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ABSTRACT

Background. Percutaneous renal biopsy (PRB) may subject patients to emotional distress and pain before and during the
biopsy. The aim of this study was to evaluate the effects of complementary/non-pharmacological interventions such as
music therapy (MT) on anxiety, pain and satisfaction in renal patients undergoing PRB.

Methods. A prospective, single-centre, single-blind, randomized controlled two-arm trial was conducted. Patients

>18 years of age, hospitalized at the Nephrology, Dialysis and Transplantation Unit (Bari, Italy) and scheduled for PRB
were screened. Participants were assigned to standard treatment (CG) or to the music therapy (MT) intervention group.
Participants in the MT group received standard care and an MT intervention by a certified music therapist qualified in
guided imagery and music. The CG patients received the standard of care. MT and CG patients were subjected to
identical measurements (pre/post) of the parameters in the State Trait Anxiety Inventory Y1 (STAI-Y1), visual analogue
scale for pain (VAS-P) and satisfaction (VAS-S) and heart rate variability.

Results. A statistically significant difference in the anxiety scores after PRB between MT and CG patients (STAI-Y1

35.4 £ 6.2 versus 42.9 + 9.0) was observed. MT also had strong and significant effects on VAS-P compared with CG

(5.0 £ 1.4 versus 6.3 + 1.3, respectively; P < .001) and VAS-S (7.8 + 1.0 versus 6.0 + 0.9, respectively; P < .001). Decreased
activity of the sympathetic nervous system and increased activity of the parasympathetic nervous system was observed
after PRB in the MT group.

Conclusion. Our study supports the use of MT to mitigate the psychological anxiety, pain and sympathetic activation
associated with PRB.
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INTRODUCTION

Percutaneous renal biopsy (PRB) is the gold-standard procedure
and the conditio sine qua non for a correct diagnosis of glomeru-
lar kidney diseases and, consequently, for the appropriate
treatment options [1, 2]. Over the past 40 years, the use of
ultrasonography has helped to better visualize and examine
the kidney and to properly guide the biopsy needle (ultrasound-
guided biopsy). Thus the adoption of automatic needles has
made the kidney biopsy technique much easier to perform and
much safer. However, despite these advances, native kidney
biopsies are not without risks, with major complications in 5%
of cases. PRB is usually performed with the patient awake and
under local anaesthesia. However, the patient often experiences
anxiety and stress before and during the biopsy and it can
generate pain during the procedure and immediately after [3].
Although emotional distress and pain can largely be managed
by the administration of anxiolytics, analgesics and anaesthet-
ics [4-6], these drugs may have potential side effects and do not
always succeed in reducing emotional stress [7].

Music therapy (MT) is defined as the clinical and evidence-
based use of tailored music interventions initiated by a trained
and qualified music therapist, which differs from other mu-
sic interventions, such as ‘music medicine’, that provide pas-
sive pre-recorded music administered by health professionals
without experience in MT [8, 9]. MT can be used as a non-
pharmacological complementary intervention [10, 11] to prevent
emotional distress [12-15] and pain [16, 17] and MT can be effec-
tive in enhancing sedation in combination [18-21] with anaes-
thetic drugs.

Most of the previous studies have been based on the mu-
sic medicine approach. Due to method and quality control stan-
dards shortcomings, results are interesting but heterogeneous.
Moreover, no trials have been conducted using MT intervention
in renal patients undergoing PRB.

The aim of this study was to assess, in a randomized con-
trolled trial, the effects of MT on anxiety, pain and satisfac-
tion in renal patients undergoing PRB compared with standard
care.

MATERIALS AND METHODS
Study design

This was a prospective, single-centre, single-blind, randomized
controlled two-arm trial conducted at the Nephrology Unit, Uni-
versity of Bari, Bari, Italy. A patient-centred approach was em-
ployed [22]. Using an interactive relational approach of receptive
MT [23-25] supplemented by adaptation of the Bonny method of
Guided Imagery and Music in the medical setting [26], tailored
MT interventions were administered to patients at the time of
PRB.

Ethics approval

The study protocol was approved by the Bari Hospital Ethics
Committee (6365 protocol 0033297/06/05/2020). The study was
performed in accordance with the principles outlined in the
Helsinki Declaration. Patients were informed both orally and in
writing regarding the study and that the collected data would be
recorded anonymously and their personal information would be
kept confidential. All patients signed an informed consent form.
All PRBs were performed by the same nephrologist and renal res-
ident.

