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Although diabetic peripheral neuropathy is the most common diabetic microangiopathic
complication, several other neuropathy syndromes can occur in the context of diabetes.

We describe a rare case of polyneuropathy associated with diabetic ketoacidosis in a
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patient with new-onset type 1 diabetes. A 42-year-old man with diabetic ketoacidosis was
admitted to our hospital with complications of respiratory and renal failure requiring
mechanical ventilation and hemodialysis, respectively. After diabetic ketoacidosis improved
from the critical state, he developed upper- and lower-limb paralysis with sensory
disturbances and pain, as well as right facial paralysis, left recurrent nerve paralysis, and

left hypoglossal nerve paralysis. Autonomic nerve function was also impaired. As the
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pathophysiology, prevention, and treatment of polyneuropathy associated with diabetic

ketoacidosis are unclear, the neurologic function of patients with diabetic ketoacidosis

doi: 10.1111/jdi.13724

should be closely monitored.

INTRODUCTION

The prevalence of diabetes has increased worldwide, and 425
million adults had diabetes in 2017". Diabetes frequently affects
the peripheral nervous system and is currently the most com-
mon cause of neuropathy. Up to 50% of patients with diabetes
will develop peripheral neuropathy”.

Typical diabetic peripheral neuropathy (DPN) is a chronic,
symmetrical, nerve length-dependent sensorimotor polyneuropa-
thy. Although DPN is the most common diabetic microangio-
pathic complication®, several other neuropathy syndromes can
occur in the context of diabetes. Acute neurologic complications
of diabetic ketoacidosis (DKA) are very rare*. Here, we report a
case of polyneuropathy that developed during treatment of dia-
betic ketoacidosis in a patient with new-onset type 1 diabetes.

CASE REPORT

A 42-year-old man was brought to our hospital in a comatose
state. He had no medical history of diabetes or episodes of neu-
rologic deficits, but he had lost 10 kg in weight over the previ-
ous year. Table 1 summarizes his medical history and physical
findings. Laboratory examinations revealed hyperglycemia, high
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HbAlc level, metabolic acidosis, and positive urinary ketone
bodies (Table 1). Based on these findings, he was diagnosed
with diabetic ketoacidosis and subsequently was diagnosed with
type 1 diabetes. Although the hyperglycemia and metabolic aci-
dosis steadily improved by intravenous insulin therapy, his
respiratory and renal function worsened on hospital day (HD)
2. The patient was intubated and kept on mechanical ventila-
tion; hemodialysis was initiated but discontinued on HD 4.

After extubation on HD 5, the patient reported hoarseness
and paralysis of the upper and lower limbs. Sensory distur-
bances and pain were also observed in the upper extremities
with ulnar predominance distal to the forearm and in the lower
extremities distal to the lateral side below the knee. On HD 12,
right facial paralysis was diagnosed, and tongue deviation to
the left was observed (Figures 1 and S1, Video S1). Idiopathic
facial nerve palsy was suspected and treatment with predniso-
lone and valacyclovir was started. Manual muscle testing
(MMT) was conducted on HD 21. In the upper extremities,
mild weakness was observed in the extensor digitorum muscle.
The lower-limb bilateral tibialis anterior muscles exhibited
severe weakness (MMT level 0-1), and the gastrocnemius
exhibited mild weakness (MMT level 3-4). Proximal muscle
weakness was unremarkable (Table S1). No specific findings
were observed on brain magnetic resonance imaging.

© 2021 The Authors. Journal of Diabetes Investigation published by Asian Association for the Study of Diabetes (AASD) and John Wiley & Sons Australia, Ltd

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and repro-
duction in any medium, provided the original work is properly cited and is not used for commercial purposes.


https://orcid.org/0000-0002-8006-9141
https://orcid.org/0000-0002-8006-9141
mailto:
http://creativecommons.org/licenses/by-nc/4.0/

-
(-5
o
a
w
-4
w
wv
<
v

(=]
<
£
3
b
2
i
2
w
(]
>
=
]
-3
e
=
2
€
=
)
a

I/jdi

/journa

brary.com/]

Ine

/Iwileyonli

http:

