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ARTICLE INFO ABSTRACT

Keywords: Purpose: Measuring the lifetime of orthopositronium (oPs) has emerged as a promising approach for assessing
Positronium tumor microenvironment characteristics, leveraging the susceptibility of oPs lifetime to local molecular factors.
Lloz':g axial field-of-view PET/CT This study investigates the feasibility of voxel-wise oPs lifetime measurements in patients with thyroid cancer
[ I]Nal using a commercial long axial field-of-view (LAFOV) PET/CT scanner.

Thyroid cancer Methods: Three patients with thyroid cancer underwent two PET/CT scans at 2 and 26 h post-administration
[*241]Nal, which included a 30 min scan in singles mode that allows to identify three-photon events. For regions
with high 24T uptake, we determined the lifetime of oPs through a Bayesian fit for a voxel-based (with a voxel
size of 7 x 7 x 7 mm?), lesion-based and organ-based analysis.

Results: The oPs lifetime of the voxel with the highest count statistics and activity concentration of
108.1kBqmL~"! is 1.77 + 0.26ns. The visualization of the oPs lifetimes inside a lesion was feasible, though
it remains affected by statistical uncertainty. On a per-lesion basis, the lifetime could be measured (exemplary
lesion:1.90 + 0.17 ns) with mean activity concentrations ranging from 9.5 to 34.1kBqmL~' and volumes of 1.31
to 6.27mL. The positronium lifetime measurement error shows a slight correlation (r=0.48 with BF;,=7.88)
with activity concentration of the regarded region. Besides lesions, the positronium lifetime could also be
determined in several organs.

Conclusion: This is the first report of human in-vivo measurement of oPs lifetime with ['2*I]Nal using a
commercial LAFOV PET/CT scanner. The voxel-wise oPs lifetime imaging is feasible, though with a high
statistical uncertainty. Lesion-based measurements can yield satisfactory statistical precision even for small
volumes.

Introduction and a positron with spin 1 - in human tissue [1,3-19]. The lifetime of
oPs varies due to interaction with surrounding tissue. This dependence
Conventional positron emission tomography (PET) traditionally re- on the local molecular environment makes oPs lifetime measurements a

lies on the detection of two 511keV annihilation photons to map the tool for assessing microenvironmental features and potentially provide

spatial distribution of radiotracers in the human body. Recently, after an additional diagnostic information. On the other hand, parapositron-
ium (pPs) is short lived (about 0.124 ns lifetime) and does not interact

significantly with its environment.
Last year, Ref. [20] presented the first patient study using the
prototype scanner J-PET. Refs. [21-24] showed that in vivo oPs lifetime

invention of positronium imaging [1,2], there has been significant
interest to go beyond standard coincidence PET imaging by measuring
the lifetime of orthopositronium (oPs) - a bound state of an electron
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List of abbreviations

3yE Three-photon events

BR Branching ratio

CT Computed tomography

HDI Highest-density-interval

LAFOV Long axial field-of-view

oPs Orthopositronium

oPsLI Orthopositronium lifetime imaging
PAL Positron annihilation lifetime
PALS Positron annihilation lifetime spectroscopy
PET Positron emission tomography

pPs Parapositronium

Suv Standardized uptake value

TOF Time-of-flight

VOI volume-of-interest

measurements are possible on a commercial long axial field-of-view
(LAFOV) PET/CT. However, measuring oPs lifetimes in a clinical setting
has proven challenging. Measuring the oPs lifetime through positron
annihilation lifetime spectroscopy (PALS) (see e.g. [11,12,25]) requires
the detection of two annihilation photons and a prompt photon from
the same nuclear decay/deexcitation, i.e. three-photon events (3yE).
The measured time differences between the prompt photon and the
two annihilation photons in each 3yE contain the oPs lifetime. Fitting
a model to the histogram of these time differences allows to disen-
tangle the oPs lifetime from other annihilation pathways. Non-pure
positron emitting radionuclides that are used in clinical routine have
rather small prompt-photon branching ratios (BR) since in standard
PET imaging, the prompt photons are considered nuisance that needs
to be corrected [26]. Despite the increased sensitivity that long axial
field-of-view PET/CT scanners provide [27-29], the methodology of
Ref. [21] for selecting 3yE in conjunction with the restricted energy
range of the scanner available to Refs. [22-24] is limited by count
statistics. From these studies, 1241 has crystallized as the most promising
candidate for PALS measurements with a commercial PET/CT due to its
prompt photon energy of 602.73+0.08 keV with a reasonably high BR of
62.9+0.7 % (which reduces to 12.0+ 1.1 % when electron capture decays
are removed).

