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Assessment of autonomic dysfunctions in patients with non-cirrhotic portal fibrosis
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ABSTRACT

Introduction and Aim: Autonomic dysfunction has been observed in both alcoholic and nonalcoholic chronic
liver diseases. Autonomic (both parasympathetic and sympathetic) functions are affected in these diseases.
However, there are few studies on autonomic dysfunctions in non-cirrhotic portal fibrosis (NCPF) compared with
cirrhosis. Therefore, in the present study we have assessed autonomic functions in patients NCPF and cirrhosis.

Materials and Methods: Autonomic function such as heart rate variability (HRV) and conventional autonomic
function tests (AFTSs) were assessed in 3 groups of patients. Groups 1 included patients with NCPF, Group 2 were
those with compensated cirrhosis (Child A) and Group 3 included age, sex and BMI-matched healthy volunteers.
Patients with diabetes, cardiac or renal insufficiency, neurological disorders, on diuretics / beta blockers for at least
2 weeks prior to AFTs were excluded.

Results: Total Power (TP) of the HRV spectrum was reduced significantly in NCPF (p<0.001) and cirrhosis
participants (p<0.001) when compared to the controls. LF-HF and VLF was significantly reduced in both NCPF
and cirrhosis when compared to controls. LF-HF ratio was reduced in NCPF and increased in cirrhosis and the
difference between them was statistically significant. There was no difference in the Mean RR of the three groups.
When compared to the controls, RMSSD, SDNN, NN50 was significantly reduced in NCPF and Cirrhosis. The
difference in pNN50 was significantly reduced in Cirrhosis (p<0.001) when compared to controls. Among
Conventional AFTs, heart rate response to standing expressed as 30:15 ratio was reduced in NCPF and Cirrhosis.
ADBP IHG was similar in all the three groups

Conclusion: The present study reports the presence of autonomic imbalance in patients suffering from NCPF and
hepatic cirrhosis, which is more prominent in cirrhosis. Sympathovagal imbalance, decreased HRV, decreased
vagal and increased sympathetic modulations of cardiac functions in these patients predispose them to higher CV
risks and CV morbidities.

Keywords: Non-cirrhotic portal fibrosis; Cirrhosis; Autonomic function tests; Heart rate variability;
Sympathovagal balance.

INTRODUCTION present. The prevalence and severity of autonomic
dysfunction appears to be related to the severity of
liver disease and association of autonomic
dysfunctions is linked with an increase in morbidity
and mortality (5, 6). Both sympathetic and
parasympathetic (vagal) functions, which can be
assessed by noninvasive methods, are affected in
patients with chronic liver disease (4, 5). Autonomic
dysfunction in chronic liver disease may be
secondary to the deranged liver function or can occur
as a consequence of portal hypertension per se (5).
Other factors such as impaired vascular hypo-
responsiveness that are possibly related to a
circulating vasodilator or due to presence of false
neurotransmitters or a true neuropathy may also
contribute. Extrahepatic portal venous obstruction
(EHPVO) and non-cirrhotic portal fibrosis (NCPF)
are two other diseases in which portal hypertension

cardiovascular  abnormalities, the  most

common characteristic of which is a hyper-
dynamic circulatory state (1, 2). Autonomic
dysfunction is seen in both alcoholic and
nonalcoholic chronic liver diseases (3-6). Both
parasympathetic and sympathetic functions are
affected. The prevalence and severity of autonomic
dysfunction is related to the severity of hepatic
dysfunction and is independent of etiology (7).
However, there are only few studies on autonomic
dysfunction in Non cirrhotic portal fibrosis (NCPF)
and Extra-hepatic Portal Vein Obstruction (EHPVO)
in which the liver functions are normal (8, 9). The
etiopathogenesis of autonomic dysfunction in NCPF
is yet unexplained.

