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ABSTRACT

The time domain measures of Heart Rate Variability (HRV) were calculated from Electrocardiograph (ECG)
recording of 5 minutes duration obtained from twenty four pulmonary metastasis subjects and thirty controls. The different
sites of primary cancer were thymus, synovial sarcoma of thigh, oesophagus, testicle, cervix, gastro-oesophageal junction,
sigmoid colon, gall bladder, peritoneum, Non Hodgkin lymphoma, breast, thymus, mandible and thyroid. The present study
deals with the function of autonomic nervous system in pulmonary metastases. The obtained HRV indices were subjected to
statistical analysis and classifier to test the statistical significance and classification which can serve as an aid for diagnosis of
performance status. Based on treatment and gender, HRV indices were obtained. More sympathetic dominance and
decrease in parasympathetic activity exists in ECOG 4 as compared to other performance status (PS) but parasympathetic
activity increases after the treatment due to vagal nerve activity pre-dominance and males had higher values of measures than

females.
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Autonomic nervous system (ANS) s
considered very vital in cancer, which is related to
fatigue [1]. Several studies have used heart rate
variability (HRV) variable to evaluate ANS [2]. HRV
is analyzed by extracting beat-to-beat intervals of
electrocardiogram (ECG) that changes in time [3]. It
has been suggested that longer duration stress
stimulates growth of cancer and its progression thereby
decreasing survival rate [4]. It was observed that
subjects having Standard Deviation of Normal to
Normal RR Intervals (SDNN)<70ms had lowered
values of percentage of adjacent RR intervals separated
by more than 50 ms (pNN50) and square root of mean
squares of differences in adjacent RR Intervals
(RMSSD). [5].The aggregation of relatively
undeveloped and pathologically activated
myeloid-derived suppressor cells (MDSCs) with
effective immunosuppressive action is frequent in
tumors; MDSCs aids in spreading the cancerous cells
by penetrating the healthy tissue thereby promoting
angiogenesis and metastases [6]. Sympathetic
neurotransmitters like epinephrine, norepinephrine
regulates the development and progression of cancer
cells leading to metastasis, whereas vagal nerves stops
the migration of cancerous cells [7]. SDNN,
Integration of RR Interval histogram divided by height
of the histogram (TI), RMSSD was lower in
hypertensive subjects compared to controls [8]. The
Karnofsky's index of performance status (KPS) and the
Eastern Cooperative Oncology Group Performance
Status Scale (ECOG PS) are extensively applied ways
of evaluating the functional status of cancer patients
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[9]. It has six levels starting from 0 (zero) (patients with
no symptoms) to 5 (Dead) [10].

It was hypothesized that HRV indices shows
lower values in pulmonary metastatic subjects and have
lower survival rate. There exists elevation in
sympathetic activity and depression in parasympathetic
activity but after the treatment parasympathetic activity
increases. Males have higher time domain measures
than females. The classifier can serve as an aid in
diagnosis of performance status in subjects.

MATERIALS AND METHODS

Lead I ECG for 5 minutes in supine position
was recorded from 24 lung metastatic cancer patients
and 30 controls with cut-off values (0.5 Hz to 35 Hz)
sampled at 200 samples/sec. The recording was made
using SS2LA leads and disposable electrodes with the
help of MP45 unit of BIOPAC Inc, USA [11]. The
tachogram plot was obtained from recorded ECG
signal using Acknowledge 4.0 of BIOPAC Inc, USA
[12]. HRV analysis was conducted using Kubios 2.0
HRYV analysis tool [13]. The theory and details of HRV
analysis was discussed earlier, which is also used for
this study [14- 15]. Statistical Analysis was done with
Statistical R, 64 bit, v.3.3.2 [16]. One-way analysis of
variance (ANOVA) and two-tailed student t-test was
conducted when the null hypothesis was not applicable.
All the differences were considered significant at P <
0.05. In Figure 2, we have mentioned classifier
accuracy, which has classified subjects into its
performance status of five classes including ECOG 1,
ECOG 2, ECOG 3, ECOG 4 and controls. The
architecture of Artificial Neural Network (ANN) is
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given in Figure 1. ANN based on feedforward network
with backpropagation algorithm with hidden layer of
100 neurons, 5 inputs and 5 outputs; and varied
learning rate to obtain maximum accuracy in
MATLAB, 2014 [17]. Windows 7, Intel Core
i3-2330M Processor 2.20GHz, 64-bit, HDD 320gb,
RAM 2GB System was used for Support Vector
Machine (SVM) classifier wherein, Radial Basis
Function (RBF) kernel was utilized and multi-classifier
was used to give classification accuracy for 5 outputs
[18].
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Figure 1: Architecture of Neural Network
RESULTS
Patient demographics is given in Table 1.

