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A B S T R A C T   

Background: It is well known that breast cancer (BC) patients often suffer from chemotherapy-induced peripheral 
neuropathy (CIPN). However, it is not always recognized that they have higher risk of falling, dizziness and other 
signs of dysfunctional autonomous nervous system. We performed a systematic review of the literature on vi-
bration perception threshold (VPT) and heart rate variability (HRV) as methods to objectively assess (CIPN) in 
BC-patients. Could VPT and HRV describe coexisting sensory and autonomic nerve damage? 
Materials and Methods: PubMed was searched in September 2019. The included studies had to address HRV and/ 
or VPT in BC-patients who received chemotherapy. 
Results: Seven studies assessed VPT and six studies assessed HRV in BC-patients. Studies showed lowered 
perception of vibrations after chemotherapy reflected in higher VPT and no changes in HRV after taxane-based 
chemotherapy. No studies evaluated VPT and HRV at the same time. 
Conclusion: The results were limited by short follow-up, small sample sizes, and different chemotherapy regimens 
which makes generalizability problematic. A standard assessment method of CIPN is still missing and further 
research is needed to evaluate if VPT and HRV could contribute to an objective assessment of CIPN. With higher 
survival rates for BC-patients autonomous and sensory nerve damage will be an increasing task. However, our 
literature review showed that no one have focused on the combination of autonomous and sensory affection 
measured by the simple methods VPT and HRV. Therefore, we encourage the development of international 
guidelines for the objective measure of nerve damage in BC-patients.   

Introduction 

Breast cancer is the most frequent cancer among women worldwide 
and the survival rate has increased leading to a more survivor centered 
focus [1–3]. Many breast cancer survivors live with long-term adverse 
effects especially from the chemotherapy [4]. Widely used first choice of 
(neo)-adjuvant chemotherapy for breast cancer is sequential 
anthracycline-cyclophosphamide and taxane [[5],[6]]. Taxanes exert 
their effect by stabilizing microtubules and induce assembly of micro-
tubule bundles. This inhibits cell function and proliferation causing cell 
death. One of the adverse effects of taxanes is peripheral neuropathy, 

termed chemotherapy-induced peripheral neuropathy (CIPN) [7]. Pro-
spective studies have found a self-reported prevalence of CIPN in breast 
cancer survivors ranging from 11% up to 67% one year after the final 
dose of chemotherapy [8–10]. CIPN is reported to cause dose reduction, 
dose delay or discontinuation of chemotherapy and negatively affect 
quality of life [11–13]. 

The presence and severity of CIPN are usually assessed by patient 
reported or physician guided questionnaires. There is no consensus of a 
specific standard questionnaire and the questionnaires are not fully 
validated [[10],[14]]. Quantitative measures such as nerve conducting 
studies (NCS) and composite scales such as the Total Neuropathy Score 
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(TNS) which combine qualitative and quantitative testing have also 
been used to evaluate CIPN [[15],[16]]. It is known that large myelin-
ated peripheral nerve fibers sensing vibration are affected by taxane 
chemotherapy [[17],[18]]. Patients treated with platinum or taxane 
compounds for different types of cancers e.g. colorectal or ovarian 
cancer have shown impaired vibration sensation recognized as reduced 
vibration perception threshold (VPT) after treatment [19–22]. 

Taxanes are known to cause peripheral sensory nerve damage but the 
neurotoxicity of taxanes might affect nerves globally in the body thereby 
involving the autonomic nerves. Questionnaires on CIPN rarely address 
autonomic symptoms and no quantitative measures are standard pro-
cedure to evaluate autonomic dysfunction in cancer patients [[14],[23], 
[24]]. A simple, non-invasive tool to assess the function of the auto-
nomic nervous system (ANS) is heart rate variability measurements 
(HRV) [25]. Small variations in the interval between heartbeats are 
normal and reflect the actions of the parasympathetic nervous system 
(PSNS) and the sympathetic nervous systems (SNS). Low PSNS activity 
results in decreased HRV parameters indicating abnormal low function 
of ANS; conversely high variability in heart rate caused by high PSNS 
activity is related to a well-functioning ANS [26] (HRV parameters are 
explained in App. 1). 

