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Abstract

Objectives To investigate and correct the temperature depen-
dence of postmortem MR quantification used for soft tissue
characterization and differentiation in thoraco-abdominal
organs.

Material and methods Thirty-five postmortem short axis car-
diac 3-T MR examinations were quantified using a quantifi-
cation sequence. Liver, spleen, left ventricular myocardium,
pectoralis muscle and subcutaneous fat were analysed in car-
diac short axis images to obtain mean T1, T2 and PD tissue
values. The core body temperature was measured using a rec-
tally inserted thermometer. The tissue-specific quantitative
values were related to the body core temperature. Equations
to correct for temperature differences were generated.
Results In a 3D plot comprising the combined data of T1, T2
and PD, different organs/tissues could be well differentiated
from each other. The quantitative values were influenced by
the temperature. T1 in particular exhibited strong temperature
dependence. The correction of quantitative values to a tem-
perature of 37 °C resulted in better tissue discrimination.
Conclusion Postmortem MR quantification is feasible for soft
tissue discrimination and characterization of thoraco-
abdominal organs. This provides a base for computer-aided
diagnosis and detection of tissue lesions. The temperature de-
pendence of the T1 values challenges postmortem MR quan-
tification. Equations to correct for the temperature dependence
are provided.
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Key points

* Postmortem MR quantification is feasible for soft tissue dis-
crimination and characterization

* Temperature dependence of the Tl values challenges the MR
quantification approach

* The results provide the basis for computer-aided postmortem
MRI diagnosis

* Diagnostic criteria may also be applied for living patients
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Abbreviations

MRI Magnetic resonance imaging
PD Proton density

pmMRI  Postmortem resonance imaging
ROI Region of interest

T Tesla

TE Echo time

TR Repetition time

T2w T2-weighted

Introduction

Postmortem MRI (pmMRI) has become a valuable tool for
non-invasively documenting forensic and pathological find-
ings in the deceased [1-5]. Soft tissue pathology can be con-
ducted in cross sections thinner than possible in any routine
autopsy and in any geometrical plane [6—12]. However, MR
imaging of a deceased body is far different from clinical MRI,
and interpreting postmortem, unenhanced MR images re-
quires special expertise [13—15].
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Certain circumstances challenge postmortem MR image
acquisition and interpretation, such as different corpse temper-
atures at examination, causing changing tissue contrasts with-
in the images. An approach to overcome this problem is to
synthetically calculate MR images using individually opti-
mized parameters, such as echo time (TE), repetition time
(TR) and inversion time (TI). This approach is based on a
recently implemented MR sequence that allows for a rapid
quantification of relaxation times and proton density (PD)
using a twin-echo saturation-recovery turbo spin echo acqui-
sition [16, 17]. During a multi-slice saturation-recovery turbo
spin echo (TSE) sequence, each excitation is followed by two
separate echo acquisitions. This allows for a simultaneous
detection of 7} and the 7, relaxation times independently of
each other. As soon as T and T, are known, the combination
allows for a calculation of the absolute signal intensity at TE=
0 ms and TI=infinite, equal to the PD. All three parameters
can be measured in a single acquisition, which avoids
rescaling differences that occur in methods that use several
images in combination (Fig. 1). Independent determination
of T and T, prevents error propagation, whereas in methods
using consecutive measurements, determining the second pa-
rameter based on the first parameter, error propagation is a
common problem. Furthermore the maps are inherently co-
registered. Additionally, the sequence allows the actual local
flip angle to be calculated. This calculation adds robustness
compared with other alternatives requiring an additional B1
mapping for local flip-angle correction [17].

On the basis of this acquisition and determining the relax-
ation times and PD in a certain region of interest (ROI), any
tissue contrast image with a certain combination of TE and TR
or pre-pulses may be synthetically reconstructed using an ad-
ditional post-processing step. The synthetic images aid in ra-
diologically recognizing the imaged anatomy, since they are
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Fig. 1 Schematic overview of the applied quantification sequence. In
order to measure T1 and T2 relaxation and proton density (PD) a satura-
tion pulse (Sat) is applied at each repetition time TR to decrease the
longitudinal magnetization Mz. At 4 different saturation delay times the
signal is acquired where each acquisition consists of a dual echo read-out
(white dots). Hence the acquisition generates a matrix of 4x2 images
where signal strength is proportional to the magnetization at various sat-
uration delays and echo times. A least-square minimization algorithm
finds the optimal T1, T2 and PD values for each pixel
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similar to conventional MR images without relevant loss of
image quality. The quantified parameters T1, T2 and PD are
not vendor specific and can be used to characterize soft tissues
in an objective manner by measuring and comparing three
different parameters. MRI is commonly used to assess differ-
ent image contrasts at different imaging parameter settings. By
quantifying the tissues and lesions, tissue alterations of differ-
ent individuals become comparable which provides a basis for
automatic tissue recognition and computer-aided diagnostics
[16-21]. The purpose of the present study was to investigate
and correct for the temperature dependence of postmortem
MR quantification used for soft tissue characterization and
differentiation in thoraco-abdominal organs, thus providing
the basis for contrast optimization efforts, with respect to the
broad temperature ranges of corpses.

