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Abstract. – OBJECTIVE: Alternative sites to the 
liver for islet transplantation have been studied for 
a long time. Intramuscular islet transplantation ap-
pears to be an alternative site to the liver because 
of the ease of access. First islet autotransplan-
tations were reported in patients after total pan-
createctomies. The transplanted islets showed a 
proper revascularization and their function was 
observed for up to 2 years after the implant. How-
ever, only a few cases of autotransplantation and 
no allotransplantation have been performed. The 
aim of this study was to verify the feasibility of is-
let allotransplantation into muscles.

PATIENTS AND METHODS: In four patients 
affected by type 1 diabetes mellitus in which liv-
er islet allotransplantation was contraindicated, 
human islets were transplanted into patients’ 
arm muscle with local anesthesia.

RESULTS: The surgery was minimally inva-
sive, without complications. In one patient a 
moderate local inflammatory reaction was ob-
served at the site of the implant, which resolved 
spontaneously within 4 days. Islet graft func-
tion was observed after transplantation in all pa-
tients, but it progressively disappeared in 3 out 
4 patients within a short time.

CONCLUSIONS: In this first ever-reported in-
tramuscular pancreatic islet allotransplantation, 
the procedure appears feasible but new strategies 
must be envisaged to significantly improve islet 
engraftment and the long-term graft function.
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Introduction

Pancreatic islets are usually transplanted 
through the portal vein into the liver where they 
engraft and replace beta cell function1. Howe-
ver, a large proportion of transplanted islets are 
lost a few hours after the transplant, principally 
due to an instant blood-mediated inflammatory 

reaction (IBMIR)2,3. Thereafter, islets into the 
liver are exposed to a high glucose concentra-
tion of immunosuppressive drugs that leads to 
chronic graft exhaustion and then graft loss4. In 
addition, there are some clinical conditions that 
contraindicate transplanting into the liver: portal 
hypertension, hepatic disease or thrombophilic 
disease. Therefore, the search for alternative si-
tes for islet transplantation is one of the hot to-
pics in this field. Most of the data available on 
alternative sites were achieved in animal models 
of islet transplantation and included islet tran-
splantation in the pancreas, subcutaneous tissue, 
muscle tissue, omentum, bone marrow, gastric 
submucosa, genitourinary tract, the kidney cap-
sule, testis, thymus and anterior eye chamber5-7. 
In some of these sites (omentum, bone marrow, 
muscle) clinical trials have been started and the 
first case studies have been reported8-11. A truly 
efficient implant site as an alternative to the liver 
has not been identified yet.

Skeletal muscle was proposed as an alternati-
ve site for islet implant, characterized by mini-
mal blood contact (thus preventing IBMIR), easy 
access and an efficient islet revascularization6,7. 
Vasculature within islets engrafted in striated 
muscle is functional and restored within 2 weeks 
after transplantation12 and the vascular system 
was similar to that in native islets11. In an animal 
model for both human and murine islets, equiva-
lent or superior graft function was observed for 
transplantation into skeletal muscle compared 
with the portal vein5. The first clinical islet au-
totransplantations into the skeletal muscle after 
total pancreatectomy showed graft function up to 
2 years later10, and the islets were easily visuali-
zed through high-resolution magnetic resonance 
imaging11 or through GLP-1 receptor scanning13. 
Indeed, no data about human islet allotransplan-
tation into the skeletal muscle of patients affected 
by type 1 diabetes mellitus are available. Here, 
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we report the results of the first 4 transplantations 
in patients affected by type 1 diabetes mellitus in 
which liver engraftment was contraindicated for 
different clinical reasons.

Patients and Methods

Patients
Informed consent was obtained from patients 

who underwent the procedure, according to the 
requirement of local Ethical Committee. The pro-
tocol was approved by the Local Ethical Commit-
tee. Inclusion criteria were: C-peptide ≤0.5 ng/ml 
in type 1 diabetes mellitus, age between 18 and 
65 years, minimum disease duration of 5 years, 
brittle diabetes or in active immunosuppression 
therapy for another organ transplantation and 
contraindication to intra liver transplantation 
(thrombophilia, cardiovascular disease, portal 
hypertension, liver disease). Four patients were 
eligible for intramuscular islet transplant. 

Patient #1 was transplanted 10 years ago with 
a liver transplantation, complicated by partial he-
patic arterial thrombosis that contraindicated an 
intrahepatic invasive procedure.