Anthracyclines is a common part of the standard adjuvant treatment 
of breast cancer and is usually administered as the first adjuvant treat-
ment before taxanes [[5], [6]]. Anthracyclines are known to be car-
diotoxic, defined as decreased ventricular ejection fraction. [27]. 
Through measuring the RR-intervals HRV would then, not only catch 
sinus node affection, but also electrical propagation throughout the 
heart tissue This cardiotoxicity might alter autonomic regulation of the 
heart and affect HRV parameters in breast cancer patients just as hy-
pothesized by taxane treatment. 

In order to diagnose, respond early and possibly predict patients at 
higher risk of CIPN it is essential to find an objective method to assess 
and characterize the neuropathy. This method might involve VPT as a 
measure more objective than self-reported questionnaires and HRV 
measurements to characterize other nerve damage than peripheral 
sensory neuropathy. The combination of these assessment methods can 
give a more complete picture of the effect of chemotherapy on different 
nerve fibers. 

The aim of this systematic review is to address peripheral neuropathy 
and autonomic cardiac regulation in breast cancer patients after 
chemotherapy by evaluating the literature on the impact of (neo)- 
adjuvant chemotherapy on vibration perception threshold (VPT) and 
heart rate variability (HRV) measurements. Are both parameters 
affected in breast cancer patients treated with chemotherapy as an 
expression of coexisting chemotherapy-induced impairment of sensory 
and autonomic nerve function? 

Materials and methods 

PubMed was searched on the 17th of September 2019. All included 
studies had to address only breast cancer and use chemotherapy as part 
of the treatment for all patients. The studies had to compare VPT or HRV 
values to controls or baseline values. 

Exclusion criteria were interventions other than surgery, chemo-
therapy, aromatase inhibitors or radiotherapy. 

Search Terms Vibration Perception Threshold And Heart Rate Variability 

(Breast Neoplasm[mh] OR Breast Neoplasm OR Breast Carcinoma 
OR Breast cancer) 
AND 
(Oncological treatment OR Antineoplastic Combined Chemotherapy 
Protocols[mh] OR Chemotherapy OR Chemotherapy, adjuvant[mh] 
OR Adjuvant OR Chemoradiotherapy, adjuvant[mh] OR Chemo-
radiotherapy OR Neoadjuvant Therapy[mh] OR Neoadjuvant OR 
Docetaxel[mh] OR Docetaxel OR Paclitaxel[mh] OR Paclitaxel OR 

Taxoids[mh] OR Taxoids OR Taxane OR Anthracyclines[mh] OR 
Anthracyclines OR Cyclophosphamide[mh] OR Cyclophosphamide) 
AND 
(Peripheral nervous system disease[mh] OR Peripheral nervous 
system disease OR Neuropathy OR Peripheral neuropathy OR 
Paclitaxel/adverse effects[mh] OR Paclitaxel/adverse effects OR 
Docetaxel/adverse effects[mh] OR Docetaxel/adverse effects OR 
Taxoids/adverse effects[mh] OR Taxoids/adverse effects OR 
Neurotoxicity syndromes[mh] OR Neurotoxicity syndromes OR 
Neurotoxicity OR Paresthesia[mh] OR Paresthesia OR Chemo-
therapy induced peripheral neuropathy OR CIPN OR Peripheral 
neurotoxicity) 
AND 
(Vibration[mh] OR Vibration OR Hypesthesia[mh] OR Hypesthesia 
OR Hypoesthesia OR Vibration Perception Threshold OR VPT OR 
Quantitative sensory testing) 
AND 
(Heart rate variability OR HRV OR Autonomic nervous system[mh] 
OR Autonomic nervous system OR Autonomic nervous system dis-
ease[mh] OR Autonomic nervous system disease) 

Search Terms Vibration Perception Threshold 

(Breast Neoplasm[mh] OR Breast Neoplasm OR Breast Carcinoma 
OR Breast cancer) 

