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H
ematologic cancer accounted for 

about 10% of all cancer deaths in 

the United States in 2017, and, on 

average, a person in the United 

States dies from hematologic can-

cer every nine minutes (Leukemia and Lymphoma 

Society, n.d.). For many malignant and nonmalignant 

hematologic diseases, the treatment of choice is he-

matopoietic cell transplantation (HCT). HCT has 

become a widely used, effective treatment, which 

has significantly increased overall survival rates for 

many patients (Bhatia et al., 2005, 2007; Socié et al., 

1999). The Center for International Bone and Marrow 

Transplant Research estimated that in the United 

States, more than 20,000 individuals received HCT 

(allogeneic and autologous) in 2015, and this number 

continues to grow (D’Souza & Zhu, 2016). For some 

patients, a transplantation is key for longevity. How-

ever, the underlying mechanisms that predict mortal-

ity or survival following transplantation are not fully 

understood. 

Conventional medical and demographic pre-

transplantation risk factors that have been found 

to predict mortality in this patient population 

include age, disease status, Karnofsky Performance 

Status score (Sorror et al., 2008), relapse follow-

ing transplantation, and the Hematopoietic Cell 

Transplantation–Comorbidity Index score (Sorrer 

et al., 2005, 2008). However, to the current authors’ 

knowledge, researchers examining mortality among 

patients undergoing HCT have not studied the impact 

of autonomic nervous system functioning, which 

has been implicated in the progression of malignan-

cies. One way of measuring autonomic functioning 

is through electrocardiogram assessment of heart 

rate variability (HRV). HRV specifically assesses the 

oscillations in the beat-to-beat intervals of consecu-

tive heartbeats measured over a fixed time interval. 

OBJECTIVES: To assess pre-/post-transplantation 

changes in autonomic tone, as measured by heart 

rate variability (HRV), among patients undergoing 

hematopoietic cell transplantation (HCT) and 

to look at those changes as they relate to post-

transplantation survival rates. 

SAMPLE & SETTING: Data were derived from a 

sample of 27 English-speaking patients undergoing 

allogeneic or autologous HCT at Stanford University. 

METHODS & VARIABLES: A survival analysis using 

the Kaplan–Meier estimator was employed to explore 

whether increased HRV would enhance survival 

probabilities over time among patients undergoing 

HCT.

RESULTS: An increased probability of survival was 

significantly related to increases in two HRV indexes: 

root mean square of successive differences and high 

frequency power.

IMPLICATIONS FOR NURSING: HRV may be a useful 

predictor of mortality among patients undergoing 

HCT. Interventions deliverable by nurses could be 

used to enhance HRV for patients identified as being 

at risk for early mortality. 

KEYWORDS heart rate variability; hematopoietic cell 

transplantation; survival; intervention
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Power spectral analysis of these heart rate fluctua-

tions allows for evaluation of cardiovascular control 

by the sympathetic and parasympathetic branches of 

the autonomic nervous system (Akselrod et al., 1981; 

Chapleau & Sabharwal, 2011). 

HRV is assessed using time and frequency domain 

analysis. Time domain analysis focuses on the length 

of time between normal-to-normal (NN) heartbeat 

intervals (i.e., the length of time between R waves 

on adjacent QRS complexes in a continuous electro-

cardiogram record). When plotted, the variation of 

these NN intervals over time forms the HRV wave. 

Time domain measures include the standard devia-

tion of NN R-R intervals (SDNN) and the root mean 

square of successive differences (rMSSD), which is 

the square root of the mean squared differences of 

successive NN intervals. The SDNN and the rMSSD 

are considered to be global measures of HRV, with the 

SDNN reflecting sympathetic and parasympathetic 

activity responsible for variability during the record-

ing period and the rMSSD being more closely tied to 

parasympathetic activity. 

HRV frequency domain measures are obtained 

through power spectral analysis of the HRV wave. 

This allows for evaluation of cardiovascular control 

by the sympathetic and parasympathetic branches of 

the autonomic nervous system. Frequency domain 

measures include high frequency power (HF), low 

frequency power (LF), and the ratio of low frequency 

power to high frequency power (LF/HF). HF is medi-

ated solely by the vagus nerve, which is the main 

conduit of the parasympathetic nervous system; HF 

elevations suggest greater parasympathetic control of 

the heart. LF tends to be more often linked with sym-

pathetic nervous system activity. However, whether 

LF represents a mixture of activation within both 

autonomic branches has been controversial. The fre-

quency domain LF/HF is typically used to assess the 

balance of sympathetic to parasympathetic nervous 

system control (Task Force of the European Society 

of Cardiology & North American Society of Pacing 

and Electrophysiology, 1996a, 1996b). 

