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Abstract: Mycobacterium leprae infection is the main cause of non-traumatic peripheral neuropathies. To verify the effects of 

leprosy after high medication on linear and nonlinear indices of heart rate variability. To analyze the effects of leprosy according 

to degrees of disability on the Autonomic Nervous System (ANS) at the Otavio de Freitas Hospital located in the city of Recife-
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PE, through the field research method in the descriptive and quantitative modalities. 
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1. Introduction 

Infection with Mycobacterium leprae (ML) infection,   

leprosy, is a disease with characteristics of peripheral and 

autonomic neurological alterations, is responsible for millions 

of deaths per year and affects 10% of the world population 

(World, 2016). Evidence indicates that ML binds and invades 

Schwann Cells (CS), this is the target cell of the Peripheral 

Nervous System (SNP) (Vital, 2012).  

M. leprae infects Schwann cells of nerves that stimulate 

an immune response of the body that provoke infiltration with 

inflammatory nerve cells that lead to nerve dysfunction and 

nerve damage (Deepti 2012). 

SC are involved in the immuno modulation of 

neurological injury caused by ML, thus triggering an 

inflammatory response to the presence of the bacterium. The 

cytokines that participate in this response, one of which is 

tumor necrosis factor (TNF-), a molecule involved in the 

pathogenesis of several diseases that affect the Central 

Nervous Systems (CNS) and peripheral (SNP) (Van brakel, 

2000). 

Leprosy (HS) is a chronic neurological pathology. 

(Lockwood, 2012)  Neurophysiological studies investigate 

neurological impairment in leprosy. The findings provide 

information on the dysfunction of the affected nerves, 

although (Goedee, 2013). Its chronic effects on the autonomic 

nervous system (ANS) were investigated through heart rate 

variability (HRV), using traditional linear methods applied in 

the intervals between consecutive heartbeats (RR intervals) 

(Silva et al., 2015). 

Patients with leprosy with related peripheral neuropathy 

and involvement of other organs may present with cardiac, 

respiratory and autonomic dysfunctions (Howling, 2016). 

Non-autonomy and side effects of drugs used for treatment can 

lead to multiple organ failure (Sandeep, 2011). 

A cardiovascular involvement of leprosy has been 

mentioned in numerous reports. May cause ecg changes such 

as congestive heart failure ( 4 ) and ST and T wave changes, 

branch block, extra-systoles and a prolonged QT interval 

( Zawar, 1987) 

Orthostatic hypotension, baroreflex dysfunction and 

postprandial hypotension may occur because of the influence 

on autonomic function (6). It has been reported that Valsalva 

maneuver, heart rhythm and disorders of response to foot 

blood pressure may develop in patients with leprosy leprosy 

(7). As a result of degradation as a function of the sympathetic 

cardiac, an increase in heart rate can be prevented by injecting 

high doses of atropine (4). Our patient did not present heart 

failure and ECG alterations and the atropine test performed to 

assess the sympathetic function of the heart was also positive 

(Howl, 2016). Autonomic function tests showed an increase in 

temperature with no sweating in the affected area (Deepti 

2012). 

However, two primary points so far remain unresolved, 

and their stigma and potential are incapacitating (Araújo, 

2005). The prevalence of affected nerves is peripheral, and 23% 

of leprosy patients have a degree of disability (grades 1 and 2), 

however, there is evidence of reactions persisting even after 

drug discharge (Brasil, 2012; Deepak, 2003). Study by Nardi 

et al. (2012), reports that former patients evaluated had a 

higher percentage of disability after drug discharge, which can 

be concluded that leprosy alterations may occur even after 

drug discharge. With regard to autonomic alterations, the 

rupture of the vascular reflex arch, where it leads to a relative 

tissue anoxia, because circulation does not accommodate 

tissue needs (Brasil, 2008).  

According to Valentini, et al., (1999), tests were 

performed with leprosy to assess the integrity of the autonomic 

nervous system (histamine test = incomplete and pilocarpine 

= absence of sweating) and were altered in 6 patients. This 

alteration confirms the involvement of this system in leprosy, 

even outside dermatological lesions, since it was performed in 

areas with edema, without apparent dermatological lesion 

(Valentini et al., 1999). 

