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The adequate assessment and management of pain remains a challenging task in the

Pediatric Intensive Care Unit (PICU). Our goal is to describe how pain is assessed

and managed in PICUs around the world and to examine how human and material

resources impact achievement of this goal. An international multicenter cross-sectional

observational study was designed with the participation of 34 PICUs located in urban,

suburban, and rural areas of 18 countries. We evaluated how PICUs around the world

assessed and managed pain according to the Initiative for Pediatric Palliative Care

recommendations, and how human and material resources impacted achievement of

this goal. Data was collected for this study from 2016 to 2018 using questionnaires

completed by medical doctors and nurses. In this paper, we focus on the indicators

related to how pain is managed and assessed. The average achievement of the

goal of pain relief across all centers was 72.2% (SD: 21.1). We found a statistically

significant trend of more effective pain management scores, routine assessment, proper

documentation, and involvement of pain management experts by increasing country

income. While there are efforts being made worldwide to improve the knowledge in pain

assessment and management, there is a lack of resources to do so appropriately in

low-middle-income countries. There is a mismatch between the existing guidelines and

policies, which are mainly designed in high income countries, and the resources available

in lower resourced environments.

Keywords: pain, pediatric critical care units, pediatric palliative care, under resourced settings, pediatric

INTRODUCTION

An inevitable consequence of a child’s admission to the intensive care unit is the experience of pain,
either because of the need for painful procedures or because of the disease itself. In this context,
prevention of pain and pain management is fundamental (1). All critical care providers receive
training in pain control and should apply it in an integratedmodel of care considering the principles
related to palliative care: the active total care of the child’s body, mind and spirit (2). In this context,
Cicely Saunders, a founder of the discipline of Palliative Care, developed the concept of addressing
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“total pain” or the importance of addressing pain not only from
a physical standpoint, but also from psychological, social, and
spiritual aspects of life (3, 4). This approach to pain management
has been demonstrated to positively affect the patient-family
unit care, provide symptom control, and also improved survival
among pediatric patients with life limiting and life-threatening
conditions (1, 2). Nevertheless, a significant number of children
still experience a lack of optimal pain management, which can
lead to long and short-term psychological and physiological
disturbances (5).

Despite the fact that these conversations and definitions
are gaining prominence in both the scientific literature and in
clinical settings, in 2008, theWorld Health Organization (WHO)
estimated that, ∼80% of the worldwide population has scant or
no access to treatment for moderate to severe pain of various
etiologies (1). The challenge for health care professionals is to
find a way to assess and manage pain despite the fact that the
sensation of pain is subjective and that there is poor use of
standardized methods to evaluate pain in children (6). The gold-
standard for diagnosing pain in the pediatric population is the
use of self-reported scales. However, this method has limitations
depending on the patient’s age or acuity (5). For example, in
very young children and in neonates, pain assessment includes
scales that consider behavioral observations and physiological
measures (7). As an alternative, Franck et al. (6) mentions that
parents and non-professionals are more accurate than healthcare
providers in identifying expressions and responses related to pain
in children. Furthermore, there are multiple factors that affect
pain perception including: anxiety, fear, stigma, comorbidities,
and concern of separation from family, strange environments,
and barriers in verbal communication (8).

Thus, the adequate assessment and management of pain
remains a challenging task in Pediatric Intensive Care Units
(PICUs). This can be attributable to complications in pain
assessment and management in pediatric patients arising from a
variable understanding of illness and death depending on the age
of the child, as well as different stages of cognitive and emotional
development (9, 10). Age-related differences in expressing pain
also make assessment challenging (10). There are many barriers
that practitioners confront in everyday practice, including access
to validated tools to assess and treat pain, deficient practitioner
training, a lack of pain experts, lack of time required to properly
assess pain, and interruptions in the supply of pain medications
(1, 11, 12).