Lower SDNN has been found to be predictive of 

mortality in those with prostate and non-small cell 

lung cancer (De Couck, van Brummelen, Schallier, De 

Grève, & Gidron, 2013). Kim et al. (2010) found sim-

ilar results among terminally ill patients with cancer 

in hospice, even after adjusting for demographic and 

other clinically meaningful factors. In addition, lower 

HF was significantly predictive of shorter survival 

length among patients in hospice with hepatocellular 

carcinoma (Chiang, Koo, Kuo, & Fu, 2010), as well as 

among individuals with breast cancer (Palesh et al., 

2008).

Increasing evidence supports the implication of 

autonomic nervous system functioning in the prolifer-

ation of malignant cancer cells. The autonomic nervous 

system modulates the body’s immune system, which 

is responsible for regulating inflammation. When the 

immune system becomes dysregulated, inflammation 

accumulates, resulting in an environment condu-

cive to the initiation and growth of malignant tumor 

cells. As a result, examining the connection among the 

autonomic nervous system, the immune system, and 

chronic inflammation is of the utmost importance in 

understanding cancer proliferation. 

The specific link between the autonomic ner-

vous system and the immune system is through an 

anti-inflammatory circuit, the inflammatory reflex, 

surrounding the vagus nerve, which is an important 

component of the parasympathetic nervous system 

(Rosas-Ballina et al., 2011; Rosas-Ballina & Tracey, 

2009; Tracey, 2002). The inflammatory reflex 

works by sensing the activity of proinflammatory 

cytokines through an afferent pathway (Olofsson, 

Rosas-Ballina, Levine, & Tracey, 2012) and informs 

the brain of malignancies. An efferent response is 

then elicited, in which signals from the brain, via the 

vagus nerve, stimulate acetylcholine-producing T 

cells. In turn, the T cells activate anti-inflammation 

processes by inhibiting proinflammatory cytokine 

production (Olofsson et al., 2012; Rosas-Ballina et 

al., 2011). The vagus nerve affects the maturation 

and reduction of cancerous tumor cells because of 

its role in immune system signaling and regulating 

(De Couck et al., 2013; De Couck, Mravec, & Gidron, 

2012; Levy, Herberman, Lippman, D’Angelo, & Lee, 

1991; Mravec, Gidron, & Hulin, 2008; Rosas-Ballina 

& Tracey, 2009).

The theoretical underpinning of this study rests on 

the close relationship between the autonomic nervous 

system and the immune system. Measuring sympa-

thetic and parasympathetic activity is relevant to 

cancer development because of its role in immune reg-

ulation; it may provide additional insight into longevity 

and survival in populations with cancer. In addition, 

autonomic nervous system function may be partic-

ularly important in patients undergoing HCT, given 

the immune dysregulation that occurs with HCT in 

the context of graft-versus-lymphoma or graft-versus- 

leukemia effects on disease relapse. This research 

hypothesizes a relationship between HRV as an indi-

cator of autonomic nervous system functioning and 

survival in people with cancer. 
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The aim of this study is to assess changes in auto-

nomic tone, as measured by HRV, in a sample of 

patients undergoing HCT, before and after transplan-

tation, and to examine these changes in relation to 

survival rates post-transplantation. This is a secondary 

analysis of data from a parent study that investigated 

the efficacy of a novel insomnia intervention in this 

sample of patients undergoing HCT. As a result, the 

patients undergoing HCT also experienced insom-

nia, a condition that has been closely linked with 

decreased HRV. The current authors hypothesized 

that additional decreases in HRV over time, which 

suggest a dysregulation in autonomic nervous system 

functioning, would be associated with shorter sur-

vival in this patient population. Evidence supporting 

this hypothesis would offer prognostic information 

to treating providers. Nurses could measure HRV 

indexes and perhaps even deliver interventions (e.g., 

biofeedback, other relaxation techniques) (Lehrer & 

Gevirtz, 2014). 

Methods

The data for this study were drawn from a parent 

study that examined the feasibility and efficacy of 

using a novel intervention called Brief Behavioral 

Therapy for Insomnia (BBT-I) in patients undergoing 

HCT as part of a randomized, clinical trial. Because 

no significant group differences were noted between 

the BBT-I group and the control group regarding 

symptoms of insomnia after delivery of the BBT-I 

intervention, there was no need to separate the two 

groups. Consequently, this study was based on the full 

sample of 21 evaluable participants. 

