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Abstract
Here, we present a case that required a supplemental “old school” islet purification for a safe intraportal infusion. Following
pancreas procurement from a brain-dead 26-year-old male donor (body mass index: 21.9), 24.6 ml of islet tissue was isolated
after continuous density gradient centrifugation. The islet yield was 504,000 islet equivalent (IEQ), distributed among
the following three fractions: 64,161 IEQ in 0.6 ml of pellet, 182,058 IEQ in 10 ml, and 258,010 IEQ in 14 ml with 95%, 20%, and
10% purity, respectively. After a 23-h culture, we applied supplemental islet purification, based on the separation of tissue
subfractions during unit gravity sedimentation, a technique developed over 60 years ago (“old school”). This method enabled the
reduction of the total pellet volume to 11.6 ml, while retaining 374,940 IEQ with a viability of over 90%. The final islet product was
prepared in three infusion bags, containing 130,926 IEQ in 2.6 ml of pellet, 108,079 IEQ in 4 ml of pellet, and 135,935 IEQ in 5 ml
of pellet with 65%, 40%, and 30% purity, respectively, and with the addition of unfractionated heparin (70 units/kg body weight).
Upon the islet infusion from all three bags, portal pressure increased from 7 to 16 mmHg. Antithrombotic prophylaxis with
heparin was continued for 48 h after the infusion, with target activated partial thromboplastin time 50–60 s, followed by frac-
tionated heparin subcutaneous injections for 2 weeks. b-Cell graft function assessed on day 75 post-transplantation was good,
according to Igls criteria, with complete elimination of severe hypoglycemic episodes and 50% reduction in insulin requirements.
Time spent within the target glucose range (70–180 mg/dl) improved from 42% to 98% and HbA1c declined from 8.7% to 6.7%.
Supplemental “old school” islet purification allowed for the safe and successful utilization of a robust and high-quality islet
preparation, which otherwise would have been discarded.

Keywords
islet transplantation, diabetes

1 Department of Nephrology, Transplantology and Internal Medicine, Medical University of Gdańsk, Gdańsk, Poland
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Introduction

Pancreatic islet transplantation (ITx) is a vital therapeutic

option for patients with the brittle form of type 1 diabetes

mellitus (T1DM), suffering from frequent severe hypogly-

cemic episodes despite intensive insulin treatment1.

By enabling endogenous insulin production, ITx

improves blood glucose control and restores hypoglycemic

awareness. Pancreatic islets are isolated from a deceased

donor pancreas by enzymatic digestion, purified, and infused

directly into the portal vein as a minimally invasive proce-

dure. Since the islet purification technique is still imperfect,

the final islet product always contains some acinar tissue.

High tissue volume infused intraportally may occlude portal

small vasculature and reduce blood flow, triggering portal

vein thrombosis. Maximal tissue volume is limited usually to

15 ml to prevent this complication2.

Islet purification by the centrifugation in continuous gra-

dient is currently considered as the most efficient method to

separate islets from acinar tissue and is used by almost all

islet transplant centers. Nevertheless, islet purification

remains challenging especially for tissue from relatively

young donors3. In such cases, enzymatic digestion usually

does not efficiently dissociate islets from acinar tissue. High-

quality islets remain embedded and mantled with attached

acinar tissue, which precludes effective purification by cen-

trifugation in continuous gradient. As a result, high-quality

islets cannot be transplanted due to excessive tissue volume

and are discarded.

Here, we present a clinical case involving the implemen-

tation of an “old school” rescue supplemental islet purifica-

tion technique, which resulted in a substantial reduction of

the excessive islet pellet volume and allowed for safe and

successful ITx.

