kg/m2;
for failed isolations 24 kg/m2, IQR 22–26 kg/m2, p=
0.0074), pancreas weight (for successful isolations median
100 g, IQR 80–114 g; for failed isolations 90 g, IQR 75–
100 g, p=0.0050) and pancreas condition (91% good con-
dition for successful isolations; 77% for failed isolations,
p=0.0024). A statistically significant contribution to the
likelihood of a successful isolation in a multivariate anal-
ysis performedonpancreas variableswas found for pancreas
weight (p=0.0010) and in a multivariate analysis performed
on digestion variables a contribution was found for total

collagenase activity (p=0.0037).Nodonor variables reached
a p value of lower than 0.01 at the multivariate analysis.

In vivo islet function after transplantation Twenty-four
preparations were transplanted as single donor preparations
in patients with type 1 diabetes. Fourteen patients received
islets after kidney transplantation and ten patients islets
alone for brittle diabetes. Their median pre-transplant in-
sulin requirement was 40 U (IQR 36–59 U). One month
after transplantation the median insulin requirement was
reduced to 20 U (IQR 8–32 U) and 3 months after trans-
plantation it fell to 18 U (IQR 7–31) (Fig. 1). The median
C-peptide value at 1 month follow-up was 1.3 ng/ml (IQR
1.0–2.3 ng/ml) and at 3 months follow-up 1.5 ng/ml (IQR

Table 1 Univariate analyses between isolation variables and islet yield and successful isolation

Isolation variables Individuals Characteristics Islet yieldap Successful isolationbp

Donor
Sexc 431 261 males; 170 females 0.0981 0.0708
Age (years) 430 42 (30–52) 0.0009d 0.0204
BMI (kg/m2) 338 24 (22–26) 0.0004d 0.0074d

Cause of deathc 398 140 traumatic; 258 non-traumatic 0.1195 0.8957
Intensive care unit days 272 2 (1–4) 0.4797 0.8652
Blood glucose (mmol/l) 205 7.8 (6.1–9.9) 0.8916 0.8717
Amylase level (U/l) 191 90 (51–195) 0.4942 0.4859
Dopamine dose (kg−1 min−1) 185 6 (3–8) μU 0.6344 0.7190
Noradrenalin dose (μg kg−1 min−1) 155 0.000 (0.000–0.001) 0.2252 0.4017
Pancreas
Organ conditionc 392 321 good; 71 bad 0.0031d 0.0024d

Presence of fatty infiltratesc 165 76 yes; 89 no 0.0192 0.0155
Weight (g) 345 80 (70–103) 0.0056d 0.0050d

Procurement teamc 423 211 local; 212 external 0.0128 0.0964
Preservation solutionc 266 47 Celsior; 219 Belzer 0.4372 0.3851
Duration of cold storage (h) 335 6 (4–8) 0.1358 0.4239
Digestion
Type of enzymec 432 260 type P; 172 Liberase 0.3560 0.6366
Batchesc 247 11 0.0280
Collagenase activity/mg of enzyme (U/mg) 432 2.7 (2.3–4.2) 0.7356 0.9865
Collagenase activity/ solution volume (U/ml) 431 6.8 (5.4–7.3) 0.0002d 0.1716
Total collagenase activity (U) 431 2,160 (1,930–2,880) 0.0001d 0.0331
Adjusted collagenase activity/mg (U/mg) 431 4.3 (3.9–5.8) 0.0002d 0.0954
Collagenase activity/weight of pancreas (U/mg) 341 25 (19.2–34) 0.3257 0.5982
Neutral protease activity/mg of enzyme (U/mg) 431 138 (80–157) 0.4820 0.9074
Neutral protease activity/solution volume (U/ml) 431 244 (212–376) 0.0029d 0.1251
Collagenase/neutral protease activity (mU/U) 431 25.5 (20.3–28.5) 0.8846 0.8354
Clostripain/mg of enzyme (U/mg) 432 3.1 (0–8.1) 0.7241 0.9343
Trypsin activity/mg of enzyme (U/mg) 431 0.1 (0–1.1) 0.9094 0.9889
Digestion time (min) 412 25 (19–34) 0.0153 0.0379
Proteins for dilutionc 422 338 FCS; 84 human albumin 0.1370 0.3425
Purification
Methodc 411 204 discontinuous; 207 continuous 0.1202 0.6203

Data are expressed as median values with interquartile ranges in parentheses
aIslet yield is expressed as NE
bSuccessful isolations were those that contained at least 250,000 islet equivalents and were at least 20% pure
cNominal variables analysed by Mann–Whitney U test, Kruskal–Wallis test or Chi square test (successful), as appropriate. Other variables
were analysed by Spearman rank correlation coefficient or Mann–Whitney U test (successful)
dp<0.01
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0.7–2.3 ng/ml). Six patients reached insulin independence
at 1.5 month follow-up (median value, IQR 0.4–2.7months).