Sample and Setting 

The appropriate institutional review board at Stanford 

University approved this study, and all participants 

gave written informed consent. Data were derived 

from a sample of 27 English-speaking patients under-

going allogeneic or autologous HCT who experienced 

insomnia, as indicated by a score of 8 or greater on the 

Insomnia Severity Index (Morin, Belleville, Bélanger, 

& Ivers, 2011). The participants were stratified by 

whether they received allogeneic versus autologous 

HCT and then randomized to receive either the BBT-I 

intervention (two face-to-face sessions and four tele-

phone calls during a six-week period) or a waitlist 

control condition (participants assigned to a wait-

ing list received the intervention after the study was 

completed). 

Data were collected at two time points: (a) base-

line visit pretransplantation and (b) follow-up visit 

post-transplantation. Patients were excluded if they 

had a history of uncontrolled psychiatric disorders, if 

they were pregnant, or if they had preexisting chronic 

insomnia or other sleep disorders. Patients selected 

for inclusion were those who had received a trans-

plantation at the study site (Stanford University), 

were aged 21 years or older, had scored at least an 8 

on the Insomnia Severity Index, and did not have sur-

gery scheduled within the study period. Participants 

were referred by study site physicians, and they were 

screened for inclusion or exclusion by research staff 

during a clinic visit. 

Of the 127 patients who were seen at the study site 

for either consultation or HCT from March 2012 to 

July 2013, 27 were eligible and were enrolled. Reasons 

provided for exclusion included the patient’s absence 

of insomnia, non-English–speaking ability, trans-

plantation having already taken place, suffering from 

another sleep disorder, and not having the time for 

or interest in the study, as well as physician report 

that the patient was too sick. Of the 27 eligible partic-

ipants, 21 completed pre-/post-transplantation study 

visits. 

Measures

Information on participants’ age, gender, and ethnicity 

were collected using a demographics questionnaire. 

The following variables were extracted from medical 

records: 

 ɐ Cancer diagnosis

 ɐ Disease status

 ɐ Transplantation type (allogeneic or autologous)

 ɐ Relapse after engraftment

 ɐ Hematopoietic Cell Transplantation–Comorbidity 

Index score

 ɐ Treatment type

 ɐ Karnofsky Performance Status score 

Participants completed a number of subjective and 

objective symptom scales.

Autonomic Nervous System Activity

The Firstbeat® device was used to measure HRV for 

as long as 60 minutes at baseline and at the follow-up 

visit. The device measures R-R intervals with a sample 

rate of 1 ms. The following time and frequency domain 

indexes were calculated:

 ɐ Time measures: (a) SDNN and (b) rMSSD; both 

measures are representative of total variability in 

heart rate.

 ɐ Frequency measures: (a) HF (natural log) and (b) 

LF/HF (Task Force of the European Society of 

Cardiology & North American Society of Pacing 
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and Electrophysiology, 1996a, 1996b); each partici-

pant’s mean heart rate was also measured. 

The LF scores were not used in the analyses for 

this study because the validity of this measure used 

alone has been called into question in the literature 

(Eckberg, 1997). 

Survival Outcome

The survival analysis was performed using the time of 

survival since transplantation versus all-cause death 

since the HCT transplantation. In this analysis, par-

ticipants who were still alive by the end of the study 

period (February 2016) were censored. (Censoring 

is part of the standard procedure for survival analy-

sis and is necessary to complete the analysis. Data of 

participants still alive at the conclusion of the study 

are censored because information about survival time 

is incomplete.) Total follow-up time was 16 months. 

The Kaplan–Meier survival curves were computed, 

and the log-rank test was used. The a priori signifi-

cance level was set at 0.05.

Statistical Analysis 

The numeric variables characterizing the changes in 

HRV measures (SDNN, rMSSD, HF, and LF/HF) and in 

mean heart rate over time were dichotomized at zero. 

Change values of zero or less indicated no change or a 

decrease over time in the measures of HRV and mean 

heart rate. Change values greater than zero indicated 

an increase over time in the measures of HRV and 

mean heart rate. These cutoff points were determined 

by clinical standards. With this approach, clinicians can 

easily interpret risk by tracking whether HRV increases 

or decreases over time. The Kaplan–Meier survival 

curves were used to estimate the survival curve for the 

various strata of HRV measures. As a secondary anal-

ysis, using the Kaplan–Meier estimator, the current 

authors explored the survival curves by using other 

medical variables relevant to survival, based on previ-

ous research findings (Davies et al., 2000; Michelis et 

al., 2013; Sorror et al., 2008). IBM SPSS Statistics, ver-

sion 22.0, was used to conduct the analyses. 

