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Abstract

While chronic hyperglycaemia resulting from poorly controlled diabetes mellitus is a
well-known precursor to complications such as diabetic retinopathy, neuropathy
(including autonomic neuropathy), and nephropathy, a paradoxical intensification of
these complications can rarely occur with aggressive glycemic management resulting in
a rapid reduction of glycated haemoglobin (HbAlc). Although, acute onset or
worsening of retinopathy and treatment induced neuropathy of diabetes (TIND) are
more common among these complications, rarely other problems such as albuminuria,
diabetic kidney disease Charcot’s neuroarthropathy, gastroparesis and urinary bladder
dysfunction are also encountered. The World Journal of Diabetes published a rare case
of all these complications in a young type 1 diabetic female intensely managed during
pregnancy as a case report by Huret ef al It is essential that a comprehensive
understanding of the pathobiology, prevalence, predisposing factors, and management
strategies for acute onset or worsening of microvascular complications during rapid
glycemic control is achieved, which serves to alleviate patient morbidity, enhance
disease management compliance, and possibly avoid medicolegal issues around this

rare clinical problem. This editorial delves into the dynamics surrounding the acute




exacerbation of microvascular complications in poorly controlled diabetes mellitus

during rapid glycaemic control.
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Core Tip: New onset, or acute worsening of preexisting microvascular complications of
diabetes mellitus (DM) is an uncommon complication of rapid improvement of chronic
hyperglycaemia from intensive management of DM. Worsening of diabetic retinopathy
and treatment induced neuropathy of diabetes (TIND) are the two common
microvascular diseases complicating intensive DM treatment with a rapid HbAlc
reduction more than 2% points within a period of 3 months, though less commonly
other complications such as Charcot’s neuroarthropathy, diabetic nephropathy,
gastroparesis and urinary bladder dysfunction are also encountered. This editorial
discusses the case of a young female type 1 diabetic intensively managed during
pregnancy, developing all these complications published as a case report in the World
Journal of Diabetes, with an appraisal of the current evidence on this uncommon

phenomenon.

INTRODUCTION

Uncontrolled chronic hyperglycaemia is associated with both micro- and macrovascular
complications. The microvascular complications including diabetic nephropathy,
retinopathy, and neuropathy could lead to dialysis, blindness, and amputation,
respectively.[12] On the other hand, macrovascular complications including myocardial

infarction, heart failure, and stroke could increase the mortality risk.Pl Studies in type 2




diabetes mellitus (T2DM) patients have shown that certain microvascular complications
are associated with increased risk for macrovascular complications and cardiovascular
mortality.¥] Though intensive control of chronic hyperglycaemia could reduce the
incidence of microvascular (statistically significant) and macrovascular (statistically not
significant) complications,[®! the global burden of these complications is still alarmingly
high due to the increased prevalence of diabetes mellitus and increased life
expectancy.[¢]

However, rapid control of chronic hyperglycaemia in those with longstanding poorly
controlled diabetes can be associated with worsening microvascular complications
including diabetic retinopathy,”8] painful diabetic neuropathy,%1] Charcot’s
neuroarthropathy, -4l and rarely diabetic nephropathy.'>l This paradoxical worsening
of diabetic microvascular disease can occur in patients with both type 1 diabetes
mellitus (TIDM) and T2DM, with insulin and non-insulin-based therapies, during
ﬁregnancy, post-bariatric surgery, and post-pancreas transplant.[1¢]

Early worsening of diabetic retinopathy

The diabetes control and complications trial (DCCT) trial observed an early worsening
of diabetic retinopathy (DR) among T1DM patients with high glycated haemoglobin
(HbA1c) levels at baseline and a marked HbAlc reduction in the initial 6 months of
treatment.['”7l Despite this early worsening, the intensively treated TIDM group had an
equivalent or superior long-term retinopathy outcome in comparison to the
conventionally treated group without early worsening. Coexistent renal impairment,
presence of advanced diabetic retinopathy (severe non-proliferative DR or proliferative
DR), younger age at TIDM diagnosis, raised serum triglyceride levels, and increased
retinal venular diameters are the known predictors for excessive risk of diabetic
retinopathy progression in those patients achieving rapid glycaemic control. [17.18]
Pathogenesis of early worsening of diabetic retinopathy

