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INTRODUCTION

Peripheral neuropathy is the most common complication 
of diabetes, occurring in approximately 45% of patients 
with type 2 diabetes and 54%–56% of patients with type 1 
diabetes.1) Diabetic peripheral neuropathy typically develops 
chronically over the years in patients with longstanding 
hyperglycemia.1)

Acute-onset peripheral neuropathy can also occur in asso-
ciation with newly diagnosed type 1 diabetes, but reports are 

extremely limited.2–7) Among these cases, acute peripheral 
neuropathy following onset of diabetic ketoacidosis (DKA) 
in type 1 diabetes has been reported.3–7) Although the exact 
pathogenesis is not yet clear, both metabolic and hemody-
namic mechanisms have been suggested.8,9) According to 
previous reports, acute peripheral neuropathy following 
DKA presents with a range of clinical manifestations, often 
characterized by bilateral or unilateral distal-dominant mo-
tor and sensory impairments.2–7) The functional outcomes of 
these impairments vary, and in some cases, severe residual 
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Background: Peripheral neuropathy is a common complication of diabetes, impacting many 
patients with type 1 or 2 diabetes. Acute-onset peripheral neuropathy after diabetic ketoacidosis 
(DKA) is rare yet serious, and reports on long-term functional outcomes and rehabilitation for this 
condition are limited. We present a case of bilateral foot drop caused by acute-onset peripheral 
neuropathy following DKA. The case was effectively managed through prompt and continuous 
intervention. Case: A 21-year-old male university student with no notable medical history who 
was seeking employment presented with impaired consciousness. DKA associated with type 1 
diabetes was diagnosed. As blood glucose and acidosis improved, he rapidly regained conscious-
ness. On Day 3 post-onset, bilateral foot drop and lower leg sensory impairment emerged, with 
nerve conduction studies indicating lower extremity peripheral neuropathy on Day 8. Improve-
ment during hospitalization was modest, so ankle–foot orthoses were prescribed on Day 10. He 
could walk independently with the orthoses on Day 12 and was discharged home on Day 15. 
Outpatient follow-up was continued to support the patient’s efforts to gain employment. Needle 
electromyography in the tibialis anterior muscles bilaterally showed denervation at 2 months and 
polyphasic potentials at 8 months. In the 2 years post-onset, bilateral lower limb muscle strength 
progressively improved, and the patient successfully secured clerical employment. Discussion: 
Successful rehabilitation for employment was achieved in the rare condition of acute-onset neu-
ropathy after DKA through effective management based on early orthotic prescription, clinical 
and electrophysiological examinations, and continuous follow-up.
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neurological deficits have been reported.4,7) However, the 
literature remains limited on the long-term functional 
outcomes and rehabilitation management of acute-onset 
peripheral neuropathy.

This report describes the case of a young man who pre-
sented with peripheral neuropathy complicated by bilateral 
foot drop after the onset of DKA. We initiated gait training 
with prescribed bilateral ankle–foot orthoses (AFOs) for the 
bilateral foot drop from the acute phase, and electrophysi-
ological examinations were performed during the subacute 
period. Based on clinical and electrophysiological outcome 
predictions during follow-ups, we provided guidance to the 
patient during employment-seeking activities. As a result of 
the early and continuous intervention, the patient success-
fully secured employment within 2 years after onset.

CASE

A 21-year-old man who was fully independent in activities 
of daily living (ADL) was emergently transferred to our uni-
versity hospital (Day 1) with the chief complaint of altered 
consciousness. The patient had been experiencing weight 
loss for the past few years. He had a body mass index of 17.7 
kg/m2 (weight 60.6 kg, height 185.0 cm). He was a university 
student actively engaged in employment-seeking activities. 
He had no significant medical history, and there were no no-
table findings in the family history. He was a social drinker 
and a non-smoker. He resided in a two-story detached house 
with his parents and younger sister. Written informed consent 
was obtained from the patient for publication of this report.