Refs. [1,4] proposed positronium lifetime imaging (oPsLI), i.e. spa-
tially binning 3yE and determining the oPs lifetime through PALS in
individual voxels. The voxel values of the resulting image is the oPs
lifetime. oPsLI therefore allows to visualize the spatial variation of the
oPs lifetime. The image reconstruction process for oPsLI has triggered
substantial research and alternative event selection and more refined
image reconstruction techniques [10,16-19,30-32] may in the future
alleviate the limitation of the current methodology of Ref. [21].

In a phantom study Ref. [23] showed that oPsLI is feasible with 1241
on a commercial PET/CT scanner using the methodology of Ref. [21].
As shown in Refs. [21-24], the Biograph Vision Quadra (Siemens
Healthineers, Knoxville TN, USA) can optimally exploit 124I’s physical
properties, which is not the case for high-energy prompt photon emit-
ting radionuclides like ®8Ga, 82Rb or #4Sc. Apart from the technical
capabilities of Quadra, the differentiation of thyroid cancer may be
associated with tumor hypoxia [33,34] and therefore has the poten-
tial to provide an excellent clinical application for oPsLI using 124I.
Through an early and a late scan of three patients, we investigate
the oPs lifetime in organs and tumor lesions. Despite low statistical
precision, we construct oPsLI for the most emblematic cases.

Materials and methods

This study included three patients with thyroid carcinoma who have
been referred to 13!I-therapy for initial ablation after thyroidectomy
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(S1) or because of recurrent thyroid cancer (S2 and S3) with rising
thyreoglobulin levels. The 1241 PETs were performed as part of routine
clinical practice for staging and to assess the extent of postsurgical
remnant tissue (S1) and/or to plan the !3!I therapy dose (S2, S3).
Patients presented with follicular thyroid cancer and cervical lymph
node metastases (S1), poorly differentiated thyroid cancer with a bone
metastasis that showed intense uptake on ['8F]FDG (S2), and papillary
thyroid cancer with a recently resected lung metastasis (S3). Data
analysis was done retrospectively.

The three patients received an oral capsule of 124I sodium iodide
(3D Imaging LLC, Little Rock, AR, USA). The administered activity
was 41.02 MBq, 40.11 MBq and 39.44 MBq, respectively, and the patients
were scanned at 2h and at 26 h post application on a LAFOV PET/CT.
The early and late scan followed the same protocol, i.e. a PET scan
in coincidence mode for 15min combined with a 30 min scan for the
PALS measurement. The two-photon, i.e. standard coincidence, images
were reconstructed with the vendor’s TrueX reconstruction algorithm
in ultra high sensitivity mode, including point-spread-function, atten-
uation, relative scatter and prompt photon corrections and with a
440 x 440 matrix, 4 iterations, 5 subsets. The resulting voxel size
of the coincidence PET image is 1.9 x 1.9 x 1.65mm?3. For the PALS
measurement, the scanner was operated in singles acquisition mode,
a prototype feature to record every single-crystal interaction without
the conventional two-photon coincidence sorting.

From the singles list-mode data, 3yE were identified using an offline
prototype software. The detailed methodology is described in Ref. [21].
For the 3yE selection, the energy window for the annihilation photons
is 460keV to 545keV and for the prompt photon 568keV to 639keV.
The localization of the 3yE relies solely on the time-of-flight (TOF)
information from the annihilation photons, i.e. no reconstruction algo-
rithm like in Refs. [10,16-19,30,35] is used. The time window for the
two annihilation photons is 4.2 ns. Spatial cuts, i.e. a minimal crystal
distance, were also used to suppress random events arising from 176Lu
in Quadra’s crystals.