There are several studies in the literature that describe early worsening of diabetic
retinopathy with tighter glycaemic control.[7816-18] For instance, in a study conducted at

Oslo, half of the TIDM patients managed with continuous subcutaneous insulin




infusion (CSII) experienced early worsening of DR within three months of intense
glycemic control by the treatment, as opposed to those on short or intermediate-acting
insulin regime.”1%1 Furthermore, similar findings were described in the Kroc
Collaboration study, in which 47% of T1DM patients receiving CSII developed
worsening DR at 8 months, while only 27% in the conventional treatment group had DR
worsening.[?l The mechanism underlying the early worsening of retinopathy is not well
established, however, there are several proposed modes of pathogenesis. The clinical or
morphological early worsening of DR is defined as the new development of
dot- and- blot haemorrhages, microaneurysms, intraretinal microvascular
abnormalities (IRMAs), cotton- wool spots (also known as soft exudates), and
capillary- free areas.”l For example, in the aforementioned Kroc Collaboration study,
higher numbers of cotton wool spots and IRMAs were observed in the intensely treated
CSII group compared to the conventionally treated group at the 8 months of
treatment.[7.20]

However, it is noteworthy that at the end of 2 years of treatment, both groups exhibited
a similar number of cotton wool spots and IRMAs indicating probable arrest of
progression of disease after an initial worsening of DR. There are also some
discrepancies in the observed DR outcomes between different studies comparing
intense vs conventional glycemic control. In the Oslo study for instance, the CSII group
had a significantly higher number of microaneurysms compared to the control group at
three months of treatment while this group had considerably fewer microaneurysms at
baseline (prior to the study).'9! Similar findings were reported in DCCT in which an
early DR worsening was observed in the intensively treated group with a rapid
reduction of HBA1c at 6 months of treatment.["7]

It is suggested that two factors contribute to early worsening diabetic retinopathy,
namely a glycemia-related mechanism as well as a potential role for blood pressure (BP)
control. A rapid drop of HbAlc with intensive glycemia treatment lowers intravascular
osmotic pressure.l2ll The resultant osmotic gradient between intra- and extracellular

compartments causes water movement across blood vessels with fluid exudation from




the vulnerable retinal microcirculation.”] Another proposed mechanism is a possible
synergistic effect of insulin and vascular endothelial growth factor (VEGF) on retinal
vessels with proliferation of retinal vessels and worsening of DR.[22l This overexpression
of VEGF coupled with the release of reactive oxygen species (ROS) in the context of
hyperglycaemia might contribute worsening of DR. Tight BP control also might
contribute to worsening DR though this mechanism remains controversial with
contrasting evidence.l”]

Early worsening of diabetic neuropathy (Treatment Induced Neuropathy of Diabetes
or TIND)

The commonest microvascular complication associated with intensive glycemic control
is TIND, previously also known as insulin neuriﬁ's, characterised by painful sensory
neuropathy and at times, autonomic neuropathy. TIND is defined as the occurrence of
an acute neuropathy within 8 wk of a rapid decrease in HbAlc often following rapid
improvement of a chronic hyperglycaemic state.['”] The actual prevalence of TIND is
unknown but may be encountered in up to 10% of tertiary referrals for evaluation of
acute diabetic neuropathies.l’l Although TIND is more commonly seen in individuals
with T1DM, it may also occur in T2DM managed with hypoglycaemic medications or

even diet control.l?]

Pathogenesis of TIND

Although the exact mechanisms are not fully understood, experiments in animal
models suggested various concepts. One is the hypothesis of Eural “energy crisis”
wherein, chronic hyperglycaemia might lead to a reduction in nerve blood flow and
endoneural oedema, creating a long-standing hypoxic endoneural
microenvironment.['!). When an abrupt drop in glucose levels occurs in such as
situation, it might lead to a relative endoneural hypoglycaemia, leading to an “energy
crisis”, resulting in acute neuropathy.

Another factor is the presence of macrophage infiltration in peripheral nerves leading to

chronic inflammation and the release of macrophage-derived cytokines and




neuroinflammatory regulators which result in the activation of sensory neurons
resulting in neuropathic pain.['] Neural regeneration after improved glycemic control
also can be an additional source of neuropathic pain.?3l However, this concept requires
further studies for a comprehensive understanding of how the interplay between nerve
degeneration and regeneration contributes to TIND.

