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Abstract 
Background: Growing demand for ultrasound examinations and higher quality 

requirements motivate searching for routines combining the diagnostic accuracy of 

radiologist-performed examinations with the economical advantages of sonographer-

performed examinations. One possible approach is to use strictly standardized 

examination protocols and documentation made by cine-loops that will give the 

radiologist access to all relevant information after the examination. Ultrasound 

examinations are usually regarded as observer dependent, but using documentation with 

cine-loops acquired in a standardized way attempts to reduce this problem.  

Aims: The aim of study I was to compare a recently introduced routine, combining 

acquisition by a radiographer, documentation as standardized cine-loops, and review by a 

radiologist (“standardized method”), with the formerly used routine where the diagnosis 

is made bed-side by the radiologist (“traditional method”). The aim of study II was to 

evaluate the intra-observer and inter-observer agreement of the standardized method in 

ultrasound liver examinations. 

Material and Methods: In study I there was 64 policlinic patients examining the 

kidneys ( n = 27) or the gallbladder ( n =37) by both the standardized and the traditional 

method. The radiologists’ findings of hydronephrosis, tumors, cysts, echogenicity 

changes, and cortical thickness (in the kidneys), and wall thickness, concrements, and 

polyps (in the gallbladder) were compared between the methods with respect to 

agreement as well as systematic differences. In study II 98 out-patients were examined 

by a radiographer using the standardized method. Three radiologists with 10 – 20 years 

of experience of ultrasound reviewed the cine-loops retrospectively and independently 

filled out a predetermined protocol. After 4 weeks, the review was repeated, blinded to 

the initial reading. 

Results: Study I showed for the gallbladder examination a median agreement of 97% 

(86 – 100%; kappa =0.64 – 1.00) and for the kidney examination an agreement of 90% 

(78 – 100%; kappa = 0.69 – 1.00). There were no significant systematic differences 

between the two methods. In study II, the intra-observer agreement was highest for con-

crements in the gallbladder (kappa = 0.91 to 0.96) and lowest when assessing the need 

for further examination (kappa = 0.38 to 0.64). For increased liver echogenicity, kappa 
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varied between 0.51 and 0.85, and for skip areas between 0.73 and 0.90. The inter-

observer agreement was also highest for concrements in the gallbladder (kappa = 0.84 to 

1.00) and lowest for need for further examination (kappa = -0.12 to 0.46). For most other 

findings, substantial intra-observer agreement (kappa ≥ 0.61) was found. 

Conclusion: The satisfactory agreement in study I indicates that the new workflow with 

ultrasound examinations performed by a radiographer and analyzed off-line by a 

radiologist is promising. Study II shows a fairly good inter-observer agreement for 

ultrasound examinations acquired with a standardized technique by an experienced 

radiographer and reviewed by experienced radiologists. In general, intra-observer 

agreement was higher than inter-observer agreement. 
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Introduction 
Ultrasound has become a very common examination method. The examination of the 

abdomen with for example liver and kidneys is an easy, fast, inexpensive, non-invasive 

and safe method. Ultrasound will also save the patient unnecessary radiation dose that 

would otherwise be obtained from the use of ionizing survey methods (1). Many referrals 

choose ultrasound as a first choice and this leads to high demand, with the risk of long 

waiting times for patients (2). This may be due to the technical development of 

ultrasound equipment in terms of better image quality. 

 

The Radiology department at the University hospital in Linköping, Sweden, uses a 

standardized method for ultrasound examinations. The examination is performed by a 

radiologist or, in suitable cases, by a radiographer, according to an examination protocol 

and then stored as cine-loops. The standardized method facilitates comparisons between 

an old and a new examination of the same patient. The dynamic scans are saved in the 

Picture Archiving and Communication System (PACS) for ultrasound (Syngo Dynamics, 

Siemens Medical Systems),  from where the cine-loops can be reviewed on a later 

occasion. With the standardized method, it would be possible for radiographers to 

perform ultrasound examinations with specific questions. In other subspecialties of 

radiology in which standardized methods are used, it turns out that the radiographer has 

an extended role for some examinations, with a specific question. As the great demand 

for ultrasound examinations can lead to capacity problems for radiological services, this 

could also lead to the radiologists having more time for examinations with more complex 

medical questions (3). A prerequisite for recommending this way of working for general 

use is that no diagnostic information is lost in the process.  