Segmentations of volumes-of-interest (VOI) were performed either
on the CT or coincidence PET images using LIFEx [36] and TotalSeg-
mentator [37] and checked and/or amended by a nuclear medicine
physician. We produced histoimages of the detected 3yE, i.e. images
that visualize the total number of detected 3yE in a voxel, and verified
that the VOI are visible. This serves as a consistency check to verify
that the VOI contains more 3yE than the surrounding tissue, meaning
we should not expect a large spill-in of 3yE. The six lesions of S1
are clearly visible in the histoimage. The other patients did not show
regions with pathological uptake in the late scans. For the organ-level
oPs lifetime determination, we considered the heart chambers, parotid
glands, kidneys and liver in the early scans of all three patients. In the
late scans, only the parotid glands and five lesions of S1 show enough
3yE to be considered for oPs lifetime fitting.

oPsLI was constructed with a voxel size of 7 x 7 x7mm?® on the late
scan of S1 with a focus on the lesions and the early scan for S2. Though
highly desirable from a clinical perspective, smaller voxel sizes do not
seem to be very meaningful given the large positron range of 1241 (about
10 mm in water) and the absence of a true reconstruction algorithm for
3yE localization in our methodology. PAL spectra were generated by
histogramming the measured delay between the prompt photon and the
annihilation photons for each 3yE in a VOI or single voxel, as described
in [21].

A three-component model was applied for fitting the measured PAL
spectra. We consider three possible annihilation pathways: the positron
may annihilate directly with an electron in the surrounding tissue,
or it may first form pPs or oPs. The three exponential decay factors
are convoluted with a Gaussian function that models the finite timing
resolution of Quadra. The fit function for the PAL spectra is therefore

3
F =b+N- Z ?e("z_z’fﬁz“ff)/(hf) . erfc( < 4- t) . @™
T,
c=1 ¢

+ —
Var, V2o



L. Mercolli et al.

In Eq. (1), b denotes the background and N is a normalization con-
stant. BR, Zz=1 BR, = 1 are the relative branching ratios of pPs,
direct annihilation and oPs, respectively, and 7, are the corresponding
lifetimes. o and A are the parameters of the Gaussian function that
models the timing resolution of the measurement. For an accurate
estimate of the statistical uncertainties, our analysis relies on a Bayesian
framework for the fitting of PAL spectra in single VOI or voxels outlined
in Refs. [21-23]. We follow Ref. [23] for the definition of the prior
distributions for the fit parameters. The values for the oPs lifetime 7,
and the branching ratios BR, , ; are consistent with the values reported
for water by Ref. [38] with a broad spread of the distribution. The
priors for the parameters o and 4 follow the expectations we have for
Quadra. Specifically, the priors are distributed as follows

73 ~ N(1.8ns,0.8ns),
BR,,3 ~ Dirichlet(0.75,3.1,1.15),
o ~ N(0.1ns,0.05ns),
A ~ N(0.0ns,0.5ns) .

The prior distribution for BR, , 5 in Eq. (2) yields 0.15, 0.62, and 0.23 as
expectation values for the three branching ratios, which corresponds to
the measurements of water [38]. The background b is fixed to the mean
of the 3yE with time differences < —2ns, while the fit is performed on
time differences between —1.5 to 8.0ns. We checked that there is no
significant impact on the posterior distribution of z; whether 7, , are
fixed to literature values or considered as fit parameters with strong
priors as in Ref. [23]. All errors are reported in terms of marginalized
posterior distributions. While for z; it is very similar to a Gaussian
distribution, and hence quoting a standard deviation is acceptable,
the relative component’s BR need to be reported in terms of 68%
highest-density-intervals (HDI).

@

Results

Fig. 1 shows the oPsLI of two coronal and axial slices in the region
of the lesions. 7; and the statistical error Ar; were determined for
7 x 7 x 7Tmm? voxels. In order to improve the visualization, in Fig.
1 the oPsLI was resampled and interpolated to the resolution of the
coincidence PET image. Voxels with a relative standard deviation <
65% on 3yE with time differences < —2ns were considered for z; fitting.
Applying the same condition as in Ref. [23], i.e. < 20%, would leave
too few voxels to fit. The PAL spectra of the two voxels with the highest
number of 3yE are shown in the bottom row of Fig. 1.

The early scans of the three patients showed, unsurprisingly, most
uptake in the gastrointestinal tract. With respect to oPsLI this is not
particularly interesting. Nevertheless, Fig. 2 shows the oPsLI of S2 at
2 h post application.

