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Abstract
Purpose To evaluate the feasibility of oral cryotherapy (OC) in children and to investigate if OC reduces the incidence of severe
oral mucositis (OM), oral pain, and opioid use in children undergoing hematopoietic stem cell transplantation (HSCT).
Methods Fifty-three children, 4–17 years old, scheduled for HSCT in Sweden were included and randomized to OC or control
using a computer-generated list. OC instructions were to cool the mouth with ice for as long as possible during chemotherapy
infusions with an intended time of ≥ 30 min. Feasibility criteria in the OC group were as follows: (1) compliance ≥ 70%; (2)
considerable discomfort during OC < 20%; (3) no serious adverse events; and (4) ice administered to all children. Grade of OM
and oral pain was recorded daily using the WHO-Oral Toxicity Scale (WHO-OTS), Children’s International Oral Mucositis
Evaluation Scale, and Numerical Rating Scale. Use of opioids was collected from the medical records.
Results Forty-nine children (mean age 10.5 years) were included in analysis (OC = 26, control = 23). The feasibility criteria were
not met. Compliance was poor, especially for the younger children, and only 15 children (58%) used OC as instructed. Severe
OM (WHO-OTS ≥ 3) was recorded in 26 children (OC = 15, control = 11). OC did not reduce the incidence of severe OM, oral
pain, or opioid use.
Conclusion The feasibility criteria were not met, and the RCT could not show that OC reduces the incidence of severe OM, oral
pain, or opioid use in pediatric patients treated with a variety of conditioning regimens for HSCT.
Trial registration ClinicalTrials.gov id: NCT01789658

Keywords Oralmucositis . Children . Hematopoietic stem cell transplantation . Oral cryotherapy . Feasibility

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00520-019-05258-2) contains supplementary
material, which is available to authorized users.

* Tove Kamsvåg
tove.kamsvag_magnusson@kbh.uu.se

1 Department of Women’s and Children’s Health, Pediatric Oncology,
Uppsala University, Uppsala, Sweden

2 Department of Medical Sciences, Uppsala University,
Uppsala, Sweden

3 Department of Dental Medicine, Karolinska Institutet,
Stockholm, Sweden

4 Department of Women’s and Children’s Health, Clinical Psychology
in Healthcare, Uppsala University, Uppsala, Sweden

5 Department of Pediatric Oncology, Institute of Clinical Sciences,
University of Gothenburg, Gothenburg, Sweden

6 Department of Clinical Sciences, Pediatric Oncology and
Hematology, University of Lund, Lund, Sweden

7 Department of Pediatrics, Astrid Lindgren’s Children’s Hospital,
Karolinska University Hospital, Huddinge, Stockholm, Sweden

8 Department of Clintec, Karolinska Institutet, Stockholm, Sweden

https://doi.org/10.1007/s00520-019-05258-2

/ Published online: 28 January 2020

Supportive Care in Cancer (2020) 28:4869–4879

http://crossmark.crossref.org/dialog/?doi=10.1007/s00520-019-05258-2&domain=pdf
http://orcid.org/0000-0003-2696-4054
http://clinicaltrials.gov
https://doi.org/10.1007/s00520-019-05258-2
mailto:tove.kamsvag_magnusson@kbh.uu.se


Introduction

Oralmucositis (OM) is a common adverse effect of antineoplastic
treatment [1, 2]. The condition often causes pain and difficulties
in basal functions, such as talking and swallowing, which in turn
affect drinking and eating. OM is reported to be one of the most
painful and debilitating side effects of cancer treatment in pediat-
ric patients [3–5]. The incidence of OM in children ranges be-
tween 52 and 81% depending on the type of antineoplastic treat-
ment given [6, 7]. The majority of patients undergoing hemato-
poietic stem cell transplantation (HSCT) develop some degree of
OM [2]. From a healthcare perspective, OM delays treatment,
which reduces its intensity and increases the incidence of infec-
tions, total parental nutrition use, drug consumption, and hospi-
talization [1]. As well as causing an increased morbidity and
suffering, OM also increases healthcare costs and mortality [8].