Recipient

A 41-year-old Caucasian male with history of T1DM since

the age of 9 was referred for ITx due to a 3-year history of

frequent severe hypoglycemic episodes despite intensive

insulin treatment. He had a history of severe retinopathy with

blindness and end-stage renal disease (ESRD) caused by

diabetic nephropathy. At the age of 32 he received simulta-

neous pancreas kidney (SPK) transplantation to treat ESRD

and T1DM followed by pancreas graft failure 3 years post-

transplantation. At the time of referral for ITx, the patient

presented with excellent and stable kidney allograft function

with serum creatinine of 0.9 mg/dl. His diabetes was main-

tained with multiple daily injections of short-acting insulin

aspart and a single injection of insulin glargine (total daily

insulin dose of 40 units). Despite targeting higher than opti-

mal blood glucose levels (HbA1c of 72 mmol/mol, 8.7%),

the patient experienced frequent severe hypoglycemic epi-

sodes and hypoglycemic unawareness with a Gold score of

5. Continuous glucose monitoring (CGM) (iPRO™2, Med-

tronic, Inc., Northridge, CA, USA) showed mean standard

deviation (SD) sensor glucose of 76 mg/dl with 2.0% of the

time spent in hypoglycemia (<70 mg/dl), 56% of the time

spent in hyperglycemia (>180 mg/dl), and only 42% of the

time spent within the target glucose range (Fig. 1A). His

body mass index (BMI) was 20.8 kg/m2 with a height of

165 cm and a weight of 56.5 kg. Extensive lipoatrophy and

lipohypertrophy were found at the insulin injection sites. His

c-peptide was undetectable at fasting and after mixed meal

stimulation. His past medical history also included hepatitis

C with no replication of the virus, normal synthetic liver

function, and no laboratory signs of liver injury. The patient

was found to be seronegative for class I and II human leu-

kocyte antigen (HLA) antibody in enzyme-linked immuno-

sorbent assay test.

Donor

The pancreas was retrieved from a 26-year-old brain-dead

male donor with a BMI of 21.9 kg/m2 (height 180 cm and

weight 71 kg) and body surface area of 1.88 m2. The donor

was supported with norepinephrine after his death due to the

head trauma. His labs were within normal limits. His scoring

as a donor was 64 based on the North American Islet Donor

Score (NAIDS) and 75 in the Islet Donor Score (IDS) sys-

tem4,5. HLA mismatching was 1:2:2 (A, B, and DR), respec-

tively. There were no repeated mismatches with the SPK

donor. A pre-transplant complement-dependent crossmatch

using donor T and B lymphocytes and the basic microlym-

phocytotoxicity test were negative. The pancreas was pre-

served with the Store Protect Plus solution (CarnaMedica

LLC, Warsaw, Poland) and 4 h of cold storage.

Islet Isolation and Preparation for Transplantation

Islet Isolation. Human islet isolation was conducted in the

cGMP facility at the Laboratory for Cell and Tissue Therapy

and Transplantation (CellT) in Gdańsk, following a standard

Ricordi automated islet processing procedure that was

described previously2. Briefly, 12-min automatic perfusion

was performed with Liberase MTF C/T (Roche Diagnostics

GmbH, Manheim, Germany): 25 Wuensch units of collage-

nase and 700 units of neutral protease (thermolysin) per 1 g

of pancreas, with the enzyme solution injection through the

main pancreatic duct. Next, pancreas was digested for 12

min, followed by tissue collection into RPMI 1640 (Media-

tech, Manassas, VA, USA) supplemented with 4% human

serum albumin (Baxter, Vienna, Austria), 0.4 U/ml insulin

(Bioton SA, Warsaw, Poland), and 20 U/ml heparin (Polfa

Warszawa S.A., Warsaw, Poland). After washing, 50 ml of

collected pancreatic tissue was divided into two equal por-

tions and each was suspended in Cold Storage Solution

(Mediatech) with 20% PentaStarch (Mediatech) and 10 U/

ml heparin (Polfa Warszawa S.A.) to a final volume of 100

ml for a standard continuous gradient iodixanol-based

(OptiPrep™, Sigma-Aldrich, Oslo, Norway) purification2,6.
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Fractions collected after purification were checked for

purity after staining with dithizone (Sigma-Aldrich, St

Louis, MO, USA) solution (0.16% w/v). Pellets with greater

than 70% islet purity were pooled together as high-purity

fraction. Pellets with less than 30% islet purity were col-

lected separately and divided into two subfractions of 20%
and 10% purity. Samples were taken from each purity grade

and assessed for an islet equivalent (IEQ) count2. In total,

24.6 ml of tissue was collected after continuous density gra-

dient purification, and the islet yield was 504,229 IEQ, dis-

tributed among the following fractions: 64,161 IEQ in 0.6 ml

of pellet volume (95% purity), 182,058 IEQ in 10 ml (20%
purity), and 258,010 IEQ in 14 ml (10% purity).