AND 
(Oncological treatment OR Antineoplastic Combined Chemotherapy 
Protocols[mh] OR Chemotherapy OR Chemotherapy, adjuvant[mh] 
OR Adjuvant OR Chemoradiotherapy, adjuvant[mh] OR Chemo-
radiotherapy OR Neoadjuvant Therapy[mh] OR Neoadjuvant OR 
Docetaxel[mh] OR Docetaxel OR Paclitaxel[mh] OR Paclitaxel OR 
Taxoids[mh] OR Taxoids OR Taxane OR Anthracyclines[mh] OR 
Anthracyclines OR Cyclophosphamide[mh] OR Cyclophosphamide) 
AND 
(Peripheral nervous system disease[mh] OR Peripheral nervous 
system disease OR Neuropathy OR Peripheral neuropathy OR Pacli-
taxel/adverse effects[mh] OR Paclitaxel/adverse effects OR Doce-
taxel/adverse effects[mh] OR Docetaxel/adverse effects OR Taxoids/ 
adverse effects[mh] OR Taxoids/adverse effects OR Neurotoxicity 
syndromes[mh] OR Neurotoxicity syndromes OR Neurotoxicity OR 
Paresthesia[mh] OR Paresthesia OR Chemotherapy induced periph-
eral neuropathy OR CIPN OR Peripheral neurotoxicity) 
AND 
(Vibration[mh] OR Vibration OR Hypesthesia[mh] OR Hypesthesia 
OR Hypoesthesia OR Vibration Perception Threshold OR VPT OR 
Quantitative sensory testing) 

Search Terms Heart Rate Variability 

(Breast Neoplasm[mh] OR Breast Neoplasm OR Breast Carcinoma 
OR Breast cancer) 
AND 
(Oncological treatment OR Antineoplastic Combined Chemotherapy 
Protocols[mh] OR Chemotherapy OR Chemotherapy, adjuvant[mh] 
OR Adjuvant OR Chemoradiotherapy, adjuvant[mh] OR Chemo-
radiotherapy OR Neoadjuvant Therapy[mh] OR Neoadjuvant OR 
Docetaxel[mh] OR Docetaxel OR Paclitaxel[mh] OR Paclitaxel OR 
Taxoids[mh] OR Taxoids OR Taxane OR Anthracyclines[mh] OR 
Anthracyclines OR Cyclophosphamide[mh] OR Cyclophosphamide) 
AND 
(Heart rate variability OR HRV OR Autonomic nervous system[mh] 
OR Autonomic nervous system OR Autonomic nervous system dis-
ease[mh] OR Autonomic nervous system disease) 
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Results 

The systematic search resulted in 2 articles on a combined search of 
HRV and VPT, 112 articles on HRV and 32 articles on VPT. Eligible 
articles were selected for reading based on title and abstract. Articles 
were excluded owing to study design, non-English language, inclusion of 
other cancer types than breast cancer, other interventions than the 
standard procedure after breast cancer diagnose or if all patients did not 
receive chemotherapy. 

Vibration perception threshold and heart rate variability 

No articles matched the inclusion criteria (Fig. 1A). 

Vibration perception threshold 

Seven articles addressing (VPT in breast cancer patients met the in- 
and exclusion criteria (Fig. 1B). They were published between 1994 and 
2018. The number of patients included was between 11 and 50 and the 
median/mean age ranged from 42 to 60 years. Breast cancer stages were 
either stages I-III or metastatic breast cancer (MBC). All studies used 
taxanes as part of the chemotherapy regimen. Five studies were pro-
spective, one case-control, and one cross-sectional (Table 1) [[8], 
[28–33]] . Two out of seven studies stated measurements of VPT at one 
frequency and the remaining did not specify the frequency [[8],[30], 
[32]] . Vibration perception values were reported by four studies all in 
different units. 

Prospective studies in general compared baseline vibration percep-
tion values to post treatment values at various time points. Follow-up 

Fig. 1. A flowchart of literature search on vibration perception threshold and heart rate variability combined. B: flowchart of literature search on vibration 
perception threshold. C: flowchart of literature search on heart rate variability. 
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ranged from during chemotherapy administration to 12 months after 
chemotherapy cessation. Three of the studies found elevated VPT after 
chemotherapy but did not mention if the elevations were significant 
compared to baseline [[28],[29],[33]]. The included breast cancer pa-
tients from the study by Openshaw et al. belonged to a control group. 
The two remaining prospective studies found a significant increase in 
VPT following chemotherapy treatment illustrated by the results of 
Hershman et al.; VPT at baseline 9.29, after 0 months 15.45, after 3 
months 13.93 and after 6 months 13.14 [[8],[32]]. Kober et al. evalu-
ated VPT of breast cancer patients with and without symptoms of CIPN 
and found a significant increase in VPT in patients with CIPN symptoms 
[30]. Park et al. matched controls with breast cancer patients and found 
no significant difference between VPT in the two groups at a median of 3 
months after treatment completion [31]. 