Another aspect to consider while analyzing pain, is how racial
bias can influence pain perception, defined as: an inequality
in pain treatment between races despite showing similar levels
of pain (13). Furthermore, social and cultural differences affect
the way patients experience and exhibit pain. For instance, in
some cultures, expression of emotions and acknowledgment of
the pain is valued, whereas in others, stoicism is valued (14).
Additionally, several studies have demonstrated that boys are
rated as experiencing more pain than girls when undergoing the
same medical procedures. Therefore, gender stereotypes, such as
boys being more stoic than girls, also becomes a limitation (15).

The lack of proper assessment of pain leads to inadequate
pain relief. Pain can limit the ability to perform daily activities

of living. This can trigger psychosocial instability manifested
as depression, anxiety, and a patient-family unit’s inability to
participate in work or studies (1, 4). Finally, spiritual pain as part
of total pain is recognized as anger, hopelessness, and a sense of
injustice (3).

In order to provide care to children living with life-threatening
conditions, as well as their families with an integrated approach,
the Initiative for Pediatric Palliative Care developed 6 quality
domains including relief of pain (16). As part of an international
multicenter cross-sectional study, we assessed how PICUs around
the world assessed and managed pain in relation to the Initiative
for Pediatric Palliative Care recommendations, and examine how
human and material resources impact achievement of this goal.

MATERIALS AND METHODS

The international PICU-Model of Integrated Care (PICU-
MIC) multicenter study identified institutions through medical
societies, the Pediatric Acute Lung Injury and Sepsis Investigators
Network, publication database searches and team contacts
(17). An international multicenter cross-sectional observational
study was designed with the participation of 34 PICUs located
in urban, suburban and rural areas of 18 countries. Each
institution designated a representative investigator who oversaw
the study protocol and acquired Institutional Review Board
(IRB) approval. Data collection took place from 2016 to 2018,
and consisted of two questionnaires with multiple choice and
open-ended questions completed by medical doctors and nurses
directly caring for children from the 34 PICUs in the PICU-
MIC network (18). Each PICU had a designated site coordinator
who ensured that surveys were completed. Participants were
encouraged to complete questionnaires on REDCap, (19) an
encrypted, password-protected online platform. Respondents
who could not use REDCap because of a lack of reliable
internet sent de-identified responses via email. For each center,
a two-week period was established to complete the requested
questionnaires. The authors did not specifically take into
account which caretakers were responsible for pain scoring
and management. The first questionnaire collected data related
to PICU infrastructure, technology, and provider ratios. The
second questionnaire asked providers to answer questions
related to providers’ practices and center policies based on the
Initiative for Pediatric Palliative Care’s (IPPC) curriculum that
describes domains, goals and indicators for the provision of
pediatric palliative care. Each health provider that completed the
questionnaire did so while considering the admitted child and the
questions related to the domains applied in the care of each child.
These questionnaires included 10 to 25 admitted children in each
PICU with a 100% survey completion rate. De-identified data
were collected using encrypted software (REDCap). This project
received approval by the Universidad San Francisco de Quito’s
Ethics Committee for Research on Human Beings/IRB (2016-
0911N) and by ethics committees at all sites [Clinical registry
number: ISRCTN12556149 (DOI 10.1186/ISRCTN12556149)].

The IPPC curriculum domains include: (1) holistic care,
(2) family support, (3) child-family unit involvement, (4) pain
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and symptom control, (5) continuity of care, and (6) grief
and bereavement support. In this paper, we focus exclusively
on the individual indicators related to how pain is managed
and assessed. The pain domain assesses four items (a) Is pain
evaluated? (b) What tools are used for pain evaluation? (c) Is
pain level reported in the patient’s chart? (d) Is pain assessment
focused on a specific marker such as expressed, observed,
physiological indicators, family reports or the child’s ability
to participate in activities of daily living? Questions regarding
appropriate pain treatment and planning were also addressed:
(a) Is there a dynamic therapeutic plan for the patient’s pain
with a wide range of pharmacologic and non-pharmacologic
management strategies? (b) Are there specialists/experts involved
in pain management? (c) Does the unit have policies regarding
treatment of pain?

