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Abstract

Background: Both the interest and actual extent of use of point-of-care ultrasound, PoCUS, among general practi-
tioners or family physicians are increasing and training is also increasingly implemented in residency programs. How-
ever, the amount of research within the field is still rather limited compared to what is seen within other specialties in
which it has become more established, such as in the specialty of emergency medicine. An assumption is made that
what is relevant for emergency medicine physicians and their populations is also relevant to the general practitioner,
as both groups are generalists working in unselected populations. This systematic review aims to examine the extent
of use and to identify clinical studies on the use of PoCUS by either general practitioners or emergency physicians on
indications that are relevant for the former, both in their daily practice and in out-of-hours services.

Methods: Systematic searches were done in PubMed/MEDLINE using terms related to general practice, emergency
medicine, and ultrasound.

Results: On the extent of use, we identified 19 articles, as well as 26 meta-analyses and 168 primary studies on the
clinical use of PoCUS. We found variable, but generally low, use among general practitioners, while it seems to be
thoroughly established in emergency medicine in North America, and increasingly also in the rest of the world. In
terms of clinical studies, most were on diagnostic accuracy, and most organ systems were studied; the heart, lungs/
thorax, vessels, abdominal and pelvic organs, obstetric ultrasound, the eye, soft tissue, and the musculoskeletal sys-
tem. The studies found in general either high sensitivity or high specificity for the particular test studied, and in some
cases high total accuracy and superiority to other established diagnostic imaging modalities. PoCUS also showed
faster time to diagnosis and change in management in some studies.

Conclusion: Our review shows that generalists can, given a certain level of pre-test probability, safely use PoCUS in a
wide range of clinical settings to aid diagnosis and better the care of their patients.
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Background

Point-of-care ultrasound, PoCUS, can be defined as the
use of an image-producing ultrasound device for diag-
nostic and procedural guidance, by the clinician him-
self, at the point of care, in real time allowing for direct
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and indicate if changes were made.

correlation with signs and symptoms [1]. It is integrated
in the clinical work, and may increase accuracy of diag-
noses or aid procedures, as well as reduce time spent to
diagnoses and decreased overall costs [2].

General practitioners (GPs), or family physicians, work
in a range of settings and levels of urgencies, from day-
time run clinics, through out-of-hours (OOH) services
such as primary care urgent care centres, to the provi-
sion of undifferentiated emergency medicine in rural and
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remote regions. Globally, there are many different organi-
sational models for OOH services, often running in par-
allel, including GP rota groups, cooperatives, primary
care centres, as well as in-hospital emergency depart-
ments [3].

General practitioners are trained to manage both
chronic conditions as well as acute emergencies, often
within the same session, seeing women and men, young
and old. In many countries, such as Australia [4] and Can-
ada [5], general practitioners in rural and remote areas are
expected to handle all emergencies and are often the only
physicians available for initial diagnosis, management, and
stabilisation within several hours of travel by road, water,
or air. In countries such as Norway [6] and New Zealand
[7], GPs are organised as part of the emergency response
chain acting as a first responder and a team member to
the ambulance services. Skills such as obtaining peripheral
venous access and diagnosing life-threatening medical and
traumatological conditions are expected [8, 9].

There are, therefore, many settings where the GP could
potentially benefit from her own use of PoCUS. Both the
interest and actual extent of use among GPs are increas-
ing and PoCUS training is also increasingly implemented
in residency programs [10]. However, the amount of
research on PoCUS performed by GPs is still rather lim-
ited compared to other specialties in which it has become
more established, such as in the specialty of emergency
medicine [11, 12].

A recently published systematic review of PoCUS in
general practice, identifying articles where the opera-
tors were GPs, concluded that it has the potential to be
an important tool for the GP and possibly reduce health
costs, but emphasises the need for further research [12].
Meanwhile, we think that it may be useful to also review
studies where the setting is similar and the PoCUS
operators also are, like GPs, physicians with a generalist
training and perspective. We made the assumption that
findings from studies where the operator is an emergency
physician (EP) working in an unselected emergency
department population also will be relevant for GPs.

The aim of this systematic review is thus twofold: first,
to examine the extent of use among both GPs and EPs;

Table 1 Search algorithms
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second, to identify primary clinical research articles or
meta-analyses on PoCUS for indications relevant for GPs
in which the population is unselected (open GP practice
or emergency departments) and the operators are either
GPs or EPs.

Methods

Systematic searches were performed in the PubMed
databases. Indexed MEDLINE-articles were identified by
medical subject headings’ (MeSH) keywords describing
ultrasound, general practice, and emergency medicine
(Table 1). Non-indexed PubMed articles were identified
by corresponding keywords (Appendix 2 shows the exact
search algorithm). The reference lists of included articles
were also reviewed.

Only studies involving the clinical use of two-dimen-
sional image-producing ultrasound at the point of care
were included. Studies on hospitalised inpatients were
excluded, as well as studies where the operator was a
non-generalist, non-physician, or prehospital emer-
gency medical service personnel. Case studies or case
series were excluded, as were the use of ultrasound on
hyperacute indications or for procedures less likely to
be of relevance to most general practitioners (Appen-
dix 1). Meta-analyses where the majority of the included
articles fit our inclusion criteria were included, and the
individual studies analyzed by these meta-analyses were
excluded from our review to avoid double treatment.
Articles published after the latest meta-analyses were
included, as were articles outside the scope of the meta-
analyses identified. Articles in other languages than
English, German, Spanish, or any of the Scandinavian
languages were excluded. The search was last performed
on 1 June 2019.

Results

We identified 15,745 articles which were screened for eli-
gibility, and after screening, 1413 full text articles we were
left with 213 articles for inclusion, as shown in Fig. 1. Out
of these, 19 were articles about the extent of use, while 26
were meta-analyses, and 168 primary research studies on
PoCUS.
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The extent of use

There is great variation in the extent of use of PoCUS
among GPs in Europe. In Norway, 23% of emergency
primary care centres had access to their own ultra-
sound machines in 2015. However, only 1 of 15 of the
GPs working there used ultrasound ever and only 0.3%
of billings included an ultrasound item [13]. Ultrasound
was in 2014 commonly used in Germany (about 45%)
and Greenland (about two-thirds), while it was less
commonly used in Sweden, Denmark, Austria, and Cat-
alonia (< 1%) [14]. GPs, and EPs, working in emergency
departments in rural Canada had good access to ultra-
sound equipment already in 2013 and increasingly until
today (60-95%), while between 44 and 76% reported,
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they used ultrasound, a third of these on every shift
[15-17].

