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By Kari Vikestad Gerhardsen and Bjørn Hofmann 

the accuracy of sonographers 
carrying out upper abdominal 
ultrasound examinations
With the ever-increasing time and cost constraints in modern healthcare, 
questions have been raised as to whether part of the heavy work load of 
radiologists could be relieved by sonographers carrying out some examina-
tions. This article summarizes the results of a Norwegian study of the accu-
racy of newly trained sonographers in carrying out upper abdominal ultra-
sound exams, compared to radiologists. It was found that the sonographers 
had accuracy levels similar to those of the radiologists. 

Norway educated their first sonographers at the 
University College in Gjøvik in 2008. Eight stu-
dents were trained to be able to differentiate 
negative and positive findings in the diagnostic 

ultrasound of the upper abdomen. The objective of this ini-
tiative was to relieve the radiologists of their large workflow, 
and free them up  to focus on advanced diagnostics.   

The educational programme was controversial and 
gave rise to a lively debate among radiologists. The Nor-
wegian Society of Radiology appointed a committee to 
study whether it would be acceptable for sonographers to 
carry out diagnostic ultrasound examinations in Norwe-
gian radiology departments. The Society summarized their 
report in a public statement strongly discouraging radiol-
ogy departments in Norwegian hospitals from employing 
sonographers. 

Today, only relatively few sonographers actually practice 
in Norway. However, significant international developments 
in advanced radiographic practice suggest that there will be 
a serious lack of specialists in Norway by the year 2030 [1]. 

To investigate whether the radiologists’ scepticism was 
warranted or whether sonographers could adequately 
address present and future needs, we wanted to analyse 
the accuracy of Norwegian-educated sonographers  and to 

assess the quality of their work. In particular we wanted to 
know whether there was agreement between the findings of 
the sonographers and those of the radiologists and whether 
in general the sonographers were able to carry out  examina-
tions to the satisfaction of the  radiologists.

desIGN of the stUdY 
To assess the accuracy of the sonographers in Norway we 
included 244 patients in a prospective controlled study 
involving five advanced radiographers (sonographers) and 
four experienced radiologists working in three departments 
in hospitals belonging to the same hospital cluster in Nor-
way [2].

The radiologists had 20 to 26 years of experience of 
ultrasound examinations and the sonographers had 6 
months of experience (and 7 to 17 years of experience as 
radiographers).

The examinations in the study were limited to the upper 
abdomen. 

To avoid any possibility of bias due to preconceptions, 
only polyclinic patients who were presenting for the first 
time were included in the study.

Each patient underwent two similar ultrasound examina-
tions — one by the sonographer and one by the radiologist. 
There was no communication between the sonographer 
and the radiologist before, during or after the examination.

Individuals in both groups separately recorded the time, 
the number of images taken, the number of images saved, 
incomplete examinations and their confidence in their diag-
nostic findings and conclusions.

The examinations carried out by the sonographers were 
subsequently evaluated by the radiologists who rated the 
technical image quality, the ability to make their own diag-
nostic report, the causes of any incomplete examinations as 
well as the principal and additional findings, and finally an 
overall evaluation of their examination.

The radiologists made appropriate additions to the 
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sonographers’ report if they found 
something that the sonographer had 
overlooked.

AssessMeNt
Three forms were developed for and 
used in the assessment. One form was 
for the sonographers who recorded their 
activity; one form was for the radiolo-
gists and the third was where the radi-
ologists evaluated the examination of the 
sonographer. The information recorded 
on the forms was  as described above.

A positive finding was defined as 
pathology and normal variations and 
had to be mentioned in the report, 
to make sure that the sonographers 
were capable of knowing the differ-
ence between pathology and normal 
variations.

the ResUlts of the INVestIGAtIoN
Out of 246 patients invited to participate, 
244 consented and were included in the 
study. All five sonographers continued to 
see patients until they had received 30 
positive examinations [Table 1].

There was an agreement in  findings 
between sonographers´ and radiologists 
in 95,5% of the examinations, which gave 
a consistency of 0,903 Cohen’s kappa. A 
cross reference table of the results in abso-
lute numbers is shown in  Table 2.

These  gives a sensitivity of 9,97 and 
a specificity of 0,93, LR+ of 13,8 and 
LR- of 0,03 when using radiologists as a 
reference.

RAdIoloGIsts’ RepoRts 
Although this study was not designed 
to investigate whether radiologists were 
mistaken, the radiologists reported to 
have been mistaken in eight (3,3%) cases 
when they considered the sonographers´ 
results to be correct. In six of these spe-
cific cases the radiologist had reported 
negative results and the sonographer 
had reported a positive result and in two 
of these cases the radiologists had over-
looked additional findings.

WhIch fINdINGs ARe lIKelY Not to 
Be foUNd  BY the soNoGRApheRs´?
The crucial question is whether any 
patient with a pathology might be over-
looked (i.e. false negative). This would  
support the argument for not using 
sonographers in Norwegian diagnostic 
ultrasound procedures.

We found four cases (1,64%) in 
which the sonographers recorded nega-
tive results but in which  the radiologist 
recorded a positive result. 

tIMe ANd NUMBeR of pIctURes
There was a significant difference between 
the sonographers and the radiologists in 
the number of images taken (p=0,002, 
paired T-test) and the number of images 
saved There was also a difference in the 
time taken to carry out the examinations. 

On average the sonographers took 17.6 
pictures while the radiologists took 16.8 
pictures and there was a difference in the 
numbers of images saved by radiographers 
and radiologists.

The time taken to carry out the exami-
nations refers to the real time the operator 
is actually sitting at the patient’s bedside 
and carrying out the scan. This was on 
average 12.43 minutes for a sonographer 
and 8. 19 minutes for a radiologist.

