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Abstract

A number of studies have assessed the influence of
depression on the risk of cardiovascular disease. A
growing literature indicates a link between depression
and cerebrovascular events, although the direction of
this association remains unclear. Numerous data have
emerged suggesting an association between depres-
sive symptoms and subsequent risk of stroke, thus
leading to the hypothesis that a direct causality be-
tween depression and stroke exists. Notwithstanding,
how depression may act as a risk factor for stroke is
still unclear. Depression might be linked to stroke via
neuroendocrine and inflammation effects, through cor-
relation with major comorbidities such as hypertension
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and diabetes or by intervention of lifestyle behavioral
mediators. Finally, antidepressant medications have
recently drawn attention for a possible association with
increased risk of stroke, although such findings remain
uncertain. Depression has been also established as an
important consequence after stroke, exerting a signifi-
cant adverse impact on the course of motor recovery,
social functioning and, overall, on quality of life. Post
stroke depression occurs in nearly one third of stroke
cases, but the exact mechanism leading to depression
after stroke is still incompletely understood. In this ar-
ticle, we will review contemporary epidemiologic stud-
ies, discuss potential mechanisms and specific aspects
of the complex relation between depression and stroke.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Depression; Mood disorders; Stroke; Post-
stroke depression; Antidepressant medications; Cere-
brovascular disease

Core tip: A number of studies have assessed the in-
fluence of depression on the risk of cardiovascular
disease. A growing literature indicates a link between
depression and cerebrovascular events, although the
direction of this association remains unclear. Numerous
data have emerged suggesting an association between
depressive symptoms and subsequent risk of stroke,
thus leading to the hypothesis that a direct causality
between depression and stroke exists. Depression has
been also established as an important consequence
after stroke, affecting functional recovery and quality
of life. Contemporary epidemiologic studies, potential
mechanisms and specific aspects of the complex rela-
tion between depression and stroke will be discussed.

Del Zotto E, Costa P, Morotti A, Poli L, de Giuli V, Giossi A,
Volonghi I, Callea A, Padovani A, Pezzini A. Stroke and depres-
sion: A bidirectional link. World J Meta-Anal 2014; 2(3): 49-63
Available from: URL: http://www.wjgnet.com/2308-3840/full/
v2/i3/49.htm DOIL: http://dx.doi.org/10.13105/wjma.v2.i3.49
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INTRODUCTION

According to definition of the Diagnostic and Statisti-
cal Manual of Mental Disorders-IV (DSM-IV), major
depressive disorder consists of two or more episodes of
depressed mood, loss of interest or diminished sense of
pleasure in usual activities for more than 2 wk, in addition
to other depressive features sufficient to cause clinically
important psychological or physical distress, or functional
impairment, that is atypical for usual behavior and not at-
tributable to a medical condition or bereavement'".

Depression is a highly prevalent condition worldwide,
more common among women, with a lifetime prevalence
of more than 16% in the general population, and a con-
sequent impact on public health®. Tn the last decades,
a number of studies have investigated the influence of
depression on the risk of developing chronic condition
such as diabetes” and hypertension", and also cardio-
vascular disease””. Adding to these findings, a growing
literature indicates a link between depression and cere-
brovascular events, although the exact mechanisms of
this association remain unclear.

The presence of depression has been established as
an important consequence after stroke!”, affecting func-
tional recovery and quality of life”. In addition to this
evidence, numerous data have emerged pointing toward
a relation between depressive symptoms and subsequent
risk of stroke as well as common predisposing conditions
such as hypertension, diabetes or lifestyle behavioral fac-
tor'” thus leading to the hypothesis that a direct causality

between depression and stroke exists'”.

IS DEPRESSION A RISK FACTOR FOR
STROKE?

Several observational studies investigated the relation be-
tween depression and the risk of subsequent stroke, with
conflicting results (Table 1).

Data from 10 studies published before 2005 were
pooled in a first meta-analysis which detected an associa-
tion between depression and risk of stroke, but with a
significant heterogeneity among the studies included™.
Subsequently, many other studies were published
and recently summarized in two more detailed meta-
analyses™" strengthening the evidence of a possible
role of depression as a modifiable risk factor for stroke.
According to the meta-analysis of Pan and coworkers,
including prospective cohort studies, the pooled HR of
stroke among patients with depression is 1.45 (95%Cl:
1.29-1.63). Stratifying analysis by pathological stroke sub-
type, the pooled HR for ischemic stroke is 1.25 (95%Cl:
1.11-1.40), while there is no significant influence of
depression on the pooled risk of hemorrhagic stroke™.
However, since very few studies have analyzed the asso-
ciation by stroke subtype we cannot draw any conclusion
in this regard.

Likewise, a predisposing effect of depression was also
observed by Dong ¢z a/*” in their meta-analysis (pooled
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RR = 1.34; 95%CI: 1.17-1.54 in depressed subjects com-
pared to non-depressed). Even, the INTERSTROKE
study, an international multicenter case-control study
designed to establish the association of traditional and
emerging risk factors with stroke in countries of high,
middle, and low income, reported a similar magnitude of
the association between depression and an increased risk
of all stroke and ischemic stroke (OR = 1.35; 99%ClI:
1.10-1.66, and 1.47; 99%CI: 1.19-1.83, respectively), but
not intracerebral haemorrhagic stroke!*'l.

Both meta-analyzes found no difference in pooled
risk stratifying data by genderm’m]. Although few studies
reported age-stratified results, the age difference in the
depression-stroke association was also evaluated, result-
ing in a increased risk in younger subjects [mean age <
65 years, HR = 1.77 (95%CI: 1.30-2.41); mean age = 65
years, HR = 1.30 (95%CI: 1.18-1.44)]"”. In this regard,
the Framingham study was the first to find evidence of
effect modification by age, examining the elderly and
non-elderly groups separately and documenting the asso-
ciation between depressive symptoms and stroke risk in
those aged < 65 years””. Similarly, the Established Popu-
lations for Epidemiologic Studies of the Eldetly (EPESE)
which examined an older population with subgroups
aged 65-74 years, and 75 years or older, observed this re-
lation with age, with depression associated with increased
stroke risk in younger but not in older participantsm
Recently, in line with these data, the Intervention Project
on Cerebrovascular Diseases and Dementia in the Dis-
trict of Ebersberg (INVADE trial), a population-based
longitudinal study, corroborated the association between
depression and the risk of ischemic stroke, particularly
in women and patients younger than 65 yearsm. These
findings suggest the hypothesis that differences may exist
in the depression-associated stroke risk in sub-groups of
subjects defined by age and sex, which needs to be inves-
tigated and confirmed in further studies.

Is this enough to establish a causal association be-
tween depression and subsequent risk of stroke? As
pointed out by many authors, most of the studies report-
ed so far present several methodological limitations, and
there is evidence of a significant heterogeneity.

First, this depends on differences in study design,
sample size and population characteristics. Exclusion of
patients with history of stroke is important to avoid the
possibility of reverse causality and bias in risk estimation.
Both meta-analyzes observed a temporal relationship be-
tween depression and stroke by including only first-time
stroke events that occurred after baseline assessments of
depressionmm. However the possibility that undiagnosed
stroke may have caused depression remains, despite ef-
forts to exclude enrollment of participants with preexist-
ing stroke at study entry. Furthermore, the reverse causal-
ity hypothesis might apply to the association with stroke
as well, because depressive symptoms might be markers
of preexisting cerebrovascular disease, as suggested by
the vascular depression hypothesism]. In this regard,
the results of two recent analyses from the Rotterdam
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HOW CAN DEPRESSION LEAD TO
STROKE?

So far, various and no fully convincing evidence has been
produced to explain how depression may act as a risk fac-
tor for vascular disease, including stroke.

A first hypothesis is based on the physiological distut-
bances linked with depression. These changes have most-
ly been investigated in relation to cardiovascular disease,
and not specifically to stroke. Deptession has known
neuroendocrine effects, that is, an enhanced activity of
the hypothalamic pituitary adrenocortical (HPA) axis and
sympathoadrenal hyperactivity"**. HPA axis disturbanc-
es predict increased circulating catecholamines, endo-
thelial dysfunction, platelet activation and reduced heart
rate variability, which could influence stroke risk"**". The
evidence for an involvement of autonomic cardiovascular
dystegulation in depressed patients is revealed also by an
increased heart rate response to physical stressors, baro-
receptor sensitivity and ventricular instability***, Au-
tonomic dysfunction is also known to influence the risk
of atrial fibrillation and depression has been shown to
predict atrial fibrillation recurrence after cardioversion™”,
suggesting a possible challenging link between depression
and stroke that deserves further investigations.

Another mechanism whereby depression can affect
the risk of stroke is an inflammation effect™. Inflamma-
tory markers such as C-reactive protein, IL.-1 and IL-6
have been suggested to be associated with depression”"*?.
Sparse results also pointed towards a role of some genet-
ic™ and biological markers of thrombotic risk, such as
increased levels of fibrinogen™ and increased serotonin
and platelet activation. The hypercoagulable, platelet-
activating and inflammatory effects of depression may
all be operant in increasing the risk of cardiovascular
events in depressed patients. Notwithstanding, the degree
to which these predisposing conditions might explain a
significant alteration of the risk of stroke in depressed
patients is unknown.

Since depression is correlated with major comor-
bidities, such as hypertension'” and diabetes” probably
trough increased adrenergic activity, a third hypothesis
is that depression influences stroke risk through the de-
velopment of hypertension or diabetes or both. In this
regard, some authors have suggested that depression may
be a sign of preexisting cerebrovascular disease”™. Ac-
cording to the vascular depression hypothesis, a small-
vessel disease secondary to hypertension or diabetes
might predispose or at least exacerbate depressive symp-
toms through impairment of brain regions involved in
the regulation of emotions as a direct result of disruption
of frontal-subcortical circuits™. Data from Rotterdam
Study indicate an association between the presence of
depressive symptoms and the risk of stroke in the general
elderly population, but only in men and not in women
and the authors discussed the possibility that depressive
symptoms could be the expression of a cerebral vascular
damage”. In this view, the association between depres-
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sive symptoms and later onset ischemic stroke can be
considered an epiphenomenon. The vascular depression
hypothesis is also supported by the presence and severity
of white matter hyperintensities in eldetly groups with
depression®™ ™, By contrast, data from the Health and
Retirement Study, a large national study, provide evidence
that depressive symptoms predicted an increased risk of
stroke independently of memory impairment, consid-
ered a probable eatly manifestation of cerebral vascular
injury™. This finding suggests that depression is inde-
pendently associated with stroke rather than a marker of
cerebrovascular damage, possibly through other mecha-
nisms that increase stroke risk.

A fourth hypothesis is that the depression-stroke
pathway is modulated by the intervention of behavioral
mediators, such as smoking, physical inactivity, poor diet
and lack of medication adherence, all of which are modi-
fiable factors. In a prospective cohort study of more than
1000 outpatients with stable coronary heart disease, the
association between depressive symptoms and cardio-
vascular events, including stroke, resulted non significant
after adjustment for physical activity and other health
behaviors (HR = 1.05; 95%CI: 0.79-1.40), suggesting
that the increased risk of cardiovascular events associated
with depression could potentially be prevented by behav-
ior modifications, especially physical exercise!™. Moreover,
in depressed patients the control of vascular risk factors
may be suboptimal because of non-adherence to medi-
cal treatment”™. In this regard, a meta-analysis showed
depression to be a risk factor for reduced medication
compliance, with an OR = 3.03 (95%CI: 1.96-4.89)".,

Finally, depression and stroke might be linked iz ef-
fects of antidepressant medications (ADM).

ANTIDEPRESSANT MEDICATION USE
AND STROKE RISK

The trend of antidepressant use has increased in many
countries, including the United States and Europemm].
ADM use has recently drawn attention for a possible as-
sociation with increased risk of cardiovascular events,

although such findings remain uncertain®®. There is
evidence that ADM exposure is correlated with bleed-
ing complication[“], increased inflammation'”, weight
gainlégj, cardiac toxic effects™ and hypertensionl70J thus
resulting in a possible effects on vascular outcome. The
link of antidepressants with stroke development has also
been investigated in several studies, with different results.
A 20% to 50% increased risk of stroke associated with
ADM was shown in a large case-control study”" and in a
case-crossover studym. Recently, data from 6 prospective
studies published before 2011 were pooled in a second-
ary analysis of the meta-analysis of Pan and coworkers,
which showed a positive association between ADM use
and stroke risk, with an estimated HR = 1.41 (95%CIL:
1.25-1.59), Negative findings in randomized trials””
and case-control studies”™™ had also been reported.
However, misclassification of depression and the absence
of information on dose and duration of treatment in
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many studies limit the possibility to understand the link
between antidepressant use and stroke. A further con-
founder is the prescription of ADM for conditions other
than depression such as insomnia, headaches and neuro-
pathic pain.

Overall, these findings point out a “paradox” related
to the fact that depression is a potential risk factor for
stroke, but so it appears to be the use of ADM pre-
scribed to treat depressionm. A key point is whether an-
tidepressants exposure may be considered a surrogate for
depression severity, rather than a causal mechanism. The
drug-disease association may be expression of underlying
differences in vascular risk factor, including depression,
among the exposed patients. A recent population-based
cohort study found a significant association between
depression and risk of stroke regardless of exposure to
antidepressant while in patients using only antidepres-
sants an increased risk of stroke was not observed” . The
authors suggested as explanation the possibility of “con-
founding by indication”, that is the situation in which “the
indication for drug use could confound the drug-disease
association so that it appears as if the drugs causes the
disease”!”

Among the different classes of antidepressants, selec-
tive serotonin reuptake inhibitors (SSRIs) are the first
line agents for management of depression today, owing
to their relative safety in overdose, tolerability and well-
established efficacy. Nevertheless, data from a well-char-
acterized cohort of > 80000 United States middle-aged
and elderly women of the Nurses’ Health Study during
6 years of follow-up showed that ADM use was associ-
ated with an increased stroke risk (HR = 1.30; 95%CI:
1.08-1.55), with a significant association for selective sero-
tonin reuptake inhibitors (HR = 1.39; 95%CI: 1.13-1.72),
but not for other ADM"™, suggesting different effects for
SSRIs on the risk of stroke in line with what observed in
other studies*"”.

Despite the antiplatelet effect, SSRIs exposure was as-
sociated with an increased risk of ischemic stroke! """,
A possible biological explanation for this association
is that serotonin receptors may act on smooth muscle
cells leading to a vasoconstriction and, thus, favoring
the thrombotic process in atherosclerotic cerebral arter-
ies” ™,

Consistent with the evidence that SSRIs may increase
the risk of bleeding complications owing to the blockade
of serotonin reuptake and secondary depletion of plate-
let serotonin, which may inhibit platelet aggregation[sﬂ, a
possible association between SSRIs exposure and risk of
hemorrhagic stroke has been also reported, though
with mixed results'”". Recently, a systematic review and
meta-analysis of 16 observational studies was performed
to determine the association between SSRIs use and risk
of brain hemorrhage, showing a significant association
with both intracranial (RR = 1.51; 95%CI: 1.26-1.81) and
intracerebral bleeding (RR = 1.42; 95%CI: 1.23-1.65)™,
Morteover, SSRIs use increased significantly the risk of
hemorrhagic stroke in patients concomitantly using oral
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anticoagulants compared with patients receiving only oral
anticoagulants (RR = 1.56, 95%CI: 1.33-1.83)"*”. This
raises the issue, when considering SSRIs prescription, of
an appropriate patient selection. In particular, caution
should be used in those subjects with intrinsic risk factors
for intracerebral hemorrhage, such as oral anticoagulant
exposure, cerebral amyloid angiopathy or severe alcohol
abuse®. However, more data are needed in this setting,

POST-STROKE DEPRESSION

Mood disorders are common and important sequelac of

stroke. Depression, anxiety disorder, apathy, catastrophic
reactions and psychosis are frequently observed after
stroke™. In stroke patients, neuropsychiatric complica-
tions may exert a significant adverse impact on the course
of motor recovery, social functioning and, overall, on
quality of life!™"

DIAGNOSIS OF PSD AND
METHODOLOGICAL PROBLEMS

Post stroke depression (PSD) has been associated with
increased disability®*", impaired rehabilitation out-
comes"™™ and mortality™*. Although many studies
have investigated the occurrence of depression among
patients with stroke, a real estimate of its prevalence is
difficult as a consequence of the wide variability across
studies. This is due in part to methodological aspects,
such as study population and timing of assessment, and
in part to complexity in recognition, assessment, and
diagnosis of depression. Furthermore, a contribution to
reported differences in the prevalence of PSD may also
arise from diagnostic tools used for detection of this dis-
order. The diagnosis of PSD was assessed on the basis of
structured interviews using the diagnostic standards de-
fined by the DSM, while in other studies the assessment
is based on the use of cutoff scores in different rating
scales. A recent review suggested that, among depression
scales, the CES-D, the Hamilton Depression Rating Scale
and the Patient Health Questionnaire-9 are adequate
options, but they should not be used without a more de-
tailed clinical assessment for an accurate identification of
depression in stroke patientsl()(”. Moreover, there is an ob-
vious risk of under or overestimation in the diagnosis of
PSD"". In fact, stroke may produce somatic symptoms
such as fatigue, sleep disturbance, appetite disturbances
that might lead to an overdiagnosis of PSD, while post-
strtoke neurological disabilities, including aphasia or cog-
nitive impairment, may cause under-recognition of PSD.
An under-diagnosis of PSD may be also observed when
its assessment is made by non—psychiatristsm.

As a consequence of this, the issue of how to diag-

nose depression in stroke patients has been the focus of
a large number of studies. The presence of physiological
symptoms such as psychomotor retardation, and distur-
bances in appetite, sleep, and sexual interest that can be

August 26, 2014 | Volume 2 | Issue 3 |



Del Zotto E et a/. Stroke and depression: A bidirectional link

related either to stroke or PSD may affect the diagnosis.
Stroke is one of the few conditions listed in the DSM-IV
as “directly” causing depression. In this case, PSD is clas-
sified within the group of “Mood disorders due to stroke,
with depressive features” or “with major depressive-like
episode”m.

The validity of DSM diagnostic criteria for depression
among patients with stroke has been assessed in different
studies. Depressive syndrome in patients with post-stroke
major depression is similar to that observed in patients
with major depression without a known medical cause¥.
Furthermore, all the symptoms used for the diagnosis of
major depression following stroke are significantly more
common among depressed patients compared with non-
depressedm%’%]. However, differences between symp-
toms in major PSD and primary major depression were
also described, with more likely catastrophic reactions,
hyper-emotionalism, and diurnal mood variations in
patients with PSD”™. In a recent study, Cumming and
coworkers confirmed that PSD has a phenomenological
profile similar to that of depression unrelated to brain in-
jury regarding psychological and somatic symptoms. This
suggests that the diagnosis of depression based on DSM
criteria is valid in patients with stroke!™”

EPIDEMIOLOGICAL ASPECTS AND
COURSE OF PSD

According to the meta-analysis of Hackett ez a” includ-
ing studies published up to 2004, the pooled estimated
frequency of depression was of 33% (95%CI: 29%-36%0)
at any time after acute stroke. The assessment of preva-
lence rates of PSD is complicated by a considerable
variation across studies because of the variability in

mood assessment, difference in the selection of cases
(z.e., variation in stroke features, clinical characteristics,
source of patient recruitment), and timing of assessment.
A lower prevalence rates has been generally observed
in population studies than in studies conducted in acute
hospital setting, rehabilitation hospitals or outpatients
clinics, suggesting a potential selection bias. Moreover,
the risk of depression is expected to be higher in the first
few months after stroke. Quite surprisingly, the meta-
analysis showed consistency in the overall frequency of
depression across population-based, hospital-based and
rehabilitation-based studies and different time intervals
from stroke onset” (Table 2).

A more recent meta-analysis, including data from
studies conducted between 1983 and 2011, confirmed
that PSD occurs in nearly one third of cases and that this
prevalence is independent of time-interval after stroke
and study setting“om. The incidence of PSD has been
pootly investigated. Recent data from the South London
Stroke Register showed an incidence of depression of
16% in the first year after stroke, of 7%-21% in the 15
years after stroke, and a cumulative incidence of 55%"".
Moreover, the few studies comparing the incidence of
depression in cohorts of stroke patients with that in
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appropriately matched non-stroke cohorts reported a
doubled risk in the former group ™'\

The natural course of PSD seems to be dynamic and
dependent on the timing of onset. Longitudinal studies
observed that most patients who have depression after
stroke became depressed shortly after the acute event,
with a greatest increase in the prevalence of PSD during
the first months post-stroke despite the overall disability
decteases over time!"""'""" Moreover, although a signifi-
cant proportion of these patients recovered from depres-
sion, the occurrence of new cases made the overall prev-
alence of depression stable over time. About 15%-50%
of patients with early onset PSD has been reported to
recover in subsequent assessments within 1 year[mo], and
to have a higher probability of remission in comparison
to patients with later onset depressive episodes[m(ﬂ. Data
from a rehabilitation-based study indicates that, at 1 year,
60% of the patients with early depression (0 to 3 mo)
had recovered and that those who had not recovered at
this follow-up time had a high risk of developing chronic
depression"”. In line with these observations, data from
a longitudinal study with a 15-year follow-up showed that
half of the patients who were depressed at 3 mo had
recovered from depression at 1 year, while the other half
recovered gradually between years 2 and 9 and that the
proportion of recurrent cases rose from 38% at 2 years
to 100% at 15 years"""), Therefore, depression is often
persistent after stroke, with high risk of relapse even after
remission over a long period of time.

Stroke survivors have more than six-fold higher risk
of developing clinically overt depression even two or
more years after index stroke compared to age-matched
controls"™. This suggests that stroke survivors remain
at elevated risk for clinically significant depressive symp-
toms for years after the incident stroke.

According to the results of the Depression in Stroke
patients multicenter observational study group, early on-
set depression appears to be distinct from later onset de-
pression (after 6" month) regarding not only time course
but also clinical features. Actually, patients with early
occurrence of PSD presented more severe symptoms
of depression, assessed using the Montgomery-Asberg
Depression Rating Scale, than those developing PSD

later™™

WHAT IS THE PATHOGENESIS OF
POSTSTROKE DEPRESSION?

The exact mechanism leading to depression after stroke
1s still incompletely understood (Figure 1).

In the mid-seventies, the hypothesis that PSD might
depend on the anatomic location of brain lesions led to
the view of this disorder as a clinical condition related to
the interruption of specific pathways involved in mood
regulation[m()]. Subsequently, many reports suggested that
left hemispheric lesions involving frontal region, basal
ganglia and those the frontal pole are correlated with an
increased risk of PSD"'"". The association between le-
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Table 2 Pooled prevalence of post stroke depression stratified by study setting and timing assessment in the meta-analysis of

Hackett er a/'*” and Ayerbe er a/'**'"!

Hackett er a/''*"!

Ayerbe er a/''%%'°"1

Publication period of included studies 1977-2002

Number of included studies (population: 1, 51 (population: 6, hospital: 16, rehabilitation: 29)

hospital: 1, rehabilitation: n)
Pooled prevalence
Overall
Study setting
Population-based

33% (95%CI: 29%-36%)

AP: 33% (95%CI: 29%-37%) MTP: 33% (95%

1983-2011
43 (population: 6, hospital: 15, rehabilitation: 22)

29% (95%CI: 25%-32%)

22% (95%CT: 17%-28%)

CI: 0%-72%) LTP: 33% (95%CI: 29%-36%)

Hospital-based

AP:36% (95%ClI: 0%-73%) MTP: 32% (95%

30% (95%CI: 24.%-36%)

CI: 23%-41%) LTP: 34% (95%CI: 24%-45%)

Rehabilitation-based

AP:30% (95%CI: 16%-44%) MTP: 36% (95%

30% (95%CI: 25%-36%)

CI: 20%-39%) LTP: 34% (95%CI: 26%-42%)

Timing of assessment
Acute phase (< 1 mo)
Medium-term phase (1-6 mo)
Long-term phase (6 mo or more)' (6 mo to 1 yr)

Very long-term phase (> 1 yr) n.d.

32% (95%CI: 19%-44%)
34% (95%CI: 20%-39%)
34% (95%CI: 29%-39%)

28% (95%CI: 23%-34%
31% (95%CI: 24%-39%
33% (95%CI: 23%-43 %
25% (95%CI: 19%-32%

_ = = =

AP: Acute phase; MTP: Medium-term phase; LTP: Long-term phase; n.d.: Not determined.

sions involving these anatomic regions and depression
was even stronger during the first months after an acute
stroke!""""* Though interesting, these data have not
been consistently replicated and some studies were also
reported showing that depression might be associated
with right-hemisphere lesions' """, Moreover, the hy-
pothesis that depression is influenced by the site of the
cerebral lesion was not confirmed in a systematic review
by Carson and coworkers. Thus, there is no definitive
conclusion on the hypothesis of lateralization and risk
for depression ',

Methodological limitations have been considered
to explain these inconsistencies. Boghal and coworkers
suggested that the heterogeneity of the results regarding
lesions located in the left hemisphere and PSD might de-
pend on whether patients were sampled as inpatients or
from the community””. Moreover, a significant associa-
tion of PSD with lesions located in the left hemisphere
was found in the first month after stroke, in the right
hemisphere after 6 mo!™™. Thus, it is possible that acute
PSD and late PSD might be due to different mecha-
nisms. In the acute phase variations in biogenic amines
and modulations of serotonin (SHT) receptor may be
involved, while in chronic phase PSD may reflect a failure
to adapt to changes secondary to stroke, such as impait-
ment in daily activities'*"'*,

Several studies have also explored the potential im-
pact of small vascular lesions and chronic ischemic dam-
age in triggering PSD. Based on the concept of vascular
depression, chronic ischemic damage could predispose,
precipitate or perpetuate depression in the elderly as a
consequence of affecting frontal-subcortical circuits re-
sponsible for mood control®. White matter lesions are
conceptualized as a marker of undetlying cerebral vas-
cular pathology and they have been described associated
with late-onset depression, possibly affecting severity and

outcome!™. In line with this, Brodaty and coworkers
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found that PSD may be related to accumulation of vas-
cular lesions rather than site and severity of single stroke,
supporting the view that biological factors might be an
important determinant of PSD"*. Moreover, in a neu-
ropathological studies of 41 consecutive autopsy cases
of patients with stroke it was observed that the vascular
burden depending on progtessive accumulation of lacu-
nar infarcts within the thalamus and basal ganglia, and of
microvascular lesions in deep white matter might have a
role in the prediction of PSD"*.

Further support to these findings comes from the
growing evidence supporting an association between ce-
rebral microbleeds (CMBs) and occurrence of PSD!"*'#,
CMBs are common in ischemic stroke and considered as
an indicator of underlying small vessel vasculopathy'”.
There is some evidence indicating that CMBs could affect
not only the risk of PSD but also its severity' ™, Further-
more in a recent study, the possibility of non-remission
of depression at 1 year follow-up was associated to the
presence of lobar CMBs in patients with well-established
cerebrovascular disease, suggesting also an influence on
outcome”, Research on the biology of CBMs may pro-
vide useful information on the mechanisms of PSD.

Vascular risk factors might also influence the risk of
PSD. In particular, hypertension was found to impact
significantly the development of post-stroke depressive
symptoms[131’132]. In line with previous findings, hyper-
tension may be linked to depression following stroke
through a development of small vessel vasculopathy.

Additionally, several lines of evidence have shown
that stroke determines a perturbation of proinflamma-
tory cytokines, which might influence the inflammatory
responses implicated in the pathophysiology of depres-
sion*, through a physiological dysfunction of brain
structures involved in mood control, such as the limbic
System[l?ﬁ,l.’)S].

However, feeble and often contrasting results have
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Figure 1 Potential pathogenic pathways of post-stroke depression. WMLs: White matter lesions; CMBs: Cerebral microbleeds; ADL: Activities of daily living.

been reported for the association of PSD with a variety
of inflammatory mediators, in particular interleukin (IL)-
1beta, IL-6, IL 18, tumor necrosis factor alpha or C-re-
active protein[l‘%’m]. A significant association between
high serum leptin levels and PSD have also been found at
1-month after stroke!"”.

Inconsistent results have also been reported for as-
sociation between neurotrophic factors such as brain-de-
rived neurotrophic factor (BDNF) and the development
of PSD at the acute stage of ischemic stroke!*"*,

The contribution of genetic factors has been also
investigated in PSD. A common genetic variant in the
promoter region of the serotonin transporter (5-HTT)
gene, the short variation length in the 5-HTT-linked poly-
morphic region (5-HTTLPR, s-allele) has been found to
be significantly associated to PSD""!. Patients carrying
the s/s genotype have been also reported to have a better
response to psychological intervention for PSD"*. The
val66met polymorphism of BDNF is another variant
which may be implicated in PSD"*.

Other predictive factors for PSD, including female

144 . .
' and previous stroke' ¥, have been considered

gender
with inconsistent results.

Psychosocial factors have been reported to play a role
in development of PSD. These include specific person-
o4 previous

history of depression[m], living alone, and social isolation

ality traits such as premorbid neuroticism

with lack of support[lm’m]. Major recent life events seem
to be a strong risk factor for PSD""™. In these cases, the
overwhelming psychological nature of stroke can trig-
ger a depressive episode in predisposed individuals or in
subjects with inadequate social relations. One year after
stroke the persistence of few social contacts outside the
immediate family contributes to depression[mﬂ. Depen-
dence in the activities of daily living is another important
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predictor of depression after the first three months""""*,

In a systematic review of observational studies, Hackett
and coworkers found that, despite a wide range of pre-
dictive factors, only physical disability, stroke severity, and
cognitive impairment resulted consistently associated to
PSD"". As obsetved by the authors, however, method-
ological heterogeneity and the limited number of studies
on this topic do not allow firm conclusions on how to
identify those patients at the greatest risk of developing
depression following a stroke. Depression and physical
and cognitive impairment in stroke patients may be as-
sociated by a bidirectional causal link. Stroke-related dis-
ability may trigger depression which, in turn, may reduce
patients” compliance to rehabilitation treatments leading

. 126,147-149
to unfavorable functional outcome! 1

OUTCOME OF PSD

Depression can exert significant negative impacts on

stroke recovery and impair outcome leading to a worsen-
ing of cognitive functions, motor abilities and quality of
life. It also increases mortality. In a recent prospective
population-based study, Ayerbe and coworkers recently
reported that the occurrence of depression 3 mo after
acute stroke was significantly associated with higher dis-
ability, anxiety and a lower quality of life up to 5 years
after stroke!”™". Moreover, mortality rate during the 5
years following stroke was higher for patients depressed
at 3 mo, and recovering from depression at 1 year did
not improve prognosis. These patients, in fact, showed a
higher mortality risk during the 5 years after stroke (HR
= 1.69; 95%CI: 1.09-2.62) compared with those non-
depressed[m]. Additionally, patients with acute PSD were
3.4 times more likely to die during a 10-year follow-up,
compared to patients who were non-depressed after
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acute stroke".

CONCLUSION

Strong evidence supports the view that depression and

vascular diseases are deeply related, especially in the el-
derly. The link between depression and stroke observed
in epidemiological analyses appears to be bidirectional,
being depression both a precursor and an important
consequence of stroke. In spite of a wide literature, the
mechanisms underlying this association have not been
completely clarified. In this regard, it is necessary that
future studies use common methodological approaches,
based on accurate description and validated scales for de-
pression. Understanding how depression leads to stroke
would allow the development of targeted prevention
strategies and interventions aimed at reducing depression-
related morbidity and mortality. Identifying the subgroup
of stroke patients at highest risk of depression should be
the first step. Early identification and treatment of PSD
may improve stroke rehabilitation outcomes and decrease
mortality.
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Abstract

AIM: To validate the Arabic version of abeer children
dental anxiety scale.

METHODS: Two ethical approvals for this study
were obtained from United Arab Emirates, Ministry of
Health and Dubai Health Authority; reference num-
ber: 2011/57. The Abeer children dental anxiety scale
(ACDAS) was translated from English to Arabic by the
native speaker chief investigator, and then back trans-
lated by another native speaker in Dubai (AS) to ensure
comparability with the original one. Part C of ACDAS
was excluded for the schoolchildren because those
questions were only applicable for children at the den-
tist with their parents or legal guardian. A total of 355
children (6 years and over) were involved in this study;
184 in Dubai, 96 from the Religious International Insti-
tute for boys and 88 from Al Khansaa Middle School for
girls. A sample of 171 children was assessed for exter-
nal validity (generalizability) from two schools in differ-
ent areas of London in the United Kingdom.
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RESULTS: Receiver operating characteristic curve
showed that the cut-off = 26 for ACDAS gave the op-
timal results for sensitivity = 90% (95%CI: 81.2%-
95.6%), and specificity = 86.6% (95%CI: 78.2%-
92.7%), with AUROC = 0.93 (95%CI: 0.90-0.97).
Cronbach’s Alpha (o) was 0.90 which indicated good
internal consistency. Results of the external valid-
ity assessing the agreement between ACDAS and
dental subscale of the children's fear survey sched-
ule was substantial for the East London school (x
= 0.68, 95%CI: 0.53-0.843); sensitivity = 92.9%
(95%CI: 82.7%-98.0%); specificity = 73.5% (95%CI:
55.6%-87.1%) and almost perfect for the Central Lon-
don school (x = 0.79; 95%CI: 0.70-0.88); sensitivity =
96.4% (95%CI: 81.7%-99.9%); specificity = 65.9%,
(95%CI: 57.4%-73.8%).