Leprosy treatment consists of multidrug therapy 

consisting of rifampicin, clofazimine and dapsone. Leprosy 

reactions are managed by steroids and other 

immunosuppressants (Deepti 2012); (Pinheiro, 2011). 

 

2. Methodology  
 

Study population 

We analyzed subjects in treatment and post-treatment of 

Multi Bacillary leprosy (MB) with grade 3 neural disability, of 

both sexes aged 20 to 20 years,  a sample of 19 patients 

characterized as a cohort-type comparative epidemiological 

study, where they were selected through the rehabilitation 

group of the Otavio de Freitas Hospital  (HOF), where the 

researchers must have obtained pathology treatment in the 

HOF and be participants in the rehabilitation program of the 

hospital located in the city of Recife-PE.  

The inclusion criteria were patients who were medicated 

with prednisone, thalidomide and azathioprine  as well as 

vef1 <50% of the predicted with a degree of moderate to severe 

obstruction and who did not present coronary artery disease, 

arterial hypertension, diabetic neuropathy. Those of exclusion 

were patients after high neurological disorders and other 

known impairments that prevented the subject from 

performing the procedures. All volunteers were informed 

about the procedures and objectives of the study and, after 

agreeing, they will sign a free and informed consent form. The 

project is under submission by the Research Ethics Committee 

of the Hospital da Restauração de Pernambuco, Recife - PE 

and followed resolution No. 244 of the National Health 
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Council of 12/12/2012. 

 

Initial evaluation 

Before the beginning of the experimental procedure, the 

volunteers identified themselves by collecting the following 

information: age, gender, weight, height and body mass index 

(BMI). Anthropometric measurements were obtained 

according to the recommendations described by Lohman et al. 

(1988). Body mass index (BMI) was calculated using the 

following formula: weight (kg)/height (m)2. 

 

Analysis of linear indexes of heart rate variability 

For the analysis of HRV indices, heart rate was recorded 

beat by beat throughout the experimental protocol with a 

sampling rate of 1000 Hz. From the period of greatest signal 

stability, an interval of five minutes was selected, and only 

series with more than 1000 RR intervals will be used for 

analysis (Task Force of the European Society of Cardiology 

and the North American Society of Pacing and 

Electrophysiology,  1996). 

In these series, digital and manual filtrations were 

performed to eliminate premature ectopic beats and artifacts, 

and only those with more than 95% of sinus beats will be 

included in the study (Vanderlei et al, 2008). For HRV analysis 

in the frequency domain, low frequency spectral components 

(LF: 0.04-015 Hz) and high frequency (HF: 0.15-0.40 Hz) 

were used in ms2 and standard units. Spectral analysis was 

calculated using the Fourier Fast Transform algorithm.  

On the other, the analysis in the time domain was 

performed using the SDNN (standard deviation of the mean of 

the normal RR intervals) and RMSSD (square root of the 

square mean of the differences between the adjacent normal 

RR intervals). Hrv analysis software (Niskanen et al., 2004) 

will be used to analyze linear indices in the frequency and time 

domains. 

 

Experimental protocols 

Data collection was performed in a room with 

temperature between 21°C and 25°C and humidity between 50 

and 60% and volunteers will be consulted if they did not drink 

alcoholic beverages and caffeine in the 24 hours prior to the 

evaluation. The collection will be performed individually, 

between 8:00 am and 12:00 AM to minimize the interference 

of circadian rhythm, and volunteers will be instructed to 

remain at rest, avoiding conversations during collection.  

After the initial evaluation, the capture belt and, in the 

wrist, the Polar RS800CX heart rate receptor (Polar Electro, 

Finland), equipment previously validated for the capture of the 

heartbeat and the use of its data for HRV analysis, is positioned 

in the chest of the volunteers, in the region of the distal third 

of the sternum. After placing the brace and monitor, volunteers 

will be positioned in the sitting position with their feet 

supported, 90-degree position and will remain at rest for 10 

minutes without hemodialysis. 