Each item had a possible response of “yes,” “no,” and
“sometimes.” To analyze adherence to the pain domain of the
Initiative for Pediatric Palliative Care curriculum, we constructed
a partial score for each subcategory. A numeric value was
assigned to each answer within each subcategory: “yes” = 1,
“sometimes” = 0.5, and “no” = 0. Scores from all items were
summed and a range from 0 to 100 was produced. A model using
the mean and standard deviation (SD) of the results was created.

We grouped the centers by income level according to the
World Bank definitions for low-middle-income countries, upper-
middle-income countries, and high-income countries to be
able to determine whether a country’s financial stability alters
the availability and/or quality of pain management between
institutions. The mean of the results of pain assessment and
management were juxtaposed with the World Bank income
group. The evaluation of these dissimilarities was determined
with the application of multilevel generalized linear models
(GLM) with a Gaussian distribution modified by age of the child
and gender, with clustering by center. While utilizing the high-
income country group as reference, the World Bank income
group was modeled categorically and ordinally while using the
high-income country group as a reference group to determine the
existence of a linear trend across income groups. Additionally, we
examined if the patient or center characteristic were associated
with Initiative for Pediatric Palliative Care-adherence scores
using univariate and multivariable multilevel GLM using the
center as a clustering variable. Age, race, gender, comorbidities,
and shift length were all included in the adjusted model. For
demographic information and other patient characteristics we
included age, gender, race, length of stay (LOS), diagnosis, and
history of comorbidities. In regard to the centers, we reported
information on percent of daily bed use, beds per critical care
nurse/doctor, health care provider shift lengths and frequency of
pain assessment.We determined associations with univariate and
multivariable multilevel GLM utilizing the center as a clustering
variable. The statistical analysis was made with Stata v14.1.

We included concepts of content analysis and grounded
theory as a part of a mixed-methods methodology to analyze the
participants’ open-ended answers. The responses were stratified
by World Bank income level following the extraction and
categorization of responses by question. Later, we classified
answers by categories, removed duplicates, and condensed

answers when feasible. Lastly, we analyzed participants’ responses
byWorld Bank country income level to associate data received in
open-ended answers to results from our statistical analysis and
literature review.

RESULTS

The PICU-MIC study included 34 PICUs from 18 countries: Asia
(15), Latin America (7), North America (5), Europe (5), and
Africa (2), to analyze the achievement of “relief of pain and other
symptoms”. PICUs were classified according to their income: low
and lower middle income (LIC/LMIC) (23·5%), upper middle
income (UMIC) (44·1%) and high income (32·4%).

As shown in Table 1, the average achievement of the goal of
pain relief across all centers was 72·2% (SD: 21·1). We found
a statistically significant trend of increasing pain management
scores by increasing country income: LICs/LMICs showed 62·6%
(SD: 27·6), while UMICs 70·1% (SD: 20·0), and high-income
countries showed 80·4% (SD: 13·8; p-value for trend: 0·03).

We also observed this overall trend of higher scores with
increasing country income in several of the individual items
assessed for relief of pain (Table 1). When routine assessment
was analyzed the average score for centers in LICs/LMICs was
89·0% (SD: 26·2), compared to 97·1% (SD: 13·4) in UMICs and
99·4% (SD: 7·6) in high-income countries (p-value for trend:
0·004). Proper documentation of a pain assessment was achieved
in 77·0% (SD: 38·5) among centers from LICs/LMICs, 92·5%
(SD: 21·3) among centers from UMICs and 94·7% (SD: 17·2) for
those in high-income countries (p-value for trend: 0·02). This
data reveals increased frequency of routine pain assessment, as
well as increased frequency of documented pain assessment in
higher income countries in comparison to low-income countries.

We did not find differences across centers by country income
in three other indicators, including the focus of pain assessment
(i.e., expressed pain, observed pain, physiological indicators,
family reports, child’s ability for daily activities), having an
appropriate treatment plan, and the existence of guidelines and
policies for pain relief in each center (Table 1). However, we did
find that centers in high income countries had higher scores
for the involvement of pain management experts with a 73·7%
(SD: 42·8), compared with 55·5% (SD: 46·5) in low-income/low-
middle-income countries (p-value for trend: 0·04).