Among EPs, ultrasound was used in 5% of the con-
sultations in emergency departments in France in 2014
[18]. French emergency departments (EDs) have seen
an increase in the availability of ultrasound equipment
from 52 to 71% between 2011 and 2016 [19]. EPs had
access to ultrasound equipment in 89% of Danish emer-
gency departments in 2013 [20]. In China, 54% of EPs
reported having access to equipment in 2016, and 43%
of respondents reported using PoCUS in their clinical
work [21]. In South Korea, it was available in 2014 in
all surveyed EDs and 82.7% of respondents used PoCUS
daily on adult patients, but only 23.6% performed
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Fig. 1 Study selection flow diagram
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paediatric PoCUS daily [22]. In Colombia, 57% of all
emergency medicine residents responded that they
lacked equipment, while 52% responded that they had
used ultrasound during their training [23]. The use of
PoCUS is integrated in the emergency physician train-
ing in the USA [24], and from 2004 to 2015, the access
to equipment in emergency departments has risen from
19% to between 66 and 96%, and the lack of physician
training is now seen as the major barrier rather than
the lack of available technology [25-30].

Relevant indications

We found 26 meta-analyses and 168 primary studies
on PoCUS used by generalists on a wide range of indi-
cations that we deemed relevant for the general prac-
titioner, and they have been sorted according to the
relevant organ systems: heart, lungs, vessels, abdomen,
obstetric ultrasound, the eye; soft tissue, and musculo-
skeletal system.

The most studied parameter was diagnostic accuracy,
and Tables 2, 3, 4, 5, 6, 7 and 8 show the test characteris-
tics of a multitude of examinations. The sensitivities and
specificities are displayed, and 95% confidence intervals
are included where available. Positive and negative like-
lihood ratios (LR+/LR—) have been listed rather than
positive and negative predictive values, as the former are
prevalence independent, while the latter is only valid for
the given prevalence in the studied population. Where
either of the tabulated parameters was not available, we
calculated these from the given data and indicated as
such in the tables. Where available, the amount of time
spent on specific didactic teaching is listed.

To the extent any other parameters than diagnostic
accuracy were studied, this is presented narratively in the
below text.

Heart

Studies on indications relating to the heart are summa-
rized in Table 2. Even though a GP in a Norwegian pilot
study from 1985 concluded that “echocardiography will
not have any diagnostic significance in general practice in
the foreseeable future” [31], a similar UK study was more
positive in 1998 where one found GP performed evalua-
tion of left-ventricular function frequently altered man-
agement [32].

Three studies from the last few years evaluated GPs’
use of echocardiography compared to cardiologist as
the reference, all of which found that, after 4-28 h of
instruction, the GP could assess left-ventricular form and
function with an accuracy high enough to impact man-
agement [33—-35]. GPs have been found to reliably meas-
ure the mitral annular plane systolic excursion (MAPSE)
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through the use of pocket ultrasound after an 8 h teach-
ing program with a sensitivity of 83% and a specificity
of 78% [33]. A Spanish study found high accuracy for
detecting left-ventricular hypertrophy (LVH) with GP
operated pocket ultrasound in hypertensive patients
in general practice, with a LR+ of 56 and a LR— of 0.1
[34]. They also found clinically useful test accuracy for
other abnormalities. Another Spanish study found that
GPs using pocket echocardiography on several indica-
tions had a very high specificity (93—100%) for a range of
diagnoses, including LVH and valvular pathologies, but a
rather low sensitivity (41-72%) [35].

Nine studies showed that EPs of varying experience
could estimate left-ventricular ejection fraction (LVEF)
and showed an overall agreement with cardiologists
of between 84 and 93%, both on visual estimation and
calculated values using, e.g., E-point septal separation
[36—44]. Another study showed good agreement between
EPs and cardiac sonographers on obtaining windows for
left-ventricular outflow tract for velocity time integral
studies [45], and it has been shown that EPs were able
to obtain those windows for more than half of their ED
patients [46]. Three studies identified high sensitivities
and moderate-to-very good agreement with cardiologists
for detection of diastolic dysfunction [47—49], while an
Italian study found a high correlation between EP find-
ings of restrictive mitral pattern and the presence of left-
ventricular heart failure, with an LR+ of 8.27 [50]. EPs
have also been shown to have good inter-rater agreement
for the assessment of overall diastolic function [51].

Emergency physicians ability to detect wall motion
abnormalities showed very good agreement with car-
diologists in two studies [43, 52], while a 2018 US study
sought to find whether EPs could use speckle tracking
software to identify wall motion abnormalities and found
that the sensitivity was low at 29%, but specificity high at
88% [53].

The ability to detect pericardial fluid by EPs was stud-
ied in four studies which all found sensitivities from 60 to
96% and specificities from 96 to 100% despite short train-
ing periods. False-negative findings were more likely for
smaller effusions [39, 42, 43, 54].

Lungs

Findings from studies on lung ultrasound are detailed in
Table 3. Lung ultrasound (LUS) can be used to detect dif-
fuse interstitial syndrome (bilateral B lines), which, in the
setting of suspected acute decompensated heart failure
(ADHE), likely signifies pulmonary oedema. We identi-
fied five meta-analyses on this utility of LUS in the emer-
gency department, all concluding that both the sensitivity
and specificity are very high [55-59], and indeed the one
test with the best test characteristics compared to all
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other clinical parameters for ADHF ever studied [55]. One
meta-analysis only included studies where also chest X-ray
(CXR) had been compared with LUS towards the same
gold standard, and found that CXR had the same specific-
ity (90%) but lower sensitivity than LUS (73% vs 88%) [58].
A recent randomised-controlled study by Pivetta et al. [60],
not analyzed in these meta-analyses, allocated patients
after the initial suspicion of ADHF into groups receiving
CXR and pro-brain natriuretic peptide (pro-BNP) or LUS,
and found not only that LUS had both superior specific-
ity and sensitivity compared to the criterion standard of
final chart diagnosis, but also a shorter time to the diag-
nosis (5 min vs 104.5 min). Finally, one Australian study
analyzed inter-rater agreement between experienced and
novice EP lung sonographers which was found to be good,
with a Cohen’s kappa coefficient of 0.70 [61].