Upon transfer to our hospital, the patient exhibited impaired 
consciousness [Glasgow Coma Scale10) (GCS) E3V4M5] and 
had tachypnea (respiratory rate 30 breaths/min). Clinical 
examination revealed severe metabolic acidosis (pH 6.99, 
HCO3

− 1.9 mmol/L), fasting blood glucose of 720 mg/dL, 
hemoglobin A1c of 15.2%, and glutamic acid decarboxylase 
(GAD) antibody level of 197 U/mL. DKA associated with 
type 1 diabetes was diagnosed, and the patient was admitted 
to the intensive care unit (ICU) with the emergency doctor 
as the attending physician. Interventions including fluid re-
suscitation, correction of electrolytes, and glycemic control 
resulted in improved consciousness within 4 h. On Day 2, 
the patient’s blood glucose level was 141 mg/dL, and he was 
discharged from the ICU to the general ward. A doctor in the 
Department of Diabetology, Endocrinology, and Metabolism 
became the attending physician in the general ward.

Figure 1 shows the post-admission clinical course. On Day 
3, the patient presented with lower limb weakness, and the at-

tending doctor requested a consultation with our department. 
During our initial clinical examination on Day 5, the muscle 
strength and sensation in the upper limbs were normal bilat-
erally. However, voluntary contraction of the tibialis anterior 
(TA) muscles and extensor hallucis longus muscles were 
absent bilaterally. The muscle strength of the gastrocnemius 
muscles was grade 2 on the Manual Muscle Test11) (MMT) 
bilaterally, and tendon reflexes in the lower extremities were 
absent bilaterally. In addition, moderate superficial sensory 
disorder and mild deep sensory disorder were observed bilat-
erally in the lower legs to the soles and tops of the feet. With 
the aim of discharge to home, physical therapy was started 
on Day 5. A nerve conduction study (NCS) was performed 
on Day 8 to investigate the cause of the bilateral foot drop. 
Compound muscle action potentials (CMAPs) over the ex-
tensor digitorum brevis (EDB) muscles could not be evoked 
from the right peroneal nerve, and decreased motor conduc-
tion velocity and amplitude were detected in the left peroneal 
nerves and in the tibial nerves and sural nerves bilaterally 
(Table 1). These findings suggested peripheral neuropathy 
in the lower extremities. As physical therapy, we initiated 
lower limb strength training and gait training with a walker. 
Throughout the hospitalization, voluntary contractions of 
TA muscles were not observed bilaterally, and there was poor 
clearance of the ankle joints during the initial swing phase. 
While walking, the patient compensated for this poor clear-
ance by hip and knee flexion bilaterally. On Day 10, bilateral 
rigid plastic AFOs (pAFOs; 3 mm thick) with toe-springs 
were prescribed, and gait training was recommenced. When 
walking with the bilateral pAFOs, ankle dorsiflexion during 
the initial swing phase was improved, and the compensatory 
bilateral hip and knee flexion was also alleviated. On Day 
12, he achieved independent walking and climbing stairs 
with orthotic support, and we instructed him to wear pAFOs 
for walking both indoors and outdoors. On Day 15, he was 
discharged home. At discharge, the gastrocnemius muscles 
showed improved strength up to grade 3 (MMT) bilaterally, 
but voluntary contraction of the TA muscles remained absent 
bilaterally. Although there had been improvement in sensory 
disorder when compared with admission, mild superficial 
sensory deficits persisted in the soles and tops of the feet, 
along with a moderate degree of deep sensory disorder pre-
dominantly on the left side. The Functional Independence 
Measure12) (FIM) score (an indicator of ADL performance) 
was 106, with scores of 71 for motor components and 35 for 
cognitive components.