Preventive interventions and therapeutic treatments for OM
in adults have been evaluated in Cochrane reviews [9, 10] and
by the Mucositis Study Group of the Multinational Association
of Supportive Care in Cancer and the International Society of
Oral Oncology [11]. The few guidelines for the treatment of
OM in children recommend standard oral care protocols and
conclude that further research is needed to evaluate other inter-
ventions infrequently used in children [12, 13].

Oral cryotherapy, that is the cooling of the mouth during che-
motherapy infusions, was first shown to prevent oral mucositis in
adults treated with 5-FU in 1991 [14]. The mechanism behind
cryotherapy is only somewhat understood. The theory is that oral
cryotherapy (OC) promotes vasoconstriction resulting in reduced
drug delivery and hence less tissue toxicity [14, 15]. In adults,
there is evidence that OC may reduce the incidence and severity
of OM in patients treated with HSCT, especially whenmelphalan
is given as the conditioning agent [16–18]. To our knowledge, no
studies have evaluated the effect of OC in children. Sung et al.
give a weak recommendation for the use of OC in children based
on the potential benefits of the treatment and low risk of harm
[13]. For some patients, the treatment can be difficult considering
the unpleasantness of the cold therapy and there is as yet little
knowledge of children’s ability to conduct OC.

The primary objectives of this study are to evaluate the feasi-
bility of OC in children and to investigate if OC decreases the
grade of OM, oral pain, and use of opioids in children undergoing
HSCT. Secondary objectives are to explore if OC has a positive
effect on the child’s nutritional status, decreases the risk of infec-
tions, and shortens hospitalization for children undergoingHSCT.

Materials and methods

Design

The study is a feasibility and randomized controlled clinical
trial. Due to the nature of the intervention, the participants and

nurses were not blinded. However, the outcome assessors and
data analysts were kept blinded to the allocation. The
Regional Ethical Review Board in Uppsala, Sweden, ap-
proved the study (Dnr 2012/126) which was registered at
ClinicalTrials.gov (ClinicalTrials.gov id: NCT01789658).

Participants

In Sweden, with a population of 10 million inhabitants, approx-
imately 50 children undergo HSCT every year at four depart-
ments. Swedish-speaking children between 4 and 17 years ad-
mitted for autologous or allogeneic HSCTwere eligible to par-
ticipate in the study. The transplant coordinator at each depart-
ment identified eligible children. Children were included con-
secutively between September 2012 and June 2016.

Oral cryotherapy

The children in the OC group were instructed to cool their
mouths by sucking on ice chips and ice popsicles or rinsing
their mouths with ice cold water, depending on their prefer-
ence, during chemotherapy infusions given as conditioning
treatment. A nurse or an assistant nurse made the ice on the
ward by freezing water with/without flavoring. The ice was
then crushed into ice chips and served in a clean ice bucket
when the chemotherapy infusion started. The child was
instructed to cool his/her mouth for as long as possible during
the chemotherapy infusions and the nurse encouraged the
child to use OC for at least 30 min. Children with > 12-h
infusions were instructed to cool their mouth four times a
day beginning when the infusion started. After each session,
a nurse documented the time the child had cooled his/her
mouth and after each day of chemotherapy/OC, the child to-
gether with his/her parents answered a questionnaire evaluat-
ing the therapy (see Online Resource 1).

Routine oral care

All the children received standard oral care including exami-
nation of the oral cavity and if necessary dental treatment prior
to start of chemotherapy and daily oral examinations by a
nurse during hospitalization. The child and parents were
instructed, if possible, to gently brush the child’s teeth twice
a day using a soft toothbrush and mild toothpaste, to wash the
mouth with saline after meals, and to avoid toothpicks and
dental floss. Discomfort from the mouth was treated according
to local clinical guidelines. Hospital dentists were consulted if
needed during the hospitalization.

Pain relief

The children received pain relief according to local clinical
guidelines. In general, pain relief is based on paracetamol with
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the addition of oral or intravenous opioids when required ei-
ther as intermittent doses or continuous infusion. Local treat-
ment, for example lidocaine viscous solution, benzydamide,
and hyaluronic acid, was used dependent on the child’s
preferences.

Parenteral nutrition

Most children have a nasogastric tube or percutaneous endo-
scopic gastrostomy for nutritional support during the treat-
ment. Calorie intake was calculated daily and TPN was given
if needed.