CONCLUSION: The Arabic ACDAS is a valid cogni-
tive scale to measure dental anxiety for children age 6
years or over.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The Abeer children dental anxiety scale (AC-
DAS) scale is different from existing scales as it is the
first dental anxiety scale for children which correlate
dental anxiety with cognitive status. It can recognise
the stimuli for dental anxiety in a logical order, and
has questions concerning the expectation of the child’
s legal guardian about the behaviour of the child be-
fore the treatment, whether the child has any previous
dental treatment experience and the dentist’s rating for
the child’s behaviour at the end of the treatment at the
same visit. Finally, when assessing the external valid-
ity of the binary ACDAS, it was shown that its results
compared favourably with those of the main study (x
= (.79, sensitivity = 96.4%, specificity = 65.9%) when
applied to children in a different London school (x =
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0.68, sensitivity = 92.9%, specificity = 73.5%). There-
fore, ACDAS was shown to work well in two different
locations with different children, which suggests that it
is a generalisable scale. Based on the findings of this
study, it is proposed that the ACDAS encompasses the
required criteria for the gold standard dental anxiety
scale for children.

Al-Namankany A, Ashley P, Petrie A. Development of the first
Arabic cognitive dental anxiety scale for children and young
adults. World J Meta-Anal 2014; 2(3): 64-70 Available from:
URL: http://www.wjgnet.com/2308-3840/full/v2/i3/64.htm DOI:
http://dx.doi.org/10.13105/wjma.v2.i3.64

INTRODUCTION

Children dental anxiety has been a matter of concern for
many years but despite this the etiology is still not entirely
understood". Anxiety may occur without cause, or it may
be based on a real situation that leads to a reaction that is
out of proportion to what would normally be expected.
Severe anxiety can have a serious impact on daily life and
effect quality of life and its different dimensions, such
as speaking, eating, and appearance, and through these
also social intercourse’”. Dental anxiety is cumulative
over time, and its development is influenced by multiple
variables. It is most likely to start in childhood"”. There
are three general sources of information that have been
evaluated as measures of anxiety for children and adults:
(1) the behavioral measures, which is what the patient
does, such as overt distress, general behavior, or specific
motor acts like gripping the chair arms tightly. The results
of these measures tend to be more subjective than the ob-
jective ones; if two dentists are observing the behavior of
the same patient on the same time there is no guarantee
that both will score the patient in a similar way. The dif-
ferences in scoring could depend on the time of the ap-
pointment, the experience, the temperament, the age, and
the gender of the dentist. Hence, the reliability of these
measures will not be strong enough if they are used for
research purposes. However, it might be the only method
that could be used with preschool children; (2) the physio-
logical measures, which is the measurement of the patient’
s responses to the dental anxiety, such as rapid breathing,
profuse sweating, muscle tension, pulse rate, or heart rate.
These measures were neither reliable nor practical in use
with children because the scene, the sound, and the ap-
plication of the equipment might increase the child’s anxi-
ety level”. The use of the physiological measures were
found to be less appropriate for assessing dental fear in
children® for several reasons: the standard normal reading
for children will vary and depend on age of the child; the
results of these measures could be overlapped with cur-
rent medical problems; the requirement of knowledge and
training on how to use these equipments; wrong results
by faulty machines; it is not available in all dental clinics;
the practicality of using it in terms of cost, time, mainte-
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nance and a space in the clinic; last but not least. It is not
appropriate to be used for children of all age groups; and
(3) the self reported measures, which is what the patient
says about his/her fear vz direct report or scaling, inter-
view, or inventory[6’7]. These measures are the most reliable
measures for children who atre able to tead and have the
cognitive ability to understand how to report their anxiety
on the scale. Previous studies found that, in adult patients,
the self reported anxiety scale can distinguish between
high or low dental anxiety in terms of avoidance or dis-
tress behaviors. This may not be the case in preschool
children; the ability of the young children may not be fully
developed and they tend to report more fears regardless
of the situation and more likely to show anxiety at separa-
tion from the parent. For those young children, the use of
the behavioral measures is the best option[sl.

Studies of dental anxiety in children rather than
in adults may allow us to more reliably investigate the
causes and management of dental anxiety. This is due to
the limited reliability and validity of adult dental anxiety
studies and to the extensive time span between the onset
of the anxiety during the childhood and these studies”.
Although measurement of dental anxiety is important for
research and delivery of high quality clinical care, it is the
corner stone of dental anxiety management.

The development of self-reported measures was
started in early 1960s and has continued up until the
present. Dental anxiety measures have been developed in
order to help the dentist detect anxious patients in order
to provide better management and treatment. The de-
gree of belief in negative cognition is associated with the
severity of DA™ the negative thinking patterns of the
anxious individual is centered on danger and harm. The
cognitive measures are widely used as self-report scales
that request the patient to respond to list of statements
or questions, these measures could be incorporated into
pediatric DAM". Abeer children dental anxiety scale
(ACDAS) is the first children dental anxiety scale that
incorporated the cognitive questions and is a valid cogni-
tive scale to measure DA for children aged = 6 years'”
Although there are 14 different dental anxiety scales for
children, some of them have been validated in many lan-
guagesm]; to date there is no DA scale that validated in
Arabic language. Hence, the objective of this study was
to validate the Arabic version of ACDAS in order to ex-
tend its benefits to more people and to be the first Arabic
dental anxiety scale.

MATERIALS AND METHODS

This study was made up of two parts, development of a new
scale and then validation of this scale. According to the regu-
lations of the United Arab of Emirates, two ethical approvals
for this study wete obtained from the Ministry of Health and
Dubai Health Authority; Reference number: 2011/57.

Development of the scale
The previously validated (Abeer Children Dental Anxiety
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4
Happy Dentistry

Abeer Children Dental Anxiety Scale (ACDAS)
Child’s age:

Date: Gender: M/F  Operator’s name:

A. THE CHILD SELF-REPORT PART

I'would like you please to tell me how relaxed or scared you feel at the dentist. Please use the
scale below from 1 to 3, and tick (V ) under the face that shows us how you feel now.
1=Happy 2=OK 3=Scared

0008

How do you feel about:

Sitii)tg in the wain‘ng room?

A dentist wearing a mask on his face?
Ldj/ihg flat on the dental chair? :

A dentist checking your teeth with a mirror?

SIENENM IV

Having a strange taste in your mouth e.g; i 5
filling/gloves?

6. Hm’/ingﬂ a ﬁincilfeeling in you;gu ?

~ 7 The feeling of numbness (fat lip/tongue)?

8. A dentist c/eamng );ou;‘ reen"h”b}j 'hurzzy electric arm |
that’s spraying water?

9. The sounds t}l;zij}bd hear at the dentist?

10. The smell at the dentist?

11. Having a tooth taken out?

12. Wearirig a sm’alrlrrul;i)é;';vrmask o;t:\}oiwjt:l;.vre 10 breathe

special gas to help you feel comfortable during

treatment?

13 H{zytjng a pinch feerlrin:grah the back of your hand?

B. THE COGNITIVE PART

For Child: 14. Do you feel shy at the dentist? 1.Yes 2.No
15. Do you feel shy because of the look of your teeth? 1.Yes 2.No
16. Are you worried about losing control at the dentist? 1.Yes 2.No
For Parents: 17. Has your child had previous dental treatment? 1.Yes 2.No

18. How do you expect your child’s behaviour today?

1. Happy 2.0K 3. Scared
For Operator: 19. At the end of this visit, what is your rating for the child’s behaviour?
2.0K

1. Happy 3. Scared

Scale copyright © 2011 Dr.Abeer Al-Namankany.All rights reserved

Figure 1 Abeer children dental anxiety scale-Arabic. Scale copyright ©
2011 Al-Namankany. All rights reserved.

Scale “ACDAS™)!" was translated from English to Arabic
by the native speaker chief investigator, and then back
translated by another native speaker in Dubai to ensure
comparability with the original one (Figure 1). ACDAS is
a 19 item, cognitive scale which can be used for children
from age 6 years and over, we proposed the following
name - Abeer Children Dental Anxiety Scale-Arabic
(ACDAS-Arabic). It is made up of three parts (Figure 1):
(1) this comprises 13 self-reported questions arranged
in logical order. Each question uses three faces as a re-
sponse set. Face “1” represents the feeling of a relaxed
not scared “Happy”; face “2” represents a neutral/fair
feeling “OK”; and face “3” represents the anxious feel-
ing “Scared”. The child is asked to tick under the face
that best represents the child’s response to the question
and a mark (1, 2 or 3) is assigned accordingly. The range
of values is therefore from 13 to 39; (2) this comprises
three self-reported questions which afford a cognitive
assessment, each question uses “Yes” or “No” as a re-
sponse; and (3) this comprises three questions for further
assessment of the child as reported by the legal guardian
and the dentist, each question uses“Yes” or “No” as a
response.
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Validation of the scale

The inclusion criteria for this study were children aged of
6 years or over, with no learning disability, and the ability
to read Arabic. The children had to be at least 6 years of
age, because younger children do not have the cognitive
complexity required to report and react to dental situa-
tions accurately and they may not have the experience of
dental situations" . A convenience sample of 184 stu-
dents participated in this study; 96 males (The Religious
International Institute), and 88 females (Al Khansaa
Middle School). The study composed of two parts: as-
sessment of reliability and validity, and assessment of
generalizability or external validity.

Assessment of reliability and validity

On the first visit, the local department of school health
in Dubai gave permission for the study to be conducted
on children in specific schools in their jurisdiction. In
addition, permission from each school principal and a
verbal consent by the students were also obtained prior
to the start of the study. During the class time and in the
presence of the teacher for each class, ACDAS-Arabic
was completed by each child after being administered
twice, once by each of two observers in order to measure
the inter-observer reliability, and, in addition, the chief in-
vestigator administered ACDAS-Arabic twice, one week
apart, to each child in order to measure the intra-observer
reliability. Each child on the first visit also completed
dental subscale of the children’s fear survey schedule
(CFSS-DS) after it was administered by the chief inves-
tigator in order to assess the validity of ACDAS-Arabic.
On the second visit, seven students (4 males/3 females)
who participated in the first visit were absent. Therefore
there were seven missing from the total sample (7 = 184)
which resulted in the 177 participants for the analysis.

Statistical methods for numerical anxiety scores: Ini-
tially the scores from Part-A of ACDAS-Arabic (the first
13 questions) were summed to provide a numerical anxi-
ety score for each child at each visit. Intra-observer and
inter-observer agreement were each assessed by perform-
ing a paired t-test to determine if there was a systematic
effect, creating a Bland Altman diagram to assess whether
the agreement was independent of the magnitude of the
score, calculating the British Standards repeatability/reli-
ability coefficient to provide the maximum likely differ-
ence between a pair of measurements, and determining
Lin’s concordance correlation coefficient as a measure
of agreement. The Pearson correlation coefficient was
determined between the scores of ACDAS-Arabic and
CFSS-DS to investigate concurrent validity, and Cron-
bach’s alpha evaluated to assess internal consistency.

Statistical methods for the two anxiety categories (anx-
ious/ not anxious): Creating a categotical outcome facili-
tates the use of the ACDAS-Arabic scale for clinical and
research purposes in terms of translating its numerical score
into clinically relevant outcomes (anxious/not anxious). The
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Figure 2 Bland and Altman diagram for the 1% and 2" scores from one observer.

ACDAS-Arabic questionnaire results from the second visit
of the 177 children were used to determine the sensitivity
and the specificity for different cut-off values of the total
score for Part A to distinguish anxious from not anxious
children. The receiver operating characteristic (ROC) curve,
plotting the sensitivity against 100, specificity for different
cut-offs, was used to select an optimal cut-off value for the
new scale. The classification of anxious and not anxious for
these 177 children was also determined using the previously
published optimal cut-off of = 36 for the CFSS-DS scale”.
Cohen’s kappa (k) with its confidence interval (CI) was
evaluated to assess intra-observer and inter-observer reli-
ability, and the discriminative validity when comparing the
binary outcomes of ACDAS-Arabic and CFSS-DS. Con-
vergent validity was assessed by using the Chi-squared test
or Fisher’s exact test when expected frequencies were small
to compare dental anxiety with each of the other variables
defined by the questions in Part B of ACDAS-Arabic.

Assessment of eexternal validity (generalizability)

In order to know whether the scale and its dichotomized
score will work well in populations that are different from
the one from which it was detived, and to assess whether
the cut-off “26” of ACDAS produces the similar results
in terms of anxiety for different samples of children, a
sample of 171 children was assessed for external valid-
ity (generalizability) from two schools in different areas
of London in the United Kingdom; 81 from St. Alban’
s Primary school in Central London and 90 from Cayley
primary school in East London. In addition, bootstrap-
ping"” was used because data had not been collected at
other schools on the visit to Dubai and it was not pos-
sible to travel to Dubai to collect additional data. Boot-
strapping is a simulation process which involves estimat-
ing the parameter of interest from each of many random
samples of size 177 (in this instance) by sampling with
replacement from the original sample of size 177.

RESULTS

Numerical anxiety scores
The analysis of the numerical anxiety scores from AC-
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DAS-Arabic indicated good reliability for both intra- and
inter-observer agreement (Lin’s concordance correlation
coefficient 0.91 (95%CI: 0.89-0.94) and 0.92 (95%CI:
0.90-0.94), respectively; a value of 1 indicates perfect
agreement. There was no evidence of a funnel effect in
either of the Bland Altman diagrams assessing intra- and
inter-observer reliability, and the limits of agreement for
them were -4.93 to 4.84 and -3.87 to 5.47, respectively
(Figures 2 and 3). The British Standards repeatability/reli-
ability coefficient indicates the maximum likely differenc-
es between a pair of measurements were 4.9 and 4.5 for
intra-and inter observer reliability, respectively. Using the
first set of results for ACDAS-Arabic from the principal
observer, the Pearson correlation coefficient between the
ACDAS-Arabic and CFSS-DS indicated moderate con-
current validity (» = 0.46, P = 0.007). Cronbach’s Alpha
(o) for ACDAS-Arabic was 0.90 which indicated a good

internal consistency.

Two anxiety categories (anxious/ not anxious)

The sensitivity and the specificity of the ACDAS-
Arabic were determined for different cut-off points of
the numerical anxiety scores (ie., the sum of the scores
from Questions 1 to 13) as a means of distinguishing
anxious from not anxious children. The cut-off point
closest to the top left hand corner of the receiver operat-
ing characteristic (ROC curve) is circled in red (Figure
4). It gives the optimal results for sensitivity (90.0%,
95%CI: 81.2%-95.6%) and specificity (86.6%, 95%CI:
78.2%-92.7%). The area under the curve was 0.93
(95%CI: 0.90-0.97) as indicated in Figure 3. (A test which
is perfect at discriminating between the two outcomes
has an area under the curve of one).

There was almost perfect intra-observer agreement for
the binary anxiety outcomes, using a cut-off of = 26 for
ACDAS-Arabic to indicate anxiety, when the questionnaire
was administered one week apart by the chief investiga-
tor (k = 0.91; 95%CI: 0.85-0.97), and almost perfect inter-
observer agreement (kK = 0.89; 95%CI: 0.82-0.96). There
was substantial agreement between the two binary anxiety
scales (ACDAS-Arabic with a cut-off of = 26 and CFSS-
DS with a cut-off of = 306) (k = 0.76; 95%CI: 0.67-0.80),
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providing evidence of good discriminative validity.

Convergent validity indicated that there was a strong
relationship between DA and cognition. The correlation
coefficient is statistically significant (P = 0.004) for ques-
tion 14: “Do you feel shy at the dentist?”. There was no
evidence of a linear relationship between the score of
dental anxiety that was reported by the child and his/her
answer to the question 15: “Do you feel shy because of
the way your teeth look?” (P = 0.25). However, there was
a highly significant relationship between child’s DA and
the cognitive question16: “Are you worried about losing
control at the dentist?” (P < 0.001).

External validity

One thousand bootstrap replications for 177 observa-
tions showed substantial agreement between the two
binary scales (ACDAS-Arabic/CFSS-DS). This result
compared favorably with the previous result that was
obtained from the two schools in London, as shown in
Table 1, which suggested that ACDAS-Arabic is work-
ing well in another location for another sample and it is a
generalizable scale.

DISCUSSION

Given the fact that there is currently no Arabic dental
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anxiety measure, the idea of the initiator of ACDAS,
who is a native Arabic speaker, was to translate ACDAS
to Arabic (ACDAS-Arabic) and validate it as the first cog-
nitive and dental anxiety scale in the Arab world. ACDAS
was validated as the first cognitive dental anxiety scale for
children and adolescents; it included questions about the
dental experience in a logical order and not only the most
common feared items as the previous scales. Moreover,
it included the perception of losing control; embarrass-
ment; self-confidence and the cognitive nature of the
child as important factors in anxiety provoking.

This study has shown almost perfect results for both
numerical and categorical outcomes; the children had to
be at least 6 years of age, because younger children do
not have the cognitive complexity required to report and
react to dental situations accurately and they may not
have the experience of dental situations.

Given the significance of the crucial role of negative
cognitive patterns in anxiety evocation that could make
the person apprehensive and difficult to treat dentally
and who also might not easily comply with anxiety treat-
ment techniques, the present results were in line with the
previous similar studies on adults. These demonstrated
a strong relation between the negative thoughts and the
level of dental anxiety!"'*'". The perception of losing
control, embarrassment and self-confidence are impoz-
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Table 1 Comparing Abeer children dental anxiety scale-Arabic (= 26) to dental

subscale of the children's fear survey schedule (= 36)

East London

Central London Dubai
Kappa (95%CI) K = 0.79 (0.70-0.88) K = 0.76 (0.67 -0.86)
Sensitivity (95%CI)  96.40% (81.7%-99.9%) 90% (81.2%-95.6%)
Specificity (95%Cl)  65.90% (57.4%-73.8%)  86.60% (78.2%-92.7%)

K=

0.68 (0.53-0.84)

92.90% (82.7%-98.0%)
73.50% (55.6%-87.1%)

tant factors in anxiety provoking; these results suggest
that 91% to 95% of the children who reported negative
cognitions on questions 14, 15, and 16 were anxious;
98% were reported in other studies for adults"”. The cut-
off point for anxiety for ACDAS-Arabic (= 20) gave
the optimal results for sensitivity (86.8%) and specificity
(86.2%). These values suggested that ACDAS-Arabic has
the ability to identify the anxious and non-anxious indi-
vidual correctly. In addition, the area under the curve was
0.93: if the score discriminates perfectly, the AUROC
equals 17,

The strong correlation between the ACDAS-Arabic
and the CFSS-DS scores supports the validity of the
ACDAS-Arabic in the dental setting, ze., the ACDAS-
Arabic measures what it intends to measure, it includes
items that are relevant to the most of children’s dental
experience and it asks about the child’s five sensations
(7.e., sight, heating, taste, smell, and touch). Moreovet, it
includes items that are relevant to treatment under inhala-
tion and intravenous sedation. Treatment under general
anesthesia was not included because the child will be
asleep and will not really face the actual dental experi-
ence. ACDAS-Arabic is easy to administer and it took a
very short time (3 min) to do so.

One of the limitations of this study was the use
of CFSS-DS in its English version for validating the
ACDAS-Arabic. To date, there is no Arabic DA scale that
could be used instead. Therefore the English version of
the CFSS-DS had to be translated into Arabic, and read
and explained verbally by the chief investigator.

Another limitation was that the order of administra-
tion of the ACDAS-Arabic and the CFSS-DS for the
school children was not randomized; it was impossible
to do this because of the time restriction, as the admin-
istration was during the class time. Because of this time
constraint, each child could not have a one-to-one intet-
view with the obsetrver in order to complete the ACDAS-
Arabic and the CFSS-DS questionnaires. Instead the
questionnaires were read to the class as a whole and the
all the children in a class completed them at the same
time. A third limitation was that the validation of this
scale was planned for both a clinical and school setting
but, because of the testrictions of cost and the time that
the principal investigator would have had to spend in
Dubai to obtain the information from a clinical setting,
only school children were used.

It is crucial to understand the importance of measut-
ing children dental anxiety and its correlation with the
cognitive status of the child. ACDAS helps to highlight
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the unmet needs of many children who do not go to
dentists because of fear of general anesthesia (GA).
While some cases may still require GA, with appropri-
ate anxiety management there is a significant number in
whom it could be avoided.

Finally, although prevention is better than the treat-
ment, to date there is no study that includes dental
anxiety measurement in the list of preventative strate-
gies which usually includes oral hygiene instruction, diet
advice, fissure sealant, chlorhexidine and fluoride applica-
tion""”. Therefore, the first author suggests the inclusion
of dental anxiety measure as a prevention item from the
first visit and throughout the dental treatment. Assessing
patients’ thoughts could be a first step on the develop-
ment of cognitive treatment strategies for dental anxiety.

The Arabic version of ACDAS is a valid and gener-
alizable cognitive dental anxiety scale for children and
adolescents.
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visiting the dentists. Assessment of dental anxiety is the first step toward a bet-
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The Abeer children dental anxiety scale (ACDAS) scale is different from existing
scales as it is the first dental anxiety scale for children which correlate dental
anxiety with cognitive status.
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It can recognise the stimuli for dental anxiety in a logical order, and has ques-
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iour of the child before the treatment, whether the child has any previous dental
treatment experience and the dentist’s rating for the child’s behaviour at the end
of the treatment at the same visit.

Applications

Finally, when assessing the external validity of the binary ACDAS, it was shown
that its results compared favourably with those of the main study (x = 0.79,
sensitivity = 96.4%, specificity = 65.9%) when applied to children in a different
London school (x = 0.68, sensitivity = 92.9%, specificity = 73.5%).
Terminology

Therefore, ACDAS was shown to work well in two different locations with dif-
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ferent children, which suggests that it is a generalisable scale. Based on the
findings of this study, it is proposed that the ACDAS encompasses the required
criteria for the gold standard dental anxiety scale for children.
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Abstract

AIM: To examine the overall effectiveness of interven-
tions designed to improve medical treatment adherence
among adolescent patients.

METHODS: PubMed and PsycINFO databases were
searched to retrieve and analyze empirical journal ar-
ticles (from 1948-2013). Only peer-reviewed, English
language journals that defined a measure of adherence
(or compliance), assessed an intervention aimed at
improving adherence among adolescents, and provided
information to calculate an 7 effect size were included.
Studies were excluded if they lacked assessment of the
effectiveness of interventions on improving adherence
in adolescents as compared to no interventions or stan-
dard care. Case studies or journal articles that exam-
ined substance abuse or psychological disorders were
also excluded. Analyses were conducted with fixed and
random-effects methods, and moderators of interven-
tion efficacy were also examined.

RESULTS: For each study that met the inclusion crite-
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ria (n = 45), an effect size r, reflecting the strength and
direction of the interventions’ relationship to adherence
was recorded; a positive 7 indicated that the interven-
tion increased adolescent adherence, whereas a nega-
tive r indicated that the intervention decreased adoles-
cent adherence. The overall effectiveness of adolescent
adherence interventions was positive and significant
(unweighted mean r = 0.27, 95%CI: 0.21-0.33, P =
0.001). Moderator analyses at the fixed effects level
revealed that interventions were less effective when
adolescents reported their adherence behaviors, when
the type of adherence regimen was a medication regi-
men, and when the type of intervention was cognitive-
modification based.

CONCLUSION: These findings contribute to under-
standing interventions for enhancing adolescent adher-
ence. Future research should continue to examine the
specific challenges faced by adolescents and create
targeted interventions.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Adolescent; Adherence (compliance); Inter-
vention; Meta-analysis

Core tip: Estimates of nonadherence among the ado-
lescent population range from 25%-70%, depending
on the disease or condition. Intervention components
in patient samples vary widely across studies; thus,
it is important to systematically identify elements of
interventions that are most effective. Meta-analytic
techniques were used in this study to provide a com-
prehensive, quantitative summary of empirical studies
evaluating the effectiveness of interventions aimed at
improving treatment adherence among adolescents.
This meta-analysis showed that interventions were ef-
fective, specifically when the type of regimen was be-
havioral, whereas cognitive-based interventions were
less effective.

August 26, 2014 | Volume 2 | Issue 3 |



Miller TA et a/. Interventions to improve

Miller TA, Bannon BL, DiMatteo MR. Interventions to improve
treatment adherence among adolescents: A meta-analysis. World J
Meta-Anal 2014; 2(3): 71-77 Available from: URL: http://www.
wjgnet.com/2308-3840/full/v2/i3/71.htm DOI: http://dx.doi.
org/10.13105/wjma.v2.i3.71

INTRODUCTION

Patient nonadherence (or noncompliance) to medical
treatment involves the degree to which an individual
fails to follow specific disease management activities as
directed by his or her healthcare provider. Nonadher-
ence can occur in the context of a variety of treatment
behaviors, such as medication use, electronic pill counts,
diet and exercise, and disease management skills"!. The
prevalence of nonadherence can be close to 25% on
average, across a variety of diseases, and specific patient
populationsm. For some chronic diseases such as diabetes,
that require complex treatment regimens, rates of non-
adherence can exceed 50%”. Moreover, it is estimated
that neatly 240 million medical visits are wasted annually
due to nonadherence. Despite these alarming statistics,
patients and healthcare providers remain largely unaware
that one major cause of poor health outcomes may be

. 3
patient nonadherence™.

Adolescent adherence relationship

Adolescence is a unique petiod of the lifespan in which
individuals begin to explore their social identities and
seek independence; however, among adolescents coping
with illnesses, this autonomy-seeking can bring about
confusion, frustration, and conflict with caregivers over
prescribed treatment regimens, and consequently, non-
adherence. In a study conducted by DiGirolamo ez al”
30% of adolescents with cystic fibrosis reported com-
pleting less than half of their daily-prescribed airway
clearance regimens that are essential for the prevention
of further morbidity and even mortality. In another study
of adolescent patients with Type 1 diabetes, 25% report-
ed mismanagement behaviors, such as missing prescribed
insulin injections. Similarly, between 50 and 60% of chil-
dren and adolescents were found to underuse prescribed
medications, and less than 10% overused prescribed
medications™”. A study by Chappuy ez al” looked at pre-
scription medication adherence in adolescents and found
that only 36.2% actually completed their prescribed regi-
mens. Lastly, Guilfoyle e# al” noted that nonadherence to
an oral immunosuppressant medication regimen, com-
monly used to prevent a patient’s body from rejecting an
organ transplant, is prevalent (approximately 70%) and
has been found to significantly compromise the long-
term graft survival and life span of adolescents with
kidney transplants. Nonadherence is a prevalent and con-
sequential issue for adolescent patients and their families;
however, the development of effective interventions to
improve adherence behaviors in this age group remains
an ongoing challenge. The various types of interventions
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established to date and their benefits are reviewed below.

Interventions to improve adherence in adolescents
Studies of current interventions to promote adherence
among adolescents have consistently shown that educa-
tional interventions alone are not sufficient to change ad-
herence behaviors. In fact, a meta-analysis conducted
by Dean ef al'" revealed that a multifaceted approach to
interventions showed the greatest potential efficacy in
improving adherence behaviors. The optimal combina-
tion of intervention elements remains unclear, however.
Dean ¢f a/'"! suggest that the combination of education
and behavioral methods (eg., reinforcement) for increas-
ing motivation and providing problem-solving strategies
can produce the greatest results. Additionally, in an inter-
vention study conducted by Wysocki e /'”, behavioral
family systems therapy improved both adherence to treat-
ment and family relationship quality among adolescents,
providing evidence for the importance of social support
and family cohesion in disease management. Moreover,
in a separate intervention conducted by Wysocki ez al",
researchers looked at adherence to self-monitoring of
blood glucose, utilizing a behavioral intervention that
compared two groups: a pill count meter-alone group and
a pill count meter-plus-behavioral contract group. Results
from this study indicated that both groups showed mod-
erate improvement in measures of diabetic control, dem-
onstrating the value of behavioral reminders and patients’
commitment to their own care.

In addition to interventions combining educational
and behavioral components, those incorporating cogni-
tive-behavioral principles have also been successful. For
example, research by van Es ¢ a/" found that adolescents
with asthma demonstrated better treatment adherence
if they received both education and group therapy for
disease-focused issues, including attitudes toward disease
and coping skills. In another study by Magyary e o/, a
cognitive-behavioral intervention significantly increased
therapeutic adherence and self-responsibility for the
management of health conditions in children and ado-
lescents. Although the components of adolescent adher-
ence interventions vary widely from study to study, and
aspects have yielded results in particular patient samples,
it is important that the overall efficacy of this wide range
of interventions is subjected to systematic, quantitative
review.

Present study

The purpose of the present study is to utilize meta-
analytic techniques to review and summarize research
findings on the effectiveness of interventions designed
to improve medical adherence in adolescents. Addition-
ally, potential moderators of the effectiveness of these
interventions will be examined. More specifically, this
meta-analysis will test the primary hypothesis that there is
a positive relationship between adherence interventions
and adolescents’ adherence to their medical treatment
regimens, such that interventions would, on average,
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improve adherence among adolescents. Exploratory
moderator analyses will also be used to evaluate whether
the following factors explain variability in the interven-
tion studies’ effect sizes: type of sample (adolescent only
versus children and adolescents combined), type of inter-
vention (eg., educational, behavioral), type of adherence
measure (eg., self-report, electronic), type of treatment
regimen (e.g., medication-based, behavioral), type of ill-
ness, parental involvement in the intervention, patient
gender, and patient ethnicity.

MATERIALS AND METHODS

Literature search

A “Top-down” literature search was conducted for the
retrieval and analysis of empirical journal articles pub-
lished from 1948 through 2013. PubMed and PsycINFO
databases were searched using combinations of the fol-
lowing keywords: adherence (compliance), persistence
AND adolescent, youth, teens, children, interventions,
disease management, self-management, randomized con-

trol trial. In addition, the reference sections of obtained
journal articles were examined for relevant studies.

Inclusion and exclusion criteria

Studies were included if published in a peer-reviewed,
English language journal, if they defined and explained a
method of measuring adherence (or compliance), and if
they assessed an intervention that aimed to improve ad-
herence to medical treatment among adolescents. Studies
were included only if they provided an effect size r or sta-
tistical information to calculate an effect size representing
the magnitude and direction of the interventions’ effect
on adherence. Meta-analytic techniques were used to
extract average r effect sizes and assess their significance.
Furthermore, relevant journal articles were coded for
moderators of the interventions’ effectiveness, including:
age or age range, total N, location of the study (United
States or non-United States), type of patient illness, type
of intervention, how adherence was measured, type of
regimen, whether or not there was parental involvement
in the management of care, patient gender, and patient
ethnicity. Studies were excluded if they: measured the
effectiveness of interventions on adherence in adult pa-
tients; did not ASSESS patient adherence to treatment;
lacked an intervention to improve adherence; lacked
assessment of the effectiveness of an intervention on
improving adherence in adolescents; and/or provided no
information to calculate an 7 effect size. Finally, case stud-
ies or journal articles that examined substance abuse or
psychological disorders (i.e., depression, bipolar disorder)
were excluded, because treatment adherence in mental
health and substance use is beyond the scope of the pres-
ent research, although it is an important issue for future
examination.

Effect size calculation
An r effect size was calculated from Cohen’s 4, P or de-
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scriptive statistics. If a study reported a significant result
but did not report a P-value, then the one-tailed P-value
was assumed to be 0.025. If a study reported results that
were non-significant and no exact P-value was provided,
then the study was conservatively assigned P = 0.5 one-
tailed, and » = 0" An effect size of r = 0 indicated that
the intervention did not have an effect on adolescent
adherence. For studies in which there were multiple mea-
sures of adherence, the r for each measure was converted
to a Fisher’s Z-and they were averaged.

Statistical analysis

The effect size r was used because » most clearly illus-
trates both the s#rength (from 0.00 to 1.00) and direction
(positive or negative) of the relationship between vari-
ables'™"”. In this meta-analysis, a positive 7 indicates an
improvement in adherence as a result of the intervention,
whereas a negative r indicates a decrease in adolescent
adherence to medical treatment as a result of the inter-
vention (relative to control or standard care groups). The
effect size » was obtained for each of the studies. If sta-
tistics were provided that could be transformed into an r
(eg., t, Z and P-value, chi-square, or 1 degree of freedom
in the numerator F; or means and standard deviations),
the appropriate statistical analyses were conducted to
yield a Phi, Pearson Product-Moment, or point-biserial
correlation coefficient”. All calculations involving r were
performed by transforming r to the Fisher’s Z transfor-
mation of rand then returning the results back to the
scale of 7.

The random effects model was used to combine ef-
fect size statistics using the unweighted mean r based on
4 (the total number of studies included). This method
allows for the generalization of findings to other studies
beyond those that were included in this meta-analysis'™'"™.
The fixed effects model was also used to carry out
weighted mean analyses and tests of heterogeneity based
on N (the total number of participants across all studies).
All analyses of moderators were first performed using
the random effects model; if results were not significant
at the random effects level, results from the fixed effects
model were provided. Random effects tests of method-
ological and substantive moderators were conducted to
examine the heterogeneity of the study effects. These
include: sample type (adolescent and children versus
adolescents only), total [N, location of the study (United
States or non-United States), patient illness, type of inter-
vention, how adherence was measured, type of regimen,
whether or not there was a parent involved in the man-
agement of care, patient gender and patient ethnicity. In
addition, for the effects that were significant, the fail safe
N was calculated (to address the file drawer problem) that
indicated the number of studies, new, unpublished or un-
retrieved with no effect that would be needed in order
for significant results to be declared non-significant at P
< 0.05"". The standardized odds ratio and standardized
relative risk (including 95%CI) were calculated from the
unweighted mean 7 using the binomial effect size display
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(BESD). The BESD is a useful tool for effect size estima-
tion that can be used to display changes in success rates
(i.e., survival or improvement rates) that are attributable
to specific treatment procedures' . Preliminary statistical
analyses were conducted using SPSS 12.0 (ze., calculation
of means, medians, standard deviations, correlations and
tests). A T1-84 Plus graphing calculator and Excel 2008

v.12.2.3 were used for essential calculation verification.

