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Ultrasound imaging has the advantages of being a

real-time, multiplanar, nonionizing radiation imaging

technique. However, the technique is limited by oper-

ator dependence [1, 2]. While other imaging modali-

ties such as computed tomography, magnetic reso-

nance imaging, and nuclear medicine adjust parame-

ters to improve image quality and diagnostic informa-

tion, these are usually standardized and programmed

before the start of the examination. These parame-

ters are used without change throughout the data

acquisition. However, in ultrasound, the interaction

of the sound beam with the patient varies significant-

ly throughout the course of a standard examination.

The sonographer therefore must adjust parameters

continuously throughout the examination to opti-

mize the image [3, 4]. There are multiple operator-

dependent controls used to optimize the image in

ultrasound [5]. Some of these are difficult and time-

consuming to optimize. To overcome this limitation,

ultrasound manufacturers have developed an auto-

mated optimization technique whereby with the

push of one button, the image is optimized by the

computer operating system. This technique is avail-

able from several manufacturers [6]. This technique

decreases the number of buttons that must be adjust-

ed to optimize an image. The technique corrects all of

the most common technical errors in ultrasound,

including unbalanced gain, undergained or overgained

images, and refractive shadowing. This technique also
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has the capability of optimizing some parameters

that are not available for the operator to adjust, such

as lateral gain. However, these techniques optimize

only a single image, and the scan is no longer opti-

mized as soon as the probe is moved. This technique

of image optimization has also been developed to

manually optimize and present Doppler information

(Figure 1; Online video clip 1).

NNaattiivvee  TTEEQQ  TTeecchhnnoollooggyy
As opposed to TEQTM ultrasound technology, which

optimizes a single image, Native TEQ™ ultrasound

technology (NTEQ) has been developed as a real-

time technique to adjust the gain as well as other

parameters while scanning. The computer is pro-

grammed to perform advanced real-time motion

analysis in addition to accurately detecting and dif-

ferentiating noise and artifacts from soft tissue. The

image gain is automatically optimized in the axial

and lateral dimensions in real-time, once the trans-

ducer touches the patient or anytime it is moved to a

new acoustic window. This leads to several advan-

tages. Image quality is optimized on the fly with real

time analysis every few seconds. The optimization

technique optimizes some parameters which the

operator does not have the ability to adjust and, as a

result, the images are of improved quality over that of

manually adjusted images. Additionally, there is a sig-

nificant decrease in the number of buttons adjust-

ments a sonographer needs to adjust during the

examination, which improves overall ergonomics.

There are no gain or depth-gain-compensation (DGC)

control adjustments needed while scanning, and the

technique removes operator dependence on the

adjustment of the scan, therefore providing a “stan-

dardized” image that is independent of the operator

and specific to each patient. The technique can be

used with other imaging techniques, such as harmon-

ic imaging and compounding.

The robustness of the technique can be demonstrat-

ed by manually adjusting the initial image so the

image is uninterpretable, and then turning on the

technique, and within a few frames, the image is

FFiigguurree  11
DDoopppplleerr  TTEEQQ..
[A] The initial Doppler signal. The direction, scale and baseline are all improperly set. 
[B] After activating Doppler TEQ by pushing one button, the computer automatically adjusts all the param-
eters to produce an accurate waveform. 
Video Clip can be viewed on line at www.appliedradiology.com/siemens/NTEQ.
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optimized (Figure 2; Online video clip 2). Figure 3

demonstrates the technique during a routine scan of

the retroperitoneum. The image on the left (A) is a

frame just before an optimization, while the image

on the right (B) is the frame immediately after the

optimization (Online video clip 3). Note the im-

proved image quality obtained without any manual

adjustments and the fact that there is a significant

decrease in the reverberation artifact in the cyst.

Figure 4 demonstrates the ability of the computer

optimization to improve image quality over manual

optimization. The image in Figure 4A is a testicle

manually optimized. Note the refractive shadowing

from the superior and inferior poles of the testicle.

Figure 4B shows the image that has been optimized

with NTEQ ultrasound technology. Note that the

computer has the ability to eliminate the artifact

because of its ability to control lateral gain. With the

real-time optimization, spontaneous flow is often

noted in larger blood vessels. Figure 5 (Online video

clip 4) illustrates the blood flow visualized in the

inferior vena cava (Figure 5B), which is not seen in

the manually adjusted image (Figure 5A). This is

appreciated best in real-time imaging. 