Outcome measurements

The feasibility criteria for success were as follows: (1) 70%
should comply ≥ 70% of the days, (2) less than 20% should
report considerable discomfort during OC, (3) no serious ad-
verse events should occur, and (4) ice/ice pop should be ad-
ministered to all children randomized to OC. Compliance was
defined as the percentage of days with chemotherapy that the
child used OC for a minimum of 30 min based on previous
studies on adults and the average time of chemotherapy infu-
sion the children received.

Mucositis was measured using the WHO-Oral Toxicity
Scale (WHO-OTS), scoring from 0 to 4 [19]. Severe OM
was defined as a WHO-OTS score ≥ 3. All nurses had re-
ceived special training in the assessment and grading of mu-
cositis by the study coordinator and it was calibrated using
eight different cases. The child recorded symptoms of muco-
sitis by using the Children’s International Mucositis
Evaluation Scale (ChIMES) [20, 21]. The scale consists of
seven items: (1) amount of mouth and/or throat pain, (2) effect
of mouth and/or throat pain on swallowing, (3) effect of mouth
and/or throat pain on eating, (4) effect of mouth and/or throat
pain on drinking, (5a) use of pain medication, (5b) use of pain
medication due to mouth and/or throat pain, and (6) presence
of ulcers. ChIMES questions 1–4 are graded 0–5, questions 5a
and 5b are graded 1 if the child has received pain medication,
and question 6 is graded 1 if ulcers are present. The ChIMES
total score is calculated by adding the scores for each question
(missing questions and the answer “I don’t know” are scored
0), giving a maximum score of 23. The scale has shown good
reliability, content validity, and acceptability for children un-
dergoing HSCT [22]. The original English scale was translat-
ed into Swedish using a forward-backward procedure [23].
Since mouth and throat pain are not separated in ChIMES,
children 4–6 years old recorded mouth pain separately with
the Faces Pain Scale Revised (FPS-R) [24, 25] and children ≥
7 years old by using the Numerical Rating Scale (NRS) [25,
26]. Both scales, hereafter referred to as NRS, are scored 0–
10. Parents reported proxy ratings using the parent version of
ChIMES and NRS for mouth pain.

The use of opioids was collected from the participants’
medical record. The total dose of opioids was calculated by
converting both p.o. morphine and other opioids, such as oxy-
codone, into comparable i.v. morphine doses (mg). The pri-
mary outcomes were the incidence of severe OM, the area
under the curve (AUC) for WHO-OTS, ChIMES total and
NRS scores within 24 days post transplantation, days with
opioids, and total dose of opioids per kilo.

Secondary outcomes were collected from the participants’
medical records. Days until engraftment (neutrophil count ≥
0.5 × 109/L and platelet count ≥ 0.5 × 109 for two consecutive
days) and days until discharge were calculated from the day
for stem cell transfusion (day 0). Fever was defined as a single
axillary or oral temperature measurement of > 38.0 °C.
Infection rate was assessed based on the presence of neutro-
penic fever, level of C-reactive protein (CRP), and use of i.v
antibiotics. Nutritional status was assessed based on weight
change and administration of TPN and s-albumin (reference
values 37–48 g/L).

Procedure

Children and parents/guardians were informed and invited to
participate in the study in conjunction with admission to the
HSCT department by the transplant coordinator or research
nurse. After consent and assent had been obtained, randomi-
zation to OC or control was done by the telephone, using a
computer-generated list, by the study controller not involved
in the care of the patient.

Baseline assessment was performed on the day of hospital
admission and daily assessments started on the day for stem
cell transfusion (day 0). Mouth pain and mucositis were re-
ported daily by the children, parents, and nurses using the
above-mentioned instruments from day 0 until engraftment.
Data on pain, infectious, and nutritional status were collected
during the same period from the child’s medical chart.

Statistical analysis

Previous studies have suggested that a change of 13–18 mm
for pain on a visual analogue scale (VAS) would indicate a
clinically relevant difference [27, 28]. We set 15 mm as a
reasonable effect size. Twenty-five children were needed in
each group to demonstrate a difference between cryotherapy
and control with a power of 0.80 and an alpha value of 0.05,
assuming a standard deviation of 20 mm as found in earlier
studies [29, 30].

