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Abstract
Objective: Diabetic neuropathy is the most common chronic complication of diabetes mellitus. The vagal nerve and its branches might be affected, 
and the consequences can be very disastrous. This study aims to show if there is any subclinical vagal nerve involvement in diabetes mellitus.

Methods: Fourteen patients with diabetic neuropathy without swallowing difficulty and dysphonia and 15 healthy controls were included in this 
prospective study. Nerve conduction studies, blink reflex, and swallowing studies were conducted. The results were compared between 2 groups.

Results: Blink reflex exhibited abnormalities in patients compared to healthy controls. The recurrent laryngeal nerve motor response latency was 
significantly longer in patients (P < .001), whereas there was no significant difference for the pause period of swallowing.

Conclusion: Prolonged distal motor latency of the recurrent laryngeal nerve in spite of normal swallowing pattern at the cricopharyngeal muscle 
electromyography in patients with diabetic neuropathy suggests subclinical vagal neuropathy and so lower cranial involvement. Patients should be 
informed about this clinical condition and closely followed up.
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Introduction
Diabetes mellitus (DM) is one of the most common and highly 

morbid multisystemic disorders affecting both somatic and auto-
nomic components of the nervous system. It is so devastating that 
if not managed properly and timely, neurological deficits become 
inevitable at the advanced stage.1,2 Thus, several subspecialties of 
medicine, particularly neurology and otorhinolaryngology, have to 
be getting involved in the management of this devastating disorder. 
Diabetic neuropathy (DN) is the most common chronic compli-
cation of DM and occurs in about 50% of people with consid-
erable morbidity and mortality.3 Cranial neuropathies, especially 
the upper cranial nerves (CNs) of the skull base that neurologists 
face, may become apparent in any stage of the disease, and this 
involvement may be clinical and/or subclinical.4-10 Clinical and 
subclinical involvement of the upper CNs is well known and stud-
ied extensively in the current literature4-10; however; there is scarce 
data concerning the involvement of the lower CNs.6,11,12 Lower 
cranial neuropathies in DM, especially vagal nerve, have been 

observed as a cardiovascular and gastrointestinal compromise in 
previous reports.6,11,12

The vagal nerve is a mixed nerve, and it is composed of 80%-
90% of sensory afferent fibers and 10%-20% of motor efferent 
fibers.13 It is reported that laryngeal sensory neuropathy, which 
is thought to affect the upper or recurrent laryngeal branches of 
vagal nerve, is more common in patients with type 2 DM.13 The 
recurrent laryngeal branch of the vagal nerve also innervates the 
cricopharyngeal muscle (CPM) and can be affected by DN.14 It has 
been demonstrated that CPM plays a key role in swallowing, and 
its dysfunction may lead to clinical swallowing difficulties, which 
are correlated with high morbidity.14

There has been no report concerning subclinical vagal nerve 
involvement in patients with DM; thus, the aim of this prospec-
tive clinical study is to seek whether the vagal nerve is involved 
subclinically in DN and try to give an insight to the readers of this 
journal about this rare clinical condition.

Methods

Study Population
This prospective clinical study was conducted at the electro-

myography (EMG) laboratory of Istanbul Training and Research 
Hospital after the local ethics committee (2008-5/8) approved 
the study. Informed consent was acquired from all participants. 
Fourteen patients with type 2 DM who were sent to the neurophys-
iology laboratory for electrophysiological diagnosis of DN and 15 
healthy participants were included in this study. Patients with dia-
betes who had swallowing difficulties, dysphonia, and other focal 
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and systemic diseases that can have an effect on the peripheral 
nerve were excluded.