Setting and participants

Over a 7-month period (from 1 June 2021 to 30 December
2021), 114 patients hospitalized at the Nephrology, Dialysis and
Transplantation Unit (Bari, and scheduled for a first PRB were
screened. Inclusion criteria were age >18 years, undergoing
PRB to define a renal pathology diagnosis and without con-
traindications to perform a PRB (coagulation disorders, uncon-
trolled blood pressure). Exclusion criteria were age <18 years,
severe neurological or psychiatric conditions, hearing impair-
ment, concomitant medications including analgesic or anxi-
olytic drugs to suppress the symptoms of anxiety until 24 h prior
to the PRB, refusal to participate and inability to provide a self-
assessment.

Randomization and masking
Procedures

On the day of the PRB, participants were assigned to the MT
intervention group or to standard treatment (CG) by computer
sample randomization. Participants in the MT group received
standard care and MT intervention by a certified music therapist
qualified in guided imagery and music. The CG group received
the standard of care.

The psychologist researcher and statistical analyst did not
know the patients’ allocation.

The MT intervention consisted of three parts:

¢ Assessment: 40 minutes before the PRB, patients joined the
music therapist in an individual bedside brief conversation
(10 min) to identify the preferred musical genres/songs. On
the basis of the information collected, the music therapist
prepared a customized playlist to listen to during the PRB,
tailored to the patient’s needs [27].

e After being monitored in the operating room, patients were
prepared to listen to the customized playlist with brief
guided relaxation or breath entrainment (music matched
rhythmically to the rate of breathing then gradually reduced
to encourage slower, deeper breathing) [28] to find an image
as the focus with a positive outcome.

¢ The patient then listened to music during the PRB.

Participants listened to music with bone conduction head-
phone from Ipod headphones and the volume was controlled by
the music therapist.

The PRB was mainly performed on the lower pole of the left
kidney. In patients with obesity or breathing difficulties, a supine
anterolateral left position was preferred. In order to standard-
ize the procedure and for uniform results, the same local anaes-
thetic drug was used (mepivacaine 20 mg/ml) and injected lo-
cally, following the different planes from the skin to the renal
capsule in all patients.

Outcomes

All patients were monitored via electrocardiogram, blood pres-
sure and pulse oximetry measurements. Patient anxiety assess-
ment, before and after PRB, was conducted using State Trait Anx-
iety Inventory Y1 (STAI-Y1) [29]. Subjects were asked to rate the
intensity of their anxious feelings for 20 items on a 4-point scale:
‘not at all’, ‘somewhat’, ‘moderately so’ or ‘very much so’. STAI-
Y values <40 defined the absence of anxiety, 40-50 defined mild
anxiety, 51-60 defined moderate anxiety and >60 defined severe
anxiety. The STAI-Y1 was administered 30 minutes before the
PRB and 45 minutes after the PBR. The patients rated their pain
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Figure 1: CONSORT flow chart.

and satisfaction levels on a visual analogue scale (VAS-P, VAS-
S) scored from 0, meaning no pain/no satisfaction, to 10, mean-
ing maximal pain/satisfaction. Data collection was managed by
a psychologist researcher.

The physiological stress level of the participants was as-
sessed by a medical-grade wearable device (E4 wristbands, Em-
patica, Cambridge, MA, USA). E4 wristbands are validated [30]
and approved by the US Food and Drug Administration as a
medical device and have been used in a wide range of MT re-
search [31-34]. The E4 includes four sensors: a photoplethys-
mogram sensor that uses two green and two red LEDs to
record blood volume pulse (BVP) from the dorsal wrist (sampling
frequency 64 Hz, resolution 0.9 nW/digit); two stainless steel
(SUS03) electrodes 8 mm in diameter that use alternating cur-
rent (8 Hz) to record electrodermal activity from the volar sur-
face of the wrist (sampling frequency 4 Hz, resolution 1 digit
~900 pS, an optical infrared thermopile to record skin temper-
ature (sampling frequency 4 Hz, resolution 0.02°C) and a three-
axis accelerometer that measures acceleration on the x, y and z
axes within the +2 grange (sampling frequency 32 Hz, resolution
8 bits) [35].

The wristband was placed on the patient in the operating
room 5 min before starting the PBR procedure and removed
5 min after completion of the PRB [36]. BVP, from which heart
rate (HR), interbeat intervals (IBIs) in milliseconds and heart
rate variability (HRV) are derived, was recorded in real time
[37].

A button placed on the device case was used to mark ad-
ministration of local anaesthesia on the recording. Raw data ob-
tained from the E4 wristband were imported into Kubios HRV
Standard version 3.5.0 software [38].