Results

Meta-analytic calculations were performed on 45 inde-
pendent studies to examine the overall effectiveness of
interventions aimed at improving adherence to medical
treatment among adolescents. Twenty-four of the 45
studies combined the results of the interventions’ ef-
fectiveness on adherence among both adolescents and
pediatric patients. The remaining 21 studies looked at the
effectiveness of interventions aimed at improving adher-
ence among adolescents only. Therefore, meta-analytic
computations were done for the total sample (£ = 45)
and also separately for these two groups, constituting a
moderator analysis for “type of sample.” In addition,
for each sample (£ = 45, and the subgroups of & = 24
adolescents plus children, £ = 21 adolescents only) the
following statistics were computed: the total number of
subjects (IN), the median r and range, the fixed effects
weighted mean r with a 95%ClI, the random effects mod-
el unweighted mean 7 with a 95% confidence interval, the
fail safe N, the standardized odds ratio with a 95%CI,
and the standardized relative risk with a 95% confidence
interval (Table 1).

Interventions to improve adherence

Across 45 independent studies, with a total of 3890 par-
ticipants, the average relationship between an adherence
intervention and improvement in adolescent adherence
(as compared to a control group or to a group receiving
standard care) was positive and significant under the ran-
dom effects model (unweighted mean »= 0.27, P < 0.001).
This demonstrated that interventions aimed at improving
adolescent adherence were effective. The median r of
0.23 was close in magnitude to the unweighted mean and
to the weighted (by sample size) mean r of 0.18. Effect
sizes in the positive direction indicated that interventions
aimed at increasing adherence were effective; conversely,
effect sizes in the negative direction indicated that these
interventions reduced adherence. Within this sample of
studies, there were only two negative 7 effect sizes: -0.24
and -0.05.

Both the fixed (weighted) and random (unweighted)
effects models indicated a positive and significant effect
of interventions on improving adherence to medical
treatment in adolescents (Table 1). The random effects
model indicated that adherence interventions were effec-
tive [r = 0.27, tay = 7.55, P < 0.001]. Therefore, the ef-
fectiveness of interventions to improve adherence among
adolescents can be generalized to studies outside the
present sample. The fixed effects model also indicated
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that interventions aimed at improving adherence were ef-
fective (r = 0.18, 95%CI: 0.15-0.21; P < 0.001). The fail
safe N demonstrated that more than 2189 studies with
non-significant results would have to be included in or-
der for these results to be rendered non-significant; this
number exceeds the tolerance level of 235 unpublished (or
otherwise non-retrievable) studies with null results that
might possibly exist. The standardized odds ratio, using
the BESD, indicated that the odds of being adherent to
medical treatment were 3.03 times higher if adolescents
participated in an adherence intervention compared with
the odds if he/she did not participate in an intervention
(95%CI: 2.35-3.94; P < 0.001). The standardized rela-
tive risk (also calculated using the BESD) indicated that
the risk of poor adherence to medical treatment was
1.74 times higher if adolescents did not participate in an
adherence intervention (95%CI: 1.53-1.99; P < 0.001).
Furthermore, the effect sizes were significantly hetero-
geneous (f = 122.82, P = 2.24 x 107), which indicated
that moderators might account for this variation in effect
sizes.

Moderator analyses

Moderator analyses using the random effects model re-
vealed no significant results in studies that combined chil-
dren and adolescents and in studies of adolescents only.
Meta-analytic calculations were applied to each sample
type separately and are detailed below.

In the 24 studies that included a combined sample of
adolescents and children, there was a moderate, signifi-
cant and positive effect of interventions using both the
fixed (weighted) and random (unweighted) effects models
(Table 1). The random effects model indicated that inter-
ventions to improve adherence to medical treatment in
adolescents were effective [ = 0.32, 73 = 5.58, P <0.001].
Additionally, the weighted mean (fixed effects model)
ylelded a similarly positive result (r = 0.27, 95%CI:
0.22-0.32; P < 0.001). The fail safe N demonstrated
that more than 800 studies with non-significant results
would have to be included in order for these results to
be rendered non-significant. However, the tolerance level
suggested that 130 unpublished null studies might pos-
sibly exist. The BESD-based, standardized odds ratio
indicated that the odds of adhering to medical treatment
were 3.77 times higher if patients participated in an ad-
herence intervention as compared to the odds if they
had not (95%CI: 2.44-5.99; P < 0.001). The standardized
relative risk indicated that the risk of nonadherence to
medical treatment was 1.94 times higher if the patient
did not participate in an adherence intervention (95%CI:
1.56-2.45; P < 0 001). Furthermore, the 24 effect sizes
were heterogeneous, ()(2 = 53.36, P = 3.28 X 10’4). In-
spection of the distribution of s revealed a range from r
=-0.24 to r=0.71.

In the comparison subgroup of 21 studies that as-
sessed adolescent patients only, analyses revealed a mod-
erate, yet positive and significant, effect of interventions
on improvements in adherence to medical treatment,
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Table 1 Summary of overall meta-analysis results

Effect of adolescent K* Total Unweighted Weighted mean Unweighted mean Fail safe n Standardized odds Standardized relative

adherence interventions n median 7 (range) r* (95%Cl) r (95%Cl) ratio® (95%CI) risk® (95%ClI)

Interventions' 45 3890  0.23(-0.24-0.71) 0.18 (0.15-0.21)° 0.27 (0.21-0.33)° 2189 (tolerance 3.03 (2.35,3.94)"  1.74 (1.53-1.99)°
level 235)

Adolescent and Children 24 1476  0.325 (-0.24-0.71) 0.27 (0.22-0.32)" 0.32 (0.22-0.42)" 800 (tolerance 3.77 (2.44,5.99)°  1.94 (1.56, 2.45)"

Interventions level 130)

Adolescent Only 21 2414  0.18(-0.05-0.51) 0.12(0.08-0.16)° 0.20 (0.13-0.27)" 324 (tolerance 2.25 (1.69-3.03)° 1.5 (1.30-1.74)"

Interventions’ level 115)

°P < 0.01. 'Analyses for the entire sample of intervention studies; *Analyses for the subgroup of studies that combined adolescent with pediatric samples;
*Analyses for the subgroup of studies that included adolescent-only samples; *Number of samples; *Total 1 across all samples; °Effect size obtained from
the fixed effects model, or weighted by the total number of participants across studies. "Effect size obtained from the random effects model, or based on the
total number of studies included. *The standardized odds ratio depicts the odds of being adherent in the intervention group relative to the control group.
Across all analyses, the intervention group had a higher likelihood of improved adherence than the control group (receiving no interventions or standard
care). “The standardized relative risk can be interpreted as the control group’s risk for nonadherence as compared to the intervention group’s risk. In each
set of analyses, the control group was at significantly greater risk for nonadherence. The Fail Safe 1 exceeds the level of tolerance for future null results mak-
ing it unlikely that the “file drawer problem” is a source of bias. The binomial effect size display from the unweighted mean effects (random effects model)
was used to obtain the standardized odds ratio and relative risk. The heterogeneity test (k = 45) for the overall adolescent adherence interventions was sig-
nificant (x* = 122.82, P < 0.001). The heterogeneity test (k = 24; adolescent and children samples) for adolescent adherence interventions was significant (;* =
53.36, P < 0.001). The heterogeneity test (k = 21; adolescent only samples) for the second group of adolescent adherence interventions was also significant (3
=44.53, P <0.001).

using both the fixed (weighted) and random (unweighted) adolescents reported their own adherence behaviors, as
effects models (Table 1). First, the random effects model compared to having a parent or guardian report adoles-
indicated that adolescent-only adherence interventions cent adherence behaviors (¢ = -1.91, P = 0.038). Finally,
were effective [r= 0.20, @0 = 5.18, P < 0.001]. The fixed interventions that involved only cognitive modification
effects model revealed the same significant intervention were less effective in improving adherence than were ap-
efficacy, albeit with a slightly smaller effect (» = 0.12, proaches based on educational intervention, behavioral
95%CI: 0.08-0.16; P < 0.001). In addition, the fail safe N intervention or a combination of both (3 = -2.14, P =
demonstrated that more than 324 studies with non-signif- 0.10).

icant results would have to be included in order for these
results to be rendered non-significant. The tolerance level
suggested that 115 unpublished null studies possibly ex- RESULTS

ist. The standardized odds ratio (BESD-based) indicated The present meta-analysis provided a comprehensive,

that the odds of being adherent to medical treatment quantitative summary of empirical studies evaluating the
were 2.25 times higher if the adolescent participated in effectiveness of interventions aimed at improving medi-
an adherence intervention compared with the odds if cal treatment adherence among adolescents. The main
he/she had not participated in an intervention (95%CI: hypothesis, that interventions focused on improving
1.69-3.03; P < 0.001). The standardized relative risk indi- treatment adherence are indeed effective, was supported.
cated that the risk of nonadherence to medical treatment Although moderator analyses using the random effects
was 1.50 times higher if the adolescent did not partici- model revealed no significant overall moderators of stud-
pate in an adherence intervention (95%CI: 1.30-1.74; P < ies’ effect sizes, there were several significant results from
0.001). Furthermore, this set of 21 effect sizes was het- the fixed effects approach. In studies where adolescent
erogeneous (y° = 44.53, P =1.28 x 10°7). patients reported their own adherence behaviors, intet-

Analysis of other potential moderators of the rela- ventions demonstrated reduced efficacy, suggesting the
tionship between interventions and improvements in possibility of measurement challenges in this work. In-
adherence was conducted. Moderator analysis at the terventions improved non-medication regimen adherence
fixed effects level revealed three significant moderators: (eg., diet, exercise, appointment keeping) more than med-
type of regimen, intervention type, and self-report by ication adherence, perhaps due to the greater challenges
adolescents of their own adherence behaviors. For type of health behavior change, or because medication regi-
of regimen, the effectiveness of interventions aimed at mens may be more difficult to target. Finally, educational
improving adherence was moderated by whether or not and behavioral interventions (both combined and in
the intervention was a medication regimen. Specifically, isolation) were more effective than cognitive approaches.
adherence interventions had a greater positive effect on These cognitive approaches often attempt to change ado-
adherence to health behaviors such as diet, exercise, ap- lescents’ attitudes and beliefs about risk, and they may be
pointment keeping or screening regimens than to medi- less effective because adolescence is a time of heightened
cation regimens (3 = -1.77, P = 0.039). In addition, the vulnerability to risk taking behaviors”. Research suggests
fixed effects analyses revealed that interventions were that because of the temporal gap between puberty and
less successful at improving adherence in studies where the slower maturation of the cognitive-control system,
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changing the context in which the risky behavior occurs
maybe more successful than changing the way adoles-
cents think about risk!"”.

DISCUSSION

These results provided compelling evidence for the
success of efforts to address adolescent nonadherence

through interventions designed to assist with the com-
plexities of treating chronic illnesses in this age group. It
should be noted that although there were no significant
differences between studies that combined adolescents
and children samples and those that included adolescents
alone, future research should continue to look at these
age groups separately, as barriers to adherence can differ
between children and adolescents™. In doing so, inter-
ventions aimed at improving adherence can be targeted

to better address the specific needs of each group.

Strengths, limitations and future directions

This systematic quantitative review of adolescent ad-
herence interventions sought to explain what aspects
of these interventions were the most successful. With
regards to comprehensiveness, several search strategies
were utilized and all references were carefully cross-
checked. Furthermore, although the mean effect sizes
were moderate in size, they may be important in clinical
application, and therefore should not be underestimated.
Research in the medical field commonly reports small,
but highly significant findings with major implications for
health. For example, the relationship between consump-
tion of aspirin and the occurrence of heart attacks is in
the range of r = 0.03-0.04""*. In other words, there is
a 3% to 4% risk difference in prevention of a serious
health outcome due to consumption of a simple medica-
tion such as aspirin, making the application of this find-
ing very important clinically. In the present research, an
unweighted mean r of 0.27 reflects a 27 percent differ-
ence in the risk of nonadherence between patients who
receive an adherence enhancing intervention and those
who do not. Adherence interventions, thus, can have a
profound impact on improving adherence among adoles-
cents.

Limitations of this research include the possibility
that some empirical studies were missed unintentionally.
For example, it is possible that statistically significant
findings had greater likelihood of publication, but the
large fail safe N’s in this review made it unlikely that the
current results exhibited the “file drawer bias.” Addition-
ally, several studies in the meta-analysis combined the re-
sults of both adolescents and children in their reports of
the interventions’ effectiveness on improving adherence.
Therefore, results from the present meta-analysis should
be interpreted with caution. Future studies should assess
adherence behaviors in children and adolescents sepa-
rately to allow for exploration of potential age-specific
factors that may influence adolescents’ adherence and
interventions’ efficacy. Findings from this study (i.e., the
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positive effects of multi-faceted, educational/behavioral
interventions as compared to cognitive approaches, and
of parental assessments of adherence) also underscore
the importance of shared decision-making and the role
that adolescents, healthcare providers, and parents or
caregivers play in the management of disease.

In sum, future research should identify the psy-
chological and behavioral aspects and determinants of
adolescent adherence. The present review could assist
in the development of specific interventions to enhance
adolescent adherence to various medical treatments and
types of treatment regimens. Future adherence interven-
tions should also measure and seek to determine both
mediators and moderators of adherence interventions’
effectiveness in order to fine-tune their development and
eliminate the less successful elements. Lastly, future stud-
ies should recruit adolescent-only samples, thereby pro-
viding meta-analytic opportunities to better understand
the challenges (or facilitators) of treatment adherence
specific to adolescents.
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Background

For adolescents coping with illness, autonomy seeking and other aspects of
this developmental transition can lead to confusion, frustration, and conflict with
caregivers over prescribed treatment regimens, and consequently, nonadher-
ence. Components of adolescent adherence interventions have been found to
vary widely from study to study; thus it is important that the overall efficacy of
this wide range of interventions is subjected to systematic, quantitative review.

Research frontiers

Interventions are effective at improving adherence among adolescents. How-
ever, previous adolescent studies have treated adolescent and child patients
as a homogenous group and reported findings based on the combination of
adolescents and children. This limits the interpretability of findings; more quan-
titative reviews are needed that focus on the unique challenges of adolescent
nonadherence.

Innovations and breakthroughs

Previous studies have reported inconsistent results on the efficacy of interven-
tions aimed at improving adherence among adolescents. Some research sug-
gests that multifaceted interventions are more effective than single-approach in-
terventions. The present meta-analysis found that cognitive-based interventions
were less effective at improving adherence in adolescents than educational and
behavioral approaches.

Applications

The study results suggested that interventions aimed at improving treatment
adherence in adolescents are effective, specifically when the type of regimen
was behavioral. In addition, cognition-based interventions were less effective.
Given the unique challenges adolescents face in coping with illness, future re-
search should consider developmentally appropriate intervention aspects.
Terminology

Patient adherence (or compliance) is the degree to which patients follow treat-
ment directives given by clinicians or other health care providers.
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cal outcomes and increased medical costs. The paper was well written. It is
interesting and novel topic for present social medical questions.

REFERENCES

1

10

JRaishideng®

DiMatteo MR, Giordani PJ, Lepper HS, Croghan TW. Pa-
tient adherence and medical treatment outcomes: a meta-
analysis. Med Care 2002; 40: 794-811 [PMID: 12218770 DOI:
10.1097/01.MLR.0000024612.61915.2D]

DiMatteo MR. Variations in patients” adherence to medi-
cal recommendations: a quantitative review of 50 years of
research. Med Care 2004; 42: 200-209 [PMID: 15076819 DOI:
10.1097/01.mlr.0000114908.90348]

Zolnierek KB, Dimatteo MR. Physician communication
and patient adherence to treatment: a meta-analysis. Med
Care 2009; 47: 826-834 [PMID: 19584762 DOI: 10.1097/
MLR.0b013e31819ab5acc]

DiMatteo MR, Haskard-Zolnierek KB, Martin LR. Improv-
ing patient adherence: A three-factor model to guide prac-
tice. Health Psychol Rev 2011; 1-18 [DOI: 10.1080/17437199.20
10.537592]

DiGirolamo AM, Quittner AL, Ackerman V, Stevens J.
Identification and assessment of ongoing stressors in adoles-
cents with a chronic illness: an application of the behavior-
analytic model. ] Clin Child Psychol 1997; 26: 53-66 [PMID:
9118176]

Chmelik F, Doughty A. Objective measurements of com-
pliance in asthma treatment. Ann Allergy 1994; 73: 527-532
[PMID: 7998669]

Coutts JA, Gibson NA, Paton JY. Measuring compliance
with inhaled medication in asthma. Arch Dis Child 1992; 67:
332-333 [PMID: 1575560 DOI: 10.1136/adc.67.3.332]
Chappuy H, Tréluyer JM, Faesch S, Giraud C, Chéron
G. Length of the treatment and number of doses per day
as major determinants of child adherence to acute treat-
ment. Acta Paediatr 2010; 99: 433-437 [PMID: 19912146 DOI:
10.1111/j.1651]

Guilfoyle SM, Goebel JW, Pai AL. Efficacy and flexibility
impact perceived adherence barriers in pediatric kidney
post-transplantation. Fam Syst Health 2011; 29: 44-54 [PMID:
21417523 DOI: 10.1037/a0023024]

Wysocki T, Harris MA, Buckloh LM, Mertlich D, Lochrie
AS, Taylor A, Sadler M, Mauras N, White NH. Effects of be-

WIMA | www.wjgnet.com

11

12

13

14

15

16

17

18

19

20

21

22

77

Miller TA et a/. Interventions to improve

havioral family systems therapy for diabetes on adolescents’
family relationships, treatment adherence, and metabolic
control. | Pediatr Psychol 2006; 31: 928-938 [PMID: 16401678
DOI: 10.1093 /jpepsy/jsj098]

Dean AJ, Walters ], Hall A. A systematic review of interven-
tions to enhance medication adherence in children and ado-
lescents with chronic illness. Arch Dis Child 2010; 95: 717-723
[PMID: 20522463 DOI: 10.1136/ adc.2009.175125]

Wysocki T, Green L, Huxtable K. Blood glucose monitoring
by diabetic adolescents: compliance and metabolic control.
Health Psychol 1989; 8: 267-284 [PMID: 2767019 DOI: 10.1037
/0278-6133.8.3.267]

van Es SM, Nagelkerke AF, Colland VT, Scholten R], Bou-
ter LM. An intervention programme using the ASE-model
aimed at enhancing adherence in adolescents with asthma.
Patient Educ Couns 2001; 44: 193-203 [PMID: 11553420 DOI:
10.1016/50738-3991(00)00195-6]

Magyary D, Brandt P. A school-based self-management
program for youth with chronic health conditions and their
parents. Can | Nurs Res 1996; 28: 57-77 [PMID: 9128476]
Rosenthal R, DiMatteo MR. Meta-analysis: recent develop-
ments in quantitative methods for literature reviews. Annu
Rev Psychol 2001; 52: 59-82 [PMID: 11148299 DOI: 10.1146/
annurev.psych.52.1.59]

DiMatteo MR, Haskard KB. Further challenges in adher-
ence research: measurements, methodologies, and mental
health care. Med Care 2006; 44: 297-299 [PMID: 16565628]
Rosenthal R, Rosnow RL. Essentials of behavioral research:
Methods and data analysis. 3rd ed. McGraw-Hill, 2008:
663-690

Frattaroli J. Experimental disclosure and its moderators:
a meta-analysis. Psychol Bull 2006; 132: 823-865 [PMID:
17073523 DOI: 10.1037/0033-2909.132.6.823]

Steinberg L. Adolescence. 8th ed. New York: McGraw-Hill,
2007

DiMatteo MR, Miller TA. Treatment adherence in adoles-
cence. In: O’'Donohue L, Benuto L, Tolle, editors. Handbook
of adolescent health psychology. New York: Springer, 2013:
373-386

Rosenthal R, Rosnow RL. Essentials of behavioral research:
Methods and data analysis. 2nd ed. New York: McGraw-
Hill, 1991

Rosenthal R, DiMatteo MR. Meta-Analysis: Stevens’ hand-
book of experimental psychology. 3rd ed. In: Pashler H,
Wixted ], editors. Hoboken (NJ): John Wiley & Sons Inc,
2002

P- Reviewer: Deng Bo, Shen XC  S- Editor: Wen LL
L- Editor: A E- Editor: Lu Y]J

9

August 26, 2014 | Volume 2 | Issue 3 |



JMA

World Journal of
Meta-Analysis

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.13105/ wjma.v2.i3.78

World | Meta-Anal 2014 August 26; 2(3): 78-90
ISSN 2308-3840 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

META-ANALYSIS

Efficacy of therapeutic ultrasound vs sham ultrasound on
pain and physical function in people with knee osteoarthritis:
A meta-analysis of randomized controlled trials

Norma J MacIntyre, Ahmed Negm, Adalberto Loyola-Sanchez, Mohit Bhandari

Norma J Maclntyre, Ahmed Negm, Adalberto Loyola-San-
chez, School of Rehabilitation Science, McMaster University,
Hamilton, Ontario L8S 1C7, Canada

Mohit Bhandari, Department of Surgery, McMaster University,
Hamilton, Ontario L8L 8E7, Canada

Author contributions: All authors contributed to the design of
the research study and interpretation of the data; MacIntyre NJ,
Negm A and Loyola-Sanchez A contributed to the acquisition of
data as described in the methods; MacIntyre NJ performed the
search and data analyses and wrote the paper; Negm A, Loyola-
Sanchez A and Bhandari M reviewed the paper critically for
important intellectual content and approved the version to be
published.

Supported by The Canadian Institutes of Health Research Ran-
domized Controlled Trials Mentorship Program (NJM, MB), No.
MTP 108229

Correspondence to: Norma J MacIntyre, PT, PhD, Associate
Professor, School of Rehabilitation Science, McMaster Univer-
sity, [AHS 403-1400 Main St W., Hamilton, Ontario L8S 1C7,
Canada. macint@mcmaster.ca

Telephone: +1-905-5259140-21166 Fax: +1-905-5240069
Received: November 27, 2013 Revised: May 5, 2014
Accepted: May 28,2014

Published online: August 26, 2014

Abstract

AIM: To determine the efficacy of therapeutic ultra-
sound vs sham for improving pain and physical function
immediately post-intervention in people with knee os-
teoarthritis (OA).

METHODS: We hand searched meta-analyses on the
topic published in 2010 and updated the search in three
electronic databases (MEDLINE, EMBASE, CINAHL) Jan-
uary 1, 2009 to September 5, 2013 to identify relevant
studies. The inclusion criteria were human randomized
controlled trials published in the English language in
which active therapeutic ultrasound was compared to
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sham ultrasound, data for people with knee OA were
reported separately, participants were blinded to treat-
ment allocation and outcomes assessed before and
after treatment included pain, self-reported physical
function and performance-based physical function. Two
reviewers independently screened titles and abstracts
retrieved in the search to identify trials suitable for full
text review. Data extraction and risk of bias assessment
of the identified trials were completed independently by
two reviewers. Pooled analyses were conducted using
inverse-variance random effects models.

RESULTS: We screened 1013 titles and abstracts.
Meta-analysis of pain outcomes from 5 small trials
(281 participants/OA knees) showed that, compared
to sham ultrasound, therapeutic ultrasound improves
pain [standardized mean difference (SMD) (95%CI) =
-0.39 (-0.70--0.08); £ = 0.01] but not physical function
[self-reported in 3 trials (130 participants/OA knees):
SMD (95%CI) = -0.21 (-0.55-0.14), P = 0.24; walking
performance in 4 trials (130 participants/OA knees):
SMD (95%CI) = -0.11 (-0.59-0.37), » = 0.65). For the
walking performance outcome, the dispersion of the
estimated effects exceeded that expected due to sam-
pling error (> = 8.37, P = 0.04, I2 = 64%). Subgroup
analyses of three trials that administered high dose ul-
trasound improved the consistency (/> = 28%) but the
treatment effect remained insignificant.

CONCLUSION: Meta-analyzed double-blind placebo-
controlled randomized trials provide low-strength evi-
dence that therapeutic ultrasound decreases knee OA
pain and very low-strength evidence that it does not
improve physical function.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ultrasonic therapy; Physical therapy modali-
ties; Osteoarthritis; Double-blind method; Evidence-
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based medicine

Core tip: Controversy exists regarding the efficacy of
therapeutic ultrasound in the management of knee
osteoarthritis (OA). Lack of participant blinding in ef-
fectiveness trials introduces bias known to exaggerate
treatment effect estimates particularly for outcomes
such as pain and self-reported physical function. We
meta-analyzed data from double- and triple-blind trials
only and high level evidence shows that therapeutic ul-
trasound decreases knee OA pain but does not increase
physical function immediately following treatment. Due
to the methodological quality of the included trials, we
conclude that a large well-designed trial is required be-
fore this clinical question can be answered definitively.

Maclntyre NJ, Negm A, Loyola-Sanchez A, Bhandari M. Efficacy
of therapeutic ultrasound vs sham ultrasound on pain and physi-
cal function in people with knee osteoarthritis: A meta-analysis
of randomized controlled trials. World J Meta-Anal 2014; 2(3):
78-90 Awailable from: URL: http://www.wjgnet.com/2308-3840/
full/v2/i3/78 htm DOL: http://dx.doi.org/10.13105/wjma.v2.i3.78

INTRODUCTION

Knee osteoarthritis (OA) is a highly prevalent chronic
condition and a leading cause of lower extremity disability
in community-dwelling older adults in North America'".
To date, no treatment exists which modifies the disease
and, despite symptom management, pain and functional
limitations may progress to the point where total joint
replacement is required”. As the population ages and the
prevalence of obesity increases, the associated economic
and personal burden associated with knee OA is expected
to rise”. Current clinical practice guidelines for managing
knee OA recommend a combination of pharmacologic
and nonpharmacologic treatment in order to decrease the
need for surgical replacement of the damaged joint™".
Therapeutic ultrasound is widely used in clinical set-
tings for various musculoskeletal conditions™. In a pro-
vincial survey of 123 Canadian physical therapists treat-
ing clients with knee OA, 81% reported at least some use
of ultrasound therapy in their multicomponent manage-
ment of knee OA". Recent meta-analyses demonstrate

that 10 to 24 sessions of continuous or pulsed ultrasound
reduces knee OA pain[&m]. Using two different methods
for investigating the effect of dose, two meta-analyses
reported that low dose ultrasound achieved using the
pulsed mode to administer low intensity (0.375-0.625
W/cm?) sound waves produced greater pain relief than
high dose ultrasound®™”. The authors of the most recent
meta-analysis back transformed the effect estimate for
pain to a visual analogue scale (VAS) score and found a
difference of -16.3 [95%CI: -20.9-(-11.7)] mm which was
judged to reflect a clinically important changem. The ef-
fect of therapeutic ultrasound on physical function (self-
reported and walking performance) was not significant in
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the two meta-analyses published in 2010"". However, the
meta-analysis published in 2012 (6 trials, 387 participants)
found clinical and statistically significant effects on com-
posite physical function and gait function outcomes'".
Although these systematic reviews provide evidence for
the efficacy of therapeutic ultrasound in the management
of knee OA pain and physical disability, all reported that
the few, small trials with low methodological quality eli-
gible for inclusion limit the confidence in the effect esti-
mates” .

Meta-analyses of randomized trials provide the high-
est level of evidence for evaluating the effectiveness of
clinical interventions such as therapeutic ultrasound.
However the quality of this evidence depends on study
design characteristics that yield comparable intervention
and control groups. A meta-epidemiologic study of 1973
trials found that intervention effect estimates in trials us-
ing subjective outcomes such as self-reported measures
were inflated and heterogeneity between trials was in-
creased when double blinding was absent or unclear'', Tt
appears that bias due to lack of double blinding exagger-
ates the effect estimates and heterogeneity for subjective-
ly assessed outcomes more than other study design flaws
such as inadequate/unclear random sequence generation
and inadequate/unclear allocation concealment", Tn at
least half of the trials included in previous systematic
reviews investigating the efficacy of ultrasound therapy
on pain and physical function in people with knee OA,
no attempt was made to administer sham ultrasound® .
As a result, between-trial heterogeneity and the estimates
of the effect of ultrasound on self-reported pain and
physical function outcomes published in the highest level
evidence available to date are likely to be inflated due to a
lack of or unclear blinding of participants with knee OA.

Therefore the objective of this systematic review and
meta-analysis was to determine if therapeutic ultrasound
vs sham ultrasound is effective in improving pain and
physical function immediately following the intervention
period in people with knee OA blinded to treatment al-
location. As a secondary objective, we determined treat-
ment safety based on reported side effects and adverse
events.

MATERIALS AND METHODS

Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) recommendations were fol-
lowed to ensure full and transparent reporting of this
review!"”. This systematic review was conducted follow-
ing a pre-determined protocol which is available from the
authors upon request. This protocol was not registered
and is not publicly available.

Search strategy

We updated the search for relevant papers completed for
previous systematic reviews on this topic (to February
2009)*”, by searching OVID MEDLINE, OVID EM-
BASE, and CINAHL (through EBSCOhost) electronic
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Table 1 Example search strategy: Strategy used to search

the OVID Medline electronic database (January 1, 2009 to
September 5 2013)

Exp Osteoarthritis/

osteoarthr$.ti,ab,sh.

gonarthr$.ti,ab,sh.

coxarthr$.ti,ab,sh.

arthr$.ti,ab.

[(knee$ or hip$ or joint$) adj3 (pain$ or ach$ or discomfort$)].ti,ab.
[(knee$ or hip$ or joint$) adj3 stiff$].ti,ab.
Exp Ultrasonic Therapy/

Exp Ultrasonography/

us.fs.

(ultrasound$ or ultrasonic$).tw.

short wave therapy.tw.
ultrasonograph$.tw.

randomized controlled trial.pt.
controlled clinical trial.pt.

randomized controlled trial.sh.

random allocation.sh.

double blind method.sh.

single blind method.sh.

clinical trial.pt.

Exp Clinical Trial/

(clin$ adj25 trial$).ti,ab.

[(singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)].ti,ab.
placebos.sh.

placebo$.ti,ab.

random$.ti,ab.

research design.sh.

comparative study.sh.

exp evaluation studies/

follow up studies.sh.

prospective studies.sh.

(control$ or prospectiv$ or volunteer$).ti,ab.
lor2or3or4or5or6or?7
8or9orl10orllorl2oril3

14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or
26 or 27 or 28 or 29 or 30 or 31 or 32

33 and 34 and 35

animal/

animal/ and human/

37 not 38

36 not 39

Limit 40 to yr = ”2009-Current”

O © N3 U W=

G W W W W WNNRNDNNNDNNRNDNDRRSR 2 = 2 92 = =
Qi W NP O OV XN U WNHNRE O WOWNOO O WN RO

36
37
38
39
40
41

databases from January 1, 2009 to September 5, 2013.
The search strategy combined Medical Subject Headings
(MeSH) terms and text words related to design (random-
ized controlled trial), condition (knee osteoarthritis), and
intervention (therapeutic ultrasound). We reproduced the
specific search strategy used for each database published
in the previous systematic review focusing on clinical out-
comes”. (Although previously published, the replicated
strategy used to search the Medline electronic database
is shown in Table 1 to comply with the PRISMA check-
list.) No language limit was placed on the search in order
to increase sensitivity. Duplicates were removed after all
databases were searched. We searched for published trials
only and attempted to contact primary authors to request
additional information if necessary.

Study eligibility criteria and selection
Two reviewers (NM, AL) independently screened the
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titles and abstracts for all citations identified by the search
and retrieved all parallel-group randomized sham-con-
trolled trials assessing the effect of ultrasound on pain or
physical function in people with knee OA published in
English. Studies examining other joints were only includ-
ed if the data for people with knee OA were reported
separately. Trials that included other interventions in ad-
dition to active ultrasound were included as long as the
sham ultrasound group received the same combination
of interventions. Lack of blinding of study participants
was an exclusion criterion because we considered this to
be a major source of biased results regarding ultrasound
efficacy on self-reported pain and physical function out-
comes' . Abstracts published as conference proceedings
and not as full trials were excluded due to insufficient re-
porting of data for extraction. Cohen’s unweighted kappa
(k) was used to measure agreement between reviewers.
Disagreement was solved by consensus including a third
reviewer (AN). A final list of eligible studies was pre-
pated for full text review after title and abstract screening.

Data extraction and management
The data collection form used for our previous systemat-
ic review'™ was modified for this updated review to reflect
the narrowed research question focusing on patient-cen-
tred outcomes of pain and physical function. The form
was independently pilot-tested on two randomly-selected
studies by two reviewers (NM, AN) to ensure consistency
in coding instructions. A double extraction method was
followed using the refined data collection form. A physi-
cal therapist with expertise in research methodology and
OA rehabilitation (NM) and an orthopaedic surgeon with
expertise in OA (AN) reviewed the papers and extracted
the data in a standardized manner. As recommended in
the Cochrane Handbook”, the reviewers were not blind-
ed to any aspect of the trials during data extraction. Any
disagreement was resolved through consensus.

The information extracted from each study included:
(1) characteristics of the study participants (age, gender,
diagnostic criteria, joint involvement, and knee OA se-
verity); (2) characteristics of the therapeutic ultrasound
intervention (device, frequency, mode, intensity, effective
radiating area, surface area treated, application protocol,
number and length of treatment sessions); (3) description
of co-interventions; (4) description of pain and physical
function outcomes and corresponding data; (5) reported
adverse events and reasons for loss to follow up; and (6)
general characteristics of the studies (location, clinical
setting and funding source). The ultrasound dose was cal-
culated as for our previous review!” using the following
formula:
Energy (J/cm’) = [(average temporal intensity) (time) (ef-
fective radiating area)]/treated surface area

Group means for outcomes at baseline, post treat-
ment, change from baseline and standard deviations
(SDs), or the information from which SDs could be de-
rived, wete extracted. For trials that included two groups
receiving active ultrasound (continuous and pulsed
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mode), the formulae for combining means and SDs for
two groups published in the Cochrane Handbook were
used for estimating the effect of active ultrasound on
the clinical outcomes of interest. (See Table 7.7a in the
Cochrane Handbook 2005""). When a trial presented
outcomes at time points other than pre- and post-
intervention, we extracted the data for all time points,
however, the mean values at the end of the treatment
period were used in the meta-analysis. Heterogeneity in
trial outcomes was minimized by pooling the data for the
same outcome measure where possible, or pooling those
that were most similar in terms of constructs assessed (e.g.,
pain with movement measured by VAS or numeric rating
scale, NRS).