Islet Culture. Islets were cultured in 24 T-175 flasks (Thermo

Fisher Scientific, Roskilde, Denmark) in 30 ml of CIT Culture

Medium: CMRL 1066 (Mediatech) supplemented with 0.4%
human serum albumin (Baxter) and 10 U/ml heparin (Polfa

Warszawa S.A.) per flask in the incubator (Binder, Tuttlin-

gen, Germany, Model CB160) at 22�C and 5% carbon diox-

ide. High-purity islets were divided and placed into two flasks

(30,000 IEQ/flask), 20% purity islets into 10 flasks (18,000

IEQ/flask), and 10% purity islets into 14 flasks (18,000 IEQ/

flask). All islets were cultured for 22 h and 50 min before

being collected for supplemental purification. Medium in

each flask was exchanged after the first 12 h of culture.

Unit Gravity Sedimentation-based “Old School” Supplemental
Islet Purification. The volume of the collected pellet after the

culture remained the same as after the isolation. Islet tissue

from the fraction with 20% purity post-isolation was col-

lected into 250 ml conical tubes (Corning, Amsterdam, the

Netherlands) and then combined into a single tube. The tis-

sue was allowed to settle for 10 min, after which the super-

natant was removed from above the pellet to wash the islets

from the culture medium. Then, the pellet was resuspended

in 20 ml of CIT Transplant Wash Medium: CMRL 1066

(Mediatech) with 2% of human serum albumin (Baxter),

1 M of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid

(HEPES; Mediatech), and 10 U/ml of heparin (Polfa Wars-

zawa S.A.) and again allowed to settle for 5 min. Clear

supernatant from the above of the sedimenting tissue was

collected and discarded, and the tissue pellet was immedi-

ately segregated using a 10 ml pipet as follows: the first 7 ml

was collected from the surface of the pellet and transferred to

separate 250 ml conical tubes (Corning), the next 7 ml from

the middle portion and transferred to separate 250 ml conical

tubes (Corning), and the bottom portion was left in the same

conical tube. The schema of islet purification by sedimenta-

tion at gravity unit is shown in Fig. 2.

The settled tissue volume for each collected fraction was

estimated and then the tissue was resuspended in 100 ml of

CIT Transplant Wash Medium. Next, 100 ml of islet sample

was taken from each fraction, stained with dithizone, and

used to calculate the IEQ. The pellet volumes and IEQ for

each fraction during the supplemental purification are pre-

sented in Fig. 3. The same procedure was performed for the

islet tissue from the fraction with 10% purity post-isolation.

Figure 1. (A) Baseline continuous glucose monitoring. (B) Day 75 continuous glucose monitoring.
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After islet tissue collection from the culture, the separation

process was performed once per each fraction.

The heparin was added to the all islet isolation, islet cul-

ture, and islet transplant preparation solutions to reduce the

effect of instant blood-mediated inflammatory reaction

(IBMIR) based on the CIT SOPs6–13.

Preparation of the Final Islet Product and Release Criteria Testing.
Islets from the post-isolation high-purity fraction (0.6 ml)

were collected from T-175 flasks (Thermo Fisher Scientific)

into a 250 ml conical tube (Corning) and washed three times

with CIT Transplant Wash Medium (Fig. 3). Individual frac-

tions with the highest IEQ per milliliter pellet volume were

selected from the post-isolation fractions with purity >30%
for the final product transplantation (2 ml from the upper and