The data from each session were divided into two segments
with a length of 5 minutes, one before administration of the lo-
cal anaesthetic and one after administration of the local anaes-
thetic. For each segment, the time domain (SDNN, RMSSD, NN50,

Control group (n=50)

Discontinued
(drug administration**) (n=2)

Completed (n=48)

« Excluded from analysis for heart rate
variability bad signal quality (n=4)

 Excluded from analysis for anxiety
missing score (n=4)

Full analysis set (n=40)

PNNS50), frequency domain (LH/HF) and geometric HRV metrics
(SD1, SD2) were computed.

Statistical analysis

A preliminary exploratory with descriptive statistics and a full
statistical data analysis was performed to assess the effect of
the MT intervention within the two groups. Differences within
groups were tested according to the Mann-Whitney test, with a
significance level of 0.01, to check the effectiveness equal me-
dian between the two groups. For all the variables, probability
distributions were investigated using the Shapiro test with a sig-
nificance level of 0.01. A power analysis was also performed re-
ferring to 40 samples for each group with an effect size of 0.634
at a significance level 0.05 and power of 0.80. All the analyses
were developed using R software (R Foundation for Statistical
Computing, Vienna, Austria) [39].

RESULTS

A total of 114 participants undergoing renal biopsy at the
Nephrology Unit, Policlinic, University of Bari between 1 June
2021 and 30 December 2021 were enrolled (Fig. 1). The median
age was 55 years (interquartile range 45-65) and 65 participants
(57%) were men. A total of 14 of 114 patients were excluded (6
did not meet inclusion criteria, 5 declined to participate, 3 for
postponement of PRB). Due to bad signal quality (MT, n = 5; CG,
n = 4), incomplete data collection (MG, n = 4; CG, n = 4) and
drug administration during the PRB (MT, n = 1; CG, n = 2), an-
other 20 patients were excluded (Fig. 1). A total of 80 patients (40
in each arm; Table 1) underwent statistical analysis. The vari-
ables involved in the analyses between groups were STAI-Y1
in the pre and post segments, VAS and HRV. All patients en-
rolled had STAI-Y1 scores >40 at baseline (54.59 for females and
47.60 for males; P = .12). There was a statistically significant
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Table 1: Baseline characteristics.

Characteristics MT (n = 40) CG (n = 40)
Clinical presentation, n (%)
Recurrent macrohematuria 6 (15) 2(5)
Nephrotic syndrome 14 (35) 10 (25)
Chronic renal failure 20 (50) 17 (42.5)
Acute renal failure 7 (17.5) 10 (25)
Comorbidities, n (%)
Diabetes 5(12.5) 14 (35)
Hypertension 18 (45) 25 (62.5)
Heart disease 8 (20) 7 (17.5)
Liver disease 6 (15) 6 (15)
Cancer 0(0) 10 (25)
Laboratory tests, mean + SD
Haemoglobin (g/1) 12.6 +£2.1 128 +£1.9
Haematocrit (%) 37.7£69 39.0+£5.9
Serum creatinine (xmol/l) 1.9+17 1.9+1.2
Platelets (x10%/mm?) 217.7 £63.4  206.4 £ 63.2
Prothrombin time (%) 1.0£0.1 1.0£0.1
Partial thromboplastin time (%) 1.0+0.1 1.0+0.1
Fibrinogen (mg/dl) 269.3 +56.2  273.8+53.2
Proteinuria (g/24 h) 34+89 24 +34
Systolic blood pressure (mmHg) 132.4+17.1 1383+ 17.9
Diastolic blood pressure (mmHg) 80.8 £11.1 82 +10.9
Heart rate (bmp) 78.0 +10.9 76.2+9
Body weight (kg) 734 + 14 82.7 £ 14.4
DDAVP, n (%) 32 (87.5) 33 (82.5)
Position and biopsy type (SALP/PP) 1/39 4/36

DDAVP: 1-deamino-8-D-arginine vasopressin; SALP: supine anterolateral posi-
tion; PP: prone position.