Fasting C-peptide values and the reduction in insulin
requirement at 1 month follow-up were used as outcome
measures. These were correlated with each other (r=0.55;
p=0.0054). The larger reduction in insulin requirement
was significantly associated with higher isolation index and
a higher pre-transplant insulin requirement (Table 2).
Multivariate analysis including all variables with p<0.05

identified morphological aspects of islets as significantly
contributing to the variation of the insulin reduction at 1
month (p=0.0052), also after adjustment of the analysis for
the pre-transplant insulin requirement (p=0.0010, r2=32%).

Increased 1 month C-peptide values were significantly
associated with higher NE, higher islet purity, higher iso-
lation index, preparations with predominantly round-shaped
islets, higher NE per kilogram bodyweight, and the islet
after kidney transplant protocol (Table 2). These variables
were also significant when C-peptide concentrations were
adjusted for glycaemia (data not shown). Multivariate anal-
yses identified only purification as significantly contribut-
ing to the variation of the 1 month C-peptide concentration
(p=0.0071).

There were no significant differences between islet iso-
lation parameters in the patients who achieved insulin in-
dependence within 6 months follow-up (n=6) and those
who did not (n=18), with the exception of islet morphology
(6/6 good-aspect islets in recipient insulin-independent
versus 9/18 in recipient insulin-dependent, p=0.0001).

Since islet morphology represented an important param-
eter for islet function, an analysis to determine which var-
iables were associated with the morphological aspects of
the islets was performed. Morphological aspects of the is-
lets were strictly correlated with each other (p=0.0001). In
particular, the isolation index was highest in preparations
containing predominantly round-shaped islets (median
index 1.05; IQR 0.82–1.3) and lower in preparations con-
taining predominantly fragmented islets (median 0.8; IQR
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Fig. 1 Variation of insulin requirement during the first month of
follow-up in the 24 recipients who received single islet infusion. tx,
transplant

Table 2 Univariate analyses between islet quality, transplant parameters and graft function 1 month post-transplant

Variables Median (IQR) Reduced insulin requirement C-peptide

r Median (IQR) p r Median (IQR) p

Islet quality parameter
NA 103 (n=24) 335 (284–458) 0.08 0.7102 0.03 0.8893
NE 103 (n=24) 347 (270–434) 0.36 0.0846 0.61 0.0016a

Purity (n=24) 50 (30–70) 0.20 0.3488 0.55 0.0080a

Isolation index (n=24) 0.97 (0.79–1.12) 0.54 0.0065a 0.56 0.0044a

Morphological aspect (n=24) 0.0155 0.0095a

Round shaped (%) 62.5 32 (25–44) 1.4 (1.2–2.6)
Fragmented (%) 37.5 12 (0–26) 0.8 (0.3–1.2)
Ca++ concentration (340/380) (n=14) 385 (310–430) −0.29 0.3145 −0.11 0.7081
Propidium iodide (%) (n=11) 14 (10–20) 0.25 0.4584 0.18 0.5964
Insulin secretion (SI) (n=12) 2.0 (1.7–2.6) 0.10 0.7572 0.60 0.0392
Insulin/amylase ratio (μU/mU) (n=12) 134 (16–328) 0.46 0.1324 0.18 0.5726
Insulin/protein ratio (pm/ng) (n=10) 3.0 (1.0–9.5) 0.56 0.0923 0.02 0.9563
Insulin/NE ratio (μU/NE) (n=12) 186 (77–335) −0.06 0.8531 −0.40 0.1976
Transplant parameters
Pre-transplant insulin U (n=24) 40 (36–59) 0.59 0.0024a 0.44 0.0314
NE/kg bodyweight (n=24) 5,845 (4,484–7,561) 0.46 0.0237 0.52 0.0092a

Transplant protocol (n=24) 0.4720 0.0071a

Islet alone (%) 42 27 (11–30) 1.0 (0.3–1.2)
Islet after kidney (%) 58 27 (10–46) 2.1 (1.2–2.9)
Time of pre-transplant culture (n=24) 24 (4–24) −0.01 0.9630 0.33 0.1153
ap<0.01
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0.7–1.0). By univariate analysis, islet morphology was asso-
ciated with purification procedure (discontinuous method:
68% round-shaped, 32% fragmented; continuous method:
42% round-shaped, 58% fragmented; p=0.0060). Similarly,
the isolation index was greater in preparations purified by
the discontinuous method than in preparations purified
by the continuous method (p=0.0002).

