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Background and PurposezzNeuropathic pain (NeuP) associated with traumatic brachial 
plexus injury (BPI) can be severe, persistent, and resistant to treatment. Moreover, comorbidity 
associated with NeuP may worsen the pain and quality of life. This study compared persistent 
NeuP after BPI between patients with and without co-morbid conditions (psychiatric dysfunc-
tion and other painful conditions) and tramadol usage as a second-line agent in combination 
with an antiepileptic and/or antidepressant during a 2-year follow-up.
MethodszzThe medical records of patients diagnosed with BPI referred to a pain center be-
tween 2006 and 2010 were reviewed for 2 years retrospectively. Data regarding patient demo-
graphics, injury and surgical profiles, characteristics of NeuP and its severity, and treatment 
received were compared between patients with and without manifesting co-morbid conditions. 
The NeuP and pain intensity assessments were based on the DN4 questionnaire and a numerical 
rating scale, respectively.
ResultszzOf the 45 patients studied, 24 patients presented with one of the following co-morbid 
conditions: myofascial pain (21%), psychiatric disorder (17%), phantom limb pain (4%), com-
plex regional pain syndrome (21%), and insomnia (37%). Tramadol was required by 20 patients 
with co-morbidity and, 9 patients without co-morbidity (p<0.001). The mean pain score after 2 
years was higher in patients with co-morbidity than in those without co-morbidity (p<0.05).
ConclusionszzPersistent pain following BPI was more common in patients manifesting other 
painful conditions or psychiatric co-morbidity. A higher proportion of the patients in the co-
morbid group required tramadol as a second-line of agent for pain relief.
Key Wordszz�brachial plexus injury, co-morbid, neuropathic pain, pain severity.

Effect of Co-Morbid Conditions on Persistent Neuropathic 
Pain after Brachial Plexus Injury in Adult Patients

INTRODUCTION

The underlying causes of brachial plexus injury (BPI) include compression, ischemia, meta-
bolic condition, infection, neoplasia, radiation, and trauma being the most common cause.1-3 
The advent of both diagnostic and prognostic neurophysiological tests, and microsurgical 
techniques has improved the functional recovery following BPI over the past decade. Nev-
ertheless, BPIs are devastating injuries that are difficult to manage and require a holistic 
approach.

The incidence of the chronic pain following traumatic BPI is reported to be as high as 
50%.4 Moreover, the neuropathic pain (NeuP) that develops after BPI becomes resistant to 
narcotic analgesics,5 and NeuP reduces the quality of life, including mood, physical, and so-
cial functioning.6,7 Hence, early aggressive treatment with a multidisciplinary team approach 
is essential to preventing refractory pain.

As for any other chronic pain condition, subjects with NeuP are likely to have co-morbidi-
ties such as sleep disturbances and mood disorder. These coexisting co-morbidities can 
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worsen the pain and complicate the treatment if they are not 
addressed in the overall management strategy. Therefore, the 
purpose of this study was to determine the occurrence of co-
morbidities (especially psychiatric illness and other painful 
conditions) following BPI induced NeuP and their effect on 
pain severity and tramadol usage as a second-line agent in 
combination with an antiepileptic and/or antidepressant 
during a 2-year follow-up.

METHODS

The medical records of patients diagnosed with BPI and re-
ferred to the Multidisciplinary Pain Center, for evaluation and 
possible treatment of their chronic pain condition between 
2006 and 2010 were reviewed retrospectively. Patient files 
were reviewed after receiving approval from the Institutional 
Review Board (approval number Si 289/2012).

Data from the medical chart of each patient were reviewed 
by one of the authors who had not been involved in the eval-
uation or treatment of the patients. Information was obtained 
regarding patient demographics, injury profile, and radio-
logical evaluation of the location of the injury in relation to 
the dorsal root ganglion, surgical interventions, and pain 
management.