Heart rate variability 

Six articles addressing HRV in breast cancer patients met the search 
criteria (Fig. 1C). They were published between 1998 and 2017 with two 
studies published after 2003. In all studies breast cancer patients 
received anthracycline-based chemotherapy (Table 2). Three of the 
studies also administered taxanes to the patients [34–36]. 

The number of included patients was between 20 and 52 and the 
median/mean age ranged from 45 to 58 years. Three out of six studies 
examined breast cancer patients with MBC [[34],[35],[37]]. Five 
studies had prospective designs and compared HRV parameters to 
baseline measurements before chemotherapy. Follow-up of the pro-
spective studies ranged from during chemotherapy to 12 months after 
start of chemotherapy [[34],[35],[36],[38],[39]]. 

HRV values were for all studies based on 24-hour Holter ECG. The 
exact time for data sampling in relation to chemotherapy varied 

Table 1 
Study details regarding vibration perception threshold.   

Taxane treatment Breast cancer stage Follow-up* Number of patients Age, years VPT Frequency, Hz 

Cross-sectional        
Kober et al. 2018 yes N/A unknown 25 60.0d ↑f 50–60 
Case-control        
Park et al. 2010 yes I-III 3 monthsc 28 49d ↔ N/A 
Prospectivea        

Hershman et al. 2010 yes I-III 12 months 50 48e ↑g N/A 
Openshawb et al. 2004 yes II-III 20–40 days 11 42e ↔h N/A 
Augusto et al. 2007 yes MBC 0 days 44 48,5d ↔h N/A 
Forsyth et al. 1997 yes MBC 0 days 34 50,7d ↔h N/A 
Van Gerven et al. 1994 yes MBC During chemo. 15 51e ↑ 100 

VPT: vibration perception threshold, ↔: no difference in VPT,↑: significantly higher VPT,. 
* follow-up is indicated as time after chemotherapy completion. 
a all prospective studies evaluated patients at baseline before start of chemotherapy. 
b control group of the study included. 
c median time. 
d mean age. 
e median age. 
f ‘CIPN group’ compared to ‘no CIPN group’. 
g VPT elevated after 0, 3 and 6 months. 
h reports increased VPT but without mentioning significance. 

Table 2 
study details regarding heart rate variability.   

Anthracycline 
treatment 

Taxane 
treatment 

Breast cancer 
stage 

Follow-up* Number of 
patients 

Age, 
years 

SDNN, 
ms 

rMSSD, 
ms 

LF, 
ms^2 

HF, 
ms^2 

Case-control           
Tjeerdsma et al. 

1998 
yes no locally advanced/ 

MBC 
29 monthsd 20 45f N/A ↓h ↓h ↓h 

Prospectivea           

Meinardi et al. 
2001 

yes no II-III 12 monthse 37 46g ↔ ↔ ↔ ↔ 

Ekholm et al. 2002 yes yes MBC During 
chemo. 

24 50g ↔ N/A ↔ ↔ 

Salminen et al. 
2003 

yes yes MBC During 
chemo. 

34 55g ↔ ↔ ↔ ↔ 

Sun et al. 2016b yes no I-II 0 days 52 55f ↓i ↓i ↓i ↓i 

Stachowiak et al. 
2017 

yes yesc N/A 0 days 44 57.7f ↓i ↔ ↔ ↔ 

SDNN: standard deviation of the normal R-R-intervals, R-MSSD: root mean square successive differences, LF: low frequency power, HF: high frequency power. 
* follow-up is indicated as time after chemotherapy completion. 
a all prospective studies evaluated patients at baseline before start of chemotherapy. 
b all patients had type 2 diabetes and were part of a control group. 
c 13.3% of the patients were treated with taxane. 
d mean time. 
e after start of chemotherapy. 
f mean age. 
g median age. 
h significant lower compared to healthy controls. 
i significant lower compared to baseline. 
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between studies. Two studies use fast Fourier transformation to calcu-
late spectral power besides that processing of HRV data is not further 
described by the included studies. 