Three meta-analyses were identified that assessed the
accuracy of LUS in diagnosing pneumonia in unselected
adult populations [59, 62, 63]. Orso et al. found 17 studies
in ED populations where focal subpleural consolidations,
focal B lines, or a combination of these were considered
a positive finding, using X-ray and/or CT as the crite-
rion standard, and found a pooled sensitivity of 92% and
a specificity of 93%, similar to the findings in the meta-
analysis by Staub et al. [59]. Ye et al. [63] only included
studies where LUS was directly compared to CXR using
the final diagnosis as the criterion standard, and found
that LUS had a sensitivity of 95% against 77% for CXR,
while the specificity was the same, 90%. A recent study
not included in these meta-analyses found a similar supe-
riority to CXR in a Nepalese ED population [64].

An Italian study on PoCUS for pneumonia in a paediatric
population by one expert EP (n=79) agreed with the final
diagnosis of pneumonia in all cases and had no false-positive
findings [65]. A later study in 200 children with suspected
pneumonia (prevalence =18%) showed sensitivity and speci-
ficity of 86% and 89%, respectively, when compared to CXR
as the gold standard [66]. Ultrasound has been shown to be
more sensitive than CXR in a study of a paediatric ED popu-
lation, but less specific [67], and another study showed a 39%
reduction in use of CXR for the final diagnosis of pneumo-
nia in children in a randomised trial, with no cases of missed
diagnoses or complications [68]. PoCUS by paediatric EPs
instead of CXR was in one study associated with less time
spent and decreased overall costs [69].

The absence of pleural sliding and B lines is a sign of
pneumothorax, and finding the point where the pleu-
ral layers separates from each other, the lung point, is
pathognomonic. A recent meta-analysis showed a very
high accuracy of PoCUS when performed by EPs, with
88% sensitivity and 99% specificity, and it was supe-
rior to CXR which had 46% sensitivity and 100% speci-
ficity [70]. The findings were similar in another recent
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meta-analysis, albeit with a somewhat heterogeneous
operator group [71], as well as in a recent original pro-
spective observational study [72].

Two studies from 2017 used the total cases of positive
findings of rib fractures found by either LUS or CXR as
the criterion standard (assuming that there were no false-
positive findings) and found a sensitivity of 81-98% in
LUS compared to 41-53% for CXR [73, 74]. A third study
found a similar concordance between LUS and CXR and/
or CCT [72].

Two studies evaluated the accuracy of PoCUS through
present lung sliding and predominant A lines as a marker
for asthma or chronic obstructive pulmonary disease
(COPD) in the setting of dyspnoea, and found an LR+
of 3.8-6.3 and an LR— of 0.05-0.40 [75, 76]. Such LUS
findings can also be seen in patients without pulmonary
pathology, which may explain the poorer test characteris-
tics seen in the undifferentiated ED populations compared
to what has been seen in intensive-care unit populations
[59].

Finally, we identified 11 articles which studied the
impact of different PoCUS protocols on the overall diag-
nosis of patients presenting with undifferentiated res-
piratory or chest symptoms. An Italian ED-based study
showed that LUS in the setting of pleuritic pain without
dyspnoea had 97% sensitivity and 96% specificity for
detecting lesions that did not show up on CXR, using
other imaging modalities and final diagnosis as their cri-
terion standard [77]. Another Italian study found that
LUS in dyspnoeic patients changed the diagnosis in 44%
of cases and altered management in 58% [78]. Danish
EPs evaluating dyspnoeic patients with PoCUS of heart,
lung, and deep veins found life-threatening diagnoses
that were missed in the primary assessment in 14% of
patients, reporting a total of 100% sensitivity and 93%
specificity for the diagnosis of such conditions [79]. The
same group randomised 320 dyspnoeic patients (and
Sp02<95%) into a PoCUS group or management as
usual, and found as their primary endpoint a significant
24% higher accuracy in diagnosis at 4 h (88% vs 64%),
using masked audit as the gold standard [80]. Similarly,
two studies found a significant reduction in time needed
for diagnosis using integrated ultrasound on dyspnoeic
patients [81, 82]. It has also been shown that the addition
of heart and lung PoCUS allowed the EPs to reduce the
number of diagnoses on their differential diagnosis list
from 5 to 3 (p<0.001) [83], and also three other studies
showed statistical significance in PoCUS overall diagnos-
tic accuracy in patients with dyspnoea [84—86]. One USA
study could not show significant diagnostic or manage-
ment changes when a PoCUS protocol was applied to
dyspnoeic patients in ED significantly, but it improved
EPs’ confidence levels [87].
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Vessels
Main test characteristic findings can be found in Table 4.

Screening for abdominal aortic aneurysms (AAA) by GPs
would require a very high accuracy to avoid false positive
in a relatively low pre-test probability population, even if
one selects the population who is at risk, men who have
smoked in the ages between 65 and 75. We identified three
small studies of GPs’ screening for AAA in such popula-
tions against a gold standard [88—90]. All found 100% accu-
racy for AAA greater than 3 cm and concluded screening
by GPs were feasible. One larger feasibility study only con-
firmed positive cases [91]. Hoffmann et al. [92] also found
screening by EPs in the emergency department feasible, but
requiring substantial resources for a low success rate.

In a Danish study, inexperienced GPs achieved 100%
accuracy for AAA >5 cm compared to radiologists when
the scan was performed on clinical indication [93]. Simi-
larly, one meta-analysis showed that EPs have very high
accuracy for detecting AAA >3 cm compared to formal
radiologist performed ultrasound when performed on
indication [94].

One Japanese retrospective study investigated the
impact of GPs screening of carotid intima media thick-
ness in patients at risk of coronary artery disease (CAD)
on later interventions, and found an increase in the
prevalence of CAD in patients referred to a local special-
ist centre and higher probability of coronary angiograms
and revascularization [95].