Table 2 represents the achievement of pain relief by
sociodemographic characteristics of the patients and the centers
included in the study. We did not find any statistically significant
associations between patient and center characteristics and relief
of pain in the fully adjusted model. However, in the univariate
model, we found that teenagers (>11–18 years) had higher scores
for pain relief compared to children of preschool age (>1–5
years). Similarly, there was a tendency identified in the univariate
model of longer shifts having lower scores of pain relief compared
with shifts of <8 h (p-value for trend 0·08).

Finally, Table 3 shows that centers in countries of different
incomes assess pain in PICU patients at different frequencies
(Chi-square p-value <0·001). In general, providers working in
centers in high income countries reported that they assessed pain
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TABLE 1 | Average scores for initiative for pediatric palliative care indicators of relief of pain and other symptoms (each child living with a life-threatening condition receives

effective pain and symptom management) by World Bank income level (16).

Relief of pain and other symptoms—quality indicators Score‡ World bank income level

Low and lower

middle income

Upper middle

income

High

income

All

centers

Overall Mean

(sd)

62.6

(27.6)

70.1

(20.0)

80.4

(13.8)

72.2

(21.1)

p-trend* 0.03

Routine assessment Mean

(sd)

89.0

(26.2)

97.1

(13.4)

99.4

(7.6)

96.3

(15.9)

p-trend* 0.004

Assessment documented Mean

(sd)

77.0

(38.5)

92.5

(21.3)

94.7

(17.2)

90.2

(25.4)

p-trend* 0.02

Pain assessment focus:

Expressed pain Mean

(sd)

84.0

(35.4)

85.5

(34.0)

80.7

(28.8)

83.5

(36.0)

p-trend* 0.50

Observed pain Mean

(sd)

93.0

(23.6)

96.3

(14.8)

95.6

(20.2)

95.4

(18.7)

p-trend* 0.27

Physiological indicators Mean

(sd)

84.0

(34.7)

90.1

(29.0)

82.2

(37.0)

86.1

(33.2)

p-trend* 0.79

Family report Mean

(sd)

68.5

(36.0)

71.1

(43.3)

71.6

(43.7)

70.8

(42.0)

p-trend* 0.97

Child’s ability to perform daily activities Mean

(sd)

37.0

(45.8)

42.1

(47.5)

57.9

(48.3)

46.5

(48.1)

p-trend* 0.55

Appropriate treatment plan Mean

(sd)

67.5

(42.9)

52.4

(38.3)

85.1

(32.5)

66.7

(40.0)

(pharmacologic and non-pharmacologic) p-trend* 0.20

Pain management experts involved Mean

(sd)

55.5

(46.5)

57.3

(47.8)

73.7

(42.8)

62.6

(46.5)

p-trend* 0.04

Guidelines and policies Mean

(sd)

33.5

(69.2)

69.2

(44.8)

68.7

(44.7)

61.8

(47.0)

p-trend* 0.40

‡Scores range from 0–100%-points.

*p-trend, p-value for linear trend estimated using GLMs adjusted for child’s age and gender, and using the center as a clustering variable.

sd, standard deviation.

Bold values represent statistically significant with a p-value of < 0.05.

in the majority of their patients every 1–3 h (29%) or every 4–
8 h (28%).Meanwhile, centers in upper-middle-income countries
more frequently reported that they assessed pain “continuously,”
“regularly” or “always” (37%), as opposed to assessing at a specific
time interval. Centers in lower-middle-income countries did not
show an identifiable response pattern with some assessing every
1–3 h (21%) or once/twice per day (25%).