Material and methods

In forensic cases (n=35), a quantification sequence was added
to a postmortem cardiac 3-T MR examination (Achieva,
Philips Healthcare, Best, the Netherlands) [11, 12]. The exam-
inations were performed at the Institute of Forensic Medicine,
University of Ziirich, Switzerland. The age at death ranged
from 11 to 94 years (mean 52 years, SD 18.3). In all cases, a
forensic autopsy was ordered by the local authorities. The MR
examination was performed prior to autopsy. Board-certified
forensic pathologists performed the autopsy directly after im-
aging or the following morning. The postmortem interval
(time from death to imaging) ranged from several hours to
3 days. Relevant putrefaction gas formation was ruled out
using whole-body computed tomography prior to pmMRI to
avoid image artefacts. The corpses were wrapped in an
artefact-free body bag, a linen sheet or plastic foil. All subjects
were examined in supine position. The MRI examination time
was 2 h, of which the quantification sequence lasted 15 min.
Twenty to 24 short axis slices 4 mm in thickness were ac-
quired with a gap of 0.3 mm. The use of the image data for
the present study was approved by the local ethics committee.

A commercially available post-processing tool (SyMRI
Autopsy, SyntheticMR, Linkoping, Sweden) [22] was used
to measure the T1 and T2 relaxation times and PD by placing
five ROIs in organs (myocardium, liver, spleen) and tissues
(subcutaneous fat and pectoralis muscle) covered on cardiac
short axis images (Fig. 2). T1 and T2 relaxation times in mil-
liseconds (ms) as well as the PD (%) were plotted in a 3D plot
using the ThreeDifyExcelGrapher add-in for Microsoft Ex-
cel® to investigate clustering and separation of organs and
tissues. Two-way analysis of variance (ANOVA) was carried
out to look for significant differences of quantitative T1, T2
and PD values between all organs/tissues. The null hypothesis
was rejected when the p value was less than 0.05.
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Fig. 2 Cardiac short axis
synthetically calculated T1w MRI
image. Quantitative values (red
box) of myocardium, liver,
spleen, pectoralis muscle and
subcutaneous fat were obtained
by placing ROIs (yellow arrow, TR: 350.0
measurement illustrated for the TE: 10.0
heart) into organs/tissues oW
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For evaluating the temperature of thoraco-abdominal or-
gans and tissues the rectal temperature was measured prior
to and after pmMR examination. The temperatures of corpses
ranged from 7 to 32 °C (mean temperature 16.8 °C, SD 7.3).
Linear interpolation to the time of acquisition of the quantifi-
cation sequence provided an estimation of the core body tem-
perature at imaging. The quantitative values for T1, T2 and
PD of each investigated organ/tissue were plotted and related
to the body core temperature of the corpse at the time of data
acquisition.

Linear equations were generated using Microsoft Excel® to
assess the Tl/temperature, T2/temperature and PD/
temperature relationships for each investigated organ. Those
equations were used to correct the values of T1, T2 and PD for
all investigated organs/tissues to a temperature of 37 °C. The
T1, T2 and PD values not corrected for temperature were
compared to the values corrected to 37 °C using the F test
for equality of variances with Microsoft Excel®.

Results

Quantitative values/temperature relations as obtained in the
investigated cases were expressed by linear equations. Table 1

Table 1
of scanning as obtained in 35 forensic cases

USSR
1.0 20430 40 50

lists the linear equations generated for each investigated
organ/tissue. Individual variation of the relation between
the change of temperature and change of quantitative
values was observed in all organs/tissues. A temperature
dependence was observed mainly for the T1 values that
increased with rising temperature in all investigated or-
gans/tissues, as illustrated for the heart in Fig. 3. T2
and PD values were only slightly influenced by temper-
ature in all organs/tissues.