One multi-centre study assessed Italian GPs’ accuracy
of a two-point compression technique for the identifica-
tion of lower extremity deep vein thrombosis (DVT) and
found 90% sensitivity and 97% specificity compared to
radiologist ultrasound [96]. A meta-analysis on EPs use of
PoCUS for detection of DVT found even higher accuracy
with a sensitivity of 96% and a specificity of 97% [97]. A
newer meta-analysis from 2019 shows a pooled sensitiv-
ity of 91% and a specificity of 98% for the two-point com-
pression technique (assessing the common femoral vein
and the popliteal vein) and similarly 90% and 95% for the
three-point compression technique (including the super-
ficial femoral vein) [98]. Three other studies not analyzed
in above meta-analyses show similar test accuracies [99—
101]. One study showed a >4-fold reduction in ED length
of stay for the group with EP-performed DVT studies vs
the radiology department patients [102].

Ultrasound-guided peripheral venous catheter (PVC)
insertion has been shown in some studies to reduce time
and attempts [103—105], while others show similar or even
worse success rate [106—108]. One study found that ultra-
sound-guided PVC insertion was associated with a higher
rate of extravasation, 3.6% vs 0.3% [109]. Another study
showed a 73% success of cannulation of the brachial or the
basilic vein after two failed attempts without ultrasound,
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but also showed an 8% rate of extravasation at 1 h [110].
One group evaluated EPs use of PoCUS before peripheral
venous cannulation of children less than 7 years before can-
nulation as usual, and found visible veins on ultrasound a
strong predictor for successful cannulation [111]. It has
also been found that EPs could insert a standard 2.5-in.,
18-gauge peripheral venous catheter in the internal jugular
vein with a success rate of 97.1% after two failed attempts
by management as usual by nursing staff [112].

Abdomen
The main findings on diagnostic test accuracy of abdomi-
nal PoCUS are listed in Table 5.

One meta-analysis of EPs’ findings of hydronephrosis as
a surrogate for nephrolithiasis in patients presenting with
renal colic found only moderate sensitivity and specificity
[113]. Moderate-to-severe hydronephrosis is highly specific
for the presence of a stone at 94%, but only with a sensitivity
of 29%. One study not included in this meta-analysis found
100% sensitivity, but moderate specificity [114]. A French
study found that EPs correctly identified hydronephrosis
in children with urinary tract infections (prevalence=5%)
with a sensitivity of 76.5% and a specificity of 97.2% [115].
Finally, one large (n=2759) study, randomising patients
into diagnosis through EP PoCUS, radiologist ultrasound or
computed tomography (CT), found no difference in high-
risk diagnoses that could be due to missed or delayed diag-
nosis after 30 days, and showed overall lower cumulative
radiation exposure at 6 months for both ultrasound groups
compared to the CT group [116]. They also showed a slight,
but significant, reduction in ED length of stay, while another
study found halving of the length of stay [117].

Only one small, retrospective study reviewed EPs diag-
nostic accuracy of scrotal PoCUS, and found that the EPs
correctly diagnosed epididymitis, orchitis, and testicular
torsion in 35 of 36 cases [118]. No cases of testicular tor-
sion were missed.

Two Norwegian studies demonstrated clinical useful-
ness for the use of GP operated PoCUS to demonstrate
cholelithiasis already in the 80s [119, 120], and also a
more recent study shows high agreement between GP
and radiologist performed ultrasound [121]. In the ED
setting, a high accuracy was shown already in a 1994
study [122] and Blaivas et al. [123] showed a significant
reduction in the length of stay in the emergency depart-
ment when EPs used PoCUS for diagnosis of biliary dis-
ease. One meta-analysis found an LR+ of 7.5 and LR— of
0.12 on EP-performed PoCUS for cholelithiasis [124],
similar to a large, retrospective study not included in
the meta-analysis [125]. A similar high specificity was
found in a more recent study, and a sensitivity of 55%
when using eventual need for cholecystectomy as their
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gold standard [126]. When it comes to cholecystitis, the
LR+ ranged from 4.2 to 4.7 and the LR— from 0.05 to
0.39 in three studies of varying design [127-129]. Sum-
mers et al. [128] found that there were close agreement
with radiology department ultrasound when compared
to the criterion standard of surgical reports and follow-
up, and suggested that patients with negative EP scans
are unlikely to require surgery. Another study could not
conclude the same, as they, in contrast to the other stud-
ies, only found 38% sensitivity using surgical findings as
the criterion standard [130]. The positive likelihood ratio
was high nevertheless, as specificity in their study was
100%. A Turkish study found that diagnosis and manage-
ment were more likely to be affected if the clinician had
moderate, rather than low or high, suspicion about the
diagnosis prior to the study [131]. One study performed
PoCUS on patients presenting with non-traumatic epi-
gastric pain, and found a cholelithiasis prevalence of 39%
in this population, even though the treating EP did not
initially consider the need for biliary ultrasound in 85%
of these cases [132]. A USA study found that the presence
of a dilated common bile duct on EP-performed PoCUS,
in the absence of laboratory findings or signs of cholecys-
titis on ultrasound, was unlikely to be a good indicator
for complicated biliary pathology (sensitivity 23.7% and
specificity 77.9%) [133].

Appendicitis has several hall-mark findings such as
oedematous wall and overall thickness. One meta-analysis
found an LR+ of 9.24 on EP-performed ultrasound for
appendicitis in children [134], reproduced in one study
published since [135]. Lee and Yun [136] found LR+ of 7.0
in a 2019 meta-analysis of PoCUS on all ages, while Fields
et al. [137] found LR+ of 10.2 in their sub-group analysis of
EP-performed PoCUS for appendicitis in a 2017 meta-anal-
ysis. The LR—, however, ranged from 0.17 to 0.22, and one
can conclude that EP-performed PoCUS is useful to rule
in appendicitis, but not sufficient on its own to rule it out.
This can also be concluded from the latest three studies not
included in the above-mentioned meta-analyses [138—140].

