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Cardiac autonomic modulation in children with severe liver
disease, before and after liver transplantation
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Background: The cardiovascular system is directly influenced by the autonomic nervous system (ANS); its
changes affect heart rate variability (HRV) and are sensitive indicators of physiological changes. Autonomic
dysfunction (AD) is manifested in up to 60% of patients with cirrhosis. Therefore, we aim to analyze the
indexes of HRV pre- and post-surgery of children submitted for liver transplantation (LT).

Methods: HRYV, in children of both genders from 6 months of age to 10 years, that attended at the pediatric
surgery clinic in the queue for LT at the Children’s Institute were analyzed. To access HRV we analyzed
indexes such as standard deviation of the RR intervals (SDNN), root-mean-square of the successive normal
sinus RR interval difference (RMSSD), low frequency (LF), high frequency (HF), and LE/HF.

Results: The analysis of the behavior of cardiac autonomic modulation, in the period prior to LT and
after surgery, showed an increase in HRV linear parameters SDNN, TINN (triangular interpolation of NN
interval histogram), HFms. In the time domain, there was also an increase in the HFms index.
Conclusions: The analysis of the period preceding LT and two months after surgery showed an increase
in the HRV linear parameters representing a global HRV improvement. In the time domain, there was also

an increase in the HFms’ index, parasympathetic tone of the HRV.
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Introduction

Liver cirrhosis is a common outcome of several hepatic
diseases. It is characterized by diffuse fibrosis of the liver,
leading to liver failure and portal hypertension (1-3). In
children, its main etiologies are biliary atresia, ductopenic
syndromes, and tyrosinemia.

In the past decades, several studies have shown
repercussions of liver cirrhosis in many organs and systems,
such as the urinary tract (4,5), respiratory (6,7), and
cardiovascular systems (8,9). Some studies in adult patients
have shown that cirrhosis also affects the autonomic
nervous system (ANS). Autonomic dysfunction (AD) can
be found in up to 60% of patients with cirrhosis (10). AD
may represent a direct consequence of a hyperdynamic
circulation associated with cirrhotic portal hypertension.

Hyperdynamic circulation may lead to AD through the
following mechanisms: (I) increased circulating vasodilators;
(II) increased plasma angiotensin-2 levels; (III) imbalance
between sympathetic and parasympathetic functions with
predominant vagal dysfunction; (IV) reduced cardiac and
peripheral beta-adrenergic receptors density and impaired
reactivity to vasoconstrictor stimuli (10). Liver dysfunction
and portal-systemic shunts increase the level of vasodilators,
leading to reduced peripheral vascular responsiveness to
vasoconstrictors (11). Although usually asymptomatic (12),
AD may correlate with increased mortality and morbidity
before, during and after liver transplantation (LT) (13,14).

One of the first subclinical manifestations of AD can
be changes in heart rate variability (HRV) (15), a measure
that describes oscillations in RR intervals (the distance
between two R waves) of consecutive heartbeats, suggesting
involvement of the ANS (16,17). The analysis of HRV
provides an indirect measure of parasympathetic function.
A reduced HRV has been previously confirmed as an
independent factor for cardiac ischemic and arrhythmogenic
events in high-risk patients (18) (for example, those with
coronary artery disease). Compared to cardiovascular
autonomic tests, HRV analysis has shown greater sensitivity.

A mini-review conducted by Amaral and collaborators
on HRV and non-alcoholic cirrhosis found a relationship
between autonomic responses and cirrhosis even in the
earliest stages; concluding that the study of HRV can
be used as a complementary method for diagnosis and
prognosis of non-alcoholic cirrhosis (19).

Presently, the only effective treatment for liver cirrhosis
in children and adults is LT. Among the positive effects of
this approach, a regression of AD was found in 63-70%

© Translational Pediatrics. All rights reserved.

439

of adult patients in the presence of a normally functioning
graft (20,21). However, it is not known if AD in children
with severe liver disease presents the same pattern of
response as in adults, since the course of AD after LT
has never been investigated in children. The objective of
the present study was to compare the cardiac autonomic
modulation in children with severe chronic liver disease
before and after LT, using HRV analysis. We present the
following article in accordance with the STROBE reporting
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-21-273/rc).

Methods

This observational study was carried out at the Instituto da
Crianga, Medicine School of University of Sio Paulo, from
July 2015 to March 2019.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the ethical committee of the Medicine
School of the University of Sio Paulo (No.: 1.113.629) and
informed consent was signed by the patients’ parents or
legal guardians who were informed about the procedures
and objectives of the study.