The operator can adjust overall image intensity, mak-

ing it brighter or darker for personal preferences. The

rate at which optimization occurs can also be adjust-

ed for each user preference. The technique is turned

on with a single button and can be turned off by man-

ually adjusting the gains or turning the technique off.

In our experience, there are very few circumstances

where using the technique is not preferred. The tech-

nique can be used on all types of examinations, and is

available for all transducer types. 

WWhheerree  IIss  NNTTEEQQ  TTeecchhnnoollooggyy  UUsseeffuull??
We have found that the use of NTEQ ultrasound

technology is extremely helpful in the intensive care

unit or neonatal care unit settings. The sonographer

no longer needs to be positioned with one hand on

the machine for manual image optimization and the

other hand with the probe on the patient. With the

use of a foot pedal, the sonographer can now move
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Manual Technique Native TEQ

Hypoechoic lesion 2.22 ±- 0.22 (10%) 0.70 ±- 0.02 (3%)

Hyperechoic lesion 21.83 ±- 1.47 (7%) 20.30 ±- 0.21 (1%)

Near field 14.00 ±- 3.83 (27%) 10.81 ±- 0.53 (5%)

Far field 9.07 ±- 2.97 (33%) 8.79 ±- 0.72 (8%)

Variation of near and far field 4.93 2.02

Measurements and standard deviations are in db. The ratio of standard deviation to mean measurement is given in
parentheses.
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around the patient and obtain optimized images

with minimal need to adjust the system. Because the

system automatically adjusts gains, the images

obtained are uniform and appropriately adjusted for

gain, independent of the ambient light in the room.

One can adjust the gain settings on the monitor for

visualization while performing the exam on the mon-

itor, and the system gains are appropriate for opti-

mized images and final review. In the operating

room, one can scan with minimal need to touch the

system improving sterility during the exam. During

scanning in the operating arena, there is often limit-

ed space, so the system can be hooked to an external

monitor and placed distant from the operating table

with the use of a foot pedal for data storage. 

When performing real-time ultrasound-guided image

biopsies, the technique allows for rapid continued

image optimization during the procedure. As a result,

there is no need for an additional sonographer to be

adjusting the system while the radiologist, with a nee-

dle in one hand and the probe in the other, is perform-

ing the biopsy. It is our preference to scan continuous-

ly through the area of the biopsy as well as in the

transverse plane to the needle entering to confirm

adequate placement of the needle in three dimen-

sions. This can be done with NTEQ ultrasound technol-

ogy with optimization of the images throughout the

procedure. Another area where NTEQ ultrasound tech-

nology is extremely helpful is what I refer to as

“dynamic anatomy.” In those situations where anato-

my is moving, it is very difficult to manually adjust

parameters to optimize an image. The rapid optimiza-

tion offered by the system allows for significantly

improved optimized images during the examination

and decreases the amount of lost information because

of the inability to optimize an image when the anato-

my is in the best window. This is most apparent when

doing an OB ultrasound examination (Online video

clip 5). The rapid image optimization allows for cap-

tured fetal anatomy when the fetus is in an optimal

window without the need for manual adjustments

during which time the window could have been lost. 

In organs that vary in sonographic properties, the

effect is more apparent. In tissue, such as breast,

FFiigguurree  22
[A] Initial image where the gains have intentionally been adjusted poorly. 
[B] The same image after the Native TEQ technnology is turned on with one button push. Native TEQ adjusts
the gain and other parameters, thereby correcting the abnormal settings.
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where the sonographic properties can vary greatly

from fatty tissue to dense breast tissue over a small

area we find the technique allows for decreased

scanning time by eliminating the need for continu-

ous gain adjustments (Online video clip 6). 

DDooeess  TThhiiss  MMeeaann  EEvveerryyoonnee  WWiillll  BBee  
AAbbllee  TToo  PPeerrffoorrmm  UUllttrraassoouunndd  NNooww??
A major concern of sonographers is that the use of

this technique will allow less-trained personnel to

perform ultrasound examinations. In fact, I believe

these techniques will empower the sonographer to

improve the quality of examinations and require

their anatomy and pathology training to be more

critical. A sonographer can now concentrate on the

patient and his/her anatomy and pathology, as

opposed to button pushing. A sonographer can now

spend his/her time obtaining an optimal acoustical

window, positioning patients for the best image,

and obtaining more information from ultrasound

imaging. Excellent images, while missing pathology,

are of no clinical use.

