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a  b  s  t  r  a  c  t

Purpose:  High  frequency  ultrasound  (HFUS)  systems  may  identify  tissue  injury.  We  compared  HFUS  tissue
characteristics  (dermal  thickness  and  dermal  density)  with  visual  image  examination.
Methods: Longitudinal  study  in critically  ill mechanically  ventilated  adults,  from  three  ICUs  (Surgical
Trauma,  Medical  Respiratory,  Neuroscience)  enrolled  within  24 hours  of airway  intubation.  Sacral  HFUS
images  were  obtained  daily  for up to seven  days.  Expert  evaluation  of  the  best  image  per  day  was
completed  and  compared  to  HFUS  generated  tissue  characteristics  (dermal  thickness  and  dermal  density).
Results:  Of  the113  subjects  with  1614  comparisons  analysed,  73.2%  to  84% were  normal,  and  6.3%  to
11.8%  of  the  comparisons  had  injury  present  but  no  change  was noted  in  the  injury  observed.  There
were  no  significant  differences  in  one-day  comparisons  among  type  of  injury  and  mean  dermal  thickness
(p  =  0.6645)  or dermal  median  intensity  (adjusted  p = 0.06-0.17).  All  other  day-to-day  comparisons  were
similarly  non-significant.
Conclusions:  We  found  no  association  among  dermal  density,  dermal  thickness  and  visual  examination  of
changes  in  sacral  HFUS  images  for any  day-to-day  comparison.  The  use  of  sacral  HFUS  as  a  screening  tool
for the  development  of tissue  injury  is in  its infancy.  Additional  comparative  studies  should  be conducted
to  identify  its future  clinical  usefulness.

©  2017  Elsevier  Ltd. All  rights  reserved.

Implications for clinical practice

• Identification of early tissue injury prior to the development of pressure ulcers is ideal.
• Common and standard HFUS measures of tissue injury are not available.
• There was no association between sacral HFUS tissue characteristics and visual examination of changes in sacral HFUS images.
• Additional comparative studies should be conducted to identify HFUS clinical usefulness.

Introduction

Ultrasonography has been widely used in clinical practice as an
inexpensive, non-invasive and portable diagnostic tool. High fre-
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quency ultrasound (HFUS) using a −20 MHz  probe has been used
to provide images for both dermatologic practice and research
(Gniadecka, 1997; Jasaitiene et al., 2011; Jemec et al., 2000) with
more limited data available about the use of HFUS to evaluate tissue
characteristics in the development of pressure ulcers (PUs) (Gefen
et al., 2013; Gniadecka, 1996; Gniadecka and Quistorff, 1996; Helvig
and Nichols, 2012; Quintavalle et al., 2006; Moghimi et al., 2010a).

In mechanically ventilated, critically ill patients, pressure ulcer
risk is high and may  result in negative patient outcomes and
increased health care costs (Alderden et al., 2011; Shahin et al.,

http://dx.doi.org/10.1016/j.iccn.2017.02.001
0964-3397/© 2017 Elsevier Ltd. All rights reserved.

dx.doi.org/10.1016/j.iccn.2017.02.001
dx.doi.org/10.1016/j.iccn.2017.02.001
http://www.sciencedirect.com/science/journal/09643397
http://www.elsevier.com/iccn
mailto:mjgrap@vcu.edu
dx.doi.org/10.1016/j.iccn.2017.02.001


Please cite this article in press as: Grap, M.J., et al., High frequency ultrasound sacral images in the critically ill: Tissue characteristics
versus visual evaluation. Intensive Crit Care Nurs (2017), http://dx.doi.org/10.1016/j.iccn.2017.02.001

ARTICLE IN PRESSG Model
YICCN-2498; No. of Pages 6

2 M.J. Grap et al. / Intensive and Critical Care Nursing xxx (2017) xxx–xxx

2009a; Anon, 2001; Whittington and Briones, 2000; Beckrich and
Aronovitch, 1999). Methods to quantitatively evaluate patients at
risk or identify early stages of pressure ulcer development, espe-
cially the more elusive, deep tissue injuries are limited (Gefen
et al., 2013; VanGilder et al., 2010). Certain deep tissue injuries
may  develop through a “deep-to-superficial” pattern resulting in
delayed clinical recognition of significant and often extensive tissue
injury and changes (Gefen et al., 2013; Black et al., 2007). Deep tis-
sue injury and the resulting inflammation may  cause tissue edema
and tissue changes that may  be identified using HFUS (Gefen et al.,
2013; Quintavalle et al., 2006). Recently, Aliano et al. (Aliano et al.,
2014) found in 20 patients with pressure ulcers that all had some
evidence of deep tissue injury upon ultrasound examination. Since
deep tissue ulcers are difficult to recognise, identification of quan-
titative measures to determine risk and early stage tissue injury,
which may  be invisible to visual skin examination, would be clini-
cally useful.

In addition to producing HFUS images for visual evaluation,
HFUS systems provide quantitative data and objective measure-
ments to show contrast between healthy tissue and tissue with
change, which may  assist in the detection of subtle changes over
time that may  not be identified by visual assessment of images
alone (Moghimi et al., 2010b). The most common tissue charac-
teristics are dermal thickness and dermal density (also referred to
as echogenicity) (Nedelec et al., 2016; Yalcin et al., 2013; Olsen
et al., 1995). However, there are no data that compare changes in
these tissue characteristics (dermal thickness and dermal density)
to changes found using visual evaluation of the HFUS scan to deter-
mine the usefulness of these HFUS objective tissue measures for
early identification of tissue injury. Therefore this secondary analy-
sis of data from a larger study (Grap et al., 2016), will compare sacral
HFUS tissue characteristics (dermal thickness and dermal density)
with visual examination of the HFUS image.