Chronic liver disease is associated with various

Recent studies have reported that patients with occurs. Previous studies have shown that a
chronic liver disease have poor outcome and bad hyperkinetic circulatory state exists in patients with
clinical presentations, if autonomic dysfunctions are noncirrhotic portal hypertension, which could be
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caused by expanded plasma volume secondary to
enlargement of portal bed (8). To best of our
knowledge the contributions of the autonomic system
in modifying the systemic and portal circulation in
these patients are still not known.

Recently, analysis of heart rate variability (HRV) has
been reported to be a noninvasive sensitive marker in
assessment of autonomic dysfunctions. Therefore, in
the present study we have compared the autonomic
functions in 3 groups of patients: NCPF, Child A
cirrhosis and controls.

MATERIALS AND METHODS

We included all patients (>13years) who presented to
Medicine and Gastroenterology units of our hospital
with clinical features of NCPF and cirrhosis, over a
two year and four months period (March 2011-
August 2013). The research protocol was approved
by our institutional ethics committee and all
participants had given written informed consent.

Autonomic function was assessed in 3 groups of
patients. Groups 1 included patients with NCPF,
Group 2 were those with compensated cirrhosis
(Child A) and Group 3 included age, sex and BMI
matched healthy volunteers. Patients with diabetes,
cardiac or renal insufficiency, neurological disorders,
on diuretics / beta blockers for at least 2 weeks prior
to Autonomic function test (AFT) were excluded.

The diagnosis of Non cirrhotic portal fibrosis in
Group 1 patients was based on the presence of portal
hypertension as evidenced by two out of three of the
following —a) Esophageal or gastric varices on
endoscopy b) USG or CT evidence of dilated portal
vein (> 1.3 cm) c¢) Splenomegaly (Spleen > 13 cm on
USG) in the absence of liver involvement (liver
biopsy s/o NCPF or no cirrhosis)

Cirrhosis (Group 2) was diagnosed based on clinical
features of shrunken liver (<8cm on USG) or surface
nodularity on USG, USG features (dilated portal vein
>1.3cm), biochemical parameters (low albumin and
prolonged prothrombin time) and/or endoscopic
evidence of oesophageal/gastric varices.

Parameters assessed for AFT included Conventional
AFT (30:15 Ratio, E: | Ratio, A DBP+c (Diastolic
BP change with Isometric handgrip), Frequency
Domain Analysis (FDI) and Time Domain Analysis
(TDI) of HRV.

Statistical analysis of data

All categorical variables were expressed as
frequencies and percentages. Chi-square test or
Fisher’s exact test with two tailed significance were
used to compare the proportions and percentages.
Continuous variables were expressed as mean, SD.
The Normality of continuous variables was tested by
using Kolmogorov smirnov test. One-way analysis of
variance with Tukey- Krammer post-hoc test was
used to compare the continuous variables between
the groups. All statistical analyses were carried out
for two tailed significance at 5% level of significance
and p value < 0.05 were considered as significant.

RESULTS
General parameters

In the present study, the autonomic functions of 35
patients of NCPF were studied and compared with 30
controls and 30 child A cirrhosis. Out of the 35
patients of NCPF, 16 patients (45.7%) had symptoms
of autonomic dysfunction in the form of dizziness on
standing, postprandial epigastric bloating, early
satiety, nausea or vomiting and constipation or
diarrhea. The most common symptom was
postprandial epigastric bloating/ early satiety in 13
patients (37%). Age, Heart rate, Mean Aurterial
Pressure, Systolic and diastolic blood pressure were
similar in all the three groups (Table 1). BMI was
significantly more in cirrhosis participants.

Frequency domain indices of HRV analysis

Total Power (TP) of the HRV spectrum was reduced
significantly in NCPF (p<0.001) and cirrhosis
participants (p<0.001) when compared to the
controls. LF, HF and VLF was significantly reduced
in both NCPF and cirrhosis when compared to
controls. LF-HF ratio was reduced in NCPF and
increased in cirrhosis and the difference between
them was statistically significant (Table 2).