Data were analyzed and reported according to the
CONSORT guidelines [31]. Chi-square, Mann-Whitney U
test, and Spearman’s rank order correlation were used for fea-
sibility analyses in the oral cryotherapy group. Two children
did not receive allocated intervention and two children were
lost to follow-up and were removed from the final intention to
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treat (ITT) analysis [32]. Multiple imputation methods were
used to impute missing outcomes for WHO-OTS, ChIMES,
and NRS. One hundred imputed data sets were created and
pooled for analysis using the R-package mice. Analysis was
carried out separately for each 100 imputed data sets and
pooled using Rubin’s rules [33]. Comparative analyses were
made with the unimputed data and showed similar results. To
describe differences between the groups, the independent 2-
sample t test was used for numerical variables and chi-square
and logistic regression for categorical data. The statistical
analyses were performed using SPSS 23.0 and R 3.4.0. A p
value of < 0.05 was regarded as a statistically significant
difference.

Results

Participants and background data

Seventy-seven children were consecutively assessed for eligi-
bility. Fifty-three children were included in the study. Two
children declined participation after randomization to the con-
trol group and used oral cryotherapy at will, one child was
admitted to the intensive care unit, and one child was cared for
at home within the first days after transplant resulting in lack
of data and was therefore removed from the analyses. The
final sample consisted of 49 children (mean age 10.5 ±
4.3 years). Twenty-six children were randomized to the OC
group (mean age 11.3 ± 3.8 years) and 23 to the control group
(mean age 9.5 ± 4.6 years) (see Fig. 1). Background data is
presented in Table 1.

There were no differences between the OC and control
groups regarding gender, age, and diagnoses. Conditioning
regimens used (Online Resource 2) showed no differences
between the two groups. All the children scored 0 on the
WHO-OTS at admission.

Feasibility of oral cryotherapy

Five children allocated to OC received chemotherapy for
1 day, five for 2–4 days, and sixteen for 5 days or more pro-
viding a total of 130 days of possible cryotherapy sessions in
the group. (See Table 2 for details for each child in the OC
group.) Cryotherapy was used ≥ 30 min in 74 sessions. In the
other sessions, OC was used for less than 30 min in 6 sessions
(24–10 min) and in 50 sessions, OC was not used at all. To
cool the mouth, a combination of ice popsicles and ice chips
was used in 24 sessions, in 14 sessions only ice chips were
used, and in 8 sessions only ice popsicles were used. Ice water
was used in one session (missing observations 27). There was
no difference in compliance depending on how OC was
administered.

Compliance with OC ranged between 0 and 100% with a
median of 77% (SD = 40, range 0–100). In total, 15 children
(58%) met the feasibility criteria of ≥ 70% compliance.
Children who used cryotherapy did so for 10–255 min a day
(m = 98 min, Md = 60 min). All the children who only re-
ceived chemotherapy for 1 day had a compliance of 100%.
No difference in compliance was found based on gender, di-
agnosis, type of HSCT, conditioning regimen used, or if the
child received chemotherapy for 2–4 days or ≥ 5 days. There
was a trend indicating that children who were treated with
busulfan as part of their conditioning regimen had lower com-
pliance than children not treated with busulfan (m = 50%,
Md = 55% versus m = 74%, Md = 100%, p = 0.08).
Compliance correlated with age (r = 0.56 p = 0.003) with bet-
ter compliance in older children. Children younger than
7 years of age were less compliant withOC than older children
(Md 0%, SD 10 versus Md 90%, SD 35, p = 0.007).

The most common reasons for not using cryotherapy were
the following: discomfort (n = 11), nausea (n = 9), being
asleep (n = 8), forgetting to cool the mouth (n = 6), others
(n = 4), and missing (n = 16). Thus, ice was not administered
to the children during all the OC sessions. A little discomfort
was reported by four children and considerable discomfort by
seven children after one or more sessions of OC (see Fig. 2).
No severe adverse events were reported.