Methods

Sample and setting

The parent study, from which this analysis was derived, was a
descriptive, longitudinal study of skin integrity of 150 intubated
and mechanically ventilated adult patients from a medical respira-
tory ICU (MRICU), surgical trauma ICU (STICU) or neuroscience ICU
(NSICU) to describe the relationship between backrest elevation,
tissue interface pressure and skin integrity (Grap et al., 2016). The
study was approved by the university Institutional Review Board
(IRB) and informed consent was obtained from the subject’s legally
authorized representative (LAR). Because the parent study included
use of a pressure mapping system that may  enhance skin mois-
ture, exclusion criteria included patients who had significant skin
moisture risk as determined by the Braden scale of “constantly
moist” (Braden and Bergstrom, 1987). Subjects were enrolled in
the study within 24 hours of airway intubation and sacral HFUSs
were obtained daily for up to seven days. Data were collected from
February 2010 through May  2012.

Measures

High frequency ultrasound scans
Sacral tissue was evaluated using a high (20 MHz) frequency

ultrasound dermal scanning system (EPISCAN, Longport, Inc, Glen
Mills, PA). The EPISCAN settings on all images were as per man-
ufacturer’s recommendation for sacral scans and were consistent
to insure uniformity of measurement between images: size –
512 × 1024; TGC srt = 0%; pos = 16.0; depth = 10.2 mm;  TGC = 10%;
gain = 20%. However, in this critically ill population, it was not pos-

sible to obtain scans in the prone position as recommended by the
manufacturer, rather HFUS sacral images were obtained in patient
side-lying positions as close to a side-lying, 90 ◦ lateral rotation as
possible, based on the clinical condition of the patient. All sacral
scans were therefore obtained in the lateral position with the sub-
ject turned from 60 to 90◦.

Tissue characteristics (dermal thickness, dermal density)
Use of HFUS to evaluate tissue injury has indicated that patterns

of fluid accumulation or edema within dermal and hypodermal tis-
sue may  be early indicators of tissue injury (Helvig and Nichols,
2012; Quintavalle et al., 2006; Andersen and Karlsmark, 2008;
Ryan et al., 2001). Changes in dermal and hypodermal thick-
ness (in millimeters) and dermal and hypodermal layer density
(median signal intensity distribution) may reflect tissue inflamma-
tion (Timar-Banu et al., 2001). EPISCAN HFUS software-generated
measurements include measures for layer thickness and layer den-
sity (Moghimi et al., 2010a; Moghimi et al., 2011; Laurent et al.,
2007). Layer thickness is a measure of the width of the layer (der-
mal  and hypodermal), therefore in non-chronic skin conditions, as
inflammation and edema increases, layers become thicker (Timar-
Banu et al., 2001). In this study we evaluated only sacral dermal
thickness as a measure of inflammation. Three thickness measure-
ments were obtained for each image and the average of the three
were used in the analysis. Inter-rater reliability of the three mea-
surements was  excellent with an average deviation of 0.03 mm over
all subjects and a range from 0 to 0.92 mm.

Dermal density measured in this study is the median signal
intensity distribution of the image. Colours represent the intensity
of the signal reflected from the tissue and therefore the structure
of the tissue. Statistical analysis of the colour distribution may
detect subtle changes that cannot be reliably detected by the visual
assessment of the images. The median intensity (or colour) is the
intensity/colour at the center of the distribution profile (Longport,
2007). Dermal density may  decrease as fluid accumulates since
the tissue would appear less dense in the ultrasound image (Lucas
et al., 2014). Use of HFUS in the evaluation of tissue injury then
is dependent on accurate measures (dermal and hypodermal layer
thickness, dermal and hypodermal layer density) that may reflect
changes or injury in the dermis or hypodermis layers. However
the evaluation for this study focused only on the dermal layer as
the hypodermal depth can reach beyond the limits of useful HFUS
evaluation. Therefore the median signal intensity distribution was
used as our measurement of dermal density.

HFUS visual evaluation
To assure process standardization and consistency between the

two HFUS image evaluators, serial comparisons and evaluations of
results occurred regularly. To select the best HFUS image for eval-
uation, all sacral images per patient per day were independently
rated by each evaluator based on our previously published evalu-
ation process (Grap et al., 2015). In that process we  evaluated 241
HFUS sacral images in three analyses from the first 40 subjects for
agreement between the two expert evaluators using criteria for
overall image quality. We  found agreement was good to substantial
and is reported in detail elsewhere (Grap et al., 2015).

When inconsistencies occurred, an agreed upon best image per
patient per day was  selected and used for evaluation. The best
image for one patient in succession in order of patient day was
then aligned on the computer monitor to facilitate recognition of
changes from day to day in both edema and tissue change. Images
were visually evaluated based on change from the previously avail-
able image and then gauged on the presence of edema as well as
tissue change per patient per day and categorized as: normal; injury
with no change; injury and improving; injury and worsening.
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