Nerve Conduction Studies and Blink Reflex
The Neuro-MEP-Micro EMG system (Neurosoft, Russia) was 

used to perform electrophysiological studies in the same room at 
a temperature between 22°C and 24°C. Nerve conduction stud-
ies (NCSs) of the peripheral nerves were carried out to confirm 
diabetic peripheral neuropathy. The patients who were given diag-
nosis of diabetic peripheral neuropathy clinically and electrophys-
iologically underwent blink reflex (BR) and swallowing studies. 
Nerve conduction studies were calculated for median, ulnar, pero-
neal, posterior tibial, and sural nerves. Also, the posterior tibial 
nerve F-responses and the soleus muscle H-reflex were evaluated 
using conventional methods.15

Blink reflex has 2 components: an early R1 and a late R2 
response. The R1 response is elicited ipsilateral to the side being 
stimulated, whereas the R2 response is typically present bilater-
ally. It was recorded for detecting subclinical upper CN involve-
ment by applying the conventional method.16 Abnormality was 
accepted for the levels that are beyond 2 SDs based on the normal 
controls.

Swallowing Studies and Electrophysiological Evaluation of 
Cricopharyngeal Muscle

Electromyography for CPM was recorded using a bipolar con-
centric needle electrode that is 5 cm in length and 0.46 mm in size 
by the same researcher (ZA) using the methodology implemented 
previously.17 Electromyographic activity of the CPM, swallowing 
patterns including duration of pause, and the presence of piece-
meal deglutition were evaluated by consecutive 5 mL and 10 mL 
water swallows after dry swallowing as the needle is in the CPM. 
Electromyography setup was arranged as follows: analysis time 1 
s/div, sensitivity 100 µV, low filter 100 Hz, and high filter 10 kHz 
during this process.

The RLN Stimulation
Motor responses of CPM to the electrical stimulation of the 

recurrent laryngeal nerve (RLN) from the superior-medial part of 
the sternocleidomastoid muscle were elicited following the swal-
lowing studies. The response with the highest amplitude was 
accepted for analysis. Also, any motor response elicited by stimu-
lating the opposite side was evaluated. Analysis time 5 ms/div, sen-
sitivity 500 µV/div, low filter 200Hz, and high filter 10 kHz were 
utilized for EMG setup during this process.

Statistical Analysis
Data analysis was conducted using IBM Statistical Package 

for Social Sciences Statistics 17.0 (SPSS Inc.; Chicago, IL, USA). 
Patients were compared with the control group. Data are presented 
as mean ± SDs. Comparisons between groups were made using 
Fischer’s exact test for categorical data and Mann–Whitney U-test 
for ordinal and numerical data. P < .05 was statistically significant.

Results

Patients
The patient group consisted of 7 males with a mean age of 

61.8  ± 8.33 years (range 45-76 years), and the controls had 8 
males with a mean age of 52.0 ± 8.9 years (range 41-71 years). The 
mean duration of type 2 DM was 19.4 years (range 10-35 years), 
and the value of HbA1c was 9%-12% and under poor control.

Nerve Conduction Studies of Peripheral Nerves and Blink Reflex
Table 1 summarizes the results of NCSs. Nerve conduction stud-

ies of the peripheral nerves in patients with diabetes indicated a 
statistically significant prolonged mean latency and a lower mean 
amplitude than in the control group (P < .001). There was also sta-
tistically significant slowing in conduction velocity of the peroneal 
nerve in DM patients (P < .001). Sural nerve action potential was 
not present in 4 of 14 patients, and its amplitude was low in the 
remaining 10. All DM patients had distal symmetrical sensorimo-
tor diabetic polyneuropathy according to this electrophysiological 
evaluation. Regarding BR study, early R1, late R2, and contralat-
eral R2 responses in the patient group were found to be signifi-
cantly longer than the control group (P = .0006, P < .001, and P < 
.001, respectively) (Table 2).

Table 1. Results (Mean ± SD) of the Nerve Conduction Tests in Both 
Patients and Controls

Nerves
Patients 
(n = 14)

Controls 
(n = 15) P

Median nerve (motor)

Distant latency (ms) 4.96 ± 1.47 3.18 ± 0.2 .056

Amplitude (mV) 6.51 ± 2.81 11.97 ± 3.54 <.001

Conduction velocity (m/s) 42.27 ± 6.08 57.0 ± 2.7 <.001

Ulnar nerve (motor)