If the sonographer was uncertain of 
the findings, an average of 13.10 minutes 
was spent, whereas the radiologist took on 
average 8.87 minutes.

coNfIdeNce IN oWN fINdINGs
The experienced radiologists were more 
confident than the newly trained sonog-
raphers: sonographers were confident of 
their findings in 70,9% of cases whereas 
the radiologists were confident in 90,6% 
of cases. (p<0,1001). 

Out of all the 244 examinations the 
sonographers were uncertain of their own 
findings in 29 cases and felt in need of 
furtherconsltation and considered their 
own examination as incomplete. There 
was accordance with the radiologists in 
27 of these 29 examinations. 

oVeRAll peRfoRMANce
99.2 % of the sonographers’ examina-
tions had technical image qualities that 
were better or equal to those  of the radi-
ologists. In 99.2% of the sonographers’ 
examinations the overall performance 
was evaluated to be “best” and “good” by 
the radiologists. Overall performance 
was assessed on the basis of the technical 
quality of the images, the ability to arrive 
at  findings, and the ability to draw up a 
diagnostic report. 

dIscUssIoN
We found that sonographers had posi-
tive findings in 63,1% of the cases while 
the radiologists had positive findings in 
62, 7% of the cases. Radiologists agreed 
with 153 of the sonographers´ 154 posi-
tive findings. The agreement between the 
examinations carried out by sonogra-
phers and radiologists’was 0,903 Cohens 
Kappa, which is in accordance with other 
studies [3-6].

The sonographers were less educated 
in drawing up medical reports, but nev-
ertheless 94,7% of the reports were found 
to be good and the overall evaluation 
showed that 242 of 243 examinations 
were assessed by the radiologists to be of 
“best” or “medium”  quality.

 In general the radiologists needed less 
time, took fewer images, and were more 
confident in their own findings How-

FigUre 1. Experience, hospital, and number of examinations for the five sonographers when they made 30 
examinations with positive findings. (2).

FigUre 2. Cross-reference  table showing the positive and negative findings for sonographers and radiologists.
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ever they still occasionally failed when 
the sonographers were right (3,3%), find-
ings which are in agreement with other 
studies [3]. Since the radiologists had on 
average 24 more years experience than 
the sonographers it was therefore under-
standable that they used use less time for 
examinations. 

Another reason may be that they 
received fewer question from the patients 
since the sonographers had mostly 
already addressed them. Sonographers 
also learn and are used to communicate 
with the patients while scanning. 

A more plausible reason may be that 
the sonographers were indecisive inter-
preting pictures or spend extra time 
going after the “ideal” picture, knowing 
that a radiologist would be scrutinizing  
them later.

The accuracy of the examinations of 
the upper abdomen carried out in this 
study of Norwegian sonographers in close 
collaboration with radiologists appears to 
be good and to be at the same level as 
found in other European countries [4]. 
The positive principal findings were cor-
rect in 95,1% of the examinations, which 
satisfies the criteria for reporting radiog-
raphers and sonographers.

It may seem unfair to compare 
sonographers with six months experi-
ence with experts in ultrasound. It could 
have been more reasonable to compare 
the sonographers with physicians who 
had similar experience. However this 
study was deliberately designed to use 

experienced radiologists as a reference 
because of the outspoken scepticism of 
the possibility of using sonographers in 
Norway at that time.

We found four cases (1,64%) where the 
sonographer reported negative results and 
the radiologist reported a positive result. 
There were six cases (2,45%) where radi-
ologists reported negative results and the 
sonographer reported a positive result.  In 
this study all of these were discovered. In 
the day-to-day routine work-load  there 
is a system for double scrutiny only for 
the sonographers. Not for the radiologists.

The sonographers and the radiolo-
gists in this study knew each other in 
advance. This may have introduced a bias, 
as their competence profiles and capaci-
ties may have been mutually influenced, 
thus increasing the agreement between 
sonographers and radiologists. 

This could have been avoided by using 
different, unknown radiologists but they 
were not available. 

It will be interesting to follow the 
sonographers and carry out another simi-
lar study after some years when they have 
hained more experience. A cost/benefit 
analysis was conducted last year [7]

sUMMARY
The examinations carried out by the Nor-
wegian sonographers in this study obtai-
were of high accuracy and in agreement 
with the findings of experienced radi-
ologists. Almost all of the sonographers’ 
examinations (99,2%) were found to be of 

“best” or “medium” quality in the overall 
evaluation done  by the radiologists. The 
sonographers missed 1,64 % of positive 
findings.

  The Norwegian sonographers appear 
to be able to differentiate negative from 
positive findings in the upper abdomen. 
In addition, they demonstrate accura-
cies similar to those of experienced 
radiologists.
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Practical Manual of Echocardiography in the Urgent Setting
Edited by Vladimir Fridman & Mario Garcia 
Pub by Wiley-Blackwell , 2013, 278pp  € 56

Designed and written by frontline cli-
nicians with extensive experience treat-
ing patients, Practical Manual of Echo-
cardiography in the Urgent Setting is the 
perfect pocket-sized guide for residents 
in cardiology, emergency medicine, and 
hospital medicine; trainees in echocar-
diography; medical students on cardiol-
ogy or emergency medicine rotations; 
technicians, nurses, attending physicians 
-- anyone who practices in the urgent set-

ting and who needs reliable guidance on 
echocardiographic views, data and nor-
mal/abnormal ranges to aid rapid diag-
nosis and decision-making at the point 
of care.

The book covers the essentials of 
echocardiography in the acute setting, 
from ultrasound basics to descriptions 
of all pertinent echocardiographic views 
to clear stepwise advice on basic calcula-
tions and normal/abnormal ranges.
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