EErrggoonnoommiiccss
In addition to providing improved image quality

dynamically throughout the examination, this tech-

nique should also decrease the repetitive injury asso-

ciated with ultrasound scanning. The technique sig-

nificantly decreases the number of key strokes

required to perform an examination. Personally, I

believe that the technique decreases the amount of

back strain when trying to maintain one hand on the

console and one hand on the patient. One can main-

tain a more comfortable position while performing

the examination. Our initial impression is that this

also decreases the time needed to perform an exam-

ination.

NNeeww  AApppplliiccaattiioonnss
Because the computer is performing the image opti-

mization, the images are more “standardized” than

those created with manual optimization. One would

expect a significant decrease in the amount of intra-

and interscanner variation in images. To test this

hypothesis, we evaluated the intensities of objects in

AA BB

FFiigguurree  33
[A] A frame during a routine examination that was taken just before an automatic setting correction.
[B] A frame taken just after the setting correction. Note the readjustment of the gains, the improved cyst defi-
nition, the loss of reverberation artifact in the cyst, and the improved margin definition throughout the image.
Video Clip can be viewed on line at www.appliedradiology.com/siemens/NTEQ.
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FFiigguurree  55
[A] Manually adjusted image of the inferior vena
cava.
[B] Native TEQ technology adjusted image. The
echoes in the vessel are secondary to visualized
blood flow, which is best appreciated in real-time.
Video Clip can be viewed on line at www.appliedra-
diology.com/siemens/NTEQ.

FFiigguurree  44  
[A] Shadowing from the superior and inferior poles of
the testicle sceeondary to the curvilinear interface.
This cannot be corrected manually, since the operator
does not have control over lateral gain adjustments.
[B] The artifact is corrected by Native TEQ by adjust-
ing the lateral gain. 
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a phantom scanned multiple times using NTEQ tech-

nology and the manual technique. The results are

tabulated in Table 1. The standard deviations using

NTEQ technology are all significantly smaller than

when performing manual adjustments. When one

compares the uniform areas of the phantom at differ-

ent depths, the intensities of the near and far field are

all more uniform utilizing NTEQ technology.

If we can confirm that the images are more standard-

ized using the NTEQ technology technique in a clini-

cal setting, new opportunities for evaluation or

detection of pathology can be envisioned. One can

monitor the intensity of a liver over time and pick up

more subtle changes, which may occur in such dis-

ease states as cirrhosis, hepatitis, and fatty liver infil-

tration. This may lead to improved confidence of

changes occurring or not occurring in lesions during

treatment. There is decreased confidence of small

changes with the manual technique, as these

changes can be contributed to operator dependence.

One may also be able to pick up more subtle changes

in renal transplants to detect rejection or acute tubu-

lar necrosis at an earlier time point. The technique

can also be used with ultrasound contrast material

for improved quantitation over time to assess treat-

ment response, particularly the evaluation of neovas-

cularity in a tumor. 

One can also envision that more subtle lesions may

be identified. In manual imaging, one optimizes an

image to be recorded while the majority of the scan-

ning is performed without optimization. With more

continuous image optimization, less conspicuous

lesions may be identified during the scanning por-

tions of the exam.

CCoonncclluussiioonnss
NTEQ ultrasound technology is a real-time technique

that optimizes ultrasound images throughout the

course of an examination, and, as a result, improves

image quality while significantly reducing the num-

ber of buttons that need to be adjusted during an

exam. There are certain situations such as in an inten-

sive care unit, operating room, or neonatal intensive

care unit, where NTEQ ultrasound technology is

extremely helpful in allowing the operator to be posi-

tioned away from the machine and allowing for opti-

mized images for storage regardless of the ambient

light in the room. If early indications that standardiza-

tion of images can be obtained are confirmed, the

technique may open up new uses for ultrasound in

the detection and follow-up of pathology. Further

controlled studies are needed to confirm the amount

of time savings, image improvement, ergonomics,

and improved consistency of images using this tech-

nique. This technique moves ultrasound one step

closer to being an operator-independent modality.
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