Data regarding the characteristics of NeuP and, both phar-
macological and non-pharmacological therapies received 
during the 2-year follow-up were recorded. The Thai version 
of the DN4 questionnaire was used for screening NeuP. Light 
touch and pinprick sensations were assessed using cotton 
wool and disposable pins, respectively. The pain intensity was 
assessed using a numerical rating scale at 0 week, 2 weeks, 
1 month, 3 months, 1 year, and 2 years. Likewise, the inci-
dences of co-morbid factors related to psychiatric dysfunc-
tion and other painful conditions that can influence the sever-
ity of pain over the follow-up period were recorded.

Data are presented as mean and standard deviation values 

for continuous variables, and frequencies and percentages for 
categorical variables. Student’s t-test was used to campare 
continuous variables, while the chi-square test and Fisher’s 
exact test were used for categorical variables as appropriate. 
The pain severities in the groups during the follow-up were 
compared using one-way ANOVA test. A p value of <0.05 
was considered to indicate statistical significance. All statis-
tical analyses were performed using SPSS software (version 
16.0, SPSS Inc., Chicago, IL, USA).

RESULTS

Of the 58 patients studied, 48 patients met the criteria for 
NeuP according to responses on the DN4 questionnaire. 
Three patients were excluded (2 lost during follow-up and 1 
with incomplete information), and so 45 subjects were finally 
analyzed. At the time of first visit to the pain clinic, the patients 
presented with the following symptoms and signs: sensa-
tions of electric shock (91%), pins and needles (46%), burning 
(31%), tingling (26%), painful cold (24%), numbness (48%), 
allodynia (26%), and itching (7%), with mixed pain charac-
teristics appearing in 19 patients (42%). The distribution of 
pain characteristics among the patients with and without co-
morbid conditions is presented in Table 1. Seventeen (38%) 
patients experienced pain at ≥3 months after injury, while 
28 (62%) patients experienced the early onset of pain (<3 
months).

During the 2-year follow-up, 24 patients manifested co-
morbidities of psychiatric disorders and other painful con-
ditions. Myofascial pain, psychiatric disorder, phantom limb 
pain, complex regional pain syndrome (CRPS), and insom-
nia were observed in five (21%), four (17%), one (4%), five 
(21%), and nine (37%) patients, respectively. Four patients 
experienced psychiatric dysfunction: two with depression 
and two with posttraumatic stress disorder (PTSD). The de-
mographic, injury, and surgical profiles of the patients are 

Table 1. Pain characteristics among patients with and without co-morbid conditions

Pain characteristic With co-morbidity (n=24) Without co-morbidity (n=21) p
Painful cold 6 (25) 5 (23) 0.92

Burning 7 (29) 7 (33) 0.76

Electric shock 21 (87) 20 (95) 0.82

Tingling 8 (33) 4 (19) 0.28

Pins and needles 13 (54) 8 (38) 0.28

Numbness 11 (45) 11 (52) 0.66

Itching 2 (8) 1 (4) 0.63

Allodynia 6 (25) 6 (28) 0.78

Single characteristic 16 (66) 10 (47) 0.19

Multiple characteristics 8 (33) 11 (52) 0.19

Data are number (%) values.
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presented in Table 2 and 3. Table 4 lists the various phar-
macological and non-pharmacological treatments that the 
patients received during the study period. Fig. 1 compares 
the severity of pain between patients with and without co-
morbidities during the 2-years follow-up.

Subgroup analysis of 24 patients in co-morbid group di-
chotomized into other painful conditions (11 patients) and 
psychiatric co-morbidity, including insomnia (13 patients) 
did not show a significant difference in pain severity or for 
opioid usage at the 2-year (p>0.05).

Table 2. Demographic and injury profiles of the patients

With co-morbidity (n=24) Without co-morbidity (n=21) p
Age (years) 45.25±11.43 43.95±12.2 0.75

Males/females (n) 20/4 16/5 0.71

Occupation 0.67

Employer 17 (71) 17 (81)

Student 1 (4) 2 (9)

Farmer 3 (13) 1 (5)

Homemaker 1 (4) 1 (5)

Business person 2 (8) 0 (0)

Mode of injury 0.65

Motorcycle road traffic accident 22 (92) 17 (80)

Other road traffic accident 1 (4) 1 (5)

Gun shot 0 (0) 1 (5)

Iatrogenic 1 (4) 1 (5)

Metastatic compression 0 (0) 1 (5)

Onset of pain following injury 0.20

<3 months 17 (71) 11 (52)
≥3 months 7 (29) 10 (48)

Referral to pain clinic following injury 0.78

<6 months 6 (25) 6 (29)
≥6 months 18 (75) 15 (71)

Data are mean±SD or, number (%) values. 

