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  Charcot’s neuroarthropathy is a destructive complication of the joint, which is often found in patients living 
with diabetes. Despite the fact that its description was published almost 100 years ago, its pathophysiology, 
diagnosis, and treatment remain areas that need to be updated. Its prevalence is low in patients living with 
diabetes, but this increases in particular situations such as peripheral neuropathy, as well as after simultane-
ous kidney-pancreas transplantation (SPKT) in patients living with type 1 diabetes. We suggest that the devel-
opment of neuroarthropathy after SPK in not only due to glucocorticoid therapy, as described, but also to the 
rapid passage into euglycemia. The reduced prevalence of neuroarthropathy after only kidney transplantation 
compared to SPK seems to validate our hypothesis.
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Background

Charcot neuroarthropathy (CN) is a rare and devastating disor-
der presenting with peripheral and/or autonomic neuropathy 
that affects people with diabetes. It is characterized by pain-
ful or painless bone and joint destruction in limbs that have 
lost sensory innervation [1,2]. The prevalence of CN varies be-
tween 0.1% and 0.4% in the diabetic population.

The risk of developing CN is generally not linked to the type 
of diabetes (I or II), but a study by Petrova did show a greater 
risk of developing CN in patients with type I diabetes [3]. In a 
study by Luxma [4], it was observed that this prevalence in-
creases significantly in a population whose diabetes has been 
followed for 10 years (10.8 vs 27.4 per 10 000), but the inci-
dence remains constant over the period beyond 11 years (av-
erage 3.1 per 10 000 cases). The circumstances leading to the 
appearance of this complication are poorly understood. The 
theory most often used to explain the appearance of this com-
plication is that of Jeffcoate [5]. Since it is difficult to study the 
initiation of this serious complication, we wish to focus on the 
appearance of this complication after double pancreas-kidney 
transplantation (SPKT), a situation described recently in the lit-
erature. Simultaneous pancreas-kidney transplantation (SPKT) 
is a frequently used therapeutic option for patients with diabe-
tes presenting with end-stage renal disease [6]. Simultaneous 
pancreas-kidney transplantation (SPKT) is considered the crite-
rion standard treatment for type 1 diabetes patients present-
ing with end-stage renal failure. SPKT not only restores renal 
function, but also returns blood sugar levels to a euglycemic 
state. If studies have shown that there is a marked improve-
ment in the quality of life of patients who have undergone 
SPKT [7], this evaluation probably did not take into account 
the deterioration of this benefit in patients who developed CN, 
a complication in which the lower-limb amputation rate is ex-
tremely high [8]. There are several retrospective studies in the 
literature that indicate a high prevalence of CN development 
in patients after SPKT. In the study by Rangel et al [9] carried 
out in 130 patients after SPKT, the prevalence of developing 
CN was 4.6% during the first year after SPKT; a factor favor-
ing CN according to the authors of this study was corticoste-
roid therapy due to the impact on bone loss after transplan-
tation. In a study by Matricali et al [10], 8 of 66 patients with 
SPKT (12%) developed CN within the first year after transplan-
tation. Another retrospective cohort study [11] comparing 478 
patients with kidney transplant alone or kidney-pancreas trans-
plant demonstrated that a total of 72 (14.8%) patients devel-
oped CN. In the diabetic patients who had a kidney-pancreas 
transplant, 44 (18.4%) of 238 (P=0.024, 95% CI) developed CN. 
Of the diabetic patients who had a kidney transplant alone, 28 
(11%) of 249 developed CN. Having a kidney-pancreas trans-
plant was statistically significant versus kidney transplant (KT) 
alone for developing CN. When the 277 diabetic peripheral 

neuropathy patients were isolated, the incidence of develop-
ing CN in the kidney-pancreas group was 31.4% (P=0.037, 95% 
CI), which was statistically significant compared with the kid-
ney transplant group, with an incidence of 20.4%. In a study 
by García Barrado et al [12], 9 of 100 patients (9%) developed 
CN after transplantation, 4 of them within the first year af-
ter transplantation (3.2, 3.5, 5.3, and 6.7 months, respective-
ly). In the remaining patients, CN was diagnosed 1.4, 1.9, 2.4, 
3.5, and 5.5 years after transplantation (summary statistics of 
all 9 patients: 1.8±1.8 [1.4, 0.3-5.5] years). It is important to 
note in the studies cited [9-12] the high prevalence of CN de-
velopment in the first year after pancreas-kidney transplan-
tation or kidney transplantation alone.

Discussion

Charcot neuroarthropathy is a rare and devastating disorder 
that affects people with diabetes and peripheral and/or auto-
nomic neuropathy [1]. A late diagnosis can have serious con-
sequences, including amputation. The physiopathology of this 
disorder is poorly understood. In the studies mentioned above, 
intensive corticosteroids therapy prescribed after transplanta-
tion (SPKT as well after KT) was the main factor responsible 
for the appearance of CN. This was due to the action of glu-
cocorticoids on bone structure and bone remodeling factor, 
especially the receptor activator of nuclear factor kappa-B li-
gand (RANKL) [13], but this information does not explain why 
there is a higher prevalence of CN after SPKT than after KT.

Also, there is no description of the impact of this corticoste-
roid therapy on the action on estroprogestin, which is the nat-
ural antagonist of RANKL. However, the rapid regulation of hy-
perglycemia found after pancreas transplantation can reduce 
the value of RANKL antagonist osteoprotegerin (OPG) [14]. 
Recently, we published a study showing that the rapid regula-
tion of chronic hyperglycemia is associated with development 
of CN [15]. Therefore, the presence of euglycemia induces the 
elevated rate of the CN after SPKT transplantation.

To strengthen this hypothesis, we can take into account 
the evolution of the HbA1c rate in the García Barrado et al 
study [12]. Patients living with diabetes who undergo pancre-
as-kidney transplantation have a 2-fold higher risk of develop-
ing CN (the glucocorticoids act on RANKL and rapid regulation 
of glycemia, and have their own action on osteoprogesterin).

The link between the transition to rapid euglycemia and neu-
rological complications in people living with diabetes has al-
ready been described [16,17], but this link has never been de-
scribed in the onset of neuroarthropathy.
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Conclusions

Rapid correction of hyperglycemia appears to be the cause of 
the higher prevalence of the onset of CN after SPKT versus 
KT. This information is useful in order to sensitize the clini-
cian and to set up follow-up and diagnostic consultations in 
specialized CN units for post-pancreas-kidney transplant pa-
tients during the first year after transplant. The diagnosis of 
CN is often complicated and can lead to the development of 
ulcers requiring amputation.
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