In other subspecialties within radiology, such as computed tomography (CT) and 

magnetic resonance imaging (MRI), standardized examination protocols are used. In 

these areas, all examinations with similar clinical question are performed in a similar 

manner. Documentation is made of whole areas of interest. The examinations can be 

reviewed if uncertainty. It may be questioned why ultrasound should be an exception. 

Ultrasound evaluation of the echogenicity in the liver is based mainly on subjective 

impression. It has been shown that there is a need for a more objective method to grade 
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for example the steatosis in the liver (4). The ultrasound examinations are regarded as 

subjective and highly dependent on the skill of the performer (5). To be reliable in 

evaluation, the sonography must be reproducible among observers and by the same 

observer on separate occasions.  

Background 

 Ultrasound 

Ultrasound of the abdomen is the second most common survey method in radiology after 

conventional chest radiograph (2). Ultrasound is based on sound waves’ reflection of 

different structures in the body. By definition, ultrasound is a sound with a frequency 

higher than 20,000 hertz (Hz). The frequency is chosen according to the organ or body 

part being examined. A high frequency, between 7 and 10 megahertz (MHz), provides a 

high resolution of the image but penetrates poorly into tissues. With a low frequency, 

between 1.5 and 5 MHz, one obtains a lower resolution but greater penetration (6). 

Reflection of ultrasound occurs when a sound wave encounters a change in tissues 

acoustic properties, that is, a tissue with different acoustic impedance than that the sound 

wave is coming from. Acoustic impedance is a measure of how easily a tissue transmits 

ultrasonic waves. The differences in acoustic impedance of various soft tissues in the 

body (e.g. fat, muscle, blood and kidney) are small; therefore, they reflect only a small 

portion of the ultrasonic beam which usually continues deeper. When the sound wave 

goes from soft tissue to gas or bones which have very low or very high acoustic 

impedance, the difference is so great that almost everything is reflected. It is therefore 

difficult to examine the tissues underlying gas or bone (6). 

 

Traditional method 

The method currently used in several hospitals today in Sweden consists of static 

images stored in the PACS, with very limited possibilities to re-evaluate an ultrasound 

examination. The examination is made in a systematic way of the area or organ of 

interest. According to Pallan et al. (7), the value of reviewing static ultrasound images is 

very limited. 
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In study I, the ultrasound method commonly used in other hospitals in Sweden is called 

the traditional method. This method is performed by the radiologist or, sometimes, a 

trained sonographer. A sonographer is trained in pathology and has learned how to 

perform examinations in a systematic way. The report is written with the support of static 

images and memory. This method offers no review of an entire organ or area of interest. 

The review can only be made by the static images. In cases of re-evaluation it is 

important with strict protocols and open communication between radiologists to avoid 

mistakes (8). Experience and training in ultrasound imaging has great importance when 

using the traditional method (9). 

 

 Standardized method 

The standardized method for ultrasound means, among other things, that dynamic films, 

so called cine-loops, are stored in the PACS. The method provides the ability to review 

and recheck an organ or area of interest. The examinations are made according to an 

examination protocol. The use of an examination protocol, regardless of who carried out 

the previous examination, radiologist or radiographer, facilitates parallel review of old 

and new examinations of the same patient. Scanning is done with a transverse sweep 

from top to bottom, and with longitudinal sweep from left to right, regardless of whether 

the patient is lying on his back, side or in prone position. The speed of scanning is 

approximately 5-10 centimeters in 5-10 seconds (10). Filming takes place over 5-10 

seconds so that any pathology will not be missed. Whole areas or organs are scanned 

with a good margin. Scanning starts outside and ends outside the organ or area of 

interest. For optimum production of cine-loops, ultrasound machine parameters are set in 

advance and prepared by the radiologist. 

 

The examination protocols describe how different organs can be examined in a 

systematic way. It is also possible to see what patient position is recommended to get an 

easy reach of the organs (11).  