Table 3. CT myelography, root level involved, and surgical profile of the patients

With co-morbidity (n=24) Without co-morbidity (n=21) p
CT myelography 0.28

Preganglionic injury 22 (92) 17 (81)

Postganglionic injury 2 (8) 4 (19) 

Root level involved 0.65

C5–8, T1 20 (84) 17 (80)

C5–7 2 (8) 2 (10)

C6–8 1 (4) 2 (10)

C5, 6 1 (4) 0 (0)

Surgical injury 0.29

Stretch 0 (0) 2 (10)

Tear 2 (8) 2 (10)

Avulsion 22 (92) 17 (80)

Time between injury and surgery (days) 174.7±63.4 157.8±57.5 0.35

Surgery performed 0.76

Neurolysis 1 (4) 0 (0)

Neurotization 12 (50) 10 (48)

Free muscle transfer with neurotization 5 (21) 6 (28)

Musculotendinous transfer 6 (25) 5 (24)

Data are mean±SD or number (%) values.
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DISCUSSION

Following BPI, early rehabilitation with restoration of the 
maximum function of the affected limb is the ultimate goal. 
However, severe pain following BPI can be a major limiting 
factor for rehabilitation, and this can result in a poor out-
come.8 Moreover, NeuP manifesting after BPI makes iteven 
more difficult to treat, causing a significant impact on a per-
son’s quality of life.

We used the Thai version of the DN4 questionnaire to 
screening the NeuP characteristics, since this questionnaire 
has been systematically translated and validated and is also 
simple to apply in clinical setting.9,10 The DN4 questionnaire 
has good sensitivity and specificity, but there is no single 
gold standard diagnostic test that provides a definite diag-
nosis of NeuP. Because of the lack of a specific diagnostic 
tool, the NeuPSIG (Special Interest Group on NeuP) has 
developed a revised definition with an algorithm for diag-
nosing NeuP, defining this using five levels of certainty.11 
Neurological examinations based on this grading system in-
dicated that all of our patients had definite NeuP. Electromy-
ography and nerve conduction studies were performed to 
support the diagnosis. Further, a confirmatory diagnosis was 

performed using standard CT myelography to determine 
the location and severity of injury, since certain limitations 
and pitfalls are associated with electrophysiological studies.12 
Our study showed that 82.7% of the patients with BPI who 
were referred to the pain clinic had NeuP. This prevalence of 
painful neuropathy after traumatic peripheral nerve injury is 
similar to the findings of other studies,13,14 suggesting that 
most patients are likely to manifest NeuP after such an injury.

More than half of the patients in our study developed vari-
ous associated co-morbid conditions during the follow-up 
period. These patients were more likely to experience severe 
persistent pain than those without co-morbidity. The higher 
pain intensity and the poor response to medication in this 
group may be due to the manifestation of other painful con-
ditions (such as CRPS, myofascial pain, and phantom limb 
pain) or psychiatric co-morbidities. A relatively high per-
centage of patients reported insomnia as one of the co-mor-
bid conditions. It is evident from the literature that there are 
moderate positive correlations between pain intensity and 
sleep disorders causing a significant reduction in the quality 
of life.15,16 Insomnia in chronic pain is under-reported and un-
der-treated. With the currently available medication achiev-
ing only limited success, early non-pharmacological inter-
ventions are essential before it becomes difficult to treat 
insomnia when it occurs in association with chronic painful 
conditions.