Grade of mucositis and ChIMES score

Oral mucositis was recorded in 39 (80%) children and severe
OM in 26 children (15 and 11 children in the OC group and
control group respectively). There was no difference in inci-
dence of severe OM between children undergoing allogeneic
(15 of 40 children) and autologous HSCT (5 of 9 children).
There were no differences in the incidence of severe mucositis
among children with TBI (7 of 15 children), melphalan (6 of
10 children), or busulfan (11 of 20 children) as part of the
conditioning regimen compared with the other children.
Children who received fludarabine as part of the conditioning
regimen showed a lower grade of severe OM (4 of 16 children,
p = 0.034). The children with a malignancy showed higher
incidence of severe OM than the children with a benign dis-
ease (53% versus 18%, p = 0.03).

There were no differences between children in the OC
group and control group regarding grade of mucositis,
ChIMES, or NRS scores (see Fig. 3a–e and Table 3, section a).

Use of opioids

Thirty-eight children (21 in the OC group and 17 in the control
group) were treated with opioids (see Table 3, section b).
Children with severe OMwere treated with significantly more
opioids (mean 13 days, 8.8 mg/kg versus 5 days, 1.9 mg/kg,
p < 0.001 for both) than the children with no/milder OM.
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Days until engraftment, nutritional status,
and infections

On average, engraftment was recorded at 19.7 ± 4.2 days and
the children spent 30.0 ± 17.6 days at the hospital. There were
no differences between the children in the OC and the control
group. Nutritional and infectious parameters are reported in
Table 3 sections b and c and Fig. 3e. Children with severe OM
used TPN for 11 days in contrast to the other children who
used it for 6 days (p = 0.048).

Discussion

In adults, OC has been shown to be useful for patients under-
going HSCT; however, conclusive studies in children are

missing. The accessibility, low cost, and lack of serious side
effects make the intervention appealing for pediatric patients.
In this study, we found that the feasibility of OC among the
children was lower than expected, especially for younger chil-
dren and only 15 children (58%) met the feasibility criterion.
We could not find that OC reduced the grade of OM, oral pain,
or use of opioids in children undergoing HSCT in this study.

There are few studies on feasibility and compliance with OC.
Svanberg et al. [18] used OC in adults undergoing HSCT and
reported that 58–75% of the patients had used OC according to
the protocol dependent on conditioning regimes. Sorensen et al.
[34] used OC for 45 min in 67 adult patients and reported that
87% of the patients were able to use OC according to the pro-
tocol. Sato et al. [35] used OC in 13 children but compliance is
not reported. However, the study reports that some younger
children were not able to perform OC due to being asleep.

Assessed for eligibility (n=77)

Excluded  (n=24)

� Not meeting

inclusion criteria

(n=17) 

� Declined to

participate (n=6) 

� Other reasons (n=1)

Analyzed  (n=26)

� Excluded from analysis (n=0)

Allocated to intervention

(n=26)

� Received allocated 

intervention (n=26)

� Did not receive allocated 

intervention (n=0)

Allocated to control 

(n=27)

� Received allocated 

intervention (n=25)

� Did not receive allocated 

intervention (n=2)

� Withdrew consent 

after randomization 

(n=2)

Analyzed  (n=23)

� Excluded from analysis 

(n=2)

� Lost to follow up 

(n=2)

Allocation

Analysis

Randomized (n=53)

Enrollment

Fig. 1 Flowchart for enrollment,
allocation, and analysis
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We found that the children had more difficulties in com-
plying with the intervention than expected. Discomfort was
the most common reason for not using OC but nausea and
being asleep also prevented the children from using OC as
instructed. However, not all the children reported discomfort
from the intervention and some managed to use OC for up to
4 h, indicating that the acceptability of the treatment is indi-
vidual. All the children only receiving chemotherapy for 1 day
had a compliance of 100%. For the other children, no differ-
ence in compliance was seen based on the number of days
with chemotherapy. In general, the children either accepted
the treatment and were able to use OC for >30 min or only
tried the interventions for a few minutes or not at all. The
children treated with busulfan showed a trend of lower com-
pliance than those children not treated with busulfan. Busulfan
is often administered four times a day in 2-h infusions for
several days, which might explain why children receiving
busulfan as part of their conditioning regimen showed a trend
of lower compliance. The intervention was particularly trou-
blesome for younger children, but there were only four chil-
dren under 7 years of age included in the study, which makes it
difficult to draw firm conclusions. We also found that ice had

not been administered consistently to all the children. This
could be since the children on previous days had refused to
use OC, but it also reflects the clinical reality in a busy ward.