Risk of bias and quality assessment

Two reviewers (NM, AN) independently assessed risk of
bias for each study and the level of agreement was deter-
mined using linear weighted kappa (k). Any disagreement
regarding risk of bias was resolved by consensus. The
methodological domains recommended by The Cochrane
Collaboration were assessed: randomization, treatment
allocation concealment, blinding of participants, care
givers and outcome assessors, completeness of outcome
data, selective outcome reporting and other potential
threats to validity!'". Table 2 illustrates the criteria for as-
sessing risk of bias in these domains. An overall risk of
bias was considered for each study and across all studies
based on the criteria outlined in the Cochrane Hand-
book!!, We assigned studies as having high risk of bias
if at least one criterion was not met. The quality of the
body of evidence for each outcome was determined con-
sidering within-trial risk of bias, directness of evidence,
heterogeneity, risk of publication bias and precision of
effect estimates as recommended by the Grading of
Recommendations, Assessment Development and Evalu-
ation (GRADE) working group“sl. We defined treatment
effects as precise when pooled estimates had reasonably
narrow 95%ClIs and the pooled sample size was greater
than 400",

Statistical analysis

We focused on patient-centred outcomes of pain and
physical function. Follow up duration was to the end of
the ultrasound therapy treatment. Review Manager Ver-
sion 5 was used for data analyses. Effect size for each
outcome (by study and overall) was estimated using the
standardized mean difference (SMD) calculated as the
raw mean difference divided by the pooled variance for
each outcome to allow comparison of estimates of ef-
fect. Where the same outcome measure was used, the
mean difference was also calculated. We used inverse-
variance random-effects models to pool results to ac-
count for the inevitable variation in patient populations,
concomitant treatments, and specific components of the
physical therapy intervention as recommended when the
number of studies is small and the reasons for heteroge-
neity across the studies cannot be reliably evaluated"”. We
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evaluated the consistency of findings by comparing the
direction and strength of effect along with the degree of
statistical heterogeneity (based on the 7" and T statistical
tests) in effects across studies. y” values with P = 0.1 and
P> < 60% were considered to be acceptable homogeneity
for pooling the data""”, We used subgroup analyses and
planned to conduct meta-regression to evaluate the ef-
fects of a priori-defined clinical characteristics (OA sever-
ity) and study characteristics (ultrasound dose) on pain
and physical function outcomes. These subgroups were
of interest because our previous meta-analysis demon-
strated that the effect estimates for pain reduction were
increased for those receiving low dose therapeutic ultra-
sound and heterogeneity observed for physical function
and walking performance was reduced in the subgroup
of trials including participants with mild knee OA sever-
ity We hypothesize that therapeutic ultrasound will
be more effective in people with less severe knee OA
in whom tissue damage is less advanced"”. Confidence
intervals (CI) at the 95% level were calculated for pooled
estimates for each outcome and the Z test was used for
determining the treatment effect. Statistical significance
was considered at P << 0.05.

For each study reporting each of the three clinical
outcomes of interest, we evaluated funnel plots for asym-
metry in the standard error of the SMD as a function
of the SMD. We did not use statistical tests for publica-
tion bias given that we did not include unpublished data
sources in our search strategy.

Role of the funding source

The study was funded, in part, by CIHR (NM, MB).
CIHR had no role in the development of the question or
the review protocol, literature search, data extraction and
analysis, interpretation of the results, or preparation of
the manuscript.

RESULTS

Figure 1 is a flowchart of the results of search strategy.
The initial database and hand searches retrieved 1226
citations (# = 213 duplicates). After title and abstract
screening, 10 randomized controlled trials were identified
as eligible and retrieved for full text review. Of these, six
were eligible for inclusion in the systematic review and
five provided published data that permitted pooling, Rea-
sons for exclusion are shown in Figure 1. The agreement
between the reviewers in identifying the studies eligible
for full text review and for inclusion in this review was K
=1.0.

Study characteristics

Characteristics of the six parallel-group, randomized,
placebo-controlled trials eligible for inclusion in the
systematic review are summarized in Table 1"**". The
RCTs were published between 1992 and 2012. Five tri-
als included two arms (active ultrasound and sham ul-
trasound)"™"*? whereas the trial by Tascioglu ez al™
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Table 2 Criteria used to classify risk of bias in trials according to components of methodological quality

Random sequence generation

Low risk Referring to a random number table; Using a computer random number generator; Coin tossing; Shuffling cards or envelopes;
Throwing dice; Drawing of lots

High risk Sequence generated by odd or even date of birth; Sequence generated by some rule based on date (or day) of admission; Sequence
generated by some rule based on hospital or clinic record number; Allocation by judgment of the clinician; Allocation by preference of
the participant; Allocation based on the results of a laboratory test or a series of tests; Allocation by availability of the intervention

Unclear Insufficient information

Allocation concealment

Low risk Central allocation (including telephone, web-based); Sequentially numbered, opaque, sealed envelopes; An equivalent method was
used to conceal allocation

High risk Using an open random allocation schedule (e.g., a list of random numbers); Assignment envelopes were used without appropriate
safeguards (e.g., if envelopes were unsealed or nonopaque or not sequentially numbered); Alternation or rotation; Date of birth; Case
record number; Any other explicitly unconcealed procedure

Unclear Insufficient information

Blinding of each of: participant, care provider, outcome assessor

Low risk Unlikely that the blinding could have been broken
High risk Likely that the blinding could have been broken
Unclear Insufficient information

Completeness of outcome data collection
Low risk No missing outcome data; Reasons for missing outcome data unlikely to be related to true outcome; Missing outcome data balanced
in numbers across all groups, with similar reasons for missing data across groups; Missing data have been imputed using appropriate
methods; For continuous outcome data, plausible effect size (difference in means or standardized difference in means) among missing
outcomes not enough to have a clinically relevant impact on observed effect size
High risk Reason for missing outcome data likely to be related to true outcome, with either imbalance in numbers or reasons for missing data
across intervention groups; "As-treated" analysis done with substantial departure of the intervention received from that assigned at
randomization. Potentially inappropriate application of simple imputation. For continuous outcome data, plausible effect size (difference
in means or standardized difference in means) among missing outcomes enough to induce clinically relevant bias in observed effect
size
Unclear Insufficient information
Completeness of outcome reporting
Low risk The study protocol is available and all of the study’s pre-specified outcomes that are of interest in the review have been reported in the
pre-specified way; The study protocol is not available but it is clear that the published reports include all expected outcomes, including
those that were pre-specified
High risk Not all of the study’s pre-specified primary outcomes have been reported; One or more primary outcomes is reported using measure-
ments, analysis methods or subsets of the data (e.g., subscales) that were not pre-specified; One or more reported primary outcomes
were not pre-specified (unless clear justification for their reporting is provided, such as an unexpected adverse effect); One or more
outcomes of interest in the review are reported incompletely so that they cannot be entered in a meta-analysis; The study report fails to
include results for a key outcome that would be expected to have been reported for such a study
Unclear Insufficient information

Other potential sources

Low risk The study appears to be free of other sources of bias

High risk There is at least one important risk of bias. For example, the study had a potential source of bias related to the specific study design
used or has been claimed to be fraudulent, or has some other problem

Unclear Insufficient information

included three arms in which one arm received active
pulsed ultrasound (low dose), one arm received active
continuous ultrasound (high dose), and one arm received
sham ultrasound. Three trials"”**” were conducted in
Turkey and one trial was conducted in each of the United
States of America® Canada™, and China”". The dura-
tion of the intervention varied from 5 d to 8 wk and
the dosage varied from 26 ]/cm2 to 196.3 ]/crn2 (Table
3). The control groups in all the studies received sham
ultrasound and the participants were blinded to the allo-
cated treatment. Only one trial confirmed that treatment
providers were blinded to the intervention allocation™
In the trial conducted by Yang e al”" it was unclear how
the sham ultrasound was delivered. Furthermore, the
trial by Yang ez al® reported a “curative effect score”
for the 87 participants (100 knees) randomized to active
or sham ultrasound groups rather than reporting group
means (SD) for pain and physical function outcomes and
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attempts to contact the authors to secure the raw data
were unsuccessful. This calculated efficacy index was
significantly improved for pain (P < 0.001) and physical
function (P < 0.001)*". Nevertheless, the data from this
trial®! could not be included in the meta-analysis. The
five trials eligible for meta-analysis reported data for a
total of 281 participants and OA knees!""*"*** Table 3
shows that the number of participants providing data
for analyses was lower than the number of participants
randomized (varying from 2 to 8 participants per trial) in
all trials meta-analyzed. Reasons given for loss to follow
up included protocol violation (used analgesics)m’zo], ill-
ness' dissatisfaction with treatment"® lack of time to
attend/lack of regular attendance at sessions[zo’m, trans-
portation problems', or incomplete baseline assessment
before withdrawing from the study™. The average age
across the studies was approximately 61 years with the
majority of participants being female (Table 3). Four
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2010 Systematic
reviews (7 = 2)

Medline 01/2009- Embase 01/2009-
09/2013 (7 = 322) || 09/2013(n7 = 890)

Cinahl 01/2009-
09/2013 (n = 10)

Figure 1 Flow diagram for identification of eligible trials
evaluating the effect of ultrasound vs sham on pain and
physical function.

‘ Duplicates (7 = 213)

Title and abstracts screened (7 = 1013) ‘

Excluded (7 = 1003)
Not RCT with sham US (7 = 534)
Not knee OA (7 = 440)
Not human/in vivo (n = 29)

Selected for full text review (7 = 10)

Excluded (7 = 4)

Not RCT with sham US (7 = 1)
Congress abstract (7 = 3)

‘ RCTs eligible for systematic review (7 = 6) ‘

Reported "currative effect
index" not raw data (7 = 1)

‘ RCTs eligible for meta-analysis (7 = 5) ‘

trials"”****! confirmed that participants had mild to

moderate radiographic knee OA whereas one included
trial™ reported results for 69 participants/knees with
unknown radiographic severity. (The latter trial included
eight participants with a history of total knee replace-
ment and all 69 had restricted knee range of motion for
more than 6 mo!"™.) Three trials reported that the major-
ity of participants had bilateral knee OA"™** with one
of these trials including only participants with bilateral
knee OA®Y. Two of the five meta-analyzed trials applied
active and sham ultrasound in combination with concut-
rent treatments (including isometric quadriceps exercises)
that were identical for both study groups'**’. In contrast,
two trials"”*
including the use of analgesics during the intervention
period. Three trials"****! administered low dose ultra-
sound (< 150 J/cm®) and three trials'"*"* administered
high dose ultrasound (= 150 J/cm?). Three trials' >’
reported scores on more than 1 pain outcome measure
and two of these trials®*” reported scores on more than
1 self-reported physical function outcome measure. Table
3 specifies the pain and self-reported physical function
outcomes selected for inclusion in the meta-analysis in

I did not allow any concurrent treatments

order to reduce heterogeneity arising from differences in
outcomes used across studies. Three trials"”**! admin-
istered the WOMAC LK 3.1 questionnaire and reported
scores on the physical function subscale. One trial™,
administering the WOMAC LK3.1 to assess the effect of
ultrasound therapy on disability, reported only the total
score which was not included in the meta-analysis for the
self-reported physical function outcome. Another trial®
administered the Lequesne Severity Index to assess the
effect of ultrasound therapy on self-reported physical
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function but did not report the group means in a format
that permitted pooling as mentioned previously. Walk-
ing performance was measured as walking speed (time
to walk a specified distance) in four trials"**"*, and as
distance walked (metres walked in six minutes) in one
trial”. One trial" reported means for walking velocity
(metres/s) pre and post treatment for the total sample
only. We were unsuccessful in obtaining group means
from the primary author and therefore these walking per-
formance data could not be included in the meta-analysis.
The units of measurement for the meta-analysed walking
performance values were time (in seconds), where lower
values indicate better scotes, and distance (in metres),
where higher values indicate better scores. Therefore,
the group means for distance walked in six minutes were
entered into the meta-analysis as negative values to adjust
for the directional difference in interpreting better scores
for this outcome.

Trial risk of bias and quality of the evidence

The agreement between reviewers in determining risk of
bias was k = 0.81. Table 4 summarizes the methodologi-
cal quality assessment of the six trials retrieved for full
text review. Two trials™>*) reported adequate random
sequence generation and allocation concealment. Only
one trial”"! did not report the blinding of participants
adequately. Only one trial®” confirmed that care provid-
ers were blinded (triple blind) and all five of the meta-
analyzed trials confirmed that assessots wete blinded to
treatment allocation (double blind)m’zo’zz’w
cluded trials"”", it was unclear if complete data were col-

. In two in-

lected. In one trial"™ included in the meta-analysis, data
reporting was incomplete. Only one trial® (not included
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Table 3 Characteristics of the studies selected for full text review

Falconer er al*'® Ozgonenel er al'”!  Tascioglu er al™® Yang er a/*" Loyola-Sanchez er a/*?! Ulus er a/™
Trial registry ~Not available Not available Not available Not available NTC00931749 Not available
number
Trial duration 4-6 wk (12 sessions 2-3 2 wk (10 sessions 5 2 wk (10 sessions 5d (5 sessions); + 8 wk (24 sessions 3 x/wk) 3 wk (15 sessions 5
x/wk) x/wk) 5x/wk) 1 mo follow up x/wk)
Sample size  Randomized: 74; Randomized: 67; Randomized: 90; Randomized and Randomized: 27; analyzed: =~ Randomized: 42;
analyzed: 69 (35 CG) analyzed: 65 (31 CG) analyzed: 82 (27 CG)  analyzed: 87 (100 25 (13 CG) analyzed: 40 (20
knees; 50 CG) CG)
Sample Age approximately ~ Age approximately Age approximately Age 583 yr; 72 F; Age approximately 61.8 (10) Age approximately
characteristics 67.5 (11) yr; 50 F; 55 (7.5) yr; 54 F; 60 (3) yr; 56 F; Disease Disease duration yr; 21 F; 8 had mild OA, 60.5 (9.5) yr; 34 F;
(MeanSD/n  All restricted knee Newly diagnosed;  duration 6.5 yr; 48 2.8 yr 19 had moderate OA; 24 disease duration
reported) ROM = 6 mo; 8 knee 31 mild OA, 36 mild OA, 34 moderate bilateral OA 8.9(8.7) yr; 17 mild
joint replacement; 51 moderate OA OA OA, 23 moderate
bilateral OA OA; all bilateral
OA
Ultrasound ~ Chattanooga Intellect Peterson .250 Sonopuls 434 NERCUM Chattanooga Intellect Mobile Sonopuls 434
device 200
Application 12 min; 1 MHz; 5 min; 1 MHz; 5 min; 1 MHz; No details: 15min 9.5 min; IMHz; intensity 1 ~ 10 min; 1 MHz;
protocol intensity: 1.7 W/cm?, intensity 1 W/cm®,  intensity 1 W/cm’, treatment model W/cm2; pulsed mode (duty intensity 1 W/cm®;
continuous mode (1 = continuous mode (1 continuous mode (1 = then 20min cycle 20%, n =12) continuous mode
34) =34) 27); pulsed (duty cycle rehabilitation (n=20)
20%, n = 28) model (n =50
knees)
Sham Start button not Applicator No output delivered  No output Ceramic crystal removed No output
Application  pushed disconnected from delivered from soundhead delivered and
back of device applicator
disconnected from
back of device
Application ~ Knee flexed or Patellofemoral Antero-medial Knee extended; 4 Knee flexed to 90°; Antero-medial
site extended per most and tibiofemoral and lateral parts of soundheads fixed Soundhead fixed at antero-  and lateral parts
restricted motion; borders; treated extended knee; treated on joint line; medial joint line. treated of extended knee;
treated surface area  surface area 25 cm”  surface area 60 cm” treated surface  surface area 5 cm” treated surface
100 cm® area not reported area 60 cm’
Dosage 26]/cm’ 150.7 J/cm® 196.3 J/cm® Unable to 114 J/cm’ 196.3 J/cm®
39.3]/cm’ calculate
Concurrent  Stretching, joint none none none None reported; use of Hotpacks (20
treatment mobilizations, analgesics not reported min); IFC (10 min);
exercises (ROM, exercises (isometric
bridging, isometric quads); analgesics
quads, home except during
program) physio
Outcomes Pain - 10 cm VAS Pain on movement Pain on movementin none Pain following walking test - Pain on activity -
included in in past wk -10cm  past wk - 10 cm VAS 11 point NRS 10 cm VAS
meta-analysis VAS WOMAC LK 3.1 Physical WOMAC LK 3.1
WOMAC LK 3.1 Function subscale Physical Function
Physical Function ~ Walking speed [time Distance (m) walked in 6 min subscale
subscale (s) to walk 20 m] Walking speed
Walking speed [time (time (s) to walk 50
(s) to walk 50 m] m)
Funding Non-profit Not reported Not reported NERCUM, Government Unfunded
source institutional
Comments Trial author con- Treated surface area  Attempts to con- 1 of the 2 reviewers co- Treated surface
firmed mode was not reported; estima-  tact authors for  authored the trial; outcomes area not reported;
continuous; pain data ted to be 3x the sound pain and physical pooled in this review were  estimated to be 3x
extracted from gra- head size (based on  function data that secondary outcomes in trial the sound head
phs; request for pain parts of knee treated) could be pooled size (based on par-
and walking data was were unsuccess- ts of knee treated)
unsuccessful ful

OA: Knee osteoarthritis; CG: Control group; F: Female; NERCUM: National Engineering Research Centre of Ultrasound Medicine; ROM: Range of motion;
IFC: Interferential current electrotherapy; VAS: Horizontal visual analogue scale (10 = worst pain); NRS: Numeric rating scale (10 = worst pain); WOMAC
LK 3.1: Western Ontario and McMaster Universities Osteoarthritis Index (Likert scale version) self-report questionnaire physical function subscale (68 =
worst limitation).
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Table 4 Methodological quality assessment of the randomized sham-controlled trials

Ref. Random Allocation Blinding of Blinding  Blinding of Data Complete Free of Other Risk of Bias'
Sequence Concealment Participant of Care  Assessor Collection Outcome Potential Bias
Generation Provider Complete Reporting
Falconer et al™ Unclear Unclear Yes No Yes Yes No Yes High
Ozgonenel et al™ Unclear Unclear Yes No Yes Unclear  Yes Yes High
Tascioglu et al™ Unclear Unclear Yes No Yes Unclear  Yes Yes High
Yang et al™ Unclear Unclear Unclear Unclear  Unclear  Yes No No High
Loyola-Sanchez et al™” Yes Yes Yes Yes Yes Yes Yes Yes Low
Ulus et al™ Yes Yes Yes No Yes Yes Yes Yes High

'Overall risk of bias for each study assessed as Low if has a Yes answer for ALL the items or as High if has NO or Unclear answer for one or more items.

0.0 - SE(SMD)

0.5 I I I |
-2 -1 0 1 2

Figure 2 Funnel plot illustrating the statistical precision plotted as a func-
tion of the standardized mean difference for the effect of therapeutic ultra-
sound on patient-reported knee pain. Statistical inferences are not possible
when fewer than 10 trials are available; therefore the pseudo 95% confidence
limits around the summary treatment effect are not shown. SMD: Standardized
mean difference.

in the meta-analysis) was deemed to have other potential
sources of bias due to randomization of more than one
knee from the same participant. Based on our criteria for
judging the overall methodological quality assessment for
each trial, risk of bias was low in one trial and high in five
trials (Table 4). Therefore, risk of bias across the studies
is high. Slight asymmetry is noted in the funnel plots for
each of the outcomes as illustrated in Figure 2 for the
pain outcome.

Effects of the intervention

In the five trials included in the analysis assessing efficacy
of therapeutic ultrasound on knee OA pain, a total of
281 participants were randomised: 155 to an active ultra-
sound group and 126 to a sham ultrasound group“s"zo’zz’zﬂ.
Figure 3A illustrates that therapeutic ultrasound (pulsed
or continuous) was effective in reducing pain compared
to sham ultrasound [SMD = -0.39 (-0.70, -0.08); P = 0.01].
The proportion of the dispersion in effect estimates
across studies fell within that expected due to sampling
error (I2 = 36%) and this low heterogeneity is unlikely
to represent a true difference in effects in the studies o
= 0.26, P = 0.18). Subgroup analyses based on dosage
planned a priori demonstrated that low dose therapeutic
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ultrasound resulted in a significant decrease in pain [3 tri-
als; SMD = -0.45 (-0.85, -0.05); P = 0.03; Figure 3B] and
reduced the heterogeneity further (;gz = 2.82, P = 0.24;
I = 29%). In contrast, pooling the three studies admin-
istering high dose ultrasound »s sham ultrasound yielded
a statistically insignificant decrease in pain and, although
still acceptable, the heterogeneity increased [3 trials, SMD
= -0.46 (-0.94, 0.03); P = 0.06; > = 4.49, P = 0.11; I =
55%)]. We were unable to perform subgroup analyses
based on OA severity because all five either included par-
ticipants with mild to moderate radiographic knee OA or
did not report radiographic OA severity. Meta-regression
analyses were not performed due to the small number of
trials available for subgroup compatisons.

Three trials (130 participants and OA knees) assessed
the effect of therapeutic ultrasound on self-reported
physical function. Figure 3C illustrates that the point es-
timate for self-reported physical function in people with
knee OA favours therapeutic ultrasound, however, the
95%CI crosses the point of no difference (SMD= -0.21,
95%CI: -0.55-0.14, P = 0.24). Homogeneity for pooling
the data across studies was acceptable @ =192, P=
0.24, > = 0%). Due to the small numbers of studies that
reported self-reported physical function outcomes, we
could not perform meta-regression analyses.

Four trials assessed the effect of therapeutic ultra-
sound on physical function with respect to walking pet-
formance in people with knee OA. Figure 3D illustrates
that walking performance in the group who received ac-
tive ultrasound was not significantly different from that in
the group who received sham ultrasound (SMD= -0.11,
95%Cl: -0.59-0.37, P = 0.65). In this analyses, the dispet-
sion of the estimated effects exceeded that expected due
to sampling error (> = 8.37, P = 0.04, P = 64%). Figure
3E illustrates that only the subgroup analysis of three
trials administering high dose therapeutic ultrasound »s
sham reduced the heterogeneity (I’ = 28%). The sample
size was very small and the small effect estimate was not
statistically significant (SMD = 0.04, 95%CI: -0.33-0.41,
P = 0.82). Of the four trials available for meta-analysis,
all included participants with mild to moderate knee OA.
Meta-regression analyses planned a priori were not per-
formed due to the small number of trials available for
subgroup comparisons.
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A US Therapy Sham Std. Mean difference Std. Mean difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95%CI  Year 1V, Random, 95%CI

Falconer 26 291 34 39 295 35 23.9%  -0.44[-0.92, 0.44] 1992 — &

Ozgonenel 39 2 34 4 26 31 23.4%  -0.04 [-0.53, 0.44] 2009 —

Tascioglu 524 179 55 6.67 178 27  23.9%  -0.79[-1.27,-0.32] 2010 —®—

Loyola Sanchez 1.58 202 12 146 202 13 121%  0.06[-0.73,0.84] 2012 —

Ulus 33 1.83 20 445 216 20 16.7% -0.56 [-1.20, 0.07] 2012 —®&—

Total (95%CI) 155 126 100.0% -0.39[-0.70, -0.08] 2

Hetergeneity: Tau’ = 0.04; ;° = 6.26, df = 4 (P = 0.18); I* = 36% ‘ : : :

Test for overall effect: Z = 2.49 (P = 0.01) -2 -1 0 1 2
Favours US Favours Sham

B US Therapy Sham Std. Mean difference Std. Mean difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95%CI  Year 1V, Random, 95%CI

1.2.1 US dose < 150 J/cm®

Falconer 26 291 34 39 295 35 43.0%  -0.44 [-0.92, 0.04] 1992 ——

Tascioglu 525 19 28 6.67 1.78 27 36.0%  -0.76 [-1.31, -0.21] 2010 —@—

Loyola Sanchez 1.58 2.02 12 1.46 2.02 13 21.0% 0.06 [-0.73, 0.84] 2012 -

Subtotal (95%CI) 74 75 100.0% -0.45[-0.85, -0.05]

Hetergeneity: Tau’ = 0.04; ;° = 2.82, df = 2 (P = 0.24); I* = 29%

Test for overall effect: Z = 2.21 (P = 0.03)

1.2.2 US dose = 150 J/cm®

Ozgonenel 39 2 34 4 26 31 37.2% -0.04 [-0.53, 0.44] 2009 ——

Tascioglu 522 17 27 6.67 1.78 27 33.3%  -0.82[-1.38, -0.26] 2010 — ®——

Ulus 3.3 1.83 20 445 2.16 20 29.5% 0.56 [-1.20, 0.07] 2012 — ®——

Subtotal (95%CI) 81 78 100.0% -0.46 [-0.94, 0.03]

Hetergeneity: Tau® = 0.10; 2 = 4.49, df = 2 (P = 0.11); I* = 55%

Test for overall effect: Z = 1.85 (P = 0.06) : : : :
-2 -1 0 1 2
Favours US Favours Sham

C US Therapy Sham Std. Mean difference Std. Mean difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95%CI  Year 1V, Random, 95%CI

Ozgonenel 23.6 11.6 34 27.1 14 31 50.2%  -0.27 [-0.76, 0.22] 2009 ——

Tascioglu 28.65 10.62 20 3245 733 20 30.5%  -0.41[-1.04, 0.22] 2012 — @ ——

Loyola Sanchez 23.92 11.3 12 20.38 13 13 19.3% 0.28 [-0.51, 1.07] 2012 s

Total (95%CI) 66 64 100.0% -0.21[-0.55, 0.14] ﬂ

Hetergeneity: Tau” = 0.00; > = 1.92, df = 2 (P = 0.38); > = 0% ‘ ! ‘ ‘

Test for overall effect: Z = 1.17 (P = 0.24) -2 -1 0 1 2
Favours US Favours Sham

D US Therapy Sham Std. Mean difference Std. Mean difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95%CI  Year 1V, Random, 95%CI

Ozgonenel 355 6.7 34 36.4 7.6 31 28.3%  -0.12[-0.61, 0.36] 2009 ——

Tascioglu 21.4 2.87 55 23.19 254 27 28.8%  -0.64 [-1.11,-0.17] 2010 —m—

Ulus 68.05 44.53 20 51.25 15.74 20 23.6% 0.49 [-0.14, 1.12] 2012 -

Loyola Sanchez -414.55 68.53 12 -411.85 89.8 12 19.3%  -0.03 [-0.82, 0.75] 2012 ——

Total (95%CI) 121 91 100.0% -0.11 [-0.59, 0.37] -

Hetergeneity: Tau” = 0.15; »* = 8.24, df = 3 (P = 0.04); I* = 64%

Test for overall effect: Z = 0.45 (P = 0.65) ! ! ! !
-2 -1 0 1 2
Favours US Favours Sham

E US Therapy Sham Std. Mean difference Std. Mean difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95%CI  Year 1V, Random, 95%CI

1.5.1 US dose < 150 J/cm’

Tascioglu 20 194 28 23.19 254 27 51.8%  -1.39[-1.99, -0.80] 2010 ——

Loyola Sanchez -414.55 68.53 12  -411.85 89.8 13 48.2%  -0.03[-0.82, 0.75] 2012

Subtotal (95%CI) 40 40 100.0% -0.74 [-2.07, 0.60] J

Hetergeneity: Tau® = 0.80; 5* = 7.36, df = 1 (P = 0.007); I* = 86%

Test for overall effect: Z = 1.09 (P = 0.28)

1.5.2 US dose = 150 J/cm?

Ozgonenel 355 67 34 364 76 31
Tascioglu 2285 299 27 2319 254 27
Ulus 68.05 44.53 20 51.25 1574 20
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-0.12 [-0.61, 0.36]
-0.12 [-0.65, 0.41]
0.49 [-0.14, 1.12]

2009
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2012
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Subtotal (95%CI) 81 78
Hetergeneity: Tau® = 0.03; 4° = 2.77, df = 2 (P = 0.25); I* = 28%
Test for overall effect: Z = 0.22 (P = 0.82)

100.0%
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0.04 [-0.33, 0.41]

-2 -1 0 1 2
Favours US

Favours Sham

Figure 3 Forest plot. A: For meta-analysis of the effect of ultrasound (US) compared to sham on pain; B: For trials reporting the pain outcome subgrouped according
to US dose; C: For meta-analysis of the effect of US compared to sham treatment on self-reported physical function; D: For meta-analysis of the effect of US com-
pared to sham treatment on walking performance; E: For trials reporting a walking performance outcome subgrouped according to US dose.

Adverse events

Two trials reported that no major complaints were re-
ported“s’w. Two trials reported no side effects although
in one trial"” two participants in the sham ultrasound
group had to use analgesics and were dropped from the
study and in another trial™” six out of 90 participants (one
in the active pulsed ultrasound group, two in the active
continuous ultrasound group and three in the sham ultra-
sound group) had to use nonsteroidal anti-inflammatory
drugs or analgeiscs because of intolerable pain and were
withdrawn from the study. In one trial”"] adverse effects
included dizziness (# = 3), mental stress, palpitation or
fatigue however it was not stated if these participants
received active or sham ultrasound. In the triple blind
trial™, two participants reported a “stinging” sensation
during active ultrasound treatment and two participants
receiving sham ultrasound reported a similar ‘stinging’
sensation during treatment.

Strength of the body of evidence

The strength of the body of evidence for pain reduc-
tion and improvement in self-reported physical function
and walking performance is summarized in Table 5. The
finding that therapeutic ultrasound reduces pain is based
on low-strength evidence (Table 5). For the self-reported
physical function outcome, the mean difference in score
is shown in Table 5 since all three of the trials provided
data for the WOMAC LK3.1 physical function subscale
that permitted pooling. The finding that therapeutic ultra-
sound does not improve self-reported physical function is
based on very low strength evidence (Table 5). We report
the findings for walking performance obtained when we
pooled all four trials that assessed this outcome although
our criteria for pooling data were not met (P = 0.04 for
7 and P = 64%). Acceptable homogeneity was achieved
when we meta-analyzed the 3 trials (159 participants and
knees) applying high dose ultrasound (r°=2.77,P=0.25,
P = 28%). We did not report the results of this subgroup
analysis in the Summary of Findings Table because we
felt the very small sample size contributed to the impreci-
sion of the effect estimate for walking performance to a
similar degree as the inconsistency thus the strength of
the body of evidence could not be upgraded.

DISCUSSION

This systematic review provides a meta-analysis of the
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efficacy of therapeutic ultrasound »s sham ultrasound
for decreasing pain and improving physical function in
people with knee OA who were blinded to treatment al-
location. The main finding is that therapeutic ultrasound
treatment decreases pain but does not improve physi-
cal function significantly in this patient population. Our
results confirm those of recent meta-analyses” . Con-
fidence in the treatment effect estimates is increased by
including only those studies in which participants were
blinded to the treatment they received"". Whereas we did
remove an important source of subjective assessment
bias, the strength of the evidence for pain and physi-
cal function outcomes is low and very low, respectively.
Few trial participants from either the active or sham ul-
trasound group reported adverse events or side effects.
These findings demonstrate that therapeutic ultrasound
is a safe and effective treatment for pain in people with
knee OA and further research is needed to determine if
physical function improves.

In our systematic review, the treatment effect estimate
is lower compared to those reported previously [SMD =
-0.39 (-0.70, -0.08); P = 0.01] demonstrating the impor-
tance of study design characteristics of the trials included
in the meta-analyses. Of the three new trails added to our
meta-analysis, two had low risk of bias due to random-
ized sequence generation, allocation concealment and
blinding of participants to this meta-analysis (Table 4).
In one trial™] the person administering the intervention
was also blinded and the overall risk of bias was low.
In contrast, trials published prior to 2011 had unclear
risks of bias due to random sequence generation and al-
location concealment and the care providers were not
blinded. Given that the two outcomes of interest in our
meta-analyses are self-reported, the estimates of treat-
ment effect and between-trial heterogeneity may still be
inflated"" since these studies contribute 216 participants/
OA knees to the total sample of 281 participants and OA
knees. Our sample was too small to determine whether
ultrasound dose influences the treatment effect estimates
and all participants had mild to moderate OA so the in-
fluence of radiographic OA severity could not be inves-
tigated. Nevertheless, our results confirm the findings of
previous meta—analyses[&m] reporting that therapeutic ul-
trasound reduces knee OA pain and further research will
clarify if there is a beneficial treatment effect with respect
to physical function outcomes.