 

A body marker with a marker for the transducer is used on the ultrasound machine 

monitor, which means that the reviewing radiologist has the opportunity to see where and 

how the examiner has placed the ultrasound transducer on the patient’s body. The 

radiologist can also see what position the patient had at the examination. The marker for 
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transducer on the monitor can be rotated to the position where the examiner has pointed 

it. The cine-loops are stored in a dedicated PACS, which is designed for the storage of 

ultrasound films. From this PACS, cine-loops can be played with appropriate speed. In 

the examination protocol it is also possible to get information about which transducer and 

frequency is suitable for the examination (11). Still images taken with the standard 

method are only to illustrate measurement. A central issue of the standardized method is 

to learn a technique how to film an organ. The radiographer performs the standardized 

examination and the technical parameters are optimized on a case-by-case basis for the 

radiologist to establish a reliable diagnosis.  
  

 Examination of the kidneys with standardized method 

There are many normal variations in the anatomic structure of the kidneys. Both kidneys 

are scanned, for comparison and correlation to the patient`s clinical history, 

longitudinally and transversally in both the supine position and lying on the side, since 

pathology may show in one position but not the other. The kidneys are first scanned 

longitudinal due to the fact that the kidneys are most naturally approached longitudinally 

(11). For measurement of renal size, the longitudinal measurement is made bedside and 

kept as a still image. Cine-filming of the kidneys is carried out longitudinally from left to 

right. Filming is also made transverse, from top to bottom. According to the examination 

protocol, the scanning begins in the left kidney. The examination of the kidneys includes 

the urinary bladder. Also the bladder is filmed longitudinally and transversely. 

Examination of the kidneys includes about 10 sweeps. Supplementation is done with 

additional sweeps when the kidney is difficult to assess (11).  

 

Examination of the gallbladder with standardized method 

The normal gallbladder lies on the visceral surface of the liver between the quadrate and 

right liver lobe, but this may vary greatly between individuals. Especially the neck is 

difficult to visualize with ultrasound. Therefore, in the examination protocol, cine-loops 

of the lateral segments of the left liver lobe and the head of the pancreas for the 

evaluation are included (11).  
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According to the examination protocol, patients are first examined in the supine position. 

The gallbladder should always be examined in two planes, as for any other organs in the 

body. Thereafter, the patient may be placed in the left lateral position and filmed also 

here transversely and longitudinally towards the gallbladder. This is done to move the 

duodenum and reduce the negative effect of the duodenal air. Examining of the 

gallbladder includes about 10 sweeps. 

 

Examination of the liver with standardized method 
 

The liver is the largest gland of the body; it is of irregular shape, weighs from 1 to 2 kg 

and is divided into eight segments. The ultrasound examination should cover the entire 

liver and define in which segment the pathology is located. The examination of the liver 

is included as a standard of 11 cine-loops. In the transverse cine-loops, the entire liver is 

covered in craniocaudal direction with some margin. Some sweeps may consist of more 

than one cine-loop due to liver size (11). The gallbladder is also included in the 

examination of the liver. 
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Aims 
The main aim of the research project is to evaluate the introduced standardized 

ultrasound method that is used at the radiology department in Linköping, with special 

consideration of reproducibility. 

 

 

The specific aims were: 

І. To compare the findings in a traditional method for ultrasound examination 

and the standardized method in which a radiographer makes the examination, 

which can be reviewed later by the radiologist. 

 

IІ. To evaluate the intra-observer and inter-observer agreement of the 

standardized method used at our centre in ultrasound liver examinations.  
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Material and Methods 
 

A retrospective review of ultrasound examinations of the liver and kidneys was made. 

All examinations were stored in the PACS from 2006. The examinations were 

technically adequate. All sonograms were obtained with the ultrasound equipment, 

ACUSON Sequoia (Siemens Medical Systems, Erlangen, Germany), using 6C2 and 4C1 

convex transducers. Depending on the patient’s weight, the appropriate ultrasound 

transducer was selected. 

Subjects 
 

In study І, there were a total of 64 adult consecutive outpatients referred for clinical 

abdominal ultrasound at the Radiology Department of the University Hospital in 

Linköping, Sweden. Of the 64 patients, 30 were men and 34 were women. The age range 

was 19 - 93 years (median 60 years). In 27 cases, the kidneys were examined, and in 37 

cases, the gallbladder was examined. 

 

In study II, there were a total of 98 adult consecutive outpatients also referred for clinical 

abdominal ultrasound of the liver at the Radiology Department of the University Hospital 

in Linköping, Sweden. Of the 98 patients, 38 were men and 60 were women. The age 

range was 18 – 99 years (median 56 years). 

