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Introduction 

Sarcoidosis is a multi-organ inflammatory disorder of unknown origin, characterized by 
T-lymphocyte and mononuclear phagocyte infiltration in the affected organs, granuloma 
formation, and distortion of the normal micro-architecture, which is probably antigen-
driven.1 The inflammatory process may be accelerated by the release of tumour 
necrosis factor-α (TNF-α) from resident macrophages, resulting in further recruitment of 
inflammatory cells.2 The clinical manifestations of sarcoidosis are largely non-specific, 
dependent on the intensity of the inflammation and organ systems affected, of which the 
lung is the most prominent. Besides pulmonary symptoms many patients suffer from 
fatigue, pain and vegetative symptoms.3-5 Recently, we found that small fiber neuropa-
thy (SFN) is rather common in sarcoidosis patients.6  
While treatment of systemic sarcoidosis usually includes corticosteroids or other 
immunosuppressants such as methotrexate, treatment of SFN is unknown so far. In our 
experience corticosteroids and methotrexate are not beneficial in SFN related to 
sarcoidosis.7 Therefore, symptoms of SFN become usually chronic, devastating and one 
of the major problems in sarcoidosis. 
Infliximab is a chimeric IgG monoclonal antibody directed against TNF-α which binds 
both the soluble and transmembrane form of TNF-α.8 It has proved useful in treating 
active rheumatoid arthritis and Crohn`s disease.9,10 Because TNF-α may be a crucial 
cytokine in sarcoidosis, and infliximab has proved successful in treating other chronic 
inflammatory diseases, there is a rationale for treating refractory sarcoidosis with 
infliximab too.8,11 We describe a case of multi-organ sarcoidosis with severe SFN who 
improved spectacularly after treatment with infliximab.  

Case report 

In May 2001, this 39 year-old Caucasian man was suffering from dyspnoea and 
wheezing. A chest X-ray demonstrated hilar lymph adenopathy suggestive of sarcoido-
sis without pulmonary infiltrates. His medical history revealed hypertension, hypercho-
lesterolemia and morbid obesitas since 1985 treated with perindopril and orlistat. Since 
May 2000 he was known with diabetes type II, for which he was successfully treated 
with metformine and glimepiride. Up to now his glycaemic controls remained perfectly 
stable (HBA1C between 6.3 and 6.9%) and he did not develop retinopathy. At that time 
no additional medical treatment was initiated for his pulmonary symptoms. However, in 
December 2001 his fatigue and dyspnoea increased and he complained of progressive 
burning sensations in both feet and hands, accompanied by profuse sweating, 
diarrhoea, erectile dysfunction, dizziness while upright, and sicca syndrome, all 
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suggestive of SFN with autonomic involvement. He also reported sleeplessness and a 
depressive mood. Furthermore, he suffered from arthralgia in shoulders and knees and 
developed subcutaneous nodules of 1 to 2 cm diameter located on his lower arms and 
legs. Due to his clinical deterioration he was unable to work. Physical examination 
revealed dyspnoea and distal dysesthesia with loss of temperature sensation, and red, 
wet palms and soles. Further physical and neurological examination including reflexes 
remained normal, besides the subcutaneous nodules. Chest X-ray again showed 
mediastinal and hilar lymph adenopathy. Biopsies of a mediastinal lymph node and 
subcutaneous nodule were performed, showing non-caseating granulomas consistent 
with the diagnosis of sarcoidosis. For assessment of polyneuropathy and central 
proprioceptive sensory pathways he underwent electromyography (EMG), nerve 
conduction studies and somatosensory evoked potentials (SSEP), which were all 
normal. Evaluation of small nerve fiber function was performed by temperature 
threshold testing (TTT), using the method of levels and method of limitis.4,12 Severely 
abnormal warm and cold sensation thresholds were found in both hands and feet 
compatible with severe small fiber neuropathy (table 11.1). The results of TTT revealed 
in most cases a warm sensation threshold exceeding 50ºC and a cold sensation 
threshold below 0ºC (50ºC and 0ºC being the maximal and minimal temperature limit of 
our equipment). Cardiovascular autonomic function was assessed using the tests 
recommended by the San Antonio Consensus Meeting13 which showed three tests out 
of five that were abnormal, indicating autonomic dysfunction (table 11.1 and figure 
11.1). By the end of December 2001 he started with prednison 40 mg daily, which was 
without benefit however and tapered. Glycaemic controls remained stable during 
therapy. In February 2002 methotrexate 7,5 mg weekly was added to the 10 mg 
prednison daily. As this appeared to be ineffective, the dose of methotrexate was 
increased up to 20 mg weekly. Despite this, his fatigue, neuropathic pain, autonomic 
dysfunction, and arthralgia deteriorated and the subcutaneous noduli enlarged. Initiated 
neuropathic pain treatment with gabapentin, opioids, carbamazepin and amitryptilin 
achieved no improvement. At the end of 2002 he was admitted to a dermatologist 
because of severe skin lesions on both hands (figure 11.2). The lesions were diagnosed 
as burns due to insensitivity for heat. This insensitivity was attributable to the SFN. 
Therefore, to avoid these burning lesions in the future, thermostats at the warm water 
taps were advised. 
In May 2003 infliximab was started. A dosage of 3 mg/kg of infliximab (500 mg) was 
given and repeated at week 2, 6 and 12 with spectacular reduction of his symptoms. 
Remarkably, in a schedule of therapy every 6 weeks symptoms reoccurred after 4 
weeks and he demonstrated a ‘rebound’ reaction. To try to avoid this reaction the 
dosage interval was shortened in once every 4 weeks and the dosage tapered to 
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400 mg. This appeared to be successful. First his arthralgias, fatigue and lung function 
tests as well as inflammatory parameters improved (table 11.1).  
 