While recently published trials have ensured adequate
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Table 5 Summary of findings

Outcomes Difference' in ultrasound group No of Participants Strength of  Inconsistency Outcome specific risk of bias
mean relative to the control group and knees (studies) the body of (/%)
mean (95%CI) evidence®
Pain 0.39 standard deviations lower 281 (5 studies) Low 36% High risk of bias of the included
VAS; NRS [-0.70-(-0.08)] studies, imprecision due to small
Follow-up: 2-8 wk sample size and wide CI
Self-reported physical 2.49 points lower 130 (3 studies) Very low 0% High risk of bias of the included
function (-0.55-0.14) studies, imprecision due to very
WOMAC® LK 3.1 Physical small sample size and wide CI
function; Follow-up: 2-8 wk
Walking performance 0.11 standard deviations lower 212 (4 studies) Very low 64% High risk of bias in the included

50 m walk speed (s); 20 m
walk speed (s); 6MWT (m)
Follow-up: 2-8 wks

(-0.59-0.37)

studies, imprecision due to
small sample size and wide CI,
inconsistent

'Standardized mean difference reported for pain and walking performance; Mean difference reported for self-reported physical function outcomes;

’GRADE Working Group grades of evidence, High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate

quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality: Fur-
ther research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low quality: We

are very uncertain about the estimate. VAS: Horizontal 10 cm visual analogue scale for pain (maximum score = 10, lower score is better); NRS: Pain with

movement numeric rating scale (maximum score = 10, lower score is better); WOMAC LK 3.1 Physical function: Likert Scale version of the Western Ontario
and McMaster Osteoarthritis Index physical function subscale (maximum score = 80, lower score is better); 6GMWT: 6 min walk test (distance measured in

metres, higher score is better).

blinding of the participants, the trials included in the cur-
rent meta-analysis lack methodological rigour in terms of
registering the protocol, assuring that risk of bias is low,
and recruiting a sample size large enough to ensure pre-
cise estimates of efficacy. One trial* addressed the feasi-
bility of recruitment and describes the burden of attend-
ing a centre for a passive treatment unproven in terms of
efficacy as a barrier to participation and retention. Given
the growing prevalence of knee OA, strategies to increase
sample size and minimize loss to follow up is required in
order to conduct a definitive high quality trial addressing
this clinical question. If high quality evidence confirms
that ultrasound is an effective conservative treatment for
knee OA, the wide availability of the treatment ensures
rapid translation of this evidence into clinical prac'rjcelé’”.
Apart from the walking performance outcome, be-
tween-trial homogeneity suggests that the interventions
provided in the five trials were comparable. However,
subgroup analyses pooling only the trials administer-
ing low dose ultrasound reduced the heterogeneity in
the pain outcome from 36% to 29%. Table 3 highlights
other differences in the interventions administered.
Data from two trials that included co-interventions were
pooled with data from three trials that did not describe
co-interventions. Co-interventions included exercise in
both trials"**” and the use of analgesics (except during
physiotherapy) in one™ of these trials. These treatments
have proven efficacy in the treatment of knee OA and,
clinical practice guidelines recommend multicomponent
physical therapy for this population®™. However, the in-
teractions between these co-interventions and ultrasound
therapy are not known. Another source of variability in
the intervention was the application site. Of the five trials
included in the meta-analyses, three trials"”***” adminis-
tered therapeutic ultrasound using a moving sound head
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applied to the anteromedial and lateral parts of the knee;
one trial™ used a moving sound head applied to the soft
tissue around the knee which limited joint range of mo-
tion the most; one trial®” used a stationary sound head
applied to the anteromedial tibiofemoral joint line. De-
spite these differences, the data for pain and self-reported
physical function outcomes had acceptable homogeneity
for pooling. Taken together, these interventions were
effective in reducing knee OA pain. However, further
research is required to identify the critical components
before a specific protocol for administering therapeutic
ultrasound can be recommended.

We chose to focus this review on published trials that
compared active and sham ultrasound in order to iden-
tify and synthesize the highest quality evidence available
in the English-language literature. The funnel plots may
be interpreted as evidence of publication bias however
asymmetry is attenuated due to the small number of
trials and the similar small sample size in each trial. We
expected publication bias and therefore we did not plan
to perform statistical tests to confirm this. Given that
the Cochrane Handbook recommends a minimum of 10
studies in order to run the inferential analysis™”
not have conducted statistical testing anyway.

Whereas our systematic review provides high level
evidence that therapeutic ultrasound reduces knee OA
pain and may improve physical function based on trials in
which participants did not know if they received active or
sham ultrasound, this review was not without limitations.
Random sequence generation and allocation concealment
were inadequately described in three of the five meta-
analyzed trials. However, it has been suggested that the
selection bias which may be present as a result of these
study design characteristics are most problematic when
the participants’ prognosis is easy to assess at the time of

, we could
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randomization"". Since the progression of clinical symp-
toms in chronic knee OA is difficult to predict, we believe
that the influence of selection bias on the effect esti-
mates in the current review is minimal. Inadequate design
and/or reporting of trial methods in the trials included in
our systematic review limit the strength of the body of
evidence which increases the uncertainty in the results.
Finally, we chose to focus this review on double blind
trials published in English; we did not request data for
the three trials published only as abstracts in conference
proceedings nor did we search trial registries to identify
unpublished data. Furthermore, we were unsuccessful in
our attempts to contact two of the primary authors to
clarify trial methodology and secure study data suitable
for pooling. The inclusion of these unpublished data may
have yielded different results.

In conclusion, our meta-analysis suggests that thera-
peutic ultrasound decreases pain in people with knee OA;
however, it is very likely that this conclusion will change
when more research is conducted. Therapeutic ultra-
sound appears to be no better than sham ultrasound for
improving self-reported physical function or walking per-
formance. However, the very low strength of the body
of evidence for the physical function outcomes leaves us
very uncertain about these estimates and further research
is necessary to answer this question.
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COMMENTS

Background

Knee osteoarthritis (OA) is a common problem resulting in pain and mobility
limitations in people around the globe. Often symptoms progress to the point
where joint replacement is required. Interventions are required that will delay or
alleviate the need for surgical interventions. Multiple non-surgical interventions
are used to treat patient-reported symptoms of pain and activity limitations and
the efficacy of a single treatment component is difficult to evaluate.

Research frontiers

Past systematic reviews evaluating the efficacy of therapeutic ultrasound which
pooled data from studies in which participants did not know if there received
active ultrasound therapy (blinded) or received the same interventions with the
exception of ultrasound therapy (not blinded) suggest ultrasound is effective in
reducing knee OA pain whereas reductions in physical function are not statisti-
cally significant. Efficacy of ultrasound with respect to patient-reported pain and
physical function outcomes should be evaluated in randomized controlled trials
in which participants are blinded.

Innovations and breakthroughs

Based on this meta-analysis, including only participants who were blinded
to treatment allocation, knee OA pain decreases but physical function is not
significantly improved following a course of therapeutic ultrasound treatment.
These findings strengthen our confidence in similar findings reported in previ-
ous systematic reviews.

Applications

Therapeutic ultrasound appears to be an effective treatment to include in the
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multi-component non-surgical management of the important clinical problem
of knee OA pain. Physical function was not statistically improved immediately
following a course of therapeutic ultrasound treatment. Large, methodologically
rigorous randomized trials in which the participants, health care providers, and
assessors are blinded to treatment allocation and followed up over a longer
period are needed to provide a clear answer to this clinical question.

Terminology

Knee osteoarthritis is characterized by degenerative changes to cartilage and
other tissues in and around the joint. Therapeutic ultrasound delivers high
frequency sound waves and is a physical agent commonly applied by physical
therapists to reduce inflammation and/or enhance tissue healing. These effects
are postulated to result in improvements in patient-reported pain and physical
function (self-reported or performance-based).

Peer review

This meta-analysis was used to determine the efficacy of therapeutic ultra-
sound versus sham for improving pain and physical function immediately post-
intervention in people with knee OA. This is an interesting meta-analysis.
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Abstract

AIM: To determine the role of statin on mortality out-
come in patient with pneumonia.

METHODS: For the present meta-analysis, we search
the published literatures online through PubMed, Em-
base, Scopus and the Cochrane Library databases and
the search words used were “statins’’, “bacteraemia”,
“pneumonia”, and “ICU infections”. During the on-
line search our focus was on full text articles, peer-
reviewed, observational cohort or case control studies
and randomized controlled trials. Those studies were
selected whose outcome was hospital mortality among
patients with pneumonia whether or not on statins. In
this meta-analysis, 30 d mortality was used as the pri-
mary outcome as it has been demonstrated in the pre-
vious research that 30 d mortality is primarily because
of community acquired pneumonia. As all studies were
observational, where statin users were compared with
historical rather than randomized controls, odds ratio
for in-hospital or all-cause 30 d mortality was used as
the primary effect measure used in the meta-analysis.
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RESULTS: We came across the total 25 studies com-
prising 35355 patients (2734 statin users and 32621
statin non-users) during the electronic search. Four
studies out of 25 were included in the final analysis.
In this meta-analysis, when data regarding the use of
statin in pneumonia patients on mortality was pooled,
its results showed the non-significant effect of the
statin on mortality outcome.

CONCLUSION: Although statins seems to be useful in
the treatment of pneumonia patients but for statistical
conclusion, further randomized controlled trials needs
to be done or their results still waited to be published
of ongoing trials, with the conclusion that presently
statins showing no clinical benefit in the pneumonia pa-
tients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The relation between statin treatment and
improvement in outcomes in patients with pneumo-
nia have been reported in published literatures. This
is believed to be due to anti-inflammatory and im-
munoregulatory effects rather than an effect on cho-
lesterol metabolism. Recently, however, the potential
benefit of statins has been called into question and
the study has suggested that there may be con-
founding factor responsible for the observed benefit.
All the studies were observational. In this present
meta-analysis of randomized controlled trials, results
showed the non-significant effect of the statin on
mortality outcome.

Saha L, Kumar N, Khosla P, Kaur S. Role of statin on mortal-
ity outcome in pneumonia patients: A meta-analysis. World J
Meta-Anal 2014; 2(3): 91-97 Available from: URL: http://www.
wjgnet.com/2308-3840/full/v2/i3/91.htm DOI: http://dx.doi.
org/10.13105/wjma.v2.i3.91

August 26, 2014 | Volume 2 | Issue 3 |



Saha L et a/. Statin on mortality outcome in pneumonia patients

INTRODUCTION

Statins, an inhibitor of 3-hydroxy-3 methylglutaryl coen-
zyme A reductase (HMG CoA reductase), was used to re-
duce total cholesterol, low-density lipoprotein cholesterol,
apolipoprotein B and triglyceride levels' . Statins are ef-
fective in reducing the cardiovascular mortality and mor-
bidity in patients with or without coronary artery disease.
Apart from its lipid lowering effect, statins also possess
multiple pleiotropic effects like anti-inflammatory/immu-
nomodulatory effects. These immunomodulatory effects
appear to be mediated through the blockade of meva-
lonate synthesis”. The positive impact observed in the
cardiovascular disorders is due to their antioxidant effect,
plaque stability, favorable coagulation profile, normaliza-
tion of sympathetic outflow and immunomodulatory
effect’”. By virtue of their pleiotropic effect they have
got a role to play in various other disorders like sepsis,
dementia, osteoporosis, bacteremia, venous thromboem-
bolism®”,

There is an increased rate of morbidity and mortality
in hospitalized Patients with pneumonia'”. Antimicrobial
therapy is the mainstay of treatment for pneumonia. Ir-
respective of the efforts towards more timely treatment
of pneumonia and advances in antimicrobial therapy,
mortality rates for patients hospitalized with bacterial
pneumonia remains relatively unchanged!". Studies pub-
lished in the literatures have demonstrated a link between
statin treatment and improvements in patients with bacte-
rial pneumonia. Several large retrospective observational
studies have shown a reduced incidence of pneumonia
and improvement in outcomes in pneumonia patients
taking statins' >, This is believed to be due to anti-in-
flammatory and immunoregulatory effects rather than an
effect on cholesterol metabolism. Statin drugs are known
to reduce cytokine levels in stable patients with coronary
artery disease and hypercholesterolemia' ™", Excess pro-
inflammatory cytokines are found to be associated with
severity of pneumonia and the development of compli-
cations such as acute respiratory distress syndrome!* .,
Agents with anti-inflammatory properties such as statins
might therefore have the potential to improve pneumo-
nia outcomes. Recently, however, the potential benefit of
statins has been called into question and the study has
suggested that the confounding factors might be the rea-
son for the observed benefit”. A series of studies with
contradictory results have been published in the literature
that has made clinicians hopeful but confused. With this
background, we planned to do a meta-analysis of studies
using statins in patients with pneumonia to study the role
of statin use in the management of pneumonia.

MATERIALS AND METHODS

Literature search

To get the studies published in the literature, we search
the various databases online like PubMed, Embase, Sco-
pus and the Cochrane Library. The search words used

were “statins”, “bacteraemia”, “pneumonia’, and “ICU
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infections”. The type of studies looked for were peer-
reviewed, full text, observational cohort or case controls
studies and randomized controlled trials. Those studies
whose outcome were hospital mortality in patients with
pneumonia, whether or not received statins. Those stud-
ies which included patients with pneumonia due to bacte-
rial infection were included in the present meta-analysis.
Those studies were excluded from the meta-analysis
where the effects of statins on viral (Ze., influenza and
human immunodeficiency virus infection), fungal and
protozoan infections were studied. Experimental and
laboratory studies were also excluded from the meta-
analysis. In our search, there were no time or language
limits. For additional relevant information, all references
from the identified articles were scanned and search.
The following data were extracted and tabulated from
the selected articles: study design, patient settings, type
of infection, the number of patients included, primary
and secondary outcomes. For randomized controlled tri-
als (RCTs), we search online registry of RCTs through
http:/ /www.controlled-trial.com for relevant studies. The
last date of our review process was July 31, 2013.

Study selection

Those studies which were related to use of statin in
pneumonia were first identified. Observational cohort
studies whether prospective or retrospective or case con-
trol studies which compared 30 d mortality in pneumonia
patients among statin users and statin non-users were
included in this meta-analysis. We could not identify any
randomized control trials.

Statistical analysis

Patients who are taking statin at time of hospital admis-
sion were defined as current statin users. The primary
outcome in the meta-analysis was 30 d mortality in pa-
tients with bacterial pneumonia because studies in the
literatures have shown that 30 d mortality is primarily
due to community acquired pneumonia rather than other
coexisting co morbid conditions. Odds ratio (OR) for in-
hospital or all-cause 30 d mortality was measured effect
in this meta-analysis as all studies used for meta-analysis
were observational, where statin users were compared
with historical rather than randomized controls. The het-
erogeneity between reports was assessed by using ¥ test
of heterogeneity. As significant heterogeneity was found
between the reports (P < 0.05), we used a random effects
model to calculate weighted summary (total) odds ratio
and their 95% confidence intervals (Cls) to take the deci-
sion. The Mantel-Haenszel method was used to compute
the total ORs and Cls. ORs with 95% confidence inter-
vals of all the four studies and the overall odds ratio with
95%CI are depicted in the forest plot (Figure 1) and Peto
plot (Figure 2).

RESULTS

The total number of studies searched for literature was
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Figure 1 Forest plot with fixed and random effects model comparing mor-
tality among statin users and nonusers.
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Figure 2 Peto plot with fixed effects model comparing mortality among
statin users and nonusers.

. . 2
twenty five. Among all these, two were review articles”™,

another fifteen commented upon the infections like sep-
sis, bacteremia and other post operative settingslw’%%],
one trial is complete, but the results are still unpub-
lished™ and in an another trial, recruitment is still going
on™". There were two studies which have evaluated the
impact of statin use along with other drugsw’m. Four
studies were actually evaluated to document the effect of
statin in pneumonialM’B’B’%J (Figure 3).

Four studies out of the total 25 studies comprising
35355 patients (2734 statin users and 32621 statin non-
users) were included in this meta-analysis and in the final
analysis. The details of these 4 studies have been men-
tioned in Table 1. It included both the prospective and
retrospective observational studies. All studies were pub-
lished from 2005 to 2008 (Table 2). In this meta-analysis,
when data regarding the use of statin in pneumonia
patients on mortality was pooled, its results showed the
non-significant effect of the statin on mortality outcome

(Figure 1).

DISCUSSION

Studies regarding the statins use have favourably fo-
cused on their cardiovascular outcome. Regarding their
pleiotropic effects, studies have been conducted which
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Potentially relevant articles
retrieved from MEDLINE,
EMBASE, CENTRAL COCHRANE
n=25

Articles excluded:

Irrelevant to our subject i.e.,
focus of the paper was on other
infections like sepsis, bacteraemia,
postoperative setting (7 = 15)

Review articles of the statin (7 = 2)

Due to associated other drugs
used along with the statin (7 = 3)

Unpublished trials (7 = 2)

Four (n = 4) articles were
evaluated for meta-analysis

Figure 3 Flow chart of literature search.

have shown varying/mixed results. Different observa-
tional studies regarding statin use in pneumonia have too
shown invariably mixed results. The calculated weighted
summary (total) OR obtained in this meta-analysis sug-
gests that there was no significant effect of the statin use
on mortality outcome in patients with pneumonia.

The important known facts regarding the value of
any meta-analysis is that it depends upon the quality
of reporting of information in individual trials. If we
individually comment on the results of these studies
regarding their effect on mortality in the pneumonia
patients, it was found that three studies reported lower
mortality on pneumonia outcome!****! and one study
reported the nonsignificant effect with its use™. The
studies which we omitted are the ones in which other
cardiovascular drugs have been used like aspirin, beta
blockers and angiotensin converting enzyme (ACE)
inhibitors, which can bias the results of the meta-
analysis™, in another study by Mortensen 2008"", again
along with stations, ACE inhibitors were added and
results of starting a group and station along with ACE
inhibitors were compared. The third conducted by Van
de Garde!™ was excluded due to the reasons that it evalu-
ated the risk outcome associated with the statin use on
pneumonia patients rather than the mortality in them.

Chopra and Flanders™ in their evidence based study
demonstrated results favoring and against the use of
statins in mortality outcome, with the ultimate conclu-
sions that further randomized, controlled studies are
needed to reach a valid conclusion™. Kopterides e# a/*”
also looked at the outcomes in a different infections,
including the sepsis, bacteraemia and pneumonia, but
without reaching the firm conclusions of clinical benefit
of the statin therapy. A study conducted by Falagas ez al*
has also reported similar results, but no definitive conclu-
sions could be drawn from the pooled data.

The major limitation of this meta-analysis is the in-
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Table 1 Summary of the different studies evaluating the effect of statins on mortality in pneumonia

Ref.

Study design

Patient’s setting and study groups

Outcomes and odds ration (95%CI) Conclusion

Thomsen et al™®, 2008
Preadmission Use of
Statins and outcomes
After Hospitalization
With Pneumonia:
Population-Based Cohort
Study of 29900 Patients

Schlienger et al™ 2007
Statins and the Risk

of Pneumonia: A
population-Based, Nested
Case-Control Study

Majumdar et al™ 2006
Statins and outcomes

in patients admitted to
hospital with community
acquired pneumonia:
population based
prospective cohort study

Mortensen et al"”, 2005
The effect of prior statin
use on 30-d mortality for
patients

hospitalized with
community-acquired
pneumonia

Retrospective
population
based cohort
study

Population-
based,
retrospective,
nested case-
control
analysis

Prospective
population
based cohort
study

Retrospective
cohort study

29900 adults hospitalized with pneumonia Of patients with pneumonia, 1371
for the first

time between January 1, 1997, and
December 31, 2004

in northern Denmark. Data on statin and

(4.6%) were current statin users.
Mortality among statin users was
lower than among nonusers: 10.3%
05 15.7% after 30 d and 16.8% vs
22.4% after 90 d, corresponding to
adjusted 30- and 90-d mortality rate
ratios of 0.69 (95%CI: 0.58-0.82) and
0.75 (0.65-0.86).

other medication use, comorbidities,
socioeconomic markers, laboratory
findings,bacteremia, pulmonary
complications and death were obtained
from medical databases.

SU: 1371

NSU: 28529

The study population (134262 patients
aged > 30 yr) consisted of 55118 patients
who took statins and/ or fibrates, 29144
patients with hyperlipidemia not taking
lipid-lowering agents, and 50000 randomly
selected patients without hyperlipidemia

30 d Mortality ratio
0.262 (0.182-0.377)

and without lipid-lowering treatment.
Authors identified 1253 patients with
pneumonia and matched them with 4838
control subjects based on age, sex, general
practice, and index

date.After adjusting for comorbidity and
frequency of visits to general practitioners,
we calculated the risks (OR with 95%
confidence intervals) of uncomplicated
pneumonia, hospitalization for pneumonia
with survival, and fatal pneumonia in
participants who used statins compared
with those who did not.

SU: 927

NSU: 326

3415 adult patients admitted with CAP
and categorised according to use of statins
for at least one week before admission and

Of 3415 patients with pneumonia
admitted to hospital, 624 (18%) died
or were admitted to an intensive

during hospital stay. care unit. Statin users were less
SU: 325 likely to die or be admitted to
NSU: 3090 an intensive care unit than non-

users [50/325 (15%) vs 574/3090
(19%), OR = 0.80, P = 0.15]. After
more complete adjustment for
confounding, however, the OR
changed from potential benefit
(0.78, adjusted for age and sex) to
potential harm (1.10, fully adjusted
including propensity scores, 95%CI:
0.76-1.60)

A retrospective cohort study conducted at
two tertiary teaching hospitals. Eligible
subjects were admitted with a diagnosis
of, had a chest x-ray consistent with, and
had a discharge

ICD-9 diagnosis of pneumonia. Subjects
were excluded if they were “comfort
measures only” or

transferred from another acute care
hospital. Subjects were considered to be on
a medication if they were taking it at the
time of presentation. Data was abstracted
on 787 subjects at the two hospitals.

SU: 110

NSU: 677

In the multivariable regression
analysis, after adjusting for

the propensity score and processes

of care, the use of statins

at presentation (OR = 0.36, 95%CI:

0.14-0.92) was significantly
associated with
decreased 30-d mortality

The use of statins is
associated with de
creased mortality after
hospitalization with
pneumonia

Significant lower mortality
among statin users as
compared to non users

Statins are not associated
with reduced mortality
or need for admission to
an intensive care unit in
patients with pneumonia;
reports of benefit in the
setting of sepsis may be a
result of confounding.

Prior outpatient statin
use was associated with
decreased mortality in
patients

hospitalized with
community-acquired
pneumonia despite their
use being associated with
comorbid

illnesses likely to contribute
to increased mortality

SU: Statin users; NSU: Nonstatin users.

JRaishideng®

WIMA | www.wjgnet.com

94

August 26, 2014 | Volume 2 | Issue 3 |



Saha L et a/. Statin on mortality outcome in pneumonia patients

Table 2 Individual and total evaluation number of statin users and nonusers on the mortality in pneumonia in various studies

Ref. Mortality in SU Mortality in NSU OR 95%Cl
Thomsen et al™ 141/1372 4489/28528 0.61 0.514-0.732
Schlienger et al™! 54/927 229/326 0.262 0.182-0.377
Majumdar et al™” 25/325 309/3090 0.75 0.491-1.147
Mortensen ef al™ 5/110 67/677 0.434 0.171-1.101
Total (fixed effects) 225/2734 5094/32621 0.373 0.322 - 0.431
Total (Random effects) 225/2734 5094/32621 0.267 0.0499 - 1.428
Test for heterogeneity 246.1742

Computed value
Degrees of freedom 3
Significance level P <0.05

SU: Statin users; NSU: Nonstatin users.

clusion of only observational studies and marked hetero-
geneity seen in these clinical studies. The heterogeneity
was related to the design of the studies along with the
sample size, current statin use, associated Co morbidities,
and identification of the clinical infection seen in these
patients. Another important issue regarding statin use is a
healthy user effect, which refers to those patients receiv-
ing statins also belongs to higher socioeconomic classes
than patients who do not. These patients have the advan-
tage of higher education, better awareness regarding their
health which increases the complaint regarding their visits
to doctors and treatment schedule, with the results for a
better outcome in case of infection.

Based on currently available clinical evidence it can
be concluded that statins use shows no clinical benefit in
terms of mortality outcome in the pneumonia patients.
This conclusion is despite the fact the three studies re-
ported the positive outcome regarding the statin use in
the pneumonia patients as compared to the only single
one reporting the negative results. As the studies included
were heterogeneous, therefore the results of ongoing tri-
als and further randomized controlled trials could only
provide a definitive evidence regarding the effect of
statins on mortality in pneumonia.

COMMENTS

Background

Statins, an 3-hydroxy-3 methylglutaryl coenzyme A reductase (HMG CoA)
reductase inhibitor, used to reduce total cholesterol, low-density lipoprotein
cholesterol, apolipoprotein B and triglyceride levels. Statins are also effective in
reducing the cardiovascular mortality and morbidity in patients with or without
coronary artery disease. Apart from its lipid lowering effect, statins also possess
multiple pleiotropic effects like anti-inflammatory/immunomodulatory effects.
The association between statin use and improvement in outcomes in patients
with pneumonia has been reported in published literatures. This is believed to
be due to anti-inflammatory and immunoregulatory effects rather than an effect
on cholesterol metabolism.

Research frontiers

Several large retrospective observational studies have shown a reduced inci-
dence of pneumonia and improvement in outcomes in pneumonia patients tak-
ing statins. Recently, however, the potential benefit of statins has been called
into question and study has suggested that the confounding factors might be
the reason for the observed benefit of those studies. A series of studies with
contradictory results have been published in the literature that has made clini-
cians hopeful but confused. With this background, the authors planned to do a
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meta-analysis of studies using statins in patients with pneumonia to study the
role of statin use in the management of pneumonia.

Innovations and breakthroughs

Four studies out of the total 25 studies comprising 35355 patients (2734
statin users and 32621 statin non-users) were included in this meta-analysis
and in the final analysis. It included both the prospective and retrospective
observational studies. All studies were published from 2005 to 2008. Odds
ratio (OR) for in-hospital or all-cause 30 d mortality was measured effect in this
meta-analysis as all studies used for meta-analysis were observational, where
statin users were compared with historical rather than randomized controls. The
heterogeneity between reports was assessed by using »” test of heterogene-
ity. As significant heterogeneity was found between the reports (P < 0.05), the
authors used a random effects model to calculate weighted summary (total)
odds ratio and their 95%Cls to take the decision. The Mantel-Haenszel method
was used to compute the total OR and Cls. OR with 95%Cls of all the four stud-
ies and the overall OR with 95%Cl are depicted in the forest plot and Peto plot.

Applications

In this meta-analysis, when data regarding the use of statin in pneumonia pa-
tients on mortality was pooled, its results showed the non-significant effect of
the statin on mortality outcome. As the studies included were heterogeneous,
therefore the results of ongoing trials and further randomized controlled trials
could only provide a definitive evidence regarding the effect of statins on mor-
tality in pneumonia.

Terminology

HMG CoA reductase is 3-hydroxy-3 methylglutaryl coenzyme A reductase is
the rate-controlling enzyme of the mevalonate pathway, the metabolic pathway
that produces cholesterol and other isoprenoids. Pleiotropic effects of statin are
those properties of statins other than cholesterol lowering effects like the effect
on osteoporosis, dementia and so on.

Peer review

Authors done a meta-analysis to identify the effectiveness of statin use on mor-
tality due to pneumonia. Authors conducted study well.
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Abstract

AIM: To compare the short-term clinical outcomes of
robot-assisted gastrectomy (RAG) with laparoscopy-
assisted gastrectomy (LAG) in gastric cancer patients.

METHODS: Articles were identified through a literature
search of Pubmed, EMBASE, Scopus, Web of Science,
Chinese National Knowledge Infrastructure and the
Cochrane Library. Weighted mean differences (WMDs)
and odds ratios (ORs) were selected as effect sizes for
quantitative variables and qualitative variables, respec-
tively. And 95%CIs were also calculated.

RESULTS: A total of 13 studies with 3518 patients
were included. RAG was associated with longer opera-
tive time (WMD = 46.26 min, 95%CI: 31.89-60.63, P <
0.00001), less blood loss [WMD = -37.19 mL, 95%CI:
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-60.16-(-14.23), £ = 0.002] and shorter postoperative
hospital stay [WMD = -0.65 d, 95%CI: -1.24-(-0.05),
P = 0.03] than LAG. No significant difference in the
numbers of retrieved lymph nodes was found between
the two groups (WMD = 1.46, 95%CI: -0.19-3.10, P
= 0.08). There was no significant difference in mortal-
ity (OR = 1.55, 95%CI: 0.49-4.94, P = 0.45), overall
complications (OR = 1.00, 95%CI: 0.80-1.26, # = 0.98),
anastomosis leakage (OR = 1.02, 95%CI: 0.62-1.65,
P = 0.95) and anastomosis stenosis rates (OR = 0.54,
95%CI: 0.18-1.57, P = 0.25).

CONCLUSION: RAG is effective and safe in the treat-
ment of gastric cancer. RAG is a promising alternative
to laparoscopic surgery. Long-term randomized con-
trolled studies with large scale and improved designs
are needed to further evaluate the long-term outcomes.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Robot; Laparoscopy; Gas-
trectomy; Meta-analysis

Core tip: A total of 13 studies with 3518 patients were
included in this meta-analysis. The results indicated
that robot-assisted gastrectomy was associated with
longer operative time (WMD = 46.26 min, 95%CI:
31.89, 60.63, P < 0.00001), less blood loss [WMD =
-37.19 mL, 95%CI: -60.16-(-14.23), £ = 0.002] and
shorter postoperative hospital stay [WMD = -0.65 d,
95%CI: -1.24-(-0.05), P = 0.03] than laparoscopy-
assisted gastrectomy. Robot-assisted gastrectomy is
effective and safe in the treatment of gastric cancer
and will be a promising alternative to laparoscopic sur-
gery. Long-term randomized controlled studies with
large scale and improved designs are needed to further
evaluate the long-term outcomes.

Lin ZD, Liu M, Tang D, Li H, Zhang BM. Robot-assisted vs lap-
aroscopy-assisted gastrectomy for gastric cancer: A meta-analysis
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INTRODUCTION

Gastric cancer is the fourth leading cancer and second
leading cause of cancer death in the world". At present,
radical gastrectomy with lymph node (LN) dissection is
still the mainstay of treatment for gastric cancer”

. Since
1994, the laparoscopy-assisted gastrectomy (LAG) has
become widely accepted in Asian countries because it of-
fers less invasiveness and pain, speedier recovery, milder
morbidity and shorter hospital stay"”. According to the
report of Japanese Society of Endoscopic Surgery, the
total number of patients who had undergone LAG for
gastric cancer was 34645 until 2013". However, the in-
struments of LAG have a limited range of motion and
are usually associated with a long learning curve, espe-
cially in LN dissection”.

Another minimally invasive approach for gastric can-
cer seems to be more promising. Hashizume ¢z a/"” had
performed distal gastrectomy successfully with the assis-
tance of the da Vinci computer-enhanced surgical system
in 2002. They found that the robotic system enhanced
visualization of both the operative field and precision of
the necessary techniques. It may therefore help surgeons
overcome many of the difficulties associated with the
endoscopic approach. Since then, several studies' " have
been conducted to evaluate the safety and efficacy of ro-
bot-assisted gastrectomy (RAG) for gastric cancer. How-
ever, most of them were case control studies and their
sample sizes were rather small. Therefore, in this study,
we conducted a meta-analysis to compare the short-term
clinical outcomes of RAG with LAG in gastric cancer
patients.

MATERIALS AND METHODS
Search strategy

We performed an electronic search of Pubmed, EM-
BASE, Scopus, Web of Science, Cochrane Library and
Chinese National Knowledge Infrastructure from the
inception to December 13", 2013. The following search
terms were used: gastric cancer, gastric carcinoma, gas-
trectomy, robotic, robot, laparoscopy and laparoscopic.
Only English and Chinese articles were considered. We
also searched additional articles through the reference
lists of related papers. Two investigators screened the ar-
ticles independently.

Study selection

Two investigators identified appropriate articles and
conducted data extraction independently. Eligible studies
should match all of the following: (1) study design: pro-
spective or retrospective cohort studies, randomized or
nonrandomized controlled studies, case-control studies;
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(2) study population: gastric cancer patients who received
RAG or LAG; (3) grouping: RAG group #s LAG group;
and (4) outcomes: intraoperative outcome (operative
time, blood loss, number of retrieved LLNs, conversion
to open gastrectomy) and postoperative outcome (overall
complications, anastomosis leakage, anastomosis stenosis,
bleeding, intestinal obstruction, mortality and postopera-
tive hospital stay). Meeting abstracts, case reports, editori-
als and reviews were excluded.

Data extraction and quality assessment

We extracted the study type, country, patient characteris-
tics, age, clinical outcomes, operating cost and the num-
ber of cases for each article. The quality of the included
studies was evaluated by Newcastle-Ottawa quality assess-
ment (NOS) scale. A study can be awarded a highest
score of nine. Data extraction was completed indepen-
dently by two investigators.

Statistical analysis

All statistical tests were performed with Review Manager
5.1 software (Cochrane Collaboration, Copenhagen,
Denmark). In this study, I was used to investigate the
heterogeneity. In the analysis process, if I = 50%, we
ran a random-effect model. On the other hand, a fixed-
effect model was chosen if I < 50%. In the analysis of
quantitative variables (operative time, blood loss, number
of retrieved LNs and postoperative hospital stay), we
chose weighted mean difference (WMD) with 95%CI as
summary statistics. As for qualitative variables (overall
complications, anastomosis leakage, anastomosis steno-
sis, bleedings, intestinal obstruction, conversion to open
gastrectomy and mortality), odds ratios (ORs) with 95%
CIs were used accordingly. A value of P < 0.05 (two-tailed
test) was considered statistically significant.

RESULTS

Study selection

At the beginning of search process, 535 publications
were reviewed. After a screening process, 11 retrospec-
tive studies*"">'"" one nonrandomized prospective
studymJ and one randomized control trial™ were included
(Figure 1). Twelve studies > T Gere from Asia
and one"! from Europe. Totally, 3518 patients with gas-
tric cancer were included in this meta-analysis. Among
them, 1143 cases were in RAG group, the other 2375
patients received LAG (Table 1). Ten studies!™>> 117
were published in English, and three!*'"?" published in
Chinese. No significant publication bias was found (Figure
2).