DISCUSSION

Average achievement of routine assessment and proper
documentation for the relief of pain and other symptoms, were
found to be inversely related to country income (Table 1). The

involvement of pain management experts and the time dedicated
to the assessment of pain were also associated with high-income
countries (Tables 1, 3). These results are consistent with the
literature. Matula et al. (20) discuss considerations regarding
relief of pain in low-middle-income countries, including deficient
knowledge, adverse beliefs in regard to a child’s pain and its
treatment, as well as specific cultural beliefs. There is also a strong
influence and preference of traditional or alternative treatments
in some of these regions, possibly leading to a delay in the pain
assessment or to the refusal of medication (19). Furthermore,
the lack of material and human resources in these settings result
in a scarcity of pain medications, a shortage of appropriate
pediatric formulations, and inadequate understanding of
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TABLE 2 | Associations between patient and center characteristics, and overall

scores for initiative for pediatric palliative care indicators of relief of pain and other

symptoms.

pain

Patient Characteristics N % Mean (sd) p-value‡ Adj. p-value

Characteristics

Age

Newborn (0–1m) 34 6.8 65.8

(27.4)

0.95 0.50

Infant (>1–12m) 122 24.5 72.4

(19.8)

0.60 0.97

Preschool (>1–5 y) 150 30.1 70.4

(21.5)

Ref. Ref.

School age (>5–11 y) 103 20.7 71.3

(19.9)

0.25 0.35

Teen (>11–18 y) 89 17.9 78.1

(19.6)

0.03 0.12

Gender

M 285 57.2 71.9

(22.1)

Ref. Ref.

F 213 42.8 72.5

(19.6)

0.65 0.97

Race

White 173 34.7 74.3

(18.6)

Ref. Ref.

Asian 111 22.3 78.3

(15.0)

0.58 0.62

Black 54 10.8 59.6

(30.4)

0.19 0.22

Indian 31 6.2 82.3

(11.3)

0.96 0.81

Mestiza 57 11.4 70.9

(27.3)

0.61 0.64

Middle-eastern 67 13.5 62.4

(16.6)

0.44 0.99

Other 4 0.8 82.0

(6.73)

0.67 0.70

Days in PICU

<30 days 427 85.7 72.8

(21.1)

Ref. Ref.

≥ 30 days 71 14.3 68.5

(20.9)

0.22 0.50

Comorbidities

Single condition 133 26.7 70.7

(20.3)

Ref. Ref.

Multiple comorbidities 365 73.3 72.7

(21.3)

0.16 0.16

Main diagnosis

Acute 242 48.9 71.6

(20.8)

Ref. Ref.

Chronic 253 51.1 72.7

(21.4)

0.76 0.74

CENTER CHARACTERISTICS

Percent daily bed use

<80% 139 30.2 76.4

(20.5)

Ref. Ref.

(Continued)

TABLE 2 | Continued

pain

Center Characteristics N % Mean (sd) p-value‡ Adj. p-value

≥80% 322 69.8 69.9

(21.0)

0.88 0.89

Beds/critical care doctor

<2 beds per doctor 319 68.5 70.8

(20.1)

Ref. Ref.

≥2 beds per doctor 147 31.5 72.0

(23.4)

0.77 0.69

Beds/nurse

<2 beds per nurse 245 54.8 77.5

(19.3)

Ref. Ref.

≥2 beds per nurse 202 45.2 65.1

(21.1)

0.10 0.12

Shift length

<8 h 102 20.5 78.0

(12.4)

Ref. Ref.

8 to 12 h 241 48.4 76.3

(19.4)

0.99 0.60

13 to 18 h 42 8.4 43.0

(19.1)

0.01 0.04

19 to 24 h 20 4.0 49.8

(31.4)

0.05 0.32

Multiple 93 18.7 72.9

(17.3)

0.40 0.89

p-value for trend 0.08 0.39

‡p-values were estimated using univariate and multivariable multilevel GLMs using center

as a clustering variable. The adjusted model included all characteristics listed in the table.

Bold values represent statistically significant with a p-value of < 0.05.

pediatric dosing which in turn can cause suboptimal pain relief
(20). These issues pertain especially to rural areas due to a
paucity of pain specialists, who tend to practice in major cities
(19). Moreover, there are misunderstandings among health
care providers working in lower-middle-income countries
regarding the adverse effects of opioid analgesics, the validity of
self-reported pain scales, as well as a lack of institutional policies
and guidelines (20). In contrast, high income countries possess
the resources to treat pain in pediatric populations with the help
of specialists or other physicians with pain management training.
They offer a wide arrange of services including medication,
procedures, psychological and physical therapy, and alternative
medicine (21).