All studies reported HRV values for low frequency power (LF) and 
high frequency power (HF). The standard deviation of normal to normal 
RR-intervals (SDNN) and the root mean square of the successive differences 
(RMSSD) were reported by all except from Tjeerdsma et al. and Ekholm 
et al. Tjeerdsma et al. evaluated patients at an average of 29 months 
from discontinuation of anthracyclines. They found a significant fall in 
RMSSD, LF, and HF in breast cancer patients receiving chemotherapy 
compared to healthy controls [37]. SDNN were significantly lower after 
chemotherapy compared to baseline in the study by Stachowiak et al. 
[36] . Sun et al. examined only breast cancer patients with type 2 dia-
betes. The control group of the study was included in this review and 
showed a significant decrease in SDNN, RMSSD, LF and HF after 
chemotherapy compared to baseline. The result are exemplified by the 
following SDNN: baseline 121.02, after chemotherapy 63.75; RMSSD: 
baseline 26.3, after chemotherapy 13.04; LF: baseline 407.71, after 
chemotherapy 235.27; HF: baseline 208.13, after chemotherapy 80.12 
[39]. None of the other studies found a significant change in HRV pa-
rameters after chemotherapy. See App. 1 for elaboration of HRV 
parameters. 

Discussion 

A limited number of studies using VPT or HRV to assess 
chemotherapy-induced neuropathy after (neo) adjuvant chemotherapy 
were identified in the literature. Thus, studies addressing MBC were also 
included in this systematic review. Ten out of thirteen studies were 
published in 2010 or before. The chemotherapy regimens are not ho-
mogeneous and only four studies reflect the current chemotherapy 
regimen consisting of anthracycline-cyclophosphamide and taxane [[8], 
[31],[33],[36]]. Six studies examined patients with metastatic breast 
cancer, who had received chemotherapy prior to the study [[28],[29], 
[32],[34],[35],[37]]. Both the prior chemotherapy treatment and the 
advanced breast cancer stage might affect the VPT and HRV results. In 
addition, the sample sizes were small with the largest group consisting of 
52 breast cancer patients. Only one study of VPT and one study of HRV 
had a follow-up or evaluation point of 12 months or longer after ended 
chemotherapy [[8],[37]]. This reflects the general trend seen in evalu-
ation of CIPN as a review from 2018 found that only four studies had 
examined CIPN prospectively in breast cancer patients at a follow-up of 
12 months or longer [10]. All patients in the six studies of HRV were 
treated with anthracyclines as part of the chemotherapy. Anthracyclines 
are known to be cardiotoxic which might have altered the autonomic 
regulation of the heart and thereby affected the HRV parameters [27]. 
These limitations result in restricted generalizability to current breast 
cancer patients and the consequences of their treatment. It makes it 
difficult to predict the natural course of CIPN and give breast cancer 
patients information about future expectations of nerve damage and its 
development. However, one study showed impaired VPT 6 months after 
chemotherapy that normalized at 12 months [8]. 

Hershman et al. reported that changes in patient-reported symptoms 
of CIPN were significantly associated to changes in VPT over time 
likewise an association between patient reported CIPN symptoms and 
VPT was found recently [[8],[40]]. Kober et al. showed a difference in 
VPT between breast cancer patients who did and did not report CIPN 
symptoms [30]. The association of patient reports with VPT supports the 
use of VPT as an objective measure of CIPN. The reviewed studies are 
however inconsistent as Forsyth et al. concludes that VPT is less sensitive 
than the patient’s history and neurologic examination in detecting CIPN 
[29]. It raises the question if a subjective or an objective method gives 
the clinically most useful assessment of CIPN. 

The case-control study of HRV found a significant difference in both 
time and frequency domain HRV parameters when healthy controls 
were compared to chemotherapy treated breast cancer patients [37]. 