Focusing our attention to the VOI-based analysis, Table 1 summa-
rizes the lesions’ properties, i.e. volume, mean voxel value within the
VOI of the coincidence PET image and SUV,,,,, and if the lesion can be
delineated on the FDG scan. The last column shows the oPs lifetime of
the lesions. Clearly, the statistical uncertainty on 75 correlates with the
mean activity concentration in the lesion (see also bottom right panel
of Fig. 4). In Fig. 3 we visualize the PAL spectra of the lesions L1 to
L4. L5 and L6 have the lowest count statistics and the PAL spectrum
would be even worse than for L1. It should be noted that the PAL
spectra are shown on a log scale and that the volume of the lesions
under consideration is rather small. The top panel Fig. 4 shows the
PAL spectra of all 3yE that were identified within the five lesions. As
a reference, Table 2 reports the fit results for several VOI in the early
scans of all three patients.

Finally, the bottom row Fig. 4 visualizes the dependence of Ar; on
the maximal activity concentration in voxels of 7 x 7 x 7mm> and on
the mean activity contained in a VOI. For the voxel-based fit of the
oPs lifetime, no significant correlation with the activity concentration
from the coincidence PET can be established. However, for entire VOI
it seems that the statistical precision does not improve significantly
beyond an activity of @(100kBq).
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Discussion

1241 has been shown to be the prime candidate for oPsLI on Quadra
[21-23]. On one side, the reasonably high prompt photon BR and
its low energy make the 3yE selection algorithm from Ref. [21] and
Quadra’s detection capabilities less prone to random events. On the
other side, [1?*I]lodide has very high and specific uptake in thyroid
cancer lesions, despite having a lower activity that is administered to
the patients compared to e.g. ®8Ga and 82Rb. Because the differentia-
tion of thyroid cancer lesions may be linked to oxygenation levels (see
e.g. [33]), it could be relevant to utilize oPs lifetime measurements for
a characterization of thyroid cancer lesions.

As in previous studies on in vivo oPs lifetime measurements, count
statistics is the main challenge [20,22]. In order to distinguish oxy-
genation levels in tissue through the oPs lifetime, as e.g. investigated
by Ref. [5], a high number of 3yE with large time differences > 2ns
needs to be detected with a low random event rate. This is difficult
to achieve with the current methodology under clinical conditions
with respect to radionuclide, tracer, biokinetics, scan time, etc. Under
conditions that are as good as it can possibly get from a clinical
perspective (high uptake in S1’s lesions), our study shows that voxel-
wise determination of oPs lifetimes remains challenging. The right
columns in Fig. 1 shows that even for the relatively large voxel size
of 7x7x7mm? the statistical uncertainty on 75 is too large to draw any
clinically valuable information from the oPsLI. Longer scan time and/or
higher administrated activities would improve statistics. However, this
is difficult to achieve in clinical practice. For the PAL spectra in Fig.
1, only the voxel with the highest number of 3yE shows reasonable
statistics and indeed the statistical error on z3 is “only” 14%. However,
already for the “second best” voxel, the statistical error on 75 increases
by almost a factor of two. In comparison, the activity concentration in
the phantom measurements of Ref. [23] was about double the activity
concentration we found in S1 at the maximal spot. The limiting factor
with respect to oPsLI in this study is the size of the regions with activity
concentrations of @(200kBqmL™!).

There does not seem to be a clear correlation between the maximal
activity concentration in a voxel with the error on the oPs lifetime
(see bottom left panel in Fig. 4). Likely this is because the activity
concentration may correlate with the total number of 3yE, but not with
the number of 3yE with large time differences, i.e. those events that
dominate the fit of 7. Also, at the voxel level we are much more prone
to mislocalizations of 3yE (spill-in/out of 3yE in a VOI). There may be
also a significant uncertainty on the quantification in the coincidence
PET image. As shown by Ref. [39], quantification of 124I in small vol-
umes is strongly affected by the suboptimal positron range correction of
standard reconstruction algorithms. Possibly, different event selection
and reconstruction algorithms and fitting procedures, as discussed in
e.g. Refs. [10,16,18,19,30,35], may mitigate the problematic count
statistics for oPsLI. In particular the proposed correction techniques for
random 3yE may reduce the statistical uncertainty of 7;. We leave the
exploration of different reconstruction techniques on Quadra data sets
to future studies.

If we measure the oPs lifetime at the level of single VOI rather than
voxels, the statistical error on 7; drops significantly, compared to single
voxels. Though we do not reach the precision of Ref. [23], L2 and
L3 show a fairly good count statistics, as can be seen also in the PAL
spectra of Fig. 3.