Table 2: Outcomes assessed in MT and CG patients undergoing PRB

Outcomes MT (n=40) CG((n=40) P-value
VAS-P, mean + SD 50+14 6.3+13 <.001*
VAS-S, mean + SD 7.8+ 1.0 6.0+ 0.9 <.001*
STAI-Y1 anxiety, mean + SD 354+6.2 429+9.0 <.001*
Time domain measures

SDNN 3.2 24 .028*

RMSSD 0.9 0.6 .009*
Non-linear measures

SD1 0.6 0.4 .018*

SD2 4.6 3.5 .020*
Frequency domain measures

LF/HF 55.2 84.0 .003*

STAI-Y1: State Trait Anxiety Inventory Questionnaire Y-1; SDNN: standard devia-
tion of all normal to normal intervals; RMSSD: square root of the mean of the sum
of the squares of differences between adjacent NN intervals; SD1: Poincaré plot
index standard deviation of short-term R-R interval variability; SD2: Poincaré
plot index standard deviation of long-term R-R interval variability; LF/HF: ratio
of low frequency to high frequency power. *Statistical significance.

difference in the anxiety scores after the PRB between the MT
and CG patients (STAI-Y1 35.4 + 6.2 versus 42.9 £ 9.0). MT
had strong and significant effects on VAS-P compared with CG
(5.0 £ 1.4 versus 6.3 + 1.3; P < .001) and VAS-S (7.8 + 1.0 ver-
sus 6.0 + 0.9; P < .001) (Table 2). Decreased activity of the SNS
and increased activity of the parasympathetic nervous system
(PNS) were observed after the PRB in the MT group. Indeed, time
domain results analysis in terms of the standard deviation (SD)
of the beat-to-beat intervals (SDNN) and root mean square of
successive R-R interval differences (RMSSD) showed statistically

higher values in the MT compared with the CG patients (P < .02
and P < .009, respectively). This result was also confirmed by
a Poincaré plot index: SD of short-term R-R interval variability
(SD1) and SD of long-term R-R interval variability (SD2). Higher
significant values of SD1 and SD2 were observed in MT compared
with CG patients (P < .01 and P < 0.02, respectively), confirming
that patients treated with MT were more relaxed [40] (Table 2).
Finally, the LF:HF ratio was significantly lower at post-test than
at pretest in MT compared with CG patients (P < .003).

DISCUSSION

This study aimed to investigate the effects of MT intervention
on anxiety, pain and satisfaction in patients undergoing PRB.
Our data suggest that music therapy significantly reduces pre-
operative anxiety and pain management, especially in cases of
an STAI-Y1 moderate/high baseline (54.59 for females and 47.60
for males; P = .12) compared with the mean state anxiety for
normal working adults (35.20 for females and 35.72 for males)
[41] and improves satisfaction in patients who underwent PRB,
supporting previously reported data in different clinical settings
8, 19, 22, 42].

To our knowledge, this is the first study testing the effect of
MT in patients undergoing PRB. On a neurophysiological level,
the anxiety- and pain-relieving effects were supported by a
change in HRV parameters. Physiological response of an organ-
ism to anxiety is characterized by increased activity of the SNS
and a decreased activity of the PNS. Overactivation of the SNS af-
fects numerous adverse responses, such as arterial and venous
constriction, leading to myocardial stimulation, bronchocon-
striction and both psychological and behavioural impairment. In
contrast, the PNS promotes relaxation and triggers acetylcholine
release, influencing the heart through the vagus nerve. The va-
gus nerve plays a central role in conducting the relaxation re-
sponse for the body, leading to a decrease in oxygen consump-
tion, R-R, BP and HR, with an overall increase in well-being. Low
HRV is associated with impaired regulatory and homeostatic
autonomic nervous system functions, which reduce the body’s
ability to cope with internal and external stressors.

When an individual feels anxiety or emotive pressure, SODNN
and RMSSD decrease [41, 43]. SDNN is considered an index of
physiological resilience against stress, while RMSSD refers to
activity of the PNS. Our results confirmed that during MT, HRV
indexes significantly increase. Moreover, frequency domain
analysis (LF/HF) for short-term measurements (i.e. 5 minutes)
[36] were also analysed and supported the relaxing role played
by MT. The HF component of HRV represents parasympathetic
regulation of the heart and is strongly correlated with pain
intensity [44], the LF component is jointly contributed by both
sympathetic and parasympathetic nerves and the LF:HF ratio
is considered to reflect SNS activity [45]. In this study, the LF:HF
ratio results strongly support the effects of MT on anxiety
and pain. The greater reduction in LF led to a reduction in the
LF:HF ratio and demonstrated that MT increases PNS activity
and consequently induces relaxation. At a cognitive level,
studies suggest that the anxiolytic effect of music derives from
its distracting ability. However, in moderately/highly anxious
patients, using music for distraction may not be sufficient to
reduce the anxiety and pain caused by an impending procedure
[15]. It is also necessary to consider that the wait time before
the procedure may cause even more anxiety than the procedure
itself [21, 46], so patients needed additional guidance to actively
refocus their attention on the music. This was achieved because
the music therapist was present during the PBR [15].