The exact time needed for oral cooling to have an effect on
OM is not known and the preset criteria of 30 min and 70% of
the chemotherapy sessions were operationally defined after
discussions with clinicians and specialists in the area, taking
into account scientific evidence and the possible difficulties of
getting children to accept the intervention. We chose to in-
clude children from 4 years of age given that most 4-year-
olds are able to understand and follow instructions from par-
ents and nurses. The results indicate that the age limit was too
low and that a more suitable age limit might have been 7 years
of age.

The study provides a picture of the course of mucositis
during HSCT with a peak on days 8–9 for WHO-OTS,
ChIMES total, and NRS scores. This is consistent with the
course of neutropenia and coincides with the CRP peak,
affirming previous studies on OM during HSCT [36]. We
found relatively high scores for oral pain despite high doses
of opioids for pain relief being used. The children who devel-
oped severe OM were treated with significantly more opioids

Table 1 Gender, age, treatment,
and diagnosis of children
presented as numbers (%)

Cryotherapy n = 26 (%) Control n = 23 (%) Total n = 49 (%)

Gender

Male 15 (57.7) 11 (47.8) 26 (53.1)

Female 11 (42.3) 12 (52.2) 23 (46.9)

Age group

< 7 years 4 (15.4) 7 (30.4) 11 (22.4)

≥ 7 years 22 (84.6) 16 (69.6) 38 (77.6)

HSCT

Allogeneic RD 10 (38.5) 6 (26.1) 16 (32.6)

Allogeneic URD 11 (42.3) 13 (56.5) 24 (49.0)

Autologous 5 (19.2) 4 (17.4) 9 (18.4)

Diagnosis

ALL 10 (38.5) 5 (21.7) 15 (30.6)

AML 2 (7.7) 2 (8.7) 4 (8.2)

CML 0 (0) 2 (8.7) 2 (4.1)

Lymphoma 3 (11.5) 3 (13.0) 6 (12.2)

Neuroblastoma 1 (3.8) 2 (8.7) 3 (6.1)

Ewing sarcoma 1 (3.8) 0 (0) 1 (2.0)

MDS 2 (7.7) 2 (8.7) 4 (8.2)

HLH 0 (0) 1 (4.3) 1 (2.0)

SAA 1 (3.8) 0 (0) 1 (2.0)

Fanconi anemia 2 (7.7) 2 (8.7) 4 (8.2)

Thalassemia 2 (7.7) 2 (8.7) 4 (8.2)

Sickle cell disease 1 (3.8) 1 (4.3) 2 (4.1)

MS 1 (3.8) 1 (4.3) 2 (4.1)

RD related donor,URD unrelated donor, ALL acute lymphoblastic leukemia, AML acute myeloid leukemia, CML
chronic myeloid leukemia, MDS myelodysplastic syndrome, HLH hemophagocytic lymphohistiocytosis, SAA
severe aplastic anemia, MS multiple sclerosis
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and TPN than those with no or milder OM, confirming the
suffering and clinical challenges of OC in children. We found
that children with a malignant disease had a higher incidence
of severe OM than the children with a benign disease. This is
likely an effect of the different conditioning regimens used.
We could see that fludarabine-based regimens showed lower
incidence of severe OM, consistent with previous studies [37].

Given the high incidence of OM in children undergoing
HSCT independently of conditioning regimens used, we de-
cided to include all children undergoing HSCT to acquire as
large a sample as possible. A consequence of this is that the
sample is heterogeneous in terms of diagnoses and condition-
ing regimens, which could affect risk and grade of OM. There
are studies evaluating OC on a group level in adults undergo-
ing HSCT that have shown beneficial effects of the interven-
tion [18]. However, most evidence in adults supports the use
of OC primarily with chemotherapy regimens with short plas-
ma half-life such as melphalan and 5-FU [9, 11]. In this study,
OC was mostly used in chemotherapy regimens that differed
from those in evidence-based guidelines recommending OC
for the prevention of OM. In the studies underpinning these
guidelines, OC is used for 30–60 min, which usually does not
cause compliance problems. Compliance with OC adminis-
tered multiple times a day and for several days seems much
more challenging, particularly in young children. Since the
number of children who received agents with short plasma
half-life in our study was low (10 children received melpha-
lan), it is difficult to draw firm conclusions about the effect of
OC in these specific treatments. As in all multicenter trials,
there is a risk of variations in compliance to the study protocol.
The study coordinator made frequent visits to the different
centers to minimize this risk. The final sample consisted of
49 children, which is close to the preset goal based on the
power analysis. However, with a larger sample, we could have
performed subgroup analyses that might have provided inter-
esting results.