Concentric rings on ultrasound of the small bowel indi-
cate intussusception in children in whom one suspects
this condition [141]. We identified one prospective obser-
vational study and one retrospective analysis of EP-per-
formed PoCUS for intussusception after only short periods
of training, both showing high specificities of 94—97%, but
varying sensitivities of 85-100% [141, 142]. One retrospec-
tive study was limited by its design giving an absence of true
negative findings, but showed sensitivity of 79% in novices
and 90% in a certified paediatric EP [143], while a South
Korean group found that PoCUS significantly reduced the
door-to-reduction time and overall stay in their ED [144].

Small bowel obstruction can be seen using ultrasound
by identifying features such as small bowel dilation,
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abnormal peristalsis, small bowel wall oedema, and intra-
peritoneal free fluid [145]. Four studies in the ED showed
sensitivities from 88 to 98% [145-148], with two stud-
ies showing a higher sensitivity, but lower specificity for
EPs than for radiologist ultrasound when compared to
CT [146, 147]. One of the studies showed lower specific-
ity than the other three studies (54% vs 84—94%), citing a
shorter didactic session and experience requirements as a
possible explanation [145].

One small study found that GPs had 100% agreement
with radiologists on the use of PoCUS for finding ascites
on indication [93].

A small study (n=50) compared ultrasound measured
transverse diameter of the rectum against Roma III crite-
ria for constipation in children, and found high sensitiv-
ity of 86%, but a somewhat low specificity of 71% [149].
However, ultrasound was not less sensitive than abdomi-
nal X-ray (87%) and trended towards being more specific
(71% vs 40%). A rectal diameter of 3.8 cm or greater cor-
related well with constipation.

Two studies were identified using several of the
above-mentioned techniques to help diagnose patients
presenting with abdominal pain and found an overall
improvement in diagnostic accuracy compared to work-
up as usual [150, 151].

Obstetric ultrasound

Inexperienced Danish GPs had 28 of 30 measurements of
gestational age (GA) within 3 days of the obstetrician per-
formed estimate, while the final 2 were within 7 days [93].
Johansen et al. [152] found that GP’s measurements of GA
inan 11 year period (n=356) showed the same agreement
with actual date of birth as did those of the local obstetric
service (n=14,550). The same agreement was found in six
other GP studies between 1985 and 2001 [153—-158].

Also EP measured crown-rump length (CRL), used in
first trimester estimation of GA, showed in two studies
correlation coefficients of 0.95—0.98 when compared with
obstetric ultrasound [159, 160]. Another study found
that EPs were accurate stratifying GA into before and
after 24 weeks, and thus foetal potential viability if one
decides to go ahead with an emergent caesarean section
in patients unable to give an accurate history due to low-
ered consciousness [161].

One meta-analysis assessed EPs’ accuracy in diagnos-
ing ectopic pregnancy by PoCUS, defining a positive
finding as an empty uterus in a patient with a confirmed
pregnancy [162]. Using this “safe” definition, the pooled
sensitivity was high at 99.3%, while the specificity ranged
from 42 to 89%, pooled specificity estimate not being
possible to calculate due to study heterogeneity.

Another meta-analysis included six studies aimed
to show whether EP-performed pelvic ultrasound on
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women with symptomatic early pregnancy in the ED
caused a reduction in the length of stay (LOS) in the ED,
and confirmed this, with a mean reduction in LOS of
74 min (95% CI 49-99) [163].

Among those visiting ED due to bleeding in the first
trimester, one study showed 42% had the expectation of
getting confirmation of foetal viability by ultrasound and
blood work [164]. In addition to identifying an intrauter-
ine pregnancy, confirming foetal heart activity is decisive
in diagnosing a threatened or missed abortion. We iden-
tified four studies where GPs had 100% accuracy (total
n=295) [93, 152, 153, 165] and one study of EPs show-
ing a sensitivity of 89% and a specificity of 100% by use of
transabdominal transducer [166]. In this study, mean GA
was 9.5 weeks, and only the heart activity of the very ear-
liest pregnancies was missed when compared to a radi-
ologist using transvaginal transducer.

Two studies (total #=2387) showed that both GPs and
EPs had 100% accuracy in detecting foetal position in the
third trimester [152, 167].

The eye

Studies on ocular PoCUS are listed in Table 6. Retinal
detachment may be seen on ultrasound as a hyperechoic
line separating from the choroid while being tethered
to the optic disc. One recent meta-analysis determined
the test characteristics of ocular PoCUS for this condi-
tion [168]. A sub-group analysis of five studies where the
provider was an EP working in the ED found a sensitivity
of 94% and a specificity of 91%. One retrospective study
excluded from this meta-analysis, due to its retrospective
design, showed similar numbers [169], as did two more
recent prospective studies [170, 171] (see Table 6).

One study was identified estimated test accuracies for
the important differential diagnoses of vitreous haemor-
rhage and detachment, and found high total accuracy for
haemorrhage and high specificity for vitreous detachment
[170]. Another study evaluated 232 patients (351 eyes)
after trauma (excluding obvious globe rupture), and found
high accuracy for the detection of vitreous haemorrhage,
lens dislocation, globe foreign body, globe rupture, and
retrobulbar haematoma [171]. The same group also found
high accuracy for the detection of traumatic lens disloca-
tion in a different study 5 years previously [172].