Manual pressure test (handgrip): The subjects were 

instructed to perform handgrip to obtain maximum force. The 

maximum strength of each individual will be obtained by 

means of the mean. In the test, the individual will perform 

manual isometric grip with 30% of the maximum force for 90 

seconds (Delaney et al., 2010). This protocol will be based on 

evaluation in just one day. After 10 minutes of registration at 

rest, the patient was submitted to manual pressure test 

(handgrip).  After the end of manual pressure, 10 minutes of 

heart rate recording (Table 1). 

 

Table 1. Procedures performed in the protocol 

0 - 10 minutes 
 

90 seconds (90'') 
 

10 - 20 minutes 

 
HrV registration in 

rest. 
 

Pressure test 
manual (handgrid) 

Post-test HRV record. 

 

Statistical analysis 

For data analysis, a database was constructed in the 

Microsoft Excel electronic chart, and the Shapiro-Wilk 

normality test was applied to evaluate the statistical 

distribution. To compare HRV indices between before the 

Handgrip Test, during the test and, after the Test, we applied 

the unidirectional variance analysis (ANOVA) for the repeated 

measurement test followed by the Bonferroni post-test for 

parametric distributions. For nonparametric distributions, we 

used the Friedman test followed by Dunn's test. We use Biostat 

2009 Professional 5.8.4 software for statistical analysis. 

For data analysis between groups: under treatment and 

after treatment the database was exported to the SPSS software, 

summer 18, where the analysis was performed.  Foi used the 

mean statistic and standard deviation to measure HRV through 

the scores of the performance parameters. The normality of 

quantitative variables was evaluated using the Shapiro-Wilk 

test. In cases where normality was indicated, the student’s t-

test was applied to compare the performances of patients 

submitted to type 1 treatment with the performance of patients 

submitted to treatment type 2. In cases where normality was 

not indicated, the Mann-Whitney test was applied to make the 

performance comparations of the two groups. All conclusions 

were drawn considering the significance level of 5%. 

 
3. Results and Discussion 
 

Table 2.  Age, height, weight, BMI, HR and mean RR 

intervals of the volunteers. Mean ± standard deviation, 

minimum-maximum.  

Variables Mean ± standard deviation 

Age (years) 

(Min-max) 

24.94+16.38 

(15-42) 

Height (m) 

(Min-max) 

1.60+0.06 

(1.48-1.71) 

Weight (kg) 

(Min-max) 

68.88+ 14.33 

(47.30-87.70) 

BMI (kg/m2) 24.94+ 4.54 
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(Min-max) (17.99-33.42) 

FC (bpm) 

(Min-max) 

91.75+12.37 

(65.43-115.47) 

Average RR (ms) 

(Min-max) 

668.45+94.70 

(520.30-925.00) 

m: meters; ms: milliseconds; kg: kilograms; bpm: beats per minute; min-max: 

minimum-maximum. 

 

Table 3 shows the descriptive analysis of gender, age, 

BMI and waist circumference of the patients evaluated. It was 

verified that most patients in treatment group 1 and treatment 

2 are male (63.6% and 66.7%, respectively). Furthermore, it is 

observed that the homogeneity test was not significant (p-

value = 1.000, indicating that the distribution of sex in the two 

treatment groups are similar. Regarding age, BMI and waist 

circumference, on average, the group of patients in type 2 

treatment presented higher mean than the group of patients 

submitted to type 1 treatment (49.2 years; 27.2 kg/m² and 

99.1cm, respectively), however, the mean/distribution 

comparison test was not significant in any of these measures 

evaluated (p-value = 0.666 for age,  p-value = 0.991 for BMI 

and p-value = 0.879 for WC, respectively), indicating that the 

two groups are similar in relation to age, BMI and WC. 

 

Table 3 Descriptive analysis of gender, age, BMI and waist 

circumference of the patients evaluated, according to the 

treatment group. 