 

Inclusion criteria 
 

Referring physicians had chosen ultrasound as a first choice and sent the referral to the 

radiology department. Referrals had targeted issues, and the priority was given by the 

radiologist. 

 

Data collection 
 

In study I, the patients were examined by one radiographer and one radiologist during the 

same visit. The clinical question was, for example, for the kidneys hydronephrosis or 



Material and Methods 

 14 

tumor, for the gallbladder polyps or concrement. The two radiologists participating in the 

study had 12 - 17 years experience of abdominal ultrasound. They were both familiar 

with the two methods. The radiographer had worked with ultrasound for two years and 

had only used the standardized method. The radiographer performed the standardized 

examination of the patient, where cine-loops of 5-10 seconds were stored in the PACS. 

The radiologist examined the same patient in the traditional way. The radiologist saved 

static images over the area where any pathology or other finding was noted. The static 

images were stored in the PACS. The radiologist who examined the patient with the 

traditional method was never the same as the one who reviewed the standardized 

examination made by the radiographer.  

 

Predetermined protocols were filled in. The protocols included options of common 

findings that can be detected at an ultrasound examination of the kidneys or gallbladder. 

For the kidneys, it contained various options like cortical thickness (normal or 

decreased), hydronephrosis (presence or absence of dilated calyceal system, judged 

visually), echogenicity (normal or increased, judged visually) and tumor (presence or 

absence). Further, it included number of cysts and the size of these. The size of the 

kidneys was also noted. 

 

Regarding the examination of the gallbladder the protocol included wall thickness (thin 

or increased), concrements (number and size), number and size of polyps, and other 

findings. The protocols were filled out by the radiologists immediately after examining 

the patient with the traditional method and when reviewing the standardized examination 

carried out by the radiographer, and a comparison was made of the two forms.  

 

In study IІ, the review was made by three radiologists. Two had been working with 

ultrasound for about 15- 20 years. These two were used to review cine-loops from 

ultrasound examinations in a workstation. The third radiologist had been working with 

ultrasound for 10 years, but not in the same hospital, and not with this method. All 

examinations were made by one radiographer, using a standardized method. 

 

The examination of the liver contained about 11 sweeps according to the examination 

protocol. The radiologists who reviewed the examinations at the workstations had no 

access to clinical information about the patient. In connection with the examination, they 
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filled in a predetermined protocol containing various options of pathology that can be 

detected by ultrasound examination of the liver. These were: echogenicity (normal, 

slightly increased, moderately increased or greatly increased), skip areas (yes / no) (12), 

parenchyma (regular or irregular), focal changes (yes or no, if yes: cyst, or other), 

number of focal changes ( 1 - ≥ 5), diameter of the main focal change (mm), assessment 

of liver size (normal, large or small), gall bladder wall thickness (normal or thickened), 

concrement of the gallbladder (yes or no), polyps of the gallbladder (yes or no ) and 

biliary obstruction (yes or no). The radiologists also indicated in the protocol if they 

found a need for a complementary examination such as computed tomography or 

magnetic resonance imaging. Then the forms were compared for intra-observer and inter-

observer agreement. After an interval of four weeks, when the examinations had been 

randomly rearranged, the review was performed again. The protocols were compared as 

before and the three radiologists were blinded to the initial reading. 

 

Statistical analysis 
 

In study I, the findings from the two methods were compared. Agreement between the 

two methods was assessed by calculating the kappa coefficient and the agreement in 

percent (13). Kappa values were not calculated when observed numbers were less than 3. 

McNemar’s test with exact computation from the binomial distribution was used to 

determine whether there was a systematic difference resulting in a higher frequency of 

positive findings with either of the methods. The numbers and sizes of cysts, 

concrements and polyps were compared between the methods. The limit for significance 

was set at p=0.05. 

In study II, the protocols were compared for intra-observer and inter-observer 

agreement. The kappa coefficient was used to assess the agreement, supplemented with 

agreement expressed as a percentage (14, 15). In cases with less than 3 observations in 

either category, kappa or percent agreement was not calculated (16). Friedman’s test 

was used to determine if there was a significant difference between the three 

radiologists’ observations. 
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Results 
 

Study I 
 
The most common findings in the kidneys were renal cysts, Table 1. For none of the 

findings there was a significant difference in frequency between the two methods. The 

agreement between the two methods varied between 78% and 100%, Table 2. The lowest 

agreement was found for increased echogenicity of the renal parenchyma and for the size 

of cysts.  