Table 2 shows the mean quantitative values (T1 and T2
relaxation times as well as the PD) obtained for all exam-
ined organs/tissues in 35 cases that were correlated with
body temperature. Quantitative values were plotted in a
3D coordinate system and are depicted as corrected for a
temperature of 37 °C (Fig. 4a) and not corrected for tem-
perature (Fig. 4b). In the 3D plot the clusters of myocar-
dium, liver, spleen, pectoralis muscle and subcutaneous fat
can be easily discriminated from each other. A significant
difference between the quantitative values of all organs/
tissues could be observed in the ANOVA. A greater sig-
nificance between all organs/tissues was observed for the
quantitative values that were corrected to 37 °C (Table 3).
Comparison of the T1 and T2 values that were corrected
to 37 °C with T1 and T2 relaxation times for 3-T

Linear equations for all investigated organs/tissues generated from the relation of T1 and T2 time as well as PD to core temperature at the time

Myocardium Liver

Spleen

Pectoralis muscle Subcutaneous fat

T/temperature T,=13.285T+709.48
7,=0.0443 T+60.52

PD=0.15217+69.20

T1=11.026 T+449.13
1,=0.2737T+32.502
PD=0.03897+71.015

T,/temperature
PD/temperature

T1=16.557T+578.33
7,=0.01887+36.558 1,=-0.3543T+58.615
PD=-0.61067+67.768

T,=8.6567T+628.95 T1=4.347T+283.16
7,=1.439T+43.385

PD=-0.00027+68.869  PD=1.21167+104.39

T; T1 relaxation time in milliseconds, 7, T2 relaxation time in milliseconds, 7" body core temperature in °C, PD PD in % related to pure water (100 %)
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Fig. 3 Plots of myocardial T1 and T2 relaxation times and PD vs. body core temperature at the time of scanning. Note that a strong temperature

dependence is observed for the T1 values only

applications collected from the literature showed that the
ex vivo values from the present study are within the range
of the known in vivo values (Table 2). In the current
literature there were no quantitative PD values or quanti-
tative T1 and T2 values for pectoral muscles [23-27].

Table 4 shows the results from the F test that was
performed to compare the variances of the distributions
from the means of T1, T2 and PD values not corrected
for temperature and the quantitative values corrected for
37 °C for every single organ/tissue. In every organ/tissue
the values corrected to 37 °C exhibit a slightly lower
standard deviation yet the variances of distributions from
the mean values corrected to 37 °C did not differ signif-
icantly compared to those of the uncorrected values within
the single organs/tissues.

Discussion

Synthetic MRI sequences allow for simultaneous determina-
tion of T1 and T2 tissue relaxation times as well as for tissue
PD [16-19]. In the present postmortem study, the synthetic
MRI approach was applied for the first time to investigate
different thoraco-abdominal organs and tissues. The investi-
gated organs and tissues could be differentiated from each
other by their quantitative values of T1, T2 and PD. This
provides the basis for additional promising applications of
quantitative MRI. Databases for quantitative values of T1,
T2 and PD of normal organ tissues as well as of pathologic
tissues can be established. As a result, a scale of quantitative
values for tissue lesions and normal tissue can be created
similar to the Hounsfield scale in CT applications, only with

Table2 Mean quantification values (T1 and T2 in ms; PD in %) obtained from different organs/tissues in 35 forensic cases

T1 uncorrected T1 correctedto  T1 in vivo T2 T2 corrected T2 invivo PD PD corrected
(SD) 37 °C (SD) (literature) uncorrected  to 37 °C (SD) (literature)  uncorrected to 37 °C (SD)
(SD) (SD)
Myocardium 938.93 (129.1) 1,199.95(95.33) 1,187-1,274[23] 59.46 (6.39) 60.33 (6.39) 36-59[24] 71.65(8.16) 74.63 (8.03)
Liver 680.09 (107.62) 896.72 (90.82) 809+71 [25] 36.95(7.9) 42.32(7.65) 34+4[25] 71.48(3.74) 72.25(3.72)
Spleen 931.84(207.66) 1,257.14(192.47) 1221+62[26] 36.75(7.53) 37.12(7.53) 34+5.9[26] 56.39(10.24) 44.39 (9.4)
Pectoralis muscle 828.62 (75.97) 998.7 (70.92) NA 51.8(5.73) 44.84(549) NA 68.33 (8.81) 68.33 (8.81)
Subcutaneous fat 384.41 (33.55) 468.84 (30.94) 382+13 [25] 68.23 (13.57) 96.18 (6.97) 41-143[27] 124.6 (18.61) 148.13(16.32)