Pediatric patients with liver cirrhosis of both sexes, ages
6 months to 10 years old, who were enrolled on the
Ministry of Health’s liver transplant waiting list and
occupied the top ten positions, were included.

Exclusion criteria included patients with cardiopulmonary
disorders not due to cirrhosis, as well as neurological
disorders, or any other impediment for the patient to
perform the procedures.

Information from medical records was used to collect
data and analyze inclusion and exclusion criteria. Diagnostic
data, history of the disease, age, weight, height, medications
used, and placement in the pediatric end-stage liver disease
(PELD) were obtained from medical records.

Following the Institute’s protocol, children with
severe liver disease were registered on the waiting list
for transplant from a cadaveric donor. Parents were also
informed about the possible use of an organ from a living
donor; radiological and laboratory exams were then
performed to assess this alternative. If a candidate was
considered healthy and eligible, we proceeded with liver
transplant from the living donor.

The numerical value of the PELD estimates prognosis
for pediatric patients (under 12 years old) with liver disease
and is used to prioritize patients in the transplant queue.
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The higher the calculated index, the more critical the
patient’s condition. For the calculation of this index, the
rates of bilirubin, INR (coagulation factor), and albumin
were considered. Also considered were the patient’s age
and whether the patient had a growth deficit. To obtain the
PELD the following formula is applied. PELD =10x [0.480
x Loge (bilirubin mg/dL) +1.857x Loge (INR) -0.687x
Loge (albumin mg/dL) +0.436 if the patient is up to
24 months old, +0.667 if the patient has a growth deficit
<2]. In this study, children who were among the top ten in
the queue for transplant (PELD score) were evaluated (22).

After the initial identification, the Polar RS800CX heart
rate receiver strap was positioned on the volunteers’ chest,
in the region of the distal third of the sternum with the
capture strap.

Data collection was carried out in a room without
a constant flow of people to avoid distractions and
unnecessary noise. The children were positioned seated,
younger children in the lap of a guardian for greater
comfort during the collection procedure. The older
children were sitting in chairs. During the collection,
conversation was avoided as well as sudden movements and
change of position to reduce any chance of interference in
the cardiac autonomic modulation.

After the guidance and positioning of the guardians
and children, the collection occurred with the child at rest
with spontaneous breathing for twenty-five minutes to
collect HRV data. During collection, the following data was
recorded: age, sex, weight, height, medications and placement
on the waiting list for transplantation with the PELD score.

To collect HRV, heart rate was recorded beat by beat
throughout the protocol with the cutoff frequency of
1,000 Hz by the Polar RS800Cx frequency meter (Polar
Electro, Kempele, Finland) equipment previously validated
for capturing the heart rate.

The same protocol was performed at two different times;
pre- and post-surgical, in which the pre-surgical (Pre) was
performed at the time the patient was already listed on the
PELD with placement in the top ten. Post collection (Post)
was performed at least 1 month (30 days) after L'T. After
that time, outpatient follow-up cards were evaluated for
checking liver function tests.

The RR intervals were determined using digital filtering
(Polar Precision Performance), and only one series with
more than 95% sinus beats was included in the study. The
Kubios HRV analysis software determined the indices used.

For data analysis, linear methods were divided into
frequency and geometric time domains. The time domain
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were statistical analyses that take into account the intervals
between r waves as a function of time. From the analysis,
it is possible to observe the mean of the normal intervals
(SDNN), the percentage of adjacent RR intervals with
a difference greater than 50 ms in duration (PNN50),
the square root of the mean of the sum of squares of the
differences between adjacent RR intervals (RMSSD),
among others (23).

SDNN can be obtained from both long-term and
short-term recordings, and represents the modulation of
all intrinsic parameters, for example circadian rhythm,
which affect HRV as well as extrinsic ones such as physical
activity (24). The RMSD, NN50 and pNNS50 indices
represent parasympathetic activity, obtained from the
analysis of adjacent RR intervals (17).

The frequency domain or spectral analysis is the analysis
of the power variance as a function of the frequency, and
is represented as very low frequency (VLF), low frequency
(LF), high frequency (HF), and total power (25).

The geometric indices presented here represent the
global response of HRV where: RRTri (triangular index in
which a histogram is shown, in which the horizontal axis
is represented by all RR values, in a discrete scale; and in
the vertical axis the frequency of occurrence of each) and
triangular interpolation of NN interval histogram (TINN).