Findings in the kidneys not described in the predetermined protocol were seen in six of 

the 27 patients. In two cases, the findings agreed between the two methods, such as large 

prostate gland and liver metastases. In three cases, there were findings that were seen 

only when reviewing the standardized method, such as a bladder tumor and a small 

concrement in the right kidney in one patient, and thinning of the parenchyma in the left 

and the right kidney in another patient. In one case, a large prostate gland was noticed 

only with the traditional method. 

In 22 cases the length of the kidneys recorded with the standardized method was 0.5–1.0 

cm smaller than with the traditional method. In three cases, there was exact agreement. 

Two examinations showed a slightly greater kidney length (0.5–1.0 cm) with the 

standardized method.  

Frequencies of pathological findings in the gallbladder are given in Table 3. Again, no 

significant differences in frequency between the methods were found. For these findings, 

the agreement varied between 86% and 100% with the lowest values for the number of 

concrements.  

In one of the 37 gallbladder examinations, liver cysts were found with both methods. 

Two cases with findings seen only with the standardized method included one with 

sludge in gallbladder and one with slight steatosis of the liver. Two other patients were 

found to have slight steatosis and a liver cyst, respectively, only with the traditional 

method. 
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Table 1. Frequency of pathological findings in the kidneys 

 

Table 2. Agreement between traditional and standardized method and corresponding kappa values for findings in the 
kidneys. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Right kidney Left kidney 
Finding  

Patients with 
positive finding 
with traditional 

method 

Patients with 
positive 

finding with 
standardized 

method 
Patients 

examined 

Patients with 
positive finding 
with traditional 

method 

Patients with 
positive 

finding with 
standardized 

method 
Patients 

examined 
Decreased cortical 
thickness 

5 6 27 3 1 27 

Hydronephrosis 4 3 27 2 3 27 
Increased 
echogenicity  

2 4 27 1 5 27 

Tumor 1 1 27 1 1 27 
Cysts 11 11 27 10 11 27 
Cysts, >2 cm 5 4 27 4 2 27 

 Right kidney Left kidney 
Finding  Agreement 

(95% confidence 
limits) 

Kappa 
(95% confidence 

limits) 

Agreement 
(95% confidence 

limits) 

Kappa 
(95% confidence 

limits) 
Decreased cortical thickness 89% (71%; 97%) 0.69 (0.12; 1.00) 92% (76%; 99%) – 
Hydronephrosis 96% (81%; 99%) 0.83 (0.14; 1.00) 96% (81%; 99%) – 
Increased echogenicity 78% (58%; 91%) – 78% (58%; 91%) – 
Tumor 100% (87%;100%) – 100% (87%; 100%) – 
Presence of cysts 85% (63%; 95%) 0.70 (0,23; 1,00) 89 % (70%; 97) 0.76 (0.12; 1.00) 
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Table 3. Frequency of pathological findings in the gallbladder 

Finding  
Patients with 

positive finding 
with traditional 

method 

Patients with 
positive finding 

with 
standardized 

method 
Patients 

examined 
Increased thickness of gallbladder wall 2 1 37 
Concrements in gallbladder 12 12 37 
Concrements in gallbladder, >5 cm 8 8 37 
Polyps in gallbladder 3 3 37 
Polyps in gallbladder, >5 cm 0 0 37 

 
 
 

Table 4. Agreement between traditional and standardized method and corresponding kappa values for findings 
in the gallbladder. 
 
 Agreement  

(95% confidence limits) 
Kappa 

(95% confidence 
limits) 

Increased thickness of gallbladder wall 97% (86%; 99%) – 
Presence of concrements 100% (75%; 98%) 1.00 (0.63; 1.00) 
Number of concrements 86% (82%; 99%) 0.82 (0.44; 1.00) 
Size of concrements 100% (90%; 100%) 1.00 (0.64; 1.00) 
Presence of polyps 94% (81%; 99%) 0.64 (-0,13; 1.00) 
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Study ІI 
 
The number of examinations with pathological findings is summarized in Table 5. The 

most common finding was increased echogenicity, occurring in 38–42 of the 98 

patients. Biliary obstruction, on the other hand, was found only in 1-3 of the patients, 

depending on the observer and review occasion.  
  