Comparison of intraoperative outcomes between RAG
and LAG group

In this pooled analysis, operative time, blood loss and
number of retrieved LNs were included. In total, there
were 13 studies """ which reported of the opera-
tive time, 12 studies™**”"""*"*" teported of blood loss
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Table 1 Main characteristic of the included studies

Ref. Country Group  No. of patients Age (yr) Males (%) BMI (kg/m?) TNM stage (1 /11/11/IV) NOS score

Eom et al™ South Korea RAG 30 52.8 70 242 25/3/2/0 6
LAG 62 57.9 66.1 241 56/6/0/0

Huang et al® Taiwan China RAG 39 65.1 48.7 242 29/7/3/0 6
LAG 64 65.6 67.2 247 55/9/0/0

Hyun et al"® South Korea RAG 38 54.2 65.8 23.8 30/5/3/0 7
LAG 83 60.3 66.3 238 67/9/7/0

Kang et al™ South Korea RAG 100 53.2 63 23.7 82/11/7/0 6
LAG 282 58.8 67.7 23.6 NR

Kim et al South Korea RAG 436 542 60.8 23.6 350/51/32/0 7
LAG 861 58.8 63.9 235 714/96/43/0

Kim et al™ South Korea RAG 16 53.8 62.5 213 NR 6
LAG 11 57.9 90.9 253 NR

Liu et al® China RAG 48 51.8 85.4 21.2 14/5/27/2 7
LAG 48 52.1 83.3 21 16/6/23/3

Noshiro et al™ Japan RAG 21 66 66.7 2.8 18/-/-/- 6
LAG 160 69 63.8 21.8 113/-/-/-

Pugliese et al™ Italy RAG 16 71 NR 28.8 NR 7
LAG 48 71 NR 28.8 NR

Woo et al South Korea RAG 236 54 57.6 235 236/0/0/0 6
LAG 591 58.3 61.6 235 591/0/0/0

Yoon et al™ South Korea RAG 36 53.9 50 23.2 29/7/0/0 7
LAG 65 56.9 47.7 23.6 55/7/3/0

Zhang et al™ China RAG 97 56.1 68 225 23/22/52/0 7
LAG 70 54.8 70 21.7 8/17/45/0

Zhao et al™ China RAG 30 71.8 733 23.6 2/18/9/1 8
LAG 30 72.4 76.7 23.9 1/25/3/1

BMI: Body mass index; TNM: Tumor node metastases; NOS: Newcastle-ottawa quality scale; RAG: Robot-assisted gastrectomy; LAG: Laparoscopy-assisted

gastrectomy; NR: Not Reported.

Initial search from EMBASE,
Pubmed, Scopus, Web of
Science, the Cochrane Library
and CNKI (7 = 535)

Duplicates: 316
Unrelated topic: 184

Evaluation of full-length
article (n = 35)

Full text review:
Improper grouping 5
Reviews/meetings 11
Case series 6

Finally included in meta-
analysis (7 = 13)

Figure 1 Flow chart of literature search for meta-analysis.

and 12 studies ™" reported of the number of
retrieved LNs. In the heterogeneity tests of operative
time, blood loss and number of retrieved LNs, I° were
91%, 94% and 70%, respectively. Accordingly, we chose
the random-effect model.

As shown in Figure 3A, the mean operative time for
the RAG group was on average 46 min longer than the
LAG group (WMD = 46.26 min, 95%CI: 31.89-60.63,
P < 0.00001), while mean blood loss was significantly
less in the RAG group [WMD = -37.19 mL, 95%ClI:
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Figure 2 Funnel plot of included studies in this meta-analysis.

-60.16-(-14.23), P = 0.002]. The pooled results also indi-
cated that there was no significant difference in the num-
ber of retrieved LNs between the two groups (WMD =
1.46, 95%CI: -0.19-3.10, P = 0.08).

Comparison of postoperative outcomes between RAG
and LAG group

Opverall complications, anastomosis leakage and anasto-
mosis stenosis were included for analysis. Information in
detail is shown in Figure 3B. Thirteen studies!"?¢ 151720
which reported of the overall complications were includ-
ed. No statistical heterogeneity was found in this analysis
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A RAG LAG Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Random, 95%CI Year 1V, Random, 95%CI
1.1.1 Operative time
Kim 259.2 389 16 2039 36.4 11 6.9%  55.30 [26.56, 84.04] 2010 S
Pugliese 344 62 16 235 23 48 6.6% 109.00 [77.93, 140.07] 2010 —h
Woo 219.5 46.8 236 170.7 55.8 591 9.1% 48.80 [41.32, 56.28] 2011 ——
Eom 229.1 52.2 30 189.4 52.2 62 7.7%  39.70 [16.95, 62.45] 2012 ——
Huang 4159 101.2 39 362.2 72.8 64 5.9% 53.70[17.27, 90.13] 2012 —_—
Zhang 272.3 46.1 97 240.3 89.1 70 7.7%  32.00 [9.20, 54.80] 2012 ——
Kang 202.1 523 100 173.5 51.2 282 9.0% 28.60 [16.73, 40.47] 2012 ——
Kim 226 54 436 176 63 861 9.4% 50.00 [43.41, 56.59] 2012 -
Yoon 305.8 1158 36 210.2 577 65 5.5% 95.60 [55.26, 135.94] 2013 —>
Hyun 2344 48 38 220 60.6 83 8.1% 14.40 [-5.67, 34.47] 2013 T
Zhao 156.7 149 30 159 271 30 9.1% -2.30[-13.37,8.77] 2013 —
Liu 238 296 48 221.5 33.1 48 9.0%  16.50 [3.94, 29.06] 2013 ——
Noshiro 439 86 21 315 90 160 5.6% 124.00 [84.66, 163.34] 2013 —>
Subtotal (95%CI) 1143 2375 100.0% 46.26 [31.89, 60.63] 4
Heterogeneity: Tau’ = 559.65; 4° = 139.08, df = 12 (P < 0.00001); /> = 91%
Test for overall effect: 27 = 6.31 (P < 0.00001)
1.1.2 Blood loss
Pugliese 90 48 16 148 53 48 8.6% -58.00 [-85.89, -30.11] 2010 e
Kim 303 151 16 447 371 11 9.0% -14.40 [-37.54, 8.74] 2010 —
Woo 91.6 152.6 236 1479 269 591 8.5% -56.30 [-85.44, -27.16] 2011 L
Eom 152.8 173.5 30 883 173.5 62 4.8%  64.50[-11.13, 140.13] 2012 —_ >
Huang 939 89 39 163.7 154.7 64 7.0% -69.80 [-116.88, -22.72] 2012 ¢—=——
Kang 933 846 100 173.5 1452 282 8.9% -80.20 [-103.91, -56.49] 2012 —=—
Kim 85 160 436 112 229 861 9.0% -27.00 [-48.44,-5.56] 2012 —
Zhang 80.8 531 97 153.7 264 70 9.6%  -72.90 [-85.14, -60.66] 2012 ——
Hyun 131.3 10.1 38 130.5 178 83 9.8% 0.80 [-4.20, 5.80] 2013 -
Noshiro 914 108.6 21 109.5 1657 160 6.5% -18.10[-71.17,34.97] 2013 —_—
Liu 107.8 55.9 48 1327 51.5 48 8.9% -24.90 [-48.41,-1.39] 2013 o
Zhao 38 179 30 85 40.8 30 9.4% -47.00 [-62.94, -31.06] 2013 —a
Subtotal (95%CI) 1107 2310 100.0% -37.19 [-60.16, -14.23] @
Heterogeneity: Tau® = 1393.22; = 195.54, df = 11 (P < 0.00001); * = 94%
Test for overall effect: Z = 3.17 (P = 0.002)
1.1.3 Number of retrieved LNs
Pugliese 25 4.5 16 31 8 48 9.5%  -6.00 [-9.16, -2.84] 2010 =
Kim 411 109 16 374 10 11 3.3% 3.70 [-4.27, 11.67] 2010 T
Woo 39 152 236 374 142 591 11.5% 1.60 [-0.65, 3.85] 2011 .
Kim 40.2 15,5 436 376 139 861 12.6% 2.60[0.87, 4.33] 2012 -
Huang 32 13.7 39 26 12.4 64 5.9% 6.00[0.74, 11.26] 2012 f=
Eom 30.2 9.9 30 334 9.9 62 73% -3.20[-7.52, 1.12] 2012 =
Zhang 23.1 54 97 20 4.3 70 13.1% 3.10[1.63, 4.57] 2012 m
Yoon 428 127 36 394 134 65 5.8% 3.40[-1.87, 8.67] 2012 =
Hyun 328 1238 38 32.6 133 83 5.9% 0.20 [-5.04, 5.44] 2013 -+
Noshiro 44 19 21 40 15 160 3.0% 4.00 [-4.45, 12.45] 2013 -
Liu 347 5.2 48 325 47 48 12.1% 2.20[0.22, 4.18] 2013 "
Zhao 308 6.3 30 281 51 30 10.1% 2.70[-0.20, 5.60] 2013 -
Subtotal (95%CI) 1043 2093 100.0% 1.46 [-0.19, 3.10] )
Heterogeneity: Tau® = 4.80; 4° = 36.48, df = 11 (P = 0.0001); /> = 70%

Test for overall effect: Z = 1.74 (P = 0.08)

Il Il Il Il
-100 -50 0 50 100

Test for subgroup differences: > = 48.00, df = 2 (P < 0.00001); * = 95.8% Favours RAG  Favours LAG
B RAG LAG QOdds ratio QOdds ratio
Study or Subgroup Mean Total Mean Total Weight M-H, Fixed, 95%CI Year  M-H, Fixed, 95%CI
2.1.1 Overall complications
Pugliese 1 16 6 48 1.9% 0.47 [0.05, 4.20] 2010 7
Kim 0 16 1 11 1.1% 0.21[0.01, 5.71] 2010 7
Woo 26 236 81 591  27.4% 0.78[0.49, 1.25] 2011 -

Yoon 6 36 10 65 4.0% 1.10[0.365, 3.32] 2012 I
Zhang 6 97 5 70 3.6% 0.86 [0.25, 2.93] 2012 e
Kang 14 100 29 282 8.7% 1.42[0.72,2.81] 2012 T
Kim 44 436 81 861 32.6% 1.08[0.73,1.59] 2012 -
Huang 6 39 10 64 4.3% 0.98[0.33, 2.95] 2012 -1
Eom 4 30 4 62 1.5% 2.23[0.52, 9.62] 2012 T
Zhao 2 30 5 30 3.1% 0.36 [0.06, 2.01] 2013 .
Hyun 18 38 32 83 7.0% 1.43[0.66, 3.11] 2013 T
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Noshiro 2 21 16 160 2.2%  0.95[0.20, 4.45] 2013 -1
Liu 3 48 4 48 2.5%  0.73[0.16, 3.47] 2013 N
Subtotal (95%CI) 1143 2375 100.0% 1.00 [0.80, 1.26] ¢
Total events 132 284
Heterogeneity: 4° = 7.16, df = 12 (P = 0.85); I = 0%
Test for overall effect: Z = 0.02 (P = 0.98)
2.1.2 Anastomosis leakage
Woo 4 236 9 591 158 1.11 [0.34, 3.66] 2011 -
Zhang 2 97 1 70 3.5 1.45[0.13, 16.34] 2012 - 1
Kim 10 436 18 861 369 1.10 [0.50, 2.40] 2012 i
Yoon 0 36 3 65 7.7 0.24 [0.01, 4.87] 2012 - 1
Huang 3 39 3 64 6.5 1.69 [0.32, 8.84] 2012
Kang 2 100 5 282 8.0 1.13[0.22, 5.92] 2012 N
Zhao 0 30 1 30 4.6 0.32[0.01, 8.24] 2013 e
Liu 1 48 2 48 6.1 0.49 [0.04, 5.58] 2013 - T
Hyun 3 38 6 83 10.8 1.10 [0.26, 4.65] 2013 - I
Subtotal (95%CI) 1060 2094 100.0 1.02[0.62, 1.65] L 2
Total events 25 48
Heterogeneity: y* = 2.24, df = 8 (P = 0.97); I’ = 0%
Test for overall effect: Z = 0.07 (P = 0.95)
2.1.3 Anastomosis stenosis
Woo 0 236 4 591 249 0.28 [0.01, 5.15] 2011 - &
Huang 0 39 1 64 10.9 0.54 [0.02, 13.48] 2012 i E—
Kang 0 100 1 282 7.6 0.93 [0.04, 23.11] 2012 -1
Yoon 1 36 3 65 20.1 0.59 [0.06, 5.89] 2012 i
Zhao 1 30 2 30 18.7 0.48 [0.04, 5.63] 2012 - "1
Hyun 1 38 3 83 17.8 0.72 [0.07, 7.16] 2013 - M
Subtotal (95%CI) 479 1115 100.0  0.54 [0.18, 1.57] >
Total events 3 14
Heterogeneity: > = 0.39, df = 5 (P = 1.00); I* = 0%
Test for overall effect: Z = 1.14 (P = 0.25)
Il Il Il Il

s , 0.005 0.1 1 10 200

Test for subgroup differences: y* = 1.28, df = 2 (P = 0.53); I = 0% Favours RAG  Favours LAG

Figure 3 Forest plot comparing intraoperative (A) and postoperative (B) outcomes between robot-assisted gastrectomy and laparoscopy-assisted gastrec-
tomy. RAG: Robot-assisted gastrectomy; LAG: Laparoscopy-assisted gastrectomy.

(I’ = 0%). A fixed-effect model was selected. No signifi-
cant difference between RAG and LAG group was found
in the comparison of the incidences of overall complica-
tions (11.5% us 12.0%, OR = 1.00, 95%CI: 0.80-1.26, P =
0.98).

The incidences of anastomosis leakages were report-
ed in 9 studies™ ™M1 1 total, 1060 patients were
treated with RAG and 2094 patients received LAG. No
statistical heterogeneity was found (I = 0%). There was
no significant difference between RAG and LAG group
in the comparison of the incidences of anastomosis leak-
ages (2.4% vs 2.3%, OR = 1.02, 95%CI: 0.62-1.65, P =
0.95).

Six studies”'*"*"**" involving 1594 subjects were in-
cluded in the analysis of anastomosis stenosis rates. No
statistical heterogeneity was found in this analysis (I = 0%)
and a fixed-effect model was selected. The results didn’
t indicate statistical difference between the two groups in
the comparison of the anastomosis stenosis rates (0.6% s
1.3%, OR = 0.54, 95%CI: 0.18-1.57, P = 0.25).

Comparison of other clinical outcomes between RAG
and LAG group

. [1,6,13,14,17-19
There were 7 studies' ]

which reported of num-
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bers of patients in LAG or RAG group who converted
to open gastrectomy (Figure 4A). No statistical hetero-
geneity was found (I’ = 0%). There was no statistical
difference in the compatison of conversion to open gas-
trectomy between the two groups (OR = 2.10, 95%CI:
0.47-9.40, P = 0.33).

The incidences of bleeding events after operation
were reported in 6 studies'™>”""'"*"*! involving 2897
subjects. No statistical heterogeneity was found in this
analysis (I = 29%) and a fixed-effect model was selected
(Figure 4B). The results indicated that there was no sig-
nificant difference in the comparison of bleeding rates
(1.6% vs 1.4%, OR = 1.19, 95%CI: 0.63-2.24, P = 0.59).

Seven studies!"*"**! involving 2937 patients were
included in the analysis of intestinal obstruction (Figure
4C). A fixed-effect model was selected (I’ = 0%). No sig-
nificant difference was found in the comparison of intes-
tinal obstruction rates (1.1% »s 0.9%, OR = 1.17, 95%CI:
0.56-2.48, P = 0.67).

Eleven studies**'*"'"**) had reported the mortali-
ties (Figure 4D). There were 3230 subjects included (1008
in RAG group and 2222 in LAG group). No statistical
heterogeneity was found (I’ = 0%). The results indicated
no significant difference of mortality between the two
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A RAG LAG 0dds ratio QOdds ratio

Study or Subgroup Mean Total Mean Total Weight M-H, Fixed, 95%CI Year M-H, Fixed, 95%CI

Pugliese 2 6 3 48  57.8% 2.14[0.32, 14.14] 2010 —

Kim 0 16 0 11 Not estimable 2010

Woo 0 236 0 591 Not estimable 2011

Eom 0 30 0 62 Not estimable 2012

Noshiro 0 21 0 160 Not estimable 2013

Hyun 0 33 0 83 Not estimable 2013

Liu 2 48 1 48 42.2% 2.04[0.18, 23.32] 2013 T

Subtotal (95%CI) 405 1003 100.0% 2.10 [0.47, 9.40]

Total events 4 4 ‘ ‘ ‘ ‘

Heterogeneity: * = 0.00, df = 1 (P = 0.98); I* = 0% 0.005 0.1 1 10 200

Test for overall effect: Z = 0.97 (P = 0.33) Favours RAG  Favours LAG

B RAG LAG 0Odds ratio 0Odds ratio

Study or Subgroup Mean Total Mean Total Weight M-H, Fixed, 95%CI Year M-H, Fixed, 95%CIL

Woo 4 236 12 591  39.5% 0.83[0.27, 2.61] 2011 ——

Zhang 1 97 1 70 6.7% 0.72[0.04, 11.69] 2012

Kim 2 436 8 861 31.4% 0.49[0.10, 2.32] 2012 — &

Kang 5 100 3 282 8.8% 4.89[1.15, 20.87] 2012 —

Huang 0 39 0 64 Not estimable 2012

Hyun 3 38 4 83 13.6% 1.69 [0.36, 7.97] 2013 —

Subtotal (95%CI) 946 1951 100.0% 1.19[0.63, 2.24] <

Total events 15 28

Heterogeneity: * = 5.60, df = 4 (P = 0.23); I* = 29% ‘ ‘ ‘ ‘

Test for overall effect: Z = 0.54 (P = 0.59) 0.005 0.1 1 10 200
Favours RAG  Favours LAG

C RAG LAG 0Odds ratio Odds ratio

Study or Subgroup Mean Total Mean Total Weight M-H, Fixed, 95%CI Year M-H, Fixed, 95%CI

Woo 1 236 2 591 9.1% 1.25[0.11, 13.89] 2011 —_—

Yoon 1 36 3 65 16.7  0.59[0.06, 5.89] 2012 e

Kim 1 436 5 861 269  0.39[0.05, 3.38] 2012 I E—

Kang 4 100 6 282 24.2 1.92 [0.53, 6.94] 2012 T

Huang 1 39 0 64 2.9 5.03 [0.20, 126.47] 2012 >

Zhang 2 97 0 70 4.5 3.69 [0.17, 78.09] 2012

Zhao 1 30 2 30 15.5% 0.48 [0.04, 5.63] 2013 - 1

Subtotal (95%CI) 974 1963 100.0% 1.17 [0.56, 2.48]

Total events 11 18 ‘ ‘ ‘ ‘

Heterogeneity: * = 3.72, df = 6 (P = 0.71); I’ = 0% 0.01 0.1 1 10 100

Test for overall effect: 27 = 0.42 (P = 0.67) Favours RAG  Favours LAG

D RAG LAG Odds ratio Odds ratio

Study or Subgroup Mean Total Mean Total Weight M-H, Fixed, 95%CI Year M-H, Fixed, 95%CI

Pugliese 1 16 1 48 10.8% 3.13[0.18, 53.21] 2010 "

Kim 0 16 0 11 Not estimable 2010

Woo 1 236 2 591  26.1% 1.25[0.11, 13.89] 2011 - &

Yoon 0 36 0 65 Not estimable 2012

Kim 2 436 3 861 46.1% 1.32[0.22,7.92] 2012 —

Huang 1 39 1 64 17.0% 1.66 [0.10, 27.29] 2012 "

Kang 0 100 O 282 Not estimable 2012

Eom 0 30 0 62 Not estimable 2012

Zhao 0 30 0 30 Not estimable 2013

Liu 0 48 0 48 Not estimable 2013

Noshiro 0 21 0 160 Not estimable 2013

Subtotal (95%CI) 405 1003 100.0% 2.10 [0.47, 9.40]

Total events 4 4

Heterogeneity: 2 = 0.30, df = 1 (P = 0.96); I* = 0% ‘

Il Il I}
.01 1 1 1 1
Test for overall effect: Z = 0.75 (P = 0.45) 0.0 Favgurs RAG Favours LgG 00

E RAG LAG Mean difference Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95%CI Year 1V, Random, 95%CI
Pugliese 10 3 16 10 2.6 48 7.0% 0.00 [-1.64, 1.64] 2010

Kim 5.1 03 16 6.5 08 11 13.5% -1.40 [-1.90, -0.90] 2010 -

Woo 7.7 17.2 236 7 5.7 591 4.8% 0.70 [-1.54, 2.94] 2011
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Eom 7.9 027 30 78 0.27 62 14.8
Kang 9.8 122 100 8.1 4.1 282 4.3%
Kim 7.5 137 436 78 8.5 861 8.2%
Huang 113 144 39 172 133 64 1.1
Zhang 6.1 2.6 97 6.9 2.3 70 12.1
Yoon 8.8 3.3 36 103 10.8 65 3.4
Hyun 10.5 5.9 38 119 103 83 3.3
Noshiro 8 5 21 13 30 160 1.3
Liu 7.5 1.3 48 7.9 1.4 48 13.3
Zhao 4 0.9 30 54 1.5 30 12.8
Subtotal (95%CI) 1143 2375 100.0%

Heterogeneity: Tau® = 0.63; y° = 70.30, df = 12 (P < 0.00001); /* = 83%
Test for overall effect: Z = 2.11 (P = 0.03)

0.10 [-0.02, 0.22] 2012 .
1.70 [-0.74, 4.14] 2012 T
-0.30 [-1.71, 1.11] 2012
-5.90 [-11.47, -0.33] 2012
-0.80 [-1.55, -0.05] 2012 b
-1.50 [-4.34, 1.34] 2012 —
-1.40 [-4.30, 1.50] 2013 —
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Figure 4 Forest plot. A: Comparing conversion to open gastrectomy between RAG and LAG; B: Comparing bleeding events between RAG and LAG; C: Compar-
ing intestinal obstruction between RAG and LAG; D: Comparing mortality between RAG and LAG; E: Comparing postoperative hospital stay between RAG and LAG.

RAG: Robot-assisted gastrectomy; LAG: Laparoscopy-assisted gastrectomy.

groups (0.5% w5 0.3%, OR = 1.55, 95%CI: 0.49-4.94, P =
0.45).

Thirteen studies™>*!">72 involving 3518 patients
were included in the analysis of postoperative hospital
stay (Figure 4E). A random-effect model was selected (r
= 83%). The RAG group had a shorter mean postopera-
tive hospital stay than the LAG group [WMD = -0.65 d,
95%CI: -1.24-(-0.05), P = 0.03].

DISCUSSION

The findings from our meta-analysis suggest that RAG
1s effective and safe for gastric cancer compared to LAG.

Overall, combining the available data RAG was associat-
ed with longer operative time, less blood loss and shorter
postoperative hospital stay than LAG. Moreover, there
was no significant difference in mortality, conversion,
overall complications, postoperative bleeding events, in-
testinal obstruction, anastomosis leakage and anastomo-
sis stenosis rates. There was also no significant difference
in the numbers of retrieved LNs during the operation
between RAG and LLAG.

Previous studies have reported the application of
RAG for the treatment of gastric cancer. Yoon ef al™in-
cluded 36 patients who underwent RAG and 65 patients
who underwent LLAG at the National Cancer Center in
South Korea. The operative data, postoperative morbid-
ity, and pathologic data were analyzed. They found that
the mean postoperative hospital stay was 8.8 £ 3.3 d in
the RAG group and 10.3 £ 10.8 d in the LATG group
(P = 0.416). The mean operative time was 305.8 + 115.8
min in the RAG group and 210.2 + 57.7 min in the LAG
group (P < 0.001). No significant differences were found
in the comparison of mean number of dissected LNs and
incidence of postoperative complications. Some other

1529 and meta-analysis”"*! have reported similar

studies
results. However, these studies have limited samples and
most of them were retrospective. Therefore, we pooled
relevant studies and conducted a meta-analysis to com-
pare the short-term clinical outcomes of RAG with LAG

systematically. Finally, 13 studies involving 3815 subjects
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were included. The quality of these studies was relatively
high because their NOS scores ranged from 6 to 8. There
was a significant heterogeneity among the included stud-
ies in the analysis of intraoperative outcomes. This may
be explained by the differences in the stage of gastric
cancer, resection scope, operation skill, gastric resection
approach, extension of LN dissection and the standards
for discharge among the studies. Further, according to
the funnel plot, the publication bias was acceptable.

According to the results of our analysis, the operative
time is much longer in RAG group. It may be related to
the increased set-up time to position and the inexpert skill
of surgeons. RAG was also associated with less estimated
blood loss compared with LAG. It’s more convenient for
hemostatic treatment because RAG provides an excellent
and stable visualization of the operative field™"". Even
though the mean postoperative hospital stay is 0.65 d
shorter in RAG, we think that it is of little practical sig-
nificance because it’s too short. Moreover, there are no
differences between RAG and LAG in the comparison
of retrieved LNs and postoperative outcomes. Briefly, the
results in the current study indicate that RAG is as safe
and effective as LAG in the treatment of gastric cancer.

However, the costs of RAG are much higher than
those of LAG. The mean cost of RAG is about $6000
to $11400 for gastric cancer, while only $2000 to $6000
in LAG group[g‘“’m. Consequently, before surgeons and
patients make the decision, patients’ economic condition
should also be taken into consideration.

However, this study had some potential limitations.
Firstly, there might be a certain degree of language bias
because only publications in Chinese or English were
searched in the databases. And then, the number of in-
cluded subjects was relatively few in this study, which may
lead to low statistical power. Moreover, most of them
were retrospective designed and long-term outcomes
were not reported. More high-quality randomized clini-
cal studies are deserved to better evaluate both short and
long-term outcomes of RAG. Further, the end points
predetermined in the included studies were different.
We can only partly extract the information from these
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studies. As for study population, most participants were
Asian. Studies in Western countries were relatively rare.
Lastly, the differences in population characteristics (stage
of gastric cancer, age, gender ratio, diabetes mellitus,
hypertension, ez.), device and the duration of follow up
among the included studies may also lead to a bias in a
certain degree.

In conclusion, the synthesis of available evidence
indicates that RAG is effective and safe in the treatment
of gastric cancer. RAG is a promising alternative to lapa-
roscopic surgery. Long-term randomized controlled stud-
ies with large scales and improved designs are needed to
further evaluate the long-term outcomes.
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Background

Gastric cancer is the fourth leading cancer and second leading cause of cancer
death in the world. Robot-assisted gastrectomy (RAG) is a new approach for
gastric cancer and is reported to be safe and efficient. However, most of the
studies were case control studies and their sample sizes were rather small.

Research frontiers

The purpose of this study was to perform a meta-analysis to compare the short-
term clinical outcomes of RAG with laparoscopy-assisted gastrectomy (LAG) in
gastric cancer patients systematically.

Innovations and breakthroughs

In the present study, the results indicate that RAG is associated with longer op-
erative time [weighted mean difference (WMD) = 46.26 min, P < 0.00001], less
blood loss (WMD = -37.19 mL, P = 0.002) and shorter postoperative hospital
stay (WMD = -0.65 d, P = 0.03) than LAG. So far, this is a meta-analysis with
most included studies and largest number of included subjects.
Applications

RAG is effective and safe in the treatment of gastric cancer. RAG is a promising
alternative to laparoscopic surgery.

Terminology

RAG: Robot-assisted gastrectomy. Robot-assisted surgery is a kind of minimal-
ly invasive approaches. It can be used in gastrectomy and may enhance visu-
alization of both the operative field and precision of the necessary techniques.
The most popular one is da Vinci computer-enhanced surgical system.

Peer review

Lin et al in their manuscript present an interesting meta-analysis. This is a well
done study.
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Abstract

AIM: To assess the 6-mo and 12-mo functional out-
comes after retropubic, laparoscopic and robot-assisted
laparoscopic radical prostatectomy retropubic radical
prostatectomy (RRP) laparoscopic radical prostatectomy
(LRP); robot-assisted laparoscopic prostatectomy (RARP).

METHODS: A literature search was conducted using
the PubMed, EMBASE, The Cochrane Library and the
Web of Knowledge databases updated to March, 2014
for relevant published studies. After data extraction and
quality assessment via the Newcastle-Ottawa Scale or
the Cochrane collaboration’s tool for assessing risk of

Baishidenge ~ WIMA | www.wjgnet.com

bias, meta-analysis was performed using RevMan 5.1.
Either a random-effects model or a fixed-effects model
was used. Potential publication bias was assessed using
visual inspection of the funnel plots, and verified by the
Egger linear regression test.

RESULTS: Thirty-seven studies were identified in total:
14 articles comparing LRP with RRP, 12 articles com-
paring RARP with RRP, and 11 articles comparing RARP
with LRP. For urinary continence, a statistically signifi-
cant advantage was observed in RARP compared with
LRP or RRP both at 6 mo [odds ratio (OR) = 1.93; P
< 0.01, OR = 2.23; P < 0.05, respectively] and 12 mo
(OR = 1.47; P < 0.01, OR = 2.93; P < 0.01, respec-
tively) postoperatively. The continence recovery rates
after LRP and RRP, with obvious heterogeneity (6-mo:
I’ = 74%; 12-mo: I’ = 75%), were equivalent (6-mo:
P = 0.52; 12-mo: P = 0.75). In terms of potency re-
covery, for the first time, we ranked the three surgical
approaches into a superiority level: RARP > LRP > RRP,
with a statistically significant difference at 12 mo [RARP
vs LRP (OR = 1.99; P < 0.01); RARP vs RRP (OR =
2.66; P < 0.01); LRP vs RRP (OR = 1.34; P < 0.05)],
respectively. Meta-regression and subgroup analyses
according to adjustment of the age, body mass index,
prostate volume, Gleason score or prostate-specific an-
tigen did not vary significantly.

CONCLUSION: Current evidence suggests that mini-
mally invasive approaches (RARP or LRP) are effective
procedures for functional recovery. However, more
high-quality randomized control trials investigating the
long-term functional outcomes are needed.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Prostate cancer; Radical prostatectomy;
Urinary continence; Potency; Meta-analysis

Core tip: This review directly compared the functional
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outcomes after retropubic, laparoscopic and robot-
assisted radical prostatectomy, both at 6-mo and
12-mo follow-up. Compared with the previous meta-
analysis which reported a comparable potency recovery
of robot-assisted laparoscopic prostatectomy (RARP) vs
laparoscopic radical prostatectomy (LRP), our review
obviously included more studies and ranked the three
techniques into a superiority level: RARP > LRP > RRP
(retropubic radical prostatectomy). In addition, we per-
formed a quality assessment of the studies, separated
evaluation of randomized control trials (RCTs) and non-
RCTs, and subgroup analyses or meta-regression as a
supplement, thus the risk of methodological bias was
reduced considerably.

Shi MJ, Yang J, Meng XY, Li S, Liu T, Fang ZH, Cao R, Wang
XH. Comparison of functional outcomes after retropubic, laparo-
scopic and robot-assisted radical prostatectomy: A meta-analysis.
World J Meta-Anal 2014; 2(3): 107-126 Available from: URL:
http://www.wjgnet.com/2308-3840/full/v2/i3/107.htm DOI:
http://dx.doi.org/10.13105/wjma.v2.i3.107

function make the health-related quality of life worse.
Relevant comparative studies showed 12-mo urinary con-
tinence recovery rates ranging from 47% to 96%, 48% to
97% and 88% to 97% after RRP, LRP and RARP, respec-
tively. The previously published surgical series showed
12-mo potency recovery rates ranging from 39% to 72%,
41% to 81% and 61% to 87% after RRP, LRP and RARP,
respectively. This apparent difference can be attributed to
multiple definitions of urinary continence and potency,
variations in population baseline, differences among sur-
gical techniques and diverged data collection as well. In
comparison with the only two meta-analyses evaluating
functional outcomes after different surgical approaches,
reported by the same author Ficarra et /™" in August
2011, obviously our review included more studies and
excluded two studies"”" which appeared to be ineligible
since the presence of preoperative adjuvant hormonal
therapy. Moreover, powerful quality assessment tools
were utilized in this initial comparison of three key tech-
niques (RRP, LRP and RARP) both at 6-mo and 12-mo

follow-up.

MATERIALS AND METHODS

INTRODUCTION

Prostate cancer (PCa) is now recognized as one of the
most important medical problems in the male popula-
tion. PCa accounted for almost 28% (238590) of all new-
ly diagnosed cancer cases and it is the second cause of
male cancer death (after lung cancer) in the United States,
while in Europe, data show an incidence rate of 22.8%
and a mortality of 9.5%'"”. With combined application
of prostate-specific antigen (PSA) test and prostate bi-
opsy, the percentage of early diagnosed PCa cases has
increased .

Radical prostatectomy (RP) is one of the recommend-
ed standard treatments for clinically localized prostate
cancer (cT1-cT2) patients with a life expectancy of more
than 10 years”. The retropubic radical prostatectomy
(RRP), since its first introduction by Walsh ez /" in 1982,
soon became the gold standard and the most widely used
treatment for patients with localized PCa”. Recently, we
have witnessed the emergence of laparoscopic radical
prostatectomy (LRP) and robot-assisted laparoscopic
prostatectomy (RARP). Facing all these surgical options,
both patients and surgeons hesitate when a best treat-
ment choice should be made. Although several experts
have demonstrated that when compared with RRP, LRP
and RARP have obvious advantages such as lower blood
loss, less need for transfusion and shorter hospital—stay[é’ﬂ,
but the lack of high-quality evidence and randomized
control trials (RCTSs) available precluded us from proving
the superiority of any surgical approaches in terms of
postoperative functional outcomes.

The increase in life expectancy in patients with local-
ized PCa has made the post-treatment quality of life a
key issue for PCa survivors, but some negative functional
outcomes such as urinary incontinence and erectile dys-
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Literature search

A literature search of the following databases was per-
formed: the PubMed, EMBASE, The Cochrane Libraty
and the Web of Knowledge databases up to March, 2014.
We used the following limits: humans, gender (male),
and no restriction for languages. For each database, the

PR3

same search terms “radical prostatectomy”, “urinary
continence”, “incontinence”, “potency” and “erectile
function” were used. Although we also paid attention to
two unpublished studies (gray literature) with relevant
outcomes reported on the website “Clinical Ttrials.gov”
and tried to contact the experts by e-mail, there has been
no response so far, and therefore in this review only pub-

lished papers were included.

Study selection

Our study followed the preferred reporting items for
meta-analyses of observational studies in epidemiology
(MOOSE) statement"?. The inclusion criteria were as fol-
lows: (1) patient characteristics: localized PCa (cT1-cT2);
comparable baseline demographics; preoperatively potent
and continent; no obvious comorbidities; (2) surgical
techniques: only pure RRP/RARP/LRP with or without
modification; (3) methodologically: all studies compating
the postoperative outcomes as RRP/LRP, RRP/RARP
or LRP/RARP and including at least one of the func-
tional results; clear definition of urinary continence and
potency; and (4) population-based studies, duplicated
publications and meeting abstracts were excluded.