Acute development/ worsening of Charcot’s neuroarthropathy

Charcot’s neuroarthropathy (CN) is a chronic destructive disease in patients with
peripheral neuropathy characterized by painful or painless bone and joint destruction
in limbs that have lost sensory innervation.[1] The estimated prevalence of CN is 0.1 to
0.4% in individuals with diabetes, but the prevalence can be as high as 35% in patients
with diabetic peripheral neuropathy.['®l. Both types of diabetes can increase the risk,
though the prevalence may be higher in those with TIDM and one or both feet may be
involved.

Pathogenesis ofﬁ"ute Charcot’s following rapid improvement of diabetes

Bone modelling factors such as RANKL (receptor activator of nuclear factor-«xB ligand)
and its antagonist osteoprotegerin (OPG) play an important role in the development of
CN.[18l Acute CN may occur with rapid correction of hyperglycaemia as in patients who
underwent a concurrent kidney-pancreas transplantation. This is possibly from an
interplay of OPG and RANKL levels resulting from intensive glycemic control in such
situations.[16] Inhibition of OPG by reduction of HbAlc might induce an increase in the
RANKTL level leading to rapid maturation of the osteoblasts, and hence bone lysis with
the development of acute CN.

Acute worsening of Diabetic Nephropathy with rapid glycemic control

Like the observed development of DR and TIND with the rapid reduction of HbAlc,
there is evidence, however, limited, in the literature that indicates a rapid correction of
hyperglycaemia may contribute to the eﬁly worsening of DN. For instance, in an article
by Cundy et al, the authors describe a rapid and sustainable decline of estimated
glomerular filtration rate (eGFR) in four subjects with type 2 diabetes after their HbAlc
had fallen from 118 mmol/mol (12.9%) to 48 mmol/mol (5.5%).["%l The renal




microcirculation is usually protected by hemodynamic autoregulation when compared
to the retina and the vasa nervorum of peripheral nerves which would explain the rarity
of this phenomenon.

TIND anﬁ diabetic autonomic neuropathy

There is a strong correlation between the proportionate risk of development of TIND
and the magnitude of HbAlc reduction as observed by a large series by Gibbon et all?]
For instance, a rapid HbAlc reduction of 2-3% points in 3 months period was shown to
be associated with an absolute risk of TIND in 20% of diabetic subjects while a
reduction of >4% was associated with an absolute risk of >80% in this study.
Complications of diabetic autonomic neuropathy such as gastroparesis, urinary bladder
dysfunction, erectile dysfunction, and cardiac autonomic neuropathy are all
consequences of TIND.[24l The Figure below shows the microvascular complications that
can be associated with rapid improvement of chronic hyperglycaemia in patients with
poorly controlled diabetes.

Figure: Probable acute worsening of microvascular complications that can develop
following rapid and marked improvement of hyperglycaemia in patients with poorly
controlled diabetes mellitus.

Simultaneous development of multiple microvascular complications

Although there are several cohort studies, case series and reports in the published
literature, the simultaneous occurrence of a multitude of microvascular diabetic
complications following rapid correction of severe chronic hyperglycaemia is rarely
reported. Huret et al in the recent issue of the World Journal Diabetes, reported a unique
case of multifocal microvascular disease complicating the management of a 25-year-old
woman with poorly controlled TIDM after intense reduction of chronic hyperglycaemia
during pregnancy.l”l The patient developed crippling CN (culminating in left knee
replacement and foot amputation) followed by the development of severe sight-
threatening DR, gastroparesis, urinary bladder dysfunction, and rapidly progressive
diabetic nephropathy terminating in dialysis dependence within three years of the

index disease onset.




Although the development of microvascular complications because of rapid reduction
of chronic hyperglycaemia occurs usually within a short period of time, the multifocal
microvascular disease in the above case except CN occurred only after several months
of marked improvement of her TIDM, which is slightly difficult to explain. We are
unclear whether pregnancy as such impacted the delay in the development of some of
these complications, in this case, owing to the marked immune alterations at the
childbearing period in females. It is noteworthy that some of the microvascular
complications are believed to develop through immune/cytokine-mediated
mechanisms, and the immunological and cytokine milieu during pregnancy are very
different from those in normal adults.