Unlike other music-based interventions, in which patients
undergo passive listening to pre-recorded music provided by
nurses or other medical staff, the presence of a certified music
therapist made it possible to customize the listening experience
based on the needs of each patient in that moment, offer ver-
bal instructions for refocusing and change or stop the music if
necessary [13].

A customized play list was developed by the music thera-
pist using specific music elements such as pulse, mood, melodic
line, dynamic change, bass line, volume, timbre, rhythm and
form. Thus our intervention was made up of three closely re-
lated steps.

The brief guided relaxation or breath entrainment to find an
image as a focus with a positive outcome helped patients pro-
mote more active engagement with the music. Music listening
may also activate imagery. This played an important role in anxi-
ety management, as it offers a temporary escape from the stress-
ful reality [19], focusing the patient’s attention away from neg-
ative stimuli present in the operating room towards something
pleasant and encouraging. Finally, the active engagement of the
patient in preparing and listening to music gave them a certain
feeling of control over the situation [21]. Patients listened to mu-
sic with bone conduction headphones. Using over-ear or on-ear
headphones, patients would not have been able to monitor the
progress in the operating room, hampering communication with
the nephrologist, and thus they would have been deprived of any
information from the environment. This perceived sense of con-
trol plays an important role in the management of anxiety and
pain [15].

On a psychosocial level, MT provided a positive and com-
fortable experience before, during and after the procedure, with
high satisfaction scores. Moreover, lower VAS-P and higher VAS-
S scores observed in the MT group, regardless of whether they
were reflected in the physiological variables, can be interpreted
as a qualitatively better experience associated with PRB. Fur-
thermore, listening to music has shown better efficacy in reduc-
ing preoperative anxiety with shorter interventions (15 minutes)
than other complementary medicine modalities such as hypno-
sis and acupuncture (30 minutes) [21].

Along with the feasibility of MT in an operating room setting,
our study seems to suggest that MT does not impact the total
length of stay of the patient in the operating room and is greatly
appreciated by patients.

Considering all the physiological and psychological effects
related to the PRB procedure, MT has been shown to be useful
in supporting and containing the numerous stressful factors to
which these patients are commonly subjected.

LIMITATIONS

The main biases of the study are correlated to the lack of blind-
ing and/or a placebo for the control patients. However, we tried
to overcome this bias by using standardized outcomes such as
VAS and HRV. Furthermore, participants did not know the aim of
this study. Moreover, the psychologist researcher and statistical
analyst did not know the patients’ allocations. A long-term ef-
fect of our receptive MT intervention was not evaluated. Further-
more, all the participants were enrolled from the same hospital.
Due to this, their demographic characteristics might be some-
what similar and might not reflect the characteristics of the
broader population. In the CG patients, we found an increased
by chance incidence of malignancy. Many patients often associ-
ated PRB with investigation for malignant disease. Due to this,
the incidence of malignancy in the CG patients could have al-
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tered their anxiety perception when undergoing PRB. This find-
ing may be worthy of future investigation.

The costs of MT should be also considered, but this study
was not designed to specifically address this issue. It is also pos-
sible that patients’ responses could have been biased due to
unilateral attention by MT personnel. Reports of better perfor-
mance during and after intervention could have been biased and
the Hawthorne effect cannot be excluded. However, we used an
adaptation of a specific approach of receptive MT—Guided Im-
agery and Music—in which music, imagery and breathing are
closely involved. Therefore we wish to highlight that MT is not
the same as simply playing music in the operating room when
performing a biopsy, a feature we consider a strength of our
study.

CONCLUSION

PRB represents the canonical method used to properly estab-
lish a diagnosis in patients affected by renal disease. Despite its
common practice, it is an invasive procedure that may gener-
ate emotional distress and potential complications in patients.
Sometimes this can be the reason why the patient rejects hav-
ing a PRB, making determining clinical management and treat-
ment plans difficult. In patients undergoing kidney transplant or
those affected by complex conditions such as lupus nephritis, or
those involved in clinical trials, a second biopsy may be impor-
tant to monitor the evolution of the disease and the validity of
the personalized and selected therapy. Emotional engagement
can explain the difficult scheduling of a second ‘protocol biopsy’,
reducing clinical and therapeutic surveillance.

Our study demonstrates how the application of MT in a co-
hort of patients undergoing an invasive procedure such as a PRB
may ameliorate patient’s stress and anxiety.
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