Many of the children were not able to use OC as
instructed and the effect size would have been
overestimated if only children who complied with OC
had been analyzed. Especially in children, it is impor-
tant not only to assess the results of an intervention but
also the feasibility and safety aspects of the treatment.
For some children, data regarding grade of mucositis
and oral pain was missing for one or more days. This
is a common problem in clinical trials. We chose to use
multiple imputations to handle missing data based on
recommendations in the literature to maintain power
[38]. As a control, analyses were also performed with-
out imputa t ions and the resul t s showed good
consistency.

We collected data from children, parents (ChIMES and
NRS), and nurses (WHO-OTS) to get as comprehensive in-
formation as possible and used outcomes according to

Table 2 Age, days receiving chemotherapy (CT), and days
with/without oral cryotherapy (OC) ≥ 30 min

Child Age Days with CT Days with OC Days without OC

1 14 1 1 0

2 12 5 3 2

3 16 1 1 0

4 7 4 3 1

5 12 7 0 7

6 13 6 1 5

7 4 5 2 3

8 14 9 7 2

9 16 6 6 0

10 5 3 0 3

11 14 5 5 0

12 16 6 3 3

13 6 1 0 1

14 10 4 4 0

15 7 1 1 0

16 10 5 4 1

17 14 1 1 0

18 10 8 0 8

19 11 5 2 3

20 14 3 3 0

21 13 6 1 5

22 4 8 0 8

23 12 1 1 0

24 10 8 6 2

25 16 13 13 0

26 14 6 6 0

0 
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Fig. 2 Discomfort and degree of discomfort reported after oral
cryotherapy. The same child could report more than one type of
discomfort
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suggestions in PedIMMPACT [25]. The nurses evaluating
OM were trained and validated using the WHO-OTS; never-
theless, examinations of children’s mouths can be difficult.
The scale takes into account the patients’ ability to eat.
However, eating is often troublesome for many other reasons
over and above mucositis, for example nausea, other pain, and
fever during the treatment. The lack of blinding of the inter-
vention might have influenced the nurses’, children’s, and
parents’ evaluations. Maybe it would have been better to let
a “blinded” nurse or dentist evaluate OM but for practical
reasons, this was considered challenging to perform in the
study and to be of limited value.

The intervention is difficult to blind but the fact that
the control group received no treatment apart from

standard care might have added a placebo effect for the
child and parent in the OC group. Two children dropped
out of the study shortly after randomization to the control
group because they were eager to try OC to possibly
reduce the risk of severe OM. This shows an expectation
that the intervention, which had already been implemented
as standard care for adults undergoing HSCT in some
transplant centers in Sweden, might help them.

Conclusions

The feasibility criteria were not met. The compliance with
OC was lower than expected, and especially the younger
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Fig. 3 Daily measurements for day 0–20 after HSCT for OC and control
group respectively. a Grade of oral mucositis according to WHO-OTS in
the OC group (n). b Grade of OM according to WHO-OTS in the control
group. c Mean WHO-OTS score. d Children’s and parents’ proxy, mean
ChIMES total score. e Children’s and parents’ proxy, mean NRS-score

for oral pain. f CRP and s-albumin values. OC oral cryotherapy, WHO-
OTS WHO Oral Toxicity Scale, ChIMES Children’s International
Mucositis Evaluation Scale, NRS Numerical Rating Scale, CRP C-
reactive protein
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children had difficulties accepting the intervention. We
could not see any indication that OC reduced the inci-
dence of OM in children undergoing HSCT in this study.
However, the heterogeneity of diagnoses, conditioning reg-
imens, age, and the low compliance with OC makes it
difficult to draw any firm conclusions. For future studies
of OC in children, it would be preferable to have a more
homogenous sample. This would, by necessity, require
multinational collaboration.
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