Factor 

evaluated 

Rated group 

p-value 
Treatment 

After 

Treatment 

Sex    

Male 7(63,6%) 6(66,7%) 
1,000¹ 

Female 4(36,4%) 3(33,3%) 

Age 46.7±10.6 49.2±14.8 0.666² 

BMI 27.1±4.9 27.2±4.1 0.991² 

CA 95.6±23.7 99.1±14.9 0.879³ 

¹p-fisher exact value (if p-value <0.05 the distribution of the evaluated factor 

differs between treatment groups 1 and treatment 2). Student t-test ²p-value for 

independent samples (if p-value < 0.05 the mean of the evaluated factor differs 

between treatment groups 1 and treatment 2). Mann-Whitney test ³p-value. 

 

 

Table 4.  Media and the standard deviation of the indices in 

the time domain between T1, T2 and T3.  Dez minutes at rest, 

manual grip test antes (T1);  30 seconds of handgrip (T2);  

minutes at rest after handgrip (T3).  

Indices T1 T2 T3 p  

SDNN 

(ms) 

40.02+17.7

8 

40.45+ 

18.61 

39.55+16.4

1 

0,643

7 

PNN50 

NN50 

9.23+14.89 8.28+13.6

7 

6.68+11.44 0,183

1 

 

RMSS

D (ms) 

24.81+18.2

6 

23.05+ 

16.94 

20.73+15.9

9 

0.766

3 

ms - milliseconds.  SDNN - standard deviation of all normal RR intervals. 

pNN50 - percentage of adjacent RR intervals with duration difference greater 

than 50 milliseconds. RMSSD - square root of the square mean of the 

differences between adjacent normal RR intervals. 

 

In table 5 we have the Mean and standard deviation of the 

score of the evaluated parameters. It was verified that in the 

1st moment of evaluation the group of patients who received 

type 1 treatment presented higher mean in all parameters 

evaluated, except in RR, HF (ms2) and HF (naked), in which 

the type 2 treatment group presented higher mean score. Even 

though differences were found in the means of the parameters 

evaluated, the mean/distribution comparison test was 

significant only in the following parameters: LF (nude) (p-

value = 0.031), HF (naked) (p-value = 0.029) and LF/HF (p-

value = 0.017), indicating that the group of type 1 patients 

presented a relevantly higher mean of LF (naked) and LF/HF 

than the type 2 treatment group; and that the type 2 treatment 

group presented a significantly higher mean of HF (naked) 

than the group of patients who received type 1 treatment. 

In the 2nd moment of evaluation, the group of patients 

who received type 1 treatment presented a higher mean score 

in the following parameters: RR, RMSSD, NN50 and pNN50. 

The group of patients who received type 2 treatment presented 

the highest mean score in the parameters: SDNN, HR, STD 

HR, triangular RR, TINN, LF (ms2), HF (ms2) and LF/HF. In 

the LF (nude) and HF (nude) parameters, the mean scores were 

the same in the two groups of treatments evaluated. 

Furthermore, it is observed that even though differences were 

found in the mean values of the parameters evaluated between 

the group of patients who received type 1 treatment and type 2 

treatment, the mean/distribution comparison test was not 

significant in any of the parameters (all p-values were greater 

than 0.05), indicating that there is no difference in the 

parameters between the types of treatment used. 

In the 3rd moment of evaluation, the group of patients 

who received type 1 treatment presented higher mean in all 

parameters evaluated, except in RR, STD HR, RMSSD and 

HF (naked), in which the type 2 treatment group presented the 

highest mean score, and in the HR parameter in which the 

mean of the two groups was identical. Even though differences 

were found in the mean values of the parameters evaluated 

between the group of patients who received type 1 treatment 

and type 2 treatment, the mean/distribution comparison test 

was significant in none of the parameters (all p-values were 

greater than 0.05), indicating that there is no difference in the 

parameters between the types of treatment used. 
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Paramt 