Quantitative values are shown as corrected for a temperature of 37 °C and not corrected for temperature. Note the slight decrease of standard deviations
for the values corrected to 37 °C in most organs. T1 and T2 values that were corrected to 37 °C were within the range of in vivo T1 and T2 relaxation
times collected from the literature (in vivo data for PD values or quantitative T1 and T2 values for pectoral muscles were not available, NA)
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Fig. 4 Three defined views (PD/T2 view, T2/T1 view and PD/T1 view)
on a 3D plot of different tissues based on T1 and T2 relaxation times and
PD. Values are depicted as corrected for a temperature of 37 °C (a) and
not corrected for temperature (b). Note that the clusters of different

a far greater potential of soft tissue analysis and discrimination
[20]. Using quantitative data from synthetic MRI applications
also provides the basis for automatic tissue detection and path-
ologic tissue detection approaches. Synthetic MRI images can
be loaded on a personal computer with recently developed
software. Computer-aided diagnostics can be implemented
on the basis of established ranges of the signal behaviour of
normal postmortem tissue and pathological alterations. Path-
ologic tissue can, for example, automatically be detected and
encoded in different colours. On one hand, this can help the
image reader to detect pathologic tissue; on the other hand,
information regarding the nature of the pathologic area can
also be obtained. It can be speculated that the use of synthetic
MRI can overcome the shortcoming of the rather insufficient
soft tissue analysis in forensic postmortem imaging. The more
commonly used postmortem CT is a useful tool, for example,
in detecting gas or bone lesions. However, it is unsatisfactory
for adequate soft tissue analysis and discrimination [3, 4, 11,
20]. The combined use of postmortem CT and postmortem
quantitative MRI in routine forensic casework promises to
reveal more substantial information on forensic-relevant soft
tissue pathologies than so far possible. Synthetic MRI offers
the potential of detecting soft tissue lesions, such as oedema,
inflammation, infarction, degeneration and tumour lesions.
Jackowski et al. demonstrated that it is also possible to

organs/tissues can be easily differentiated from each other. Values
corrected for a temperature of 37 °C depicted slightly tighter clustering
with less overlapping (seen best in fat tissue) than those not corrected

specifically enhance haemorrhages [20]. Wamntjes et al. and
Vagberg et al. demonstrated using synthetic MRI in vivo that
inflammatory multiple sclerosis lesions in the brain can be
differentiated from normal healthy brain tissue by their quan-
titative T1, T2 and PD values [17, 21]. Further studies are
required to reveal the factual diagnostic possibilities and limits
of postmortem synthetic MRI for soft tissue analysis.

Quantified isotropic MRI data allow not only for measur-
ing quantitative values of relaxation times and change of im-
age contrast but also for reformatting and image plane recon-
struction. Upon manuscript submission, there was no avail-
able software that combined all visualization possibilities of
synthetic MRI. However, the final goal at the publication’s
host institute is to establish a forensically optimized worksta-
tion for CT and MRI data sets that allows for automatic tissue
detection, image plan reconstruction and volume rendering on
regular radiological workstations [20, 28, 29].

The temperature dependence of the quantitative values
challenges the postmortem synthetic MRI approach. In the
present study temperature dependence for the T1 relaxation
time in all examined tissues was observed and investigated.
Preliminary studies demonstrated a temperature dependence
of T1 relaxation times in blood and living tissue [30-33]. It
was shown that the T1 relaxation time correlated linearly with
rising temperature. Our data confirm these examination
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Table 3  Results of the two-way analysis of variance (ANOVA) for comparison of quantitative values for T1 (ms), T2 (ms) and PD (%) between all
organs in 35 forensic cases