S|[e2 pooiq

SUYM DG/ “PIoe dUN YN “uiRoid [e101 ‘d] ‘epuadA|BLl D] {eAsiul 1D PRI19LI0D D10 UIGNIIG [PI0) ‘Ig-] S|[93 Poojq pai ‘DgY ‘saipognue diwseidoifd (iydonnau-nue-g-aseuisiold YONY
-E4d ‘s19191e(d Yd ‘Uab0IPAY Jo Jamod ‘Hd (UsbAXO Jo ainssaid jeiued TOrY BpIXOIp uogied Jo ainssaid [eiled CODed ‘snioydsoyd ‘d ‘wnipos ‘eN ‘salpognue djwsedoio iydonnau
-AUe-3sepIx01dojRAU YONV-OJIA ‘Wnissubew ‘Bl {os1ssjoyd uioidod)] Asusp-mo| ‘D-107 ‘9SeusbolpAysp 21e10e| ‘HAT ‘unisseiod “yf ulinsul SAeI0UNUILL ‘Y] D01eway 1H ‘usb
-ue 31A003N3| uewiny ‘yH ‘olssjoyd uRloldod)| Aususp-yoly “)-1aH ‘Aep |edsoy ‘gH @reuoguedlq ‘ E0DH DLy Uigojboway D1 ygH Uigojboway ‘gH ‘B|eds ewod mobsel) ‘Soo) asejA
-X0QJed3pP PIoe diwen|d ‘gyD ‘91ed UOReI}|Y Jejnidwolb paleulnss ‘Y40 Uondel UoRISR ‘43 [eAldiul Y-y JO UOHBLIEA JO JUSIDIPS0D Y-4AD ‘Ol JIDRIOYIoIpIeD ‘Y| ‘UID1oid aAlDRaD) ‘dyD
‘aujunean 1D 9|bue duaiyd-oipied y-dd ‘Alanoeaiounwiwil apadad-d ‘YdD pUoIYD ‘D DSeup| auneal YD ‘wnjed ‘e :uaboiyu eain poojg ‘NN Xopul Ssew Apog ‘g ‘ssedxe 9seq

'3 ‘osesajsuenoulwe S1eledse ‘| Sy ‘Apognue Jesppnunue YNy sejAwe ‘ANY ‘Sselsjsuenoulle suluele ‘| Ty esereydsoyd sulexfe ‘dy ‘uiungie ‘q)y ‘osepndadsuen [Awein|b-A ‘4] o-4

Tp/Bw oL 1
Tp/bw S

Tp/bw €L
%001

%0

%0

i

e3P
Sclllellep)

(tc aw)

qw/n s0>
qw/n 0>
o>

3s00n|6
poo|q [elaydiuad
3500N|9

uI210ld
SA0UON
saooyduiA]
sjiydonnan

I1°2

Aupigin.
10[0D
[sisAleue
piny [euidsolgasa))

qLas/elds
BLADOVNIED
e

qLoo
SIND)
€dS
q1ds
elas
END
NS
LWS

[selpognue
apIsolbueb-uy]

VONV-tdd
VONV-OdW
YNV

10:90x1900-C0'S L x1940

10701 900-S070x1 940

Jw/bd go>
Tp/bw §g
Tp/bw 7€

Tp/bw 67

Tp/bw 8
/b3w 96

/03w gy
/b3w pz|
/bW 76
Tp/bw G61
Tp/bw Gl

Tp/Bw /g

AW €L 1/UIW/ U §ST
Tp/bw 7

Tp/bw 2§

VN 8

VN 88/

VN 907

N sy

N Tl

N LL
N 1e
Tp/bw S0
Wb Lg
P/H ¥9

[edAiodey wH]

uIxo1opug
ddD
d

BW

€D
()

b

EN
vN
SL

o 1dl

D-1aH
Y400
D
NNg
ANY
D
Ha1
dLo-A
4w

1V
1SV
l9-1
av

dl

JW/N 0007
Kep/bri 19

Jw/bu 50
Jw/bu g
Jw/nr 6

%Sl

Tp/bw g8l L

oW £pe—
Joww 7z
BHww ||
BHWW 10z
589

/,01 X Gpe
%6y

/6 051
/0l X 197
/0L X €7C

+€
+1
+v
0S

Apognue gyo-iuy
HdD |uln Y+

(L€ AH) YD
ddD

<]

2LVaH

3s00n|6 ewiseld

[parejel-sa190eI(]