Table 1: Patient Demographics

Loss of appetite 1 4.16
Vomiting 2 8.33
Smoking 1 4.16
Diarrhoea 1 4.16
Fever 2 8.33
Ascitis 1 4.16

In HRV analysis mentioned in Table 2
including ECOG 1, ECOG 2, ECOG 3 and ECOG 4, it
was found that ECOG 4 has least values of SDNN,
Standard Deviation of Heart Rate (STD HR), RMSSD,
PNNS50, and Baseline width of RR Interval histogram
(TINN). It has also been observed that controls had
higher values than all performance states of measures
in Mean RR and HRV TI. All the values are in the form
of mean =+ standard error. RMSSD, pNN50 and SDNN
had a very high classification output in both the

classifiers, SVM and ANN mentioned in Figure 2.
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Gender 0 =l =l =l =l =l l l l l
Female 13 54.17 FTHFIFLFL O
Age & & S &
Median (range) 515 (22 to 86) Time domain measures of Heart Rate Variability
<65 6 25 Figure 2: Classifier Output
>=65 18 75
Primary Table 2: HRV Analysis based on time domain
Breast 4 16.67 including all performance status (PS) from ECOG
Gall Bladder 3 12.5 1 to ECOG 4.
i . Ti i
Thyroid ! 4.16 ime domain| o 1 | ECOG2 | ECOG3 |ECOG 4| Control
Non-Hodgkin Lymphoma 2 8.33 Measure
Peritoneum 1 4.16 Mean RR 646.51 792.3 672.75 602.78 826.39
Synovial Sarcoma 1 4.16 +4319.77 +33.93 $22 $29.9
Mandible 1 4.16 SDNN B3 0e 5340 [40.93 1485|143 | 10430
Thymic 1 216 +19.24 +2.28 +24.99
- 12 100.94 6.35
Cervix 3 12.5 Mean HR 99 76.53  |91.01 +4.68 o 7
; +13.14 +3.38 +24.99
Sygmoid Colon 1 4.16 063
Gastric 1 4.16 Std HR i1.22 9.71 £0 | 6.49£0.98 [2.58 £0.4| 7.47 +1.04
Oesophagus 2 8.33 :
172.62 13.5 115.779
B R == +10.
Testicular 3 12.5 RMSSD 1 jygp 1163201 4921001 e | 2886
ECOG Scale
80.5 32.86
(Performance Status) NN50 caosa | V7EO | sa | 2%07 | 5253478
ECOG 1 4 16.67 1857 041
ECOG 2 416 PNN50 19,69 4.5+0 |7.59+3.55 1014 16.13 £2.62
EeoG 3 ! 2916 HRV TI  [6.29 £1.99| 8.79 +0 4.67 1 3.3 9.56 £0.78
ECOG 4 12 50 ’ ’ ’ ’ +0.54 ’ ’
Metabolic disorder 571.25 130.83 309.33
TINN 545+0 |360 +64.06
Oedema 4 16.67 +30.23 +31.7 +28.26
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On the basis of treatment given and no
treatment applied, all the values are mentioned in Table
3. Further, obtained results also suggested that after the
given treatment in the form of chemotherapy or
radiotherapy, the values of HRV indices increased in
Mean RR, SDNN, NN50, PNN50 and HRV TI with
performance status ECOG 3 and 4.