T1 not T2 not PD not T1 corrected T2 corrected ~ PD corrected
corrected corrected corrected to 37 °C to 37 °C to 37 °C
Myocardium-liver Test value 214.87 224.82 0.02 312.20 150.18 348
p value <0.005 <0.005 >0.05 <0.005 <0.005 >0.05
Threshold value ~ 4.13 4.13 4.13 4.13 4.13 4.13
Significance Yes Yes No Yes Yes No
Myocardium—spleen Test value 0.06 187.04 43.99 3.89 195.10 207.07
p value >0.05 <0.005 <0.005 >0.05 <0.005 <0.005
Threshold value 4.13 4.13 4.13 4.13 4.13 4.13
Significance No Yes Yes No Yes Yes
Myocardium—pectoralis muscle Test value 2521 27.73 2.83 96.77 118.05 10.41
p value <0.005 <0.005 >0.05 <0.005 <0.005 <0.005
Threshold value 4.13 4.13 4.13 4.13 4.13 4.13
Significance Yes Yes No Yes Yes Yes
Myocardium-subcutaneous fat Test value 686.24 9.66 197.19 1,792.12 537.14 429.36
p value <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Threshold value 4.17 4.17 4.17 4.17 4.17 4.17
Significance Yes Yes Yes Yes Yes Yes
Liver—spleen Test value 68.65 0.02 56.58 142.29 16.69 224.71
p value <0.005 >0.05 <0.005 <0.005 <0.005 <0.005
Threshold value ~ 4.13 4.13 4.13 4.13 4.13 4.13
Significance Yes No Yes Yes Yes Yes
Liver—pectoralis muscle Test value 69.20 107.14 3.88 34.19 3.79 6.01
p value <0.005 <0.005 >0.05 <0.005 >0.05 >0.05
Threshold value 4.13 4.13 4.13 4.13 4.13 4.13
Significance Yes Yes No Yes No Yes
Liver—subcutaneous fat Test value 268.32 160.67 234.08 673.92 1,023.36 592.96
p value <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Threshold value ~ 4.17 4.17 4.17 4.17 4.17 4.17
Significance Yes Yes Yes Yes Yes Yes
Spleen—pectoralis muscle Test value 8.55 148.54 26.88 56.51 242.95 117.67
p value <0.05 <0.005 <0.005 <0.005 <0.005 <0.005
Threshold value ~ 4.13 4.13 4.13 4.13 4.13 4.13
Significance Yes Yes Yes Yes Yes Yes
Spleen—subcutaneous fat Test value 205.34 145.42 330.27 471.33 1,273.97 1,230.64
p value <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Threshold value 4.17 4.17 4.17 4.17 4.17 4.17
Significance Yes Yes Yes Yes Yes Yes
Pectoralis muscle—subcutaneous fat Test value 1,593.71 35.05 387.13 2,230.67 2,032.91 1,131.91
p value <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Threshold value 4.17 4.17 4.17 4.17 4.17 4.17
Significance Yes Yes Yes Yes Yes Yes

T1, T2 and PD values are given corrected to 37 °C and not corrected for temperature. Note in every case there are at least 2 significantly different centre
coordinates. Thus a significant difference between all organs/tissues can be assumed. A higher significance can be assumed for the T1, T2 and PD values
corrected to a temperature of 37 °C because there was an increase in all test values (except the T2 values of the myocardium-liver and liver—pectoralis
muscle comparison)

results. As with Youl et al., we did observe that T1 changes  behaviour, especially the longitudinal spin—lattice T1 relaxa-
also differed between different tissues [34]. As the proton spin tion, is influenced by tissue temperature, it explains the strong
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Table 4 Results of the F test for equality of variances of T1, T2 and PD values in single organs/tissues corrected to 37 °C and not corrected for

temperature in 35 forensic cases

Myocardium Liver Spleen Pectoralis muscle Subcutaneous fat

R R R R R R R R R R

uncorrected  corrected  uncorrected corrected uncorrected corrected uncorrected corrected uncorrected  corrected
Mean 115.32 90.72 88.14 79.18 165.32 143.04 76.81 68.91 44,94 41.03
SD 95.12 73.30 77.07 59.04 123.09 121.99 54.34 52.61 34.61 32.02
n 35 35 35 35 35 35 35 35 35 35
Min 721 5.67 7.44 6.48 16.84 10.97 3.34 8.71 8.28 8.24
Max 364.03 267.29 327.72 238.81 577.79 511.22 231.11 222.51 135.54 138.27
Test value  1.684 1.704 1.677 1.067 1.168
F value 1.772 1.772 1.993 1.772 1.841
Significance Randomly different Randomly different Randomly different Randomly different Randomly different

Note that the variances of distributions from the mean values corrected to 37 °C do not differ significantly from those of the uncorrected values yet there
is a slight decrease of standard deviation in all organs/tissues corrected to 37 °C