Data extraction

All eligible records were extracted independently by two
reviewers and selected according to the inclusion criteria.
We extracted the details of authors and publishing date;
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Potentially relevant articles
identified and screened for
retrieval (7 = 402)

Titles or abstracts
excluded (n = 329)

Comparative full-text
articles assed for
eligibility (7 = 73)
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Figure 1 Flow diagram of the systematic review. RRP:
Retropubic radical prostatectomy; LRP: Laparoscopic
radical prostatectomy; RARP: Robot-assisted radical
prostatectomy.

Reviews (7 = 11)

Excluding full-text article:

Population-based study (7 = 2)
Meeting abstract (7 = 2)
Duplicate publication (7 = 2)

Unclear or not relevant result (7 = 19)

Selected full-text by inclusion criteria
reporting functional outcomes (7 = 37)

L

Articles comparing RRP
and LRP (7 = 14)

Articles comparing RRP
and RARP (7 = 12)

surgical techniques and number of patients; study design;
baseline mean age; BMI value; prostate volume; PSA lev-
el; urinary continence and potency definition; and 6- and
12-mo recovery rates of urinary continence and potency.
Any uncertainties or discrepancies between the two re-
viewers were resolved by open discussion or consultation
with the third reviewer.

Methodological quality assessment

The quality of cohort and case-control studies was as-
sessed using the Newcastle-Ottawa quality scale (NOS)
proposed by Wells ez al™. "This tool can be used either as
a checklist or as a scale. The NOS scales were separately
developed for cohort and case-control studies. Briefly, a
star system was used for quality assessment of studies,
and the NOS ranges from zero up to nine stars; studies
were evaluated using items from three broad perspec-
tives: selection of study groups (0-4 stars), comparability
between groups (0-2 stars), and ascertainment of either
the exposure or the outcome of interest (0-3 stars) for
case-control or cohort studies, respectively.

The quality of each RCT was assessed using the Co-
chrane collaboration’s tool for assessing risk of bias"!,
which utilizes seven aspects: (1) details of randomization
method; (2) allocation concealment; (3) blinding of par-
ticipants and personnel; (4) blinding of outcome assess-
ment; (5) incomplete outcome data; (6) selective outcome
reporting; and (7) other sources of bias, to provide a
qualification of risk of bias.

Statistical analysis

Statistical analyses were performed using the Cochrane
Review Manager (RevMan) Version 5.1 software. Odds
ratios (ORs) with 95% confidence intervals (Cls) for
dichotomous variables were computed as summary sta-
tistics. According to the Higgins’ I statistic, a statistical
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Articles comparing LRP
and RARP (7 = 12)

109

heterogeneity of < 25, 25-50, and > 50% was defined as
low, moderate, and high, respectivelym]. If no heteroge-
neity was found, a fixed-effects model using the Mantel-
A" If statistically
significant heterogeneity was revealed, a random-effects

Haenszel method would be use

model would be used". The sensitivity analysis was
also performed by two methods: (1) subgroup analysis,
and (2) exclusion of the study accounting for the largest
proportion; if no difference was detected then it could
be confirmed that the outcomes were stable and reli-
able. The meta-regression analyses were performed by
modeling on binary continence and potency outcomes,
adjusting the age, BMI, prostate volume, mean Gleason
score, and PSA level by using the STATA SE 12.0. For all
statistical analyses, a P-value < 0.05 was set as the level of
significance. The publication bias was examined using the
funnel plot,“g]he results of which were further verified by

Egger’s test .

RESULTS
Study identification

Figure 1 shows the flowchart of this review and sum-
marizes the number of potential citations (Figure 1). The
authors selected 73 full-text articles after a comprehen-

sive review of 402 potential relevant citations. Among

these, 14 articles compared RRP with LRP, consisting of
seven prospective and seven retrospective studies™ ™ 12

articles compared RRP with RARP, which consisted of
. ' . . . [10,11,34-43]

six prospective and six retrospective studies ;12

articles compared LRP with RARP, including two RCTs,

. . . . 1394454
one prospective and nine retrospective studies™ .

Quality of studies

Totally, there were 14 prospective studies and 21 retro-
spective studies included in this review. According to the
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A LRP RRP 0Odds Ratio QOdds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI
Anastasiadis et a/*”, 2003 67 113 16 37  12.6% 1.91[0.90, 4.05] T
Dahl et a*, 2009 31 74 38 78  13.6% 0.76 [0.40, 1.44] =

Egawa et a/*”', 2003 15 32 37 44 9.9%  0.17 [0.06, 0.48] —

Ghavamian et a/**, 2006 49 70 50 70 12.8% 0.93[0.45, 1.93] e

Greco et a*, 2003 134 150 114 150 13.6% 2.64[1.40, 5.01] —
Roumeguere et a/*", 2003 37 73 40 64  13.2% 0.62[0.31, 1.22] =
Simforoosh et a*", 2009 121 136 172 188 12.7% 0.75[0.36, 1.58] =
Takenaka et a/*”, 2008 71 109 28 37  11.7% 0.60 [0.26, 1.40] =T

Total (95%CI) 757 668 100.0% 0.84 [0.50, 1.41]

Total events 525 495 7
Heterogeneity: Tau® = 0.40; z° = 26.90, df = 7 (P = 0.003); > = 74% 0‘1 1 1‘0 1(‘)0
Test for overall effect: Z = 0.65 (P = 0.52) '

LRP RRP

B LRP RRP Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI
Anastasiadis et a/*”, 2003 94 106 26 33 71%  2.11[0.90, 4.05] T
Artibani et a/*®, 2003 8 20 9 14  56%  0.37[0.09, 1.52] —

Dahl et a/**, 2009 41 78 35 72 88% 1.17[0.62, 2.22] I
Egawa et a/*”, 2003 12 20 39 42 53% 0.12[0.03, 0.50] —_—

Ghavamian et a/*', 2006 63 70 57 65 6.9%  1.26[0.43, 3.70] -
Greco et a/*”, 2003 146 150 137 150 6.6%  3.46[1.10, 10.88] —
Magheli et a*, 2014 96 116 99 119 8.6%  0.97[0.49, 1.91] —

Remzi et a/*”, 2005 (a) 33 39 33 41 65%  1.33[0.42, 4.27] N
Remzi et a/*”, 2005 (b) 36 41 33 41  63% 1.75[0.52, 5.87] T
Roumeguere et a/*", 2003 42 52 47 56  7.3%  0.80[0.30, 2.17] =
Simforoosh et a/"!, 2009 131 136 179 188 6.7%  1.32[0.43, 4.02] T
Takenaka et a/°”, 2008 84 109 34 37  6.1%  0.30 [0.08, 1.05] ]

Touijer et a/*", 2008 93 193 167 222 9.6%  0.31[0.20, 0.46] -

Wagner et a/*, 2007 43 67 31 66  8.6%  2.02[1.01, 4.05] "
Total (95%CI) 1197 1146 100.0% 0.92 [0.57, 1.51]

Total events 922 926 T
Heterogeneity: Tau® = 0.60; »? = 52.61, df = 13 (P < 0.00001); 7* = 75% : ‘ ‘ ‘
Test for overall effect: Z = 0.32 (P = 0.75) 0.0 01 1 10 100

LRP RRP

Figure 2 Forest plots and meta-analyses of laparoscopic radical prostatectomy and retropubic radical prostatectomy. A: 6-mo continence recovery; B:
12-mo continence recovery. RRP: Retropubic radical prostatectomy; LRP: Laparoscopic radical prostatectomy.

rate. The 12-mo loss to follow-up rate was > 20% in
six studies™*"*****! Although Springer ez a/*” reported
demonstrated a significant better outcome of LRP than
ORP (96.8% »s 86.4%, P < 0.05), we did not include it
in because of the preoperatively performed transurethral
resection of the prostate in that report, which could
potentially be an inconsistent factor among the groups.
The mean urinary continence recovery rates at 6 and 12
mo were 56.6% (42%-70%) and 84.3% (48.0%-96.3%)
after LRP; and 64.9% (43.3%-84.1%) and 77.8%
(47.0%-95.2%) after RRP, respectively.

Six-month continence recovery after LRP and RRP:
Statistically high heterogeneity (I'= 74%, P < 0.05) was
observed among the eight studies™*"**"*! included.
The meta-analysis with a random-effects model showed
no significant difference between LRP and RRP (OR =
0.84; 95%CI: 0.50-1.41; P = 0.52) (Figure 2).

Twelve-month continence recovery after LRP and
RRP: Fourteen studies were included in the meta-
analysislzo"?’l’%], and there was a statistical heterogeneity (12
= 75%, P < 0.05). No significant difference was found
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between LRP and RRP by using a random-effects model
(OR = 0.92; 95%CI: 0.57-1.51; P = 0.75) (Figure 2).

Table 2 summarizes the results of urinary continence
recovery rate between RARP and RRP. A total of 1942
patients who received RRP and 1882 patients who re-
ceived RARP were included. Half of the included studies
had a very strict urinary continence definition as no pad.
Only two studies”*” had a high loss to follow-up rate (>
20%) at 12 mo. Tewari ez al™” reported that the median
urinary continence recovery was significantly better after
RARP compared with after RRP (44 d »s 160 d, P < 0.05),
and Kim ¢z a/'" drew the same conclusion, while Kram-
beck ef al'" presented an opposite result in the compari-
son of RARP and RRP (91.8% us 93.7%, respectively).
However, compared with the previous meta-analysis',
Kim e o/ and Krambeck e al'" results were excluded
in our review because of their preoperative adjuvant hor-
monal therapy, which would undoubtedly cause differ-
ence.

Six-month continence recovery after RARP and

RRP: Statistically significant heterogeneity was observed
among the eight included studies (I = 73%, P < 0.05)™*,
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A RARP RRP Odds Ratio QOdds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI

Caballero Romeu et a/*”, 2008 30 50 28 61  14.5% 1.77[0.83, 3.77] T

Choo et ai*?, 2013 65 77 162 176 14.0% 0.47 [0.21, 1.07] —

Di Pierro et a/*”, 2010 71 75 62 75  11.2% 3.72[1.15, 12.01] —

Geraerts et a/™, 2013 58 61 102 109 9.6%  1.33[0.33, 5.33] I L —

Ham et a/°*, 2008 164 188 83 110  15.7% 2.22[1.21, 4.09] =

Ou et ai*!, 2009 29 30 25 30 5.5%  5.80[0.63, 53.01] 7

Rocco et ai*”, 2009 102 110 189 229 14.2% 2.70 [1.22, 5.98] =

Son et a*, 2013 107 122 49 94  15.2% 6.55[3.34, 12.87] —

Total (95%CI) 713 884 100.0% 2.23[1.20, 4.14] 4

Total events 626 700

Heterogeneity: Tau® = 0.54; »* = 26.16, df = 7 (P = 0.0005); /° = 73% ‘ ‘ ‘ ;
Test for overall effect: Z = 2.53 (P = 0.01) 0.01 0.1 ! 10 100

LRP RRP

B LRP RRP Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI

Choo et al*?, 2013 72 77 169 176 20.1% 0.60 [0.18, 1.94] — =

Di Pierro et a/*”, 2010 40 45 60 75  15.1% 2.00 [0.67, 5.94] N

Ficarra et a/*”, 2008 100 103 92 105 8.0%  4.71[1.30, 17.06] —
Geraerts et a™, 2013 59 61 105 109 7.4%  1.12[0.20, 6.32] -

Ham et a/**, 2008 173 188 90 110  27.3%  2.56 [1.25, 5.25] .

Ou et ai*", 2009 30 30 29 30 1.4%  3.10[0.12, 79.23]

Rocco et ai*”, 2009 77 79 191 217 7.8%  5.24[1.21,22.62] -

Son et a/™, 2013 115 122 66 94  12.9% 6.97 [2.89, 16.83] —

Total (95%CI) 705 916  100.0% 2.93[1.99, 4.32] L 2

Total events 666 802

Heterogeneity: ;* = 13.62, df = 7 (P = 0.06); /* = 49% 001 01 1 10 100
Test for overall effect: Z = 5.42 (P < 0.00001) LRP RRP

Figure 3 Forest plots and meta-analyses of robot-assisted radical prostatectomy and retropubic radical prostatectomy. A: 6-mo continence recovery; B:
12-mo continence recovery. RRP: Retropubic radical prostatectomy; RARP: Robot-assisted radical prostatectomy.

Six-month continence recovery after RARP and
LRP: The two RCTs"™* showed no heterogeneity (I’ =
0%, P = 0.92), and supported the advantage after RARP
with a fixed-effects model (OR = 2.66; 95%CI: 1.31-5.40;
P < 0.01) (Figure 4). In the cumulative analysis of 10
NRCTs"** no heterogeneity was found (I’ = 38%, P =
0.11), so a fixed-effects model was performed. The result

also demonstrated a statistically significant advantage in
favor of RARP (OR = 1.93; 95%CI: 1.67-2.23; P < 0.01)

(Figure 4).

Twelve-month continence recovery after RARP and
LRP: No evidence of statistical heterogeneity was ob-
served in both of the two RCTs (I'= 0%, P = 0.88) or
the seven NRCTs (12: 0%, P = 0.44), and the pooled
analyses with a fixed-effects model either for the RCTs or
the NRCTs showed a statistically significant advantage in
favor of RARP [(OR = 3.52; 95%CI: 1.36-9.13; P < 0.05);
(OR = 1.47; 95%CI: 1.25-1.74; P < 0.01), respectively]

(Figure 4).

Characteristics of included studies and meta-analyses
on potency recovery

Table 4 summarizes the results of potency recovery rate
between LRP and RRP. Among the 10 studies, 907 pa-
tients treated with RRP and 1004 patients treated with
LRP were included. Eight of them had a very strict
potency definition as erection sufficient for intercourse
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(ESI). The 12-mo loss to follow-up rate was > 20% in
three studies™ . Springer ez a/™ report was not in-
cluded in the meta-analysis because of its preoperative
surgery. The nerve sparing (NS) procedures were not
clearly mentioned in two studies”*, and the remaining
studies either used the bilateral or unilateral nerve sparing
measutres. The mean potency recovery rates at 6 and 12
mo were 30.6% (23.0%-38.1%) and 45.8% (32.0%-54.5%)
after RRP; and 42.5% (37%-48%) and 55% (41%-66%)

after LRP, respectively.

Six-month potency recovery after LRP and LRP: No
statistical heterogeneity was observed (I'= 0%, P = 0.67)
in the included four studies”"*****"!. The meta-analysis
evaluating potency with a fixed-effects model suggested
no statistically significant difference between LRP and
RRP (OR = 1.48; 95%CI: 0.94-2.34; P = 0.09) (Figute 5).

Twelve-month potency recovery after LRP and LRP:
Eight studies were included™*"****** and no statisti-
cal heterogeneity was observed (I'= 0%, P = 0.50). The
pooled analysis with a fixed-effects model showed a
statistically significant advantage in favor of LRP (OR =
1.34; 95%CI: 1.05-1.70; P < 0.05) (Figure 5).

Table 5 summarizes the results of potency recovery
rate after RARP and RRP. A total of 1278 patients treat-
ed with RRP and 1309 patients treated with RARP were
included. In half of them, the NS procedures were not
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A RARP LRP 0Odds Ratio QOdds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI
Asimakopoulos ef a/*7, 2011 46 52 45 60  48.4% 2.56[0.91, 7.17]

Porpiglia et a/*', 2012 53 60 44 60  51.6% 2.75[1.04, 7.29] —a—

Total (95%CI) 112 120 100.0% 2.66 [1.31, 5.40] >

Total events 99 89 ‘ ‘ ‘ ‘
Heterogeneity:;(Z =0.01,df =1 (P=0.92); I’ = 0% 0.01 0.1 1 10 100
Test for overall effect: Z = 2.70 (P = 0.007) PARP LRP

B RARP LRP Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI

Caballero Romeu et a/*, 2008 30 50 24 66  3.1%  2.63[1.23, 5.59] f

Cho et al*?, 2009 56 60 43 60 1.1%  5.53[1.74, 17.65]

Hakimi et a/*”, 2009 56 75 49 75  47%  1.56[0.77, 3.16] T

Joseph et al”, 2005 45 50 46 50 1.7%  0.78[0.20, 3.10] T

Lee et a/*®, 2009 17 21 25 31 1.4%  1.02[0.25, 4.17] T

Park et a/*", 2013 153 183 94 144 6.5%  2.71[1.61, 4.56] -

Park et a/**, 2011 41 4 47 62 1.0%  4.36[1.18, 16.14]

Ploussard et a/*®, 2012 726 1009 811 1377 72.3% 1.79 [1.50, 2.13] [ |

Trabulsi et a/*", 2010 187 205 32 45  1.7%  4.22[1.89, 9.45] *

Willis et a/*%, 2011 50 76 64 117 6.5%  1.56[0.88, 2.89] T

Total (95%CI) 1773 2027 100.0% 1.93 [1.67, 2.23] 4

Total events 1361 1235

Heterogeneity: 7> = 14.45, df = 9 (P = 0.11); I* = 38% o1 01 1 10 100
Test for overall effect: Z = 8.89 (P < 0.00001) RARP LRP

C RARP LRP Odds Ratio QOdds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI
Asimakopoulos ef a/*", 2011 49 52 50 60  51.7% 3.27[0.85, 12.59]

Porpiglia et a/*!, 2012 57 60 50 60  48.3% 3.80 [0.99, 14.58]

Total (95%CI) 112 120 100.0% 3.52[1.36, 9.13] -

Total events 106 100 ‘ ‘ ‘ |
Heterogeneity: 7> = 0.02, df = 1 (P = 0.88); /* = 0% 001 o1 1 10 100
Test for overall effect: Z = 2.59 (P = 0.010) PARP LRP

D RARP LRP Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI

Cho et al*”, 2009 60 60 60 60 Not estimable

Hakimi et a/*”, 2009 70 75 67 75 1.9%  1.67[0.52, 5.37] ]

Park et a/*", 2013 160 183 112 144 6.7%  1.99[1.10, 3.58] -

Park et a/**, 2011 42 44 59 62 1.0% 1.07 [0.17, 6.67] —

Ploussard et a/**, 2012 761 1009 943 1377 83.9% 1.41[1.18,1.70] |

Trabulsi et a/*", 2010 193 205 37 45 1.5%  3.48 [1.33, 9.09] -

Willis et a/*, 2011 33 4 84 116  4.9%  1.14[0.52, 2.53] —_

Total (95%CI) 1620 1879 100.0% 1.47 [1.25, 1.74] ¢

Total events 1319 1362

Heterogeneity: ;° = 4.83, df = 5 (P = 0.44); I = 0% 00l o1 1 0 100
Test for overall effect: Z = 4.56 (P < 0.00001) RARP LRP

Figure 4 Forest plots and meta-analyses of robot-assisted radical prostatectomy and laparoscopic radical prostatectomy. A: 6-mo continence recovery
based on randomized control trials (RCTs); B: 6-mo continence recovery based on non-randomized control trials (NRCTs); C: 12-mo continence recovery based on
RCTs; D: 12-mo continence recovery based on NRCTs. RRP: Retropubic radical prostatectomy; LRP: Laparoscopic radical prostatectomy.

used a strict potency definition as ESI. In addition, two
retrospective studies”™” had a high loss to follow-up rate
(> 20%) at 12 mo. The RCTs were evaluated separately
with NRCTs. For NRCTs, the mean potency recovery
rates at 6 and 12 mo were 33.8% (20.4%-48.5%) and
43.2% (31.6%-065.5%) after LRP; and 55.5% (31.1%-75%)
and 65.1% (36.5%-80.0%) after RARP.

Six-month potency recovery after RARP and LRP:
The two RCTs"** showed a statistical heterogeneity (r'=
84%, P < 0.05), and demonstrated comparable result be-

Baishidenge ~ WIMA | www.wjgnet.com

115

tween RARP and LRP with a random-effects model (OR
= 4.75; 95%CI: 0.92-24.54; P = 0.06) (Figure 7). In the
cumulative analysis of five NRCTs"***"*** no hetero-
geneity was found (I’ = 0%, P = 0.50), so a fixed-effects
model was utilized. The result demonstrated a statisti-
cally significant advantage in favor of RARP (OR = 2.56;

95%CI: 2.11-3.10; P < 0.01) (Figure 7).

Twelve-month potency recovery after RARP and
LRP: No evidence of statistical heterogeneity was

observed in the two RCTs (I'= 17%, P = 0.27) and
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A LRP RRP 0Odds Ratio QOdds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI

Artibani et a/**, 2003 5 57 4 40  13.9% 0.87 [0.22, 3.45] =

Dahl et a*®, 2009 28 75 18 77 36.1% 1.95[0.96, 3.95] el

Ghavamian et a/**, 2006 24 50 16 42 29.4% 1.50 [0.65, 3.45] Nl

Roumeguere et a/*", 2003 9 26 11 33 20.6% 1.06 [0.36, 3.13] e

Total (95%CI) 208 192 100.0% 1.48 [0.94, 2.34] ‘ L ‘ ‘
Total events 66 49 ‘

Heterogeneity: ;° = 1.54, df = 3 (P = 0.67); > = 0% 0.01 0.1 1 10 100
Test for overall effect: Z = 1.71 (P = 0.09) LRP RRP

B LRP RRP Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Anastasiadis et a/*”, 2003 43 106 10 33  79%  1.57[0.68, 3.63] R

Dahl et a/*, 2009 33 77 23 73 11.7% 1.63 [0.84, 3.18] T

Ghavamian et a/**, 2006 32 50 21 40  7.3%  1.61[0.69, 3.75] T

Greco et a/*, 2003 99 150 77 150  22.7% 1.84[1.19, 2.93] -

Magheli et a/™, 2014 7 25 18 62  6.5%  0.95[0.34, 2.67] I

Roumeguere et a/*", 2003 17 26 18 33  4.8%  1.57[0.55, 4.54] T

Touijer et a/*", 2008 73 130 96 164 32.3% 0.91[0.57, 1.44] -

Wagner et a/*, 2007 15 37 11 25  6.8%  0.87[0.31, 2.42] T

Total (95%CI) 601 580 100.0% 1.34[1.05,1.70] | ‘ ¢ ‘ ‘
Total events 319 274 0.01 0.1 1 10 100
Heterogeneity:;;Z =6.33,df =7 (P = 0.50); I = 0% LRP RRP

Test for overall effect: Z = 2.38 (P = 0.02)

Figure 5 Forest plots and meta-analyses of laparoscopic radical prostatectomy and retropubic radical prostatectomy. A: 6-mo potency recovery; B: 12-mo

potency recovery. RRP: Retropubic radical prostatectomy; LRP: Laparoscopic radical prostatectomy.

A RARP RRP Odds Ratio 0dds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI

Choo et al*, 2013 12 4 8 55  28.1% 2.43[0.89, 6.66]

Di Pierro et a/*”, 2010 25 37 12 49 29.5% 6.42 [2.49, 16.57] —

Rocco et a*”, 2009 46 107 71 229  42.4% 1.68[1.04, 2.70]

Total (95%CI) 185 333 100.0% 2.77 [1.23, 6.21] @

Total events 83 91

Heterogeneity: Tau® = 0.34; 4° = 6.20, df = 2 (P = 0.05); I* = 68% ‘ ‘ ‘ ‘
Test for overall effect: Z = 2.47 (P = 0.01) 0.01 0.1 1 10 100

RARP RRP

B LRP RRP Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI

Choo et al*”, 2013 22 41 22 55  17.3% 1.74[0.77, 3.93] N

Di Pierro et a/*”, 2010 12 22 12 47 6.9%  3.50[1.21, 10.15]

Ficarra et a/*”, 2008 52 64 20 41 91%  4.55[1.89, 10.94] —

Ham et a/®*, 2008 109 164 33 81  29.4% 2.88[1.66, 4.99] L

Ou et a*", 2009 14 16 1 2 0.4%  7.00 [0.30, 162.20] ’
Rocco et a/*”, 2009 48 79 88 215  36.9% 2.23[1.32, 3.79] &

Total (95%CI) 386 441 100.0% 2.66 [1.96, 3.60] 4

Total events 257 176

Heterogeneity: z° = 3.61, df = 5 (P = 0.61); 7* = 0% 001 o1 1 0 100
Test for overall effect: Z = 6.29 (P < 0.00001) RARP RRP

Figure 6 Forest plots and meta-analyses of robot-assisted radical prostatectomy and retropubic radical prostatectomy. A: 6-mo potency recovery; B: 12-mo
potency recovery. RRP: Retropubic radical prostatectomy; RARP: Robot-assisted radical prostatectomy.

confirmed that the NS measures were advantageous
factors to potency recovery (P < 0.05). All of the other
remaining outcomes were proved to be stable and reli-
able by either using model conversion or exclusion of the
study with the largest proportion.

Regrettably, in our meta-regression analyses, none
of the adjustments such as age, BMI, prostate volume,
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Gleason score or PSA, achieved a statistical significance (P
< 0.05) (Tables 11 and 12); however, the ’Abbé graphs
showed an overall trend either as a positive correlation or
a negative correlation between those potential factors and
different surgical techniques. The older age, lower BMI
and lower PSA level were associated with lower odds of
different technical groups (Figure 8). The prostate vol-
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A RARP LRP 0Odds Ratio QOdds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI
Asimakopoulos et a/*7, 2011 39 52 13 60  50.7% 10.85[4.51, 26.10]

Porpiglia et a/*', 2012 23 35 17 35  49.3% 2.03[0.78, 5.31]

Total (95%CI) 87 95  100.0% 4.75[0.92, 24.54]

Total events 62 30

Heterogeneity: Tau® = 1.18; 4* = 6.36, df = 1 (P = 0.01); I* = 84%

|
0.1 1

0.01 10 100
Test for overall effect: Z = 1.86 (P = 0.06) PARP LRP
B RARP LRP Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI
Cho et a/*”, 2009 30 53 19 41 7.0%  1.51[0.67,3.43] N
Hakimi et a/*”, 2009 37 58 26 55  73%  1.97[0.93, 4.17] T
Park et a/*", 2013 37 183 15 144  10.1% 2.18[1.14, 4.15] T
Ploussard et a/**!, 2012 299 711 177 866 69.9% 2.83[2.26, 3.53] |
Willis et a*%, 2011 29 40 34 60 57%  2.02[0.85,4.77] T
Total (95%CI) 1045 1166 100.0% 2.56 [2.11, 3.10] ¢
Total events 432 271
Heterogeneity: ,* = 3.35, df = 4 (P = 0.50); * = 0% 001 01 1 0 100
Test for overall effect: Z = 9.62 (P < 0.00001) RARP LRP
C RARP LRP 0Odds Ratio QOdds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI
Asimakopoulos et a/*, 2011 40 52 19 60 51.7% 7.19 [3.09, 16.73] ——
Porpiglia et a/*!, 2012 28 35 19 35  48.3% 3.37[1.16,9.74] ——
Total (95%CI) 87 95  100.0% 5.35[2.77, 10.31] S 4
Total events 68 38
Heterogeneity: 7* = 1.20, df = 1 (P = 0.27); I* = 17% 00l o1 1 10 100
Test for overall effect: Z = 5.00 (P < 0.00001) PARP LRP
D RARP LRP Odds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95%CI 1V, Random, 95%CI
Cho et al*®, 2009 37 53 28 41 12.8% 1.07 [0.44, 2.59] —r
Hakimi et a/*”, 2009 43 58 36 55  14.3% 1.51[0.67, 3.40] I
Park et a/*%, 2013 64 183 33 144 23.5% 1.81[1.10, 2.96] =
Park et a/*%, 2011 12 22 10 21 82%  1.32[0.40, 4.38] -
Ploussard et a/**', 2012 410 711 274 866 34.2% 2.94[2.39, 3.62] =
Willis et a*%, 2011 21 24 38 57  7.0%  3.50[0.93, 13.22]
Total (95%CI) 1620 1879 100.0% 1.99 [1.35, 2.93] <
Total events 1319 1362
Heterogeneity: Tau® = 0.10; z* = 10.38, df = 5 (P = 0.07); /* = 52% 001 01 1 0 100
Test for overall effect: Z = 3.47 (P = 0.0005) RARP LRP

Figure 7 Forest plots and meta-analyses of robot-assisted radical prostatectomy and laparoscopic radical prostatectomy. A: 6-mo potency recovery based
on randomized control trials (RCTs); B: 6-mo potency recovery based on non-randomized control trials (NRCTs); C: 12-mo potency recovery based on RCTs; D:
12-mo potency recovery based on NRCTs. LRP: Laparoscopic radical prostatectomy; RARP: Robot-assisted radical prostatectomy.

ume and Gleason score did not demonstrate any trend
between the different methods of surgery (Figure 8).

Publication bias

The funnel plots of two comparative results (6-mo po-
tency recovery after LRP/RRP and after RARP/LRP)
were asymmetrical (Figure 9), indicating the existence of
publication bias; this was also confirmed by Egger linear
regression test (P = 0.024 and P = 0.013, respectively). All
the other comparisons demonstrated symmetrical funnel
plots and found no statistical significance (P > 0.05) by
using the Egger’s test, indicating no publication bias.

DISCUSSION

This meta-analysis was designed in accordance with the
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MOOSE reporting guidelines[ml. In 2011, Ficarra ef al™”
had performed two meta-analyses which tried to com-
pare the superiority of techniques concerning RARP #s
RRP and RARP »s LRP. However, a deep investigation
focusing on the deficiencies of these two studies made
them possibly inconvincible: (1) limited number of stud-
ies included; (2) the lack of credible quality assessment
tool for the included studies; (3) as for the comparison
between RARP and LRP, it did not correspond with the
methodological rules of a meta-analysis to integrate the
RCT with the NRCT studies to analyze the outcomes,
as they were totally two different level of evidences; (4)
in the few included studies, Kim ¢# a/'" and Krambeck
et al'" results were not available for the comparison be-
tween RARP and RRP; and (5) though all the outcomes
of these two studies were apparently heterogeneous, the
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Table 7 Subgroup analyses of 6-mo urinary continence recovery after laparoscopic radical prostatectomy or retropubic radical

prostatectomy

Subgroup Study Sample size Heterogeneity /*(%) P-value Meta-analysis
OR 95%CI
Country Asia 553 63 0.06 0.45 0.20-1.04
America 346 0 0.45 0.83 0.51-1.34
Europe 763 80 0.40 1.46 0.60-3.55
Continence definition 0 pad 1662 74 0.52 0.84 0.50-1.41
0-1 pad 0 - - - -
Study design prospective 968 77 0.55 1.24 0.61-2.50
retrospective 694 59 0.08 0.56 0.29-1.07
Loss of follow-up < 20% 911 71 0.87 1.06 0.53-2.09
>20% 751 78 0.32 0.66 0.29-1.51
OR: Odds ratio; CI: Confidence
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Figure 8 Representative I’Abbé plots show the overall trend. A: 12-mo continence of robot-assisted radical prostatectomy (RARP) and retropubic radical pros-
tatectomy (RRP); B: 12-mo potency of RARP and laparoscopic radical prostatectomy (LRP); C: 12-mo potency of LRP and RRP; D: 12-mo continence of RARP and
RRP; E: 12-mo continence of LRP and RRP. PSA: Prostate-specific antigen; BMI: Body mass index.

dition, there were some potential biases in Ficarra e al”
meta-analysis which included only 6 studies, and two of
them"™"" were considered ineligible. While in our meta-
analyses, the increased study number and the sepatation
of the RCT and the NRCT studies, would be helpful to
minimize the confounding of study design. Briefly, we
supported a dramatic grading by superiority level for dif-
ferent comparisons of potency: RARP > LRP > RRP.

In this review, statistically significant heterogeneity
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was observed for several compatisons. So the subgroup
analyses were added according to adjustment for country,
continence or potency definition, study design and the
NS procedures. We found that Western country and strict
definition indicated better outcomes in favor of RARP
against RRP (P < 0.01) for 6-mo urinary continence
recovery. This difference may be explained by the popu-
larity of robotic technique in Western countries. As the
classic NS technique was repeatedly proved to be a sig-
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Figure 9 Funnel plots for 6-mo potency recovery. A: Comparison of laparoscopic radical prostatectomy (LRP) and retropubic radical prostatectomy (RRP); B:
Comparison of robot-assisted radical prostatectomy (RARP) and LRP based on non-randomized control trials (NRCTSs).

Table 8 Subgroup analyses of 12-mo urinary continence recovery after laparoscopic radical prostatectomy or retropubic radical

prostatectomy

Subgroup Study Sample size Heterogeneity /* (%) P-value Meta-analysis
OR 95%Cl
Country Asia 553 72 0.18 0.38 0.09-1.54
America 911 89 0.91 0.95 0.35-2.55
Europe 1343 29 0.33 1.26 0.79-2.02
Continence 0 pad 908 55 0.75 1.08 0.68-1.69
definition 0-1 pad 754 88 0.27 0.53 0.17-1.63
Study design prospective 509 83 0.51 1.26 0.63-2.53
retrospective 1153 57 0.15 0.60 0.30-1.20
Loss of follow-up < 20% 451 82 0.82 1.09 0.51-2.33
>20% 1211 59 0.45 0.79 0.43-1.46

OR: Odds ratio; CI: Confidence interval.