Distant latency (ms) 3.15 ± 0.77 2.29 ± 0.25 .7947

Amplitude (mV) 5.55 ± 2.06 8.54 ± 2.02 .0955

Conduction velocity (m/s) 42.69 ± 7.04 63.58 ± 2.61 <.001

Peroneal nerve (motor)

Distant latency (ms) 5.82 ± 1.75 3.63 ± 0.61 <.001

Amplitude (mV) 0.78 ± 0.72 8.54 ± 2.02 <.001

Conduction velocity (m/s) 30.7 ± 4.02 47.66 ± 3.35 <.001

Tibial nerve (motor)

Distant latency (ms) 6.04 ± 0.93 4.59 ± 0.59 .38049

Amplitude (mV) 2.02 ± 1.56 5.95 ± 2.12 .00003

Conduction velocity (m/s) 30.7 ± 4.02 47.66 ± 3.35 <.001

Median nerve (sensory)

Distant latency (ms) 4.22 ± 1.12 2.59 ± 0.21 .07799

Amplitude (µV) 6.86 ± 3.91 42.16 ± 8.92 <.001

Ulnar nerve (sensory)

Distant latency (ms) 3.17 ± 0.9 2.1 ± 0.18 .39879

Amplitude (µV) 9.60 ± 6.43 43.77 ± 12.44 <.001

Sural nerve (sensory)

Distant latency (ms) 4.22 ± 0.59 2.35 ± 0.285 <.001

Amplitude (µV) 0.6 ± 1.14 13.51 ± 3.79 <.001

n: number, SD: standard deviation, ms: milisecond, mV: milivolt, 
m:meter, s:second.
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 Electrophysiological Evaluation of Cricopharyngeal Muscle, 
Swallowing Studies, and RLN Responses

High-frequency tonic activity just after entering the CPM mus-
cle was noted in all patients. There was no complication follow-
ing the examination. Both groups showed normal swallowing 
pattern that is composed of tonic activity, pre-swallowing burst, 
rebound burst, and tonic activity at dry, 5 mL, and 10 mL liquid 
swallows. Piecemeal deglutition was not detected via swallow-
ing. The mean pause duration, recorded from CPM during swal-
lowing, was similar between groups (0.51 s in patients and 0.57 
s in controls). The distal motor latency of the RLN responses 
was significantly prolonged in DM patients (P < .001) (Figure 1). 
The mean distal motor latency of RLN was 5.37 ms (range 3.4-
9.6 ms; SD 1.63) in DM patients, whereas it was 3.04 ms (range 
2.3-3.6 ms; SD 0.36) in the control group. The mean amplitude 
of the RLN response in the diabetic group was smaller than the 
control group (Figure 1). It was 1.80 mV (range 0.5-2.9 mV) 
in DM patients and 3.04 mV (range 1.8-5.1 mV) in the con-
trol group. This was not included in the analysis because the 
measurement was made with a needle electrode. Contralateral 
stimulation of the RLN showed no response from CPM in both 
groups.

Discussion
Clinical and subclinical involvement of the CNs in DM has been 

reported to be common in the upper CNs and reported as 1 and 

10-55%, respectively.4-10 Subclinical involvement of the upper CNs 
was shown in the studies in which BR was employed.9,10 On the 
other hand, involvement of the lower CN in DM was reported 
rarely in some case reports as diabetic vagal mononeuropathy.6,11,12 
Indeed, there is no well-designed study for subclinical lower CN 
involvement in patients with DN. In the previously published 
studies, DM patients with clinical symptoms such as dysphagia 
and esophageal dysmotility in the late stage of the disease were 
evaluated by using esophageal manometry and NCS of peripheral 
nerves, and they did not perform needle EMG of CPM and RLN 
conduction studies.17,18-20 Kim et al12 described a case presenting 
dysphagia with no abnormal finding in vocal cord EMG as dia-
betic vagal mononeuropathy. Berry and Blair11 evaluated a series 
of 25 patients who had vagal mononeuritis by applying needle 
EMG at the cricothyroid and thyroarytenoid muscles. Diabetes 
mellitus, being a reason of vagal nerve palsy in this series, was 
detected in only 2 of their 25 patients.