Soft tissue

Linear, high-frequency ultrasound can give detailed images
of structures in the soft tissue, and findings from studies are
summarized in Table 7. A 2017 meta-analysis included eight
studies on adult and paediatric ED populations determin-
ing the accuracy of EPs using PoCUS to detect the presence
of an abscess in patients presenting with signs of skin and
soft-tissue infection, and found a pooled sensitivity of 96%
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and a specificity of 83% [173]. The pooled sensitivity of the
paediatric sub-group was slightly lower at 94%, but had the
same specificity. The decision of whether to lance or not was
changed in 14-56% of the cases. Pre-study teaching varied
from 15 min to 1 day. A 2016 meta-analysis including six
studies showed the same test accuracy [174]. Another study
compared EP PoCUS and CT for abscesses head-to-head
and found significantly better sensitivity for PoCUS (97% vs
77%), and similar specificity (86% vs 91% with overlapping
95% confidence intervals) [175]. In a primary care outpa-
tient setting, it has been showed that the size of abscesses
was estimated incorrectly by clinical examination in 52% of
cases and ultrasound changed management in 55% of cases
[176]. One study compared the test accuracy of clinical
examination with and without PoCUS on finding soft-tissue
abscesses [177]. They found very high accuracy and no sig-
nificant difference between the groups in the population for
which the EP indicated that she was clinically certain about
the diagnosis (n=1111). However, in the uncertain cases
(n=105), ultrasound changed management in a quarter,
appropriately so in 85% of these. Also in a paediatric ED
population, it was found that ultrasound did not change
the ED treatment failure rate, even though ultrasound
changed management from surgical to medical or vice versa
in 25% of cases [178]. This is in contrary to another study
in a paediatric population who did see a significant reduc-
tion in failure rate, with three times higher failure rates in
the non-PoCUS vs PoCUS groups (14% vs 4%) [179]. The
same group found similar rates in adults (n=125), with 17%
vs 3.7%, but the 95% confidence intervals showed 0-19.4%
difference between the groups, leaving it barely statistically
significant [180]. A US study showed that the ED length of
stay was significantly reduced, by a mean of 73 min, when
patients received EP PoCUS rather than radiology ultra-
sound [181]. They also found significant differences in the
two groups on incision and drainage rate which was twice as
high in the PoCUS group and rate of ED intravenous antibi-
otics, which was 60%.

Two small studies on the use of PoCUS for the detec-
tion of peritonsillar abscess [182] and dental abscess
[183] showed near 100% test accuracy, but had wide con-
fidence intervals due to small populations.

Two studies (=27 and n=75) evaluated EP PoCUS
diagnostic accuracy on paediatric soft-tissue neck masses
and found a Cohen’s kappa coefficient when compared
to the final diagnosis of 0.69 (95% CI 0.44—0.94) and 0.71
(0.60-0.83), respectively [184, 185].

One clinical study on the use of PoCUS for identifica-
tion of soft-tissue foreign bodies showed that ultrasound
identified two-thirds of all foreign bodies with a specific-
ity of 97% [186]. There were no significant differences in
performance characteristics of X-ray which showed sen-
sitivity of 58% and a specificity of 90%.
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Musculoskeletal ultrasound

The retrieved studies on musculoskeletal ultrasound
were on the ability to detect acute tendon trauma, joint
fluid, shoulder dislocation, and bone fractures, and the
test accuracy findings are summarized in Table 8.

Two studies studied the accuracy of EP-performed
PoCUS on suspected ligamentous injuries in the ulnar part
of the wrist and showed high specificity, but mixed sensitiv-
ity [187, 188], using magnetic resonance imaging (MRI) as
the criterion standard. Two studies evaluating the same in
the ankle showed high test accuracies against the same Ref.
[189, 190]. A US study showed a higher specificity for liga-
mentous laceration on extremity penetrating trauma than
clinical examination without ultrasound when compared to
surgical exploration or MRI [191], and this study and an Ira-
nian study [192] showed 94—100% sensitivity and specificity.

Two studies showed high specificity (both 98%) for
paediatric hip effusions, but a somewhat reduced sensi-
tivity of 80—85%, compared to a chart review or radiolo-
gist performed ultrasound [193, 194]. One study showed
that 50% of planned joint aspirations were avoided after
PoCUS of swollen joints [195].

One meta-analysis on the use of PoCUS on patients with
shoulder dislocations included seven studies (n=739),
and showed 99.1% sensitivity and 99.8% specificity when
compared to X-ray [196]. The accuracy was similar for
associated fractures, but one could not determine the
clinical significance due to wide confidence intervals.

A South Korean study found high accuracy for the
detection of anterior and posterior cruciate ligament
tears by PoCUS [197].

Finding or excluding a bony fracture could be a useful
utility of ultrasound in a GP setting given a high enough
accuracy, as X-ray is usually not immediately available and
may require significant travelling for the patient. We identi-
fied three meta-analyses and 25 primary studies evaluating
the test accuracy of EP-performed ultrasound on different
fractures, all summarized in Table 8. The main finding is
that there is generally a very high sensitivity and specificity
for detecting the cortical disruption representing the frac-
ture ultrasound, but less for fractures near joints.

Six diagnostic accuracy studies on the use of EP-per-
formed PoCUS to detect paediatric skull fractures found
sensitivities ranging from 77 to 100 and specificities from
85 to 100 [198-203].

Clavicular fractures were studied in three studies, all
showing high accuracy [198, 204, 205], with false-negative
cases being clinically non-significant green-stick fractures.

One meta-analysis of ultrasound for elbow fractures
included a sub-group analysis of five studies where the
operators were EPs, and showed a specificity of 95% and
a sensitivity of 94% [206]. Elbow fractures can be identi-
fied on ultrasound by cortical disruption and/or posterior

Page 20 of 29

fat pad sign. The latter is rare in radial head subluxation
without fractures according to a US study, indicating that
PoCUS may be an adequate rule out test before reduction
of the subluxation [207].

One meta-analysis assessed the test characteristics of
ultrasound to detect paediatric forearm fractures [208] and
found sensitivity and specificity of 93, and also two studies
published since showed high accuracy [209, 210]. Another
meta-analysis, also including studies with adults, showed
even higher accuracy with a pooled sensitivity of 97% and
a specificity of 95% [211], and also showed no significant
accuracy differences between inexperienced and experi-
enced physicians. A Turkish study published after this meta-
analysis has shown similar test accuracy in adults [212].

Studies on metacarpal and phalangeal fractures showed
sensitivities ranging from 79 to 100% and specificities
from 87 to 98%, with the poorest accuracy for periar-
ticular fractures and for the third and fourth metacarpal
bones which are only available to scan from two surfaces
[213-219]. The study of the distal phalanx fractures also
assessed the accuracy of PoCUS to detect nail bed inju-
ries before lifting the nail and visually inspecting, and
found a 93% sensitivity and 100% specificity for this [218].

One study aimed to determine the combined accuracy
for any tibia or fibula fracture, and found 100% sensitivity
and 93% specificity against X-ray, and also found that all
false positives were true positives when compared to CT,
indicating a higher accuracy than X-ray [220].