Results

The current authors analyzed the data of 21 patients 

who underwent HCT. Participants were aged 27–70 

years. Thirteen participants had received an autolo-

gous HCT, and eight had received an allogeneic HCT. 

In patients for whom engraftment was successful, 

the average length of engraftment of neutrophils was 

10 days, and the average length of engraftment of 

platelets was 17 days. The median survival time since 

transplantation was 151 days. Additional demographic 

and medical characteristics of the participants are 

summarized in Table 1. 

Table 2 presents the means and standard devia-

tions of the pre-/post-transplantation HRV measures. 

TABLE 1. Sample Characteristics (N = 21)

Characteristic n

Gender

Male 16

Female 5

Ethnicity

Caucasian 17

Asian 2

Native Hawaiian 1

Other 1

Diagnosis

Non-Hodgkin lymphoma 14

Hodgkin lymphoma 3

Acute myeloid leukemia 2

Other leukemia 2

Disease status

Complete remission 11

Partial remission 9

Relapse/progressive disease 1

Karnofsky Performance Status scorea

80 3

90 14

100 4

Transplantation type

Autologous 13

Allogeneic 18

Treatment type

High dose 13

Reduced intensity dose 8

Relapse post-HCT

No 12

Yes 9

HCT–Comorbidity Index scoreb

Less than 3 15

3 or greater 6

a Ranges from 0 (death) to 100 (perfect health)
b Patients with a score of less than 3 have a lower risk for 
mortality, whereas patients with a score of 3 or greater 
have a higher risk for mortality.
HCT—hematopoietic cell transplantation

D
ow

nl
oa

de
d 

on
 0

7-
18

-2
02

4.
 S

in
gl

e-
us

er
 li

ce
ns

e 
on

ly
. C

op
yr

ig
ht

 2
02

4 
by

 th
e 

O
nc

ol
og

y 
N

ur
si

ng
 S

oc
ie

ty
. F

or
 p

er
m

is
si

on
 to

 p
os

t o
nl

in
e,

 r
ep

rin
t, 

ad
ap

t, 
or

 r
eu

se
, p

le
as

e 
em

ai
l p

ub
pe

rm
is

si
on

s@
on

s.
or

g.
 O

N
S

 r
es

er
ve

s 
al

l r
ig

ht
s.



254 ONCOLOGY NURSING FORUM MARCH 2018, VOL. 45 NO. 2 ONF.ONS.ORG

As expected, all HRV values of patients who had 

undergone HCT were significantly lower than those of 

the healthy controls (p < 0.001) (Nunan, Sandercock, 

& Brodie, 2010) but were comparable to the values 

found in other populations with cancer (De Couck & 

Gidron, 2013; Kim et al., 2010). 

Follow-up data were available until February 

2016, by which time five individuals had died: three 

patients died from persistent disease, one died from 

graft-versus-host disease, and one died from a bacte-

rial infection. Figure 1 shows the Kaplan–Meier survival 

curve for the total group. Overall survival probability 

for the full cohort was greater than 85% at one-year  

follow-up and greater than 80% at two years after HCT. 

The dichotomized indexes of the HRV measures 

(SDNN, rMSSD, HF, and LF/HF) were used to examine 

the group differences in relation to the survival curves. 

Log-rank tests of the equality of the group survival 

distributions showed that significant differences in 

survival existed between groups for rMSSD (c = 4.087, 

p = 0.043) and HF strata (c = 10.419, p = 0.001). Those 

results support the  hypothesis that the relative risk 

of death was significantly reduced for patients whose 

HRV increased from pre- to post-transplantation.  

Figures 2 and 3 show Kaplan–Meier cumulative sur-

vival curves for rMSSD and HF. Patients whose 

rMSSD score increased over time had a two-year 

survival probability of 90% compared to that of 70% 

in patients whose rMSSD score decreased. The dif-

ferences in cumulative survival for HF scores were 

even larger, with patients whose scores increased 

over time having a survival probability of 100% at 

two years post-transplantation versus that of 50% in 

patients with a decreased HF score. As for the other 

dichotomized HRV measures, SDNN and LF/HF and 

mean heart rate were not significantly associated with 

mortality in this patient population; however, SDNN 

was trending in the expected direction (c = 2.618, p = 

0.106).