4 ml from the middle-purity fraction) (Fig. 3). The final islet

product was suspended in CIT Transplant Medium: CMRL

1066 (Mediatech) supplemented with 2% human serum

albumin (Baxter) and 1 M HEPES (Mediatech) and prepared

in three infusion bags (Transfer Pack Container, Fenwal,

Lake Zurich, IL, USA) as follows: post-isolation high-

purity islets (0.6 ml) and the upper fraction of tissue

retrieved from the post-isolation 20% islet purity were com-

bined and prepared in the first bag (beige rectangles in

Fig. 3). The middle fraction of the tissue from the post-

isolation 20% islet purity fraction was prepared in the second

bag (blue rectangle in Fig. 3) and the bottom portion of the

tissue from the post-isolation 10% islet purity fraction was

prepared in the third bag (green rectangle in Fig. 3). Next, the

final islet product from each bag was tested in the release

criteria assays (Tables 1 and 2). No microbial contamination

was found on Gram stain or 14-day anaerobic, aerobic, and

fungal culture and the endotoxin test was negative

(EndoSafe® PTS™ Endotoxin System, Charles River, Char-

leston, SC, USA). Islet viability, assessed with fluorescein

diacetate (Sigma-Aldrich) and propidium iodide (Sigma-

Aldrich), met release criterium. Islet function based on the

in vitro glucose-stimulated insulin response (GSIR) was per-

formed retrospectively (after the transplant). Briefly, during

GSIR, islets were incubated in high (28 mM) and then in low

(2.8 mM) glucose concentrations in Krebs-Ringer buffer

solution for 1 h at 37�C in each. The high and low glucose

solutions were then collected and send for the analysis of the

insulin concentration to the Central Clinical Laboratory of

the University Clinical Centre in Gdańsk.

Before islet infusion, 4,000 IU of heparin (Polfa Wars-

zawa S.A)—70 IU per kg of recipient’s body weight was

added to the final islet product, divided equally into three

bags. The first infusion bag contained 130,926 IEQ in 2.6 ml

of tissue (65% purity), the second bag contained 108,079

IEQ in 4 ml of tissue (40% purity), and the third bag con-

tained 135,935 IEQ in 5 ml of tissue (30% purity).

Figure 2. The “old school” purification schema.
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Transplantation

In addition to standard maintenance immunosuppression

related to the kidney transplant, the patient received 6 mg/kg

thymoglobulin divided into six daily doses, one prior to the

procedure and the rest over the first 10 days post-

transplantation. Etanercept was injected subcutaneously:

50 mg on day 0 and 25 mg on days 3, 7, and 10. Tacrolimus

was increased with a target trough level of 10–14 mcg/l and

the dose of mycophenolate sodium was increased to 720 mg,

given twice daily. Islets were infused into the portal vein

through percutaneous transhepatic access placed by an inter-

ventional radiologist. The opening portal pressure was

Figure 3. The pellet volumes and IEQ for each fraction during the initial and supplemental purification. IEQ: islet equivalent.

Table 1. Isolation Results.

Pre-purification Post-purification Post-culture Post “old school”

IPN 299,000 288,000 Not done 179,000
IEQ 458,819 504,229 Not done
Settled tissue volume 50 ml 24.6 ml *24 ml 11.6 ml
GSIR Not done Not done Not done 1.27

GSIR: glucose-stimulated insulin release; IEQ: islet equivalents; IPN: islet particle number.

Table 2. Release Criteria.

Release criteria

IEQ IEQ/kg Pellet volume (ml) Viability (%) Endotoxin (EU/kg) Gram stain/culture

Reference value N/A Total � 5,000 Total < 12 Total >70 <5 Negative
Bag 1 130,926 — 2.6 94 0.697 Negative
Bag 2 108,079 — 4 91 0.760 Negative
Bag 3 135,935 — 5 94 0.697 Negative
Total 374,940 6,637 11.6 >91 2.15 Negative

IEQ: islet equivalents.
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7 mmHg and increased to 11 and 20 mmHg after the infusion

of islets from the first and second bags, respectively. Next,

after the portal vein was flushed with 50 ml of plain trans-

plant medium, the portal pressure gradually dropped to

10 mmHg within 20 min. Upon infusion of islets from the

third bag, the portal pressure stabilized at 16 mmHg. Subse-

quent thromboembolic prophylaxis consisted of continuous

unfractionated heparin infused intravenously over 48 h at the

rate of 400 UI per hour adjusted for the target activated

partial thromboplastin time of 50–60 s, followed by subcu-

taneous fractionated heparin injections daily for 2 weeks.