Psychiatric morbidity in terms of depression, anxiety, and 
PTSD further exaggerates the chronic pain disorders. NeuP 
itself is a risk factor for the manifestation of depressive symp-
toms, and several studies have highlighted the association of 
emotional liability and lack of sleep with specific NeuP con-
ditions.17 Patients suffering with post-herpetic neuralgia re-
portedly experience physical and psychological impairments 
that are correlated with higher pain intensity.18 Likewise, 
painful diabetic polyneuropathy significantly affects various 
aspects of the quality of life, including sleep disorders.19 Simi-
lar to these studies, we observed a statistically significant 
change in pain severity after the 2-year follow-up in patients 

Table 4. Treatment received by the patients during the 2-year follow-up

With co-morbidity (n=24) Without co-morbidity (n=21) p
Pharmacotherapy

Gabapentinoids 9 (38) 9 (43) 0.76

Sodium-channel blocker 16 (67) 12 (57) 0.53

Tricyclic antidepressant 22 (92) 19 (90) 1

Tramadol 20 (83) 9 (43) <0.01

Non-pharmacology measures

Transcutaneous electric nerve stimulation 8 (33) 3 (14) 0.13

Psychotherapy 5 (21) 1 (5)

Data are number (%) values.

Fig. 1. Mean pain scores on the numerical rating scale for patients 
with and without a co-morbid condition during the 2-year follow-up. 
*p<0.01.
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who manifested co-morbid illness compared to those who 
did not manifest a comorbidity. Therefore, the physician 
should be vigilant and regularly screen these high-risk pa-
tients for depression or other psychiatric illness, especially 
when a change in pain symptoms or functional impairment 
is noticed.

Antiepileptic and/-or antidepressant agents were used as 
first-line drugs to treat NeuP in both of the present study 
groups, while tramadol was added in combination with these 
agents only when pain was persistent. The findings from a 
recent meta-analysis of pharmacotherapy for NeuP also sug-
gest using antiepileptic/antidepressant as a first-line treat-
ment and tramadol as a second-line treatment in painful neu-
ropathy.20 Moreover, combining an opioid with antiepileptic 
and/-or antidepressant agents for NeuP may improve the an-
algesic efficacy.21 However, no beneficial effect was observed 
in our patients who presented with co-morbidities. Signifi-
cantly, more patients with co-morbidities required tramadol, 
and the pain was still severe in this group. An inadequate re-
sponse to tramadol could be attributed to the associated co-
morbid illness itself, which might have aggravated the pain, 
making the addition of tramadol ineffective.

An interesting finding in this study was the occurrence of 
CRPS in the co-morbid group, with five patients (21%) man-
ifesting it during the course of the 2-year follow-up. The di-
agnosis of CRPS was based on clinical criteria,22 and patients 
received a stellate ganglion block with local anesthesia to 
confirm the diagnosis. A positive response to a sympathetic 
block revealed the presence of sympathetic dysfunction in 
these patients. Due to the direct injury of brachial plexus, 
all our patients had fulfilled the criteria of type II CRPS. 
Nevertheless, it is difficult to differentiate NeuP from CRPS 
clinically because most of the clinical features are common 
to both conditions. The involvement of peripheral nerve in-
jury in CRPS II means that, it also fulfills the new definition 
of NeuP. A recent study found that, ultrasound scans of mus-
cle could be used to distinguish between these two entities, 
since the normal myoarchitecture was preserved in NeuP, 
while loss of muscle structure was observed in the CRPS 
group.23 Those authors found that the degree of disability was 
greater in CPRS than inNeuP, making this differentiation es-
sential. This could be one of the reasons for the persistent 
pain experienced by the present patients manifesting CRPS.

One of the limitations of this study was that its design as a 
retrospective review made it impossible to explore how the 
quality of life changed over a period of time. However, our 
findings do indicate that further prospective clinical trials 
should be conducted in patients with BPI and NeuP to show 
how associated other painful conditions or co-morbidities 
influence the quality of life.

In conclusion, the pain intensity was more severe in pa-
tients developing NeuP after BPI manifesting other painful 
conditions or co-morbidities than in those without co-mor-
bidities during a 2-year follow up. Since a co-existing painful 
condition or co-morbidities can worsen the pain and quality 
of life, an effective interdisciplinary management plan should 
focus on treating co-morbid conditions as early as possible, 
in addition to treating the pain itself.
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