Patient #2 was transplanted 1 year ago with in-
tra hepatic islet transplantation, showing an incre-
ase of portal pressure up to 19 mmHg at the end 
of the procedure.

Patient #3 was submitted to a simultaneous islet 
and heart transplantation. In the first days after 
the heart transplantation, hemodynamic disfun-
ction contraindicated islet transplantation into the 
liver. Patient received islet transplantation 2 days 
after heart transplantation.

Patient #4 showed a thrombophilic condition. 

Islet Production
Human islets were isolated from pancreata of 

multiorgan cadaveric donors. Islet isolation and 
culture were performed in the Regional Tissue 
Bank authorized by CNT (Italian National Cen-
tre for Transplantation). Organs were harvested 
utilizing cold perfusion (Celsior, Genzyme, Na-
arden, The Netherlands), and islets were isola-
ted using the automated method, as previously 
described14,15. Pancreata were digested using a 
cold enzymatic blend solution (Collagenase NB1, 
SERVA, Heidelberg, Germany) reconstituted in 
Hank’s Balanced Salt Solution 25 mM of HEPES 
(Euroclone, Pero, Milan, Italy), supplemented 
with neutral protease (Protease NB, SERVA, Hei-
delberg, Germany) and islets were purified with 

discontinuous gradient. Purification was perfor-
med using polysucrose gradient solutions at 1.132, 
1.108, 1.096, 1.060 e 1.037 g/L (Mediateech-Cel-
lgro, Manassas, VA, USA). Collagenase activities 
were tested as previously described16.

Islets were seeded in 75 cm2 suspension flasks 
at the concentration of 20,000 equivalent islets/
flask and cultured for 24-48 hours before tran-
splantation at 24°C and 5% CO2 in Miami Me-
dia (Mediatech-Cellgro, Manassas, VA, USA), 
supplemented with ciprofloxacin (Fresenius Kabi, 
Verona, Italy).

Islet viability was assessed with propidium io-
dide (PI) (Sigma-Aldrich, Milan, Italy) and cal-
cein AM (Thermo Fisher, Waltham, MA, USA).

Islet Transplant
Islet preparation was suspended in Ringer 

Lactate (Fresenius Kabi, Verona, Italy) supple-
mented with bicarbonate (1 mEq/ml, S.A.L.F., 
Bergamo, Italy) and human serum albumin 20% 
(Kedrion, Lucca, Italy). Aliquots were loaded in 
5 ml luer/lock syringes packaged in double wrap 
and transported to the operating room.

Islets were transplanted under local anesthesia 
in the brachioradialis muscle of the forearm (pa-
tients #1, #2 and #3) or in the bicep muscle (pa-
tient #4) (Figure 1). Briefly, skin was incised and 
the muscular band exposed. Small incisions were 
made in the inner muscle; syringes were equipped 
with a rounded needle, and islets seeded between 
fibers while the needle was slowly receded.

All the patients, with the exclusion of patient 
#4, were already under immunosuppression the-
rapy. After islet transplantation, immunosuppres-
sion therapy remained the same. Patient #4 was 
treated as previously described17. 

Results

The characteristics of the transplanted patients 
are reported in Table I. Patient #2 showed a resid-
ual islet function from previous islet transplanta-
tion. The patients received an islet allotransplan-
tation (Table II). In all patients, an inflammatory 
reaction was observed to different extents in the 
site of implant, particularly evident in patient #4, 
minimal in patient #3. The inflammation com-
pletely resolved after 6 days from the transplant. 
C-reactive protein increased after islet transplan-
tation only in patient #4 (from 0.1 to the peak val-
ue of 4.9 mg/l 3 days after transplantation). After 
islet transplantation, c-peptide values increased 
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at different rates in the four recipients (Figure 
2). Patient #3 showed C-peptide 0.3 ng/ml up to 
24 months after transplantation. No significant 
decrease of insulin requirement was observed 
in patients #1, #2 and #4. Patient #3 halved the 
insulin requirement (from 70 to 35 u per day a 
year later). However, in the patient #3 the general 
inflammatory and hemodynamic conditions were 
significantly improved after the simultaneous islet 
and heart transplantation. Therefore, the reduc-

tion in insulin requirement may also be partially 
influenced by the positive outcome of heart trans-
plantation. HbA1c during follow up was reported 
in Table III. Antibodies anti GAD increased after 
transplantation only in the patient #2 (from basal 
0.9 to 9.0 U/ml 3 months later).