MOMENT 1 MOMENT 2 MOMENT 3 

Trat 1 Trat 2 p Trat 1 Trat 2 p Trat 1 Trat 2 p 

RR 

813.9±159

.8 

911.3±

156.1 

0.18

7¹ 

743.4±10

0.4 

741.9±10

7.4 

0.97

5¹ 

846.8±12

2.6 

867.4±18

8.6 

0.77

1¹ 

SDNN 43.9±16.0 

36.8±1

5.2 

0.32

7¹ 

46.9±29.4 66.4±48.6 

0.30

5² 

40.5±12.3 33.7±16.2 

0.30

0¹ 

HR 77.1±17.9 

58.9±1

9.2 

0.06

3² 

82.6±11.8 83.3±12.8 

0.62

1² 

72.5±11.3 72.5±16.9 

0.99

6¹ 

STD HR 4.5±3.6 2.7±1.3 

0.08

7² 

5.5±2.4 6.7±3.8 

0.42

1¹ 

3.4±0.8 10.0±22.1 

0.42

5² 

RMSSD 31.1±19.7 

27.2±9.

5 

0.90

9² 

29.2±22.3 21.5±15.3 

0.39

0¹ 

33.1±17.9 24.0±12.0 

0.21

2¹ 

NN50 

81.7±104.

7 

50.3±4

7.4 

0.76

1² 

3.5±4.0 2.7±3.7 

0.61

3² 

93.7±104.

4 

45.0±53.9 

0.27

0² 

PNN50 12.7±16.4 7.9±6.9 

0.82

0² 

8.9±9.7 6.8±9.3 

0.66

9² 

14.7±16.9 6.9±8.2 

0.34

2² 

Triangular 

RR 

10.4±3.3 9.6±3.5 

0.56

5¹ 

6.6±1.8 7.9±2.7 

0.20

1¹ 

10.2±3.4 9.3±4.8 

0.62

8¹ 

TINN 

187.7±50.

4 

130.6±

93.2 

0.12

5¹ 

167.7±77.

7 

172.2±90.

1 

0.90

6¹ 

171.8±45.

2 

131.7±11

0.7 

0.28

5¹ 

Table 5. Mean and standard deviation of the score of the 

evaluated parameters. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

¹p-student t-test value for independent samples (if p-value < 0.05 the mean of the 

evaluated parameter differs between treatment groups 1 and after treatment 2. ²p-value 

of the Mann-Whitney test. 

 

Leprosy is a chronic granulomatous and infectious 

disease that affects the skin, various organs and tissues, and 

in particular, somatic and autonomic nerves. Secondary 

complications of neuropathy may result in deformity and 

disability. Dermato-neurological signs and symptoms are the 

primary manifestations. However, secondary complications 

of neuropathy may result in deformity and disability (Correa 

et al., 2012). 

In the studies analyzed and evaluated, it is clear and 

noticeable that this pathology causes several skin lesions, as 

well as neuropathy, some secondary complications of it can 

result in deformity and disability, being a stigmatizing 

disease (Cabalar et al., 2014). Already according to Osvaldo 

(2013) and Vagner et al. (2014), the different clinical 

presentations of the disease are determined by the quality of 

the host immunity response, and this disease is also an 

important health problem worldwide. 

However, Deepak, et al (2014), reinforces that leprosy 

is one of the main causes of severe neuropathies in 

developing countries and that in many times its diagnosis can 

be a huge challenge, especially neuritic leprosy, with this it 

is possible to observe that it is a major global and social 

problem. 

The great importance of nerve conduction studies, 

which provide a noninvasive modality, to estimate the 

involvement of peripheral nerves in leprosy and contribute to 

the evaluation of those assisted with peripheral neuropathy, 

evaluate and also monitor the evolution of the disease and 

therapeutic intervention having as the only disadvantage the 

cost factor that is high and the knowledge that is involved in 

conducting an investigation of this nature. 

Vital et al., (2012), in their study, describes that in the 

patients analyzed nerve conduction was recovered in most 

nerves, but in most cases in the radial, median, and common 

peroneal nerve, however no conduction was obtained from 

13 sural and three nerves.  Mohanty (2002), points  out 

that it was in 1998 that studies of leprosy present on the skin 

were taken at the College Hospital Medical VSS and in 1996 

diagnosed clinically, he also pointed out that cases with 

clinical impairment of sensory function or motor nerve were 

selected for presentation. 