The only other predictor variable that was 

significantly related to survival was age when 

dichotomized by the median of 58 years of age (c =  

6.252, p = 0.012). A comparison of Kaplan–Meier 

TABLE 2. Heart Rate Variability Measures Pre-/Post-Transplantation in Recipients of Hematopoietic 

Cell Transplantation (N = 21) 

Pretransplantation Post-Transplantation

Variable
—

X SD
—

X SD

Standard deviation of normal-to-normal R-R intervals 15.97 8.78 15.21 6.36

Root mean square of successive differences 10.68 5.16 11.89 5.77

High frequency power 3.28 1.23 3.65 1.19

Low frequency/high frequency power ratio 5.28 3.95 3.38 2.49

Mean heart rate 82.83 17.7 82.46 12.2

Note. As anticipated, all heart rate variability values of recipients of hematopoietic cell transplantation were significantly 
lower than those of the healthy controls, but were comparable to those of other patients with cancer. For study participants 
whose heart rate variability scores increased, the likelihood of survival was higher. 
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FIGURE 1. Kaplan–Meier Survival Curve  

for Recipients of Hematopoietic Cell  

Transplantation (N = 21)
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survival curves indicated that gender (c = 0.005, p = 

0.944), relapse post-transplantation (c = 2.909, p =  

0.088), transplantation type (c = 0.004, p = 0.95), 

Hematopoietic Cell Transplantation–Comorbidity 

Index score (c = 0.67, p = 0.413) (Sorror et al., 2005, 

2008), disease status (c = 0.427, p = 0.513), and 

Karnofsky Performance Status score (c = 1.203, p = 

0.273) were not found to be significantly related to sur-

vival in this sample, likely because of the small sample 

size. 

Discussion

Results of the current study suggest that increases 

in HRV over time were correlated with survival in 

patients who underwent HCT. These findings are clin-

ically significant because HRV is known to respond to 

behavioral and pharmacologic interventions, whereas 

other known demographic and medical risk factors 

in this patient population are nonmodifiable. The 

two HRV measures found to significantly predict lon-

gevity were increases in rMSSD and HF. The SDNN 

was trending in the expected direction. This study’s 

results extend previous research findings showing 

that greater HRV is associated with longer survival in 

other populations of individuals with cancer (Chiang 

et al., 2010; Giese-Davis et al., 2015; Kim et al., 2010). 

These findings point to the theoretical and clini-

cal importance of HRV markers and, in particular, to 

HF and rMSSD as indicators of longevity in patients 

undergoing HCT. HF and rMSSD are the two recom-

mended markers of parasympathetic nervous system 

activity and vagal tone, according to current standards 

of measurement (Task Force of the European Society 

of Cardiology & North American Society of Pacing 

and Electrophysiology, 1996a, 1996b). Evidence has 

emerged to support the idea that the vagus nerve 

plays an important role in immune functioning via the 

inflammatory reflex (Tracey, 2002). Dysregulation 

in this reflex system, as may be indicated by low HF 

and rMSSD measures, is associated with increased 

inflammation, which, in turn, is implicated in the 

pathogenesis of cancer growth and initiation (De 

Couck et al., 2013). Stimulation of this inflamma-

tory reflex via electrical inputs or selective drugs has 

been shown to result in reduced inflammation and 

enhanced likelihood of survival in models of hemor-

rhagic shock (Guarini et al., 2003), sepsis (Wang et al., 

2004), and pancreatitis (van Westerloo et al., 2006). 

As expected, the HRV markers in patients undergo-

ing HCT in the current study were disproportionally 

low compared to those in healthy adult populations 

(Nunan et al., 2010). The lower HRV scores found in 

this study are consistent with scores found in other 

populations of individuals with cancer (Kim et al., 

2010). Findings of the current study suggest that, 

despite the low HRV markers, increases in rMSSD 

and HF over time were associated with a significant 

increase in survival in this population. 

Limitations

Findings are limited to patients undergoing HCT with 

insomnia. This study was based on a small sample, 

which likely explains why none of the conventional 

risk factors significantly predicted mortality, with 

the exception of age. However, the significant find-

ings in HRV measures suggest that the relationships 

between increases in HF and rMSSD and probability 

of survival were robust. In addition, the restriction of 

the sample to patients with insomnia enhanced the 

statistical power of testing the hypothesis in the small 

sample by reducing extraneous variability among the 

participants. 