Table 11.1 Temperature threshold testing (TTT) and cardiovascular autonomic function tests (CAFT) before 
and after one year treatment with infliximab 

 Before treatment 
(°C) 

After treatment 
(°C) 

Normative value 
(°C) 

TTT    
   Warm sensation R hand  MLE / MLI 
  L hand  MLE / MLI 
  R foot  MLE / MLI 
  L foot  MLE / MLI 

48.4 / 49.0 
>50 / >50 
47.8 / >50 
48.6 / >50 

35.1 / 35.8 
35.1 / 32.5 
43.8 / 45.5 
40.3 / 46.2 

<33.4 / <35.3* 
“            “ 

<41.3 / <45.1* 
“            “ 

   Cold sensation R hand MLE / MLI 
  L hand MLE / MLI 
  R foot  MLE / MLI 
  L foot  MLE / MLI 

<0 / <0 
9.7 / <0 
<0 / <0 
3.5 / <0 

30.4 / 29.0 
31.5 / 30.9 
26.5 / 26.2 
23.0 / 20.6 

>29.9 / >28.1* 
“            “ 

>25.9 / >24.5* 
“            “ 

CAFT    
   In rest, supine  
  Mean HR (beats/minute)  
  CV (%) 

 
74 
1.3 

 
68 
1.7 

 
 

>2.5 
   In rest, upright  
  Mean HR (beats/minute)  
  CV (%) 

 
78 
1.9 

 
74 
2.6 

 
 

   From supine to upright 
   Delta HR (beats) 
   30/15 ratio 

 
13.9 
1.05 

 
20.2 
1.13 

 
>16.3 
>1.12 

   Deep breathing I-E (beats) 14.8 11.8 >10.5 
   Valsalva maneuvre HRmax/HRmin 1.1 1.3 >1.5 
Laboratory tests    
   sACE (U/l) 
   sIL2R (kU/l) 

22 
725 

9 
325 

9-25 
214-846 

Lung function tests    
   FEV1, % of predicted 
   FVC, % of predicted 

66 
74 

82 
86 

>80% 
>80% 

Symptom scores    
   FAS (fatigue) 
   WHOQOL-100 (quality of life) 
   SFNSL-score  

45 
4 

77 

20 
16 
31 

<22 
>15.9 
<48 

Abnormal data are presented bold; * 99% cut off value according to Yarnitsky and Sprecher12. TTT = temperature 
threshold testing (data are presented in °C; starting temperature in all tests 32°C); MLE = method of levels; MLI = 
method of limits; CAFT = cardiovascular autonomic function testing; HR = heart rate; CV = coefficient of variation; 
Delta HR = intitial maximal increase in heart rate after standing upright; 30/15 ratio = heart rate 30 seconds after 
standing upright divided by heart rate 15 seconds after standing upright; I-E = succesive maximum inspiration 
minus minimum expiration heart rate while deep breathing; sACE = serum angiotensin converting enzyme; sIL2R 
= soluble interleukin-2-receptor; FEV1 = forced expiratory volume in one second; FVC = forced vital capacity; 
FAS=fatigue assessment scale25; WHOQOL-100 = quality of life questionnaire of the World Health Organisation 
(overall quality of life and general health facet)5; SFNSL= small fiber neuropathy screening list 
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Thereafter, his subcutaneous noduli disappeared and at last, after almost half a year, 
the neuropathic pain symptoms, as well as symptoms of autonomic dysfunction 
disappeared. Temperature threshold testing and cardiovascular autonomic function 
testing were repeated in July 2004. Both showed spectacular improvement (figure 11.1 
and table 11.1). Although cardiovascular autonomic function testing was still judged 
abnormal (2 two out of the 5 tests were abnormal), the degree of abnormality was 
remarkably reduced. After therapy both systolic and diastolic blood pressure showed a 
more flat response after rising from supine to an upright position and he reported no 
dizziness anymore. At present he is stable on infliximab once every 4.5 weeks. His 
quality of life improved substantially, his fatigue became within normal limits (table 11.1), 
he is enjoying life again and even restarted working successfully. 
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Figure 11.1 Blood pressure response after standing in upright position before and after one year infliximab 

treatment. X-axis: t=0=baseline measurement while supine; t=1=one minute after standing up-
right; t=2=two minutes after standing upright; etc. Scattered line: systolic and diastolic blood pres-
sure before treatment with infiximab. Patient reported dizziness after standing upright. Bold line: 
systolic and diastolic blood pressure after treatment with infiximab. No dizziness was reported af-
ter standing upright 
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Figure 11.2 Burns on the hand of the sarcoidosis patient with severe small fiber neuropathy. 
 