When the patient indicated his desire decided to recom-
mence his employment-seeking activities, we scheduled 
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follow-up appointments at our outpatient clinic. At 2 months 
from onset, the strength of the TA muscles became grade 1 
(MMT) bilaterally and the gastrocnemius muscles improved 
to grade 4 (MMT) bilaterally. To diagnose the presence of 
axonal damage, we performed needle electromyography 
(EMG) 2 months after onset, which revealed denervation 
potentials as positive sharp waves, fibrillation potentials, and 
no motor unit potential (MUP) in the TA muscles bilaterally. 
In the gastrocnemius muscles bilaterally, there were no signs 
of denervation potentials, but polyphasic potential reduction 
in interference patterns was observed on needle EMG (Table 
2). At 8 months of follow-up, the strength of the TA muscles 
improved to grade 2 (MMT) on the right and grade 1 (MMT) 
on the left. The strength of the gastrocnemius muscles 
reached grade 5 (MMT) bilaterally. An NCS still showed that 
CMAPs over the EDB could not be evoked from the peroneal 
nerves bilaterally. However, needle EMG showed the emer-
gence of unstable polyphasic MUPs, disappearance of de-

nervation potential, and an increase in interference patterns 
in the TA muscles bilaterally. In the gastrocnemius muscles, 
the appearance of polyphasic MUPs and an increase in inter-
ference patterns were observed bilaterally (Table 2). These 
findings suggested the possibility of further functional im-
provement. At 10 months, the patient was permitted to omit 
use of the pAFOs in daily life while indoors. At 14 months of 
follow-up, we conducted gait assessment. His walking speed 
was 1.16 m/s (6-min walk test) with orthoses and 1.17 m/s 
without orthoses; the 6-min walking distance was 586 m. 
Use of the pAFOs was discontinued because the patient was 
able to walk long distances and climb stairs safely without 
them, and the FIM motor score reached full points (91). At 20 
months from onset, the 6-min walking distance was 636 m. 
At 2 years from onset, needle EMG showed maturity of 
nerve reinnervation in the TA muscles bilaterally.

Based on clinical and electrophysiological follow-ups, we 
instructed the patient in self-training exercises, including 
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Fig. 1. Clinical course during hospitalization and outpatient follow-up. The patient was admitted to the ICU on Day 1 
because of impaired consciousness resulting from diabetic ketoacidosis and was discharged to the general ward on Day 2. 
Bilateral foot drop was noted on Day 3, and voluntary contraction of the tibialis anterior muscles was not observed bilaterally 
during hospitalization. NCS was conducted on Day 8. Posterior ankle–foot orthoses were prescribed on Day 10. Following 
discharge from the hospital on Day 15, follow-up was conducted in the outpatient setting, and gradual improvement was 
observed clinically over time. The muscle strength of ankle dorsiflexion improved to grade 5 (MMT) bilaterally 2 years after 
onset.
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ankle joint range-of-motion exercises when the TA muscle 
strength was grade 0 to 1 (MMT). We started muscle-
strengthening exercises on a horizontal plane at grade 2 
(MMT), and we guided him to perform heel walks, calf 
raises, and TheraBand exercises while holding onto a sup-
port when TA muscle strength reached grade 3 to 5 (MMT). 
Moreover, we provided the patient with guidance regarding 
employment-seeking activities, commuting methods, and 
job-related considerations. At 2 months after discharge, he 

had achieved independence in walking with orthoses, and 
his diabetes was well controlled. At this point, we agreed 
with the patient’s internist that he could resume seeking em-
ployment. In considering the risks of falls, we instructed the 
patient to avoid long-distance walking on uneven or sloped 
terrain where the footing might be poor while commuting 
or working. He successfully secured a clerical position 20 
months after discharge.
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Table 1. Results of nerve conduction studies at 8 days, 8 months, and 24 months after onset

Nerve/site
Latency (ms) Amplitude (mV) Velocity (m/s)

8 days 8 months 24 months 8 days 8 months 24 months 8 days 8 months 24 months
Right tibial
Ankle 4.9 3.4 3.0 1.3 4.4 5.3