Time domain analysis of HRV analysis

There was no difference in the Mean RR of the three
groups. When compared to the controls, RMSSD,
SDNN, NN50 was significantly reduced in NCPF
and Cirrhosis. The difference in pNN50 was
significantly reduced in Cirrhosis (p<0.001) when
compared to controls (Table 3).

Conventional AFTs

Heart rate response to standing expressed as 30:15
ratio was reduced in NCPF and Cirrhosis. ADBP
IHG was similar in all the three groups (Table 4).

Table 1: Age, anthropometric and basal cardiovascular parameters of controls, NCPF and cirrhosis patients

Parameters Controls (n=30) | NCPF (n=35) | Cirrhosis (n=30) | P Value
Age (years) 34.6+8.3 36.849.2 39.43+10.9 0.15
BMI 19.9+2.3 19.4+2.81* 21.2+2.7 0.02
Systolic BP 107.94£10.2 107.3+12.1 109.1+13.4 0.83
Diastolic BP 66.4+7.8 66.749.6 66.0+9.6 0.96
Heart Rate/min 71.749.2 71.1+£12.7 72.7£13.5 0.86
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Data expressed are mean+ SD. The star mark (*) depicts comparison with control and hash mark (¥) depicts

.. non-cirrhotic portal fibrosis

*p <0.05; "p<0.01; ™p<0.001; #p <0.05

comparison between NCPF and Cirrhosis

Table 2: Frequency domain parameters of Controls, NCPF and Cirrhosis patients

Parameters | Controls (n=30) | NCPF (n=35) | Cirrhosis (n=30) | P value
TP (ms?) 806.1+531.8 250.4 £195.4™ 140.57+89.7" < 0.0001
VLF(ms?) 182.7+149.5 55.3+46.1"" 39.9+26.8™ < 0.0001
LF (ms?) 287.4+203.3 79.4+70.1"" 58.73+46.2"" < 0.0001
HF (ms?) 335.9+289.7 115.7+100.9" 41.9+32.5™ < 0.0001
LFnu 52.8+15.9 44.4+18.0 54.9420.8 0.053
HFnu 47.2+15.9 55.6+18.0 45.1+20.8 0.053
LF-HFratio 1.47+1.15 1.05+0.9* 1.7£1.1 0.04

Data expressed are mean + SD. The star mark (") depicts comparison with control, hash mark (#) depicts

*p < 0.05; *p < 0.01; ***p < 0.001; #p < 0.05

comparison between NCPF and Cirrhosis

Table 3: Time domain parameters of controls, NCPF and cirrhosis patients

Parameters | Controls (n=30) | NCPF (n=35) | Cirrhosis (n=30) | P value

Mean RR(s) 83+11.66 87.97+13.92 84.67+12.61 0.2842

RMSSD(ms) 46.29+30.04 28.9+15.76™ 19.88+10.89™" <0.0001
SDNN 42.1+19.36 26.17+11.81™" 22.51+15.64™" < 0.0001
NN50 68.77+65.99 37.00+44.59" 9.3+17.21™ < 0.0001
pNN50 18.57+18.51 14.37+20.12* 2.65+4.74™ 0.0008

Data expressed are mean + SD. The star mark (") depicts comparison with control and hash mark (*) depicts

*p<0.05; "p<0.01; ™p<0.001; #p <0.05

comparison between NCPF and Cirrhosis.

Table 4: Classical autonomic function testing parameters of controls, NCPF and cirrhosis patients

Parameters | Controls (n=30) | NCPF (n=35) | Cirrhosis (n=30) | P value

30:15 ratio 1.41+0.18 1.30+0.18" 1.25+0.16™ 0.002
E: I ratio 1.33+0.2 1.27+0.13 1.21+0.12™ 0.0123