One study showed poor sensitivity for navicular bone
fracture [221].

One meta-analysis from 2017 [208] and two more
recent studies [222, 223] all showed high accuracy in
detection of fractures in the ankle malleoli. Three studies
determined the accuracy of PoCUS specifically for fifth
metatarsal fracture, and found total accuracies in the 90s
[221, 224, 225].

Discussion
Strengths and limitations
This review is based on a search strategy that was designed
to be comprehensive and sensitive enough to identify all
relevant meta-analyses and primary research papers avail-
able, and included studies written in English, Spanish, Nor-
wegian, and Swedish. In addition, reference lists of included
studies were manually searched to identify further stud-
ies to include. However, the search only included searches
through PubMed/MEDLINE, not EMBASE or similar pro-
prietary databases. The main screening was only performed
by one of the authors, which could be a source of bias.

One comprehensive systematic review only including
clinical studies on the training and use of PoCUS by GPs
already exists [12]. Given the scarcity of data, it was difficult
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to draw conclusions other than PoCUS has a potential of
being a valuable tool for the general practitioner. A strength
of our review is the wealth of data on GP relevant indica-
tions which we draw on from our EP colleagues. However,
this may be one of the main weaknesses as well, as even
though there is a considerable overlap in knowledge and
skill bases, generalist approach, and even populations, there
are also considerable differences. GPs tend to work more
independently with less possibility of daily peer interac-
tion, and have a broader scope of practice, not only includ-
ing working with patients with conditions which require
immediate action. In areas where patients can self-refer to
emergency departments staffed by EPs, the pre-test prob-
ability of any given diagnosis will be different, with a skew
towards more life-threatening conditions in EDs compared
to those presenting to primary care run services. How-
ever, in other regions, where GPs may, indeed, be the first
responder to any emergency, this may not be the case.

Nevertheless, much of a GP’s evidence-based practice,
is, and will likely always be, based on work done in other
fields. In fact, there are most likely relevant studies on the
use of ultrasound done by, e.g., physiotherapist, sports
medicine physicians, paediatricians, internal medicine spe-
cialist, surgeons, etc., which also could be relevant for GPs.

The studies identified were heterogenous and ranged
from small pilot studies, through prospective and retro-
spective convenience sample observational studies, some
randomised control trials and on to large, rigorous meta-
analyses. In terms of operators, they include in some cases
one expert GP or EP sonographer, while, in other cases,
the operators were many, of different levels of experience,
including novices, all only receiving short, specific didactic
interventions. There were no attempts at formally assess-
ing the quality of the primary studies by available quality
assessment tools, but most of the meta-analyses will have
had such assessment done by their respective authors.

Being a very heterogenous group of physicians, it
is hard to establish an absolute list of possible indica-
tions for which any given GP may find PoCUS of clini-
cal relevance. We think that we have created an overview
where most GPs can find some areas of interest, but also
acknowledge that others may criticise the exclusion of
indications listed in Appendix 1.

Conclusions

This systematic review shows that ultrasound, at the point
of care, is increasingly being utilised by GPs and EPs across
the world. It also shows that generalists can, given a certain
level of pre-test probability, safely use ultrasound in a wide
range of clinical settings to aid diagnosis. For many condi-
tions, the sensitivity is high and can help the physician rule
out a condition, while for others, the specificity is high,
helping to rule in a diagnosis. For some conditions, the
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total test accuracy is high, and it may, in fact, be a valuable
screening tool. For some conditions, such as identifying
foreign bodies and in shoulder dislocations, PoCUS seems
to have similar accuracy as X-ray, while for others, such
as rib fractures, tibia and fibula fractures, pneumothorax,
pneumonia, and in patients presenting with pleuritic pain
of any cause, it seems to outperform conventional X-ray.
PoCUS has also shown to decrease the length of time to
diagnosis and discharge in some settings, decrease failure
rates of treatment, and to aid in difficult intravenous access.

GPs are by no means a homogenous group of physicians,
neither are EPs. It is likely that if many EPs can learn to
safely use clinical ultrasound, so can many interested GPs,
as both groups are trained and used to applying a wide
range of methods to assess a wide range of patients and
conditions. It is likely that the patient population will vary
from GP to GP as well, as we all work in different regions
with populations of different disease prevalence profiles
and health service seeking behaviors. It is important for
both GPs and EPs to be aware of one’s population’s char-
acteristics and pre-test probabilities for any given condi-
tion with regards to all aspects of clinical work, including
history taking, examination, and diagnostic studies. Given
the varying prevalence in each clinician’s population, we,
therefore, encourage the use of the likelihood ratios using
Fagan’s nomogram [226], which as a pre-requisite for usage
only requires an estimate of pre-test likelihood rather than
having the exact same prevalence as in the respective stud-
ies from which the data were obtained.

This systematic review will potentially be a valuable ref-
erence for physicians searching for evidence for the use of
PoCUS in their given primary care setting. Even though
most of the studies involved ultrasound performed by EPs,
we believe what has been found is relevant also in a GP set-
ting, and is, to date, the best evidence available. We hope
also that our review can be of value in showing the need
for further research in a primary care setting, and we see
a need for more rigorous study designs, with more studies
with multi-centre, randomised and controlled designs.
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Appendix 1
See Table 9.