There was not a statistically significant difference present
by country income in the indicators of pain assessment focus,
appropriate treatment plan, and existence of guidelines and
policies. This finding could translate to the new efforts being
made worldwide to improve the knowledge in pain assessment
and management, but the lack of resources to do so appropriately
in lower-middle-income countries. There is a mismatch between
the existing guidelines and policies of palliative care and
pain management, which are mainly designed in high income
countries, and the resources available in lower resourced
environments (21). Due to this, low-income countries should
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TABLE 3 | Frequency of pain assessment as reported by centers of different World Bank income levels.

Frequency of pain assessment* Low and lower middle income Upper middle income High income All centers

n % n % n % n %

Every 1–3 h 21 21.0 17 7.5 50 29.2 88 17.7

Every 4–8 h 10 10.0 45 19.8 48 28.1 103 20.7

Once/twice per day 25 25.0 48 21.1 15 8.8 88 17.7

Continuously/regularly 18 18.0 85 37.4 16 9.4 119 23.9

At each clinical evaluation 0 0.0 8 3.5 21 12.3 29 5.8

As needed 4 4.0 7 3.1 6 3.5 17 3.4

Missing 22 22.0 17 7.5 15 8.8 54 10.8

Total 100 100 227 100 171 100 498 100

*p-value <0.001 using a Chi-square test.

prioritize their focus on the development of multidisciplinary
teams that could apply low-cost treatment plans and educate
professionals and family members alike, when the cultural
context requires it (21).

Finally, the univariate model showed a higher prevalence of
pain relief in teenagers in comparison to children in the preschool
age. For context, the assessment of pain can be approached in
the pediatric population by three different methods: self-report
scales, observed behavioral changes and measured physiological
indicators. Unfortunately, the number of available methods
diminish progressively as the age of the child decreases. Preschool
children are not developmentally able to utilize self-report
scales and require alternative techniques to assess their pain
(22). However, these scales are the easiest to use for untrained
professionals who do not have the proper knowledge in regard
to pain assessment and management. Thus, hindering evaluation
and reducing the possibility of pain relief. Furthermore, the
behavioral tools applied to younger children can be affected
by severity of disease, stage of development and in neonates,
gestational age. Additionally, older infants and toddlers could
deliberately change the nature and intensity of their responses in
function of pain anticipation (22).

This study has some limitations. Our sample was not
generalizable. Centers were diverse, located in countries with
different income levels and in different parts of the world.
However, our sample offered insight into areas often excluded
from research as a consequence of geographic, linguistic or
resource barriers. Furthermore, we were not able to differentiate
centers by public, private or public-private institutions, nor
urban, suburban or rural localities.

CONCLUSIONS

Pain management remains a challenging task in the pediatric
population, especially in the severely ill child. Furthermore, very
young children and neonates have less available tools for the
assessment of pain. Evidence suggests that the implementation
of adequate pain assessment and treatment not only directly
benefits the child by providing symptom control and quality of
life, but also improves family and the health care professional’s

wellbeing. Our findings indicate that health care professionals
already complete many palliative care tasks in PICUs around
the world, independent of income. Despite this, there is an
evident difference in fulfillment when World Bank income level
is considered. Development, education, and barriers related to
the implementation of evidence-based guidelines likely shaped
Initiative for Pediatric Palliative Care pain scores. Moreover,
there is a deficiency of material and human resources in countries
with lower World Bank income levels, making it harder to
implement the guidelines.

Understanding application of and adherence to pediatric
palliative care guidelines can maximize the implementation
effective interventions like the Initiative for Pediatric Palliative
Care pain scores. Additionally, these recommendations
should be adapted to each setting’s available resources and
inherent characteristics.
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