Outcomes

No signs of portal vein thrombosis were found on Doppler

ultrasound on postoperative days 1 and 3. Serum transami-

nases peaked at 82–88 U/l on day 3 and returned to normal

by postoperative day 7. There was also a transient drop in

hemoglobin level from 14.1 to 12.2 g/dl, which normalized

by day 75. Kidney allograft function remained stable with

serum creatinine of 0.96 mg/dl. HLA antibodies remained

negative on days 7 and 75 post-ITx.

After initial improvement in glucose control, there was a

transient deterioration accompanied by a raise in the anti-

GAD65 antibody titers from 21.8 to 1346.9 IU/ml (normal

range: <10 IU/ml) on post-ITx day 14. In order to enhance

immunosuppression to facilitate islet engraftment, patient

received three plasma exchanges followed by the infusion

of 135 g of intravenous immunoglobulin (IVIG) (2.4 g/kg

bw).

The metabolic outcome of b-cell graft function, assessed

according to the Igls criteria14 on day 75 post-ITx, was good

with the complete elimination of severe hypoglycemic epi-

sodes, HbA1c improvement from 8.7% to 6.7%, and a 50%
reduction in insulin requirements. Mixed meal (BOOST®

High-protein, 6 ml/kg, Nestlé Health Science, Bridgewater,

NJ, USA; 360 calories, 9 g fat, 49.5 g carbohydrate, 22.5 g

protein) stimulated c-peptide response was assessed on day 7

and day 75 (3.6- and 7-fold increase from fasting value: from

0.52 to 1.65 ng/ml and 0.31 to 2.05 ng/ml, respectively).

Continuous glucose monitoring (iPRO™2, Medtronic,

Inc.) showed improved glycemic control on day 75 after the

transplant. The mean SD sensor glucose was improved to 28

from 76 mg/dl prior to the islet infusion, the percentage of

time spent within the target glucose range (70–180 mg/dl)

improved from 42% to 98% post-transplantation, and the

patient spent less time in hyperglycemia (glucose >180

mg/dl): 2% vs 56% prior to the transplantation. There was

no time spent in hypoglycemia comparing to 2% before islet

graft (Fig. 1B). The improvement in glucose control was

accompanied by significant improvement in the patient’s

quality of life. The patient reported no fear of a sudden death

and became much more socially active.

On day 80 post-ITx, the patient had transient infectious

diarrhea. Otherwise, the post-ITx course was uneventful

without significant adverse events. Eight months later

patient received supplemental islet infusion, supporting islet

graft function with the final goal of complete insulin inde-

pendence. Opening portal pressure measured directly, while

accessing a portal vein was 7 mmHg, exactly the same as

prior to the first transplant.

Discussion

Islet isolation and purification from young donors remains a

major challenge leading to underutilization of otherwise

high-quality donors of viable islet allografts. Different stra-

tegies have been proposed to facilitate islet recovery in such

cases. Based on the hypothesis that in young donors, pan-

creatic ductal system collapse after the cold storage, addi-

tional injection of collagenase into the pancreatic duct at the

procurement site, rather than only after the cold preservation

was recommended to improve enzyme distribution and

organ digestion, but was later abandoned15. Additionally, a

modified digestion system was proposed to enhance enzy-

matic action over mechanical digestion by slow shaking of

the Ricordi chamber3. Next, investigators tried optimizing

the concentration of collagenase16 or more recently blending

different enzymes (e.g., increasing the dose of protease rela-

tive to that of collagenase17). As the intraportal infusion of

digested, but unpurified pancreatic tissue led to frequent

portal vein thrombosis, the need for the elimination of exces-

sive acinar tissue from the islet preparation became obvious.

Segregating different purity fractions of islets with a pipette

during their sedimentation was the natural first step in the

attempt to limit tissue volume for intraportal islet infusion.