T1 temperature dependence [35]. In forensic practice, corpses
are examined with temperatures usually ranging between 0
and 40 °C. To compare synthetic MRI quantitative data from
different corpse scans, the temperature dependence of the
quantitative values has to be taken into account. A valid com-
parison of different MRI scans is possible only when the quan-
titative values gained from the scans are corrected for the
temperature. Therefore, the temperature-induced differences
between individual corpses can be equalized. Comparison of
the T1 and T2 values from the present study that were
corrected to 37 °C with in vivo T1 and T2 relaxation times
for 3-T applications collected from the literature showed that
our ex vivo values are within the range of the known in vivo
values [23-27]. Therefore, if quantitative values are corrected
to 37 °C, diagnostic criteria developed from the data of post-
mortem quantitative MRI scans may also be applied for de-
tection of pathologic tissue in living patients [16-21]. In the
present study equations to correct for the temperature depen-
dence of T1, T2 and PD to 37 °C were introduced. As a result
of correcting quantitative values to 37 °C, standard deviations
especially of the T1 values decreased in all organs. Those
decreases were not significant in the F test. This, however,
may be explained by the fact that the standard deviations per
se also represent the individuals tissue compositions, e.g. in
fatty and non-fatty livers. Also correction of quantitative
values to 37 °C resulted in a statistically better discrimination
between the examined organs and tissues which proves the
need for temperature correction.

To the best of our knowledge the proton density (as
percentage) has not previously been evaluated in vivo
for quantification of thoraco-abdominal organs in 3-T
applications. In the present study the PD values were
a suitable parameter to quantify and characterize tissues.
Thus, use of the PD for tissue characterization in vivo
may also be promising.

A 3-T MRI system was used for the present study. Given
that the relaxation behaviour of tissues is influenced by the
magnitude of the magnetic field, it is to expect that the use of
MRI scanners with different magnetic field strengths, such as
1.5 T, will result in different quantitative values for T1 and T2
for the same tissue and temperature [35]. Quantitative values
of relaxation times should therefore be adapted not only to
different temperatures but also to different magnetic field
strengths.

Another aspect that has to be taken into consideration is
that different tissue temperatures influence not only the quan-
titative relaxation times but also the image contrast. In prelim-
inary studies, the scanning sequences used and optimized for
the living did not work comparably on human corpses. In
particular, the routinely established T1-weighted images were
often of low contrast when applied on corpses as a result of the
strong temperature dependence of the spin—lattice relaxation
[6, 36]. To demonstrate the true potential of MRI in postmor-
tem non-invasive diagnostics, the sequences have to be
adapted and optimized in consideration of the corpse core
temperature at the time of imaging. The imaging parameters
of the widely used T1, T2 and PD weighted images need to be
optimized for normal corpse temperatures ranging from 0 to
40 °C.

The present study has several limitations. Data were ob-
tained from only 35 cases. In order to create a database with
regular quantitative T1, T2 and PD values for different organs,
higher case numbers are required. Another limitation is that
the investigated organs and tissues were not examined histo-
logically. Quantitative values of organs might have been in-
fluenced by histologically evident pathologies not visible in
the synthetically calculated MRI images. For example, liver
steatosis that was not visible in the MRI images but histolog-
ically evident might have affected the quantitative values of
the liver tissue leading to a greater range of the standard
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deviations. Furthermore only one quantification set was ac-
quired per corpse at one certain temperature. No corpse was
examined at different temperatures. This and low case num-
bers may have affected the accuracy of the equations intro-
duced for temperature/quantitative value relations. Further
studies are required to improve the correlation between chang-
ing temperatures and quantitative tissue values. Thus, the
same objects should be scanned at different temperatures
ranging from 0 to 40 °C; then, more accurate equations to
correct for the temperature dependences may be introduced.

Conclusion

Postmortem MR quantification using a combination of the
relaxation times of T1, T2 and the value for PD allows for soft
tissue discrimination. The application promises to open a new
horizon in characterizing normal and pathologic soft tissue
based on MRI images in an objective manner. Further studies
are required to reveal the diagnostic possibilities and limits of
postmortem synthetic MRI soft tissue analysis. The tempera-
ture dependence of the T1 values and the differing core tem-
peratures of corpses challenge the application of MR quanti-
fication. Equations to correct for the temperature dependence
at 3 T have been introduced.
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