19
f0DH
‘0Ded
‘0ed
Hd

[(Uw/7 | €O) SisAjeue
seb Poo|Iq _m:mt,&

I
H
aH
gy
oam

[Junod poojq 21e|dwod)]

pOOIq YND0
U0
uI210ld
3500N[D

Hd

Ayredounai oN

pPOOH UOHOW |[PM ‘9417743
%907/€9°L 4-d/\D

NeM-[ 'SUI 88
/8% [eAPIUl D1 0/10
WAy snuis ‘widg €8
dieys/dieys y-dd ‘%t YD

sa1aqelp ¢ adA
JRylouwpuelb pue Jayieq
salbus|je ou
‘Bupulp ou ‘Bupows oN
sbuipuly [epads oN

uoneldsiad

ewiapa ON

[EULION

SSOUISPUS} OU ‘el puUe Yos
Sojes ou ‘A|fesie|iq

uoneyndsne o1 JespD

Buyealq s, newssny|

Jnulnw oN

12106 ON

Aig

Ag

ul/syiesiq 61

ul/siesq €8

BHWW /59

3|0eplodaIun
SINEARI
/6y 0z

BY 19

wo 6/1

[sbuipul didodsnpun4]

[Aydeibolpiedoyd3]

[weibolp1ed0nd3|d]
[Aesx 153YD)]

[Aioisiy Ajnwed]

N@SVIET)
[Aio1s1y [ea1paiA]

SMILIAXT
SpuUNos [emog
uswopqy

Spunos uonelidsay
uonesidsay
SpUNOS LeaH
ploAy L

YINOW

uBsS

3181 Ao1esdsay
31el 3s|nd
ainssald poolg

ainesadwal Apog
(SDD) SsaUSNODSUOD
IWg

4B

WYBIeH

[p18[21-2unwiw]

[Ansiwayd poojd]

[Bunsa1 auln]

[SWoIdWAS 1U3s31d]

UoIssiupe Uo eyep AIOJeloge| pue sosualoeleyd Jusned | L ajqel

919

J Diabetes Investig Vol. 13 No. 5 May 2022

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



CASE REPORT
Sada et al.

http://wileyonlinelibrary.com/journal/jdi

120 Insulin — Blood glucose 1200
@©
100 1000 &
= g
& 80 800 «
2 5
= 60 600 9
£ @
2 40 400 3
c Q
£ Q
20 200 &
B e
0 0
Day 1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
HbATC 14.6% Hospital day HbATC 63%

Vitamin B12 1500 mg/day

Meropenem 2 g/day|

20 mg/day
Therapy <«— Mechanical ventilation

Prednisolone 30 mg/day N mg/dSa% /day
«—> Continuous hemodialysis
Diabetic
ketoacidosis
Impaired
[ \: consciousness
Symptom

l Hoarseness (Left recurrent nerve paralysis)

Valaciclovir 300 mg/day

Right facial paralysis

Left hypoglossal paralysis

| Bilateral upper limb weakness

| Bilateral lower limb weakness

|

|
e
]

_ 1]

1]

l Sensory disturbance and pain in upper and lower limbs

Figure 1 | Clinical course and treatment of the patient in the present case. HbATc, hemoglobin Alc.

nerve action potentials and CMAPs of the lower extremities
could not be evoked (Table 2, Figure S2). Albuminocytologic
dissociation was evident in the cerebrospinal fluid on HD 27
(Table 1). Except for the recurrent nerve paralysis, no signifi-
cant improvement in paralysis occurred, so he was transferred
to a rehabilitation hospital on HD 42. Six months later, the
right facial nerve and left hypoglossal palsy had improved. The

Tachycardia persisted even after the hyperglycemia improved,
the R-R interval coefficient of variation decreased, and Schel-
long testing was positive, suggesting autonomic neuropathy.
Nerve conduction studies (NCS) showed markedly decreased
compound muscle action potentials (CMAPs) in the median
and ulnar nerves but only a slight decrease in motor nerve con-
duction velocity, which was considered axonal damage. Sensory

Table 2 | Nerve conduction study (on hospital day 21)

Motor

Site DL (ms) CMAP (mV) MCV (m/s) F-latency (ms) FWCV (m/s)
Distal/proximal

Right median 42 0.82/0.83 412 396 536

Right ulnar 3.1 22/082 417 339 522

Right tibial NE

Right peroneal NE

Sensory

Site SNAP (V) SCV (m/s)

Right median NE

Right ulnar NE

Right sural NE

CMAP, compound muscle action potential; DL, distal latency; FWCV, F-wave conduction velocity; MCV, motor nerve conduction velocity; NE, not
evoked; SCV, sensory nerve conduction velocity; SNAP, sensory nerve action potential.
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upper- and lower-limb paralysis also improved, but the paraly-
sis in the ulnar and peroneal nerve regions continued.