Table 9 Subgroup analyses of 6-mo urinary continence recovery after robot-assisted radical prostatectomy or retropubic radical

prostatectomy

Subgroup Study Sample size Heterogeneity /2 (%) P-value Meta-analysis
OR 95%Cl
Country Asia 809 92 0.35 1.93 0.48-7.70
Europe/ America 862 0 <0.01 2.32 1.47-3.67
Continence 0 pad 828 63 <0.01 3.09 1.65-5.80
definition 0-1 pad 673 82 0.52 1.62 0.37-7.06
Study design prospective 448 0 <0.01 248 1.44-4.26
retrospective 1223 80 0.1 2.07 0.87-4.95
Loss of follow-up < 20% 1161 80 0.1 2.00 0.88-4.53
>20% 510 0 <0.01 2.99 1.55-5.77

OR: Odds ratio; CI: Confidence interval.

nificant predictor of return of potency by Coelho ez a/”,
by Ayyathurai ¢z 2/ and by Briganti ez al’ this review
independently evaluated it for 12-mo potency recovery
between different techniques, and we confirmed again
that the NS measures were advantageous factors to po-
tency recovery (P < 0.05). Furthermore, the other factors
such as age, BMI, prostate volume, Gleason score or PSA
could also be a source of heterogeneity. Standford ef a/™
found that urinary function varied with age and sexual
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function with age and race. Shikanov e# a/”) emphasized
other factors influencing continence and potency, such
as baseline status, surgical technique, extent of NS and
adjuvant therapy. In this review, we performed meta-
regression analyses to explore the correlation between
these factors and different techniques. Though no obvi-
ously statistical significance was found, the I’Abbé graphs
predicted the trends that better functional outcomes wete
more easily achieved in patients with younger age, larger
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Table 10 Subgroup analyses of 12-mo potency recovery after nerve sparing procedures

Techniques Subgroup Sample size Heterogeneity /2 (%) P-value Meta-analysis
OR 95%Cl
LRP vs RRP uni/bilateral NS 735 0 <0.05 1.52 1.09-2.13
unclear NS 802 22 0.37 117 0.83-1.65
RARP vs RRP uni/bilateral NS 464 0 <0.01 2.83 1.90-4.22
unclear NS 446 0 <0.01 243 1.52-3.90

RRP: Retropubic radical prostatectomy; LRP: Laparoscopic radical prostatectomy; RARP: Robot-assisted radical prostatectomy; OR: Odds ratio; CI: Confi-
dence interval; NS: Nerve sparing.

Table 11 Meta-regression of 12-mo continence recovery

Techniques Factors Sample, n Coefficient P value 95%CI
Lower CI Upper CI
LRP vs RRP Age 14 -0.0422414 0.480 -0.1685084 0.0840256
Prostate Volume 7 0.0004602 0.976 -0.0367033 0.0376237
Gleason Score 10 -0.0002758 0.998 -0.2325786 0.2320269
PSA 11 0.0381884 0.508 -0.0871645 0.1635414
RARP vs RRP Age 8 -0.0347693 0.763 -0.3038441 0.2343054
BMI 5 0.178217 0.604 -0.8030416 1.159476
Prostate Volume 4 0.0076432 0.912 -0.2556839 0.2709703
PSA 5] 0.0028508 0.882 -0.053367 0.0590685
RARP vs LRP Age 6 -0.0026949 0.968 -0.1735327 0.1789224
BMI 4 0.0709043 0.680 -0.7088789 0.5670703
PSA 6 0.0275948 0.661 -0.1898594 0.1346698

RRP: Retropubic radical prostatectomy; LRP: Laparoscopic radical prostatectomy; RARP: Robot-assisted radical prostatectomy; CI: Confidence interval;
PSA: Prostate-specific antigen; BMI: Body mass index.

Table 12 Meta-regression of 12-mo potency recovery

Techniques Factors Sample, n Coefficient P value 95%Cl
Lower CI Upper CI
LRP vs RRP Age 8 -0.0334222 0.682 -0.156947 0.2237914
Gleason Score 5 -0.0059256 0.732 -0.5614423 0.4429304
PSA 5} 0.0509797 0.558 -0.1961242 0.2980837
RARP vs RRP Age 6 -0.006352 0.939 -0.2221039 0.2093999
PSA 5) 0.0018209 0.892 -0.0373331 0.0409749
RARP vs LRP Age 6 -0.0437647 0.535 -0.2229024 0.1353731
BMI 5 0.1340739 0.315 -0.220684 0.4888318
Prostate Volume 4 -0.0080152 0.894 -0.2365214 0.2204911
PSA 6 0.0350044 0.588 -0.1301063 0.2001150

RRP: Retropubic radical prostatectomy; LRP: Laparoscopic radical prostatectomy; RARP: Robot-assisted radical prostatectomy; CI: Confidence interval;
PSA: Prostate-specific antigen; BMI: Body mass index.

BMI or higher PSA level in the RARP group than the comparison and the lack of data in available studies, all
other two groups (LRP or RRP), while it was difficult to the meta-regression analyses presented non-statistically

judge the superiority of any technique in patients with significant differences, which limited us to reach an ex-
different prostate volumes and Gleason scores. act correlation between those potential factors and the

Some potential limitations should be noted. First, three techniques, this result still needs to be identified
moderate heterogeneity was found in several compari- by further research. Third, the quality of eligible studies
sons. Except the potential confounding factors controlled could potentially be another confounding factor. RCTs
by the inclusion criteria and analyzed with subgroup are powerful tools, which provide the highest level of
stratification as described above, surgeon’s experience and evidence; however, because many patients refuse to par-
the means of modification varied from one to another, ticipate in the randomization and the blinding degree
which could also influence the functional outcomes and is less, surgical RCTs are difficult to conduct. Only two
were difficult to control. Second, contrary to expecta- RCTs were included for the comparison between RARP
tion, due to the inclusion of few eligible studies for each and LRP, and the remaining studies were all observational
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comparative studies. In addition, the NOS tool itself has
imperfections[(’o]. Finally, publication bias still existed. The
failed acquisition of gray literature may contribute to this
publication bias.

The superiority of a certain surgical approach in
terms of functional outcomes is always a pivotal contro-
versy. These outcomes were influenced by multiple fac-
tors including patient characteristics, surgical techniques
and methodology used for data collection. In summary,
concerning the urinary continence recovery, only RARP
showed an advantage when compared with LRP or with
RRP, and the result was comparable between LRP and
RRP. In terms of potency recovery, for the first time, we
ranked the three surgical approaches into a superiority
level: RARP > LRP > RRP, which showed a statistically
significant advantage both at 6 and 12 mo postopera-
tively. However, the limitation of this meta-analysis and
potential factors should be taken into consideration and
our results also need to be validated by further high qual-
ity multi-center RCTs with strict design and large sample
size.
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In terms of potency recovery, for the first time, we ranked the three surgical ap-
proaches into a superiority level: RARP > LRP > RRP, which showed a statisti-
cally significant advantage both at 6 and 12 mo postoperatively.
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Abstract

AIM: To analyze the cost-effectiveness of the diagnosis
of solitary pulmonary nodule (SPN) in China.

METHODS: Decision analysis models were constructed
to assess the cost-effectiveness of four strategies for
the management of SPN: computed tomography (CT)
alone, CT plus CT-guided automated cutting needle
biopsy (ACNB), CT plus positron emission tomography/
computed tomography (PET/CT), CT plus diffusion-
weighted magnetic resonance imaging (DWI) plus PET/
CT.

RESULTS: The prevalence of lung cancer among SPN
discovered in the clinical setting was approximately
50%. The CT plus ACNB strategy had higher diagnostic
accuracies (87% vs 81%), with a cost saving of ¥ 1945
RMB per patient, and reducing unnecessary thoracoto-
my by 16.5%; this was associated with a 4.5% missed
diagnosis rate. CT plus DWI plus PET/CT strategy also
had higher accuracies (95% vs 81%), with a cost sav-
ing of ¥590 RMB per patient, and reducing unneces-
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sary thoracotomy by 13.5%; this was accompanied by
0.3% missed diagnosis rate. CT plus PET strategy is
cost effective at a prevalence rate of 0-34%, but there
was a larger prevalence range of lung cancer for CT
plus ACNB strategy (from 0 to 0.6) and CT plus DWI
plus PET/CT strategy(from 0 to 0.64).

CONCLUSION: CT plus DWI plus PET/CT strategy was
cost-effective, and had a higher accuracy accompanied
by a lower missed diagnosis rate than CT plus ACNB
strategy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Solitary pulmonary nodules; Diffusion-weight-
ed Magnetic resonance imaging; Computed tomography-
guided automated cutting needle biopsy; Positron
emission tomography/computed tomography; Cost effec-
tiveness

Core tip: It has become a major concern how to man-
age solitary pulmonary nodule (SPN) discovered in the
clinical setting with low cost and high accuracy and
reduce the morbidity and mortality associated with
radiation, biopsy, and surgical procedures. However,
up to now there has not been an analysis of cost-
effectiveness of various strategies for the diagnosis
and management of SPN in China. Recent studies in
other countries may not hold true in a Chinese hospital
because of differences in health-care systems and di-
agnostic strategy. We are the first to perform such an
analysis for the cost-effective management of solitary
pulmonary nodules in China.

Lu B, Sun LX, Yan X, Ai ZZ, Xu JZ. Decision-tree analysis for
cost-effective management of solitary pulmonary nodules in
China. World J Meta-Anal 2014; 2(3): 127-134 Available from:
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INTRODUCTION

Lung cancer has become the leading cause of cancer
deaths in China because the incidence and mortality are
rapidly increasing. Although earlier detection of periphet-
al lung cancer may reduce the mortality rate, population-
based screening using plain chest radiography has been
not carried out in China. Therefore, most solitary pulmo-
nary nodules (SPN), which atre usually discovered in the
clinical setting on hospital in China, have a higher malig-
nant prevalence!™, Tt has become a major concern how
to manage SPN discovered in the clinical setting with
low cost and high accuracy and reduce the morbidity and
mortality associated with radiation, biopsy, and surgical
procedures.

However, up to now there has not been an analysis of
cost-effectiveness of various strategies for the diagnosis
and management of SPN in China. Recent studies in
other countries may not hold true in a Chinese hospital
because of differences in health-care systems and diag-
nostic strategy” . The cost of surgery is not obviously
higher than that of automated cutting needle biopsy
(ACNB, six times) and positron emission tomography/
computed tomography (PET/CT, three times) in China.
But in the United States, Japan and European countries
the cost of sutgery was twenty times as much as that of
biopsy and PET/CT. Because of high cost, PET/CT has
not gained widespread popularity in most areas of China.
A recent study showed that diffusion-weighted magnetic
resonance imaging (DWI) may be able to be used in place
of PET/CT for discriminating malignant from benign
pulmonary nodules and is associated with significantly
less false positives and lower costs than PET/CT", Fur-
thermore, in general, physicians in Chinese hospitals do
not perform thoracoscopy with local anesthesia in pa-
tients who have or are suspected of having lung cancer.

According to the upper analysis, it is necessary to bot-
row previous study methods to evaluate the role of CT,
ACNB, DWTI, and PET/CT in the investigation of SPN
which are discovered in the clinical setting in hospital in
China. We used decision-tree analysis models and com-
pared four strategies to understand under what condi-
tions various strategies should be cost-effective and have
high diagnostic accuracy.

MATERIALS AND METHODS

In the current study, we have defined SPN as spherical in-
trapulmonary x-ray densities less than 4.0 cm in diameter
with no calcium visible on a standard chest X-ray. There
is no associated atelectasis, hilar enlargement, or pleural
effusion. We do not include patients with any evidence
of metastasis or a recent primary malignancy outside of
the chest. We also exclude cases that have previous radio-
graphs that have already established the stability of the
rate of growth of the nodule. Multiple nodules are also
not considered in the current analysis.

The analysis for cost-effectiveness was performed us-
ing quantitative methods of decision analysis. Decision-
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tree models were constructed with multiple competing
strategies, and reported values of prior probability of
cancer, and sensitivity and specificity of each diagnostic
modality were applied to them using Chinese health care
costs. The average cost per patient for each strategy, in-
cluding all diagnostic tests and surgery when undertaken,
was calculated. The medical literature was surveyed to
obtain the performance of each diagnostic test. For the
calculations, Decision Analysis Add-In for Microsoft
Excel (Version1.0.6, Palisade Corporation) was used.
The decision tree was constructed using the choices and
potential outcomes of the choices. All conditional prob-
abilities of each outcome in the tree were calculated and
obtained as a function of the variables listed in Tables 1
and 2 by using Bayesian analysis, Calculation Methods:

Y positive TS+ (1-P) x (1-SP) <

p
Diagnosis method —.
N EPX 1-S)+(1-P)xSP
Negative (1-5)+(1-P) <

Wherte P = prevalence, S = sensitivity, and Sp = specificity.
Calculations of overall cost of competing strategies
were calculated by summing the products of the proba-
bilities and values of the outcome of each strategy. Over-
all costs per patient in each strategy can be calculated
automatically by the software and listed under “chance”
in Figure 1. Accuracies (A) of each diagnosis method in
each strategy were calculated by formula:
A=(S-SpP + Sp
False positive (FP), false negatives (FN), true positive (TP)
and true negatives (TN) of each diagnosis method in
each strategy were calculated by the formula:
EP = 1/{[(Sp-A)S/(1Sp)(A-] +1}
EP = 1/{[(S-A)Sp/(1-S)(A-Sp)] +1}
Opverall accuracies of each strategy were calculated by
summing the products of the probabilities of the out-
come of each strategy and TP plus TN in each strategy;
The overall misdiagnosis rate of each strategy was cal-
culated by summing the products of the probabilities of
the outcome of each strategy and FP in each strategy;
the overall missed diagnosis rate of each strategy was cal-
culated by summing the products of the probabilities of
the outcome of each strategy and FN in each strategy.
Cost-effectiveness was expressed as the incremental
cost-accuracy ratio (ICAR) where:
ICAR = (Costsra-Costi/ (Accuracysm-Accuracys) (RMB/%)"™.
Costyr and Accuracyy,, are the average cost per patient
and accuracy of the strategy being compared, and Costy,
and Accuracyy, are the cost per patient and accuracy of a
baseline strategy, which was the CT alone strategy in this
study. A negative ICAR resulting from a negative numerator
and positive denominator indicates that the strategy being
compated is cleatly preferred. In the case of a positive
ICAR, a criterion must be chosen that gives the acceptable
cost to get a higher accuracy.

Decision-tree analysis models
We compared four strategies for the management of
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Figure 1 Strategies for the management of solitary pulmonary nodule. A: CT alone strategy (base line); B: CT plus CT-guided needle biopsy strategy; C: CT
plus DWI plus PET strategy; D: CT plus PET strategy. PET: Positron emission tomography; CT: Computed tomography; DWI: Diffusion-weighted magnetic resonance

imaging.

Table 1 Performance parameters used in the decision-tree

analyses

Table 2 Medical costs in China used in the decision-tree

analyses

Sensitivity Specificity Ref. Cost (RMB)
Chest CT 0.99 0.63 [5] Chest CT without contrast enhancement ¥ 360
PET-CT 0.97 0.85 [5] PET-CT ¥ 6500
ACNB 0.769 0.936 [5] ACNB' ¥ 3000
CT-Follow 0.56 0.95 [3] CT-Follow: continuous three Chest CT ¥ 1080
DWI 0.7 0.97 [3] DWI ¥ 585
Surgical resection of SPN ¥ 20000

PET: Positron emission tomography; CT: Computed tomography; DWI:
Diffusion-weighted magnetic resonance imaging; ACNB: Automated cut-
ting needle biopsy.

SPN (Figure 1): (1) CT alone strategy (baseline), (2) CT
plus PET/CT strategy, (3) CT plus ACNB strategy, and (4)
a CT-plus-DWT plus PET/CT strategy.

In these strategies, all patients initially undergo a chest
CT examination without contrast enhancement. If an
initial CT diagnosis of benign pulmonary nodule is made
or no SPN is demonstrated on CT, the patients are fol-
lowed up using an unenhanced chest CT. When follow-
up CT shows the growth of the SPN, the diagnosis of
lung cancer is made: (1) CT alone strategy: The CT alone
strategy simulates a simple diagnostic approach to the
management of patients with SPN. In this strategy, all
patients, in whom SPN is diagnosed as lung cancer on
the initial chest CT, proceed to surgical resection without
pathological confirmation; (2) CT plus PET strategy: In
this strategy, all patients who are CT positive (7., an SPN
is diagnosed as lung cancer) undergo chest PET-CT. If
the PET/CT is then also positive, the patients proceed
to surgical resection. If a chest PET/CT examination
is negative after a positive CT examination, the patients
are followed up by an unenhanced chest CT; (3) CT plus
ACNB strategy: If the initial CT is positive, it is followed
directly by ACNB. If the biopsy is then also positive,
patient undergo surgical resection. If ACNB is negative,
the patients are followed up by an unenhanced chest CT;
(4) CT plus DWT plus PET/CT strategy: In this strategy,
all patients who are CT positive undergo a chest CT plus
DWI strategy. If the CT plus DWI strategy is then also
positive, the patients proceed to surgical resection. If a
chest a CT plus DWI strategy examination is negative
after a positive CT examination, the patients are given an
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'Including the costs of possible treatment of pneumothorax. PET: Posi-
tron emission tomography; CT: Computed tomography; DWI: Diffusion-
weighted magnetic resonance imaging; SPN: Solitary pulmonary nodule;
ACNB: Automated cutting needle biopsy.

extra CT-plus-PET strategy above-mentioned.

Prevalence of cancer and diagnostic performance
(sensitivity and specificity)

Although there were no large sample statistics for epide-
miology, some small sample studies and our experience
indicated the prevalence of lung cancer among SPN was
approximately 50% in China™. Therefore, we applied
this value (50%) to the decision-tree analyses.

The diagnostic performance (sensitivity and specific-
ity) of each diagnostic test are gleaned from the literature
and entered into the models (Table 1). Although multi-
slice spiral CT is taking the place of conventional thin
slice CT gradually, the diagnostic performance of multi-
slice spiral CT on SPN still lack of large sample statistics.
Tsubamoto ez al'"” reported that accuracy of the final
diagnosis based on coronal multi-planar reconstruction
of with a multi-detector-row CT scanner (74%) was al-
most equal to that based on transverse thin-section CT
(71%) (P = 0.3) for the evaluation of solitary pulmonary
nodules. As a result, we still used CT sensitivity of 99%
and specificity of 63% in the largest series published by
Siegelman ef al™ their study included 634 nodules, using
conventional thin slice CT. From many published reports
of PET/CT imaging of SPN, we adopted the results of
Yi et al'? and Kim et o/, We applied PET/CT sensitivity
of 97% and specificity of 85% to the decision-tree analy-
ses. The diagnostic accuracy of CT-guided transthoracic
ACNB has been reported based on comparisons with
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Figure 2 Ratio of the patients who undergo unnecessary surgery for a
benign solitary pulmonary nodule and in whom lung cancer is misdiag-
nosed as a benign nodule. The strategies using CT + DWI + PET and CT +
ACNB dramatically decrease the ratio of the patients who undergo unneces-
sary surgery for a benign SPN, although the ratio of cancer which is missed
at diagnosis is increased. PET: Positron emission tomography; CT: Computed
tomography; DWI: Diffusion-weighted magnetic resonance imaging; SPN: Soli-
tary pulmonary nodule; ACNB: Automated cutting needle biopsy.

fine-needle aspiration biopsy. In China, ACNB has been
often used by physicians, usually without combining the
use of a long-throw biopsy needle, higher mean number
of needle passes, and tandem system like Satoh ez al™;
as a result we selected ACNB sensitivity of 76.9% and
specificity of 93.6% by Tsukada ez al™. Although serial
CT is probably the most common follow-up methodolo-
gy to be adopted in the practice, there is little data on the
utility of follow-up chest CT for the diagnosis of SPN.
Takashima e7 a/'” reported the sensitivity of 0.56 and
specificity of 0.95, when the nodule showing an increase
of 0.5 mm or more in the maximum or perpendicular
diameter or both on high-resolution CT images was di-
agnosed as a lung cancer. We applied these values to our
analysis. There is a few data on the utility of DWI for the
diagnosis of SPN. The study by Mori ez al? reported the
sensitivity of 0.70 and specificity of 0.97, which is similar
to our unpublished results, we applied these values to our
analysis.

Cost of each medical procedure

The mean costs of diagnostic tests and thoracotomy in
China are shown in Table 2. The cost of thoracotomy
in RMB was based on the bills in our hospital during
2009 (# = 20). The costs of diagnostic examinations in-
clude the costs of diagnostic procedure and radiological
or/and pathological interpretations based on the data
of the Harbin Price Bureau (These costs are uniform in
China according to the Ministry of Public Health of the
People’s Republic of China). In China, patients undergo-
ing ACNB do not stay overnight in a hospital. Although
major complications are rare, pneumothorax is the most
common complication after ACNB with a reported
rate of 22%-54%"*""", According to our study, chest
tube placement was not necessary for the incidence of
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Figure 3 Correlation between the prevalence of cancer and total costs per
patient. The total costs per patients were increased regardless of the strategies
and the difference among the strategies became small, although the CT+PET
alone strategy had the highest cost at the prevalence of 50%. PET: Positron
emission tomography; CT: Computed tomography.

pneumothorax. A central venous catheter attached to a
negative pressure aspirator was used for the treatment
of pneumothorax in our hospital. The costs of possible
treatment of pneumothorax were included in the cost of

CT-guided needle biopsy.

Statistical analysis

The decision tree methodology can be extended by pet-
forming sensitivity analysis to determine the conditions
under which the new test remains cost-effective. This
was achieved by entering different values for the disease
prevalence (0-100%) into the decision-tree models. Al-
though the costs of medical procedures will clearly vary
among countries, within China these costs are fixed and
therefore need not constitute a variable in the sensitivity
analysis.

RESULTS

The prevalence of lung cancer among SPN discovered
in hospital in the clinical setting was approximately 50%.
In this prevalence, the strategies using CT plus ACNB
and CT plus DWI plus PET/CT were the cost-effective
alternatives to the CT alone strategy. The CT plus ACNB
strategy had higher accuracies (87% »s 81%), with a cost
saving of ¥ 1945 RMB per patient, and reduced the
number of candidates who underwent unnecessaty tho-
racotomy for a benign SPN by 16.5%; this was accompa-
nied by a rate of missed diagnosis of 4.5%. The strate-
gies using CT plus DWI plus PET/CT had also higher
accuracies (95% »s 81%), with a cost saving of ¥ 590
RMB per patient, and reduced unnecessary thoracotomy

by 13.5%; this was accompanied by a rate of missed diag-
nosis of 0.3% (Table 3, Figure 2).

At a prevalence of cancer up to 34%, CT plus PET
strategy is cost effective with a higher accuracy than CT
alone strategy. But CT plus ACNB strategy and CT plus
DWTI plus PET/CT strategy had a better cost-effective-

August 26, 2014 | Volume 2 | Issue 3 |



Lu B et a/. Diagnosis of solitary pulmonary nodules

Table 3 Overall preoperative diagnostic accuracy, costs per

patient and incremental cost-accuracy ratio in each strategy,
when the prevalence of cancer is 50%

Strategy Accuracy Cost per patient ICAR (RMB/%)
CT alone 0.81 14676 Baseline

CT + PET-CT 0.952 16164 8196

CT + ACNB 0.867 12731 -17583

CT + DWI + PET-CT 0.949 14086 -4247

PET: Positron emission tomography; CT: Computed tomography; DWI:
Diffusion-weighted magnetic resonance imaging; ICAR: Incremental cost-
accuracy ratio; ACNB: Automated cutting needle biopsy.

ness over a larger prevalence of lung cancer, ranging
from 0 to 0.60 (CT plus ACNB) and from 0 to 0.63 (CT
plus DWI plus PET/CT).

The total costs per patient were increased regardless
of the strategies, and the difference among the strategies
became small (Figure 3). By reducing the number of the
candidates who undergo unnecessary thoracotomy for
a benign SPN (Figure 2), CT plus ACNB strategy and
CT plus DWI plus PET/CT strategy decreased the total
costs per patients. The total costs per patient of CT plus
DWTI plus PET/CT strategy were teduced not only by
reducing unnecessary thoracotomy by 13.5%, but also by
giving 44% of the candidates a chance to avoid undergo-
ing expensive PET/CT, meanwhile, the overall accuracy
of the CT plus DWI plus PET/CT strategy was not
lower than that of CT plus PET strategy (Figure 4).

ICAR of the strategies using CT plus ACNB and CT
plus DWI plus PET/CT wete negative values with higher
accuracles, clearly representing cost-effectiveness com-
pared to the CT alone strategy (Figure 5). Although CT
plus ACNB strategy is more cost saving, CT plus DWI
plus PET/CT strategy has a lower rate of missed diagno-
sis (Figure 2) and a higher overall accuracy (Figute 4).

Figure 5 plots the prevalence of cancer versus ICAR.
Since the CT alone strategy had a higher cost at the
prevalence of cancer between 0 and 64% (Figure 3), in
our analysis, a negative ICAR means that CT plus ACNB
strategy and CT plus DWI plus PET/CT strategy have
lower costs with higher accuracies. At the prevalence of
cancer up to 34%, all strategies were cost-effective.

DISCUSSION

From the analyses performed here, adding ACNB, DWI,
or PET/CT is advantageous in terms of greater accu-
racy and cost-effectiveness. The results of our sensitivity
analyses showed that CT plus ACNB strategy and CT
plus DWI plus PET/CT strategy have a wide range of
prevalence of cancer, and CT alone strategy becomes
more cost-effective only when the prevalence of cancer
exceeds approximately 65%.

In the study, we assumed that SPN evaluated were
discovered in the clinical setting in hospital. In our daily
clinical setting, the prevalence of lung cancer among SPN
was approximately 50%, far higher than those detected
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Figure 4 Correlation between the prevalence of cancer and the overall
accuracy. The use of CT+PET or CT+DWI+PET resulted in a higher accuracy
between the prevalence of 20%-90% compared to CT alone strategy and
CT+Biopsy. PET: Positron emission tomography; CT: Computed tomography;
DWI: Diffusion-weighted magnetic resonance imaging.

on lung cancer screening, For SPN discovered in the lung
cancer screening, for a lower prevalence (approximately
10%), reducing false-positives to avoid more morbidity,
mortality and increased costs for unnecessatry thoracoto-
my is of importance; but for SPN discovered in the clini-
cal setting in hospital, with a very high pretest probability,
avoiding a missed diagnosis for false-negatives is as im-
portant as decreasing the misdiagnosis rate and reducing
the cost. In the current study, CT plus ACNB strategy
had a more cost saving and lower misdiagnosis rate, but
also accompanied by higher rate of missed diagnosis up
to 4.5%. The strategies using CT plus DWI plus PET/
CT had higher accuracies (95% »s 81%), accompanied
by a lower rate of missed diagnosis of 0.3%. This means
there is an increase in life expectancy for decreasing rate
of missed diagnosis.

The current analysis implies that the use of CT plus
ACNB strategy or CT plus DWI plus PET/CT strategy
can provide an advantage of a lower cost with higher ac-
curacy. In the prevalence of cancer of 50%, the CT plus
DWI plus PET/CT strategy is the optimal choice. In the
United States, Japan and European countries the cost of
surgery was twenty times as much as that of PET/CT.
But in China the cost of surgery is only three times as
much as that of PET/CT. Thetefore, by reducing the
number of the candidates who undergo unnecessary
thoracotomy for a benign SPN, CT plus PET/CT strat-
egy only decreased limited total costs per patients, which
was hatd to compensate for expensive cost of PET/CT,
especially when the prevalence of lung cancer was up to
34%. A recent study showed that DWI may be able to be
used in place of PET/CT for discriminating malignant
from benign pulmonary nodules and is associated with
significantly less false positive and lower cost than PET/
CT". In our unpublished study, a false-positive of DWI
for SPN was only 3.5%. We assumed that most malignant
SPN first could be identified by undergoing DWI previ-
ous to PET/CT, then negative nodules wete added to
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Figure 5 Incremental cost-accuracy ratio compared with computed
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effectiveness. At the prevalence of cancer up to 34%, all strategies being
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Diffusion-weighted magnetic resonance imaging.

PET/CT examination at a telatively low prevalence of
lung cancer. The current study showed that the CT plus
DWTI plus PET/CT strategy decteased the total costs per
patients not only by reducing unnecessary thoracotomy
by 13.5%, but also by giving 44% of the candidates a
chance to avoid undergoing expensive PET/CT; mean-
while, overall accuracies of CT plus DWI plus PET/CT
strategy was not significantly lower than that of CT plus
PET strategy.

ICAR of CT plus ACNB strategy are lower than that
of the CT plus DWI plus PET/CT strategy, suggesting
better cost-effectiveness of ACNB for SPN diagnosis,
but we considered CT plus ACNB strategy is not an op-
timal option for the evaluation of SPN according to the
analysis of current results. Most importantly, overall ac-
curacies of CT plus ACNB strategy decreased gradually
with the prevalence of lung cancer increasing, and was
similar to that of CT alone strategy at a prevalence of
lung cancer up to 50%. With the accompaniment of this,
CT plus ACNB strategy had a rate of missed diagnosis
of 4.5% for the evaluation of SPN, which was signifi-
cantly higher than 0.3% of CT plus DWTI plus PET/CT
strategy. The high rate of missed diagnosis will inevitably
reduce life expectancy. Secondly, unlike those discovered
by screening chest radiography, most SPN discovered in
the clinical setting in hospital are usually larger than 1 cm
in diameter and with a high pretest probability. For such
a large SPN, PET/CT has a higher negative predictive
value and a lower rate of missed diagnosis; if this is ac-
companied with DWI with a higher positive predictive
value and lower misdiagnosis rate, there will be an in-
crease in cost-effectiveness. Our results underscored the
point. In addition, although major complications are rare,
pneumothorax is the most common complication with a
reported rate of 22%-54% with ACNB"™'"'*, A central
venous catheter attached to negative pressure aspirator
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was used for the treatment of pneumothorax in our hos-
pital. These invasions not only increased medical costs,
but also caused some physical or mental injuries.

The current study is entirely a statistical simulation,
and individual variation should and will inevitably occur
in real medical practice. Therefore, the utility of a deci-
sion tree analysis must always be limited. Patient prefer-
ences and concerns must be considered when deter-
mining how to manage an individual patient. Although,
according to this analysis, the CT plus DWI plus PET
strategy was the optimal choice, the selection of strategy
depends not only on the cost-effectiveness, but also on
variable patient factors and accessibility to the modalities.
Risk-taking attitudes of the patient and physician will
also influence the choice of testing strategies. Because
PET/CT is not yet widely available in China, with a dif-
ficulty in accessing it for many patients, CT alone strategy
often is used for discrimination between malignant and
benign SPN. Because of a high prevalence of lung cancer
among SPN discovered in hospital in China, especially
with a pretest probability up to 64%, in terms of ICAR
in Figure 5 CT alone strategy is cost-effective. Between
a prevalence of 80%-100%, CT plus ACNB is also cost-
effective (Figure 5), but is often not used because of a
rather low accuracy (Figure 4).

There were some limits to our study. First, SPN which
are diagnosed as lung cancer were assumed to require
surgery regardless of cancer staging. However, many fac-
tors interact to determine the needs of further examina-
tions of the lung lesions and its resectability, including
not only tumor staging, but also performance status and
cardiopulmonary status. These factors were not traced in
the models. Secondly, because of the lack of large sample
study in China, the diagnostic performance (sensitivity
and specificity) of each diagnostic test was gleaned from
the literature which were published in the United States,
Japan and European countries. We used those that were
similar to results of a small sample study in China.

In conclusion, the introduction of CT plus DWI plus
PET/CT strategy for the evaluation of SPN, which are
discovered on chest radiography in the clinical setting, is
potentially cost-effective in China with higher accuracy,
over a large prevalence of cancer. When the prevalence
of cancer rises up to 65%, the introduction of CT alone
strategy for the evaluation of SPN is potentially cost-
effective.

COMMENTS

Background

It has become a major concern about how to reduce the mortality rate of lung
cancer, for it has become the leading cause of cancer deaths in China because
the incidence and mortality are rapidly increasing. Although the authors have
noted earlier detection of peripheral lung cancer, population-based screening
using plain chest radiograph has been not carried out in China. Therefore, most
solitary pulmonary nodules, which are usually discovered in the clinical setting
in hospital in China, have a higher malignant prevalence.

Research frontiers

Recent studies in other countries may not work for the Chinese hospital setting
because of differences in health-care systems and diagnostic strategy. The cost
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of surgery is not obviously higher than that of automated cutting needle biopsy
(ACNB, six times) and positron emission tomography/computed tomography
(PETICT, three times) in China. But in the United States, Japan and European
countries the cost of surgery was twenty times as much as that of biopsy and
PET/CT. Because of expensive cost, PET/CT has not gained widespread popu-
larity in most areas of China. A recent study showed that diffusion-weighted
magnetic resonance imaging (DWI) may be able to be used in place of PET/CT
for discriminating malignant from benign pulmonary nodules and is associated
with significantly less false positives and lower cost than PET/CT.

Innovations and breakthroughs

Up to now there has not been an analysis of cost-effectiveness of various strat-
egies for the diagnosis of solitary pulmonary nodule (SPN) in China. Through
the four strategies for the management of SPN: CT alone, CT plus CT-guided
ACNB, CT plus PET/CT, CT plus DWI plus PET/CT, we analyzed the cost-
effectiveness and chose CT plus DWI plus PET/CT strategy as an optimal
option for the evaluation of SPN in China, because this strategy was not only
cost-effective, but also had a higher accuracy accompanied by a lower missed
diagnosis rate than CT plus ACNB strategy.

Applications

According to this analysis, the CT plus DWI plus PET strategy was the optimal
choice, which can be applied on chest radiograph in the clinical setting, having
potential cost-effectiveness in China with higher accuracy, over a large preva-
lence of cancer.

Terminology

SPN is the round or oval opaque areas of solitary pulmonary with the diameter
< 3 cm performed on the X-line. The standards of the diagnosis of lung cancer
by CT: there is a blood supply in the malignant tumor, while the benign tumor
has lower or no blood supply; the malignant tumor has an irregular shape and
sublobe with burrs on the edge.

Peer review

In the manuscript Lu et al present the results of an analysis of cost-effective-
ness of various strategies for the diagnosis of SPN in China. They have as-
sessed the cost-effectiveness of four strategies for the management of SPN:
CT alone, CT plus CT-guided ACNB, CT plus PET/CT, CT plus DWI plus PET/
CT. The English of the text is of high quality, clear and easy to follow. The tables
and the figures are clear and self explanatory. The statistical approach meets
the current standards.
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