A DBP 11 14.8+6.86 13.86 £4.94 15.3+5.93 0.6072

*p < 0.05; **p < 0.01

Data expressed are mean + SD. The star mark (") depicts comparison with control

DISCUSSION

The total power (TP) of heart rate variability (HRV)
was significantly less in both NCPF and cirrhosis
groups suggesting that in NCPF and cirrhosis
patients the vagal modulation of cardiac functions is
considerably reduced as TP of HRV in general
represents the magnitude of cardiac parasympathetic
activity (10, 11). TP represents the enormity of heart
rate variability, which is primarily a vagal function,
and decreased TP is the index of decreased HRV (10,
11). It has been reported that decreased HRV is
associated with increased cardiovascular (CV) risks,
and all cause morbidity and mortality (12-14). Thus,
decreased TP in NCPF and cirrhosis groups indicates
increased CV risks in these patients. Among NCPF
and cirrhosis groups, the TP in cirrhosis group was
about 45% less compared to NCPF group, suggesting
that the cirrhosis patients are more vulnerable to CV
risks, morbidities and mortality. Further, HFnu and
time-domain indices (RMSSD, SDNN, NN50, and
pPNN50) of HRV were significantly less in cirrhosis
patients compared to NCPF patients. These findings
establish the greater decrease in vagal potency in
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cirrhotic patients compared to NCPF patients, as
HFnu and time-domain indices are measures of
parasympathetic drive of cardiac control (10, 11).
Suggesting that cirrhotic patients more susceptible to
CV morbidities.

In addition, The LF-HF ratio was more in cirrhosis
group compared to NCPF group, indicating a greater
sympathovagal imbalance in cirrhotic patients, as LF-
HF ratio is a marker of sympathovagal imbalance and
increased sympathetic activity (10, 11). This was
further evidenced by increased LFnu in cirrhosis
group compared to NCPF group, as LFnu is a marker
of sympathetic drive to the heart (10, 11). Thus, these
findings indicate that cirrhotic patients had increased
sympathetic activity compared to NCPF patients.
Findings of the present study also indicate that
sympathovagal imbalance is more in hepatic cirrhosis
compared to NCPF, which is due to both decreased
vagal activity and increased sympathetic activity.

On analysis of conventional autonomic function tests
(CAFT), it was found that 30:15 ratio and E: | ratio
were decreased in NCPF and cirrhosis group
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compared to control group, and the decrease was
more pronounced in cirrhosis group. As, both 30:15
ratio and E:l ratio are measures of parasympathetic
reactivity (15), these findings indicate decreased
vagal reactivity in NCPF and cirrhosis, which is
more in cirrhotic patients compared to NCPF
patients. However, there was no significant alteration
in sympathetic reactivity in these patients, as there
was no significant difference in ADBPIHG, the
marker of sympathetic reactivity (15), among the
groups.

Findings of the present study indicate the presence of
sympathovagal imbalance in NCPF and cirrhosis
group, which is more intense in cirrhotic patients.
The sympathovagal imbalance is contributed by both
decreased parasympathetic activity and increased
sympathetic activity. Though there is decreased
parasympathetic reactivity, sympathetic activity
remains unaltered. Thus, these findings indicate that
the autonomic imbalance in NCPF and hepatic
cirrhosis patients are mostly due to the reduction in
vagal component of autonomic modulation, though
increased sympathetic activity contribute to some
extent. Though the exact cause of greater degree of
sympathovagal imbalance in cirrhotic patients cannot
be ascertained from this study, increased body mass
index (BMI) might be a potential contributor to the
autonomic imbalance, which was significantly high
in cirrhosis group compared to NCPF group, as
increase in BMI has been reported to decrease
parasympathetic and increase sympathetic activity.'®
However, the cause-effect relationship between BMI
and autonomic imbalance cannot be established from
the findings of the present study.

The present study reports the presence of autonomic
imbalance in patients suffering from NCPF and
hepatic cirrhosis, which is more prominent in
cirrhosis. Sympathovagal imbalance, decreased
HRYV, decreased vagal and increased sympathetic
modulations of cardiac functions in these patients
predispose them to higher CV risks and CV
morbidities. An earlier study reported autonomic
dysfunction in 12 (67%) patients with EHPVO, 3
(25%) patients with NCPF and 12 (80%) patients
with cirrhosis (7). However, only 3 patients had
NCPF in their study population and frequency
domain parameters were not studied. Another study
has shown greater likelihood of variceal bleed in
NCPF cases with autonomic dysfunction (8).
Autonomic dysfunction was reported in patients with
extra-hepatic portal vein thrombosis, however there
was no correlation with hemodynamic abnormalities

(9).