Table 9 Indications excluded due to less relevance for general practice

Organ Indication

Heart Echocardiography during resuscitation
Paediatric echocardiography

Lungs Thoracic aortic aneurysm
Pulmonary embolism

Vessels Type A dissection of the ascending aorta

Abdomen and pelvis

Central nervous system

Trauma

Procedures

Others

Ruptured abdominal aortic aneurysm

Hepatic abscess
Tubo-ovarian abscess
Pneumonperitoneum
Mesenteric ischemia

Ventriculoperitoneal shunt malfunction
Intracranial pressure through optic nerve sheath diametre
Transcranial ultrasound for MCA perfusion

Focused abdominal sonography in trauma (FAST)/extended FAST (eFAST)
Hemothorax
Pelvic fracture

Regional nerve blocks

Closed reduction of fractures under sedation
Intubation

Pericardiocentesis

Neonatal intracranial bleeding

Lumbar puncture

Nasogastric tube placement verification
Cystostomy

Undifferentiated hypotension/dehydration

Studies from prehospital emergency medical services
Mass casualty trauma triage

Gastric content




Sorensen and Hunskaar Ultrasound J (2019) 11:31

Appendix 2

Ultrasound and general practice (MeSH terms)
“ultrasonography”[MeSH Terms] AND (“primary health
care”[MeSH Terms] OR “general practice”’[MeSH Terms]
OR “general practitioners”[MeSH Terms] OR “physi-
cians, primary care’[MeSH Terms] OR “physicians,
family”[MeSH Terms])

Ultrasound and emergency medicine (MeSH terms)
“ultrasonography”’[MeSH  Terms] AND  (“emer-
gency medical services’[MeSH Terms] OR “emer-
gency treatment’[MeSH Terms] OR “emergency
medicine”[MeSH Terms] OR “emergencies”’[MeSH
Terms])

Ultrasound and general practice (keywords)*
((((((ultrasonography) OR pocus) OR ultrasound)) OR
echocardiography)) AND ((((((primary care physician))
OR (family practice)) OR (primary health care)) OR
(family physician)) OR ((general practice) OR general
practitioner))

automatically expanded by PubMed to

((((“diagnostic imaging”[Subheading] OR
(“diagnostic”[All Fields] AND “imaging”[All Fields]) OR
“diagnostic imaging”[All Fields] OR “ultrasonography”[All
Fields] OR “ultrasonography”’[MeSH Terms]) OR
pocus[All Fields]) OR (“diagnostic imaging”[Subheading]
OR (“diagnostic”’[All Fields] AND “imaging”[All Fields])
OR “diagnostic imaging”[All Fields] OR “ultrasound”[All
Fields] OR “ultrasonography”’[MeSH Terms] OR
“ultrasonography”[All Fields] OR “ultrasound”[All Fields]
OR “ultrasonics”’[MeSH Terms] OR “ultrasonics’[All
Fields])) OR (“echocardiography”[MeSH Terms] OR
“echocardiography”[All Fields])) AND (((((“physicians,
primary care”’[MeSH Terms] OR (“physicians”[All Fields]
AND “primary”[All Fields] AND “care”[All Fields]) OR
“primary care physicians”’[All Fields] OR (“primary”[All
Fields] AND “care”[All Fields] AND “physician”[All
Fields]) OR “primary care physician”’[All Fields]) OR
(“family practice”’[MeSH Terms] OR (“family”[All Fields]
AND “practice”[All Fields]) OR “family practice”[All
Fields])) OR (“primary health care’[MeSH Terms]
OR (“primary”[All Fields] AND “health”[All Fields]
AND “care”[All Fields]) OR “primary health care”[All
Fields])) OR (“physicians, family’[MeSH Terms] OR
(“physicians”[All Fields] AND “family”[All Fields])
OR “family physicians”[All Fields] OR (“family”[All
Fields] AND “physician”[All Fields]) OR “family
physician”[All Fields])) OR ((“general practice’[MeSH
Terms] OR (“general’[All Fields] AND “practice”[All
Fields]) OR “general practice”[All Fields]) OR (“general

Page 23 of 29

practitioners”[MeSH Terms] OR (“general’[All Fields]
AND  “practitioners”[All ~ Fields]) OR  “general
practitioners”[All Fields] OR (“general”[All Fields] AND
“practitioner”[All Fields]) OR “general practitioner”[All
Fields])))

Ultrasound and emergency medicine (keywords)*
((((((emergency medical services) OR emergency
medicine) OR emergency treatment) OR emergency
physician) OR prehospital medicine)) AND (((ultra-
sound)) OR (((ultrasonography) OR pocus) OR
echocardiography))

automatically expanded by PubMed to

(((((“emergency medical services’[MeSH Terms] OR
(“emergency”’[All Fields] AND “medical’[All Fields]
AND “services”[All Fields]) OR “emergency medical
services”[All Fields]) OR (“emergency medicine”[MeSH
Terms] OR (“emergency”’[All Fields] AND
“medicine”[All Fields]) OR “emergency medicine”[All
Fields])) OR (“emergency treatment’[MeSH Terms]
OR (“emergency”’[All Fields] AND “treatment”[All
Fields]) OR “emergency treatment”’[All Fields])) OR
((“emergencies”’[MeSH Terms] OR “emergencies”’[All
Fields] OR “emergency”[All Fields]) AND
(“physicians”[MeSH Terms] OR “physicians”[All Fields]
OR “physician”[All Fields]))) OR (prehospital[All Fields]
AND (“medicine”[MeSH Terms] OR “medicine”[All
Fields]))) AND ((“diagnostic imaging”[Subheading]
OR (“diagnostic’[All Fields] AND “imaging”[All
Fields]) OR “diagnostic imaging”[All Fields] OR
“ultrasound”[All Fields] OR “ultrasonography”’[MeSH
Terms] OR  “ultrasonography”[All  Fields] OR
“ultrasound”[All  Fields] OR “ultrasonics”’[MeSH
Terms] OR “ultrasonics”[All Fields]) OR (((“diag-
nostic imaging”[Subheading] OR (“diagnostic”[All
Fields] AND “imaging”[All Fields]) OR “diagnostic
imaging”[All Fields] OR “ultrasonography”[All Fields]
OR “ultrasonography”’[MeSH Terms]) OR pocus[All
Fields]) OR (“echocardiography”’[MeSH Terms] OR
“echocardiography”[All Fields])))

* To exclude indexed articles (which presumably were
found by searching with MeSH terms) the keyword
searches was done with the following filter:

((publisher[sb] NOT pubstatusnihms NOT pub-
statuspmcsd  NOT  pmcbook) OR  inprocess[sb]
OR pubmednotmedline[sb] OR ((pubstatusnihms
OR pubstatuspmcsd) AND  publisher[sb])) OR
pubmednotmedline[sb]
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((publisher[sb] NOT pubstatusnihms NOT pubsta-
tuspmcsd NOT pmcbook) OR pubmednotmedline[sb]

OR ((pubstatusnihms

OR pubstatuspmcsd) AND

publisher([sb]))
inprocess[sb]
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