Table 3: Time-domain HRV Analysis based on

treatment
Time | 006 3 [EC0G 3 No| F€2C 4 [EcoG 4N
domain Treatmen Control
Treatment| Treatment Treatment
Measure| t
Mean 710.01 635.72 615.41 604.81 826.39
RR +56.33 +38.2 +24.99 +9.22 +29.9
47.25 37.7 104.50
38 £7. 27 £3.
SDNN 15,39 41.38 £7.93 12083 9.27 +3.86 12499
Mean | 86.74 o¢ 40 16.06] 1204 lg9 2911 57| 7639
HR +7.47 +3.83 +24.99
Std HR [6.52 +1.71| 6.74 £0.29 (5.03 £2.32| 1.88 £1.01 |7.47 +1.04
4891 48.45 115.78
8 +14. 44 +7.
RMSSD 116.22 58.8 £14.92 13386 12.44 £7.9 128 86
48.5 24.69
.67 +4. 33 1. B3 47.
NN50 8 12.67 £4.98 Ll12 1.33 £1.33 [52.53 +£7.8
16.13
PNN50 [11.59 £5.1| 2.57 £0.86 |5.02 +4.48| 0.26 £0.26 06
HRV TI{6.51 £1.29| 2.92 £0.71 |3.94 £0.61| 1.95 £0.36 {9.56 +0.78
TINN 262.5 486.67 128.33 128.33 309.33
+62.73 +54.57 +108.33 | +108.33 +28.26

Moreover, the values HRV indices increased
after treatment in RMSSD, STD HR and TINN in
ECOG 4. Based on gender, all the significant graphs
are mentioned in Table 4. We found that males had
higher values of Mean RR, SDNN, RMSSD, PNN50
and NN50 than females in ECOG 3 and 4. Control
males had lower measures of HRV than control
females.

Statistically, it was found that SDNN
(p=0.000392), STD HR (p=0.006054), RMSSD
(p=0.006262) and TINN (p=0.007199) were
significant by two-tailed t-test. ANOVA analysis stated
that Mean RR (F-statistic=6.6387, p=0.000237), mHR
(F-statistic=7.7524, p=0.00006365), STD HR (F
statistic= 3.474, p=0.01414), NN50 (F-statistic=4.42,
p=0.003931), PNN50 (F-statistic=4.0027, p=0.0069),
HRV TI (F-statistic=7.4962, p=0.00008568) and
TINN  (F-statistic=9.0106, p=0.00001549) were
statistically significant.
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Table 4: Time-domain HRV Analysis based on

gender
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DISCUSSION

It was found that heart rate (HR) was
prominently higher and SDNN and RMSSD were
prominently lower in the breast cancer survivors than in
the matched counterparts [19]. Decreased SDNN, HR
and increased RR interval indicates parasympathetic
activity dominance [21]. TI and TINN is increased
when stressed [20]. The association between HRV and
parasympathetic effect is explained as there is an rising
limb where HRV rises as parasympathetic effect
enhances until it reaches a flat level; HRV then is
lowered as parasympathetic effect is increased [21].
HRV may be affected by gender and age [22]. It is
observed that later stages patients have more decreased
HRYV values than in their initial stages [23]. TINN is
not efficient index for the current study, because a
S5-minute ECG recording is too short to assess the
parameter [3]. Salminen gave 8 cycles of treatment to
cancer patients with combination chemotherapy but
found neither any cardotoxicity nor any HRV change
[24]. Brouwer analyzed HRV variations after 22 years
of treatment in malignant bone tumor patients treated
with doxorubicin and found decreased HRV as
compared to the healthy subjects [25]. NN50 and
PNNS50 describe parasympathetic activity [26]. There
exists correlation between performance status ECOG
scale and the critical condition of cancer patients [27].
ANN and SVM has played a vital role in giving a high
classification accuracy of all HRV measures and
establishing its significance [28].

CONCLUSION

In pulmonary metastases, HRV time domain
measures decreased but after the application of
required treatment of chemotherapy or radiotherapy or
its combination gave us increased HRV time domain
measures. Therefore, it can be stated that increased
sympathetic =~ and  decreased  parasympathetic
functioning occurs before treatment which is vice-versa
after the treatment, wherein parasympathetic
functioning takes over.
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