The results from Table 2 for the VOI-based fitting show that the oPs
lifetimes are consistent with the lifetime in water within the statistical
uncertainty [38]. 73 for the parotid glands seem to be consistently
higher than for other organs, though still not statistically significant.
We are unable to reach the precision on z; that would be necessary to
discriminate oxygenation levels investigated in Ref. [5] .

The VOI-based error on 73 shows a slight negative correlation with
increasing mean activity in a VOI (see bottom right panel of Fig.
4). The correlation coefficient is r = —0.48 (95% credible interval
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Uncertainty on oPs lifetime

PET/CT slice oPs lifetime
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Fig. 1. oPsLI of coronal (top row) and axial (center row) slices of S1 in the region with lesions together with the coincidence PET slices (left) and the error
voxel-wise error on 5 (right). For improved visualization, the r; image was resampled and interpolated on the coincidence PET image resolution. The bottom row
shows the PALS of the two voxels with the highest count statistics.

PET/CT slice oPs lifetime Uncertainty on oPs lifetime

R
. . . 0.4 0.6 0.8
kBg/mL T3 [ns] ATts3 [ns]

Fig. 2. A oPsLI coronal slice of S2’s 2h scan (center) together with the corresponding error on z; (right) and coincidence PET image (left).
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Table 1
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Description and oPs lifetimes in S1’s lesions. The activity from the '2*I coincidence scan is the mean voxel

value in the lesions.

No. Localization FDG  Vol. [mL] Act. [kBqmL™'] SUV 1k 73 [ns]
L1 Lymph node retropharyngeal No 2.25 11.4 303.7 2.52+0.48
L2 Left thyroid bed (cranial border) No 4.33 18.5 526.2 1.83 +0.18
L3 Pretracheal lymph node No 6.27 34.1 1028.2 1.91 +£0.15
L4 Right paratracheal lymph node Yes 3.39 16.1 191.7 2.32+0.38
L5 Medial thyroid bed No 1.31 9.5 25.9 1.77 £ 0.46
L6 Cervical left, border lymph node level IV/Vb  No 1.33 8.5 143.2 2.15+0.58
- All lesions NA 18.88 22.0 1028.2 1.92 +0.11
PET/CT slice MIP PET with lesion VOI
' ) -~
L6
r 15 £ Uths
, N s
-
10E L L4
o
5 s F%..' >
4 2
L1
Lesion L1 (2.25 mL) Lesion L2 (4.33 mL)
—— Fit —— Fit
....... pPS pPS
---- Direct 10° ---- Direct
@ —-— 0Ps: 2.52+0.48 ns ” —-— o0Ps:1.83+0.18 ns
102 68% HDI £ 68% HDI
3 Measurement 3 Measurement
102
I o )
0 2 4 6 8 0 2 4 6 8
At [ns] At [ns]
Lesion L3 (6.27 mL)
3
—— Fit 10 —— Fit
....... pPS pPS
---- Direct ---- Direct
" —-— 0Ps:1.91+0.15 ns " —-— o0Ps:2.32+0.38 ns
‘g 108 68% HDI ‘g 68% HDI
3 Measurement S Measurement

At [ns]

Fig. 3. The top row shows a slice of the coincidence PET/CT (left) and the MIP with the segmentation of the five lesions (right). The center and bottom row show

PAL spectra of L1 to L4 of S1 at 26 h post application.

is [—0.72,-0.15]) with a Bayes factor of BF), = 7.88. The spread of
the points is still rather large, though. As discussed before, the mean
activity might still not be the ideal surrogate quantity for the number
of 3yE with large time differences above the background of random
events.