Discussion 

Our patient suffered from diabetes type II and multi-organ sarcoidosis with severe small 
fiber neuropathy. The intriguing question whether the SFN in this case was related to 
sarcoidosis together with diabetes or one of these disorders alone will stay unanswered. 
In our opinion the facts that glucose levels were stable in our patient despite severe 
SFN, other organ damage due to diabetes such as retinopathy or nephropathy were 
absent and the reversibility of SFN that went parallel with reversibility of sarcoidosis 
symptoms, make sarcoidosis a rather more likely cause of SFN than diabetes in this 
case. 
SFN is a neuropathy selectively involving small diameter myelinated and  unmyelinated 
nerve fibers.15 Interest in this disorder has considerably increased during the past few 
years. Patients typically present with peripheral pain and/or symptoms of autonomic 
dysfunction. Diagnosis is made on the basis of the clinical features, normal nerve 
conduction studies, and abnormal specialized tests of small nerve fibers. Among others, 
these tests include TTT for sensory fibers and cardiovascular autonomic testing for 
autonomic fibers.14 The pathophysiology of SFN is unknown. However, it appears to be 
frequent in several immune mediated diseases such as Guillain-Barré syndrome, 
Sjögren`s disease, vasculitis, SLE, rheumatoid arthritis and sarcoidosis.14,15 The latter 
relation has been appreciated just recently.6 Furthermore, SFN is frequent in diabetes.16 
So far, no proper treatment for SFN is available. Treatment is usually directed towards 



172⏐Chapter 11 

alleviation of neuropathic pain and often stays problematic.14 Prognostic studies are 
lacking, but in our experience SFN in sarcoidosis is usually chronic and devastating. In 
diabetes patients SFN is usually progressive, with eventually involvement of large nerve 
fibers.16  
Infliximab was an attractive therapeutic option in our patient for several reasons. 
Treatment with corticosteroids and methotrexate had not been successful. Moreover, 
corticosteroids caused severe side-effects and were not well tolerated. He still was 
severely disabled. Furthermore, increasing evidence has demonstrated that TNF-α is a 
crucial cytokine in the pathogenesis of sarcoidosis and recently, refractory sarcoidosis 
has been treated successfully with Infliximab.8,11 However, at present no data are 
available of the effect of anti-TNF-α therapy on SFN, while in our patient SFN was the 
most devastating problem. Remarkably, severe SFN appeared to be reversible after 
treatment with Infliximab in this case.  
Theoretical support for the effect of anti-TNF-α therapy on SFN may be found in the 
following. First, it has been appreciated recently that proinflammatory cytokines 
including TNF-α contribute to the development of inflammatory and neuropathic pain as 
well as hyperalgesia.17 Second, TNF-α plays an important role in neuropathies such as 
Guillain-Barré syndrome and in Guillain-Barré syndrome small nerve fibers are also 
involved. Elevated serum concentration of TNF-α shows a positive correlation with 
neuropathy severity in patients with Guillain-Barré syndrome.18,19 Furthermore, the 
decrease in serum TNF-α and increase in serum soluble TNF receptors shows a 
positive correlation with neuropathy recovery following treatment in those patients. 
Finally, the presence of SFN in several immune mediated diseases suggests a common 
final pathway in the pathogenesis of the disorder that may be related to the ongoing 
inflammatory process. Similarity might be related to cytokine release in immune 
mediated diseases. Support for the hypothesis that SFN in immune mediated diseases 
is related to cytokine release is found in pharmacological and physiological studies. 
These studies report that pro-inflammatory cytokines such as TNF-α are strongly 
involved in the generation and maintenance of neuropathic pain.17,20-24 Therefore, it is 
tempting to speculate that anti-TNF-α therapy might be beneficial in SFN. 

Conclusion 

This case once again stresses that infliximab might be considered as a promising 
alternative in the treatment of refractory multi-organ sarcoidosis. The case presented 
suffering from sarcoidosis, diabetes and SFN responded very successful. Our patient 
reveals two new and important issues. First, severe SFN appeared to be reversible in 
this case. Second, TNF-α may be a crucial cytokine in the pathogenesis of SFN related 
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to sarcoidosis and possibly in other immune mediated inflammatory diseases and 
diabetes as well. The successful reaction to anti-TNF-α therapy is very promising and 
this observation opens a window for new therapeutic and pathogenetic studies. 
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