Intra-observer agreement 

Intra-observer agreement for the different types of liver pathology is summarized in 

Table 6. In general, the highest values, with substantial or almost perfect agreement, 

were found for skip areas and for concrements in the gallbladder. For increased 

echogenicity and polyps in the gallbladder, the intra-observer agreement varied between 

moderate and almost perfect. Exceptions were seen for focal changes and need for 

further examination, where the agreement was between fair to almost perfect.  

 

Inter-observer agreement 

The inter-observer agreement within each pair of observers (A and B, A and C, B and 

C) for different types of pathological findings in the liver is given in Table 7. We 

obtained a relatively high degree of inter-observer agreement for concrements in the 

gallbladder, which had almost perfect agreement, except for the need for further 

examination, which had mostly poor agreement. For the other findings, the agreement 

was moderate to almost perfect, with somewhat lower value for focal changes. No 

tendency toward higher agreement in the second reading was found.  
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Table 5. Number of examinations with pathological findings (n=98) 

 

 
 

Radiologist 
A 

first 
 review 

Radiologist 
A 

second 
review 

Radiologist 
B 

first 
review 

Radiologist 
B 

second 
review 

Radiologist 
C 

first 
review 

Radiologist  
C 

second 
review 

 
 

 
Friedman’s 

test 

Increased 
echogenicity 42 39 39 38 41 41 p=0.84 

Skip areas 
20 21 22 29 17 14 p<0.001 

Abnormal 
parenchymal 
appearance 

1 1 3 3 0 0 p=0.06 
 

Focal changes 
Cyst 10 12 18 20 12 11 

Focal changes 
Other 3 4 7 6 5 5 

p<0.001 
 

Abnormal liver 
size, large 0 0 0 0 8 9 

Abnormal liver 
size, small 2 0 1 3 0 0 

p<0.001 
 

Increased 
gallbladder wall 
thickness 

1 2 5 7 1 0 p<0.001 

Concrements in 
gallbladder 16 14 17 18 16 16 p=0.16 

Polyps in 
gallbladder 8 8 5 5 9 14 p<0.001 

Biliary obstruction 
1 3 1 2 1 1 p=0.15 

Need for further 
examination 9 5 18 18 8 7 p<0.01 
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Table 6. Intra-observer agreement between two readings 4 weeks apart, expressed as kappa value (percent 

agreement). 

 

 

Table 7. Inter-observer agreement, expressed as kappa value (percent agreement).  

 A1 vs. A2 B1 vs. B2 C1 vs. C2 

Increased echogenicity 0.85 (91%) 0.78 (88%) 0.51 (70%) 

Skip areas  0.90 (97%)  0.81 (93%)  0.73 (93%) 

Focal changes  0.76 (94%)  0.67 (88%)  0.89 (97%) 

Concrements in gallbladder   0.91 (97%)  0.95 (99%)  0.96 (99%) 

Polyps in gallbladder  0.86 (97%)  0.57 (95%)  0.65 (92%) 

Need for further examination   0.38 (92%)  0.57 (87%)  0.64 (95%) 

First reading Second reading  

A vs. B A vs. C B vs. C A vs. B A vs. C B vs. C 

Increased 
echogenicity 

0.74  
(84%) 

0.51  
(70%) 

0.60  
(76%) 

0.66  
(80%) 

0.53 
 (72%) 

0.55  
(73%) 

Skip areas 0.82  
(94%) 

0.76  
(93%) 

0.84  
(95%) 

0.73  
(89%) 

0.75  
(93%) 

0.56  
(84%) 

Focal changes 0.50 
(82%) 

0.70 
(92%) 

0.60 
(85%) 

0.37 
(78%) 

0.85 
(96%) 

0.40 
(78%) 

Concrements in 
gallbladder 

1.0 
(100%) 

1.0 
(100%) 

1.0 
(100%) 

0.84 
(95%) 

0.84 
(95%) 

0.93 
(98%) 

Polyps in 
gallbladder 

0.58 
(94%) 

0.93 
(99%) 

0.69 
(95%) 

0.69 
(95%) 

0.48 
(88%) 

0.48 
(89%) 

Need for further 
examination 

-0.05 
(74%) 

0.29 
(89%) 

0.04 
(76%) 

0.1 
(80%) 

0.46 
(94%) 

-0.12 
(74%) 
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Discussion 
 

The overall aim of this study was to evaluate the standardized ultrasound method 

introduced in Linköping regarding reproducibility and agreement with a method 

traditionally used. There was also an attempt to investigate if a standardized ultrasound 

method can give more complete information when radiologists are able to review 

ultrasound examinations at a workstation. An advantage of working with standardized 

examination protocols is that it gives the opportunity to review the ultrasound films and 

compare new and old examinations. It can offer the radiologist the opportunity to 

observe findings that were not noted at the time of examination, which may be useful, 

for example, if new clinical questions are brought up at a later time (10). 