Non-cirrhotic portal fibrosis (NCPF) is one of the
important  causes of upper gastrointestinal
hemorrhage in a patient with normal liver function in
tropical countries. It causes presinusoidal portal
hypertension and hypersplenism (16, 17). NCPF
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patients with dysautonomia are prone to frequent
falls, gastrointestinal symptoms which hamper their
quality of life. In this study, dysautonomia was found
in all 24 NCPF patients, of whoml0 were
symptomatic. Portal hypertension is the underlying
pathology in both cirrhotic and non cirrhotics. In
cirrhosis, endocannabinoids and excess nitric oxide
production has been implicated as a causative factor
(18, 19). The exact etiology is not known in NCPF.
Prognosis is worse in cirrhotics with autonomic
dysfunction (20, 21). In earlier studies, cirrhosis
patients were found to have objective evidence of
improvement in cardiovascular parameters post-
transplant (22, 23). Future research can elucidate the
role of endotoxins in causation of dysautonomia in
patients of NCPF and correlate its prognostic
significance.

Study limitations are that it’s a cross sectional study.
More longitudinal studies are needed to establish
causality between NCPF and dysautonomia. Also, we
did not study the quality of life indicators in these
patients. Cirrhosis patients were diagnosed based on
ultrasonography and laboratory parameters and
biopsy was not undertaken. We have not estimated
the biochemical markers of CV risks in these patients
and the sample size is less in each group. Due to less
sample size, the multiple regression analysis could
not be done to assess the link of BMI to
sympathovagal imbalance in these patients. Future
studies on larger sample size are warranted to assess
if CV risks in NCPF and hepatic cirrhosis are linked
to autonomic imbalance, and the interventions
required to reduce the CV risks in patients suffering
from these disorders.

REFERENCES

1. Liu, Y.C, Hung, C.S., Wu, Y. W., Lee, Y. C,, Lin, Y. H.,
Lin, C., et al., Influence of non-alcoholic fatty liver disease
on autonomic changes evaluated by the time domain,
frequency domain, and symbolic dynamics of heart rate
variability. PLoS One. 2013; 8: e61803.

2. Frith, J., Newton, J. L. Autonomic dysfunction in chronic
liver disease. Hepat Med. 2011; 3: 81-87.

3. Thuluvath, P. J., Triger, D. R. Autonomic neuropathy and
chronic liver disease. Q J Med. 1989; 72(268): 737-747.

4. MacGilchrist, A. J., Reid, J. L. Impairment of autonomic
reflexes in cirrhosis. Am J Gastroenterol. 1990; 85(3): 288-
292.

5. Oliver, M. 1., Miralles, R., Rubies-Prat, J., Navarro, X.,
Espadaler, J. M., Sol4, R., et al., Autonomic dysfunction in
patients with non-alcoholic chronic liver disease. J Hepatol.
1997; 26(6): 1242-1248.

6. Hendrickse, M. T., Triger, D. R. Peripheral and
cardiovascular autonomic impairment in chronic liver
disease: prevalence and relation to hepatic function. Journal
of Hepatology.1992; 16: 177-183.

7. Rangari, M., Sinha, S., Kapoor, D., Mohan, J. C., Sarin, S.
K. Prevalence of autonomic dysfunction in cirrhotic and
noncirrhotic portal hypertension. Am J Gastroenterol. 2002
Mar; 97(3): 707-713.

8. Behl, N., Ajmera, S., Gupta, R. C., Nijhawan, S., Nepalia, S.
Prognostic implication of autonomic dysfunction in non-
cirrhotic portal hypertension: do we need to intervene? J
Hepatol. 2011; 55: 239-240.