Therefore, we called it “old school” purification18. Many

purification methods have been subsequently tested includ-

ing hand-picking19, phototermolysis20, radiation21,

osmolality-dependent isolation22, cryo-isolation,23 and cell

sorting24. However, most of these methods have only been

used in research settings. Since the 1960s, density gradient

centrifugation has been found to be the most effective and

has become the gold standard islet purification method25.

This procedure utilizes differences in physical density

between islets and acinar tissue to permit islet purification.

With time, more efficient continuous variations replaced

discontinuous gradient purification. However, the latter

might still be utilized for a rescue supplemental

purification26.

Nevertheless, outcomes of gradient purification still

remain very inconsistent, mostly due to the variability of

islet and acinar tissue density related to the deceased donor

characteristics as well as organ quality. Several conditions,

such as warm and cold ischemia time, preincubation time

before purification, and osmolality of both preincubation

solution and purification solution, have been shown to affect

the relative density gradient of islets and acinar tissue27. As a

result, final tissue volume, even after the purification, might

still be too high for safe intraportal infusion as we showed in

our case. In such a situation, the islet preparation may need

to be discarded, despite sufficient islet mass and appropriate
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islet quality. Several modifications have been tested to

address the problem.

Since poor recovery after the standard continuous gradi-

ent purification was attributed to higher than average density

of imbedded islets tissue, therefore use of higher density and

osmolality of the discontinuous gradient was reported suc-

cessful for rescue purification28. The disadvantage of this

method is additional exposure of islets to potentially toxic

gradient environment and shearing forces compromising

quality and quantity of the islets. Since we had excess of

islets already collected, we chose to apply less “stressful” for

islets “old school” purification method, prioritizing preser-

vation of islet quality. Another possible option was to apply

a higher density than standard (>1.095 g/cm3) gradient dur-

ing the primary purification with continuous gradient; how-

ever, we have not had any experience with that technique so

we did not use it29.

With current technology, even in the most experienced

centers, only up to 40%–50% of islet clinical products actu-

ally meet clinical release criteria. This is related most com-

monly to insufficient postpurification islet yield, but might

also be due to excessive pellet volume or insufficient

purity28.

A high pellet volume, especially exceeding 15 ml, was

found to substantially increase the risk of thrombosis or

persistent portal hypertension after intraportal infusion. A

number of other less common serious adverse events related

to the intraportal transplantation of unpurified pancreatic

preparations have also been reported, including wedge sple-

nic infarction, splenic capsular tear, bleeding esophageal

varices, disseminated intravascular coagulation, systemic

hypertension, persistent portal hypertension, liver failure,

and even death30,31.

In our report, we demonstrate successful supplemental

sedimentation-based “old school” purification in the event

of high islet yield and islet product of low purity and high

tissue volume. The procedure allowed for a reduction of the

total pellet volume from 24.6 to 11.6 ml, containing less, but

sufficient islet mass with 374,940 IEQ and viability of over

90%. In our case, discarding lower islet purity fractions to

reduce the pellet volume would have led to insufficient islet

mass that could not have been applied for transplantation.

Considering disadvantage of rescue discontinuous gradient

purification described before and low chance for success as

over 85% of islets were still trapped in acinar tissue, we

decided to culture islets from all three obtained fractions and

later perform the “old school” sedimentation-based method

of islet purification to reduce tissue pellet volume. While

“old school” purification has the advantage of being much

less detrimental to islets than other methods, it needs to be

highlighted that will lead to the substantial loss of islet mass

(26% in our case) so can be applied only in the excess of the

islet mass. We have not found any description of clinical use

of “old school” purification in the literature over last 30

years, besides one personal communication about utility for

pellet volume reduction in setting of islet autotransplantation

by Dr. Hongjun Wang from the Medical University of South

Carolina. Altogether, we propose utilizing “old school” pur-

ification only as an alternative rescue method for a pellet

volume reduction, and only in highly selected cases of islet

allotransplantation with robust islet yield and quality, but

excessive final islet product volume. Moreover, the proce-

dure requires minimal islet manipulation so can be repeated,

if necessary for further pellet volume reduction.