Three independent case-control studies likewise reported that breast 
cancer survivors presented reductions of HRV parameters compared to 
women without cancer. However, all the examined breast cancer sur-
vivors had not been treated with chemotherapy [[41],[42],[43]]. These 
results substantiate a reduction in HRV parameters in breast cancer 
patients but indicate that chemotherapy possibly not be the explanation. 
In addition, the prospective studies administering taxane chemotherapy 
to all patients found no difference in HRV parameters. Only Stachowiak 
et al. who gave taxane chemotherapy to 13% of the breast cancer pa-
tients found lowered SDNN compared to baseline. Sun et al. found a 
difference in HRV before and after chemotherapy in their control group 
of breast cancer patients with type 2 diabetes [39]. These data are 
difficult to generalize to all breast cancer patients as HRV measures was 
shown to be impaired in diabetes patients in general [44]. 

The longer survival rates for breast cancer patients must be recog-
nized and care for the survivors must be given. Therefore, increased 
attention on chemotherapy-induced neuropathy including sensory and 
autonomic function is warranted, as it affects breast cancer patients’ 
quality of life negatively [13]. A study has suggested a relation between 
autonomic function of the heart and survival in patients with metastatic 
or recurrent breast cancer. Vagal modulation (the modulation by the 
PSNS) was evaluated by the HRV parameter high frequency power (HF). 
Women with a higher baseline HF had longer survival compared to 
women with lower HF which suggest that higher PSNS activity is related 
to longer survival [45]. The prognostic value of HRV is not only appli-
cable for cancer but also for myocardial infarction and diabetic neu-
ropathy as decreased HRV parameters are independent predictors of 
mortality following myocardial infarction [[46],[47]]. Furthermore, 
studies indicate that a consequence of CIPN is an increased risk of fall-
ing. Bao et al. showed that the severity of CIPN was associated with 
higher rates of falls in breast cancer patients who had received 
taxane-based chemotherapy. 23.8%, 31.9%, and 41.5% experienced 
falls in the "no CIPN," "mild," and "moderate-to-severe" groups, respec-
tively [48]. Another study evaluated patient reported CIPN symptoms 
and fall events. Participants with sensory symptoms were 2.7 times more 
likely to have a fall event compared to those who did not report symp-
toms [49]. Falls among breast cancer patients can be further compli-
cated by treatment with aromatase inhibitors (AI). AI is a common 
adjuvant treatment for postmenopausal women with hormone receptor 
positive breast cancer and can result in bone loss which increases the 
risk of bone fractures [50]. The nerve damage could probably be more 
comprehensive. If peripheral nerves are damaged in cancer patients the 
autonomic nerves regulating the heart function might also be damaged 
contributing to an increased risk of falling. Studies of diabetic neurop-
athy use the combination of VPT and HRV to address sensory and 
autonomic nervous function, respectively [[51],[52]]. This approach to 
neuropathy could be transferred to chemotherapy-induced neuropathy. 

In conclusion this systematic search does not give a clear answer if 
HRV and VPT are capable tools to objectively characterize 
chemotherapy-induced neuropathy. The result is in line with other re-
views of the topic [[10],[14],[15],[25]]. A consensus about a standard 
assessment method of CIPN is still missing. The general trend of the 
studies is that taxane chemotherapy is associated with an elevation in 
VPT in breast cancer patients. HRV measurements are also seen 
impaired in breast cancer patients but it is not possible to make a clear 
association to a chemotherapeutic drug. Only separate studies of VPT 
and HRV show affection of the parameters in breast cancer patients but a 
relation between peripheral sensory nerve damage and autonomous 
nerve damage induced by chemotherapy could be possible. Studies of 
longer duration, larger sample size, and current chemotherapy regimens 
are needed to evaluate whether VPT and HRV alone or in combination 
are useful as an objective measure in the clinical management of 
chemotherapy-induced nerve damage. Used in combination HRV and 
VPT are still possibly objective measures of chemotherapy-induced 
neuropathy With these measures it might be possible to identify in-
dividuals in risk of severe sensory affection and in risk of falling and by 

S.D. Marstrand et al.                                                                                                                                                                                                                           



Cancer Treatment and Research Communications 26 (2021) 100295

6

this to take relevant precautions. 
Our review shows that there is no consensus for the HRV and VPT 

measurements in breast cancer patients after chemotherapy. Therefore, 
we encourage the development of international guidelines for the 
objective measure of the nerve damage. 
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