Biomedicine- Vol. 39 No. 4: 2019



Wyawahare et al: Assessment of autonomic ...... non-cirrhotic portal fibrosis

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Voigt, M. D., Trey. G, Levitt, N. S., Raine, R., Lombard, C.
J., Robson,S. C., et al., Autonomic neuropathy in extra-
hepatic portal vein thrombosis: evidence for impaired
autonomic reflex arc. J Hepatol. 1997; 26(3): 634-641.

Task force of the European Society of Cardiology and the
North American society of Pacing and Electrophysiology.
Heart rate variability. Standard and measurement,
physiological interpretation and clinical use. Circulation
1996; 93: 1043-1065.

Malliani, A. Heart rate variability: from bench to bedside.
Europ J Int Med 2005; 16: 12-20.

Thayer, J. F., Yamamoto, S. S., Brosschot, J. F. The
relationship of autonomic imbalance, heart rate variability
and cardiovascular disease risk factors. Int J Cardiol 2010;
141: 122-131.

Kiviniemi, A. M., Tulppo, M. P., Wichterle, D., Hautala, A.
J., Tiinanen, S., Seppénen, T., et al.,: Novel spectral indexes
of heart rate variability as predictors of sudden and non-
sudden cardiac death after an acute myocardial infarction.
Ann Med 2007; 39: 54-62.

Laitio, T., Jalonen, J., Kuusela, T., Scheinin, H. The role of
heart rate variability in risk stratification for adverse
postoperative cardiac events. Anesth Analg 2007; 105:
1548-1560.

Pal, G. K., Pal, P. Autonomic function tests. In: Textbook of
Practical Physiology. 3rd Edn. Chennai, Universities Press.
2010: 282-290.

Goel, A., Madhu, K., Zachariah, U., Sajith, K. G,
Ramachandran, J., Ramakrishna, B., et al., A study of
aetiology of portal hypertension in adults (including the
elderly) at a tertiary centre in southern India. Indian J Med
Res. 2013; 137(5): 922-927.

Sarin, S. K., Kumar, A., Chawla, Y. K., Baijal, S. S,
Dhiman, R. K., Jafri, W., et al., Noncirrhotic portal
fibrosis/idiopathic portal hypertension: APASL
recommendations for diagnosis and treatment. Hepatol Int.
2007; 1(3): 398- 413.

Sogni, P., Moreau, R., Gadano, A., Lebrec, D. The role of
nitric oxide in the hyperdynamic circulatory syndrome
associated with portal hypertension. J Hepatol. 1995; 23:
218-224.

Genesca, J., Segura, R., Gonzalez, A., Catalan, R., Marti,
R., Torregrosa, M., et al., Nitric oxide may contribute to
nocturnal hemodynamic changes in cirrhotic patients. Am J
Gastroenterol. 2000; 95(6): 1539-1544.

Liu, H., Gaskari, S. A., Lee, S. S. Cardiac and vascular
changes in cirrhosis: pathogenic mechanisms. World J
Gastroenterol. 2006; 12: 837-842.

Joye, V. S., Balan, N., Naveen, B., Caroline, S. K,
Jayapalan, K., Jayanthi, V. Does autonomic dysfunction in
cirrhosis liver influence variceal bleed? Ann Hepatol. 2007;
6(2): 104-107.

Mohamed, R., Forsey, P. R., Davies, M. K., Neuberger, J.
M. Effect of liver transplantation on QT interval
prolongation and autonomic dysfunction in end-stage liver
disease. Hepatol Baltim Md. 1996; 23(5): 1128-1134.

Baratta, L., Tubani, L., Merli, M., Labbadia, F., Facchini,
D., De Marco, R., et al, Long-term effect of liver
transplantation on cirrhotic autonomic cardiac dysfunction.
Dig Liver Dis Off J Ital Soc Gastroenterol Ital Assoc Study
Liver. 2010; 42(2): 131-136.

www.biomedicineonline.org

637

Biomedicine- Vol. 39 No. 4: 2019