Discussion

This is the first clinical experience of human 
islet allotransplantation into the skeletal muscle in 
patients affected by type 1 diabetes mellitus. 

Table I. The characteristics of the transplanted patient.

Patient ID Sex Age (years) Height (cm) Weight Years of C-pep  HbA1c
    (Kg) diabetes (ng/ml)  (%Hb)

#1 M 53 173 76 38 <0.1 7.2
#2 F 36 162 74 25 0.5 6.6
#3 F 45 159 53 37 0.1 8.1
#4 M 41 170 70 28 0.1 8.8

Figure 1. Islets transplantation under local anesthesia in bicep (A) or in brachioradialis (B) muscle in the forearm.

Table II. The characteristics of the transplanted islet 
preparations.

 Number  
 of Equivalent Islet  Volume
Patient ID (IE/kg b.w.) (ml) Purity (%)

#1 396.000 (5.21) 1 95
#2 397.000 (5.36) 2 80
#3 243.260 (4.58) 4 30
#4 471.000 (6.72) 4 80

Table III. HbA1c values before and after transplantation.

Patients Basal (%) 3 month (%) 12 month (%)

#1 7.2 6.5 7.1
#2 6.6 7.7 10.1
#3 8.0 6.2 8.2
#4 8.8 8.1 7.8
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Previously, only islet autotransplantations in 
patients submitted to total pancreasectomy have 
been reported10. In the case of a 7-year-old girl, 
who underwent a total pancreatectomy followed 
by islet autotransplantation to the brachioradialis 
muscle of the right forearm, C-peptide increased 
up to 1.37 ng/mL and a decreased insulin require-
ment and a normal HbA1c were reported during 
the 2 year follow-up. In three patients submitted 
to autotransplantation into the brachioradialis 
muscle, islets were visualized using magnetic 
resonance imaging 3-6 months after surgery, al-
though plasma c-peptide was not detectable11. In 
our set of patients, islet graft function was ob-
served after transplantation in all the patients, 
from 3 up to 24 months after the transplant, albeit 
to a small degree. Indeed, the metabolic impact 
of graft function remained limited and in 2 out 
4 patients rapidly decreased. With one exception, 
graft function was not able to significantly modify 
the recipient insulin requirement and HbA1c was 
not strictly controlled in all the patients. No defin-
itive conclusion can be taken from this prelimi-
nary experience: this is not a controlled study but 
a pilot experience in four heterogenous patients. 
The number of transplanted islets in each patient 
was lower than we usually transplant, according 
to our protocol17. Many factors could impair islet 
engraftment into the skeletal muscle18. The injec-
tion of large clusters of islets causes substantial 
early islet cell death due to hypoxia. The revas-
cularization process occurred within two weeks, 
but this is probably too late to prevent early cell 

death. Exocrine contamination could amplify islet 
hypoxia soon after transplantation19. The inflam-
matory reaction to the islet graft might trigger a 
rejection or an autoimmune reaction and subse-
quently to the loss of islets. Finally, the surgical 
technique might cause myofiber trauma, thus am-
plifying the inflammatory reaction19.

Many strategies have been proposed to im-
prove islet engraftment and function and most 
of them appeared to be particularly suited 
for a transplant into the skeletal muscle. The 
co-transplantation of mesenchymal stem cells 
reduced inflammation and supported endothe-
lial cell interactions20; the co-transplantation of 
polymerized hemoglobin or the use of oxygen 
carriers reduced beta cell hypoxia21. Finally, the 
pre-transplant uses of medical devices to induce 
revascularization22 and the use of growth fac-
tors, anti-inflammatory or anti apoptotic strate-
gies might favor islet engraftment23-28.

Skeletal muscle appeared to be a safe site for islet 
implant; in this procedure, complications are phys-
ically restricted to the arm used for the implant. 
This transplant is therefore feasible even in severe-
ly ill patients such as heart transplant patients.

Conclusions

Intramuscular islet transplantation is a safe and 
feasible procedure, but still needs substantial im-
provement to favor engraftment and, therefore, 
long-term islet graft function.

Figure 2. C-peptide values before and after transplantation of patient #1 (white bars), patient #2 (gray bars), patient #3 (black 
bars), patient #4 (dotted bars).
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