Statistical analysis

For quantitative variables, descriptive statistics were used
to describe and characterize the data set, with distributions
being presented in measures of central tendency and
variability (mean and standard deviation).

"The Shapiro-Wilk test was used to verify data distribution.
For intragroup comparison, a #-test for paired measurements
for normal distributions; and Wilcoxon test for non-normal
distributions. The level of significance adopted was 5%. The
statistical program used was Stata version 11.0.

Results

Initially, 25 guardians were approached (one of whom
did not accept to participate in the study) of patients who
participated in the pre-collection. One returned to the
state of origin to carry out medical monitoring before
performing the transplant, three died before performing
the transplant, and three died shortly after transplantation
(Figure 1). Altogether 17 patients completed the collections
of the Pre and Post moments. The pre data was collected
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25 guardians were
approached to consent
the patient’s

Pre-transplant HRV
recordings from 24 patients

Post-transplant HRV
recordings from 17 patients

participation

y

Y

1 guardian did not agree to
participate

hometown

¢ 1 patient returned to

¢ 3 patients died before
liver transplant

¢ 3 patients died soon
after liver transplant

Figure 1 Patients participating in each stage of the protocol. HRV, heart rate variability.

Table 1 Clinical characterization of patients

Variables Numbers
Age (months), x=SD 25.29+29.84
Gender, n (%)

Female 8 (47.06)

Male 9 (52.94)
Diagnosis, n (%)

Biliary pathway atresia 15 (88.23)

Tyrosinemia 1(5.88)

Alagille’s syndrome 1(5.88)
Transplant, n (%)

Living donor 17 (100.0)

Deceased-donor 0 (0)
PELD, x+SD

PELD 18+4

Adjusted PELD 54+12
Prescripted drugs, x+SD

Pre-transplant 3+1

Post-transplant 6+3

PELD, pediatric end-stage liver disease.

one week before surgery and the post analysis was at least
one month after surgery and at the maximum two months
after. Table 1 shows the characteristics of the patients.

The children were on average 2 years old at the time of
pre-collection, 52.9% were male and 47% female. The initial
diagnosis in 88.23% of the patients was biliary atresia (BA).

There was no difference between the diagnoses of BA,
Alagille syndrome, portal thrombosis and tyrosinemia at the
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pre-moment regarding HRV indices, thus characterizing a
homogeneous group.

Among the drugs prescribed, vitamins (52.9%),
ursodeoxycholic acid (41.18%), and diuretic (41.18%) were
among the most used, only one patient did not use any
medication at the time of pre-collection. After transplantation,
all (100%) used some type of immunosuppressant and
7 patients (41.18%) used hypotensive drugs, including beta-
blockers, as shown in Table 1.

On average, patients used 3 medications before the
transplant, while in the post-transplant period this average
increased to 6 medications. The use of B-blockers showed
no differences in the indices assessed when comparing
patients who used the drug and those who did not, and
there was a similarity between individuals in the pre- and
post-transplant moments.

HRYV analyzes were performed after digital filtering
of the data, and the cutout used for the analysis was pre-
defined at 1,000 points. With this number it is possible to
perform different analyzes without prejudice to the result.
The HRV averages at the pre moment are shown in 7izble 2.

When observing the results obtained by the linear analyses
of the time domain, it was possible to notice an increase,
but without significant difference in the mean heart rate,
RMSSD, and PNN350 in the pre- to post-transplant moment.
There was a significant increase in the SDNN index, which
represents the global HRV modulation (Figure 2).

The TINN geometric index, calculated from the density
histogram of the normal RR intervals, revealed a significant
increase in the global variability from the Pre to the Post
moment (Figure 2).

The Wilcoxon analysis performed on the frequency
domain data showed a difference in the parameters of
LFms’ (P=0.0372), HFms’ (P=0.0465), and the total
frequency (P=0.0294) from the Pre to the Post moment.
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Table 2 Pre-transplant heart rate variability means (n=24)

Variables Numbers (x+SD)
Mean HR 128.13+12.94
Mean RR 474.01+£50.23
SDNN 19.66+11.65
RMSSD 9.45+5.03
RRTri 4.09+1.97
TINN 103.75+66.95
PNN50 0.537+1.09
VLFms® 189.78+198.36
LFms® 94.26+96.10
HFms® 19.51+21.52
LF/HF 4.94+3.48
Total power 266+198.01

HR, heart rate; RR, interval between two R waves; SDNN,
standard deviation of the RR intervals; RMSSD, root-mean-
square of the successive normal sinus RR interval difference;
RRTri, triangular index; TINN, triangular interpolation of NN
interval histogram; PNN50, percentage of adjacent RR intervals
with a difference greater than 50 ms in duration; VLF, very low
frequency; LF, low frequency; HF, high frequency.