Our final islet preparation after supplemental purification

had a relatively low overall purity of 30%–60%. There is a

debate whether very pure, “naked” islets have survival and

functional advantages over less pure, embedded islets sur-

rounded by more acinar tissue. Highly pure preparations

were shown to facilitate engraftment with reduced graft

immunogenicity31. The high content of acinar cells in

impure preparations is a source of a variety of proteolytic

enzymes, such as trypsin, chymotrypsin, and elastase, which

could affect islet integrity, viability, and functionality32. For

that reason, islet loss after the culture was reported to be

significantly higher in impure preparations. In animal stud-

ies, a higher number of duct cells infused along with islets,

even with comparable numbers of b-cells, resulted in the

failure to achieve normoglycemia33. Duct cells also synthe-

size both the classical membrane-bound and the soluble form

of tissue factor and therefore exert a potent factor VII-

dependent procoagulant activity34. The infusion of impure

preparations may result in more extensive thrombotic and

inflammatory events causing damage of neighboring b-cells.

The mantle of exocrine tissue may also impair the diffusion

of oxygen and nutrients both in culture and after the trans-

plantation, exacerbating central necrosis within large clumps

of cells and thus affecting cell survival and islet engraft-

ment35,36. Recently it was also shown that duct cells secrete

IL-1b2, which could lead to increase inflammation and fur-

ther damage of islets37.

Nevertheless, the transplantation of impure islets in the

setting of autotransplantation and has been well tolerated by

the recipients. Non-islet tissue, potentially containing

progenitor cells, was shown to increase islet viability and

functionality, and improve clinical outcomes. The in vitro

co-culture of islets with ductal epithelial cells prevented

reductions in the structural integrity and functional viability

of islets, isolated according to the standard protocols38,39. In

in vitro experiments both effects described above of

increased tissue factor and IL-1b secretion by duct cells that

lead to IBMIR cannot be observed.

A recently published study by Benomar et al. showed

favorable metabolic outcomes, including lower HbA1c val-

ues, reduced daily insulin requirements, and a higher rate of

insulin independence 5 years after ITx in patients who

received islet preparations with a mean purity of less than

50%, as opposed to those who received islets with a mean

purity of greater than 50%. The authors suggested that non-

islet cells in low purity preparations may exert their bene-

ficial effect through promoting ductal-to-endocrine cell

differentiation40.
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Favorable clinical outcome with improvement in glyce-

mic control reflected by CGM readings and improvement in

hypoglycemia awareness supports the utilization of the “old

school” purification method. Of note, 10 months after the

procedure portal pressure remained the same as prior to the

first transplant, indicating that infusion of 11.6 ml of islet

tissue did not affect portal pressure in the long term.

On the other hand, the infusion of embedded islets might

have led to exacerbated necrosis and additional b-cell loss

due to impaired diffusion of oxygen and nutrients, as men-

tioned earlier. Since GAD65 was shown to be a marker of

early b-cell loss33, it is possible that an over 60-fold raise in

anti-GAD65 antibody titers in this case was just a response

to the release of GAD65 antigen from necrotic b-cells, which

possible would have subsidized on its own as it was previ-

ously reported41,42. In such case, it may have not really

reflected ongoing auto- or alloimmune destruction of the

transplanted islets, and the application of plasma exchange

and IVIG might have not been necessary.

Altogether “old school” sedimentation-based purification

can be successfully applied in cases of high-yield islet iso-

lations, enabling the reduction of tissue volume and utiliza-

tion of high-quality islet grafts that would otherwise be

wasted. In our case, relatively low overall purity of the islet

product did not compromise clinical outcome and our patient

benefitted from the procedure. Supplemental purification

may be a useful tool to increase the utilization of pancreata

and islet grafts from young donors for ITx.

We would like to highlight that utilization of described

method of purification was possible only thanks to the inter-

national collaboration with islet centers in Chicago and

Miami, which shared their extensive knowledge and experi-

ence with the new islet isolation facility in Poland, leading to

the first clinical ITx in Gdańsk43.
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Approval No. NKBBN/58/2020.

Statement of Informed Consent

Written informed consent was obtained from the patient for his

anonymized information to be published in this article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect

to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support

for the research, authorship, and/or publication of this article: Jus-
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