In the present study, swallowing was evaluated by CPM-EMG. 
Motor unit potentials (MUPs) were normal in appearance; MUPs 
were usually biphasic or triphasic in shape. Abnormal spontane-
ous activity or pathological spontaneous activity was not observed 
in resting EMG. Normal swallowing pattern was recorded in both 
groups. In addition, piecemeal deglutition was not determined. 
The duration of swallowing as well as pause duration of patients 
with DN was also similar in the control group. Essentially, swal-
lowing studies with CPM-EMG were studied earlier in various 
disease groups.17,21,22 Ertekin et  al19,20 reported abnormal MUPs 
and pathological pause duration in patients with neurological 
disorders. In another study, piecemeal deglutition was reported 
in patients suffering from gastroesophageal reflux.17 As far as we 
know, a swallowing study by CPM-EMG has not been conducted 
yet in patients with diabetes. The swallowing pattern of CPM-EMG 
was found normal in our patients. However, a normal swallow-
ing pattern may not prove that structures involving swallowing are 
clearly intact in our DM patients because, in spite of prominent 
dysphagia, significant disturbance in needle EMG and abnormal 
swallowing pattern were not seen in patients with neuromuscular 
disease.22,23

Table 2. Results (Mean ± SD) of the Blink Reflex Tests in Both Patients 
and Controls

Parameters Patients (n = 14) Controls (n = 15) P

R1 latency (ms) 15.52 ± 0.92 10.48 ± 0.44 .0006

R2 latency (ms) 51.87 ± 5.87 32.83 ± 0.69 <.001

R2C latency (ms) 51.77 ± 5.72 32.6 ± 0.75 <.001

n: number, ms: milisecond, SD: standard deviation.

Figure 1. The recurrent laryngeal nerve motor responses recorded from cricopharyngeal muscle in the control group (A) and patients (B).
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In the current study, our patient group showed significant pro-
longed RLN motor response latency and smaller mean amplitude 
compared to the controls. These results suggest that DM has caused 
demyelinating damage in the nerve components, including the 
axons. This can be seen in the distal symmetric form of DN as a con-
sequence of nerve fiber degeneration. In the case of distal symmet-
ric neuropathy, demyelination develops as a secondary change to 
diffuse or multifocal axonal loss.23 However, the underlying mecha-
nism is unclear for diabetic cranial neuropathies. It is reported as 
predominantly interested in vascular or immunologic etiology rather 
than chiefly a metabolic component of diabetic symmetric distal 
neuropathies.24,25 There were no clinical findings related to major 
vascular disorders in our patients. Nevertheless, this does not mean 
that there are no microvascular changes. Since hyperglycemia starts 
all pathological cascades of DM, maintaining blood sugar levels as 
either protective or therapeutic in DM becomes very important.

Study Limitations
The authors of this study are aware of the limitations in this 

study. The first and most important limitation is that the number 
of patients included is very limited. Because CPM-EMG is an 
invasive examination and negative effects may be observed with 
the stimulation of RLN, the number of patients who accepted the 
examination may be low. Second, the control group could not be 
age matched to the DM group. It cannot be excluded that this may 
have contributed to the difference in distal motor latency. Third, 
we only conducted the electrophysiological study for CPM inner-
vated by the RLN. Applying electrophysiological examination to 
the accessory and hypoglossal nerves could have increased the 
value of this study. Finally, we included healthy volunteers as the 
control group of this study. One more control group including the 
diabetic patients without DN could help us understand the CPM-
EMG and swallowing patterns in diabetes, which is strongly sug-
gested for future studies.

Conclusion
In conclusion, DM is a multisystem disease that has acute and 

chronic complications. Diabetic peripheral neuropathy and upper 
CN involvement are well-known complications that may impair 
quality of life. This study showed that DM can lead to subclini-
cal vagal neuropathy, thereby lowering CN involvement in patients 
with DN. Diabetic vagal neuropathy can be observed as a life-
threatening cardiovascular and/or gastrointestinal compromise. 
Patients should be informed about the lower CN involvement and 
should be followed up closely.
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