FIGURE 2. Kaplan–Meier Survival Curves  

for Decreased rMSSD Versus Increased rMSSD 

From Pre- to Post-Transplantation  

for Recipients of Hematopoietic Cell  

Transplantation (N = 21)

p = 0.043
HRV—heart rate variability; rMSSD—root mean square of 
successive differences
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� rMSSD-HRV increased over time
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Implications for Nursing

Many of the traditional demographic and medical risk 

factors associated with bone marrow transplanta-

tion are either non-modifiable or difficult-to-manage 

medical comorbidities or complications. HRV, on 

the other hand, may be modifiable. Assessment of 

HRV could be incorporated into the standard-of-care 

protocol during medical visits by nurses and other 

healthcare professionals. HRV is easily assessed with 

inexpensive portable devices. Nurses could help to 

track HRV markers before and after transplantation 

for each patient. Working in close collaboration with 

the treating oncologist, nurses could help to identify 

patients at risk for decreased HRV. Nurses could also 

provide patients with information and education on 

HRV and on the relationship between physical health 

and autonomic nervous system functioning. Although 

the current authors recognize that this is an ideal-

istic goal, given the high work demands and time 

constraints of nurses in today’s healthcare systems, 

trained nurses working in a clinic could potentially 

deliver interventions or point patients to resources 

that may help to improve HRV. Interventions could 

include not only drugs and electrical stimulation but 

also behavioral interventions that can be learned, 

such as HRV biofeedback (Lehrer & Gevirtz, 2014). 

HRV biofeedback is a process by which patients 

receive instant feedback on their heart rhythm and 

breathing rate (Lehrer & Gevirtz, 2014). Prior research 

has indicated several possible mechanisms of how 

HRV biofeedback may affect the parasympathetic ner-

vous system (Gevirtz, 2013; Lehrer & Gevirtz, 2014) 

as it helps to restore autonomic homeostasis, vagal 

afferent pathways, and the vagal inflammation reflex 

system (Gevirtz, 2013). A randomized, controlled trial 

by O’Rourke et al. (2017) found that cancer survi-

vors who received weekly HRV biofeedback training 

for six weeks experienced improved HRV, which, in 

turn, also had a positive impact on symptoms of pain, 

depression, stress, and fatigue. Randomized, con-

trolled trials by Kern-Buell, McGrady, Conran, and 

Nelson (2000) and McGrady et al. (1992) have shown 

HRV biofeedback effectiveness in improving immune 

functioning, as indicated by a reduced number of 

cytokines in the blood. Another randomized, con-

trolled trial by Lehrer et al. (2010) did not discover 

effects on proinflammatory cytokines following an 

HRV biofeedback intervention in a sample of 11 indi-

viduals exposed to lipopolysaccharide (inflammatory 

condition); however, the researchers found improve-

ments in autonomic dysfunction following the HRV 

biofeedback intervention. 

If nurses teach patients HRV biofeedback and 

other relaxation techniques (e.g., diaphragmatic 

breathing), patients may be able to enhance their 

parasympathetic activity and vagal tone, potentially 

improving immune functioning. DeMarco-Sinatra 

(2000) reviewed the benefits of incorporating dif-

ferent types of relaxation interventions into nursing 
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practice and highlighted relaxation training as an 

effective auxiliary intervention tool for a number of 

medical populations, including patients with cancer. 

Nurses can be trained to deliver relaxation interven-

tions in the clinic during medical visits. In addition, 

if necessary, nurses could help to make appropriate 

referrals to biofeedback specialists or mental health 

counselors for the treatment and delivery of more 

involved intervention modalities. More research 

involving patients with cancer in this area is needed 

to examine the use of HRV biofeedback and other 

relaxation techniques as potential tools that may help 

to enhance immune functioning and nurses’ ability to 

administer such interventions to patients identified 

as at risk for low HRV.

Conclusion

The current study provides evidence that improve-

ments in HRV (specifically rMSSD and HF) correlate 

with survival in patients who have undergone HCT. 

Potential mechanisms that may explain this relationship 

relate to the vagus nerve, which signals the presence of 

proinflammatory cytokines and activates anti-inflam-

matory processes. If the vagus nerve does not function 

sufficiently, which may be the case in patients with low 

HRV, inflammation can increase and affect the matu-

ration of cancerous tumor cells. This study’s findings 

highlight the need for additional research with patients 

undergoing HCT to examine the effects of behavioral 

treatments delivered by nurses and other healthcare 

professionals on HRV and survival. 
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