The increase in HFms represents the increase in the vagal
response and the parasympathetic tone of the pre- to post-
transplant moment. The increase in the LFms’ index and
the total frequency indicate an increase in the overall HRV
response (Figure 3). In the normalized units of the frequency
domain indexes there were no significant differences.

Discussion

We found a parasympathetic predominance, which
describes the improvement in modulation after surgical
intervention. When analyzing the behavior of cardiac
autonomic modulation in the period prior to L'T" and after
surgery, an improvement in the global response of the ANS
was noted by linear analyses of the time domain, frequency
domain, and in the geometric domains. There was an
increase in the global TINN index from the moment before
transplantation to the moment after. Reflecting the vagal
activity the HFms’ index showed an improvement (24).
There are several methods for diagnosing AD. In most
cases, the tests involve invasive procedures, electrical
stimuli, and the patients’ full collaboration; as in waltz tests,
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sweating, direct sympathetic nerve stimulation, and tilt test
among others (26-28). Since these are non-collaborative
children, the cardio-frequency meter proved to be the best
instrument for assessing cardiac autonomic modulation.

Studies in children have demonstrated the influence of
various diseases on cardiac autonomic modulation, such as
obesity (28), diabetes mellitus, diabetic neuropathy (26,27),
and Downs syndrome (29) in premature newborns (30)
among others conditions, but there is no description of
the influence of cirrhosis on HRV in children. Our results
showed improvement in the parameters for SDNN, TINN,
LFms’, HFms’, and total power of HRV after LT when
compared with the same data before transplantation.

Chan and colleagues evaluated biochemical markers
in conjunction with linear heart rate indices and HR
complexity using multiple scales and entropy analysis. The
evaluation of 30 adult individuals who underwent LT was
performed before and after 1 year of transplantation. Chan
concludes that compromised HRV in the pre-assessment
is associated with higher post-transplant mortality and that
the association of HRV with biochemical parameters is
recommended for greater prognosis accuracy (31).

The analysis of HRV is an efficient non-invasive tool to
assess the effects of liver disease on the cardiovascular system
and in the diagnosis of AD (32-34). According to Keresztes
et al., HRV collection for 24 hours proved to be more
sensitive for the verification of sympathetic-vagal imbalance
in patients with cirrhosis when compared to five standardized
cardiovascular autonomic tests for this type of assessment (35).

AD is considered a risk of mortality in patients with
acute or chronic liver disease (36). A study by Bhogal
et al. evaluated HRV as a predictor of mortality in
cirrhotic individuals, and reported a decrease in SD2 as
an independent predictor of mortality in these patients;
while SDNN is a predictor of Model for End-stage Liver
Disease (MELD)-dependent mortality (37). The increase
in this index found in the present study after L'I" suggests a
decrease in the risk of mortality in transplant patients.

In a study by Ates e al. (38) in 2006, where the group
compared the HRV of cirrhotic individuals with healthy
individuals, it was concluded that the time domain indices
of the linear HRV parameters are good aids in the prognosis
of cirrhosis. Corroborating with the findings of the present
study, the effect of LT on the SDNN index was evaluated
by Baratta er al. (39). The evaluation was performed on
30 adults with cirrhosis followed by a 12-month follow-up,
showing significant improvement of the SDNN one year
after the transplant.
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Figure 2 Representation of heart rate variability from the pre- to the post-moment in Time Domain analysis. *, P<0.05 (z-test for paired); **,
P<0.05 (Wilcoxon test). HR, heart rate; RR, interval between two R waves; SDNN, standard deviation of the RR intervals; RMSSD, root-
mean-square of the successive normal sinus RR interval difference; RRTri, triangular index; TINN, triangular interpolation of NN interval

histogram; PNIN50, percentage of adjacent RR intervals with a difference greater than 50 ms in duration.
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Figure 3 Representation of heart rate variability from the pre- to the post-moment in Frequency domain analysis. *, P<0.05 (z-test for

paired). VLE, very low frequency; LE, low frequency; HE, high frequency.