Discussion

Human islets isolated from dead donors are the only cell
source that currently can be used for cell-based therapies to
cure type 1 diabetes. Isolating high numbers of pure intact
islets is therefore of paramount importance. By examining
donor, digestion, purification, and islet characteristics in a
large series of pancreas isolations, we found that large pan-
creases obtained from obese donors and quickly digested
with a high quantity of high-activity collagenase were asso-
ciated with a high yield of islets suitable for transplantation.
The ability of islet preparations to reduce insulin require-
ment in the patient was best predicted by islet morphology
under the microscope.

These data have been collected over a period of 14 years,
allowing analysis of data from a large number of human
pancreases. The large number of variables examined rep-
resents a strength and a weakness of the study. On the one
hand, it highlights the large number of variables that can
influence the outcome of islet isolation; on the other hand,
some of the associations found in univariate analyses may
be secondary to confounder variables or statistical error.
The multivariate analyses that were performed on the data
obtained did distinguish those associations that most strong-
ly influenced outcome, but are likely to have low statistical
power with respect to identifying variables with modest
independent effects, and we therefore cannot exclude that
some of the non-significant variables in the multivariate
analysis do actually contribute to islet yield, purity, or func-
tion. Finally, despite the continuity of procedures, many of
the variables examined have a significant number of miss-
ing data, and we cannot exclude that some of the asso-
ciations may be biased by these cases.

Few analyses of islet isolation have been reported [4– 8].
Consistent with the multivariate analysis of our data, most
of these reports also found that high numbers of islets were
best obtained from donors with high BMI [4, 5, 7, 8, 17,
18]. This condition is often considered to be a marker of
insulin resistance and of high metabolic demand, both of
which represent a stimulus for islet neogenesis (beta cell
adaptation) that increases the overall native beta cell mass
[19]. In addition the presence of fat tissue during digestion
or of a thick capsule around the islets from old donors
further improved isolation outcome in the analysis from the
Giessen isolation unit [17]. These factors probably act by
limiting the exposure of free islets to collagenase in solu-
tion, thus preserving islet integrity and survival [17]. We
did not find a significant influence of duration of cold
ischaemia time on isolation yield, probably because most
pancreases were processed within 12 h.

A novel aspect of our study was the analysis designed to
find collagenase parameters associated with high isolated
islet yield and quality. Pancreas digestion, and in particular
the choice of collagenase, are critical for isolation success
[7, 20]. The use of batches with high collagenase activity
per total enzyme was an important determinant for suc-
cessful isolation. Collagenase should be used in conditions
that render it highly active. This can be achieved by se-
lecting only enzyme blends with the highest collagenase
activity, or may be achieved by increasing the amount of
enzyme used or the temperature at which digestion is per-
formed. Over-digestion is undesirable, since it produces
many fragmented islets. This appears to result from a de-
layed interruption of digestion and a relatively long expo-
sure of free islets to collagenase, such as when a long
digestion time is required for isolation. It is clear, however,
that many aspects of the collagenase reagent are critical in
the isolation procedure and that further studies are required
to better characterise enzyme blends and their composition.

Transplantation of a sufficient and purified islet mass
was demonstrated to be an important pre-requisite for suc-
cessful transplantation [2]. Other factors such as the inflam-
matory reaction during engraftment [21], the metabolic
condition [22] or the allo- and auto-response of recipients
[23, 24] have also been shown to influence in vivo function
of transplanted islets. Islet quality may, therefore, represent
another prerequisite for successful transplantation. Various
measures of vitality, morphological assessments, and in
vitro secretion have been proposed to assess islet quality
[1]. These and other parameters were analysed with respect
to in vivo function in 24 single islet preparations. Islet
morphology appeared one of the most important parame-
ters correlated with 1 month graft function. The definition
of islet morphology is a subjective parameter that is likely
to be difficult to standardise. A more suitable parameter of
islet integrity might be the isolation index. This can be
easily calculated from the NE and NA counts. NE is usually
calculated by normalising the absolute number of islets
(divided into different classes according to their diameter)
per relative conversion factor into islets of 150-μm diam-
eter [1]. If NE is lower than NA (isolation index <1), a
preparation has a prevalence of islets smaller than 150-μm
diameter, and this might be a sign of islet over-digestion
and of derangement in their morphological integrity. The
isolation index correlated strictly with NE and with islet
morphology, and may therefore be a marker not only of
islet volume but also of islet quality. Other morphometric
parameters such as beta cell content or insulin content may
also provide useful measures of islet quality.

This study provides a guide for donor, digestion, puri-
fication, and islet characteristics that may improve the ef-
ficiency and efficacy of islet transplantation. However, it
should be remembered that even when optimal donors and
enzymes are used, islet yield and quality are likely to be
highly variable between preparations. The development of
novel methods of isolation should therefore be encouraged.
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