36.7 36.8 40.0
Popliteal fossa 16.2 15.3 14.3 1.1 3.2 4.2
Left tibial
Ankle 5.7 3.3 3.2 1.2 1.8 2.2

35.3 33.8 39.5
Popliteal fossa 18.1 16.9 14.3 1.1 1.6 1.8
Right peroneal
Ankle n.e. n.e. n.e. n.e. n.e. n.e.

n.e. n.e. n.e.
Fibular head n.e. n.e. n.e. n.e. n.e. n.e.
Left peroneal
Ankle 6.9 n.e. 4.9 0.105 n.e. 0.194

33.9 n.e. 17.0
Fibular head 18.2 n.e. 25.2 0.084 n.e. 0.068
Right sural
Mid calf 3.9 2.9 3.3 0.0055 0.0098 0.0085 36.8 41.1 47.5
Left sural
Mid calf 2.6 3.4 3.0 0.0078 0.0031 0.0059 40.7 38.5 49.3
n.e., not evoked.

Table 2. Needle electromyography findings

Time after 
onset Muscle

Spontaneous Voluntary contraction

Fibrillation Positive  
sharp wave

Amplitude 
(mv)

Duration 
(ms)

Motor unit  
potential Interference pattern

2 months
TA

Right + + − − − −
Left + + − − − −

GC
Right − − 0.4–1.0 10–13 − Remarkable decrease
Left − − 0.9–1.1 8–14 − Pathological interference

8 months
TA

Right − − 0.05–0.1 2.5–5 Polyphasic Pathological interference
Left − − 0.4–1.0 8–15 Polyphasic Remarkable decrease

GC
Right − − 0.4–1.8 5–12 Polyphasic Minor decrease
Left − − 0.4–0.9 8–15 Polyphasic Remarkable decrease

24 months
TA

Right − − 0.8–1.4 14–20 Normal Remarkable decrease
Left − − 1.8–2.0 14–20 Normal Minor decrease

GC
Right − − 0.4–1.1 7–14 Normal Remarkable decrease
Left − − 0.8–1.4 5–10 Normal Remarkable decrease

TA, tibialis anterior muscle; GC, gastrocnemius muscle.
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DISCUSSION

This report describes a rare case of bilateral foot drop 
caused by peripheral neuropathy associated with DKA. 
In this case, the patient’s wish for early resumption of 
employment-seeking activities and success in securing 
employment necessitated early implementation of functional 
improvements and long-term follow-up. Based on the clini-
cal course and results of electrophysiological examinations, 
we predicted limited potential for short-term functional im-
provement. Consequently, we prescribed AFOs for bilateral 
foot drop early in the clinical course and provided support 
for employment through repeated clinical and electrophysi-
ological follow-ups. The patient was subsequently successful 
in securing employment.

There are several reports of acute onset of foot drop af-
ter diagnosis of type 1 diabetes complicated with DKA in 
children and young adults.2–8) However, the pathogenesis of 
acute peripheral neuropathy involving the peripheral nerves 
of the lower limb following DKA is unclear. Moreover, there 
are few reports on functional outcomes in these cases. None-
theless, for this patient, we recognized the need for ADL 
improvement and support toward achieving social goals. 
Therefore, in this case, it was necessary to predict functional 
outcomes and conduct follow-up through both clinical and 
electrophysiological approaches.