In the study by Baratta er al. (39) the evaluations carried published by Tannuri ez 4l., it was observed that live donor
out within 6 months of transplantation did not show transplantation has a 25% longer survival in one year than
significant improvement. In our evaluations, we could patients who receive a cadaveric graft (40). All evaluated
observe a significant increase in the SDNN index in a participants received the liver from living donors, which
shorter period after surgery, which can be justified by the provided better control of the quality of the graft.
difference in the recovery process of cirrhotic children The improvement in HRV in the short term after the
when compared to adults. surgical intervention is predominantly attributed to the

The post evaluation was performed a short time after balance and recovery of hemodynamic, humoral, and
LT (mean = SD: 6672 days), and significant differences metabolic systems after transplantation; and to a lesser
were observed in the global HRV parameters such as extent the mechanical recovery of structural damage caused

SDNN, TINN, LFms’, and total power. In a study during surgery. The recovery of HRV parameters can be
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noticed even before the healing process is completed (10,39).

In this study, no differences were found in the indices
that evaluate the short intervals, such as RMSSD and
PNNS50 (P=0.186 and P=0.687 respectively) that consider
the adjacent intervals. Thus, we can understand that the
difference in the global indices of this study was more
influenced by the sympathetic system and less influenced by
the parasympathetic one.

The sympathetic and vagal nervous systems can work in
an agonist, antagonistic or independent manner, depending
on the innervated organ and the function developed (41,42).
Thus, the improvement in Total Power in the analysis of
HRV frequency found in our study can be derived from the
increase observed in both HFms” and LFms’, indicating an
improvement in the adaptation of the ANS after L'T.

The assessment of HRV during several diseases has
shown an imbalance of the sympathovagal system. In
obese children, there is a reduction in parasympathetic; in
diabetic children a reduction in the parasympathetic system
has been detected as well as an overall reduction in HRV
(27,28). In liver cirrhosis, parasympathetic dysfunction is
more commonly detected than sympathetic dysfunction,
this change is attributed to the greater involvement of
parasympathetic fibers (43,44).

There was no difference in the linear time domain
indices for parasympathetic modulations, the increase
in vagal response was only observed by the frequency
domain of the HFms® index. This index is associated with
respiratory cycles, so the respiratory frequency has a direct
influence on this parameter (42,45).

The increase in HFms’ may be related to the
improvement in the general condition of these children after
LT, resulting from the improvement in respiratory mechanics
after transplantation with a decrease in ascites, as well as the
use of immunosuppressants, as presented by Sallan et al in
their study experiment in which it reported an increase in
HRYV parameters correlated to the use of cyclosporin (46).

Non-specific beta-blockers are well established as a
treatment for portal hypertension and ascites to prevent
gastrointestinal bleeding. They act to reduce portal blood
flow and reduce systemic vascular resistance without
compromising blood pressure (47). Most studies consider
the use of P blockers as exclusion factors due to the possible
influence on HRV. The researchers responsible for the Task
Force consider the changes found in the studies involving
blockers to be modest, although significant.

In this study, we did not interfere with the prescribed
medications and chose not to exclude patients who used
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blockers. When comparing the groups of patients who used
B blockers with those who did not, we did not find significant
differences, corroborating the study by Bhogal er al.
who reported a difference in heart rate, but there was no
difference in HRV when he compared 37 patients who took
B blockers with 34 who did not take the medication (37).

In conclusion, the analysis of the behavior of cardiac
autonomic modulation, in the period prior to LT and
two months after surgery, showed an increase in linear
HRV parameters SDNN, TINN, LFms’, and Total Power
representing the overall improvement in HRV. In the time
domain, there was also an increase in the HFms® index, and
parasympathetic tone of HRV.

Thus, the results presented here suggest an overall
improvement in cardiac autonomic modulation. This global
autonomic improvement presented indicates that, at the
Pre moment, the children presented both a reduction in the
parasympathetic system and an increase in the sympathetic
system, and after the transplant, the balance of these
systems was observed.

The time elapsed between transplantation and post-
evaluation was shorter than those found in studies with
transplanted cirrhotic adults (10,31,39), yet the results
were similar with regard to the recovery of the ANS. This
response positive in such a short time can be attributed to
the ability to recover better and faster in children.

Thus, the study was performed in children with severe
liver disease. The advanced stage of the disease with all the
biochemical and physical alterations combined with the
early ages made the data collection difficult. This study was
the beginning of the investigation of cardiac autonomic
responses in children with liver disease to identify
parameters of HRV that could be predictors of mortality in
pediatric patients. transplanted patients, studies that have
already been carried out in adult patients.

Conclusions

There was an improvement in the autonomic modulation of
heart rate and an increase in parasympathetic modulation in
children with severe chronic liver disease after LT
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