DISCUSSION

We report a rare case of polyneuropathy with a variety of
symptoms that developed in a 42-year-old man with acute-
onset type 1 diabetes. To clarify the clinical features of poly-
neuropathy associated with diabetic ketoacidosis, we searched
the literature for articles regarding DKA-related motor-
dominant polyneuropathy and found 45 cases (Table S2). There
were 11 cases diagnosed as Guillain-Barré syndrome (GBS), 10
cases diagnosed as mononeuropathy (including multiple mono-
neuropathies) and 5 cases diagnosed as critical illness poly-
neuropathy (CIP) among the cases who developed paralysis
associated with diabetic ketoacidosis. These results suggest that
this rare polyneuropathy may simply be a combination of dia-
betic ketoacidosis and Guillain-Barré syndrome, or it may be
diabetic polyneuropathy or CIP caused by diabetic ketoacidosis.

First, we discuss the combination of diabetic ketoacidosis and
Guillain-Barré syndrome. This case fulfilled Asbury’s diagnostic
criteria for Guillain-Barré syndrome, ‘features necessary for
diagnosis’, and fulfilled most of the ‘features that strongly sup-
port the diagnosis”. Nerve conduction studies showed predomi-
nantly reduced amplitude in both motor and sensory nerves,
consistent with acute motor- and sensory-axonal neuropathy
(AMSAN). Only anti-GalNAc-GDla IgM anti-ganglioside anti-
body was positive, with a low titer. These results suggest that
Guillain-Barré syndrome of the AMSAN type can be diag-
nosed, and the combination of diabetic ketoacidosis and
Guillain-Barré syndrome is one possible explanation for the
polyneuropathy in this case.

Second, if neuropathy is considered to be secondary to dia-
betic ketoacidosis, DKA-associated polyneuropathy is character-
ized by motor-dominant polyneuropathy involving lower motor
neurons and cranial nerves®, which can be considered as a dif-
ferential diagnosis. Recently, Hamada et al. also reported severe
sensory-motor axonal neuropathy of the lower extremities asso-
ciated with diabetic ketoacidosis®. They concluded that the neu-
ropathy was triggered by rapid correction of hyperglycemia,
and that both metabolic factors and immunological mecha-
nisms were involved in the pathogenesis of the neuropathy.
However, the clinical picture of DKA-associated polyneuropa-
thy remains ambiguous. The paucity of reports on DKA-
associated polyneuropathy and the lack of clear diagnostic cri-
teria hinder making a definitive diagnosis, but DKA-associated
polyneuropathy should not be overlooked as a possible cause of
the neuropathy in the present case. Accumulation of cases of
polyneuropathy with diabetic ketoacidosis is awaited not only
to establish polyneuropathy with diabetic ketoacidosis as a dis-
tinct disease entity, but also to establish diagnostic criteria.

Third, critical illness polyneuropathy should also be consid-
ered as a differential diagnosis. Critical illness polyneuropathy is
a distal axonal sensory-motor polyneuropathy affecting limb
and respiratory muscles. This case fulfilled some of Bolton’s

CASE REPORT
Polyneuropathy associated with DKA

diagnostic criteria for CIP, which include critical illness with
multiorgan dysfunction and axonal motor- and sensory-
polyneuropathy on electrophysiological examination’. However,
contrary to CIP diagnostic criteria, the patient was easily
weaned from the ventilator, had facial paralysis, severe auto-
nomic neuropathy, and albuminocytologic dissociation. Thus,
the possibility of CIP is low.

Finally, nerves susceptible to compression or cumulative
trauma, including the median, fibular, and plantar nerves, are
frequently injured in patients with diabetes®. As there was no
evidence of compression and/or trauma in our patient, this was
also unlikely the cause of polyneuropathy in the upper and
lower limbs. However, the possibility of Tapia syndrome’ asso-
ciated with tracheal intubation could not be ruled out for Xth
and XIIth cranial nerve palsy.

In summary, we present a rare case of polyneuropathy that
developed in a 42-year-old man with acute-onset type 1 diabe-
tes after achieving steady control of his blood glucose levels.
The pathophysiology of the complicated polyneuropathy
remains unknown, but Guillain-Barré syndrome or polyneuro-
pathy associated with diabetic ketoacidosis, Tapia syndrome, or
a combination thereof were considered. Patients with diabetic
ketoacidosis thus require careful monitoring of neurologic
function.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 | Photograps of paralyses.

Figure S2 | Results of motor nerve conduction study and deep tendon and pathological reflex tests.

Table S1 | Manual muscle test (on hospital day 21)

Table S2 | Clinical characteristics of the present case and previously reported cases of neuropathy associated with diabetic
ketoacidosis

Video S1 | Video of paralyses.
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