Pregnancy as such is a risk factor for the development and/or progression of
microvascular complications in patients with preexisting diabetes possibly because of
marked glycemic fluctuations during this period,/?! for which reason, women are
regularly monitored during each trimester of their pregnancy for screening these
complications. Although rigorous control of hyperglycaemia was very important
during pregnancy to improve maternal and foetal outcomes, this patient, unfortunately,
developed catastrophic complications of intense diabetes control, an unanticipated and
possibly unavoidable iatrogenic complication.

Medicolegal implications of the development of microvascular disease with marked
glycemic control

A few potential medicolegal issues may arise in relation to an acute worsening of
microvascular complications of diabetes from tight glycemic control. For instance, there
is an issue with informed and establishing a standard of care. Physicians and healthcare
providers should ensure that patients are adequately informed about the potential risks
associated with tight glycemic control and the possibility of early worsening of
microvascular complications. Informed consent should include discussions about the
benefits and risks of treatment options, potential complications, and alternatives.

Failing to obtain informed consent may lead to legal challenges if complications arise.




Moreover, Healthcare providers are expected to adhere to the standard of care when
managing diabetes and its complications. If a provider fails to follow established
guidelines and recommendations, it may be considered medical malpractice. However,
it is critical to note that there are no current large-scale studies that examined the cut off
points for HbAlc that is optimal for evading these complications simultaneously, while
aiming to curb the long-term effects of poor glycemic control.

Situations where marked reduction of hyperglycaemia and HbA1c are anticipated as in
cases of bariatric surgery, pregnancy (as in the case described by Huret et al),?]
pancreas transplantation, and even in those with massive weight loss from lifestyle
changes or incretin-based therapies, patients may be counselled well in advance
regarding likelihood of development of these microvascular complications. Patients also
must be monitored rigorously and regularly in such situations.

Therapeutic strategies

Optimal management strategy of TIND is still not clear because of the lack of adequate
data from global scientific literature. Some experts suggest relaxing the glycemic targets
transiently to slow down the intensity of rigorous control of hyperglycaemia, while
others do not support this concept and advise supportive management.27-2I There is
some evidence favouring the concept of relaxing the tight glycaemic control (permissive
hyperglycaemia) for short periods in patients developing acute DR/ worsening DR
complicating abrupt diabetes improvement.[2.30l However, maintaining good glycemic
control over long-term periods with only symptomatic supportive management of
TIND has resulted in improvement of the disease in a good proportion of patients,
while marked fluctuations and poor glucose control have been associated with
worsening all the microvascular complications including DR, TIND, and
nephropathy.[3 Therefore, it is better to target an HbAlc reduction of <2% points
within the first three months of glycemic management, if possible, in patients with poor
baseline glycemic control.

As there is inadequate data on the appropriate treatment of acute onset/ worsening of

existing microvascular complications in patients with poor baseline diabetes control, a




patient-cantered management strategy must be adopted depending on the individual
clinical situation. Wherever an abrupt reduction of HbAlc of more than 2% points is
expected (e.g., bariatric surgery, marked weight loss in obesity with T2DM, and in
eating disorders), patients should be counselled and regularly monitored. Management
options as mentioned above may be considered, though improvement may not occur in

some patients as reported by Huret ef al [25]

CONCLUSION

Acute worsening of microvascular complications is a challenging aspect of managing
uncontrolled diabetes. Uncontrolled chronic hyperglycaemia is a well-established risk
factor for both microvascular and macrovascular complications, leading to significant
morbidity and mortality. However, the paradoxical exacerbation of microvascular
complications, such as DR, painful diabetic neuropathy, CN, and DN, during rapid
glycemic control can be an important clinical concern with probable medicolegal
implications. The pathobiology, actuarial prevalence, predisposing factors, and the
management strategies for acute onset/ worsening of microvascular complications in
patients achieving rapid glycemic control of their poorly controlled diabetes are yet to
be fully elucidated. More research with emerging new evidence on this enigmatic
disease may help us to optimally manage patients like the one reported by Huret ef al in

their unique clinical case report.
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