 

Abdominal ultrasound is the second most common method of examination within 

radiology (2). Most examinations conducted in radiology today have standardized 

methods in which examinations are carried out according to an examination protocol. In 

one area of radiology, say Crawley et al. (3) who studied barium enema examinations, a 

radiographer can be trained to perform standardized examinations with predetermined 

protocols without the intention that the radiographer should observe pathology. Benefits 

in this area are a development of the radiographer and an increased availability of 

radiologist at more complex examinations. In the study by Crawley et al. (3) they said 

that with a radiographer carrying out the examination, the cost could possibly be 

reduced.  

 

In study I, the purpose was to compare the findings when using the new standardized 

method with a traditional method used at other hospitals in Sweden, and also to explore if 

the use of a standardized approach can enable a radiographer to carry out the 

examination, which is later reviewed by the radiologist. In general, in other 

subspecialties of radiology, the radiographer performs the examination for the radiologist 

to make a reliable diagnosis. A standardized method with cine-loops saved in the PACS 

could create an opportunity for radiographers to get into an area that has so far been 

reserved for radiologists.  
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Training in pathology, anatomy ultrasound physics, and experience are necessary when 

the examination is carried out in the traditional manner, and the report is written in 

connection with the examination, with static images stored in the PACS (9). 

 

In study I, on some occasions, there were more findings observed with the standardized 

method than with the traditional, such as a bladder tumor and a small concrement in the 

right kidney in one patient, and thinning of the parenchyma in the left and the right 

kidney in another patient. There was also one occasion when the radiologist who had 

performed the traditional examination, observed some pathology that had not been 

noted with the standardized. Most important is that the findings of serious pathology 

were not missed by any of the methods. One example was kidney tumors with an 

agreement of 100%. Both methods showed that one of the 27 patients had a tumor in the 

right kidney and one patient had a tumor in the left kidney. However, the material in 

study I is limited, this has probably affected the outcome. It nevertheless shows that the 

tumor was noted.  

 

A normal kidney has a length of about 11.0 centimeters, from upper to lower pole. The 

standardized examination attempts to involve the entire kidney in one cine-loop, and the 

transducer is angled relative to the ribs and bowel. This means that the examiner, in 

some cases, cannot angle the transducer in the exact longitudinal axis. Comparison of 

findings from the protocols showed that in the traditional method the kidneys measured 

from 0.5 to 1.0 cm longer in 22 cases of 27. Measurement of the kidneys in younger 

children and adults with the standard method should always be complemented with a 

single image of the kidneys in longitudinal axis. Measurement of the kidneys in a cine-

loop with the standardized method does not seem to give an optimal result, which may 

depend on how the examiner has held the transducer. In the traditional method, a single 

image is always stored when measurement is made of the kidney’s length. This is 

included in the standardized examination of the systematic review of the kidneys with a 

still image (17).  

 

Other findings in examination of the kidneys demonstrated only with the standardized 

method included a bladder tumor, a small concrement in the right kidney and 

parenchyma reduction on the right and left kidney. After the examination with stored 

cine-loops it is possible for the radiologist to review the examination one or several 
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times. This can lead to the radiologist detecting pathology that was not seen when the 

patient was examined.  

 

The main problem of the ultrasound method is its observer and operator dependence (18). 

The possibilities for reviewing an ultrasound exam have been very limited. An earlier 

study by Strauss et al. (4) showed that the value of reviewing static ultrasound images is 

very limited, and the echogenicity of the liver is affected by the ultrasound machine 

settings. Their study also shows that radiologists may differ considerably in their 

assessment of steatosis when reviewing static images. Ultrasound is also unable to 

precisely measure the fat in the liver, or to detect small changes in steatosis (18). Some 

studies performed with ultrasound, assessing the echogenicity of liver parenchyma, have 

been based on the subjective impression (4,17). Therefore, there is a need for a method 

that is comparable with an examination in real time. 
 