Conclusions

The physical and biokinetic properties of 1241 make it the prime
candidate for investigating oPsLI under clinical conditions with LAFOV
PET/CT and the current methodology. For the first time, we showed
the feasibility of oPs lifetime measurements in humans with 1241 on a

commercial LAFOV PET/CT. It was shown that oPsLI of thyroid cancer
patients can be achieved for the total body, but the 3yE count statis-
tics remains a major challenge. In view of the expected oPs lifetime
differences in different tissues and given our current methodology, the
statistical uncertainty on 7; remains too large to yield any clinically
useful information. Determining the oPs lifetime at the VOI level is
practicable, though for some lesions the activity concentration and/or
volume are on the lower end for achieving good count statistics. We
hope that our study paves the way for more extensive studies for
characterizing the differentiation of thyroid cancer metastases through
oPs lifetime measurements, in particular using improved methodologies
for 3yE selection and image reconstruction.
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Fig. 4. Top panel: PALS of all 3yE within the lesions L1 to L5. Bottom left: Statistical uncertainty Arz; as a function of the activity concentration for individual

voxels (color coded for S1’s 26 h scan and S2’s 2h scan). Bottom right: Statistical uncertainty Ar; as a function of the total activity for each lesion of Table 1 and

each VOI of Table 2.

Table 2
Fit results for all early scan VOI.

VoI 3 [ns] BR, HDIgp, BR, HDIgR, BRy HDIgp,

Left atrium S1 178 + 028  0.01 [0.0, 0.01] 0.72 [0.7, 0.75] 027  [0.25, 0.29]
Left atrium $2 1.3 + 0.19 0.01 [0.0, 0.01] 071  [0.69, 0.74]  0.28 [0.26, 0.3]
Left atrium $3 1.83 + 0.17  0.01 [0.0, 0.01] 077  [0.76, 0.78]  0.22  [0.21, 0.23]
Right atrium S1 157 + 028 0.01 [0.0, 0.01] 0.66  [0.64, 071  0.33 [0.3, 0.35]
Right atrium S2 176 + 0.16  0.01 [0.0, 0.01] 075  [0.74, 0771 024  [0.23, 0.25]
Right atrium $3 179 + 013 0.01 [0.0, 0.01] 076  [0.75, 0771 023  [0.22, 0.24]
Left parotid gland S1 192 + 013 013 [0.12, 0.14] 0.6 [0.58, 0.62]  0.27  [0.26, 0.28]
Left parotid gland S2 2,64 + 0.4 0.1 [0.08, 0.13] 062  [0.59, 0.66] 027  [0.26, 0.29]
Left parotid gland S2 2.64 + 0.4 0.1 [0.08, 0.13]  0.62  [0.59, 0.66]  0.27  [0.26, 0.29]
Right parotid gland S1 224 + 0.12  0.08  [0.07, 0.09]  0.65  [0.64, 0.66]  0.27  [0.27, 0.28]
Right parotid gland S2  2.25 + 0.26  0.03  [0.02, 0.05] 071  [0.69, 0.74]  0.25  [0.24, 0.27]
Right parotid gland §2 ~ 2.25 + 0.26  0.03  [0.02, 0.05] 071  [0.69, 0.74]  0.25  [0.24, 0.27]
Left kidney S1 137 + 028 0.01 [0.0, 0.01] 062  [0.59, 0.68]  0.37 [0.32, 0.4]
Left kidney S2 1.92 + 0.18 0.0 [0.0, 0.0] 072 [071, 0.74] 027  [0.26, 0.28]
Left kidney S3 187 = 012 0.01 [0.0, 0.01] 075  [0.74, 0.76]  0.25  [0.24, 0.26]
Right kidney S1 132 + 0.18  0.01 [0.0, 0.01] 061  [0.58 0.64] 038  [0.35 0.41]
Right kidney S2 1.6 + 0.14 0.01 [0.0, 0.01] 0.71 [0.7, 0.73] 0.28 [0.27, 0.3]
Right kidney S3 1.96 + 0.13  0.01 [0.0, 0.02] 074  [073, 0.76] 025  [0.24, 0.25]
Liver S1 153 + 012 0.01 [0.0, 0.01] 0.7 [0.68, 0.71] 0.3 [0.28, 0.31]
Liver $2 1.68 + 0.08 0.0 [0.0, 0.0] 074  [0.73, 0.74] 026  [0.26, 0.27]
Liver S3 178 + 0.07  0.01 [0.0, 0.0] 074  [0.74, 0.75] 025  [0.25, 0.26]
Spleen S1 1.28 + 0.16  0.01 [0.0, 0.01] 0.64  [0.62, 068] 035  [0.32, 0.37]
Spleen S2 161 + 012  0.01 [0.0, 0.01] 073  [072, 0.75] 026  [0.25, 0.27]
Spleen $3 1.68 + 0.09  0.01 [0.0, 0.01] 075  [0.74, 0.76]  0.24  [0.24, 0.25]
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