The common neurological manifestations of peripheral 

neuropathy in this pathology, such as local sensory 

deficiency, asymmetric, the preferential involvement of 

several intrinsic muscles of the hand and also of the feet, 

nerve enlargement and tenderness to obtain an early 

diagnosis of this disabling and avoidable deforming specific 

neuropathy (SKACEL et al., 2000) . It is possible to point 

out that mono neuritis is the most common form of exposure 

of this great evil, and may occur with other clinical 

manifestations including even skin lesions and that its 

diagnosis is only achieved by neuropathological study of 

skin lesions and peripheral nerve, evidenced by the 

assimilation of the bacillus. 

Neurophysiological and imaging studies can be used to 

investigate neurological impairment in leprosy (LUGAO, 

2016) 

The authors concluded that leprosy patients may present 

abnormal nerve anatomy with preserved nerve function and 

vice versa (LUGAO, 2016) 

Several studies have focused on understanding even 

higher basic aspects such as genetics. They contribute in a 

great way to better understanding, elucidation and 

understanding of physicians and to better planning of nursing 

professionals and how they should proceed to avoid adverse 

events (Veiga et al., 2015). 

Nervous system dysfunction in Leprosy is accompanied 

by autonomic nervous system dysfunction and has a 

predominance of sympathetic autonomic modulation 

(Calabar, et al., 2014). In this study, when evaluating skin 

sympathetic responses (SSR) and RR interval variations, it 

was observed that, after clinical, motor examination and 

sensory analyses of nerve conduction, sympathetic skin 

responses and RRIV interval variations were performed in 

patients with chronic leprosy and that electrodiagnostic 

findings at the beginning of the disease elucidate 

demyelinated characteristics,  such as cooling conduction 

activity and stretching latencies, but as the disease progresses 

secondary axonal injury commonly ensues. 

Sandeep 2011, Anesthetic consideration is mainly 

focused on complications related to leprosy, such as  non-

cardiac or respiratory autonomy, autonomic dysfunctions and 

side effects that are related to drug therapy and are 

challenging.  The involvement of the cardiovascular system 

in leprosy characterized by non-leading bradycardia 

bradycardia cardiac autonomy, hypotension, cardiac arrest, 

various arrhythmias and other ecg changes, or lack of 

response to various perioperative manipulations such as 

intubation, extubation, or anticholinergic drugs that require 

careful intraoperative surveillance. All of these are more 
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pronounced in patients with longer duration of leprosy. 

(Repercussion of anesthesia in surgery with hansen's patient). 

Autonomic Neuropathy may present and manifest as 

orthostatic hypotension, altered baroreceptor reflexes and 

inadequate response to Valsalva maneuver. Fortunately, our 

PAC patient ruled out no  cardiac and respiratory autonomy 

and autonomic involvement, but we were prepared with 

adequate monitoring for possible complications and their 

management.  As leprosy patients may present with non-

cardiac, respiratory autonomy and autonomic involvement. 

Due to side effects of drugs and non-autonomy are 

prone to multiple organ failure. Proper evaluation and 

optimization of the CAP with the intraoperative period, 

adequate monitoring and preparation is essential when 

managing leprosy patients. 

It is also observed that it is a disease of extreme 

importance and deserves more attention, causes physical 

disability of high severity, although it has a very low 

prevalence, the involvement of the peripheral and autonomic 

nerve is frequent and severe in several cases, including in our 

research. According to several experts in the field, there are 

three diagnostic signs that is hypopigmentation of the skin 

with loss of sensitivity, the second is the thickening of 

peripheral nerves and finally the positive skin-smear for 

ADR, it is also important to remember that indeterminate 

leprosy lesions are not always indetermined by the thickness 

of the anesthetic peripheral nerve and can also be localized 

in different neurological diseases. 
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