In study II, the results showed a fairly good agreement between the three radiologists. 

The agreement was almost the same at the first and the second evaluation. There was 

only a small difference between the radiologists’ evaluation. Radiologist A had almost 15 

years of experience in abdominal ultrasound, radiologist B about 20 years, and 

radiologist C 10 years. When assessing the number of focal changes between the 

radiologists, there was a moderate agreement at the first evaluation, and also moderate at 

the second evaluation. Between the two examinations by the same radiologist the 

agreement was substantial for radiologist A, substantial for radiologist B and almost 

perfect for radiologist C. This indicates that the radiologists were consistent in using their 

own criteria based on their experience.  

 

In study II, observer C had 10 years of experience in abdominal ultrasound but had never 

worked with recorded examinations before. She had a two-week introduction to learn 

how to work with the standardized method and to review an examination made by 

someone else. This radiologist had almost equal results to the other two radiologists in 

this study regarding the intra-observer and inter-observer agreement. This was seen for 

concrements in the gallbladder, focal changes, and biliary obstruction. There was no 

tendency towards higher agreement with the more experienced observers in the second 

reading, which would have constituted evidence of a learning curve.  
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This can also be interpreted as reviewing cine-loops provides a better overall assessment 

of ultrasound examinations. In the study by Strauss et al. (4), intra-observer agreement 

for the three different examiners varied between 0.51 and 0.63 and the agreement 

between 54.7% - 63.7%. The study thus shows a poorer match between different 

radiologists, but for the same radiologist at different times it was slightly better.  

Methodological considerations 
 

The kappa coefficient was calculated to compare how different radiologists evaluate the 

same examination. This is useful when you want to see how different evaluations agree. 

There was high agreement and low kappa values in some cases. It was an imbalance and 

in most cases there was no pathology. A more selective choice of patients could possibly 

give a better balance between negative and positive outcome. High agreement and low 

kappa values may be due to high influence of negative cases. Therefore it is 

recommended that the kappa coefficient is supplemented with values for agreement (15, 

16). 

 

The weakness in the two studies could be the low number of patients. Also the 

frequency of positive findings was low. This may have a big influence on the result, 

because of the imbalance between positive and negative findings. In study II, a potential 

source of bias could have been that two of the three observers had spent at least 15 years 

working closely together in the same sonography unit. This factor may have produced 

better agreement levels between these two observers, which are only seen in a few more 

cases when some forms of increased echogenicity were assessed. 

 

For this method to be useful in the assessment of, for example, focal liver lesions, it 

must have high inter-observer reliability and intra-observer reproducibility. It has to be 

considered that the number of patients in study II was only 98 and therefore it could be 

possible for a radiologist to recognize the examination after 4 weeks if there were some 

specific pathology or anatomy, even if the examinations were randomly rearranged. The 

strength in the study could be that the third radiologist had been working at another 

hospital and was not used to look at ultrasound films at a workstation. Radiologist C 

was not influenced by the other two radiologists. 



Discussion 

 26 

Future studies 
 

Plans for future studies are to test this method further, with the use of a contrast agent as 

Sonovue (Bracco Imaging SpA, Milan, Italy). The purpose should be to compare the 

diagnostic accuracy of ultrasound of the liver, when using a contrast agent, before and 

after intravenous contrast, and to investigate differences in the ability to detect 

metastases and describe the size of these.  

Another purpose should be to determine the diagnostic accuracy of the new ultrasound 

method in relation to CT scan for detecting changes in the liver. Using CT as the 

reference method one could then determine the sensitivity and specificity of the new 

ultrasound method.  

A study similar to study I would be desirable in the future, but then with a larger material 

and possibly a more targeted selection. 
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Conclusions 
 

In study I, the satisfactory agreement between the new standardized method and the 

traditional method for examining the gallbladder and the kidneys indicates that 

ultrasound examinations performed by a radiographer and analyzed off-line by a 

radiologist may be an alternative to bed-side examinations by a radiologist. Study II 

shows a fairly good inter-observer agreement between radiologists when reviewing 

ultrasound examinations of the liver and biliary system acquired by a trained 

radiographer. In general, intra-observer agreement was higher than inter-observer 

agreement. 
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