The functional outcomes of acute-onset foot drop fol-
lowing the diagnosis of type 1 diabetes with DKA vary in 
previous reports. In some cases, full recovery was achieved 
within a few months after onset through the correction of 
hyperglycemia.3–6) However, cases accompanied by altered 
consciousness or severe acidosis tended to have a poor func-
tional prognosis.4,7) This was attributed to the multifactorial 
nature of the pathogenesis where peripheral neuropathy after 
DKA leads to foot drop. Acute-onset peripheral neuropathy 
after DKA could be a consequence of peripheral ischemia 
or hemodynamic and metabolic changes linked to the keto-
acidosis.13) In addition, previous reports have indicated that 
the peripheral nerves in the lower extremities of diabetic 
individuals are swollen because of the effects of metabolic 
dysfunction and ischemia, increasing their susceptibility to 
entrapment effects.13) Chrzanowska et al.4) suggested that in 
cases of acute-onset peripheral neuropathy following severe 
DKA, those with impaired consciousness may experience 
lower limb nerve damage because of poor positioning, lead-
ing to entrapment-related lower limb peripheral neuropathy 
and potentially resulting in poor functional improvement. 
Considering the above and insights from previous reports, 

the short-term functional prognosis was expected to be chal-
lenging clinically.

Electroneurophysiological examinations serve as indica-
tors for predicting the functional outcome of foot drop 
associated with peroneal nerve neuropathy.14) Despite the 
limited sample size, positive recruitment findings in the 
TA muscle on needle EMG could potentially be associated 
with a favorable prognosis.15) At the initial assessment in our 
patient, motor unit recruitment was not observed on needle 
EMG bilaterally, suggesting limited favorable prognostic 
factors. However, despite the initial assessment results 
indicating axonal injury-type peripheral nerve disorders, 
previous reports suggest that there is potential for recovery 
over a time span of years.14,16) Therefore, although a favor-
able prognosis was not anticipated in the initial assessment, 
we performed repeated electrophysiological examinations. 
Indeed, at the 8-month follow-up, needle EMG showed an 
increase in interference pattern, suggesting the likelihood of 
further improvement in functional prognosis.

Application of an AFO to the foot and lower leg is a com-
mon treatment for foot drop. In this case, given the anticipated 
difficulty of achieving short-term functional improvement of 
the bilateral foot drop both clinically and electrophysiologi-
cally from the acute phase, AFOs were prescribed early in 
the clinical course. As a result, gait improved, allowing the 
patient to safely engage in activities after discharge, such as 
walking long distances and climbing stairs, facilitating an 
early return to employment-seeking activities.

We conducted NCSs three times for the purpose of un-
derstanding the pathophysiology of this case. However, no 
CMAPs could be evoked from the right peroneal nerve, and 
we were unable to arrive at an accurate diagnosis for the left 
peroneal nerve palsy. Generally, decreased CMAPs or nerve 
inexcitability leads to muscle denervation and is considered 
a poor prognostic factor.17) In the present case, despite clini-
cal improvement in muscle strength, these findings persisted 
in NCS. Reports of similar clinical courses in Guillain-Barré 
syndrome suggest that decreased excitability caused by 
distal stimulation of peripheral nerves might be associated 
with severe demyelination with conduction block of the ter-
minal segments of motor axons, in addition to axonal de-
generation.17,18) Although the pathophysiology of acute-onset 
neuropathy after DKA is not well understood, demyelination 
has been reported as an initial pathophysiology of chronic 
diabetic neuropathy.19) Therefore, it is possible that a com-
bination of these factors was involved in addition to axonal 
degeneration in this case. We plan to continue follow-up 
examinations in the future.
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This study has some limitations. First, as a case study, 
the functional outcome and course of bilateral foot drop 
following DKA cannot be generalized. Second, the timing 
of diabetes onset was unclear, and the extent of chronic 
neuropathy before the onset of DKA was unknown. Third, 
NCS evaluation of the TA should have been performed to 
assess foot drop. Fourth, as mentioned above, the detailed 
pathophysiology of acute-onset neuropathy in this case 
was unclear. Despite these limitations, there are no previ-
ous reports detailing functional improvement over such an 
extended period as observed in this case.

CONCLUSION

This report describes an example of successful rehabilita-
tive management and long-term follow-up for bilateral foot 
drop after onset of DKA. Areas of this management approach 
will be relevant to future clinical practice and research on the 
pathophysiology in similar cases.
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